
75

Introduction 
 Periodontal disease is an infectious disease of the 
tissue surrounding the teeth in response to bacterial 
plaque. Loss of alveolar bone support is one of the 
characteristic sign of destructive periodontal disease. 

Classifications of periodontal osseous defect are 
generally based upon specific morphological criteria. 
The aim of classifications is to guide the clinician for 
proper treatment plan. According to the classification 
by the Glossary of Periodontal Terms (2001), “infrabony 
defect” defines as a periodontal defect within the bone 
surrounded by one, two, three walls or a combination 
thereof1. Treatment decision of infrabony defect is based 
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on defect morphology; number of associated bony walls, 
defect depth, and defect width. These data can obtain 
from probing depth, bone sounding, intra-surgical and/or 
radiographic findings. Therefore, periodontal examination 
is an important step for providing accurate diagnosis, 
prognosis and treatment plan. 

 Although valid periodontal diagnosis cannot be 
made from radiographs alone, they are still considered as 
an essential tool for a complete periodontal examination. 
Radiographic images can provide critical information 
about the periodontium that cannot be obtained by any 
other non-invasive methods such as alveolar bone level 
and infrabony defect morphology. However, it represents 
the three-dimensional osseous structures into the two-
dimensional images. Therefore, only the interproximal 
alveolar bone levels can be assessed while buccal, 
lingual, and funnel-shaped defects cannot be detected. 
Image distortion can occur consequence to misangulation 
between x-ray beam and film due to anatomical limitation. 
Moreover, intraoral radiograph also needs substantial 
amount of mineral loss (30-50%) to detect the change 
of bone density2 and usually underestimate the extent 
of alveolar bone loss as compare to the gold standard 
of intra-surgical measurements3-8. Even though intraoral 
radiograph has limitations to provide accurate diagnosis, 
at present it is still be a gold standard for evaluating the 
pattern and extent of alveolar bone resorption because 
of its simple technique, low-cost, and low radiation dose9. 

 There are many factors influencing the accuracy of 
intraoral radiographs. Defect morphology is one of these 
factors. Previous study has demonstrated that the ability 
of the intraoral radiographs to detect infrabony defects 
depended on the depth and bucco-lingual width of the 
defect, the number of osseous walls and the jaw location10. 
So far, several studies have shown the accuracy of 
intraoral radiographs in term of linear measurement11,12. 
Nonetheless, the evidence of accuracy in term of 
defect morphology assessment is so scarce. Therefore, 
the aim of this study was to evaluate the accuracy of 
intraoral radiographs for assessment of infrabony defect 
morphology related to the intra-surgical findings (gold 
standard). The diagnostic performance was also reported. 

Materials and Methods 
 Samples 
 The subjects of this study were consecutively 
recruited from periodontal patients who referred to 
Graduate Clinic, Department of Periodontology, Faculty of 
Dentistry, Chulalongkorn University during 2013 to 2015, 

according to the following criteria: 
1. All cases were diagnosed as Periodontitis 

according to the per iodonta l  d isease 
classification of International Classification 
Workshop13. 

2. At least one infrabony defect in the periapical 
radiograph was detected. 

3. All cases underwent the periodontal flap surgery 
procedure. 

4. Reliable data could be collected from treatment 
records and photos of infrabony defect surgery. 

 Sixty seven patients who met those criteria were 
recruited. The information including hospital number, 
subject’s identity of each study subject was storaged 
as study ID. The subject confidential and privacy were 
concealed by operator (SY). Three examiners could not 
reach this information. 

 Evaluation of radiographic data 
 In this study, the intraoral radiographs of all 
infrabony defects were evaluated and accepted if they 
met the following criteria: 

1. Periapical radiographs were obtained before 
periodontal flap surgery not more than 6 months. 

2. All parts of infrabony defect and adjacent tooth 
were depicted. 

3. Prichard four criteria (Prichard 1983)14 was 
used to determine adequate angulation of the 
periapical radiographs that included: 

- The periapical radiographs should show tips of 
molar cusps with little or none of the occlusal 
surface showing. 

- Enamel caps and pulp chamber should be 
distinct. 

- Interproximal space should be opened. 
- Proximal contacts should not overlap unless 

teeth are out of line anatomically. 

 After evaluation of radiographic data, the baseline 
samples of 67 patients were reduced to 38 patients. Fifty 
infrabony defects met all criteria and were included in 
the study. Each intraoral radiographic image was digitally 
converted on a flatbed scanner with transparency adapter 
(Expression 10000XL, Epson, USA) at 600 dpi, saved as 
a JPEG file and put into a Power-Point file to facilitate the 
evaluation process. 
 
 Assessment of infrabony defect morphology 
 The assessment of infrabony defect morphology 
was carried out by three experienced periodontists 
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independently. The radiographic images of each defect 
were viewed and classified defect morphology into one-
wall, two-wall or three-wall defect. The classification of 
defect morphology was recorded in the answer sheet. 
There was no time restriction for image reviewing and 
assessment. An agreement of defect morphology at 
least 2 from 3 examiners was considered as consensus 
of each defect. In case of disagreement, all examiners 
had to undergo re-examination the images and reached 
consensus following discussion. 

 Furthermore, intra-surgical assessment of infrabony 
defect morphology was used as a gold standard. The 
infrabony defect morphology was determined by operator 
(SY) using information from treatment records and photos 
which taken during periodontal flap surgery after complete 
removal of granulation tissue. The infrabony defect 
morphology was then classified into one-wall, two-wall or 
three-wall defect according to the number of remaining 
bone walls. The defects were excluded if unable to clearly 
determine the surrounded wall. 

 Statistical analysis 
 Statistical analysis was performed using MedCalc 
for Windows, version 15.0 (MedCalc Software, Ostend, 
Belgium). The accuracy of intraoral radiographs 
was evaluated by calculating observed agreement 
between radiographic and intra-surgical findings. The 
level of agreement was analyzed using the Cohen’s 
kappa coefficient value which classified according to 
the following scale: slight (0.01-0.20), fair (0.21-0.40), 
moderate (0.41-0.60), substantial (0.61-0.80) and almost 
perfect agreement (0.81-1.0)15. The inter-examiner 
agreement, in other words reliability, was calculated using 
Fleiss' kappa coefficient value which classified according 
to the following scales: slight (0.01-0.20), fair (0.21-
0.40), moderate (0.41-0.60), substantial (0.61-0.80) and 

almost perfect agreement (0.81-1.0)16. The diagnostic 
performance was assessed by traditional parameters 
including sensitivity, specificity, positive predictive value 
(PPV) and negative predictive value (NPV). 

 
Results 
 Study population 
 The study population characteristics were shown 
in Table 1. The sample consisted of 50 infrabony defects 
from 38 patients. The mean age was 45.4 years old, 
ranging from 21 to 70 years. The subjects were 21 female 
(55.26%) and 17 male (44.74%). Most of the the defects 
were 3-wall defect (48%) followed by 2-wall (34%) and 
1-wall (18%) defect, respectively. 

 Accuracy of intraoral radiographs 
 The distribution of defect morphology between 
radiographic interpretation and intra-surgical findings 
was shown in Table 2a. There were 31 from 50 defects 
that met the agreement; 8 for one-wall, 14 for two-
wall and 9 for three-wall defects. For the accuracy 
of intraoral radiographs in assessment of infrabony 
defect morphology, the agreement between intraoral 
radiographs and intra-surgical findings was 62% with 
k-value = 0.42 (Table 2b). Considering in each examiner, 
the agreement between intraoral radiographs and  
intra-surgical findings by examiner 1, 2 and 3 were 62%, 
58% and 60%, respectively. 
 
 Reliability of intraoral radiographs 
 Reliability in giving the infrabony defect classification, 
as it pertains to agreement among examiners (inter-
examiner agreement) using Fleiss’ kappa coefficient 
value. The Fleiss' kappa values was 0.55, ranging 
between 0.43 and 0.66 (Table 3). 

Table 1 Study population characteristics

Patients 38 patients  Mean age = 45.4  Range = 21-70 

Gender   21 female (55.26%)  17 male (44.74%) 
Teeth  50  6 anterior (12%)  44 posterior (88%) 
Defect morphology 50
          1-wall  9 (18%)
          2-wall  17 (34%)
          3-wall 24 (48%)
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Table 2a Distribution of defect morphology between radiographic interpretation and intra-surgical findings

   Intra-surgical findings 
 1-wall 2-wall  3-wall  total 

 1-wall 8* 1 0 9
Intraoral  2-wall  0 14* 15 29
radiographs  3-wall  1  2  9*  12 
 total  9  17  24  50

*Infrabony defects which met the agreement between intraoral radiographs and intra-surgical findings

Table 2b Accuracy of intraoral radiographs for assessment of infrabony defect morphology

#Observed agreement is the proportion of all diagnoses classified the same way by two modalities 
(intraoral radiographs and intra-surgical findings) 
##Cohen’s kappa coefficient value classify according to the following scale: slight (0.01-0.20), fair (0.21-0.40), 
moderate (0.41-0.60), substantial (0.61-0.80) and almost perfect agreement (0.81-1.0) 

  Intraoral radiographs 

 Observed agreement# (k-value)## 

 Examiner 1  62% (0.41)
 Examiner 2  58% (0.37)
 Examiner 3  60% (0.39)
 Consensus  62% (0.42) 

Table 3 Reliability of intraoral radiographs for assessment of infrabony defect morphology 

* Level of agreement: slight (0.01-0.20), fair (0.21-0.40), moderate (0.41-0.60), substantial (0.61-0.80) and almost 
perfect agreement (0.81-1.0)

  Intraoral radiographs 

Inter-examiner agreement 
Fleiss’ kappa value  0.43-0.66 (0.55) 
Level of agreement*  Moderate 

 Diagnostic performance of intraoral radiographs 
 Each parameter of the diagnostic performance 
(sensitivity, specificity, positive and negative predictive 
value) of different defect morphology was shown in Table 
4. When compared among defect types, the sensitivity 
of one-wall defect was the highest (88.89%), followed by 
two-wall (82.35%) and three-wall defect (37.5%). Since 
sensitivity is the proportion of diseased sites that has the 
positive test, one-wall defect was the easiest to detect 
accordingly. The one-wall defect showed the highest 
specificity, PPV and NPV followed by three-wall and two-
wall defect. Since PPV is the proportion of positive sites 
that had the true-positive test, one-wall defect had the 
highest (88.89%), while two-wall defect showed the lowest 
diagnostic value (48.28%). 

Discussion 
 Regarding evaluation of accuracy of the diagnostic 
test, our attention is basically focused on agreement and 
kappa value. The agreement addresses the validity of the 
test while kappa value addresses how much agreement 
is actually present (observed agreement) compared to 
how much agreement would be expected to be present 
by chance alone (expected agreement)17. Kappa is a 
measure of this difference ranging from -1 to +1. From this 
study, the agreement between radiographic interpretation 
and intra-surgical findings was 62% with k-value 0.42. This 
means that, of 100 defects, there are 62 defects correctly 
interpreted with moderate agreement. 
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 To determine the reliability or precision of diagnostic 
test, the inter-examiner agreement was evaluated. If the 
results from all examiners are concordant, this diagnostic 
test appears to have good precision (good reliability). In 
the present study, the Fleiss’ kappa value was 0.55. This 
implies that intraoral radiographs have moderate reliability 
in assessment of infrabony defect morphology. 

 Considering in each defect morphology, we looked 
into the diagnostic performance. One-wall defect showed 
the highest sensitivity and PPV. A possible explanation 
for this phenomenon is that one-wall defect loss both 
buccal and lingual wall leading to clear radiolucent 
vertical defect which easily to be detected. In three-wall 
defect, intraoral radiographs had moderate ability. PPV  
of intraoral radiographs was 75%. This means that 75%  
of three-wall defect in radiographic films could be true 
three-wall defect during surgery. The two-wall defect 
showed the lowest PPV. Less than 50% of two-wall 
defect could be predicted correctly. Comparing between  
two-wall and three-wall defect, two-wall defect had lower 
PPV while three-wall defect had lower sensitivity. These 
results can be explained that some of three-wall defects 
may be interpreted as two-wall defects leading to high 
false positive proportion in two-wall defect and low true-
positive proportion in three-wall defect. It seems to be 
difficult to differentiate between two-wall and three-wall 
defects using intraoral radiographs since both defects 
have either buccal and/or lingual walls which increase 
radiopaque area and inevitably obscure the defect 
morphology. Therefore, when two-wall and three-wall 
defects interpreted from intraoral radiographs, it should 
be confirmed with the information obtained from clinical 
examination. 

Conclusion
 The accuracy and reliability of intraoral radiographs 
in assessment of infrabony defect morphology was quite 
moderate. The defect morphology is the important factor 
influencing diagnostic performance values. The intraoral 
radiographs result in sufficient reliability only in one-wall 
infrabony defects. 
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