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I. INTRODUCTION 

Before implant placement, radiographs are usually made to assess the 

quality.and _quantity of the remaining alveolar ridge. Frequently, the buccal and lingual 

alveolar width will limit the selection of implants o_f appropri_ate diameter for the area of 

interest, or augmentation of th~ ridge is- needed. These types of assessments are usually 

done with bone sounding or tomography. Traditional plain film intraoral radiography 

does not show the buccal and lingual aspects of the remaining alveolar ridge. 

Post-operative evaluation of endosseous implants can be a difficult aspect of diagnostic 

dentistry. Primarily, clinical examinations including mobility testing, gingival health, 

probing depth, attachment loss, implant percussion and reverse-torque test, are performed 

to assess the osseointegration of implants before restoration (Adell R et al., 1985; Bapoo

Mohamed K., 1996; Sullivan et al., 1996). In addition to the assessment of 

osseointegration of implants, many kinds of b~ny changes can be visualized and 

quantified primarily with radiographs. When utilizing the clinical examination in 

conjunction with radiographs, an accurate diagnosis can be achieved without exploratory 

surgery. Also radiographs provide records for longitudinal follow-up and medic_al legal 

documents. Although the practitioner should be able to.evaluate the osseointegration of 

the periphery of an implant prior to restorative procedures, the three-dimensional nature 

of an implant makes it difficult to evaluate the facial and lingual aspects using traditional _ 

radiographic techniques (Ludlow J B et al, 1995). Tomography can provide additional 

information regarding the facial and lingual aspects of an implant (Ludlow J B et al, 
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1995). Computed tomography (CT) and plain film tomography are the two main types of 

tomographic imaging modalities. Computed to_mography (CT) acquires information in 

the form of a digital representation of x-ray transmission through an object from many 

projection angles. The data is processe_d with a._computer algorithm, and cross sectional 

images of an object can be reconstrµcted. Computed tomography can also use these data 

to reconstruct images in any plane selected by an operator, and three-dimensional images 

of an object can be generated. It is a versatile tomographic modality, but there are some 

drawbacks. These include increased cost to the patient and exposing the patient to a 

greater amount of radiation (Clark DE et al., 1990). In additio_n, metal objects create 

scatter artifacts that interfere with interpretation (Rothman SLG et al., 1988). These 

drawbacks make computed tomography less useful for implant follow-up examinations. 

Plain film tomography uses film to record radiographic images without computer 

algorithmic reconstruction. Synchronous movement of the x-ray source and-film during 

the x-ray exposure creates the plain film tomographic images. However, due to the 

acquisition method of plain film linear tomography, image resolution is decreased when 

compared to the plain film intraoral radiography. 

One of the primary diagnostic problems ·in a radiographic examination is 

identifying the area of interest, buried in a background of normal anatomic structures. It , 

can be very difficult to identify small areas of change, against a background of 

unchanged radiographic structure. The unchanged background can be considered as 

noise, because it does not contain diagnostic information of interest. Reducing the 

background complexity should increase visibility for th~ area of interest or change. 

Subtraction radiography is one technique that can be applied to enhance subtl~ changes. 
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This technique neutralizes the unchanged background and shows the area of change. 

against a simplified background. Several studies indicate that digital subtraction 

techniques can help increase the sensitivity and specificity of many image modalities. 

Therefore, this research project proposes to use panoramic cross-sectional tomography in 

conjunction with digital subtraction techniques to identify incipient bone changes in vitro.· 

Combining digital subtraction with panoramic cross-sectional tomography may provide a 

practitioner with a better means of evaluating the entire circumference of an implant, 

including the facial and lingual surfaces during post-operative and long-term follow-up. 

A. Panoramic cross-sectional tomography 

Tomography is an imaging technique that can provide a detailed image of 

structures lying in a predetermined plane of tissue, while blurring or eliminating detailed 

images of structures in other planes. It can provide a third dimension that a standard 

projection radiograph can not provide. Tomographic images are created by synchronous 

movement of the x-ray source and film in opposite directions during the x-ray exposure. 

All points located. in the plane of focus are projected to the same point on the film; 

whereas, elements ofthe object planes o"utside of the focal plane are projected to different 

positions on the film, therefore their images are blurred. Having any two of the three 

elements_ (the focus, the object and_the film) move in synchronous motion can create a 

tomographic image. The Geometric pattern of the blurring movement, exposure angle, 

mechanical stability of the tube-film system, ~ocal spot size and other acquisition factors 

can all affect the tomographic-image quality (Littleton JT et al., 1976). The most 

. significant single factor influencing the quality of the tomogram is the spatial direction of 
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the tube-film obscuring movement (Littleton JT et al., 1976). Present day tomographic 

devices employ typically one of the six different obscuring movement patterns. These 

are linear, elliptical, circular, hypocycloidal, pseudosinusoidal and spiral ·movements. 

The OP-100 panoramic machine with the Ortho Trans cross-sectional imaging program 

(Instrumentarium Imaging Inc, Tuusula, Finland) has a linear tomograp~ic capability 

(Potter et al., 1997). There are two commonly used tomographic methods. The OP-100 

uses the Vallebona obscuring movements. The x-ray and film rotate in arcs at an axis in 

the pl~me of focus. The central ray is directed perpendicular to the x-ray film all the time 

during image acquisition (Littleton JT et al., 1976). The other tomographic method is the 

Grossmann obscuring movement. In the Grossmann technique, the film and x-ray source 

also rotate on the same axis, but the' surface of the film remains parallel to the focal plane 

throughout the movement (Littleton JT et al.-, 1976). The main drawback of the 

Valle bona imaging technique is int~oducing more distortion at the periphery of the image 

(Curry TS III et al, 1984). Tomo'gniphic images have lower resolut.ion than plain film 

images, due to the nature of the imaging technique. The lack of high resolution can be 

the main limitation of this image modality to detect subtle bony changes on the film~ 

B. Digital subtraction technique . 

Since the discovery of x~rays by Roentgen in 1895, radiographic imaging 

technology has improved tremendously. Radiology allows the clinician to visualize the 

anatomic structures without surgical intervention. In the early development, fluorescent 

materials were used to detect the x-ray projection, typically exposing the patient to a 

greater amount of radiation. In the mid-1900s, the x-ray image intensifier evolved, 



resulting in reduction of x-ray exposure with the same image quality. All of these 

advancements improved image quality and reduced amounts of radiation exposure. 

The concept of subtraction radiography began in 1934 (Reddy MS et al., 1993). This 

technique can provide images that delineate subtle changes. This principal involves 

subtracting two or mo.re· serially obtained radio graphs, which increases the perceptibility 

of small tempo"ral changes in an ·area of interest. The rationale is based on the fact that 

unchange4 anatomical structures cancel in the subtracted image, resulting in a less

complex background pattern, against which tissue changes of diagnostic interest can be 

seen more easily. The success of the technique is contingent on-the ability to cancel 

unchanged anatomical structures. This technique did not o_btain widespread use until the 

development of Digital Subtraction· Angiography (DSA)(Carmody RF et al., 1984). It 

was developed to demonstrate the carotid and cerebral vascular systems with both 

positive and negative prints in order avoid invasive operation (Kruger RA et al, 1979). 

This technique was extended in use to other parts of the vascular and urinary system of 

the body (Reddy MS and Jeffcoat MK, i993). This technique is a powerful tool for 

. . 
isolating injected contrast material or various regions of interest. With the development 

of computer technology, digital images became available to replace the analog images. 

Digital images make the subtraction technique easier, more precise and practical. 

Recently, digital subtraction techniques have found its use in dentistry. Several 

,researchers describe its use in dentistry (Reddy MS and Jeffcoat MK, 1993). It is 

primarily·used to det~ct minute bony changes (Putnins E et al., 1988; Grondahl Ket al., 

1983) and incipient caries that can not be detected with ordinary viewing of the images 

(Wenzel A. et al., 1993). 

5 
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The principle of subtraction radiography is relatively simple, but its application is 

often difficult because of the need to obtain consistent densitometric a~d geometric 

standardization between serially .~cquired radiographs. ·Consequently, it suffers from 

artifacts introduced by inexact replication of the projection geometry (Davis Met al, 

1994), uncontrolled variations in film exposure and processing, and tissue changes 
. . 

resulting from normal growth and development. Recent developments i:ri computer· 

software have improved geometric registration and density equalization. With bite 

registration, standardized processi_ng and computer software, one can produce images 

suitable for subtraction (Ortman LF et al., 1985). The ankylosed nature and constant 

density of the endosseous implants make them ideally suited for the application of 

subtraction radiographic technique. Reproducibility of film contrast can be maintained 

by programming the exposure parameters and by careful film processing with quality 

control of the chemicals. All ofthese advancements in digital subtraction radiography 

help in detecting small lesions and quantify the size of lesfons. · 

C. Clinical problem 

During the post-implant placement recall, diagnostic evaluations are generally 

performed with clinical examinations, obse~ations, and radiographs. Primarily, 

panoramic radiographs and periapical films are the imaging modalities of choice. 

However, these only show the condition of the bone on the mesial and distal aspects of an 

implant. Clinicians have to assume that defects are circular around the implant. Any 

kind of facial and lingual recessions or fenestration will not show up on either 

radiographic method. Cross-sectional tomography may solve this problem by providing 



images of facial and lingual aspect of the implant. It provides the third dimension that 

traditional film can not provide. Diagnosis of peri-implant bone loses demands accurate 

detection of subtle changes in the crest of the alveolar bone. Post-implant images from 

panoramic cross-sectional tomography demonstrate reduced resolution by nature. 

Combining panoramic cross-sectional tomography with µigital subtraction radiography 

may allow clinicians a method to visualize progressive, subtle bony changes around an 

implant. 

D. Literature review 
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The digital subtraction technique of successive, standardized radio graphs has _been 

applied in dentistry to improve detectability of lesions, previously considered impossible 
. . 

to perceive visually, by reducing structured noise (Grondahl H-G et al., 1983). One study 

has shown a high positive predictive value (about 83%) for the identification of implant 

instability (Grondahl Ket al., 1997). It assessed the condition of peri-implant bone 

tissues, the degree of marginal bone loss, and the state of the mechanical components 

during annual follow-up ·examinations of patients treated with endosseous implants, using 

intraoral radiographs and a strict paralleling technique. However, intraoral radiographs 

can only provide mesial and distal details of an implant. · 

An assessment of peri-implant bone change over time with a digital subtraction. 

technique of intraoral radio graphs has also been· studied. -These studies reveal excellent 

correlation_between the calculated lesion mass (mg) and actual lesion mass around 

en~osseous implants (Jeffcoat MK eta!., 1992; Jeffcoat MK et al., 1993), thereby 

providing a good method of quantifying bone loss around implan!s, One stu4y, using 



digital subtraction for temporomandibular joint tomography, compared diagnostic 

performance among conventional tomograms, digiti:2:ed tomograms and subtracted · 

-
tomograms. It found that digital subtraction tomography was the best imaging modality 

8 

for detecting artificially created lesions in the two selected temporomandibular joint. 

locations (Prapanpoch Set al., 1993). · Another study compared digitally subtracted linear 

tomographic and periapical techniques for facial and lingual lesions around dental 

implants. It concluded that subtracted tomograms provided greater diagnostic accuracy 

than subtracted periapical images for defects larger than the no. I round bur defect size 

(Ludlow JB et al., 1995). 

Assessment of the possible endosseous implant sites has been explored using 

most modalities of imaging techniques used in dentistry. These include intraoral films, 

rotational panoramic radiographs, MRI, CT, and panoramic cross-sectional tomography 

(Rothman SL et al., 1988; Kassebaum DK et al., 1990; Fredholm U et al., 1993; Bolin A 

et al., 1995; Gray CF et al., 1996; Potter BJ et al., 1997; Hirschmann PH, 1998). Each 

modality has its own advantages and disadvantages. Each modality is more suitable for 

certain clinical situations. Several comparisons were performed among different imaging 

techniques (Tai H et al., 1991; Sonick M et al., 1994; Lam EW ei al., 1995) for implant 

sites assessment. Literature summaries were done to recommend using certain imaging 

techniques for each specific implant site assessment (Pharoah MJ, 1993; Miles DA et al., 

1993). E.ach of these imaging modalio/.requires different amounts of radiation during 

imaging (Clark DE et al., _1990; Kasseb~u111 D;K et al., 1992; Ekestubbe A et al., 1996; 

Dula Ket al., 2001). Benefit verses risk has to be weighed when· using assessment 



techniques that expose patient to radiation. A minimum amount of radiation and 

maximum amount of useful images is the goal of radiographic imaging. 

Panoramic cross-sectional tomographic imaging provides fairly detailed images 

for accurate implant site assessment with very low radiation exposure (Potter BJ et al.,. 

1997). This technique provides a cross-sectional view of a proposed implant site that an 

intraoral film cannot provide. While digital subtraction techniques have been applied in 

evaluating endosseous implants post-operatively, and panoramic cross-sectional 

tomography has been used to assess potentiaLimplant site pre-operatively, the 

combination of these techniques to assess integration has not been reported in the 

literature. 

9 



II. PURPOSE OF THE RESEARCH 

This investigation is based on the assumption that a more objective determination 

of peri-implant radiolucencies will aid practitioners in determining the success or failure 

of this commonly used clinical procedure. The purpose of this study is to combine 

panoramic cross-sectional tomography and digital subtraction radiography, in vitro, to 

evaluate simulated bony defects on the facial and lingual aspects of an endosseous 

implant. 

IO 



III. HYPOTHESES 

The resolution of panoramic cross-sectional tomography can provide the 

assessment of bone levels on the facial and lingual aspects of an endosseous implant. 

The sensitivity of digital subtraction radiography should be able to distinguish minor 

. bony changes. The combination of digital subtraction radiography and panoramic 

cross-sectional tomography should therefore allow a better objective visualization of 

incipient alveolar bone loss on the facial and lingual aspects of an endosseous implant. 

I I . 



IV. SPECIFIC AIMS 

1) Test the ability of panoramic cross-sectional tomography in detecting peri-implant 

intraosseous lesions on the facial and lingual aspects of endosseous implants. 

2) Test the sensitivity and specificity of the panoramic cross-sectional tomography in 

detecting peri-implant intraosseous lesion dimensions. 

3) Test the sensitivity and specificity of the panoramic cross-sectional tomography with 

subtraction technique in detecting peri-implant intraosseous lesion dimensions. 

12 



V. MATERIAL AND METHODS 

A. Specimen preparation 

Four degloved pig mandibles were used in this study (Figure 1 ). These pig 

mandibles were sectioned with 4"X0.32'"'FIBRE-CUT" discs (Dedeco® International, 

Inc. Long Eddy, New York 12760) so that the segment between the canine and the last 

posterior molar could be used for the implant placement. 

On each quadrant of mandible, three potential implant sites were identified 

, 
• : 

Figure 1. Degloved pig mandibles. 

13 
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following a routine intraoral film evaluation. The inferior border of mandibular cortical 

bone was reduced to 2.0-3.0 mm of thickness to simulate human mandibular cortical 

bone thickness. Endosseous sample implants (Steri-Oss Inc., Yorba Linda, CA 92887 

USA) were then placed at these sites using traditional clinical techniques with Steri-Oss 

Implant surgical instrumentation and surgical consoles/handpiece. (Nobel Biocare USA, 

Inc.) This provided a total of 48 experimental sites (24 implants with the facial and 

lingual surfaces on each implant) for evaluation (Figure 2). 

Figure 2. Three implant sites at inferior border of the mandible. 

B. Alignment of mounted specimen 

Each section of mandible was mounted on a plastic bite fork (lnstrumentarium 

Imaging Inc.) with a fixed implant impression coping with GC pattern resin (GC 

Corporation.Tokyo, Japan)(Figure 3). The fixed implant impression coping was used as 

the retaining mechanism (Figure 4). 
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far archwires and im 

figure 4. A mounted specimen on the alignment apparatus.I 
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The alignment apparatus had six pieces of 0.018"x0.022"x0.2" ORM CO Stainless 

Steel rectangular archwire (ORMCO Corp. 1332 Slone Hill Ave. Glendor~ CA, 91740-

5334) for image position reference (Figure 3). The OP-100 panoramic machine has 

positional scales for recording lateral and angular positions of the specimen (Figure 5). In 

addition, it has a laser light indicator for showing the imaged area. 

Figure 5. Positioning device. 

C. Control Images 

Each implant site was imaged using an Orthopantomograph® OPl00 (Figure 6) 

with the Ortho Trans cross-sectional imaging program (Instrumentarium Imaging Inc, 

Tuusula, Finland) using standard clinical techniques. Imaging settings were done on the 

control panel (Figure 7). It was set at automatic adjustment for 2mm image thickness. 

The average exposure values are 62 Kv, 5.0 mA and 6.2 sec. The Two acrylic resin 

sheets 20mm of thickness for simulated soft tissue scatter and an aluminum filter 10mm 

of thickness (Figure 8) were used to provide images that were within a range of clinically 
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acceptable contrast and density. These images were used as control images and reference 

images for the digital subtraction technique . 

... ORTHOPANTOMOGRAPH OP100 

Figure 6. OP 100 Orthopantomograph machine. 

Figure 7. The control panel for OP 100 Orthopantomograph machine. 
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Figure 8. Acrylic resin sheets and an aluminum sheet. 

D. Alveolar Defects 

Peri-implant defects of varying depths were introduced on the facial or lingual 

surfaces of selected implants with the use of different diameter friction grip carbide round 

burs (Brasseler USA Dental Rotary Instruments, Savannah, GA 31419) on a high speed 

hand piece (see Figure 9). The 48 sites were randomly selected for forming the 

Figure. 9 Creating alveolar defects with carbide round burs. 
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following types of defects: Eight of the sites had no defects; eight sites had 0.6 mm 

( diameter of half round bur) in depth defects; eight sites had 1.0 mm ( diameter of number 

two round bur) in depth defects; eight sites had 1.4 mm (diameter of number four round 

bur) defects; eight sites had 1.8 mm ( diameter of number six round bur) defects; and eight 

sites had 2.3 mm (diameter of number eight round bur) defects. Following the 

introduction of defects, the implant sites were re-imaged following the identical protocol 

used for the control images. 

E. Digital subtraction 

All of the control and experimental radiographs were digitized (Figure 10) using a 

Hewlett Packard 61 00C flat bed scanner equipped with a transparency module (Hewlett 

Packard, Aurora, USA). The scanner was interfaced through image processing software 

(Photoshop 5.0, Adobe Systems, Inc., Mountain View, CA) to a Macintosh G3, with an 

8-bit color display (Apple Computer Corp, Cupertino, CA). The images were saved as 

8-bit images, converting the contrast resolution into 256 grey levels. The digital images 

were imported into NIH Image (Ver 1.61), the experimental images were subtracted from 

the control images and then saved on disk. Each subtracted image (Figure 11) was 

assigned a random identifying number. 
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I Figure I I. Subtracted image. 

F. Viewers and Viewing 

Four practitioners were identified as viewers for this study. The viewers included 

individuals familiar with viewing and interpreting cross-sectional implant tomograms. 

Each viewer evaluated the film-based images and the digital subtraction images in a well

controlled and standardized setting. The viewers were asked to look at each of the sites 

and rate the presence or absence of a peri-implant radiolucency using the following 

criteria: I-definitely present; 2-probably present; 3-unsure; 4-probably not present; 

and 5-definitely not present (Figure 12). A randomly selected sample of the total 

number of images were viewed again following a minimum of one week between 

readings in order to assess inter-reader variability. 

2L aJCCal Lingual Mesial llstal 
1A 1 
2A 1 
3A 3 

1-D:lfinitay Presait. 
2-Prcn:i:Ay Presalt. 
3-U1sure 
4-Prcn:i:Ay ru Presa1t. 
5-0:lfinitay ru Presa1t. 

2 1 
5 3 
2 1 

2R 
2 1A 
4 2A 
2 3A 

I Figure 12. A sample of evaluation sheet. 

ElJCCal Lingual Mesial 
2 1 
3 2 
1 1 

llstal 
5 4 
1 4 
2 5 
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G. Analysis 

Data analysis involved the use of Paired t-test and 95% Confidence Intervals for 

Sensitivities and Specificities. These analyses revealed the sensitivity and specificity of 

plain film compared to subtracted images of panoramic cross-sectional tomograms and 

consistency of each reader. (The SAS System version 8, Cary, NC, USA) 

Definitions: 

Sensitivity (also called true-positive rate) is the likelihood that a diseased patient has, a 

· positive test. That is, the sensitivity describes the probably that an abnormal test result 

will occur if the patient has the disease. A test may be described by the results of a study 

. in which an index test and a gold standard test are both performed, then the sensitivity 

equals the number of diseased patients with abnormal tests divided by the numbe! of 

diseased patients. 

Sensitivity = TP = True Positive 
TP+FN All Actual Positives 

Specificity (also called true-negative.rate) is the likelihood that a nondiseased patient has 

a normal test result. That is, the specificity describes the probability that a normal test 

result will occur if the patient does not have the disease. The specificity equals the 

number of nondiseased patients with normal tests divided. by the number of nondiseased 

patients. · 

Specificity = TN = 

TN+FP 
True.Negative 

All Actual Negatives 



VI. RESULTS 

The results of all four· viewers are displayed as bar graphs for both first and second view 

(Figure 13 to Figure 18). They show similar counts of number within each bur size for 
. ' 

the first and second reads. The resul{s from the first reads_ are the only data used for 

statistical analyses. They are displayed as bar graphs (Figure 19 to Figure 24). These 

graphs show the trend of higher specificity and sensitivity for the subtracted images. By 

consolidating the confidence levels I and 2 to the present category and 4 and 5 to the not 

present category, the trend of higher specificity and sensitivity for the subtraction images 

_ become more obvious (Figure 25 to Figure-30). The results were analyzed with 95% 

confidence intervals for sensitivities and specificities and paired t-test. 

Sensitivities and Specificities. 

Using the 95% Confidence Intervals for Sensitivities and Specificities analysis 

indicated that overall the subtraction method is significantly more sensitive than the plain 

film images in positively identifying the presence of bony defects. For bur sizes half 

round (0.6mm), number two (1.0mm) and number four (1.4mm), there is no significant 

difference between subtraction verses film images. For bur sizes number six (1.8mm) 

and number eight (2.3mm), there is a clear difference between subtraction and film 

images for positive identification the presence of the lesions (Table I-Section one). The 

defects on the subtracted images are ·easier to identify when the number six (1.8mm) and 

number eight (2.3mm) bur size lesions are present. There is no significant improvement 
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of sensitivity for plain film images from half (0.6mm) round bur to number eight 

(2.3mm) round bur. However, there is a statistical significance between the number four 

(1.4mm) round bur and the number six (1.8mm) round bur in subtraction technique. The 

trend can be seen on the graph (Figµre 29 and 30). In contrast to the trend, the halfround 

bur size (0.6mm) lesions seem more sensitive for the lesion presence confirmation on the 

film images; but there is a minor inconsistency between the first and the second reads 

(Table 1 -Section two). 

The subtraction images also score higher for specificity than the plain film 

images, but there is no statistically significant difference(Table I-Section three and four). 

(With Power analysis, increasing sample size to 80 may show statistical significance. 

(Table 2)). By combining the confidence levels of 1 and 2 to present category and 4 and 

5 to not present category, the overall sensitivity .is about 70 percent (Table 1 section two 

~nd three). 
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Sensitivity 

Specificio: Overall -~ l ~ 2 -a 
(n=32) (n=160) (n=32) (n=32) (n=32) (n=32) (n=32) 

Sectjon one 
lvs2,3,4,5 

Film 
1st read 91(75,98) 24(17,31) 3-1(16,50) 25(11,43) 25(11,43) 28(14,47) 9(2,25) 
2nd read 84(67,95) 23(17,30) 19(7,36) 25(11,43) 25(11,43) 34(19,53) 13(4,29) 

Subtraction 
i st read 100(89,100) 53(44,60) 13(4,29) 28(14,47) 50(32,68) 94(79,99) 78(60,91) 
2nd read 100(89,100) 56(48,63) 16(5,33) 28(14,47) 53(35,71) 100(89,100) 81(64,93) 

Section mo 
1,2vs3,4,5 

Film 
1st read 66(47,81) 53(44,60) 56(38,74) 66(47,81) 47(29,65) 59(41,76) 34(19,53) 
2nd read 59(41,76) 54(46,62) 66(47,81) 59(41,76) 63(44,79) 56(38,74) 25(11,43) 

Subtraction 
1st read 88(71,96) 66(58,73) 19(7,36) 63(44,79) 63( 44, 79) 100(89,100) 84(67,95) 
2nd read 94(79,99) 70(62,76) 31(16,50) 69(50,84) 63( 44,79) 100(89,100) 84(67,95) 

Section three 
1,2,3vs4,5 

Film 
1st read 66(47,81) 54(46,62) 56(38,74) 66(47,81) 50(32,68) 63(44,79) 34(19,53) 
2nd read 59(41,76) 54(46,62) 66(47,81) 59(41,76) 66(47,81) 56(38, 74) 25(11,43) 

Subtraction 
1st read 84(67,95) 71(63,78) 25(11,43) 69(50,84) 72(53,86) 100(89,100) 88(71,96) 
2nd read 88(71,96) 72(64,79) 38(21,56) 72(53,86) 66(47,81) 100(89,100) 84(67,95) 

Section four ' 
1,2,3,4vs5 

Film· 
1st read 38(21,56) 73(66,80) 78(60,91) 81(64,93) 69(50,84) 84(67,95) 53(35,71) 
2nd read 38(21,56) 74(67,81) · 84(67,95) 72(53,86) 81(64,93) 81(64,93) 88(35,71) 

Subtraction 
1st read 69(50,84) 78(70,84) 47(29,65) 78(60,91) 75(57,89) 100(89,100) 88(71,96) 
2nd read 53(35,71) 88(81,92) - 75(57,89) 88(71,96) 81(64,93) 100(89,100) 94(79,99) 

· Table 1: 95% Confidence Intervals for Sensitivities and Specificities (Bold prints indicate 
· statistical significance). 
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Paired t-test 

The results of the paired t-test compared .statistical significance between first and 

second reads and film verses subtraction techniques within each bur size. Using the 

means of the first reads for both subtraction technique and plain films to construct a 

graph. There was a general trend of increasing confirmation of positive identification of 

lesion presence with the increase of lesion size for the subtraction technique. However, 

there was no general trend of increasing confirmation of positive identification of lesion 

presence with the increase of lesion size for the plain film images (Figure 31). For the 

absence of lesions, the differences between 1st and 2nd film images or subtraction images 

readings were not significant (Table 4), but there was a statistical significance between 

subtraction images and film images (Table 4). The subtracted images confidence level 

was significantly higher, or more likely to be scored not present, than Film on both 

readings when the lesions w~re_not pres~nt. This indicates that readers are more-assertive 

-_in reporting the absence of any lesions whe1:1 reading subtracted images. It also showed 

that subtraction images have the trend toward higher specificity. For the bur size number 

half_(0.6m.m); there was no difference between 1st and 2nd film readings (Table 5), but 

there was a statistically significant ~ifference between 1st and 2nd subtraction readings. 

This difference was very small and can be explained by assuming that readers improve 

their ability to read the subtracted images. There was a difference between plain film and 

subtracted images at either reading. The ~ubtracted images score was significantly larger, 

or more likely to be scored not present, than plain film on both readings when the lesions 

were present (Table 5). For the burs ~ize number two (1.0 mm), there was no statistically 

. ~ignificant difference between 1st and 2nd film readings. Also, there was no difference 

between plain film images versus subtracted images (Table 6). For the bur size number 
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four ( 1.4mm), there was a difference between I st and 2nd film readings. The confidence 

level average for the second film reading was lower than the first film reading (Table 7), 

but this difference was very small. There was no significant difference between I st and 

2nd subtracted images, and also there was no difference between plain film and subtracted 

images (Table 7). When looking at Figure 21 and Figure 27, there is a trend toward more 

definitive positive confirmation of lesion presence for subtracted images. Power analysis 

indicates that a sample size of 60 rather than 32 might show statistical _significance, but 

this will not improve the sensitivity of the technique (Table 3). For the bur lesion size 

number six (1.8mm), the difference between 1st and 2nd film and subtracted images 

readings were not significant, but there was a statistical significance between subtracted 

images and plain film images (Table 8). Subtraction images scored significantly lower, 

which means that the readers can identify the presence of lesions on the subtracted 

images easier than on the plain film images. This concurs with the subtracted images 

having significantly higher sensitivity (Table 8). Bur lesion size number eight (2.3mm), 

has similar results to previous bur size images identification. The difference between I st 

and 2nd film and subtracted images readings are not significant, but there is a statistical 

significance between subtracted images and plain film images scores (Table 9). 

Subtraction images scored significantly lower, which means that the readers can identify 

the presence of lesions on the subtracted images easier than on the plain film images. 

This concurs with the higher sensitivity of the subtracted images (Table 9)., 
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Table 4: Bur size = 0 (n=32) 
Reading 1 Reading 2 Difference P-value 

Film 3.6±1.5. . 3.4±1.6 -0.2±1.6 0.52 

Subtraction 4.4±1.0 4.3±0.9 .· -0.1±1.3 0.79 

Difference -0.8±1.8 -0.9±1.9. 

P-Value 0.02* 0.01* · 
·, 

· *Statistically significant difference. 

Table 5: Bur size= ½(0.6mm) (n=32) 
Reading 1 Reading 2 Difference P-value 

Film 2.8±1.6 2.7±1.4 -0.1±1.3 0.59 

Subtraction 4.0±1.4 3.4±1.4 -0.6±1.2 0.02* 

Difference -0.8±1.8 -0.9±1.9 

P-Value 0.004 0.01 

* Statistically significant difference. 

· Table 6: Bur size= 2(1. 0mm) (n=32) 
Reading 1 Reading 2 Difference P-value 

Film 2.6±1.5 2.8±1.6 0.2±1.1 0.27 

Subtraction 2.6±1.5 2.4±1.4 -0.2±1.2 0.38 

Difference 0.0±2.2 0.4±2.4 

P-Value 1.00 0.34 
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Table 7: Bur size = 4(1.4mm) (n=32) 
Reading 1 Reading 2 Difference P-value 

Film 3.1±1.7 2.7±1.5 "'.0.4±1.1 0.04* 

Subtraction 2.4±i.7 2.4±1.7 -0.0±0.9 0.85 

Difference 0.7±2.1 0.3±2.0 

P-Value 0.08 0.85 

*Statistically significant difference. 

Table 8: Bur size·= 6(1.8mm) (n 32) 
Reading 1 Reading 2 Difference P-value 

Film 2.7±1.5 2.7±1.6 0.1±0.7 0.62 

Subtraction 1.1±0.2 1.0±0.0 -0.1±0.2 0.16 

Difference 1.6±1.5 1.7±1.6 

P-Value <0.0001 <0.0001 

T~ble 9: Bur .size= 8(2.3mm) (n=32) 
Reading 1 Reading 2 Difference P-value 

Film 3.7±1.5 3.8±1.5 0.2±0.9 0.34 

Subtraction 1.6±1.4 1.6±1.3 -0.1±0.5 . 0.49 

Difference 2.1±2.1 2.3±1.9 

~-Value <0.0001 <0.0001 
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Proportion N Per Group Standard 95% 95% 
Positive Error Lower Upper 

Population 1 0.60 80 
Population 2 0.38 80 

Rate 0.22 160 0.08 0.07 0.37 
Difference 

Alpha=0.05, Tail=2, Power=0.82 
Power computation: Normal approximation(unweighted mean p) 
Precision computation: Log method 

Table 2. Power analysis for specificity. 

Proportion NPer Group Standard 95% 95% 
Positive Error Lower Upper 

Population 1 0.50 60 
Population 2 0.25 60 

Rate 0.25 120 0.09 0.08 0.42 
Difference 

Alpha=0.05, Tail=2, Power=0.82 
Power computation: Normal approximation( unweighted mean p) 
Precision computation: Log method 

Table 3. Power analysis for sensitivity Bur size number 4. 



.VII. DISCUSSION 

One of the major detriments to routine clinical use of subtraction radiography is 

the reproducibility of.the object position, projection angle and radiographic density. The 

ankylosed nature ofthe.endosseous implant helps solve some of these problems. It 

provides a stable geometric standard for any consecutive films. The OP-100 panoramic· 

machine has positional scales for recording lateral and angular positions of the specimen. 
' . 

In addition, ithas faser light indicator for showing the imaged are~. In ·co~junction with a 

rigid registration material for occlusal ·record and the recorded measures of the positional 

scale, the reproducibility of the subtraction images should be very precise. 

The pnmary advantage of subtraction radiography is the ability to eliminate a 

background of unchanged radiographic structures and only show the area of change. 

Simplification of the background with the subtraction technique eliminates the distraction 

around the are~ of interest, .therefore improving the.visibility of the area of interest. The 

results of this study indicate that subtraction images are more sensitive than the plain film 

images for larg~r size bur lesions. The sensitivities and specificities data showed that 

overall, the subtraction method is significantly more sensitive than the pJain film method 

in positively identifying presence of larger lesions created by number six and number 

eight round burs. Additionally, there was a trend toward higher, but not statistically 

significant, sensitivities for subtraction method for the number four size bur lesions. 
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These· results should not be surprising. While all study lesions were small. The volume 

of the½ ro~nd b1:1r lesion was less than 0.14mm3 was one ~elfth to one fifty-sixth the 

size of the #4-8 round bur lesions. :Likewise, the #2 .bur lesions had a volume of less than 

0.5mm3 which was ¼ to 1/17 the volume of the larger bur 'iesions. The sensitivity and 

specificities data also showed there was a trend suggesting the subtraction has higher 

specificity but it is not statistically significant. Following power analysis, increasing the 

sample size from 32 to 80 might obtain the statistical significance (Table 2) .. 
. . 

Paired t-Test Analysis was used to compare· the difference between first, second · 

reads, subtraction images and plain film images within each bur size. This analysis 

showed the subtraction method definitely has a higher specificity than the plain film 

method. For the half round (0.6mm) bur size lesions, the readings are very similar to the 

ab.sence of any lesions. Apparently readers could not identify the existence of any lesions 

· with either method for this size of lesions. Most readers still denied the existence of the 

lesions at this bur size. When the lesion size· increases, the readers begin to identify the 

existence of lesions. There is no difference in the readers' ability to identify lesion 

presence with either method for bur lesion sizes number two (1.0mm) and number four 

(1.4mm). But when the bur size increase to number six (1.8mm) and number eight 

(2.3mm), there is a significant ·difference in identification of lesions between subtracted 

images and plain film images. In addition, there is a clear trend of improving ability of 

the readers to identify bur lesions when the bur lesion size increases for the subtraction 

method. The same trend does not exist in the plain film images up to the bur lesion size 

number eight. Readers are much more positive in confirming the existence· of lesions on 

the subtracted images. The· results indicated that .the 1st and 2nd reads are very consistent 
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for either method. Except for the half (0.6mm) round bur size subtracted images, the 

average score dropped to a statistically significant level, but it is still at the confidence 

level range of 3 to 4. For the number four round bur lesions, there is a statistically 

significant difference between readings of plain film images. The second reads are better 

than the first reads, but the difference is very small. This is just an isolated case of 
. ' 

showing possible improvement of the readers' ability to read film images at this bur size. 

Images from the panoramic cross-sectional tomography have low sensitivity for 

all different bur size lesions in this study. Readers were unable to identify lesion 

presence consistently. This can be attributed to the blurry nature of the linear plain film 

tomography. The application of this modality by itself for pen-implant follow-up is 

questionable. However, using it with a subtraction technique, the sensitivity and 

specificity significantly improves. Without the distraction of the surrounding structures, ' 

the area of change can be identified more readily. Similar to studies completed by 

Prapanpoch S et al and Ludlow JB et al, subtraction. techniques statistically improve the 

lesion detection level of viewers. With this study design, using cross-sectional 

tomography wit~ subtraction technique, viewers can detect lesions equal to or larger than 

1.8mm consistently. The overall sensitivity is about 66% to 72% (Table 1, section two 

and three), which is in the sensitivity range of caries diagnosis from the bitewing 

intraoral radiographs (Heaven TJ et al, 1999). Therefore, lesion 'size changes may need to 

be equal or larger than l.8mm __ to be detected at the facial and lingual aspects of the 

implant. The sensitivity might not be enough for detecting smaller bony changes. The 

site and size specific lesions are created around implants as dimples. This might 
.' .- .,_ . 

contri_bute to lower~ng the sensitivity .. ofboth modalities. The p~noramic cross-sectional 
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tomography has the ability for imaging different slice thickness. This experimental result 

used the smallest slice setting of 2 mm. If the shape of the lesi9ns is created as semi

circumferential trenches, the sensitivities for both plain :qlm and subtraction technique 

may go up due to the increase of the lesion mass. 



VIII. CONCLUSIONS 

The images-produced by panoramic cross-sectional tomography hav~ low 

sensitivity for consistent detection ~f small bony changes around implants .. The·. 

combination of digital subtraction and panoramic cross-sectional tomography 

significantly improved the detection level of facial and lingual lesions around an 

endosseous implant. Using- the subtraction technique, viewers .. corild consistently identify 

lesions equal to or larger than 1.8 mm. Without combining subtraction technique with 

cross-sectional tomography, the positive identification of lesions is not consistent for all 

tested bur size lesions. The sensitivity and specificity of the panoramic cross-sectional 

tomographic images are low, but combining with subtraction technique; it can definitely 

help evaluating the buccal and lingual aspects of peri-implant bone status. 
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Figure 13. First and second reads of all four viewers for no lesion 
presence. 
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□ Film 1st read Film 2nd read □ Subtraction 1st read □ Subtraction 2nd read 
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Figure 14. First and second· reads of all four viewers for bur size number 
111. 
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Figure 15. First and second reads of all four viewers for bur size number 2. 
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Figure 16. First and second reads of all four viewers for bur size number 4 . 
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Figure 17. First and second reads of all four viewers for bur size number 6. 
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Figure 18. First and second reads of all four viewers for bur size number 8. 
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Figure 19. Confined to first read only for all viewers for no lesion presence. 



('-l 
I. 
~ 

.Q 

E 
= z 

1 ■ 1st Film reads □ 1st Subtraction reads 

18 -------------,,---------.------,,-----, 
17 

16 +-----t--------11-------+-----+----t 

14 ....,_ ____ ..,_ ____ .,_ ___ ---l ____ --+_---1 

12 -

10 

8 

6 

4 

2 

0 

10 

1 

Definitely 
Present 

2 

2 

Probably 1 

Present 

2 

0 

3 

Unsure 

7 7 7 

4 5 
I 

I I 

1Probably Not ' Definitely 
I I 

Present I Not Present 1 
I 

Confidence Levels (lesion size=0.6mm) 

Figure 20. Confined to first read only for all viewers for bur size number 112. 

47 



f 
~ 

..c 
E 
= z 

■ 1st Film reads □ 1st Subtraction reads 

14 --------------------------
13 

12 +-----.,_ 

10 ...,_ ____ ,._ 

9 

8 

6 

4 

2 

0 

1 2 

Definitely I Probably 1 

Present Present 

0 

3 

2 

I 

I 

7 

4 5 

Unsure :Probably Not : Definitely 1 

Present I Not Present 1 

I 

Confidence Levels (lesion size=l.Omm) 

Figure 21. Confined to first read only for all viewers for bur size number 2. 
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Figure 22. Confined to first read only for all viewers for bur size number 4. 
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Figure 23. Confined to first read only for all viewers for bur size number 6. 
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Figure 24. Confined to first read only for all viewers for bur size number If. 
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Figure 25. Al/four viewers results with levels 1,2 and 3,4 consolidated for 
no lesion presence. 
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Figure 26. Al/four viewers results wit!, levels 1,2 and 3,4 consolidated/or 
bur size number 112. 
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Figure 27. Al/four viewers results with levels 1,2 and 3,4 consolidated for 
bur size number 2. 
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Figure 28. Al/four viewers results with levels 1,2 and 3,4 consolidated for 
bur size number 4. 
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Figure 29. Al/four viewers results with levels 1,2 and 3,4 consolidated/or 
bur size number 6. 
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Figure 30.Allfour viewers results with levels 1,2 and 3,4 consolidated/or 
bur size number 8. 
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Figure 31. The m,erage confidence levels/or plain film verses 
subtracted images. 
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