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Evaluation of diagnostic accuracy of digital bitewing 

radiography in assessing alveolar bone level in 

comparison with transgingival probing 
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Abstract 
Background and objective: Alveolar bone loss is a cardinal sign of periodontitis. Interproximal 

(bitewing) images more accurately record the crest of the interradicular alveolar bone because the beam 

is oriented at right angles to the long axis of the teeth, thus providing an accurate view of the relationship 

of the height of the alveolar bone through comparison with the adjacent teeth, however they tend to 

underestimate bone loss. It has been shown that the bone probing measurements is closely correlated with 

the actual bone level measured surgically and is the most reliable method for assessing bone levels before 

and after any surgical procedures. Hence the purpose of the study is to evaluate the diagnostic accuracy 

of digital bitewing radiographs in assessing alveolar bone level in comparison with transgingival probing. 

Materials and methods: Sixty two subjects (age range 18-70 years, 34 males and 28 females) with 

chronic periodontitis were included. Radiographically alveolar bone level was measured by a single 

trained examiner using digital bitewing radiographs. Intraobserver correlation was done by intraclass 

correlation for radiographic data to avoid bias. Clinically transgingival probing was performed by a 

single trained examiner with stent in place using UNC 15 probe. The examiner was blinded to 

radiographic values to avoid bias. Results were statistically analyzed by paired sample t test, pearson’s 

correlation, intraclass correlation and regression methods. 

Results: Intraclass correlation showed good reliability for radiographic measurements. Radiographic 

measurements showed consistently lower values compared to transgingival probing with an average 

underestimation of bone loss by 1.77 + 0.44 mm. Pearson’s correlation coefficient showed statistically 

significant correlation (r =0.960) between the two methods. As, there was a significant correlation 

between the two methods, a correction factor could be applied to estimate “Transgingival probing 

measurement” based on radiographic values with derived formula y=0.9668x+2.088 where 

y=Transgingival probing measurement, x= Radiographic measurement. 

Conclusion: Radiographic measurements overestimated alveolar bone level ie, underestimated bone loss. 

However as there was a correlation between two methods, a correction factor could be applied to 

estimate transgingival probing values based on radiographic values. 

 

Keywords: Digital bitewing radiography, transgingival probing, alveolar bone level, periodontal disease, 

correction factor 

 

Introduction 

Periodontal diseases are one of the most extensively occurring diseases in the general 

population [1]. It is an inflammatory disease of the supporting tissues [1], cardinal sign of which 

is alveolar bone loss.² Evidence suggests that periodontal bone loss could commence at an 

earlier age than previously thought [1]. Thus, early detection and treatment of this disease is 

important. 

An overall assessment of the periodontal diseases is based on both the clinical examination 

and radiographic findings — the two investigations complement one another [3]. 

The most accurate method which can be used for assessing alveolar bone level (ABL) is to 

elevate the flap and measure the bone level directly, however this method causes discomfort to 

the patient and can damage the tissues [4]. It has been shown that the bone probing 

measurements is closely correlated with the actual bone level⁵ measured surgically and is the 

most reliable method for assessing bone levels before and after any surgical procedures [6]. 

Radiographs play an integral role in the assessment of periodontal disease. They provide 

unique information about the status of the periodontium and a permanent record of the  
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condition of the bone throughout the course of the disease [7]. 

Most commonly used radiographs in the diagnosis of 

periodontal diseases are periapical radiographs, bitewings and 

panoramic radiographs, however they tend to underestimate 

bone loss [4]. Others like CBCT, CT, Xeroradiography, 

CADIA, Digital subtraction radiography, scanography, 

Stereoscopy, nuclear medicine are also useful for evaluating 

the periodontium [6], but are not routinely used due to 

prohibitive costs. 

Periapical views (paralleling technique), especially in the 

posterior maxilla, may present a distorted view of the 

relationship between the teeth and the height of the alveolar 

bone because the presence of the hard palate often requires 

the x-ray tube to be oriented slightly downward toward the 

posterior teeth to see the apices of these teeth. In this 

circumstance, the level of the buccal alveolar bone may be 

projected near or even above the level of the lingual 

cementoenamel junction, thus making the bone height appear 

greater than it actually is [7]. 

Panoramic radiographs are not recommended for evaluation 

of periodontal disease because the distortion and poor image 

detail of panoramic views tend to lead the clinician to 

underestimate Minor marginal bone destruction and 

overestimate major destruction [7]. Interproximal (bitewing) 

images more accurately record the distance between the 

cementoenamel junction (CEJ) and the crest of the 

interradicular alveolar bone because with interproximal views 

the beam is oriented at right angles to the long axis of the 

teeth, thus providing an accurate view of the relationship of 

the height of the alveolar bone to the roots [7]. 

Bitewing radiographs are used both in clinical practice and 

epidemiological studies as they are characterized by their 

simplicity, reduced exposure time, have an advantage of 

coverage of posterior teeth and require less number of films 

than that of periapical radiographs [8]. 

The advent of digital imaging has revolutionized radiology. 

This revolution is the result of both technologic innovation in 

image acquisition processes and the development of 

networked computing systems for image retrieval and 

transmission [7]. The main advantage of digitized radiographs 

is the ability to manipulate and advance the quality of images 

using various software programmes [9]. In addition, digital 

intraoral receptors require less radiation than film, thus 

lowering patient exposure [7]. 

Recently, digital radiography has attracted a lot of attention in 

determining the depth, width and topography of bony defects 

and progression of the defect since loss of bone density and 

height should be evaluated using an automated instrument to 

diagnose periodontal lesions and assess the treatment success 
[9]. 

Digital bitewing radiographs were superior when compared to 

conventional bitewing radiographs in terms of alveolar bone 

loss in one of the study. Its cost factor is an important point of 

consideration, which can limits its use [10]. 

Hence the present study was undertaken to evaluate 

diagnostic accuracy of digital bitewing radiography in 

comparison in assessment of alveolar bone level in 

comparison with transgingival probing.  

 

Objectives of the study are as follows 

1.  To assess alveolar bone level in digital bitewing 

radiographs. 

2. To assess alveolar bone level clinically by transgingival 

probing. 

3. To compare the alveolar bone level assessed by digital 

bitewing radiograph with transgingival probing. 
 

Subjects and Methods  

Source of Data 

The subjects for the study were selected by employing 

convenience sampling among patients reporting to the 

Department of Oral Medicine and Radiology, Maratha 

Mandal’s Nathajirao G Halgekar Institute of Dental Sciences 

and Research Centre, Belagavi. This study included 

observation and analysis of digital bitewing radiographs and 

transgingival probing of 62 subjects aged between 18-70 

years suffering from mild to moderate periodontitis. 
 

Ethical approval 

An approval from the institutional review board was obtained 

prior to the beginning of the study and all the participants 

were given brief information regarding the purpose of the 

study. Informed written consent was taken from willing 

subjects. 
 

Selection Criteria 

Inclusion criteria  

1. Subjects between 18-70 years of age. 

2. Subjects who have mandibular right second premolar and 

first molar.  

3. Subjects with mild to moderate alveolar bone loss 

associated with mandibular right second premolar and 

first molar. 
  

Exclusion criteria 

1. Pregnant women. 

2. Patients wearing intraoral appliance (eg. orthodontic 

wire), which may interfere with clinical and radiographic 

evaluation. 

3. Patients with proximal caries/ crown/ root stumps irt right 

mandibular second premolar and first molar. 

4. Patients with supraerupted mandibular second premolar 

and/or first molar. 
 

Results 

The present study was conducted to evaluate the diagnostic 

accuracy of assessing alveolar bone loss with digital bitewing 

radiography in comparison with transgingival probing. The 

study was conducted in the Department of Oral Medicine and 

Radiology, Maratha Mandal’s Nathajirao G Halgekar Institute 

of Dental Sciences, Belagavi among 62 subjects with chronic 

periodontitis. 

The alveolar bone loss was measured by transgingival probing 

using UNC 15 periodontal probe and digital bitewing 

radiograph. 
 

Age and gender distribution 

 
Table 1: Gender wise distribution of study participants. 

 

Gender Frequency (n) Percentage (%) 

Female 28 45.2 

Male 34 54.8 

Total 62 100 

 

A total of 62 subjects, 34 male and 28 female were included 

in the study. (Table 1) 
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Table 2: Age wise distribution of study participants 

 

Age group Frequency(n) Percentage (%) 

21-30 years 6 9.67 

31-40years 14 22.58 

41-50years 25 40.3 

51-60years 8 12.90 

61-70years 9 14.51 

Total 62 100 

 

There were no subjects in the age range of 18-20 years in our 

study sample. Among 62 subjects maximum numbers of 

subjects were in the age range of 41-50 years and minimum 

numbers of subjects were in the age range of 21-30 years. 

(Table 2) 

 

 
Table 3: Radiographic and transgingival probing measurements from reference line 

 

Gender Number Radiographic measurement in mm (Mean±Std Dev) Transgingival probing in mm (Mean±Std Dev) 

Male 34 9.23 ±1.40 10.92 ±1.30 

Female 28 9.69 ±1.67 11.52 ±1.74 

Total 62 9.48 ±1.57 11.25 ±1.58 

 

The mean alveolar bone level among 62 subjects by 

radiographic measurements was 9.48±1.57 and transgingival 

probing method was 11.25±1.58 showing overestimation of 

alveolar bone level ie, underestimation of bone loss by 

radiographic method. (Table3)  

 
Table 4: Intraexaminer reliability of radiographic measurements 

 

 Mean Std Deviation 

1st measurement 9.556 1.539 

2nd measurement 9.545 1.539 

ICC –Single measurement intraclass correlation r=1.00, (p<0.001), significant 

 

Clinical and radiographic measurements were performed in 

62 subjects by the single examiner after training. The 

intraexaminer correlation and intraexaminer consistency for 

radiographic measurements was calculated using intraclass 

correlation coefficient (ICC). There was a significant positive 

relationship between the 1st and 2nd measurement scores. 

(Table 4)  

 
Table 5: Comparison of radiographic and transgingival probing values by paired t test\ 

 

Measurements Mean Std. Deviation 
Paired t test 

t-value p-value and significance 

Radiographic measurement 9.48 1.57 
-31.23 <0.001, Significant 

Trans gingival Probing 11.25 1.58 

Trans-gingival probing Minus Radiographic Measurements 1.77 0.44 --- --- 

Intra class correlation coefficient (single measures) and p-value, significance 0.960 (0.934 to 0.975), p-value <0.001, Significant 

Pearson’s correlation coefficient R = 0.960 p-value <0.001, Significant 

Formula for estimating trans-gingival probing based on Regression 
y = 0.9668x + 2.088 y= Trans-gingival probing measurement 

x= Radiographic measurement 

 

Radiographic measurements showed consistently lower 

values compared to transgingival probing with an average 

underestimation of bone loss by 1.77 + 0.44 mm (Table 5, 

Graph 1). The difference between the two methods was 

statistically significant indicating that radiographic 

measurement can lead to significant underestimation of bone 

loss.  

Correlation between the two methods of measurements 

showed that as the transgingival probing increases, 

radiographic measurement also increases, but with a mean 

difference of 1.77±0.44 mm(Graph 2). Pearsonʹs correlation 

coefficient showed relationship between transgingival and 

bitewing radiographs measurement and statistically 

significant correlation (r =0.960) was found between the two 

methods (Graph 1). As, there was a significant correlation 

between the two methods, a correction factor could be applied 

to estimate “Transgingival probing” measurement based on 

radiographic vaues. A formula was derived by regression 

method y=0.9668x+2.088 
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Graph 1: Bar diagram showing higher values for transgingival probing compared to radiographic measurements from reference line in 

observation pairs 

 

 
 

Graph 2: Scatter plot showing correlation between two methods of 

measurements 

 

Points along the straight line indicate perfect agreement 

between both radiographic and transgingival probing 

measurements (Graph 2). 

 

Discussion 

Radiographs play an integral role in the assessment of 

periodontal disease. They provide unique information about 

the status of the periodontium and a permanent record of the 

condition of the bone throughout the course of the disease. 

Radiographs aid the clinician in identifying the extent of 

destruction of alveolar bone, local contributing factors, and 

features of the periodontium that influence the prognosis [7].  

Clinical examination should include periodontal probing, a 

gingival index, mobility charting, and an evaluation of the 

amount of attached gingiva. Features that are not well 

delineated by the radiograph are most apparent clinically, and 

those that the radiograph best demonstrates are difficult to 

identify and evaluate clinically. Radiographs are an adjunct to 

the diagnostic process [7]. Evidence suggests that periodontal 

bone loss could commence at an earlier age than previously 

thought [1]. Thus, early detection and treatment of this disease 

is important. 

The most accurate method which can be used for assessing 

alveolar bone level is to elevate flap and measure the bone 

level directly and hence, it is considered to be the gold 

standard. However, this method and other invasive clinical 

methods like transgingival probing/bone sounding causes 

discomfort to the patients and they can damage the tissues [4, 

28]. Recently Savitha B et al. [5] concluded that bone level 

measurement by transgingival probing which highly 

correlates with bone levels measured surgically, is the most 

reliable method for assessing bone levels before and after any 

surgical procedures. Hence this study was undertaken to 

evaluate the diagnostic accuracy in assessing alveolar bone 

level by digital bitewing radiographs in comparison with 

transgingival probing. 
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Our study group included 62 subjects in the age range of 18-

70 years as chronic periodontitis is most frequently observed 

in adults, however it can also occur in children and 

adolescents in response to chronic plaque and calculus 

accumulation [13]. 

Among studies conducted by Savitha B et al. [5], Sairam V et 

al. [8], Parashis A et al. [16], Banodkar AB et al. [17].Wolf B et 

al. [23], Kim HY et al. [24], G Li et al. [25] Pahwa P et al. [26], 

Kolte RA et al. [27], Levin L et al. [31] and the lower limit 

ranged from 18-27 years and upper age limit from 29-84 

years. Age range was not mentioned in studies by Esmaeli F 

et al. [9] and Pilgram TK et al. [14],  

Chronic periodontitis generally affects both genders equally¹³. 

Our study had unequal numbers of male (34) and female(28) 

subjects. This is in accordance with the gender wise 

distribution of subjects in assessing alveolar bone level 

radiographically by Savitha B et al. [5], Sairam V et al. [8], 

Singh S et al. [10], Vasconcelos KDF et al. [11]], Walter C et al. 
[15], Parashis A et al. [16], Banodkar AB et al. [17], Moradi J et 

al. [21], Neetha MC et al. [22], Eickholz P et al. [33], Wolf B et 

al. [23], Jenkins WMM et al., Kim HY et al. [7], Pahwa P et al. 
[26], and and included equal gender distribution. Levin L et al. 
[31] included only males.  

Subjects in whom right second premolar and first molar with 

proximal caries, crown, root stumps, supraerupted, wearing 

intraoral appliance (eg. Orthodontic wire) were excluded from 

the study as they known to affect clinical and radiographic 

evaluation. Which is in accordance with the studies by 

Savitha B et al. [5]. 

In our study group right mandibular second premolar and first 

molar was used for clinical and radiographic evaluation. 

Single site was selected, for the standardization and ease of 

radiographic and clinical assessment. Other studies used 

multiple sites. Pecoraro ML et al. [30] assessed alveolar bone 

level by evaluating the mesial and distal aspects of all 

available teeth excluding third molars while Srecktfus CF et 

al. [18] considered mesial and distal aspects of each tooth. 

Sairam V et al. [8] included mesial and distal sides of first, 

second premolar and molars in both arches while Monali A et 

al. [19] considered mesial and distal sites at the buccal and 

lingual aspects. Savitha B et al. [5] considered 56 sites, where 

in mesial and distal surfaces were evaluated while Pilgrim et 

al. [14] considered 6 sites per tooth, mesial edge, midtooth and 

distal edge on both facial and lingual sides. Moradi J et al. [21] 

evaluated interproximal surfaces of posterior teeth. 

Bone level is often measured from the cementoenamel 

junction; however, this reference point is not valid in 

situations where there is over eruption or where there is 

severe attrition with passive eruption⁷ or caries / restoration / 

crown is present. Hence to overcome this drawback we used 

stent with incorporated metal as a reference line for 

standardization to assess bone level clinically and 

radiographically, similarly studies by Monali A et al. [4], 

Savitha B et al. [5], Kim HY et al. [24], Wahi S et al. [27], Kolte 

RA et al. [28], Akesson L et al. and Soumi et al. [31]. Clinically 

stent are used to guide the probe to an exact location with a 

proper orientation. Which is in accordance with studies by 

Monali A et al. [4], Savitha B et al. [5], 

In our study radiographs were taken by using X mind DC, 

satelec machine. Others used Trophy intra-oral X-ray [1], X 

mind AC [10], Spectro 70X Selectronic dental X-ray [11], 

minray intraoral X-ray unit [20, 12] (Soredex), GX-770 X-ray 
[30], Focus – X-ray [25], Elity Trophy, Irix 70 [12] and Dixi 

digital intraoral X-ray [31]. 

Digital bitewing radiographs were used in our study as Singh 

S et al. [10] stated that digital radiographs are superior when 

compared to conventional radiographs. Bitewing radiographic 

technique was used in our study as this technique accurately 

record the crest of the interradicular alveolar bone because the 

beam is oriented at right angles to the long axis of the teeth, 

thus providing an accurate view of the relationship of the 

height of the alveolar bone through comparison with the 

adjacent teeth [7]. 

Bitewing radiographs are used in both clinical and 

epidemiological studies as they are characterized by their 

simplicity, reduced exposure time, have an advantage of 

recording the coronal portions of the maxillary and 

mandibular teeth in one image⁸. Which is in accordance with 

the studies by Asif S et al. [1], Singh S et al. [5], Streckfus CF 

et al. [18], Safi Y et al. [20], Neetha MC et al. [22], and Kim HY 

et al. [24]. However in studies by Moradi J et al. [21], Pecoraro 

Ml et al. [30] conventional bitewing radiographs were used. 

Studies by Savitha B et al. [5], Sairam V et al. [8], Vasconcelos 

KDF et al. [13], Li G et al. [25], Pahwa P et al. [26], Pecoraro ML 

et al. [27] and used digital periapical radiographs. Other studies 

by Vasconcelos KDF et al. [11], Banodkar AB et al. [17], 

Ferrare N et al. [34] used other radiographs to assess alveolar 

bone level like panoramic radiography, CBCT, CT, 

microtomography. 

Exposure parameters used for digital bitewing radiographs 

were 70 kVp, 8 mA and 0.080 sec, which is in accordance 

with the study by Levin L et al. The digital bitewing taken by 

Singh S et al. [5], Safi Y et al. [20], used exposure parameters 

70 Kvp and 8mA, while Asif S et al. [1] used the same 

parameters with 0.3 sec exposure time. Pecoraro ML et al. [30] 

with radiation exposure time 10 pulses for mandibular 

posterior regions. 

The sensor used in our study was Charge Coupled Device 

(CCD), which is in agreement with other studies by Asif S et 

al. [1]. Singh S et al. [5], While other study by Safi Y et al. [20] 

used photostimulable phosphor plates (PSP). Pecoraro ML et 

al. [15] used complementary metal oxide sensor (CMOS 

sensor). 

Measurements on image were done by using Xva3 3.5 version 

software. Other studies used Vixwinpro software [1], digital- 

Kodak imaging software, Shick CDR, version 2.1, DIGORA 

software [20] Ver 2.6 and Kodak 5000 digital software [5]. 

Conventional bitewing radiographs taken by Streckfus CF et 

al. [18] were digitized using periopro software. Hausmann E et 

al. [35] digitized conventional bitewing radiographs utilizing a 

TV camera and PC computer with a Targa 8 imaging board. 

Vasconcelos KDF et al. [11] digitized periapical radiographs 

using a scanner scanjet HP 4890 

The examiner measured all the images at X 75 magnification 

for standardization. Pecoraro ML et al. [29] measured all of the 

images at X 100 magnification. Brightness and contrast was 

not altered during measurements, which is in concordance 

with the study by Asif S et al. [1], Pecoraro ML et al. [29]. 

Other studies by Singh S et al. [5], Moradi J et al. [21], Asif S et 

al. [1] and Neetha MC et al. have not mentioned any 

alterations during measurements. 

The examiner measured the bone levels twice on each 

radiograph with a gap of 20 days independently to check 

intraexaminer reliability from the first measurement. Blinding 

is usually done to minimize bias and maximize the validity of 

the study which is in concordance with the radiographic 

studies by Singh S et al. [5], Moradi J et al. [21]. Other studies 

by Asif S et al. [1], Vanderberghe B et al. [12] and Pecoraro ML 

et al. [29], have two examiners/multiple examiners for 

reliability of measuring alveolar bone level. 
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In our study intraexaminer reliability for radiographic 

measurement showed significant positive relationship ie, good 

agreement, which is in agreement with the study by Asif S et 

al. [1] who concluded that intraexaminer reproducibility is 

superior to interexaminer reproducibility. Pecoraro ML et al. 
[29], showed no significant difference for intraexaminer 

reproducibility. 

Before transgingival probing local anaesthesia lignocaine was 

administered to reduce pain, which is in concordance with the 

study by Savitha B et al. [5], Kholte et al. [27], Wahi S et al. [28], 

Kim HY et al. [24], Monali A et al. [4] and Pahwa P et al. [26]. 

In our study to assess alveolar bone level clinically, 

transgingival probing method was used. It has been shown 

that the bone probing measurements is closely correlated with 

the actual bone level⁵ measured surgically and is the most 

reliable method for assessing bone levels before and after any 

surgical procedures [6]. Which is in concordance with studies 

by Savitha B et al. [5], Kim HY et al. [24], Kolte RA et al. [27] 

and Wahi S et al. [28]. Monali A et al. [4] used both 

transgingival probing and open bone measurement. Other 

studies by Banodkar AB et al. [17], Li G et al. [25], Pahwa P et 

al. [71], and Akesson L et al. [32] used open bone measurement. 

Measurements for transgingival probing in our study was 

done using UNC 15 probe. Which is in concordance with a 

study by Monali A et al. [4]. It is a 15 mm long probe with 

millimeter markings at each millimeter and color coding at 

the fifth, tenth and fifteenth millimetres [13]. Savitha B et al. 
[5], Sairam V et al. [8], Moradi J et al. [2], and Wahi S et al. [27] 

used Williams graduated probe.  

Single examiner measured both radiographic and 

transgingival probing measurements, and data was recorded 

on data collection sheet and scores were tabulated separately. 

Pecoraro ML et al. [29] suggest that studies evaluating alveolar 

bone loss on radiographs should use a single examiner to 

avoid interexaminer disagreement [29].  

The data was recorded in a Microsoft excel spread sheet and 

statistical analysis was done using SPSSv 17.0 software 

Mean ± standard deviation difference between radiographic 

and transgingival probing measurements in our study was 

1.77±0.44 mm with radiographically overestimating alveolar 

bone level. These results are in concordance with the study by 

Savitha B et al. [5] in which the mean ± standard deviation 

difference was 1.75±0.06 mm. 

In our study statistically significant correlation was found 

between two methods of assessing alveolar bone level 

(r=0.960). The radiographic measurements overestimated 

alveolar bone level ie, underestimating bone loss which is in 

accordance with the studies by Savitha B et al. [5] and Sairam 

V et al. [8]. As there was statistically significant correlation a 

correction factor could be applied to estimate transgingival 

probing values based on radiographic values. A formula was 

derived based on regression for estimating transgingival 

probing where y=0.9668x+2.088 where y=Transgingival 

probing measurement, x=Radiographic measurement. 
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