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2. Abstract 

Objectives: The aim of the present study was to evaluate the accuracy of different diagnostic 

modalities (radiographs, photographs and caliper) for linear bone height measurements (i.e., BHa 

- the distance between the cemento-enamel junction (CEJ) and alveolar crest (AC) and BHb -

the distance between CEJ and the base of the defect (BD)) when compared to periodontal 

probing. Further objectives were to compare the intra-user and inter-user variability of bone 

height measurements (BHa and BHb) and computer-based landmarks indication (CEJ, AC and 

BD) and to determine the reliability of standardized periapical (PA) and bitewing (BW) 

radiographs. 

Materials and Methods: One hundred forty-nine tooth sites were identified on six human dry 

skulls. Direct bone height measurements of BHa and BHb were made with periodontal probe and 

electronic caliper. Indirect measurements were taken by landmarks indication on standardized 

(PA and BW) radiographic and photographic images using computer-software (lmageJ®). Eight 

users performed the measurements twice and separated by at least one week. The average 

differences of the measurements of each modality from probing measurements and standard 

deviations (SD) were used in simple t-test to evaluate the statistical significance of the 

differences at the 0.05 level. For intra- and inter-user variations, the mean variability and SD 

about the mean was calculated. 

Results: No statistically significance differences (p> 0.05) between probing measurements and 

standardized (PA and BW) radiographs, photographs and caliper for alveolar bone height 

measurement. The inter-user variability was found to be higher than intra-user variability across 

all modalities for BHa and BHb measurements with greatest variation was observed for caliper 

(0.63 mm) and probing measurements (0.62 mm).The lowest variation was seen for BW 
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radiographs (0.4 mm). The overall variations of CEJ, AC and BD indications were 0.3 mm, 1.8 

mm and 0.36 mm, respectively. Although BW radiographs showed the lowest overall variation 

the difference between PA and BW was in order of0.1 mm. 

Conclusions: Overall, the all four modalities are useful for periodontal research and practice. 

Compared to probing, assessment of radiographs by means of computer-based bone height 

measurements are reliable (variation less than 0.4) and the precision needed to detect small 

changes in periodontal health has the potential for further improvement as the technology 

evolves. The variabilities of bone height measurements from standardized periapical and 

bitewing radiographs were found to be comparable (BW is slightly better). The AC and CEJ are 

reliably indicated on radiographs (variation less than 0.3). 
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4. Introduction 

The supporting apparatus of the tooth is known as the periodontium. It consists of gingiva 

covering the alveolar bone and encircling the tooth at the cemento-enamel junction (CEJ), 

periodontal ligament, cementum and alveolar bone proper (socket). These structural components 

are responsible for providing the attachment of tooth to the alveolar bone to resist the occlusal 

forces, preventing ingress of infectious agents and protecting underlying tissues from food and 

trauma. The optimal function and integrity of these structures depend on their interaction with 

the external stimuli they receive. Thus, a continuous equilibrium between the supporting 

apparatus and the external forces is present [1]. One of the most significant pathological 

processes that affect the supporting apparatus of the teeth which cause disturbance of the 

equilibrium is periodontitis. It characterized by loss of the connective tissue surrounding the 

diseased tooth and progressive destruction of the alveolar process which may lead to subsequent 

pathological pocket formation between the gingiva and tooth surface. Clinically, it may manifest 

either as increase in the probing depth beyond the physiological depth of gingival sulcus, 

gingival recession or combination of both [2] . The cause of this abnormal process is 

multifactorial. However, it is typically initiated in response to microbial colonization as a dental 

plaque on tooth surface that eventually leads to loss of periodontal attachment [3]. 

The pathogenesis of periodontal disease has been classified into four categories: initial, early, 

established and advanced lesion [ 4]. Nevertheless, the course of the disease differs among 

different individuals as it can remain stable, progress slowly or follow random episodes of 

exacerbation and remission within irregular timeline [5, 6]. The risk factors that increase the 

individual's susceptibility to develop course of active disease vary considerably and may be 
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linked to the host immune system, genetic or environmental factors [7]. Furthermore, the risk 

factors are part of causal chain and can be adjustable (e.g., smoking or stress) or non-adjustable 

(e.g., genetic or immunodeficiency) [8]. Several studies have proposed the consequences of these 

risk factors on the clinical course of the diseases and the treatment outcomes [9, 10]. There has 

been considerable investigation on relating some recognizable risk factors such as smoking as a 

predictor of increased risk of more severe course [ 11]. 

Appropriate clinical evaluation and diagnosis of periodontal status is based on proper definition 

and classification system for periodontal diseases. In 1999, a classification scheme was proposed 

by the International Workshop on Periodontal Diseases and it has been used as the major clinical 

classification system for many years [12]. Since that time, the considerable expansion of the 

knowledge gained from epidemiological studies and evidence-based investigation on the 

etiopathogenesis of periodontitis has endorsed more analysis and consideration of these data. 

Therefore, a World Workshop in 201 7 has incorporated the recent evidence-based information to 

develop a new classification frame along with more emphasis on case descriptions and 

uniformity of diagnostic interpretation [13]. In the new classification, effort was made to solve 

the issues, confusion and significant heterogeneity in case definitions with the former 

classification [14]. Generally, the new classification system attempted to partition the diagnosis 

of periodontitis into three domains: case definition of periodontitis base on clinical attachment 

loss, categorizing the forms of periodontitis based on pathophysiology and proposing a 

descriptive scheme for staging and grading of the disease at the time of clinical presentation [ 15]. 

2 



Three distinctive forms of periodontitis have been recognized: necrotizing periodontitis, 

periodontitis as a direct manifestation of systemic disease and periodontitis. To diagnose 

necrotizing disease, the gingival condition should be evaluated for the presence of specific signs 

and symptoms, such as pain, ulceration of the tip of interdental papillae and involvement of the 

underlying alveolar bone. In addition, exclusion or inclusion of any systemic condition that may 

primarily affect the periodontal tissue. The majority of clinical cases fall in periodontitis category 

with large heterogeneity that necessitate different treatment approaches. Therefore, greater 

efforts to better understand the disease complexity are needed to reach optimal control of the 

disease over the long-term basis [15]. 

Thus, a uniform framework for staging and grading has been developed to provide further 

assistance to the clinician to define the disease status, using a variety of outcome measures rather 

than depending on the destruction of the periodontal tissue alone. Staging periodontitis is based 

on the current severity and the measurable extent of tissue destruction attributed to periodontitis, 

with assessment of local factors that will contribute to more complex treatment such as vertical 

bone defect, furcation involvement, masticatory dysfunction and tooth mobility or loss. The 

initial step to determine the severity of the disease is to measure the clinical attachment loss 

(CAL) followed by radiographic assessment of bone loss and tooth loss due to periodontal 

disease. On the other hand, grading predicts the future risk of disease progression and the 

therapeutic response in periodontitis patient. The grading system represents the biological 

features of the disease and relies on either direct or indirect evidence of progression over a 

certain period of time. After the establishment of a grade, the presence of risk factors such as 

uncontrolled diabetes or smoking are used as modifiers to shift the score to a higher value. The 
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main goal of grading is to anticipate the treatment response and the effect of the disease on the 

individual's systemic health [15]. 

Table 1: Classification ofperiodontitis based on stages defined by severity (according to the level of interdental 
clinical attachment loss, radiographic bone loss and tooth loss), complexity and extent and distribution 

Periodontitis stage Stage I Stage II Stage Ill Stage IV I 
Interdental CAL at 1 to2mm 3 to4 mm ?:5 mm ?:5 mm 

site of greatest 
loss 

Severity Radiographic bone 
loss 

Coronal third 

(<15%) 

Coronal third 

(15% to 33%) 

Extending to mid-third 

of root and beyond 

Extending to mid-third 

of root and beyond 

Tooth loss No tooth loss due to periodontitis Tooth loss due to Tooth loss due to 

periodontitis of periodontitis of 

.:54teeth ?:5 teeth 

In addition to stage In addition to stage III 

U complexity: complexity: 

Maximum probing Maximum probing Probing depth ?:6 mm Need for complex 

depth .:54 mm depth _:55 mm rehabilitation due to: 

Mostly horizontal Mostly horizontal Vertical bone loss Masticatory dysfunction 

bone loss bone loss ?:3 mm Secondary occlusal trauma 

Complexity Local Furcation 

involvement Class 
II or III 

(tooth mobility degree 

?:2) 
Severe ridge defect 

Bite collapse, drifting, 
Moderate ridge flaring 

defect Less than 20 remaining 
teeth (10 opposing pairs) 

Extent and Add to stage as For each stage, describe extent as localized ( <30% of teeth involved), generalized, or molar/incisor 

distribution descriptor pattern 

The initial stage should be determined using clinical attachment loss (CAL); if not available then radiographic bone loss (RBL) should be used. Information on tooth loss 

that can be attributed primarily to periodontitis - if avai lable - may modify stage definition. This is the case even in the absence of complexity factors. Complexity factors 

may shift the stage to a higher level , for example furcation 11 or Ill would shift to either stage W or IV irrespective of CAL. The distinction between stage Ill and stage 

IV is primarily based on complexity factors. For example, a high level of tooth mobility and/or posterior bite collapse would indicate a stage IV diagnosis. For any given 

case only some, not all, complexity factors may be present, however, in general it only takes one complexity factor to shift the diagnosis to a higher stage. It should be 

emphasized that these case definitions are guidelines that should be applied using sound clinical judgment to arrive at the most appropriate clinical diagnosis. 

For post-treatment patients, CAL and RBL are still the primary stage determinants. If a stage-shifting complexity factor(s) is eliminated by treatment, the stage should not 

retrogress to a lower stage since the original stage complexity factor should always be considered in maintenance phase management. 

From Tonetti, M.S., H. Greenwell, and K.S. Kornman, Staging and grading ofperiodontitis: Framework andproposal of 
a new classification and case definition. Journal ofPeriodontology, 2018. 89: p. S159-S172. 
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Table2: Classification of periodontitis based on grade that reflect biological features of the disease including 
evidence of, or risk for, rapid progression, anticipated treatment response, and effect on systemic health 

Grade A: Grade 8: 

Slow rate of Moderate rate of 
Periodontitis grade progression progression 

Direct evidence of Longitudinal data Evidence of no loss <2 mm over 5 years 
progression (radiographic over 5 years 

bone loss or 

CAL) 

% bone loss/age <0.25 0.25 to 1.0 

Case phenotype Heavy biofi!Jn Destruction 

deposits wi th low commensurate
Primary criteria 

levels of with biofilm 
Indirect evidence of destruction deposits 

progression 

Smoking Non-smoker Smoker <10 

cigarettes/day 

Grade modifiers Risk factors Diabetes Normoglycemic/ HbAJc <7.0% in 

no diagnosis patients with 

of diabetes diabetes 

GradeC: 

Rapid rate of 
progression 

~2 mm over 5 years 

>1.0 

Destruction exceeds 

expectation given biofilm 

deposits ; specific clinical 

patterns suggestive of 

periods of rapid 
progression and/or early 

onset disease (e.g., 

molar/incisor pattern; 

lack of expected response 

to standard bacterial 
control therapies) 

Smoker ~10 cigarettes/day 

HbAJc ~7.0% in patients 

with diabetes 

Grade should be used as an indicator of the rate of periodontitis progress ion. The primary criteria are either direct or indirect evidence of progression. Whenever available, 

direct evidence is used ; in its absence indirect estimation is made using bone loss as a function of age at the most affected tooth or case presentation (radiographic bone loss 

expressed as percentage of root length d ivided by the age of the subject, RBUage). Clinicians should initially assume grade 8 disease and seek specific evidence to shift 

towards grade A or C, if available. Once grade is established based on evidence of progression, it can be modified based on the presence of risk factors . CAL =clinical 

attachment loss; HbA le = glycated hemoglobin A le; RBL = radiographic bone loss. 

From Tonetti, M.S., H. Greenwell, and K.S. Kornman, Staging and grading ofperiodontitis: Framework andproposal of 
a new classification and case definition. Journal ofPeriodontology, 2018. 89: p. S159-S172. 
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The first step towards accurate treatment planning and successful management of a patient with 

periodontitis is appropriate diagnosis of periodontal disease. Radiographic evaluation of alveolar 

bone level and measurement of CAL by probing combined with the visual recognition of any 

signs of tissue inflammation and/or destruction are the main clinical parameters to assess the 

health of periodontal tissue [ 16]. 

In the context of facilitating the identification, patient care and prevention of periodontitis by 

adoption of a case definition system, the 2017 World Workshop has recommended and approved 

a single definition of periodontitis based on magnitude of interdental CAL after excluding any 

unrelated periodontal causes such as trauma, cervical caries, vertical root fracture, gingival 

abscesses due to endodontic lesion and mispositioned yct molar adjacent to the distal surface of 

the 2nd molar. The criteria include either detectable interproximal clinical attachment loss in 2: 2 

non-neighboring teeth, or buccal clinical attachment loss of 2: 3 mm with more than 3 mm 

pocketing detectable at two or more teeth [15]. Furthermore, more emphasis has been made 

towards using CAL as an initial determinant of severity and limiting the radiographic 

interpretation of alveolar bone loss to staging of periodontitis rather than diagnosis [ 17]. The 

main drawback of applying radiographic bone loss in case definition is that it underestimates the 

early mild and moderate forms of disease [ 18]. 

In clinical settings, the periodontal probe continues to be a 'gold standard' to evaluate the 

periodontal health status and signs of periodontal disease such CAL, gingival bleeding in 

response to probing, tooth surface irregularities due to dental plaque or calculus formation [19]. 

The cementoenamel junction ( CEJ) serves an important dental anatomical landmark to evaluate 
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the extent of the disease and to assess the magnitude of CAL by serving as a fixed reference 

point. CAL is measured as the distance from CEJ to the base of the pocket [20]. Longitudinal 

recoding and comparison of probing depth and attachment loss can be used as a predictor for 

disease activity and rate of progression [21]. Periodontal probing is also used to assess the 

height and contour of alveolar bone that is not detectible by radiographs and interproximal bone 

morphology. An alternative approach to precisely evaluate the bone architecture is bone 

sounding technique (Transgingival probing) though anesthetized gingival tissue. It is a reliable 

procedure to track the healing process after therapy [22, 23]. 

Longitudinal measurement of CAL by periodontal probing serve to assess the rate of progression 

has been used by many population-base studies worldwide. In a systematic review done by 

Needleman et. al [24] , it was found that mean attachment loss range between 0.2 mm and 

0.45mm yearly in healthy individuals and in patients with periodontitis respectively with an 

increase to 0.6 mm with periodontitis. Moreover, it was found to be largely affected by the 

geographic location, ethnic group and the socioeconomic status [24]. 

Although the probe provides a reasonably accurate assessment of the pocket extension, it has 

some drawbacks and limitations. Several studies have investigated the accuracy of probing in 

CAL and probing depth measurements, errors were found to be in a range of 30-50% and 20-

40%[25-29]. Schroeder & Listgarten had suggested that the ability of the probe to locate the 

most coronal level of actual sulcus depth is overestimated as the penetration of periodontal probe 

may be influenced by the status of inflamed gingiva [30]. Furthermore, in a study conducted by 

Armitage, et. al. [31] on animals, the extent of probe penetration with three groups of different 

gingival conditions (i.e. healthy status, gingivitis and periodontitis) were investigated by 
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histometric measurements. It was found that in gingival health and in gingivitis, the probe rests 

0.4 mm and 0.1 mm coronal to the apical termination ofjunctional epithelium respectively. 

While in the periodontitis group, the probe tip passed and rested beyond the apical termination of 

junctional epithelium. These findings indicate that there is a difference between the clinical and 

histological pocket depth and a significant relation between the degree of gingival inflammation 

and the probe penetration [31]. In addition, the precision of probe can be affected by tooth

related factors such as root anatomy, faulty restorations and the presence of subgingival calculus 

or factors related to the clinician such as improper probe angulation, probing pressure and 

clinical experience [32]. 

With the recent advances in the field, automated measurement periodontal probes have been 

developed with standardized force application and computerized data recording to overcome 

certain errors produced by conventional probes and to improve the repeatability. Although the 

limitation of variable pressure is eliminated with an automated probe, it is still affected by other 

factors such as clinical experience and angulation errors [33]. However, comparisons between 

automated probes and conventional probes have shown superior accuracy and reproducibility of 

former [33-35]. Gibbs et al. has reported that the standard deviation of conventional probe falls 

within ±0.82 mm where the automated are more reproducible with standard deviations of ±0.58 

[34]. 

While CAL measurements and probing pocket depths are considered the yardstick for diagnosing 

the severity of periodontitis, evaluating the remaining tooth support, which is only evident in 

radiographs, contribute enormously in establishing diagnosis, approaching treatment planning, 
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assessing activity of the disease and estimating future risk [36, 37]. Intraoral radiographs are 

simple to acquire, inexpensive, and provide a quantitative tool to monitor changes in 

periodontium. It is used as a secondary adjunct to clinical examination to assess the level of 

marginal bone around individual teeth. The main limitation of using the radiographs as a 

substitute for clinical assessment is the inability to capture the subtle destruction in the alveolar 

bone as a result of cellular changes in the earliest stage of the periodontal disease. Therefore, the 

earliest sign of periodontitis should be detected clinically, while any radiographic change in the 

bone level indicates a progression of the disease past the earliest stage [38]. For optimal 

interpretation of periodontal health, reliable and representative radiographic images with 

minimal distortion and ideal contrast and density that allow the accurate evaluation of overall 

bone height and architecture, pattern of destruction and furcation involvement are required [39, 

40]. 

Radiographic manifestations of periodontitis reflect the disease pathophysiology. The initial 

signs include changes in the interproximal crestal lamina dura, such as "fuzziness" and 

irregularities, as a result of the extension of the inflammatory process from gingiva to alveolar 

bone. As the disease progresses, the extension of the inflammation results in continued bone 

destruction, widening of the periodontal ligament space and wedge-shaped radiolucency. 

Subsequently, further deterioration and reduction in the interdental bone height leads to bone 

defect formation [39]. Comparison of the standardized series of radiographs taken at regular time 

intervals helps to determine the grading of the disease [15]. However, due to possible distortion 

and angulation, radiographs tend to underestimate the actual level of alveolar bone height. In a 
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study by Akesson et al, the underestimation ranged between 9-32% with different radiographic 

projection techniques [ 41]. 

The radiographs were used to evaluate the amount of the bone, distribution, pattern or severity 

throughout both dental arches that resulted from periodontal disease. Two patterns of bone loss 

are commonly recognized in long-standing cases of periodontitis: horizontal bone defects or 

vertical bone defects. For horizontal bone defects, the facial and lingual plates of a group of teeth 

or all teeth are affected so that the margin of the interdental bone crest is perpendicular to the 

tooth long axis. While in vertical bone defect, the bone loss follows a vertical or oblique 

direction along of the surface of the root where the base of the bone defect is located apically 

[42]. 

The most common types of two-dimensional images to evaluate periodontal status are periapical 

(PA) and bitewing (BW). Two projection techniques can be used by means of PA radiograph, 

including parallel techniques or bisecting angle technique [39]. The objective of parallel 

technique is to accurately project the height of alveolar bone with minimal distortion. This is 

achieved by aligning the x-ray film parallel to the longitudinal axis of the tooth. For the bisecting 

angle technique, the x-ray film is placed as close as possible to the tooth surface lingually 

without bending the film. An angle between the long axis of tooth and the image receptor is 

formed creating a triangle. The x-ray tube head is positioned at 90 degrees to the image receptor 

so that the x-ray beam is directed perpendicular to an imaginary line bisecting this triangle into 

two equal triangles that share a common side. By using this geometrical principle, the actual 

length of the tooth will be more accurately represented in the radiographic image which is 
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considered an advantage over the parallel technique. However, it is difficult to achieve this 

technique most of the time particularly with multirooted teeth resulting in more distortion of the 

projected image [39]. Moreover, the correct relationship between alveolar bone height and the 

CEJ can't be assessed accurately by PA radiographs especially in the case of shallow pockets or 

where an anatomic restriction is present that does not permit the ideal placement of the film 

relative to the tooth [ 43]. 

The bitewing technique is a better alternative for the use of periapical projections. For BW 

radiographs, the maxillary and mandibular crowns and part of the root with the adjacent crestal 

alveolar bone is captured in one image. In this technique, the film is placed behind and parallel to 

the longitudinal axis of the upper and lower teeth, and the x-ray beam penetrates through the 

tooth contact perpendicular to the film [ 40], thus, permitting an accurate assessment of the 

relation of alveolar bone height relative to the CEJ without distortion. [ 44]. In cases where the 

crestal bone is severely destroyed and is not clear enough to be interpreted, the film can be 

placed in a vertical orientation to capture more surface area [ 40]. Vertical bitewings provide 

more coverage of the alveolar bone and furcation area and could combine the advantages of 

periapical radiographs (such as more alveolar bone and furcation area coverage) and bitewing 

radiographs, (perpendicular x-ray beam with minimal distortion and magnification) [ 45]. 

Several studies have compared the use of BW and PA radiographs in assessing alveolar bone 

height measurement. Read, et al. found a significant difference in the distance measured from CEJ 

to the alveolar bone between PA and BW and concluded that PA can't be used as substitute for 

BW on individual cases [44]. In contrast, Albander, et al. concluded that in epidemiological 
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studies, both techniques can be used interchangeably [ 46]. Hausmann et al. has investigated the 

effect of 90-degree vertical angulation of the film relative to the measurement from CEJ to AC for 

PA and BW. It was found that the inaccuracy of the measurements is related to the angular 

deviation from 90-degree. The angulation of the BW ranged between 90-80 degrees whereas for 

the PA the angulation ranged between 90-70 degree. Therefore, it was recommended to utilize the 

BW radiographs in the longitudinal basis of bone height measurements [47]. 

Past radiographic series can contribute as a reference for predicting the rate of disease progression, 

but there are several limitations in measuring alveolar bone loss over time. Ben D.K, et. al. [ 48] 

has critically reviewed the factors that affect the reliability ofradiographs in estimating the changes 

in alveolar bone over time. These factors were considered in regards to developing guidelines to 

improve the reliability and to develop a monitoring system that is able to successfully detect small 

changes longitudinally. It was suggested to maximize ideal beam geometry by using prepositioned 

stentless film holders will attain accurate determination of anatomical landmarks and reduce the 

measurements errors by using reproducible techniques. Finally, the use of automatic computer

based measuring systems was proposed to achieve higher precision that is sufficient for monitoring 

purposes [ 48]. 

Since the 1980s, early attempts have used computerized systems to assist linear measurements and 

to detect the subtle changes in alveolar bone height on radiographs when monitoring individuals 

with periodontal disease [ 49]. Furthermore, previous work by Carpio and colleagues [ 51] focused 

on improving the reliability of measurements by enhancing the geometrical accuracy between 

serial radiographs. Modified alignment systems with a reference pins in bite blocks were used to 
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facilitate standardized geometry and film repositioning for subsequent exposures. The bone height 

measurements were performed on a computer monitor where the longitudinal radiographic images 

were displayed side by side [50]. The baseline and the longitudinal radiographs were captured 

digitally and matched for optimal brightness and contrast and comparable orientation. It was found 

that using this technique shows smaller differences in alveolar bone measurements and improved 

geometrical duplication [ 51]. Afterword, a computerized measurement approach to determine the 

alveolar bone loss was used. Sequential non-standardized radiographs were analyzed. It was 

concluded that in order for bone loss to be evident and observed, a difference of 0.87 mm in CEJ 

and alveolar bone crest is required. Therefore, the use of bitewing radiographs in routine clinical 

practice is suggested as an adequate diagnostic tool to detect the small changes (>1mm) and to 

assess the disease rate of progression [ 5 0]. 

On the other hand, Hildebolt, et al. highlighted the negative implications of these techniques in 

evaluating alveolar bone morphology as the changes can be masked or superimposed by other 

anatomical and/or tooth structures [52]. To overcome this limitation, it was suggested to utilize the 

linear measurements of CEJ-AC at six different sites per individual tooth (2 mesial, 2 distal, and 

2 in the middle of the tooth buccally and lingually) [53]. The reliability of this proposed 

measurement was investigated using digitalized bitewing radiographs of mandibular posterior 

teeth acquired at 6-month intervals over a 5-year period. Three observers performed the study and 

were allowed to enhance the images for optimal visualization of dental landmarks (CEJ and AC). 

It was found that a difference of 0.3 mm in alveolar bone height measurements can be detected 

using this approach [52]. Later, they proposed a computer-based image-pattern recognition system 

using PA and BW radiographs to classify periodontal disease. The system permits modifications 
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of the image contrast and brightness and linear measurements of bone level. In most of the cases, 

the system was able to provide an accurate grading of periodontal disease [52]. 

The relationship between the two main clinical parameters, CAL by probing and alveolar bone 

loss by radiographs, is not fully understood yet. Several studies have compared both methods. 

Earlier, Godson, et al. found that attachment loss preceded radiographic evidence of bone loss by 

6-8 months [ 49]. Al 0-year retrospective study of monitoring disease progression by Papapanou, 

et al. showed a strong correlation between probing and radiographs [54]. In addition, comparison 

between probing and radiographic measurements with histometric measurements has been a 

focus of several studies. The surgical exploration by elevating a flap and direct measurements of 

the bone height (histometric measurement) is considered the most accurate method to assess the 

bone level, but this technique not routinely used as it causes significant damage to the tissue and 

produces discomfort for the patient [22, 55-57]. Kim, et al. investigated the reliability and 

accuracy of both measurements in bone-level assessment of periodontal defects by comparing 

readings with actual bone height as measured during surgery [ 57]. It was found that the 

surgically confirmed bone level is more correlated with the bone probing, showing a difference 

of 0.14 (correlation coefficient, 0.90), but less correlated with the radiographic bone level with a 

difference of 0.6 mm (correlation coefficient, 0.73) [57, 58]. Similarly, Machtei and co-workers 

studied the correlation between the changes in attachment level and alveolar bone height in 

monitoring disease progression and the effect of treatment in 108 treated and 79 untreated 

patients with periodontitis over I-year period. Site-based and patient-based analysis showed an 

overall poor correlation between the two variables, while baseline measurements revealed good 

correlation (correlation coefficient, 0.73). These findings suggest that both methods are required 
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to longitudinally evaluate the treatment response and monitor disease activity, whereas either 

methods maybe used alone for cross-sectional assessment and long-term prospective studies 

[58]. Nevertheless, radiographic assessment is found to underestimate bone loss when compared 

with the histometric measurements [59]. Therefore, accuracy of these measurements must be 

borne in mind for periodontal disease management. 

Dental photography, similar to oral radiographs, has been widely used as an ancillary diagnostic 

modality in different fields of dentistry [60-62]. Dental photographs hold great potential for 

identifying certain oral changes that may be used for clinical and epidemiologic monitoring[63]. 

Nevertheless, it plays an important part in establishing a proper diagnosis by providing easily 

accessible and repeated visions of patient's data as needed [64]. The main drive of using digital 

dental photography is recording, with fidelity, the clinical manifestations of the oral cavity. 

Another secondary implication includes, but not limited to, legal documentation, patient 

education and communication, insurance verification, portfolios and professional marketing. All 

of which will enhance the status of a dental practice as well as improve the delivery of 

appropriate care to patients [65]. 

In such context, Bradley, et al. proposed the use of photographs as a tool for evaluating oral 

mucosal diseases. It was demonstrated that dental photography can successfully contribute to the 

clinical decision making, prioritizing referrals, and managing patients with oral diseases [ 66]. 

Similarly, Boye, et al. investigated the role of dental photography in dental caries detection and 

diagnosis. Fifty teeth were assessed by 9 examiners for the evidence of carious lesion using 

visual examination and photographic images with a baseline comparison to histological sections. 
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It was concluded that using photographic images as a diagnostic tool in caries detection has 

higher sensitivity than the visual inspection and was approved as a reliable alternative [ 67]. 

Moreover, the reliability of digital photography has been studied in clinical trials. Evaluation of 

the dental plaque surface area was assessed by dental plaque digital photographs using an image 

analysis system. It was found that this technique allows greater reproducibility and reliability and 

confirmed its application in clinical trials. 

Other suggested uses for dental photography in the field of periodontology, are to monitor the 

progression of several pathological processes or to observe the effect of provided treatment by 

comparing follow-up serial images to the baseline preoperative image. For instance, if the certain 

dental condition is not responding to a particular treatment, an assessment with evident 

documentation will be useful in preventing the exacerbation and progression by intervention with 

alternative option. Also, photographs provide a visual evidence and can function as an effective 

communication tool between the patient and the dentist and provide a common language of 

education and help to overcome misunderstanding between patients and the dentist. Last but not 

least, applying photography in periodontal health management boosts patients' compliance and 

motivation to maintain healthy habits and prevent future disease relapse [67]. To date, there is no 

study in the literature that has investigated the accuracy of dental photography nor implemented 

the use of it in periodontal health evaluation and diagnosis. 
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5. Obiective of current research: 

The aim of this study is to evaluate the accuracy of different diagnostic tools (i.e., radiographs, 

photographs and caliper) for bone height measurements (BHa and BHb) compared to periodontal 

probing. 

This research has the following specific aims: 

1. To compare intra-user and inter-user variability ofbone height measurements (BHa and 

BHb) and computer-based landmarks indication (CEJ, AC and BD) 

2. To determine the reliability of standardized PA and BW radiographs 
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6. Materials and methods: 

A) Initial preparation: 

Sample size: 

The present study was conducted on 7 dry adult human skulls (5 paired skulls i.e. maxilla and 

mandible and 2 maxillae) obtained from the Department of Oral Biology and Department of 

Neurosurgery (University of Buffalo, School of Dental Medicine). Six skulls were included 

for observers' measurements and one skull was reserved for observers training, each skull 

was labeled with a specific number. The teeth of each skull were scaled and evaluated for 

reasonable visibility of the dental landmarks, cemento-enamel junction ( CEJ), alveolar crest 

(AC), and bone defect (BD) (if visible), for each tooth site (mesial and distal) and tooth 

number. Our exclusion criteria were: any obfuscation of the CEJ due to overlap, restoration, 

broken teeth, large carious lesions, CEJ unclear due to weak enamel, discoloration of the 

tooth or decalcification of the tooth enamel and any obfuscation of AC due to foreign 

material. Our sample size consisted of 149 tooth sites. The included tooth sites on which the 

measurements were to be performed were marked by an indelible marker. 

Image acquisition: 

For the radiographic images, each skull was radiographed digitally for a full mouth series (14 

periapical and 4 horizontal bitewings projections) with a total of 84 radiographic images. 

Radiographs were acquired using standardized geometries, with exposure at 70kV for 0.06 

seconds. Two sizes of Photostimulable phosphor (PSP) plate were used; SOREDEX, size 1 

and 2, IDOT 900206, U.S.A. Bitewing radiographs were obtained using a XCP film holder, 

RINN with the x-ray beam perpendicular to the plane of the portion of the jaw with the teeth 

18 



of interest. The PSP detector was oriented to be perpendicular to the x-ray beam. Periapical 

radiographs were obtained using a foam film holder bite block; STABE with the x-ray beam 

perpendicular to the plane of the sensor with the teeth of interest. The PSP detector was 

oriented to be parallel to the axes of the teeth of interest. Imaging geometry, estimates of 

magnification and the associated percent error due to foreshortening for each image were 

calculated based on the x-ray source location, SIRONA tube length, position of the SIRONA 

tube relative to tooth, position of the sensor relative to teeth and summarized below. 

Table 3: Summary of the magnification and angulation estimates 

cos theta 
name SID± 1 SOD± 1 magnification angle_ 5 % error 

average 25.46 24.10 1.06 6.34 •l.62 
stdev 0.78 0.49 0.02 8.24 2.36 
max 27.30 25.30 1.09 25.00 0.00 
min 24.30 23.30 1.04 0.00 -9.37 

The exposed PSP plates were scanned using a Soredex Optime scanner, and the images were 

viewed with a MiPACS Dental Enterprise Viewer. A screen capture was performed of each 

image as displayed the MiPACS Dental Enterprise Viewer; this screen-capture image was 

transferred to a personal computer. The PSP data was 16-bit, the MiPACs images were 16-bit 

but were displayed as 8-bit images, the screen capture yielded RGB images with 8-bits for 

each color and were subsequently converted to 8-bit grayscale images. The number of pixels 

in the radiographic images was preserved in the transfer from PSP to MiPACS viewer to 

screen-capture image. This digitization protocol (image transfer) was repeated for all 

radiographic images used in the current study. Each image was given a specific name 

19 



indicating skull number, projection type and area of interest of either upper or lower jaw. The 

images were converted to raw files and saved in a corresponding directory. 

For the photographic images, each skull was photographed for 5 views (1 anterior view, 2 

lateral anterior views, 2 posterior views) for both maxilla and mandible with a total of 55 

photographs. Photographs were acquired with standardized geometries (standardized jaw 

position, camera position and camera settings) using Cannon EOS Kiss X4 (T2i / 550d) 18 

MP CMOS APS-C Digital SLR Camera with EF-S 18-55MM F3.5-5.6 IS lens. The camera 

was set to manual mode for both focus and exposure, the shutter speed was set to 1/200s and 

ISOIO0 for all images. The camera was placed approximately 34 cm from the jaw and 

adjusted to be parallel to the teeth surface with a centralized area of focus. Each image was 

given a specific name indicating the skull number and area of interest of either upper or 

lower jaw. The images were converted to raw files and saved in a corresponding directory. 

Pixel size calibration: 

For radiographic images, two orthodontic wires each with a length of 20.0 ± 0.2 mm were 

constructed as a phantom in the form of a T. The lengths of the orthodontic wires were 

measured by two examiners three times. The measured lengths were 20.0 ± 0.2 mm. To 

calibrate the pixel sizes from the screen-capture images, the phantom was imaged twice for 

both PA and BW projections and for both PSP sizes 1 and 2. The imaging was performed in 

2 ways. First, the phantom was placed in direct contact with the imaging plate and the x-ray 

tube at 20 cm from the imaging plate. Then, the phantom was placed on the buccal side of the 

teeth, and the x-ray source was 20 cm from the jaw. The images were transferred to the 
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external computer for analysis ( see description of image transfer above). Two observers 

measured the x and y length of the wires in the contact images for estimates of pixel sizes in 

the image and measured the x and y length of the wires in the PA and BW projections images 

for estimates of the angulation effects. The measurements were repeated three times for each 

image. All measurements were corrected back to the plane of the tooth via the estimated 

magnification. The wires were placed on the teeth/jaws, i.e., their angulations correspond to 

the angulation of the teeth to the x-ray beam direction. The horizontal and vertical pixel size 

in the images was determined and from the pixel sizes and/or lengths of the wires in the 

images, the angulation of the wires was estimated. The vertical angulation results in a 

maximum error of at worst 8% (at 23°). However, most angulations resulted in errors of 

about 4% or less. Also, the stability of the screen-capture images was estimated (detailed 

description about calibration will be found in Appendix I). 

All photographic images were acquired using a calibration object (i.e., a ruler) in the image. 

The ruler's axis was placed so as to lie approximately horizontal in the image. Landmarks 

having a known distance between them were chosen in the image, and the number of pixels 

between these landmarks was measured. These measurements were repeated three times for 

each image. The maximum standard deviation of the measurements in each image was less 

than 0.2% of the measured lengths. The pixel size was determined for each image. The 

average pixel size was determined to be 0.0348 ± 0.0013 mm (i.e., a variation of about 4%). 

All measurements were corrected back to the plane of the tooth via the estimated 

magnification (1.023 ± 0.008) (detailed description about calibration will be found in 

Appendix 11). 
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Preparing Images for the study: 

A mouse-driven user-interface software "ImageJ®" was used to display the images. Each 

tooth site included in the study was marked by a red square for the observers to indicate the 

landmark of the corresponding site (Figure 1). The image values (pixel values) in the image 

were reduced by 5 throughout the image (maximum value became 250) and a white square 

(value= 255) was placed in the upper left-hand comer of the image; this was done so that 

only the indicated points would have the value of 255 and so could be found by the computer 

program to find the observers' indications. The images were then cropped to the size desired 

(photographs: from 5184 x 3456 to 1100 x 900 and radiographs: from 1260 x 960 to 1400 x 

900) and output to 24-bit (RBG) raw files with the same name as original name bit with 

suffix " dots" added. 

Figure 1: Illustration of tooth-sites marking on images (A) Radiograph (b) Photograph. 
The red dots on the teeth indicate the tooth and site of the tooth to be indicated. 
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B) Measurements: 

Examiners: 

Eight observers (six dentists, one dental student, one trained non-dentist) performed the 

study, their level of experience was as follows: one undergraduate level, five postgraduate 

level and two board certified dentists. Measurements were performed using: A periodontal 

probe, digital caliper, photographs, and radiographs (periapical (PA) and bitewing (BW)). 

Dental landmarks (CEJ, AC, BD) and bone-height measurements (CEJ-AC bone-height 

(BHa) and CEJ-BD bone-height (BHb)) were determined indirectly for radiographic and 

photographic images and BHa and Bhb were performed by direct measurements for probe 

and caliper. The primary investigator was present during recording of all measurements by 

each examiner. Table 4 shows (in light blue) the landmarks and measurements performed for 

each modality. 

Table 4: Landmarks and measurements determined for each modality 

CEJ AC BD BHa BHb ~ Modality 

Radiograph 

Photograph 

Probing 

Caliper 

Definitions: 

CEJ: Junction between the crown and the root 

AC: The most coronal aspect of the bone in the interproximal space near the tooth 

BD: The most apical point of the intersection of the bone and the tooth sides (mesial and distal) 
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BHa: The distance from the CEJ to the AC 

BHb: The distance from the CEJ to the most apical extension of the bony defect 

CEJ____r-.. -.-. ·- ·-· -· -· -·-. -·- ·- ·-•-· -· -.- -·- ·-
B H a ~ 

-·-·-·-· ·-·-·-·-·-·-·- •-·-·-·-·-· ·-·-·- · -· 

BHb 

BD 

Figure 2: Illustration of dental landmarks and measurements 

Radiographic and Photographic images (Indirect measurements): 

All images were interpreted using ImageJ® software. Each tooth site whose landmarks were 

to be indicated were marked by a red square in each image. A users' manual was created with 

detailed instructions of the indication protocol using the ImageJ interface and with specific 

definitions oflandmarks on each modality (user's manual and indication protocol will be 

found in Appendix III). Prior to the first session, each examiner was provided the users' 

manual, received training in the use of the ImageJ indication software, were allowed to 

practice use of the interface in up to four images, received answers to questions they had 

regarding the experiment and the indication tasks. Each examiner then indicated the 

landmarks for each marked tooth site in all images (Figures 3, 4); they performed a second 
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indication after at least a week had elapsed. The examiners were allowed to adjust the image 

(e.g., contrast and brightness, zoom in or zoom out) to their preference. 

Figure 3: Landmarks indication on photographs were placed for two dots (yellow), corresponding to 
AC andCEJ 

Figure 4: Landmarks Indication on radiographs were placed for three dots (yellow), corresponding 
to AC, CEJ and BD. If the AC and BD coincided, only one dot was placed at the AC. 
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Probe and caliper measurements (Direct measurements): 

Written guidelines and detailed description for recoding measurements by probing and 

caliper was given to the observers (detailed description about users' manual and 

measurement protocol is found in Appendix IV). One maxilla was reserved for observer 

training. For periodontal probing, each marked tooth site was measured buccally for the 

BHa and BHa using conventional manual probe (Hu-Friedy, Chicago, IL, USA) with 

Williams markings. For the BHa measurement, the probe was placed on the AC and the 

position of the CEJ was determined along the probe; for the BHb measurement, the probe 

was placed at the BD in the defect and the position of the CEJ was determined along the 

probe. For the caliper measurements, each marked tooth site was measured buccally for the 

BHa using electronic caliper to the nearest 0.1 mm. The calipers were placed on the AC 

and at the CEJ. The measurements were recorded in millimeters (precision 0.1 mm) and 

transferred to an excel sheet containing the skull number, tooth number and tooth site. Each 

examiner repeated the measurements twice separated by at least one week. 

Figure 5: Probing measurements for BHa 
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Figure 6: Caliper measurements for BHa 

C) Statistical analysis: 

Data Preparation: 

A computer program was developed to identify the indicated points and label them according 

to the site and landmark (mesial vs distal, and CEJ vs AC vs BD) to allow checking of the 

labeling. The indications were searched for pixels with pixel values of 255. The program uses 

the proximity of the found indicated points ( of observer 1) to determine the tooth site that the 

point corresponds to and orders the CEJ/ AC/BD based on the relative positions along the 

occlusal-to-apical direction of the points. The corresponding landmark was then labeled to 

indicate whether the identified point corresponded to the mesial or distal side and whether it 

corresponded to the CEJ, the AC, or the BD. The labeling were color coded ( outer borders 

(mesial (green), distal (blue)) and central point (CEJ (red), AC (yellow), BD (black)) 

(Figures 7,8). 
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Figure 7: For photographs, the landmark labeling was color coded (mesial (green), distal 
(blue): CEJ (red), AC (yellow or white) 

Figure 8: For radiographs, the landmark labeling was color coded (mesial (green), distal (blue): 
CEJ (red), AC (yellow or white) BD (black) 
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Two investigators independently checked and corrected the labeling; discrepancies were 

discussed and resolved for the final labeling. The x and y coordinates of the correctly marked 

indications were output into a file for each observer, each indication, and each modality. The 

data from all four modalities were combined into one file for each observer and each 

indication. Landmark coordinates were in pixels, and estimated magnifications and measured 

pixel sizes were used to provide pixel sizes in the plane of the jaw for each image. These data 

were then combined into one file to be used by the statistician for statistical analysis. The 

BHa and BHb were determined using the difference in the y coordinate for the CEJ and AC 

(BHa) and the CEJ and BD (BHb ). All coordinate and distance data were converted to 

millimeters using the estimated pixel sizes. 

Statistical Tests: 

Statistical analysis of the results was performed using a software program. A p-value of 0.05 

was set as required for rejection of the null hypothesis. Simple t-test was used to evaluate the 

statistical significance of differences between means of all variances. 

The following null hypothesis was proposed: 

There is no statistically significant difference (p<0.05) between probing bone height 

measurements and the other modalities 
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7. Results: 

1) To evaluate the accuracy of different diagnostic tools for in bone height measurements (BHa 

and BHb) compared to periodontal probing: 

- To estimate the accuracy of the measurements of the different modalities, the distances 

CEJ to AC (BHa) and CEJ to BD (BHb) were compared to the probing measurements 

that were used as gold standard. For this purpose, we calculated the difference of each 

distance (BHa/ BHb) measured by each modality with distances measured by 

periodontal probing for every user, tooth site and indication (first and second sessions). 

Then the average difference was calculated by averaging over all users, tooth sites and 

indications. The standard deviation (SD) as the square root of difference data about the 

average distance was calculated. The average differences and SD's were used in simple 

t-test to evaluate the statistical significance of the differences at the 0.05 level. 

- The null hypothesis was accepted, i.e., there was no statistically significant difference (p 

<0.05) between all modalities in bone height measurements when compared to probing 

(Graphs 1,2). These results may be due to the relatively poor precision of the probing 

measurements (probing measurements were made to the next largest 1 mm) whereas, 

image and caliper measurements were made to the nearest 0.1 mm. For BHa 

measurements, the greatest mean difference was found for photographs with mean±SD 

of 0.92±0.914 mm and the lowest was found for Caliper 0.023±0.969 mm. For BHb, the 

mean difference for BW and PA was found to be with mean±SD of 0.762±1.17 and 

0.69±1.4 mm respectively. These finding suggest that all modalities are comparable and 

can be use inter-changeably for evaluation of periodontal diseases. 

30 

https://0.762�1.17


2.5 

2 

-a e- 1.5 

llt.... = Q,I 

a l 

f =Ill
o:s 
Q,I 0. 
~ 

0 

Caliper Photo Rad io PA Rdaio BW 

Modality 

Graph 1: Average difference (probe-modality) of BHa (CEJ-AC) 

measurements 

31 



1.8 

1.6 

1.4 

-a 1..2 

.._a 
1 

r'1.... = ~ 0.8 

a... 0.6= = ~ 0.4 
~ 

0.2 

0 

Radio PA Rad io BW 

Modality 

Graph 2: Average difference (probe-modality) of BHb (CEJ- BD) 

measurements 

32 



B) To compare intra-user and inter-user variability of bone height measurements 

(BHa and BHb) and computer-based landmarks indication (CEJ, AC and BD) 

with a sub-aim: 

To determine the reliability of standardized PA and BW radiographs 

For intra-user variability: 

For each user, indication, tooth site and modality the average of each parameter 

(landmark indication and measurements) was calculated over all user's indications 

(first and second sessions). Then SD of the data about the mean was calculated. 

The overall intra-user variation was calculated by averaging the calculated SDs over 

users and sites. 

For inter-user variability: 

For each user, indication, tooth site and modality the average of each parameter 

(landmark indication and measurements) was calculated for each site and user by 

averaging over each user's indications (first and second sessions). Then the average 

parameter for each site was calculated for each site by averaging over the user's 

average for every tooth site and every modality. The SD of the data about the mean 

was calculated for each site. Then the average of the SD was calculated by 

averaging over all sites. 

33 



ForBHa: 

The inter-user variability was found to be higher than intra-user variability across all 

modalities for BHa measurements with greatest variation was observed for caliper 

measurements with mean±SD of 0.45±0.4 mm within user and mean±SD of 0.63±0.2 

mm between users followed by probe with mean±SD of 0.31±0.42 within user and 

mean±SD of 0.53±0.2 between users (Graph 3). The users were more consistent in their 

BHa measurements from PA and BW images with an overall variation below 0.2 mm. 
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Graph 3: The intra-user and inter-user variability of BHa (CEJ-AC) 
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ForBHb: 

Similar to BHa, the inter-user variability was found to be higher than intra-user 

variability for BHb measurements with greatest variation observed for periodontal 

probe with mean±SD of 0.37±0.51 mm within user and mean±SD of0.62±0.25 mm 

between users (Graph 4). The overall variation ofPA and BW for BHb was in order of 

0.4mm and it was slightly higher than their variation seen with BHa. 
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Graph 4: The intra-user and inter-user variability BHb (CEJ- BD) 
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For CEJ: 

The inter-user variations of the CEJ indications had a mean±SD of0.32±0.18 mm for 

photographs, 0.2±0.1 lmm for PA and 0.19±0.14 mm for BW images. While the intra

user variation was slightly lower 0.26±0.31 mm for photographs, 0.15±0.16 mm for PA 

radiographs and 0.13±0.13 mm for BW (Graph 5). The SDs all fall below 0.3 mm and 

as low as 0.1mm indicating that users' CEJ indications were reproducible. 
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Graph 5: The intra-user and inter-user variability for the CEJ 
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For AC: 

Interestingly, the intra-user and inter-user variation of AC was lower than 0.2 mm with 

the lowest variation was seen for BW images with mean±SD of 0.16±0.11 mm between 

users and 0.12±0.15 mm within user (Graph 6). 
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Graph 6: Comparison of the intra-user and inter-user variability for the AC 
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ForBD: 

Our data demonstrated a large variation ofBD indication in radiographic images among 

the three landmarks. Intra-user variations of PA and BW radiographs were 0.21±0.35 

mm and 0.2±0.35 mm respectively while inter-user variation 0.32± 0.3 and 0.29 ±0.21 

mm (Graph 7). This could contribute to the difficulty in determining the extent of bone 

loss on radiographs. 
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Graph 7: The intra-user and inter-user variability for the BD 
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8. Discussion: 

To date, the diagnosis of periodontitis is almost entirely based on assessment of CAL by a 

traditional periodontal probe and supplemented by quantitative assessments of radiographic 

alveolar bone level and qualitative evaluation of any signs of tissue inflammation and/or 

destruction [16]. To the best of our knowledge, the present study is the first to compare the 

accuracy of direct bone height measurements by periodontal probe to caliper and computer

assisted measurements on radiographic images (including two techniques: PA and BW) and 

photographic images. In addition, we measured the variability of bone height measurements and 

anatomical landmark (CEJ, AC and BD) indications for photographs, BW and PA radiographs 

by eight users over two sessions. 

Our study revealed no difference between periodontal probe versus caliper, radiographs and 

photographs for bone height measurements indicating that these four diagnostic modalities are 

comparable and useful for evaluating the periodontal disease. A previous work, conducted on 

human dry skulls, by Misch, et al. [68] compared alveolar bone height measurements (CEJ-BD 

and CEJ-AC) using probing, conventional periapical radiographs and cone-beam computed 

tomography (CBCT) to digital caliper measurements which were taken as a standard reference. 

They found that the direct measurements using periodontal probe and caliper were equivalent to 

the measurements made using periapical radiographs and CBCT data. Another investigation by 

Wolf, et al. [69] assessed the validity of computer-assisted bone measurements using 

standardized bitewing radiographs compared to the intra-surgical measurements by periodontal 

probe. They found that the radiographic measurements are in good agreement with the probing 
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measurements. This is consistent with our findings supporting the reliability and validity of the 

bone height measurements by these methods. 

However, these findings seem to deviate from previous results reported in the literature. 

Eickholz, et al.[59] evaluated the accuracy of computer-assisted bone measurements using 

standardized bitewing radiographs compared to the gold standard intra-surgical measurements by 

straight periodontal probe to the nearest 0.5 mm. It was found that the radiographic assessment 

underestimated the bone loss by a mean of 1.41±2.58 mm. Similarly, Akesson, et al. [41] found 

that the radiographic assessment of interproximal bone loss using caliper to the nearest 0.1 mm 

underestimates the direct bone height measurements by a mean of 2.3±2.0 mm. 

Although our results differ from those Eickholz, et al.[59] and Akesson, et al. [41], it may be 

argued that using human dry skulls in our study, in contrast to clinical setting, could have 

facilitate the visualization and identification of landmarks resulting in less conceivable error. 

Also, it is possible that geometric alignment of radiographs on dry skulls offers better images 

than can be achieved in a patient mouth, allowing a better assessment than would occur in vivo. 

Another factor that could possibly explain some of the differences between the results of the 

studies is the fact that the periodontal probe precision is affected by the errors inherent to its use 

such inconsistent angulation and clinical experience of the user. In addition, in our study, users 

were instructed to round the probing measurements to the next higher number if the CEJ location 

falls between two markings. This could contribute to the large variations and affected the 

accuracy of the probing measurements. Therefore, our results may be supported by subsequent 

studies in clinical settings by obtaining clinically relevant information assessing the accuracy of 
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these modalities by using more reproducible techniques, consistent probing methods, larger data 

sets and large samples of all teeth. 

We also measured the variability of the (CEJ, AC and BD) landmarks as indications for 

standardized PA and BW radiographs and photographic images on intra-user and inter user 

levels. Our study demonstrated that the overall intra-user and inter-user variation of CEJ 

indication was the lowest for BW and PA radiographs (0.2 mm each) and slightly higher 

variation for photographic images (below 0.3 mm). The higher variability of CEJ for 

photographs can be attributed to the use of human dry skulls which may influenced the 

examiners' decision to faithfully demarcate the color difference between enamel and root 

cementum. The AC indication was comparable for photographs, PA and BW radiographs and 

showed the lowest inter-use and intra user variation among the three landmarks (below 0.18 

mm). This indicates that the AC is the most reliably indicated landmark due to its clear signature 

on photographic and radiographic image. 

The variations of landmarks give an assumption for the variations seen for BHa measurements, 

whereas, the overall intra-user and inter-user variability for BW and PA radiographs was 0.2 

mm, but it slightly rose to 0.3 mm for photographs. These values are similar to CEJ-AC 

measurement error models ofreliability established by Benn D.K., et al. [ 48] which is± 0.3 mm 

and ±0.9 mm and further support role of the standardization of image acquisition in our study 

which minimized the geometric distortion of radiographs, facilitated the identification of CEJ 

and AC on images and improved the measurements reproducibility between users. 
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In contrast to AC and CEJ indication, BD indication showed the highest overall variation (0.35 

mm) with no difference between PA and BW radiographs. This is not unexpected, as the 

recognition of BD on radiographs depends on the defect morphology, the number of walls 

involved and the overlaying adjacent anatomical structures. Therefore, assessment by two

dimensional projection techniques, as intra-oral radiographs, results in somewhat subjective 

decision on the BD location and higher variability between clinicians [39]. The larger variation 

in BD indication has most likely contributed to the variability seen for BHb measurements with a 

variation of 0.3 mm for PA radiographs and 0.2 mm for BW radiographs. Although these results 

suggest that the BW can be more reliable to identify the BD and can provide a slightly better 

estimation of BD location than PA radiographs, the variation is still small between both 

techniques (0.1 mm). This indicates that standardized PA radiographs can still be useful for the 

evaluation of periodontal disease. 

A similar study by Zaki, et Al. [70], the variability of CEJ and BD landmarks used in 

assessments of alveolar bone height was measured on the intra-user and inter-user level from 

non-standardized BW and PA radiographs using a computer-based user interface. Like our 

results, their intra-user variability was lower than the inter-user. Their intra-user variability for 

CEJ, BD and BHb was 0.29 mm, 0.44 mm and 0.5 mm respectively and the inter-user was higher 

with a variation of 0.3 mm for CEJ, 0.57 mm for BD and 0.63 mm for BHb. However, the 

overall variability of the above landmarks and measurement for PA and BW radiographs was 

higher than our finding by approximately a 50%. Again, this highlight the role of standardization 

in minimizing geometrical distortion of radiographic images and facilitating the identification of 

landmarks. 
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Our findings are in line with pervious results by Hou, et al. [71]. They evaluated the alveolar 

bone loss obtained from standardized periapical radiographs using a digital scanning 

radiographic image analysis (DSRIA) method. They concluded that standardized periapical 

radiographs are a reliable method in measuring linear alveolar bone defects. The above findings 

support that the radiographic projection errors may cause distortion of the landmarks which will 

compromise the validity of radiographic measurements and interpretation. Thus, the 

standardization of radiographic techniques is mandatory for the quantitative analysis of 

radiographs to produce images with a great clinical relevance. 

In this research, we used the photographic images to validate the landmarks indication and the 

measurements obtained from radiographs. Despite our encouraging results, diagnosis and 

monitoring the disease activity require detection of pathological changes in the periodontal 

support and alveolar bone which is impossible to be visualized by photographic images. 

However, our findings seem to indicate other potential applications in the field of periodontology 

which include, but are not limited to, recording the baseline of oral health, evaluating treatment 

outcomes and monitoring patients' compliance. We also believe that photographs will hold 

promising results in improving referrals and prioritizing new patient appointments. All of which 

will enhance the status of a dental practice as well as improve the delivery of appropriate care to 

patients [65]. 
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9. Conclusions: 

Within the limits of this study the following conclusions may be drawn: 

1- It appears that there are no major differences between probing measurements and 

standardized bitewing and periapical radiographs, photographs and caliper for alveolar 

bone height measurements. Overall, all four modalities are useful for periodontal research 

and practice. 

2- Assessment of radiographs by the mean of computer-assisted bone height measurements 

are reliable, provide higher precision needed to detect small differences and have the 

potential for further improvement as the technology evolves. 

3- Standardized periapical radiographs were found to be comparable to bitewing 

radiographs. Both projection techniques can be used inter-changeably for evaluating the 

periodontal status. 

4- Cemento-enamel junction and alveolar crest can be reliably indicated as landmarks in 

radiographs with small intra- and inter-observer variations. 
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10. Limitations: 

The limitations for the present study are listed below: 

1. Small sample size could affect the significance level of our findings. 

2. Our images were not randomized. 

3. The study was conducted in vitro with no simulation to oral environment. 

4. The skulls were dry and worn out which may hinder the visibility of landmarks. 

5. The original digital radiographic images could not be utilized and the "screen grab" 

affected the pixel sizes. 

6. The computer program that was developed to identify the indicated points was subjected 

to error analysis. 

7. Due to the limited resources, supplementary camera equipment such as 100mm/105mm 

macro lens and ring flash were not used which could affect the image quality and the 

visibility of landmarks. 

8. For periapical radiographic images, a film holder (positioning device) was not used 

which could resulted in geometrical distortion. 
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11. Future Recommendations: 

Although the periodontal probe continues to be considered to be a more accurate measurement 

tool for the diagnosis and monitoring of periodontal disease activity than are imaging 

measurements, the errors inherent to its use affect the sensitivity and reproducibility of 

measurements and are difficult to be controlled. These errors can be potentially reduced by 

automated digital analysis systems which will not only measure the changes in periodontal 

support, but more significantly detect subtle changes. Several analysis systems have been 

proposed which have been shown to provide improved precision and accuracy [54]. While, 

radiographic and photographic assessment can be served as both quantitative and qualitative 

parameters for periodontal health evaluation, further research and studies on the current topic are 

therefore required in order to overcome the limitation of imaging assessment and make it more 

precise and easier than probing. Several automated systems are now under development that will 

allow automatic geometrical correction of the image, adjustments and identification of alveolar 

bone level. Such methods will provide more effective longitude assessment of disease 

progression in individual patients. 

The current research has shown promising results which could have a clinical impact and a 

variety of future studies are recommended: 

- Our results are encouraging and should be validated by a larger sample. 

Future work needs to be carried out in clinical settings on patients with periodontal disease 

and should involve members of dental team, with the dentist interpreting the results. 

This method could be tested as a treatment outcome measure. 
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These findings suggest the directions for remote assessment using communication 

technologies which could facilitate multi-center studies without the limitation of a single 

geographical location. 

More work can be undertaken for the purpose of examiners' training to optimize the 

process and support the practice-based periodontal health assessment as well as 

epidemiological-based studies 

Further work to test the programmatic applicability of radiographic and photographic 

imaging to establish fully automated software assessments that may minimize assessors 

input as possible. 

On a wider level, research to consider the use of radiographic and photographic 

assessment methods in other settings in dental practice and for other dental conditions 

could offer alterative options to evaluate several outcome measures. 
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12. Appendices 

APPENDIXI: Calibration system for radiographic images 

Calibrate the system 

1) The summary of the magnification and angulation estimates 

cos theta 

name SID± 1 SOD± 1 magnification angle± 5 % error 

average 25.46 24.10 1.06 6.34 -1.62 

stdev 0.78 0.49 0.02 8.24 2.36 
max 27.30 25.30 1.09 25.00 0.00 
min 24.30 23.30 1.04 0.00 -9.37 

The estimated angles and the associated percent error due to foreshortening for each image. 
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2) The measured lengths of the wires (2 "horizontal", 2 wires to form a T) 

mm mm mm 

(digital (digital (vernier 

wire measurements calipers) calipers) calipers) average stdev 

digital calipers ml m2 m3 kl k2 k3 Kal Ka2 

single wire 1 19.8 19.8 19.8 19.8 19.9 19.9 20.06 20.1 19.90 0.12 

single wire 2 19.8 19.8 19.8 19.7 19.8 19.8 20.02 19.82 0.10 

top of T 20.2 20.2 20.2 20.2 20.2 20.2 20.3 20.21 0.04 

bottom of T 20.1 20.1 20.2 20.2 20.2 20.1 20.34 20.18 0.09 

overall 20.02 0.20 

m: Investigator 1, k: investigator 2 

3) Determination of the pixel sizes in the frame-grabbed images 

We know the pixel sizes in the PSP images, but we are not sure if the screen capture is 1-to-1-

pixel mapping. 

b) Obtain x-ray images of the T wires placed directly on the PSP for all 3 "film" types (3) 

c) Measure the length in pixels of the wires in the images 

measurements in wires flat on the PSP wire length =20.2 mm 

horizontal 

image name ave sd horiz ave vert sd vert pixel size h pixel size v sd ps h sd v 

Film size 1 (bv, t h) 322.27 0.77 319.26 1.04 0.0627 0.0633 0.0001 0.0002 

film size2 B vertical (bh, tv) 319.56 1.36 321.17 1.42 0.0632 0.0629 0.0003 0.0003 

film size 2 B horizonta l (bv, t h) 317.52 0.87 323.28 0.45 0.0636 0.0625 0.0002 0.0001 

DEl (bv, t h) 318.35 0.58 322.56 0.66 0.0635 0.0626 0.0001 0.0001 

DE2 (bv, t h) 324.21 0.52 320.96 0.01 0.0623 0.0629 0.0001 0.0000 

DE3 (bh, tv) 320.81 0.39 322.00 0.69 0.0630 0.0627 0.0001 0.0001 

film size2 B vertical (bh, tv) (90deg) 320.31 0.94 321.47 0.77 0.0631 0.0628 0.0002 0.0002 

ave 0.0630 0.0628 0.0002 0.0001 

sd 0.0004 0.0003 0.0001 

It appears that the lower resolution acquisition was used, i.e., the "60 micron" mode. The 

pixel size is about 63.0 microns. We assume that the higher resolution acquisition will be 

about 31.5 microns (see below). 
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4) Look at the stability of the frame grabbed images 

We noticed slight differences in the frame-grabbed images. A program was developed to 

determine the width and height of the radiographic images. The results are shown below: 
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There appear to be three widths corresponding to the three image types. The widths change 

slightly trending from 1279 - 1233 (46/1256 = 3.6% change). The heights range from 977-

941 (36/959 = 3.7% change). The right edge (trends down) appears to be correlated with the 

left edge (trends up). This may be due to my program and how the edge of the image is 

displayed. 
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The heights range from 977-941 (36/959 = 3.7% change). The height appears to be 

correlated with the width (height= 0.51 *width+ 317.84 (R2 = 0.69). The height of the 

frame does not appear to affect the height of the image. We might think about rescaling the 

image to have the same heights and widths (use the average height and width, about a 2% 

maximal change). We will assume that the displayed image is using one pixel in the 

radiographic image as one pixel in the display. 
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5) Determine the horizontal and angulation about the horizontal and vertical axes 

a) Obtain x-ray images of the wires placed on the film for some example PA positions. 

Note, the images were obtained with the direction of the x-ray beam perpendicular to the 

plane of the PSP. We expect the small horizontal angulations of the teeth relative to the 

PSP plate (and the perpendicular to the x-ray beam), but we expect larger vertical 

angulations. The wires were placed on the teeth/jaws, i.e., their angulations correspond to 

the angulation of the teeth to the x-ray beam direction. 

b) Measure lengths of the wires in the images (measurements below). 

c) Determine the horizontal and vertical pixel size in the images. 

d) From the pixel sizes and/or lengths of the wires in the images, determine the angulation 

of the wires 

Using the determined pixel sizes, we can determine the angle: 

measured length = actual length* cos(theta). 

(length in pixels) * (pixel size) = actual length * cos( theta). 

theta = cos-1 ( (length in pixels) * (pixel size) I actual length)) 

In the data below, angles were calculated using the maximum horizontal length (702 

pixels) as well as the average horizontal length (685 pixels). Note also the magnification 

is not known exactly (See magnification comments above). 
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length ken maha overall pixel ken maha overall angle angle 
Image horizontal average average diff average size stdev stdev stdev ratio rat io (702) (685) 
horizontal directory image name wire(mm) (pixels) (pixels) (K-M) (pixels) (mm) (pixels) (pixels) (pixels) (702) (685) (deg) (deg) 

1 lmaees\Radio wi th wire Screen Shot 2018-02-26 at 4.06.45 PM 19.85 673.67 674.70 -1.03 674.18 0.0294 1.02 1.36 1.27 0.96 0.98 16.18 10.20 
2 Screen Shot 2018-02-26 at 4.06.55 PM 19.85 674.66 674.88 -0.22 674.77 0.0294 0.81 1.12 0.86 0.96 0.99 16.01 9.91 
3 SkT Mx PA Lmol 19.85 679.03 685.36 -6.34 682.20 0.0291 2.79 1.32 3.18 0.97 1.00 13.64 5.19 
4 SkT Mx PA Lmo2 19.85 685.80 691.36 -5.56 688.58 0.0288 4.96 1.04 4.48 0.98 1.00 11.22 0.00 
5 lmaees\Radio wi th T wi re\Skull 0 Screen Shot 2018-03-22 at 2.09.02 PM 20.20 703.37 700.54 2.82 701.96 0.0288 0.93 0.66 1.12 1.00 1.00 0.65 0.00 
6 Screen Shot 2018-03-22 at 2.09.08 PM 20.20 701.76 702.32 -0.56 702.04 0.0288 0.91 1.63 1.24 1.00 1.00 0.00 0.00 
7 Screen Shot 2018-03-22 at 2.09.12 PM 20.20 686.65 682.91 3.74 684.78 0.0295 3.56 0.62 3.20 0.98 1.00 12.72 1.46 
8 Screen Shot 2018-03-22 at 2.10.43 PM 20.20 650.90 645.06 5.85 647.98 0.0312 4.40 1.02 3.72 0.92 0.95 22.62 18.92 
9 lmages\Radio wi th T wi re\Skull T Screen Shot 2018-03-22 at 2.04.47 PM 20.20 692.34 695.62 -3.28 693.98 0.0291 1.16 1.64 2.00 0.99 1.00 8.67 0.00 

10 Screen Shot 2018-03-22 at 2.05.25 PM 20.20 701.35 701.95 -0.60 701.65 0.0288 2.87 3.93 2.82 1.00 1.00 1.81 0.00 
11 Screen Shot 2018-03-22 at 2.05.41 PM 20.20 685.89 684.92 0.97 685.40 0.0295 1.77 1.71 1.70 0.98 1.00 12.48 0.00 
12 Screen Shot 2018-03-22 at 2.05.51 PM 20.20 681.84 686.21 -4.37 684.03 0.0295 2.74 1.44 2.62 0.97 1.00 12.99 3.05 

average 20.08 684.77 685.49 -0.72 685.13 0.0293 2.33 1.46 2.35 0.98 1.00 10.75 4.06 
stdev 0.17 14.73 15.92 3.74 15.22 0.0007 1.45 0.86 1.16 0.02 0.02 6.88 6.04 

length ken maha overall pixel ken maha overall angle angle 
image vertical average average diff average size stdev stdev stdev ra tio ra t io (702) (685) 
vertical wire(mm) (pixels) (pixels) (K-M) (pixels) (mm) (pixels ) (pixels) (pixels) (702) (685) (deg) (deg) 

1 lmages\Radio wi th wire Screen Shot 2018-02-26 at 4.06.45 PM na 
2 Screen Shot 2018-02-26 at 4.06.55 PM na 
3 SkT Mx PA Lmol na 
4 SkT Mx PA Lmo2 na 
5 lmages\Radio wi th T wi re\Sku ll 0 Screen Shot 2018-03-22 at 2.09.02 PM 20.20 642.67 640.00 2.67 641.34 0.0315 0.58 1.73 1.87 0.91 0.94 23.99 20.57 
6 Screen Shot 2018-03-22 at 2.09.08 PM 20.20 673.07 670.51 2.55 671.79 0.0301 0.63 0.94 1.65 0.96 0.98 16.87 11.27 
7 Screen Shot 2018-03-22 at 2.09.12 PM 20.20 687.40 683.57 3.84 685.49 0.0295 1.57 0.62 1.74 0.98 1.00 12.45 0.00 
8 Screen Shot 2018-03-22 at 2.10.43 PM 20.20 651.28 652.33 -1.05 651.80 0.0310 1.04 1.17 1.25 0.93 0.95 21.80 17.91 
9 lmages\Radio wi th T wi re\Sku ll T Screen Shot 2018-03-22 at 2.04.47 PM 20.20 663.93 658.09 5.84 661.01 0.0306 1.86 1.18 3.27 0.94 0.96 19.68 15.21 

10 Screen Shot 2018-03-22 at 2.05.25 PM 20.20 666.64 663.12 3.52 664.88 0.0304 0.90 2.47 2.41 0.95 0.97 18.72 13.92 
11 Screen Shot 2018-03-22 at 2.05.41 PM 20.20 651.80 651.23 0.57 651.52 0.0310 0.45 1.03 0.75 0.93 0.95 21.86 17.99 
12 Screen Shot 2018-03-22 at 2.05.51 PM 20.20 647.39 646.05 1.34 646.72 0.0312 0.37 0.98 0.98 0.92 0.94 22.89 19.25 

average 20.20 660.52 658.11 2.41 659.32 0.0307 0.92 1.26 1.74 0.94 0.96 19.78 14.51 
stdev 0.00 15.03 14.05 2.13 14.51 0.0007 0.54 0.58 0.81 0.02 0.02 3.76 6.60 

We see that the pixel size in the images is 29.3 ± 0.7 microns, and the angles range from 0° up to 

23°. Of note, the vertical angulation results in a maximum error of at worst 8% ( at 23°). 

However, most angulations result in errors of about 4% or less (cos 5° = 0.996, cos 10° = 0.985, 

cos 15° = 0.966, cos 20° = 0.940, cos 25° = 0.906, i.e., errors of 0.4%, 1.5%, 3.4%, 6.0%, and 

9.4%, respectively. 
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APPENDIX II: Calibration system for photographic images 

Photograph pixel size calibration 

The photographic images were acquired with a calibration object (i.e., a ruler) in the image. 

The ruler's axis was placed so as to lie approximately horizontal in the image. Landmarks 

having a known distance between them were chosen in the image, and the number of pixels 

between these landmarks was measured. These measurements were repeated three times for 

each image. The maximum standard deviation of the measurements in each image was less 

than 0.2% of the measured lengths. The pixel size was determined for each image. The 

average pixel size was determined to be 0.0348 ± 0.0013 mm (i.e., a variation of about 4%). 

The camera was placed approximately 34 cm from the ruler. The teeth were positioned 

slightly more distant from the ruler. The distance from the ruler to the jaw was estimated 

visually and measured in pixels. These measurements were plotted (below) and equations 

relating these distances were generated. The equations result in less than a 2 mm variation in 

the distances calculated from the measured distances (in pixels) in the images (see below). 

The average distance of the jaw from the ruler (DJR) was 8 ± 3 mm. These data were used to 

correct the distances measured in the photographic images. 

pixel_size_landmarks = pixel_size_measured (image)* (34.0 + DJR(image)) / 34.0 
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This results in an increase in the pixel size of about 2%. The corrected pixel size determined 

for each image will be used in the calculations for that image. 
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APPENDIXIII: ImageJ User's manual and indication protocol 

lmageJ User's Guide 
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Introduction: 

The accurate identification of anatomical tooth landmarks such as alveolar crest (AC), cemento

enamel junction ( CEJ), and the base of the defect (BO) is essential for assessing periodontal 

disease progression from radiographic images. Accurate evaluation of the CEJ and AC is crucial 

for the diagnosis, treatment planning and prognosis of periodontal health. Several diagnostic 

methods to identify these dental landmarks and measure the alterations in tooth bone support 

have been widely used in periodontal research and practice. Dental landmarks identification 

plays an essential role in the understanding of the support structures of the tooth and the 

aeitopathogenesis of many disease processes affecting the periodontium. Several diagnostic aids 

have been used to indicate dental landmarks such as ( dental probing, radiographs and vernier 

calipers). However, data about the agreement between dental radiographs and dental 

photographic images for dental landmark indication is limited. The objective of this study is to 

compare different diagnostic modalities used by dental practitioners (i.e., radiographs, dental 

photographs, and direct measurements by dental probes and Vernier calipers) in the following: 

CEJ, AC, BD, and bone height from CEJ to AC (BHa) and from CEJ to BD (BHb). The study 

will be conducted in vitro using human dry skulls and the photographic and radiographic images 

of these skulls. 
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Getting Started 

1) Suggested Browsers for lmageJ installation 

• Internet Explorer version 5 

• Google Chrome version 3 

2) Installing lmageJ on your computer 

A) Click on the following link to download ImageJ Bundled with Javal.8.0 

according to which operating system you are using: 

https:/ /imagej.nih.gov/ij/download.html 

ome I news I docs I download I plugins I resources I list I links 

Platform Independent 
To install ImageJ on a computer with Java pre-installed , or to upgrade to the latest full 
distribution (including macros , plugins and LUTs), download the ZlP archive (6MB) 
and extract the lmageJ directory. Use the Help>Update lmageJ command to upgrade 
to newer versions . 

Mac OSX 
Download lmageJ bundled with Java l.8.0_172 (may need to work around Path 
Randomization). Also available as an application that uses Apple's version of Java ) 
(does not work on High Sierra). Instructions. 

Linux 
Download ImageJ bundled with J ava l.8.0_112 (82MB). In tructions . 

Windows I 
Powrln?d Jmuerl hnodlcd with H·hit lex, 1119 l12'29MRl IPSlPJGJinas 

Documentation 
liago Ferreira's comprehensive ImageJ User Guide is available as an 8MB PDF 
document and as a ZIP archive. The online JavaDoc API documentation is also 
available as a ZIP archive. 

Source Code 
The ImageJ Java source consists of 132,000 lines of code in 348 files . It is available 
onlinc and as zip archives . 

Example Images 
31 downloadable sample images and stacks are available in lmageJ's File>Open 
Samples submenu. These images , and more , are also available as a 8.2MB zip archive. 

You can also browse the ImageJ download directory at irnagej .oih.gov/ij/downJoad/. Refer to the 
release notes for a list of new features and bug fixes . 

top I home I news I docs I download I plugins I resources I list I links 

Fig. 1 ImageJ download 
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X 

B) Open the downloaded ImageJ zip folder =>Extract the Zip file (see 

arrow) 

lffil C:\ Usl!rs\ maha\ Downloads\ lmagd2-20160205.zip\ □ 

Fill! Edit Vi~ Favorites Tools H!!lp 

◊ - "'7 •♦ ■♦ X ii 
Move Delete Info 

Size Packed Size Modifil!d Accessl!d Attributes En 

109101342 86189 765 2016-02-0514:35 D 

Fig. 2 Extract the Zip file 

C) Copy the shortcut file to your computer's desktop =>Click OK 

lffil C: .Users\maha\Downloads\lmagd2-20160205.z1p\ □ X 

File Edit Vi- Favorites Tools Help 

◊ - V •♦ .. X ii 
Add Extract Test Copy Move Delete Info 

tJ rnJ C:\Users\ maha\ Downloads\ lmagd2-2016020S.zip\ 

Name 

l lmagd.app Copy D X 
Attributes En 

Copy to : 

1c,u,,,,.....,,\De,ldool 
FoldeB: 1 ( 109101342bytes ) 

C:\Users\maha\Downlo-,ds\mageJ2•201602054)\ 
moge,J.,pp\ 

OK Coned 

fobject(s)selKted 

Fig. 3 Copy file to your computer's desktop 
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D) To run ImageJ, simply double click on ImageJ icon, a tool bar will 

appear on your desktop, and you are ready to go! 

Fig.4 ImageJ 

1~:1ge · 

gg~g~~~~ A~ ~o~~~~~~~~ 

Fig.5 ImageJ tool bar 
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3) Working with ImageJ: 

A) To open an image-+ drag and drop image from the intended folder (e.g., 
Photo_dots_user_l_l or Radio_dot_user_l_l) into ImageJ menu bar or Select File 
-----+ Open from the menu bar to open a stored image file 

ti lmageJ File Edit Image Process Analyze Plugins Window Help 

lmageJ 

□ I o Ia I~ I----:-1~ ::♦ a...J 1 I f, ln l Derls11c_ l,; T~ T;1 I I» I 
<<Drag and Drop>> 

0 
00 

Favorites 
!"""'9 

Devices 

0 Remote Disc RAW RAW RAW 

Shared 
SK01_Mn_BW_LM 

o_dots.raw 
SK01_Mn_BW_LP 

m_dots.raw 
SK01_Mn_BW_Rm 

o_dots.raw 

(9 All. .. 

Tags 

RAW RAW 

SK01_Mn_BW_RP SK01_Mn_PA_LPM 
m_dots.raw _dots.raw 

RAW RAW RAW 

SK01_Mn_PA_RMo SK01_Mn_PA_RP SK01_Mx_BW_LM 
_dots.raw m_dots.raw o_dots.raw 

-
Fig.6 Open images with ImageJ 
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A) Edit image Layout as follows: 

1.e.: Image Type: 24-bit RGB 

Width: 

For Radiographs: 1400-pixel 

For Photographs: 1100-pixel 

Height: 

For Radiographs: 900-pixel 

For Photographs: 900-pixel 

Number of Images: 1 

Check little endian box ➔ Click "OK" 

• lmport>Ra ... mport>R 

I Image type~ 24-bit RGB Image type: I 24- bit RGB 

Width: 1400 pixels Width: 1100 pixels I 
HelQht; 900 oixels I Height: 800 pixels I 

Offset to first image: 0 bytes Offset to first image: 0 bytes 

Number of images: !Number of Images: 1 
tween Images: Gap between images: 0 bytes 

White is zeroWhite is zero 
111 Little-endian byte order Ia Little-endian byte order I 

Open all files in folder 
Open all files in folder 

Use virtual stack
Use virtual stack 

Help Cancel OK 
Help Cancel OK 

Fig. 7 Layout for radiographic Fig.8 Layout for photographic 
images images 
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4) Adjustments: 

1) Adjustments of each image can be made according to each observer's preference 

A) Brightness and contrast: 

• On menu bar click on Image -+ Adjust-+ Window/Level 

• Use Window-range ofminimum and maximum (Contrast)- and Level

position of that range in the grayscale intensity space (Brightness) -+ Apply 

ti lmageJ File Edit ••• Process Analyze Plugins Window Help 

CLIo.l 9~_d~BJ 
► 

"More Tools" menu (switch tool , 

Properties ... 
Color 
Stacks 
Hyperstacks 

Crop 
Duplicate... 
Rename... 
Scale ... 
Transform 
Zoom 
Overlay 

Lookup Tables 

Axes 
Convert 
Convolve 
Threshold 

Fig.9 Adjustment of brightness and contrast 
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B) Zoom up and zoom down: 

• On menu bar click on magnifying glass -+ click on the image to zoom in and Right

click ( or Alt-click) to zoom out 

• Double click on the magnifying glass icon to revert to the image original 

magnification 

mageJ 

99~3d~~~~ ~ 1~d ~~~~~~~~ 
Fig.to Zoom up and zoom 

• Use the scrolling tool to scroll through an image that is larger than its window 

Fig.11 Scrolling tool 
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5) Landmarks indication: 

1) Dots adjustment: Click on the "multiple star" widget -+ Double click/right click red 

triangle (see arrow) to adjust dot 

_gJ_gJ~5:Jd ~ 
lrri g 

:::~ A [ °' l~d ~~LJ~~_J_J » 
~Multi-point* or point (r~ ick to switch; double click to configure) 

Fig.12 Multiple "star widget" 

• Edit dots as follows: 

i.e.: Type: Dot 

Color: Yellow 

Size: Large 

Check label points and show all boxes -+ Click "OK" 

• Pont Tool 

IType· Dot 

k:olor: I Yellow 

ISize: I Large 

Counter: 0 

1 

He1p cancel 

Fig.13 Point tool for dot adjustment 
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2) To put dots into images: 

A) For Photographs: please make sure to place two dots, corresponding to alveolar 

crest (AC) and cementoenamel junction (CEJ), for each tooth side labeled with 

red square ■ in each photographic image 

Landmarks characterization for photographs: 

CEJ: It can be recognized by a change in the color and/or contour of tooth in 

the interproximal area 

If the cervical junction between dentin and enamel is a line, 

place the dot to halfway distance buccolingually 

If there is an overlap, 

identify the junction between the enamel and dentin from the center of 

the tooth to the side of the tooth and place the dot where the line reaches 

the edge 

If the CEJ is not clear, 

follow the contour of the tooth in the interproximal area and place the 

dot at the cervical constriction 

AC: Place the dot on the most coronal aspect of the alveolar bone in the 

interproximal area immediately adjacent to the marked tooth side 

If there is angulation and the interproximal alveolar bone is doubled, 

place the AC halfway distance buccolingually 
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ti lmageJ File Edit Image Process Analyze Plugins Window Help 

gg~g~~BJ~ A °' ~ d ~~_[J~~_J_J » 
lmag~ 2.0.0-rc-43/1.S0e; Java l.8.0_144 [64-bit]; 

• Sk06_Mx_Lmo_dots.raw (50%) 
1100x800 pixels ; RGB; 3.4MB 

• 

Fig.14 Place two dots corresponding to AC and CEJ for each marked 
tooth side 

B) For Radiographs: please make sure to place three dots, corresponding to AC, CEJ 

and Bone defect (BD), ifpresent. If not, then place two dots corresponding to AC 

and CEJ for each tooth side labeled with red square • in each radiographic image. 

lmageJ User's Gulde 13 

69 



S lmageJ File Edit Image Process Analyze Plugins Window Hel1 

t • lmageJ 

71 o la ICJ I✓I LL !!+ o.,J A IoJ ~ ln l Dev i Stk IA' I<'l; ,;1 I I~ J 

000 (black) 

Fig.15 Place three dots corresponding to AC, CEJ and BD, if 
present, for each marked tooth side 

3) Misplaced dots: 

The dot can be moved after placing it -+ left-click on dot and hold, then move the dot 

around until your reach a satisfactory location 

The dot can be deleted after placing it -+ hold on Alt + click on dot 
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4) Additional remarks: 

a) The order ofplacing the dots does not matter as they will all be saved 

simultaneously. 

b) Do not place more than one dot per landmark. If you make a mistake in placing a 

dot, move the dot as described in ("3) Misplaced dot" above, do not place multiple 

dots for a given landmark, as we will not know which one is the right one. 

6) Draw dots: 

• On menu bar click on Edit -+ Draw 

This will place a white dot into the image upon output to a file 

ti lmageJ File • Image Process Analyze Plugins Window Help 

31:Z• • Undo 

□I o l a ICJ l---::-1 Cut 31:X n l De::ISt~I! Ib I;1 I I» I 
!>tacks Menu 

Copy :ICC ~~~~::::::::::::::::::::::::::::-1 
Copy to System 
Paste 31:V 
Paste Control... 

Clear 
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7) Save images into corresponding directory: 

• After placing dots into image -+ Save image as a RAW file in the observer's indicated 

folder (under File, click on Save As, and save as a raw file into the indication 

directory, e.g. (Radio_ind_user_l_l or Radio_ind_user_l_l)) Note: save the file with 

the same name as was read in, i.e., no need to change the file name 

• Repeat for all images 

• lmageJ __iiml Edit Image Process Analyze Plugins Window Help 

► J• • New 
□ l o l a l ~ Open ... XO 1ln l Deyls1~1! I~ I ;t i I» I 
;tacks Menu Open Next -0-XO 

Open Samples 1400x--SO 
Open Recent 
Import 
Export 

Close 
Close All 

Page Setup ... 
Print ... 

BMP.. . 
PNG... 
PGM... 
FITS... 
LUT•.. 
Selection ... 
XY Coordinates ... 
Results ... 
Text ... 

Fig. 17 Save images as RAW file 
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• • lmages_indicated_username 

Favorites 

@i5) AirDrop 

~ All My Files 

0 iCloud Drive 

1~-; Applications 

Desktop 

[3:l Documents 

0 Downloads 

Devices 

@ Remote Disc 

Shared 

(I All... 

Tags 

ODO Vlt□ ll 000 Q Search 

Photos_indicated_ Radios_indicated_ 
username_1 username_1 

Fig.18 Save images in the corresponding directory 
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8) References 

Below is a list of the ImageJ help resources that complement this guide 

1. User guide, additional tutorials, and presentations 

Link: https://imagej .net/Introduction 

2. Video tutorials on the ImageJ Documentation Portal and the Fiji Y ouTube 

channel: 

https://www.youtube.com/watch?v=YXo2zDJ6kN4 

https:/ /www.youtube.com/watch?v=5GIX3 SBA WOO 

9) For Questions please contact Maha Alsharif 

Email: mahatala@buffalo.edu 
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APPENDIXIV: Probing and Caliber measurements protocol 

Part 1 Probing Measurements: In case of periodontal diseases, determining the extent and the 

depth of the bone defects and bone loss plays a crucial role in making correct diagnosis. 

Periodontal probes are an essential tool to assess the status of the periodontal health. 

1- Type and description periodontal probe used in the study 

• The Williams' probe 

The probe is 13 mm in length and 1mm in diameter and composed of three parts: 

calibrated working end, shaft and handle 
Handle 

Figure]: Periodontal probe 

https://pocketdentistry.com/46-scaling-and-root-planing/ 

The calibrated working end shows demarcation lines at 1, 2, 3, 5, 7, 8, 9 and 10 mm 

4 mm and 6 mm are not present as a demarcation line in 
Williams probe 

Figure 2: Working tip and the demarcation lines 
https ://www.quora.com/Why-are-4-mm-and-6-mm-marking-is-absent-in-Williams-probe 
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2- Adjust skull position 

In a room with good source of direct illumination, Place the skull over a hard surface 

to level that provides for you a direct vision 

Skulls can be handled, rotated and moved as needed 

3- Get a grasp 

Use a modified pen grasp for precise probe control. Adjust the probe between your 

index finger and thumb pads and rest your middle finger pad over the probe' s shaft. 

The other fingers should stabilize and support your hand with when taking 

measurements 

Figure 3: Modified pen grasp 

https://pocketdentistry. com/ 46-scaling-and-root-planing/ 
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----------- --- -- ---

4- Taking measurements: 

For each marked tooth site (Mesial and/or Distal): please take your 

measurement for BHa and BHb (if present), an excel sheet is available to write 

down your measurements for each marked tooth site. 

Definitions: 

BHa: distance from the CEJ to the heights point of alveolar crest 

(AC)immediately adjacent to the tooth 

BHb: distance from the CEJ to the most apical extension of the bone defect BD 

CEJ: the cervical line or junction between the crown and the root 

For more info about CEJ, please check Image.I users' manual page. 13 

CEJ 

~ --c=~=~-=~=~=~=~=~=~=-~=~
fililt { 

Figure 4: Illustration ofBHa & BHb 
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5- Steps for recording measurement ofBHb: 

A) Probe adaptation: 

Insert the probe in the interproximal area (between teeth) from buccal aspect 

the tip of the probe's working end should always remain in contact with the tooth 

surface 

Proximal view Proximal view 
Co pyright@2008 Wolters Kluwer Hutth I Lippincott Wi lliams & Wilki ns Copyright ©2008 Wo lters Kluwe r Health I Lipp incott Wil li ams& Wilkins 

Figure 5: Tip adaptation A) Wrong, B) Correct 

http://dentaletc.umaryland.edu/dhyg311/dhyg311/2011Periodonta1Probing.pdf 

Apply gentle probing force similar to the force required to blanch a fingernail 

Figure 6: Probing.force equal to the.force required to blanch a.fingernail 

https://www.bsperio.org. uk/publications/ good practitioners guide 2016.pdf?v=3 
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B) Perform measurements: 

a. Walk the probe interproximally until it hits the meeting point between 

adjacent teeth (contact area) 

Contact 
area 

Proximal view 

Co pyright© 2008 Wolters Kl uwer Health I Lippin cott Williams & Wilkins 

Figure 7: Walk probe 

http://dentaletc.umaryland.edu/dhyg311/dhyg311/2011Periodonta1Probing.pdf 

b. Slightly Incline the probe then inset the tip underneath the contact area, 

and gently press downward to touch the deepest point of the bone defect. 
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' ' ' 
, 

I 

Proximal view 

Copyrig ht © 2008 Wo lters Kluwer He alth I Li ppincott Willia ms & Wilkins 

Figure 8: Incline Probe beneath the contact area 

http://dentaletc.umaryland.edu/dhyg311/dhyg311/2011Periodonta1Probing.pdf 

c. Once you reach the base of the bone defect, observe where the CEJ is and 

measure distance 

For more info about CEJ, please check lmageJ user's manual page. 13 

C) Reading measurements: 

a. Count down from the last (top) demarcated line on the probe (10 mm) to 

the last marking that you actually see above the level of AC 
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10mm 

Figure 9: in this an example the distance from deepest point to CEJ is 2mm 
http://dentaletc.umaryland.edu/dhyg311/dhyg311/2011Periodonta1Probing.pdf 

b. I/the CEJ is between two lines, choose the larger number 

C 

Figure 10: in this example choose the larger number 
http://dentaletc.umaryland.edu/dhyg311/dhyg311/2011Periodonta1Probing.pdf 
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D) Steps for recording measurement ofBHa: 

1) adaptation: 

■ Place the probe parallel to the long axis of the tooth from the buccal aspect 

of tooth the tooth surface 

■ Walk the probe interproximally until it reaches the meeting point between 

adjacent teeth (contact area) 

■ Place the tip of the probe's working on the highest point of the alveolar 

crest, observe where the CEJ is and measure distance 

■ Incline the probe then inset the tip underneath the contact area if needed 

2) Perform measurements: 

■ Follow as above 

Figure 11: Taking measurements 
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Part 2: Caliper Measurements: 

Type and description of Caliper 

The digital caliper is a high precision tool that is able to make an accurate measurement 

for small objects. It is composed of Four jaws, inside and outside fixed jaws, and inside 

and outside moving jaw, LCD screen and a handle. Two systems can be used to take 

measurements, millimeters and inches. 

4 

Figure 1: Description ofthe digital caliper 

1) Outside fixed jaw: lower left jaw 

2) Outside moving jaw: lower right sliding jaw for taking outside measurements 

3) Inside fixed jaw: smaller jaw on the top left of the caliper 

4) Inside moving jaw: sliding smaller jaw on the caliper top right for taking inside 

measurements 

5) ON/OFF button: to tum the caliper on or off 

6) LCD display: to clearly read measurements 

7) Zero button: to set the current measurements to zero 

8) Mm/inch button: coverts between both millimeters and inches 
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9) Caliper Bump: used to moving sliding jaws when taking measurements 

10) Buttery box: holds the buttery 

Adjust skull position 

In a room with good source of direct illumination, Place the skull over a hard surface 

to level that provides you a direct vision 

Skulls can be handled, rotated and moved as needed 

Get a grasp 

Place your thumb pad over the caliper bump to move the sliding jaws and other 

fingers to hold the handle. 

Figure 2: Caliper handling 
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----------- --- -- ---

Taking measurements: 

For each marked tooth site (Mesial and/or Distal): please take your measurement 

for BHa, an excel sheet is available to write down your measurements for each 

marked tooth site. 

Definitions: 

BHa: distance from the CEJ to the highest point of alveolar crest AC immediately 

adjacent to the marked tooth surface 

CEJ: the cervical line or junction between the enamel and dentin 

For more info about CEJ, please check lmageJ user's manual page. 13 

CEJfil!!-c·-· ·-·-·-·-·-·-·- ·-·-
___ ------------- - -- -

fil:!!:!, { 

Figure 3: Illustration ofBHa 
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• Steps for taking recording measurement of BHa: 

Caliper settings: 

Please make sure the reading is 0.000 before taking a measurement 

Slightly open the jaws by pressing and sliding the caliper bump 

Clean the mating side (inner sides of the all jaws). 

If the reading on the LCD display is not Zero (0.0), press the zero button on 

the caliper 

Figure 4: Caliper setting 

- Perform measurements: 

Use the smaller jaws on the top of the caliper to take the BHa. 

Gently slide the moving jaw to take measurement from the highest point of 

AC to the CEJ. 
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When reaching the desired distance, make sure that the jaws are stable, then 

record the measurement displayed on the screen 

Figure 5: Taking measurements 

References: 
https://littlemachineshop. com/images/ gallery /Instructions/U singCalipers. pdf 
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