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Abstract 
Background and Aim: If root fractures remain undetected, pulp necrosis will occur in 
25% of cases leading to eventual tooth loss. The purpose of this study was to evaluate the 
diagnostic accuracy of digital phosphor plates using pseudo-color enhancement for detec-
tion of horizontal root fractures in single-rooted teeth. 
Materials and Methods: Eighty-two human single-rooted teeth were evaluated (41 with 
no horizontal fracture and 41 with horizontal fractures). Digital intraoral imaging plate 
system. 
(Digora® Optime PSP System, Soredex) was used to obtain 16-bit gray scale images. 
Five 16-bit images were obtained from each specimen and saved (one original and four 
with pseudo-color enhancement). Four observers evaluated the images twice with a 2-
week interval. Accuracy, positive predictive value (PPV), negative predictive value 
(NPV), specificity and sensitivity for each observer and each image group were calcu-
lated. 
Results: The diagnostic sensitivities were not significantly different among the five im-
ages (p absolute=0.125, p complete=0.170). But, statistically significant differences were 
found in the diagnostic specificity (p absolute=0.019, p complete=0.016) among the five 
views. Cool and Summer views had higher diagnostic specificity than Bone, Copper and 
Original views (p=0.025). Kappa and Weighted Kappa values showed statistically signifi-
cant differences for intra- and inter-observer reliability in the five views (p=0.032). 
Conclusion: Both Cool and Summer views were suitable for detection of horizontal root 
fractures and had statistically significant differences with the original view. 
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Introduction 
Root fractures occur horizontally or vertically de-
pending on the direction of trauma. Among these, 
horizontal root fractures in the middle third of the 
root are the most common [1, 2]. If root fractures 
remain undetected, tooth may become non –vital 
and pulp necrosis will occur in 25% of cases lead-
ing to eventual tooth loss [3-8]. On the other hand, 

if a root fracture is detected as traumatic injuries 
are being evaluated, the prognosis of the fractured 
root may be promising with appropriate treatment 
[1, 2]. 
Radiographic detection of root fracture is difficult 
requiring much attention to details [9, 10]. In the 
recent years, digital imaging systems have mainly 
replaced film radiography [11] and according to 
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the literature, the diagnostic accuracy of digital 
imaging systems is comparable to that of film radi-
ography [12]. One of the main advantages of pho-
tostimulable storage phosphor (PSP) digital system 
is the possibility of image enhancement with the 
aid of dedicated software programs [13], which 
improve the quality of observation of details [14] 
and the diagnostic accuracy [14, 15]. Furthermore, 
PSP digital system has a wide dynamic range, 
which allows the correction of under- and over-
exposed images without the need to retake the im-
age [16, 17]. 
A study performed by Alpoz E et al. showed that 

using the enhancement features of the digital imag-
ing software like pseudo color, negative contrast, 
histogram equalization and contrast/ brightness 
improved the detection of image details in compar-
ison with the original digital images [18]. Pseudo 
color is an algorithm that makes the conversion of 
gray scale images to color images possible and its 
main indication in industrial and medical imaging 
is to improve the visibility and interpretation accu-
racy of details in gray scale images [19].  

A study by Rayan et al, in 2006 proved the effica-
cy of pseudo color enhancement in detection of 
cephalometric soft tissue landmarks [20]. Despite 
numerous articles about different enhancement 
features in digital system software programs like 
zoom and reverse color, pseudo color and its effect 
on detecting root fracture has been paid less atten-
tion.  
The purpose of this study was to determine the di-
agnostic accuracy of pseudo color enhancement in 
the software program of PSP digital radiographic 
system for detection of horizontal root fractures in 
single-rooted teeth.

Materials and Methods 
In this diagnostic study, 82 single-rooted human 
teeth with closed apices were used. Extracted teeth 
were collected from four clinics in Tehran city. 
Age and sex of patients and the reason for tooth 
extraction were not important in the course of this 
study. There were no root fractures among the spe-
cimens. The teeth were divided into two groups of 
case and control (n=41 in each group).  
The teeth in the case group were placed on a soft 
base and fractured by applying mechanical force 
with a hard object (hammer). To prevent displace-

ment, the two fracture fragments were precisely 
glued together.  
Twenty teeth were examined to determine the 
amount of force required for fracturing the teeth 
without shattering them. For the exact determina-
tion of fracture site as the gold standard, this site 
was marked with a red pencil. 
Imaging of teeth 
In this study, digital intraoral imaging plate system 
(Digora® Optime PSP System, Soredex, Orion 
Crop., Helsinki, Finland) was used to scan 16-bit 
gray scale images. System configurations were as 
follows: 
1-Digora Optime unit for imaging plate readout: 
Pixel size: 64µm (high), bit depth: 10-bit gray 
scale, resolution: 14.3 lp/mm, readout time 4.3 -
7.5s. 
2-Digora Imaging plates: size 1, dimensions: 
24×40 mm, image size (pixels): 64µm 685 ×1143 
pixels, image size: 64µm (1053MB).  
 Each specimen was separately placed in a human 
skull. PSP plate was placed in a fixed position for 
all teeth using a film holder and the x-ray beam 
was directed orthogonally in a faciolingual direc-
tion. The exposure settings were 20 cm SOD, 1 cm 
ROD, 8 mA, 70 kVp, 0.3 s.  
Evaluation and inspection of specimens were per-
formed using a software program (Digora® 0ptime 
for windows 2.7 Scanora 4.3 .1.1) .Original 16-bit 
gray scale images were saved and observed after 
applying pseudo color enhancement. First, a pilot 
study was carried out with 20 intact teeth and 20 
teeth with fractured roots and 4 pseudo color en-
hancement features were selected from the availa-
ble 12 by an experienced oral and maxillofacial 
radiologist. The four features assumed to have the 
highest diagnostic value were: Summer enhance-
ment (green hue), Copper enhancement (copper 
hue), Cool enhancement (combination of purple 
hue and reversed contrast) and Bone enhancement 
(blue hue). Five 16-bit images were obtained from 
each specimen and saved (one original and 4 pseu-
do color enhanced images). 
Observation and evaluation of images 
 Four observers participated in this study (two oral 
and maxillofacial radiologists, one endodontist and 
one oral and maxillofacial radiology post-graduate 
student), who were experienced in detection of root 
fractures. Images were observed on a 17'' LCD 
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monitor in a semi dark room. The observer-
monitor distance was 20-30 cm. There was no time 
limitation for observers to view the images. 
Observers were calibrated for detection of fracture 
lines prior to inspection of images. Fracture line 
was defined as a radiolucent line on the root sur-
face. Images of intact teeth and teeth with fractured 
roots were shown randomly to each observer.  
Afterwards, observers separately inspected root 
fractures and recorded their response using a 5-
point probability scale as follows: 
1-Fracture definitely present, 2-Fracture probably 
present, 3-Unsure, 4-Fracture probably not present, 
5-Fracture definitely not present.  
In order to eliminate memory bias and to evaluate 
the intra-observer reliability, the images were in-
spected again by the observers two weeks after the 
initial observation. Results were entered in SPSS 
version 18 and diagnostic parameters including 
specificity, sensitivity, NPV, PPV and accuracy 
were calculated. Furthermore, inter- and intra-
observer reliability values were calculated using 
Weighted Kappa and Kappa tests. Parameters were 
calculated as both complete and absolute values. 
Describing values as absolute indicates definite 
presence of fracture or intactness of teeth and 
equals to two-point scale (yes/no) in other reports, 
but describing values as complete contains proba-
bility also and equals to five-point scale.  
 
Results 
The In the current study, 82 teeth (41 intact and 41 
fractured) were evaluated. The mean values of the 
five diagnostic parameters (accuracy, sensitivity, 
specificity, PPV and NPV) were calculated based 
on the observers’ opinions and are shown in Tables 
1 and 2. 
Sensitivity and specificity 
 There was no statistically significant difference 
among the five selected views regarding the diag-
nostic sensitivity (p absolute=0.125 and p com-
plete=0.170). But, the difference in diagnostic spe-
cificity was significant (p absolute=0.019 and p 
complete=0.016). 
According to Tables 1 and 2, diagnostic specificity 
of Cool and Summer views was equal; and the di-
agnostic specificity of Bone, Copper and original 
views was also of equal value. Moreover, diagnos-
tic specificity of Cool and Summer views was 

higher than that of Bone, Copper and original 
views (p=0.025). 
Inter-observer reliability 
The inter-observer agreement co-efficient was cal-
culated with Kappa and Weighted Kappa tests 
(Table 3). 
Cochrane –Q test showed statistically significant 
difference in Kappa value among the 5 views 
(p=0.039). Pairwise comparisons revealed no sig-
nificant difference in Kappa value among Copper, 
Cool and Summer views. In the original view, re-
producibility with Kappa was significantly less 
than that in the three other views (p=0.045); but it 
was significantly higher than that of Bone view 
(p=0.04). 
Cochrane-Q test showed statistically significant 
difference in Weighted Kappa value among the 
five views (p=0.029) and pairwise comparisons 
showed that Bone view had significantly lower 
Weighted Kappa value in comparison with the oth-
er 4 views (p=0.01). However, the difference 
among the four other views was not significant. 
Intra-observer agreement coefficient was also cal-
culated using Kappa and Weighted Kappa statistics 
(Table 4). Cochrane-Q test showed statistically 
significant difference in Kappa value among the 5 
views (p=0.026). There was no statistically signifi-
cant difference in Kappa value between original 
and Bone views. Also, difference in Kappa value 
for Copper, Cool and Summer views was not sta-
tistically significant (P=0.059).  
Cochrane-Q test showed statistically significant 
difference in Weighted Kappa value among the 5 
views (P=0.029). Pairwise comparison revealed no 
significant difference in Weighted Kappa value 
among Bone, original and Copper views. These 
three views showed less Weighted Kappa value 
than the other two (p=0.045); also, there was no 
significant difference between Cool and Summer 
views. 
 
Discussion  
Digital system enhancements include changes in 
contrast/brightness, pseudo color, zoom, noise re-
duction and subtraction, which are task specific 
and their use depends on the observer's personal 
taste [18, 20, 21]. 
Pseudo color is one of the enhancement features of 
the digital system, and only a few studies have  
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evaluated its efficacy. In the current study, the di-
agnostic accuracy of pseudo color filter in PSP 
digital radiographic system for detection of hori-
zontal root fractures was evaluated. In the current 
study, the clinical setting was simulated for each 
specimen. Horizontal root fractures were induced 
by mechanical trauma applied using a hard object, 
which is similar to severe traumatic condition in 
the clinical setting. Then, two fragments were pre-
cisely glued together. Four pseudo color filters 
were evaluated including Copper view (copper 
hue), Bone view (blue hue), Summer view (green 
hue) and Cool view (combination of purple hue 

and reverse contrast). Each of these views has spe-
cific characteristics and reasons for selecting each 
of these filters are: first, their higher diagnostic 
accuracy for detection of horizontal root fractures 
in the pilot study and second, differences in their 
hues in order to evaluate different colors. These are 
the advantages of the present study over the pre-
vious ones. 
In the current study a 5-point scale [1-5] was used 
to detect horizontal root fractures, which is one of 
the advantages of this study because with 5-point 
scale accurate evaluation of observers' detection 
ability and definite calculation of diagnostic para-

Absolute Complete 
Color view 

Specificity Sensitivity Specificity Sensitivity 
81/7±8/6 76/25±3/05 58/55±21/9 62/2±5/8 Original 

81/1±21/4 71/95±8/3 68/97±34/7 65/22±5/4 Copper 
71/9±28/3 77/45±9/4 65/85±43/3 70/12±8/3 Bone 

88/42±15/0668/3±9/9 84/77±20/8 64/65±8/3 Summer
91/45±10/8 64/27±6/3 85/35±22/8 57/3±1/3 Cool 

Complete Absolute 
View 

Accuracy PPV NPV Accuracy PPV NPV 
68/97±3/6 47/27±5/3 52/72±5/3 60/37±12/0451/82±10/6 48/17±10/6 Original 
76/52±8/1 45/42±14/154/57±14/167/1±16/4 48/12±18/6 51/8718/6 Copper 
47/67±11/552/77±17/747/22±17/767/98±16/652/13±18/5 47/86±18/5 Bone 
78/36±2/7 39/93±12/460/06±12/474/71±6/9 39/93±14/2 60/06±14/2 Summer
78/08±2/3 63/36±8/5 63/36±8/5 71/32±11/135/97±11/0764/02±11/7 Cool 

Weighted KappaKappaInter observer reliability
0/840/67 Original
0/490/44Bone
0/890/78Copper
0/890/81Summer
0/920/87 Cool

Weighted KappaKappaInter observer reliability
0/850/69 Original
0/860/72Bone
0/880/84Copper
0/960/90Summer
0/970/88 Cool

Table 1. The mean values of absolute and complete sensitivity and specificity of the observers for detection of 
horizontal root fractures in the 5 views 

Table 2. The mean values of absolute and complete accuracy, PPV and NPV of the observers for detection of 
horizontal root fractures in the 5 views 

Table 3. Calculation of Kappa and Weighted Kappa coefficients of inter-observer reliability 

Table 4. Calculation of Kappa and Weighted Kappa coefficients of intra-observer reliability 
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meters in each view can be achieved. Additionally, 
parameters were calculated as absolute and com-
plete values. 
Describing the parameters in absolute value indi-
cates definite presence or absence of root fracture, 
which is equivalent to the two-point scale (yes/no) 
in other studies. But describing the parameters in 
complete value includes probability, which is 
equivalent to the 5-point scale. 
In a study by Ji-Un-Lee et al, inverted views 
showed higher diagnostic specificity in comparison 
with original views with no significant difference. 
However, it was concluded that diagnosis of hori-
zontal root fractures was enhanced with inverted 
views [22]. This result is in agreement with the 
results of the current study considering the Cool 
view (combination of purple hue and reverse con-
trast) and it can be added that purple hue improves 
the diagnostic specificity of invert filter. 
PPV, NPV and accuracy parameters were also cal-
culated. The highest NPV (absolute, complete) 
belonged to Cool and Summer views and the high-
est absolute PPV belonged to Bone view with the 
highest complete PPV value for Cool view. 
The intra- and inter-examiner agreements were 
also calculated in the current study using Kappa 
and Weighted Kappa statistics. Kappa value was 
equal for absolute parameters and Weighted Kappa 
value was similar for complete parameters. 
Considering the Kappa and Weighted Kappa val-
ues, the least amount of reproducibility belonged to 
the original view with blue hue. This is an interest-
ing finding considering the fact that one of the 
main reasons for addition of blue hue to conven-
tional radiographic film base is to improve the di-
agnostic accuracy and efficiency of radiologists 
[23], which seems to be in contrast to the results of 
the present study with digital images.  
In a study by JI-Un-Lee, Kappa value was 0.42 for 
inter-observer agreement and 0.57 for intra-
observer agreement [22]. In the study by Rayan, 
Kappa value was reported to be high for the intra-
observer agreement [20]. 
 In a study by Kositbowornchai, Kappa value for 
1:1 images was reported to be high. For pairwise 
relations among three magnifications, the highest 
amount of inter-observer agreement was reported 
to be 0.80[24].  

Studies on the use of enhancement filters in digital 
radiographic systems show controversial results. 
In a study by Wenzel et al, a higher diagnostic sen-
sitivity was reported for the CCD system in detec-
tion of horizontal root fractures (15-20 lp mm) in 
comparison with PSP Digora® (approx. 8 lp mm) 
system (P<0.05); but the difference for diagnostic 
specificity was not significant (P>0.05)[25], which 
is due to differences in spatial resolution of these 
two systems. 
In a study by Igor Tsesis et al, a higher diagnostic 
specificity was reported for CCD (20 lp mm) sys-
tem in detection of vertical root fractures in com-
parison with conventional radiography with no 
significant difference in diagnostic sensitivity [21]. 
This result was due to greater difficulty in detec-
tion of vertical root fractures compared to the hori-
zontal type. 
In another study by Wenzel et al, a more advanced 
model of Digora® Optime system and cone beam 
computed tomography (CBCT) (icat, imaging 
science) were used for detection of horizontal root 
fractures and a higher level of diagnostic sensitivi-
ty (74%) was reported in comparison with the re-
sults of another study by the same author; but di-
agnostic specificity values were equal in the two 
systems [9]. In the current study, spatial resolution 
of Digora® PSP system was 14.3 lp mm and the 
highest sensitivity (77%) and specificity (91%) 
values were reported for the Cool view. 
Yoshiura et al. showed satisfactory results after 
using enhancement filters for evaluation of small 
mass changes in a phantom [26].  
A study by Furkart et al. showed that using magni-
fication in digital radiographic systems may im-
prove the diagnosis of periodontal bony lesions 
[27]. In a study by Moystad et al. It was concluded 
that higher levels of magnification in digital radio-
graphic systems lower the diagnostic ability of ex-
aminers [28]. Reddy suggested that using pseudo 
color and subtraction enhancements significantly 
helps the diagnosis of periodontal lesions [29]. 
Additionally, in a study by Rayan et al, the effica-
cy of applying embossed and pseudo color en-
hancements in PSP digital system was evaluated 
for detection of cephalometric landmarks and it 
was concluded that both enhancements were effec-
tive for detection of the landmarks and raised the 
overall interpretation ability [20]. However, in a 
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study by Scarfe et al, it was shown that pseudo 
color enhancement was of little significance in size 
estimation of periradicular lesions [30].  
 In the current study, four different pseudo color 
filters were evaluated but in similar studies only 
one popular type of pseudo color enhancement was 
used [20, 29, 30]. 
Considering the results of the mentioned studies, it 
is obvious that controversy exists regarding the use 
of enhancement filters in digital systems and fur-
ther studies are required to resolve these controver-
sies. 
 
Conclusion 
Cool and Summer views are suitable for detection 
of horizontal root fractures and are superior to the 
original view for this purpose. 
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