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Purpose: This study aimed to assess the interdental bone level in premolar bitewing radio-
graphs while retracting the cheeks.
Methods: Seventy-two horizontal bone defects were created on dried mandibles and max-
illae. The distance from the bone level to the cement-enamel junction of premolars was 
detected by a modified digital caliper (considered the gold standard). The reliability of all 
radiographs was assessed by intraclass correlation coefficient (ICC), and the validity was 
compared to the gold standard using the analysis of variance test. P-values less than 0.05 
were considered statistically significant.
Results: This study showed that the reliability of radiographs without a cheek simulator 
and with 0.16 second exposure time was significantly higher than that of the two other 
groups (ICC=0.96 compared to 0.93 and 0.88, respectively). The results from the radio-
graphs without a cheek simulator and with 0.16 second exposure time were more similar to 
the gold standard measures than those of the two other groups, although the difference 
was not statistically significant.
Conclusions: Retracting the buccal soft tissue plays an important role in increasing the ac-
curacy of radiographs in detecting the interdental alveolar bone level and produces more 
accurate results than increasing the exposure time, although it does not have a significant 
role in reliability of results.

Keywords: Alveolar bone loss, Bitewing radiography, Cheek.

Received: Jul. 22, 2014
Accepted: Aug. 29, 2014

*Correspondence: 
Mohammad Esmaeelinejad 
Department of Oral and Maxillofacial Surgery, 
School of Dentistry, Shahid Beheshti University of 
Medical Sciences, Tehran, Iran
E-mail: esmaeelnejad@gmail.com
Tel: +98 21 66 35 36 74
Fax: +98 21 22 43 99 76

INTRODUCTION

Periodontitis is an inflammatory disease of the dental apparatus caused by specific mi-
croorganisms with clinical manifestations of periodontal ligament and alveolar bone de-
fects. Periodontitis is one of the most common infective diseases in the world that can lead 
to tooth loss. Thus, early detection and treatment of this disease is important [1-3]. Evalua-
tion of bone levels by radiography is one of the best paraclinical methods in the diagnosis 
of periodontitis. Sometimes it is impossible to detect periodontal disease or evaluate the 
prognosis of the teeth without a good radiograph [4,5]. There are some technical errors in 
radiography that render it less effective in some cases; problems due to projection geome-
try, contrast changes, and superimpositions of anatomical structures are the three most in-
fluential factors. The problems with contrast changes are the easiest to solve [6].

Several studies have evaluated different radiologic methods for assessment of bone level 

This is an Open Access article distributed under the terms 
of the Creative Commons Attribution Non-Commercial 
License (http://creativecommons.org/licenses/by-nc/3.0/).

http://crossmark.crossref.org/dialog/?doi=10.5051/jpis.2014.44.5.222&domain=pdf&date_stamp=2014-10-29


Yaser Safi et al.

dx.doi.org/10.5051/jpis.2014.44.5.222

www.jpis.org 223

in periodontal diseases. These studies have suggested that bitewing 
radiography is the second best option for the detection of the alve-
olar bone level changes after parallel radiography. In bitewing radi-
ography, the film is almost parallel to the long axis of the interden-
tal bone, so the geometric distortion is minimized in this method 
[7-9]. Several studies have shown the advantages of digital radiog-
raphy in diagnosis of periodontal disease and assessment of alveolar 
bone level [10-12].

The improvement of radiographs in detection of periodontal dis-
eases and bone defects by making contrast changes has also been 
assessed [13-15]. Benn [16] improved dental radiographs by de-
creasing the exposure dose. They showed that decreased beam ex-
pansion and retraction of the cheek are more effective in rendering 
radiographs with better contrast for evaluating bone level. The reli-
ability of radiographs in the detection of periodontal diseases and 
measurement of alveolar bone loss has been evaluated [17]. Bohay 
[17] determined the percent accuracy, sensitivity, specificity, and re-
liability of periapical radiographic diagnosis of periodontal diseases. 
In their study, Specificity of periapical radiographic diagnosis is 
higher than sensitivity.

The exposure time can be decreased by retracting the buccal soft 
tissues; thus, the exposure dose of the patient can be reduced while 
the contrast of the radiographs will be increased [16]. This study 
aims to assess the accuracy and reliability of premolar bitewing ra-
diographs taken while retracting the cheeks for evaluation of the 
interdental bone level.

MATERIALS AND METHODS

This diagnostic laboratory study was designed and performed at 
School of Dentistry, Shahid Beheshti University of Medical Sciences, 

in 2013. This study was executed on 3 dried maxillae and mandibles 
(a total of 6 bones and 12 quadrants). Seventy-two interdental 
horizontal bone defects in the area of the premolars were created 
on the dried bones by a 3S/4S Sugarman DE file (Hu-Friedy, Chica-
go, IL, USA). The depth of the defects was measured from the ce-
ment-enamel junction (CEJ) at the buccal, middle portion and lin-
gual aspects of the teeth via a digital caliper (Mitutoyo, Aurora, IL, 
USA) and the lowest measurements were recorded (Fig. 1). The digi-
tal caliper was used to measure the length of a 10-cm ruler repeat-
ed 10 times to prove the reliability of the caliper, and it showed the 
same 10-cm measurement every time. All measurements were tak-
en by a blinded expert periodontist with 93% reproducibility. After 
creating the defects, digital bitewing radiographs were taken by 
photostimulable phosphor plates (PSP No.2, Soredex, Tuusula, Fin-
land) and a Minray intraoral x-ray unit (Soredex) at 70 kVp and 8 
mA settings. A rose wax with 20 mm thickness was used as a soft 
tissue simulator. The radiographs were divided into three groups:

(1) Radiographs with soft tissue simulator and exposure time of  
         0.2 second

(2) Radiographs with soft tissue simulator and exposure time of  
         0.16 second

(3) Radiographs without soft tissue simulator and exposure time  
         of 0.16 second

Each group was divided into six subcategories: Defects in the dis-
tal aspect of the canines, the mesial aspect of the first premolars, 
the distal aspect of the first premolars, the mesial aspect of the sec-
ond premolars, the distal aspect of the second premolars, and the 
mesial aspect of the first molars. There was one radiograph ob-
tained in each defect area (i.e., a total of 12 radiographs in each 
subcategory and 72 in every main group). The radiographs were 
processed with DIGORA software ver. 2.6 (Soredex). The overall reli-

Figure 2. DIGORA software (Soredex, Tuusula, Finland) used for evaluating 
the radiologic measurements. The distance between the cement-enamel 
junction and alveolar crest was determined based on the pixel number. Then 
the pixel value was converted to millimeters.

Figure 1. (A) Dried mandible used in the present study. (B) Bone file used to 
create alveolar bone defects. (C) Digital caliper used to measure the depth of 
alveolar defects. Two 0.6-mm titanium wires were soldered to the tip of the 
device to measure the interproximal site accurately.
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ability of the software has been demonstrated by the company [18]. 
The distance between the CEJ and the alveolar crest was measured 
by an oral and maxillofacial radiologist and recorded as the radio-
graphic depth of the alveolar bone defects (Fig. 2). The radiologist 
was unaware of the radiography groups (single-blind study). 

Statistical analysis
All calculations were processed using IBM SPSS Statistics ver. 

20.0 (IBM Co., Armonk, NY, USA). Descriptive statistics including ta-
bles and graphs were used to document the information. The valid-
ity and reliability of each radiography technique were assessed.  In 
this study, the measures were the amount of alveolar bone loss de-
tectable in the bitewing radiographs. In order to assess the reliabili-
ty of different techniques, an exact type ICC test with a 95% confi-
dence interval was performed [19]. A P-value of less than 0.01 was 
considered statistically significant. Analysis of variance (ANOVA) 
was used to assess the validity of the techniques and a P-value less 
than 0.05 was considered statistically significant [20].

RESULTS

We assessed the reliability of radiographs by checking the agree-
ment on measurements among the radiographs within each group 
by using ICC. The results of ICC analysis are shown in Table 1. This 
study shows that although all three radiography techniques were 

reliable, the radiographs taken with 0.16 second exposure time and 
without a soft tissue simulator (group 3) were more accurate and 
reliable than the others (ICC=0.96, P<0.001).

In order to assess the validity of radiography techniques, ANOVA 
was used to compare the radiologic measurements with laboratory 
(actual) measurements on dried bones (gold standard). The results 
are shown in Table 2. The radiographs taken with 0.16 second expo-
sure time and without a soft tissue simulator (group 3) had higher 
validity than the other two groups except for the mesial and distal 
aspects of the first premolars, although these findings were not 
statistically significant (P=0.6). The radiologic measurements of the 
defects on the mesial aspect of the second premolars were closer to 
the gold standard than those of the other radiographs. The radio-
logic measurements of the defects at the distal aspect of the ca-
nines were much different from the gold standard (2.92 vs. 3.35).

DISCUSSION

In the current study, we evaluated the efficacy of a new radiog-
raphy method that can be used in a radiography unit for detection 
of interdental alveolar bone defects on bitewing radiographs. We 
retracted the cheek soft tissue with a retractor and reduced the ex-
posure time when taking the radiographs. We used a 20-mm rose 
wax to simulate soft tissue in the laboratory [21]. Reducing the ex-
posure time leads to a decrease in the exposure dose of the patient 
and results in less severe biological aspect effects of radiation for 
patients. By reducing the exposure time, the contrast of the radio-
graphs will increase. Increased contrast leads to radiologic measure-
ments greater than the actual measure of the alveolar defect. In 
our study, we used this fact to approximate our radiologic measure-
ments to the clinical depth of the defects. Actual defects visible on 
the radiographs were smaller than the clinical size; thus, we tried to 
increase the accuracy of the radiologic measurements by retracting 
the soft tissue in order to increase the contrast.

All radiographs were divided into three groups. The reliability and 
validity of the radiographs increased with reduced exposure time 
and retraction of soft tissue. We compared the case group with two 

Table 1. The reliability of different techniques for bitewing radiographs of the 
premolar site. 

Experimental group Intraclass correlation  
   coefficient P-value

Radiographs with soft tissue simulation and  
   exposure time of 0.2 second (group I)

0.93 <0.001a)

Radiographs with soft tissue simulation and  
   exposure time of 0.16 second (group II)

0.88 <0.001a)

Radiographs without soft tissue simulation and  
   exposure time of 0.16 second (group III)

0.96 <0.001a)

a)Statistically significant difference compared to the baseline.

Table 2. Mean radiograph measurements in different defect areas.

Experimental group

Defect area

Distal of 
canine

Mesial of first 
premolar

Distal of first 
premolar

Mesial of second 
premolar

Distal of second 
premolar

Mesial of first 
molar

Radiographs with soft tissue simulation and exposure time  
   of 0.2 second (group I)

2.97±0.66 3.26±0.62 3.27±0.83 3.15±0.69 3.25±0.77 3.11±0.84

Radiographs with soft tissue simulation and exposure time  
   of 0.16 second (group II)

2.86±0.59 3.21±0.63 3.22±0.83 3.1±0.69 3.2±0.78 2.97±0.87

Radiographs without soft tissue simulation and exposure  
   time of 0.16 second (group III)

2.93±0.64 3.24±0.62 3.25±0.82 3.13±0.68 3.23±0.78 3.08±0.83

Gold standard 3.35±0.66 3.5±0.62 3.45±0.82 3.32±0.69 3.44±  0.79 3.42±0.83

P-value 0.26 0.67 0.90 0.85 0.88 0.59

Values are presented as mean±standard deviation.
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control groups. The first control group received the standard bite-
wing radiography protocol with 0.2-second  exposure time with the 
presence of soft tissue. In the second control group, the exposure 
time was similar to the case group (0.16 second) with the presence 
of soft tissue. This study design was based on the concept that with 
retraction of the soft tissue and reducing the exposure time, the re-
liability and validity of the radiographs would increase.

The main advantage of this study over the previous ones [22,23] 
is that we used dried bones to create bone defects and measured 
the depth of the alveolar defects by a digital caliper with an accu-
racy of 0.01 mm, whereas other studies [22,23] measured it via a 
periodontal probe with an accuracy of 1 mm. We used digital radi-
ography and DIGORA software with an accuracy of 0.0359 mm for 
radiologic measurements.

Benn [16] demonstrated that elimination of soft tissue improves 
the detection and detail presentation of alveolar bone defects on 
radiographs. They used periapical radiography with the parallel 
technique to detect the defects. They concluded that the elimina-
tion of soft tissue improves the contrast of the radiographs. Their 
findings were similar to the results of our study.

The closest results of radiologic measurements to the clinical 
findings were observed at the mesial aspect of the second premolar 
tooth. The greatest difference was seen at the distal aspect of the 
canines. This study suggests that, of the three methods we evaluat-
ed, the bitewing radiography with reduced exposure time and the 
retraction method may be most useful and have the best results in 
measurement of the interdental alveolar bone level between pre-
molars. These findings were in contrast to the results of Albandar et 
al. [24]. They concluded that bitewing radiographs show higher 
proportions of unreadable sites in the canines and the mesial sur-
face of the first premolars than periapical radiographs [24].

The limitations of the present investigation were that we ignored 
the absence of gingival tissue on dried bones and we only evaluat-
ed this method in horizontal defects. This radiologic method may 
not be as useful for detecting the vertical and angular bone defects 
with high reliability and validity. Although new radiography meth-
ods like cone-beam computed tomography have been suggested to 
detect the bone loss in the literature, their superiority to bitewing 
radiographs has not been proven [25-27]. Several investigations 
have shown the advantage of digital radiography for diagnosis of 
periodontal defects [28-30]. We used digital bitewing radiography 
to assess the alveolar bone loss because it is easier to retract the 
soft tissue and place the film in the correct position at the same 
time than when performing parallel periapical radiography.

In conclusion, the reliability of radiographs with retraction of soft 
tissue may be higher than other radiography methods for detection 
of interproximal horizontal alveolar bone loss. Elimination of the 
buccal soft tissue in digital bitewing radiography may be more im-
portant than increasing the exposure time. Digital bitewing radiog-
raphy with retraction of soft tissue and decreased exposure time 
may be an appropriate approach for diagnosis of alveolar bone loss 
in the interproximal region of the premolars.
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