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Statement of the Problem 

Radiographic images have been a major diagnostic tool in dentistry for over a hundred 

years (Goaz &White 1987). These images are routinely used to evaluate the overall 

composition of maxillofacial bony structures, especially tooth supporting bone and teeth, 

including the crown, root, and pulp chamber. Radiographs are regularly employed to 

ascertain the existence, extent, and location of dental caries, and the presence and extent 

of periodontal disease. They are also heavily relied upon in detecting the presence of 

abnormalities such as cysts, abscesses, and tumors. Furthermore, they may assist the 

practitioner in analyzing diagnostic situations where variations from normal are identified 

through radiographic or visual examination. An understanding of how normal anatomical 

structures are represented on the radiographic image is fundamental to the use of these 

images as a diagnostic aid. Indeed, most structures that appear on intra and extra-oral 

radiographs have been identified. The internal aspect of alveolar bone has been given 

multiple names. It has been referred to as cancellous, medullary, spongy or trabecular 

bone, and these terms are freely exchanged with one another. This bone tissue consists of 

slender spicules, trabecula, and lamellae joined into a spongy structure which resembles a 

latticework (Gray 1973). Dental academics and clinicians have historically assumed the 

lattice-like pattern observed on intra-oral radiographs to be an accurate image of the 

internal bony medullary cavity. 

1 
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Explaining that cancellous bone was found where the chief function of the bone was to 

transmit tensile and compressive strains, Ennis, Barry and Phillips (1967) found that the 

thickness and closeness of spacing of trabeculae in bone vary directly with the intensity 

of the stresses transmitted by them. They stated that a closer spacing of trabeculae 

around a tooth is evidence of an increase in the stress of mastication, while a wider 

spacing is characteristic of a disuse atrophy of the part. 

Dental clinicians have traditionally interpreted and acted on the preconceived notion that 

they understand what is seen on the developed radiograph. Qualitative observations 

concerning this bony pattern are relied upon in 1:11any aspects of dentistry. However, a 

series of studies beginning in 1962 suggested the striae pattern visualized may not be 

derived from medullary spaces, but may instead possibly be a representation of the 

endosteal surface of cortical bone (Parfitt 1962). 

Many of dentistry's current trends in thinking follow a pattern not wholly composed of 

scientific absolutes. Much of what the dental community understands concerning 

radiographic images stems from results of artificial bone defect experiments performed 

using conventional radiographic techniques. Dentists continue to assume what they are 

seeing on radiographs is a well-derived, two dimensional image of a three dimensional 

bony structure. !he problem with this assumption is that there is no way to know the 

exact location, in a bucco-lingual dimension, of the structures revealed on the image. 

Experiments show that lesions often can not be visualized if contained completely within 

medullary bone (Ramadan 1962). 
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To date, most studies have employed visual analysis of hard and soft tissue through the 

comparison of sequential radiographs. Several studies, however, have concluded that 

inter-observer variation was the most important variable affecting diagnostic quality of 

radiographs (Shaw & Murray, 1975; Arnold, 1987; Okano et al, 1985). This is due in part 

to the subjective nature ofradiographic observations. 

SIGNIFICANCE 

Diagnosis of endodontic pathology· currently relies heavily upon radiographic 

interpretation. It is not uncommon, however, for a patient to present with clinical 

symptoms such. as pain and cold sensitivity while visual examination of the diagnostic 

radiograph shows no major alterations in the periapical area (Cohen & Burns 1976). 

Many clinicians intuitively believe that in such a .scenario it is possible for bony 

destruction to occur without simultaneous radiographic evidence due to a number of 

factors. Among these are root apex location, density of the cortical alveolar housing, and 

the duration of the lesion (Weine, 1976). The ability to more clearly understand the 

origins of and to visually detect early periapical pathology would greatly benefit the 

endodontic clinician. 

One of the most useful diagnostic aids in the assessment of periodontitis is radiographic 

evidence of bone loss. Periodontal destruction is a complex pathological degradation of 

the entire attachment apparatus via both bacterial and host mechanisms. Along with 

clinical attachment levels and other clinical indicators of disease, pre-surgical 
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interpretation of t~e alveolar architecture relies heavily on standard intra-oral 

radiographs. At this time, dental radiographs often tell little about the true topography of 

intrabony defects and moat-like craters that can result from periodontitis. To be able to 

more accurately predict the morphology and extent of the diseased alveolar architecture 

would allow the surgical clinician to more easily plan his or her surgical approach, be it 

resective or regenerative in nature. 

The safe and predictable surgical placement of modem dental implants would be nearly 

impossible without the use of radiographic imaging. It is imperative that bone quality, 

bone morphology, and the location of vital structures in the vicinity are addressed during 

the treatment planning phase. Among the techniques applied to implantology are 

standard x-rays, plain tomography, and CT(computerized tomography). Cortical 

thickness and medullary density are often limiting factors in implant integration and/or 

survivability. At this time, the striae pattern in dental radiographs offers little 

information concerning the true density of bone in a particular osteotomy site, and bone 

density is one of the most important factors in initial implant stability. A visually dense 

trabecular network as observed preoperatively may reveal itself during surgery to be 

nothing more than loosely organized marrow spaces not suited for implant placement. 

This is a routine problem in the posterior maxilla, where the bone tends to be fairly "soft" 

as compared to the mandible as a whole (Misch, 1999). A more accurate radiographic 

diagnosis of bone density would prove to be invaluable in this aspect of dentistry. 
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This study is premised on the belief that although the physical thinning of bone density 

may not always be visibly apparent or may be misinterpreted, diagnostically important 

information may be extracted from most radiographs, using the proper processing and 

statistical analysis of digital data. The techniques used in this study were unique 

applications of dental digital analysis techniques that have demonstrated success in 

previous studies of periodontal disease. The purpose of this research project was to 

determine the source/origin of the bony architectural image seen on conventional dental 

radiographic images and to discover the anatomical location of the structures interpreted 

as trabeculae. The significance of being able to precisely locate the origin of the 

developed image will be evident in nearly all aspects of dentistry, with the most 

promising benefits to be seen in pathology, endodontics, periodontics, and implantology. 

Literature Review 

Anatomy of the Alveolar Process 

A traditional description of the alveolar process defines it as that part of the maxilla or 

mandible forming and supporting the teeth. For functional/anatomical reasons, the 

alveolar process has been divided into two parts: the alveolar bone proper and the 

supporting bone. The portion of the process extending between the roots of adjacent 

teeth is called the interdental septum, which consists primarily of cancellous bone, also 

called medullary, spongy, trabecular bone or spongiosa. Cancellous bone is located 

between the labial and lingual cortical plates. The boundaries of the spongy interdental 

septum are also defined by the thin, compact bone which lines the tooth socket. This 
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alveolar bone contains the embedded ends of the connective tissue fibers of the 

periodontal membrane (Sharpey's fibers), and is pierced by many small openings through 

which blood vessels, lymphatics, and nerve fibers pass. The alveolar bone fuses with the 

cortical plates of the labial and lingual sides at the crest of the alveolar process. The 

cortical plates are generally thicker in the mandible (Goldman et al 1973; Grant et al 

1972; Glickman, 1972) Thirty years ago, Glickman (1972) suggested that the entire 

alveolar process be designated as alveolar bone, which is commonly done today. 

As stated previously, the alveolar process is formed by an outer cortex and an inner 

trabecular, or cancellous, portion. Cortical bone, often referred to as lamellar or compact 

bone, is characterized by its dense composition, lacking the marrow spaces seen in 

neighboring spongy bone (Cavalcanti, et al 1999). The medullary bone between the 

cortical plates consists of a complex network of trabeculae that is apparently 

radiographically evident in a web-like arrangement referred to as striae. These trabeculae 

traverse the medullary space in a lacy meshwork that actually has no fully encompassed 

spaces. Radiographic and histographic sections appear to show enclosed cancellous 

"spaces," but dissecting microscopy reveals no actual spaces surrounded by bone (Parfitt, 

1962). No singular area of marrow is completely walled off from the medullary space 

proper, but for simplicity sake, the cavities represented on routine radiographs are 

commonly referred to as spaces. Interpreting the quality of both the outer cortex and 

inner trabeculae through intraoral radiography is an integral part of many diagnostic and 

therapeutic procedures. 
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Bone Density 

From a clinical point of view, it is important to realize that a tremendous amount of 

variability in bone density exists among different people and also within the same 

skeleton. As a general rule, the bone of the human maxilla is less dense and the marrow 

spaces larger than that of the mandible (Misch 1999). One of the most commonly used 

classifications of human alveolar bone density is the one proposed by Leckholm and Zarb 

(1985). Four bone qualities were found in their analysis of the anterior regions of the 

jaw. Quality 1 was composed of homogeneous compact bone. Quality 2 had a thick 

layer of compact bone surrounding a core of dense trabecular bone. Quality 3 was found 

to possess a thin layer of cortical bone surrounding dense trabecular bone of favorable 

strength. Quality 4 had a thin layer of cortical bone surrounding a core of low-density 

trabecular bone. This scale is clinically important in that bone quality is one of the 

determining factors in dental implant success. Engquist et al. (1988) concluded that 78% 

of all reported failures in his study group were in Quality 4 bone. This is similar to the 

findings of Friberg et al. (1988) who observed 66% of all implant failures were in soft 

bone. 

Numerous, independent studies have reported higher implant failure rates in poor quality 

bone compared to higher quality bone (Brannemark et al., 1977; Engquist et al., 1988; 

Friberg et al., 1988). Historically, the highest clinical failure rates have been noted in the 

posterior maxilla, and following a standardized surgical and prosthetic protocol, a 10% 

greater success rate was found in the anterior mandible compared to the anterior maxilla 

by Adell et al: (1981). The anterior mandible has greater bone density than the anterior 
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maxilla. The posterior mandible has poorer bone density than the anterior mandible 

(Misch 1999). Taking these findings into account, it is apparent that a wide range of 

implant survival rates exists relative to implant location. 

Visualization of the Trabecular Pattern 

Parfitt (1962) evaluated 1131 radiographs to establish normal variations of alveolar bone 

trabeculation. He suggested that changes in the trabecular pattern could be related to local· 

or general disease. Ramadan and Mitchell (1962) investigated the efficacy ofradiographs 

in visualizing a wide range of structures. They investigated the amounts of supporting 

cortical and central trabecular bone in relation to teeth. They also assessed radiographic 

detection of periodontal and periapical alveolar bone loss in an attempt to determine 

whether effective registration of either the buccal or lingual alveolar plate is possible on 

conventional radiographic images. These experiments dealing with location-dependent, 

artificially created bony defects have been instrumental in analyzing trabecular and 

cortical architecture. Ramadan and Mitchell (1962) demonstrated that infrabony pockets 

can exist clinically without being radiographically evident on standard intraoral films. 

During these studies, 1-2 mm vertical defects made on the buccal and lingual alveolar 

crest were not radiographically visible, illustrating that vertical defects less than 3 mm are 

rarely visually detectable. Experimental bone destruction models furnished evidence that 

periapical radiographic lesions only become visually evident once bone at the 

cortical/medullary junction has been destroyed (Glickman 1972). 
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In his experimentally produced bone lesion study, Van der Stelt (1985), determined that 

removal of cancellous bone does not influence the radiographic image in a visible way. 

He also found that alterations of the corticomedullary junction change the trabecular 

pattern but do not produce a visually detectable radiolucency. (Young et al, 1996) 

performed a quantitative analysis study of periodontal defects in a skull model using 

subtraction radiography with a digital imaging device. They determined that at the time 

of their study, the imaging system utilized was not sufficiently accurate to establish 
' 

absolute determinations of the bone loss, but would be clinically useful in determining 

relative changes in bone loss or gain after treatment. 

Radiographic Techniques 

Standard dental radiography is the most widely used method for quantification of alveolar 

bone. The most common intra-oral method involves an x-ray beam directed through a 

portion of the dental arch where it strikes an x-ray detector (film) placed opposite the 

alveolar crest. An image is formed on the film based on differences in attenuation 

(absorption) of the x-rays as they pass through bony and soft tissue structures of varying 

density (Hildebolt et al, 1994). Darker areas in the final image indicate where x-ray 

photon penetration is the greatest, while areas of thickest bone and tissue absorb more 

photons, rendering a scale of relative white. 

Radiation Physics 

Radiation is the transmission of energy through space and matter. (Goaz & White, 1987) 

Two major types ofradiation exist: electromagnetic and particulate. 
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Electromagnetic radiation is produced when the speed of an electrically charged particle 

is altered. It is defined as a measure of this energy through space taking into account 

electric and magnetic fields. Forms of this type of radiation include ultraviolet rays, x 

rays, visible light, television, radar and, radio-waves. Radiation of this kind can be 

divided into either ionizing or non-ionizing radiation. Ionization can be loosely defined 

as the process of converting atoms to ions. If the radiation carries enough energy to 

remove orbital electrons from the matter it strikes upon impact, it is considered to be 

ionizing. 

Particulate radiation consists of atomic nuclei or subatomic particles that transmit kinetic 

energy by means of their small masses moving at very high velocities. (Goaz & White, 

1987) Examples of this form of radiation include beta rays, alpha rays, and the cathode 

rays emitted from standard dental X-ray units. Alpha rays consist of a stream of doubly 

ionized helium nuclei. Due to their atomic composition, alpha particles have lost two 

electrons. The intrinsically heavy mass of the alpha particle, coupled with its dual 

charge, accounts for many properties of this type of radiation. The alpha particle becomes 

a neutrally charged helium atom upon gaining two electrons. Therefore, upon impact 

with matter, it rapidly gives up its energy and penetrates only minutely into most ordinary 

objects. 

Cathode rays are composed of a stream of beta rays that are emitted as high speed 

electrons originating from an x-ray tube. The particles emitted from a standard tube-head 

travel at speeds approaching the speed of light. These particles are able to penetrate 
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matter, m this case, the hard tissue of the human skeletal system, much more 

impressively than alpha particles. Cathode rays and beta rays are both electrons, but 

differ in their source. Beta rays originate from a decaying neutron, whereas cathode rays 

( as stated earlier) originate from the cathode of a vacuum tube. The cathode particles are 

relatively light in weight and are burdened by only a single negative charge. The ability 

for the alpha ray to ionize the tissue it penetrates is more profound than that of the 

cathode ray. Since the ability of particulate radiation to ionize atoms is dependent upon 

its kinetic energy and its charge, the differences in alpha and cathode ray particles 

become obvious. Alpha particles are densely ionizing and can be more damaging per 

unit dose than the sparsely ionizing cathode particles. 

Direct Digital Imaging 

The process of digitization must not be confused with direct digital imaging. In the 

direct system, a unique charge coupled device (CCD) is used to produce a filmless direct 

digital image. Several commercially available systems employ CCDs that interface in 

various ways with computer hardware. One of the more common systems is outlined as 

follows: X-rays are converted to light through the use of a sensor containing an 

intensifying screen. A fiber optic bundle transmits emitted light to an intra-oral CCD, 

which in turn, produces charges proportional to the amount of radiation absorbed by 

various tissues. This analog signal is then converted to a digital code before producing 

the final digital image (Mouyen et al, 1989). 
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Analyzing Radiographs 

In his Image Processing Handbook, John C. Russ (1995) indicates that image processing 

may be used for two rather different purposes: to improve visualization of an image, and 

to extract data from an image. Data embedded within a digital image is contained in a 

spatial and a frequency domain. One expression of the spatial structure of an image is 

called texture, where regions of an image may be characterized by a variation in 

brightness (Russ, 1995). Techniques commonly employed to analyze texture include 

fractal analysis and morphologic analysis, both of which have been applied to 

dentistry(Ruttiman & Ship, 1990; Khosravi et al, 1995; Ruttiman et al, 1992; Mo! et al, 

1992). 

Radiometric Analysis 

Radiographic images have a number of characteristics. These include density, contrast, 

and resolution. These characteristics and the image geometry are major contributors to a 

radiograph's uniqueness. Interpretation of a radiograph involves consciously or 

unconsciously differentiating between the geometry and the characteristics of an image 

. with a preconceived ideal or other radiograph. In the normal radiograph, denser 

structures (teeth and bone) appear radiopaque while soft tissues appear radiolucent(darker 

or black) so the observer sees variations in density. Conclusions drawn from these 

variations employ a mental radiometric analysis leading to a diagnosis. Likewise, a 

machine ( densitometer) may be used to measure density changes to quantify the changes. 

Studying those quantified changes is another form of radiometric analysis. 
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Morphometric Analysis 

Some of the techniques that have been previously used include strut analysis, assessment 

of trabecular bone factor, and marrow space volume. Histomorphometric structural 

analysis has been employed for several years by bone researchers to study and quantify 

bone changes. Some of the techniques that have been previously used include strut 

analysis, assessment of trabecular bone factor, and marrow space volume. It has been 

stated that a high correlation has been associated with these three techniques (Croucher et 

al., 1996). 

Morphometric image-processing routines alter or use shapes within an image by using a 

set of mathematical operators to enhance or suppress image pixels based on size, shape, 

spatial arrangement, or density (Aaron et al, 1992). Morphometric processing 

traditionally uses these mathematical geometric operators, known as structuring elements. 

The core of morphometric operations (MO) is a set of structuring elements used for 

erosion, dilation, opening, closing, and/or skeletonization of a particular image. These 

operators function with binary (i.e. black and white only) or gray scale image data. The 

net result of MO procedures on an image is an alteration, which may totally change its 

original appearance. This allows for measurements, observation, or additional MO 

procedures that weren't previously possible. 

The use of morphologic operators on images of bone structure has been applied to the 

analysis oftrabecular length, number, character, and spacing (Aaron et al, 1992), and will 

prove to be a valuable tool in this study. 
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Fractal Dimension 

Mandelbrot proposed the idea of a fractal (short for "fractional dimension") as a way to 

cope with problems of scale in the real world. He defined a fractal to be any curve or 

surface that is independent of scale. This property, referred to as self-similarity, means 

that any portion of the curve, if blown up in scale, would appear identical to the whole 

curve. Thus the transition from one scale to another can be represented as iterations of a 

scaling process (Green 1993). 

Fractal dimension is a measure of how "complicated" a self-similar figure is. For 

example, by the addition of equidistant lines vertically and horizontally, a square may be 

broken into numerous, if not a nearly infinite number of self-similar squares, each with 

maguification factor N. The dimension ofa self similar object is the exponent of the 

number of self-similar pieces with magnification factor N into which the figure may be 

broken. (BU Math Homepage, 2002). Some of the original uses of fractal analysis had 

to do with the measurement of coastlines and other geographical data collection. If one 

were to measure the length of the Alaskan coastline, for example, certain parameters 

would need to be set concerning the length of measurement. Due to the convoluted nature 

of the coastline, the length of measurement weighs heavily on the actual outcome. From 

space, the coastline could be measured as a relatively straight line with a rough length of 

1500 miles. If one were to walk the entire coastline measuring actual feet traveled, 

however, the length increases significantly. Measure the distance with a micrometer, and 

the final length increases exponentially. This basic concept roughly describes how 



fractals can be characterized by the way in which representation of their structure 

changes with changing scale. 

Medical radiologists have used fractal analysis as an indicator of changes within bone 

and assert that this method is independent of such variables as projection geometry, 

alignment, and radiodensity (Buckland-Wright et al, 1994; Lynch et al 1991). 
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Trabecular networks of alveolar bone have been shown to have a fractal nature that can 

be at least partially characterized by their fractal dimensions (Lundahl et al 1986, Van 

Der Seit et al 1990). Dental researchers have suggested that fractal analysis may be a 

suitable descriptor of bone structure and may provide a diagnostic tool to characterize 

trabecular bone structure. This type of analysis may also be used to discriminate between 

normal and periodontally compromised subjects (Shrout et al 1993). The potential for 

fractal analysis in clinical diagnosis has been previously demonstrated using 

nonstandardized intraoral radiographs (Ruttiman & Ship 1990). These studies illustrate 

the potential of using fractal analysis to characterize trabecular bone based on the premise 

that the canellous network of the inner aspect of the human mandible is comprised of 

interconnecting bony struts that possess an inherent geometric regularity rendering it 

applicable to mathematical fractal pattern analysis. 

The intent of this research is to determine the source ( origin) of the bony architectural 

image seen on conventional dental radiographic images and to discover the anatomical 

location of the structures interpreted as trabeculae. 
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Hypothesis 

The intrabony trabecular pattern observed in routine dental radiographs is a 

representation of only the endosteal surface of cortical bone, not of inter-medullary striae. 

Materials and Methods 

Six sections of human cadaver mandible were used in this study. All human specimens 

were approved through the Human Assurance Committee. The specimens were removed 

from the middle body of the mandible, anterior to the ramus of edentulous subjects. The 

sections were fairly similar in size and shape, though variations obviously existed based 

on the origin of the samples. 

Two holes, Imm in diameter, were drilled through the outer comers of each section. 

Stainless steel posts (Para-Post System. Whaledent International. N.Y.10001) were 

placed through the holes after the sections were cut sagitally into two halves. This 

arrangement allowed for an easily reproducible approximation of the bony unit after 

repeatedly separating the two halves. Each section was assigned a mesial and distal end 

and a facial and lingual surface based on the original morphology of the mandible. The 

sections were labeled numerically from #1-6 using X-Ray I.D. Number stickers 

(Microcopy, P.O. Box 3047 Kennesaw, GA 30144). 
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Using dental laboratory stone, each bone section was mounted in a plastic Die-Lok 

(Sturgident Ltd., Los Angeles, CA) quadrant tray attached to a vertical stand for stability. 

The tray was mounted between a standard X-ray tube head and an X-ray film holder. A 

standard long-cone, circular collimation tube head was used throughout the study. A 

constant filmspeed and film were used for all radiographs.(Kodak, E-speed film; Eastman 

Kodak Co. Rochester, NY 14650). A constant voltage (KvP) and current (mA) setting of 

75KvP/7ma allowed for consistency in all radiographs. Both a standard radiographic 

film and a digital radiograph were taken at each stage. The CCD sensor was mounted 

on the opposite side of the bone from the tube head and secured with a rubber band. 

Initial radiographs were taken of each section, after the sagittal cut, but prior to any 

alterations. 

Using a #8 round bur in a slow speed dental handpiece, trabecular and cortical bone was 

removed from each half in four stages. 1) The bulk of medullary bone was removed from 

the mesial/facial area and the distal/lingual area of each section. 2) The bulk of 

medullary bone was removed from mesial/lingual and distal/facial areas of each section. 

3) The corticomedullary junction was removed and polished with a large acrylic bur from 

the mesial/facial and distal/lingual areas. 4) The corticomedullary junction was removed 

and polished from the mesial/lingual and distal/facial areas. Bone removal was stopped at 

this point. Radio graphs were taken at each step, including a radio graph of the complete, 

intact section, resulting in a total of five images for each of the six sections (Figure 1 ). 



Figure 1: Bone Removal Diagram 
Flow diagram illustrating the sequential process of bone removal for each 

segment. 
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The positioning of the tubehead and bone section can be visualized in Figure 2. A 2.5cm 

plexiglas soft-tissue equivalent was placed between the tubehead and bone specimen. 

This compensated for the fact that when intra-oral radiographs are taken, the x-ray beam 

is attenuated as it passes through the soft tissues of the cheek and oral mucosa. An 

aluminum step-wedge was included in each shot to help standardize final images. 

Digital radiographs were collected on the Shick software and saved as individual files on 

a floppy disk and transferred to a personal computer with an 8-bit color display 

(Macintosh, Apple Computer Corp., Cupertino, Ca.). Images were saved and viewed at 

50-µm pixel spatial resolution and 8-bit contrast resolution. 

Although images were exposed at constant tube head settings and distance was held 

constant, a final densitometric calibration was done using the "calibrate" function in NIH 

Image, using the step wedge portion of the images. NIH Image is a public domain 

program found on the World Wide Web (Wayne Rasband, US National Institute of 

Health). 

Regions of interest (ROis) were selected within each image, generally within the outline 

formed by the placement/alignment posts placed in the bone (Figure 3). A region of 

interest is a pre-selected area of interest to be analyzed. All digital manipulations and 



Figure 2: Photograph of Mounted Mandibular Segment 
Mandibular segments were mounted in a repeatable position using 

standard dental stone poured into a Die-Lok tray. 



Figure 2 

Frontal view of Mounted Mandibular Section and X-ray tube
head alignment device 
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Figure 3: Example of digital image with a Region Oflnterest(ROI) 
outlined 

All images were saved as separate files and rectangular shaped ROI's 
were selected from the center of each shot. 
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Figure 3 

Example of Digital Image and ROI 
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measurements were made within the RO Is rather than of the entire original radio graph. 

This resulted in an ROI for each of the five steps for the mandible sections. It was from 

these 30 individual ROI's that our data was gathered. The image files were loaded into 

NIH Image. 

The following is a brief description of the macro used to analyze each image. The MO 

methods that we used are modifications of methods that have been previously used to 

analyze bone trabeculae. In those earlier studies, high and low pass filtering was used to 

suppress image noise. The macro used to analyze each image followed these steps: A 

median filter was used to remove high frequency noise and a Gausian filter to remove 

low frequency noise. This is done by blurring the image and subtracting the blurred 

image from the original. After filtering, images were made binary and then 

skeletonized. The protocol was based on the methods described by Geraets et al., (1990) 

and more recently by White et al., (1998). With this approach, quantifications were 

performed by counting the number of trabecular ends, intersections, and segments. The 

individual sums for each ROI were divided by the area of the respective ROI to get an 

average density per unit area. We refer to the resulting MO values as ends, 

intersections, or segments. We also added the MO values for ends, intersections, and 

segments and calculated an average value, which we refer to Average (EIS) per unit 

area. 

Me·an gray levels were derived from the ROI selected on each of the images. This value 

was recorded and labeled by the macro for each successive image. Both the standard 

and skeletonized images collected for each successive stage were converted from TIFF 
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format into Bitmap format for use on a PC based fractal analysis program. Images saved 

for use with Macintosh PC conversion programs were repeatedly saved and converted to 

a more PC compatible format due to the fact that the NIH Image program used for the 

MO analysis is a Macintosh program, and all other manipulations required standard PC 

programs. 

The 30 standard files were entered into a Benoit™ Fractal Analysis program (Trusoft 

International Inc, St. Petersburg, FL) on the PC (Figure 4). This program is a fractal 

dimension calculator. It takes black and white images iri the Bitmap form and uses the 

box counting algorithm to determine the fractal dimension of the object represented in the 

image. The program provides a relatively simple method for gathering quantifiable data 

from an estimation of fractal dimension of self -similar patterns. The Benoit box 

dimension estimation method places a square mesh of various sizes ( s) over the image_ 

containing the object. The number of mesh boxes N(s) that coritain part of the image are 

counted at each square reduction. The size of the squares in the mesh is sequentially 

reduced. The fractal (box) dimension D is given by the slope of the linear portion of a 

log(N(s)) vs log(l/s) graph. The numerical values collected for each image were saved in 

a Microsoft Excell© spreadsheet. The values for the fractal analysis are labeled FA. 

Values were recorded for each of the images and a standard deviation was also calculated 

to correspond to each value. The respective data is referred to as MOF A(Morphometric 

Operations/Fractal Analysis). 



Figure 4: Screen Shot Of Benoit Box Dimension Estimation Method 
Calculations for Fractal Dimension and Morphologic Operations on 
Fractal Dimensions were rendered using the Benoit Box Dimension 

estimation Method A skeletonized image is processed on logarithmic 
axes and a numerical value is reported along with a Standard Deviation. 
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Radiometric Analysis 

As previously stated, one of the characteristics of a radiographic image is the density of 

image objects. When bone is removed from an object, its radiographic image density 

would be expected to change. Various radiometric discriminators, mean gray scale and 

standard deviations, were extracted from regions of interest (RO Is) within the original 

images. The mean gray levels and all other analytic operations were produced from an 

(ROI) that was kept constant for all of the images in the series. Very small changes may 

not be visibly detectible to the human eye, but may be measurable in data taken from the 

digital image. The mean gray level (density) was calculated for each ROI on each 

density standardized radiograph. The bone change condition and the area ratios were 

analyzed. A typical histogram from a single ROI will tend to be represented by a bell 

shaped curve corresponding to points plotted from total pixels in each of the 256 bins. 

Though each saved image was accompanied by a histogram, analysis could be, but was 

not done on histograms in this study. 

Morphometric Analysis 

Morphometric image processing alters images by using a set of mathematical operators 

to enhance or suppress image pixels based on their spatial arrangements and/or densities. 

The MO techniques employed have been presented in previous research reports. An 

image processmg software (Object-Image©, written by Norbert Vischer 

http://simon.bio.uva.nl/object-image.html) was used in this study. This program is an 

extended version ofW. Rasband's NIH Image© program, and like NIH Image©, Object

Image© processes MO procedures using binary images. In this study, gray scales were 
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set so that white had a O gray-scale value and absolute black, a value of 256. With this 

approach, quantifications were performed on a skeletonized image by counting the 

number of trabecular ends, intersections, and segments. The individual sums for each 

ROI were divided by the area of the respective ROI to get an average density per unit 

area. We will refer to the resulting MO values as Ends, Intersections, or Segments. We 

added the MO values for ends, intersections, and segments and calculated an average 

value which we referred to as average EIS (ends, intersections, and segments) per unit 

area. 

Observer Examination 

Human visual interpretation of the collected images was conducted through a written 

examination. Six examiners, each of them dentists from accredited United States dental 

schools, were emolled in the study. Among the examiners were an oral surgeon, a 

periodontist, a general dentist, and three residents emolled in a postdoctoral periodontics 

residency. Each examiner reported having clinical experience working with both 

standard and digital radiographs. Examinations were presented in a Microsoft 

Powerpoint© (Microsoft Corporation, Redmond, Washington) program and taken by 

each examiner on his or her own personal office computer at the Medical College of 

Georgia, School of Dentistry in Augusta, GA. Individual computer monitors were not 

standardized in regards to color, contrast, or brightness. A coversheet with exam 

instructions was attached to the beginning of each presentation. 
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The examination was designed to compare the successively altered images. This exam 

consisted of 18 questions (Figure 5). A brief section with background information was 

provided to explain that the bony sections were altered through sequential stages of 

medullary bone removal. The images were grouped according to the six different 

mandible sections. Each question presented five images and examiners were asked to 

place the images in order of trabecular disappearance, from an intact section to a section 

totally lacking trabecular bone. To increase the power of the data, each of the six sets of 

images was randomly sorted into three different arrangements, resulting in the 18 test 

questions. 

Grading of the Examination 

The exam was graded against a key of correct answers derived at the time the 

examination was designed. Each of the 18 questions, which corresponded to a set of six 

images, was compared to ari answer with the correct order of bone change. 

For the purposes of revealing pertinent data it was necessary to not simply grade each 

question as correct or incorrect. A point value was assigned to each pair of successive 

answer options. For each correctly ordered pair, a value of 1 was assigned. For an 

incorrectly ordered pair, a value of O was given. Information on the comparative 

ordering of the images was entered into a Microsoft Excell© (Microsoft corporation, 

Redmond, Washington) spreadsheet and the total number of correct and incorrect 

answers was calculated. This information produced a percentage of correct answers for 

each of the stages of trabecular change. 



Figure 5: Example of question #1 on Observer Examination 
Examiners were asked to place the five radiographic images into an order 

of disappearance. The examination consisted of eighteen questions. 
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Figure 5 

Example of Observer Examination 
Question 1 
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For each of the eighteen test questions, examiners were asked to order the 
images in each question into a sequential order of disappearance. Images 
were placed in random. Examiners were asked to order the images from 
an intact, unaltered section down to the image that represents a section of 

only cortical bone. The sequence of letters (A-E) above the individual 
images was transferred to an answer sheet. 

28 
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Statistical Analysis 

Repeated measures analysis of variance was used to examine differences between steps 

for six different outcome measures: gray level, fractal dimension, MOFA, ends, intersects 

and segments. In each of the six repeated measures ANOVA models, mandible, section 

and shot were considered as fixed effects. The step was nested within mandible and was 

considered a random effect. Additionally, the two-factor interaction between mandible 

and section was included in the model. Of interest was the F-test for the main effect of 

step using the shot nested within mandible as the error term for the F-test. A Bonferroni 

adjustment to the overall alpha level was used to examine differences in the adjusted 

means for shots post hoc. 

To determine the percent of correctly positioned images from the questionnaire data, 

overall percentage and 95% confidence intervals were found for each rater across all 18 

images and for each image across all raters (Table 2). 

All analyses were conducted using SAS 8.2. Statistical significance was assessed using 

an overall alpha level of0.05. 
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Results 

The Data set seen in Table 1 shows mean values for fractal dimension(FD), mean gray 

levels(MGL), morphometric operations on fractal dimension(MOFD), and ends, 

intersects, segments(EIS). For gray level significant differences were detected between 

shots. Shot 1 had significantly lower gray levels than shots 3 (p=0.0001), 4 (p=0.0001), 

and 5 (p=0.0001). Shot 2 had significantly lower gray levels than shots 3 (p=0.0002), 4 

(p=0.0001), and 5 (p=0.0001). For fractal dimension significant differences were 

detected between shots with shot 1 having significantly higher fractal dimension than 

shot 4 (p=0.0036). MOFA showed significant differences between shots. Shot 1 had a 

significantly lower MOFA than shots 4 (p=0.0026) and 5(p=0.0011) and shot 1 had a 

significantly lower MOFA than shot 5 (p=0.0036). For the ends, significant differences 

were detected between shots with shot 1 having significantly lower ends than shots 4 

(p=0.0030) and 5 (p=0.0009) and shot 2 having significantly lower ends than shot 5 

(p=0.0015). Significant differences between shots for intersects were found with shot 1 

having lower intersects than shot 5 (p=0.0036). Finally, significant differences between 

shots were found for segments with shot 1 (p=0.0013) and shot 2 (p=0.0036) having 

significantly lower mean segments than shot 5. 

Table 2 gives the percent correct for each position in each question and for each ,question 

overall across examiners. Also, the percent correct for each rater across questions is 

given for each position and overall. Overall percentages correct were quite low for all 

questions, only question 1 having all examiners correctly order all images. Overall 

percentages correct were low for all examiners across questions. 



Table 1: Data Set for FD, MOFA, Mean Gray Levels, and EIS 
Data set includes mean values for all analyses used in study. Standard Deviations, 

minimum and maximum values are also shown. 
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Table 1 

Shot 1 
Variable N Mean Std Dev ninimum ?laximum 

graylevel b 1l.1-6050000 23-7b040b4 93-b700000 150-1000000 

fd b 1-655!163 0°0752b05 1-757b400 1-9053100 

noFA b 1-3107717 0°0397093 1-250!100 1-3501000 

ends b 252-6333333 53°b620669 170-0000000 31b-0000000 

intersects b 203-3333333 27-9547253 170-0000000 23b 0 0000000 

segments b 445-0000000 70-3966b3b 352-0000000 530.0000000 

Shot 2 
Variable N Mean Std Dev Minimum Maximum 

graylevel b l,1b. 5b63333 24-1591394 96-6200000 155-1400000 

fd b 1-6006417 0-1534239 1-50b0100 1-6975400 

MOFA b 1-33491b7 0-0423545 1°2b76b00 1-3750900 

ends b 2b9-0000000 42°717b776 214-0000000 335-0000000 
intersects b 219-6333333 30°2b62452 1!1-0000000 2b3°0000000 
segments b 469-3333333 73-6313393 363-0000000 560-0000000 

Shot 3 
Variable N Mean Std Dev Minimum Maximum 

graylevel b 135-571bbb7 22-6225267 J.13-0400000 1b7-6000000 
fd b 1-b351550 0-3545615 1-1414100 1-66b6900 
noFA b 1°405b717 0-0250211 1°374b100 1-4425900 
ends b 360-5000000 50-7454431 322-0000000 4b2-0000000 
intersects b 256-6333333 22-b926770 241-0000000 294-0000000 
segments b b32-3333333 b4°b333247 579-0000000 743-0000000 

Shot 4 
Variable N Mean Std Dev Minimum Maximum 

graylevel b 139-5450000 22°534b946 119-7500000 172-b700000 
fd b 1°1570563 0-&536bbb 0°033b000 1°7bbb000 
noFA b 1-4259950 0-0256492 1°3960900 1-4bb6500 
ends b 407-0000000 29-6395710 37b 0 0000000 456-0000000 
intersects b 2b6.5000000 31-7474406 234-0000000 307-0000000 

segments b bbb 0 bbbbbb7 77-6b5b%3 b01-0000000 604-0000 

Shot 5 
Variable N Mean Std Dev l'linimum naximum 

graylevel b 142-57bbbb7 19-617454b 12b-2200000 171-9700000 
fd b 1-227b633 0°!195129 0°0b1b900 1-6014700 
noFA b 1°4436bb7 0-01b06b5 1-4217100 1°4b47500 
ends b 442-3333333 42. 9566951 393.0000000 519-0000000 
intersects b 2%-1bbbbb7 20-4001b34 2blr 0 0DD □ O □□ 322.a □□aa □□ 

segments b 727-bbbbbb7 55 -391'Bbti l::illb. a □ a □ o □ a 799-0000000 



Table 2: Percent Correct and 95% CI for Observer Examination 
The percent correct for each position in each question and for each question overall 

across examiners is presented. The percent correct for each rater across questions is 
given for each position and overall. 



Table 2: Percent correct and 95% CI for Questionnaire. 

Question/ Examiner Posl 95%CI Pos2 95%CI Pos3 95%CI Pos4 95%CI Pos5 95%CI All 95%CI 

Question 1 100 100 · 100 100 100 100 

Question2 100 100 67 12-100 67 12-100 100 87 65-100 

Question 3 100 67 12-100 67 12-100 67 12-100 67 12-100 73 39-100 

Question4 100 100 100 0 0 60 

Question 5 100 100 100 0 0 60 

Question 6 100 100 100 33 0-88 33 0-88 73 52-95 

Question 7 100 100 100 33 0-88 33 0-88 73 52-95 

Question 8 67 12-100 0 17 0-60 67 12-100 83 40-100 47 30-64; 

Question 9 100 100 0 0 83 40-100 57 48-65 

Question 10 100 100 50 0-100 33 0-88 83 40-100 73 52-95 

Question 11 83 40-100 83 40-100 100 100 100 93 76-100 

Question 12 67 12-100 67 12-100 100 67 12-100 67 12-100 73 39-100 

Question 13 100 83 40-100 83 40-100 67 12-100 67 12-100 80 57-100 

Question 14 83 40-100 100 100 0 0 57 48-65 

Question 15 100 . 100 67 12-100 50 0-100 67 12-100 77 49-100 

Question 16 83 40-100 83 40-100 83 40-100 33 0-88 50 0-100 67 50-84 

Question 17 50 0-100 50 0-100 50 0-100 50 0-100 83 40-100 57 14-100 

Question 18 83 40-100 83 40-100 83 40-100 33 0-88 33 . 0-88 63 43-84 

Examiner 1 89 73-100 83 64-100 83 64-100 50 24-76 61 36-86 73 62-85 

Examiner2 100 89 73-100 67 43-91 28 5-51 56 30-81 68 56-79 

Examiner3 78 57-99 72 49-95 72 49-95 56 30-81 78 57-99 71 60-83 

Examiner4 83 64-100 78 57-77 67 53-91 33 9-57 39 14-64 60 46-74 

Examiners 94 83-100 94 83-100 83 64-100 50 24-76 61 36-86 77 66-88 

Examiner6 94 83-100 89 72-100 83 64-100 50 24-76 56 30-81 74 64-85 

w 
(\,) 
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Gray Levels: Figure 6 includes Mean Gray Level values for the analysis used in this 

experiment. Mean gray levels of the collected images varied from 93.67 to 172.67. 

Average Gray Levels for each of the five shots consistently changed with each removal 

stage. Numerical values increased linearly with each stage of removal. When average 

values were calculated for each of the six shots, the data reflected a similar progression, 

indicating a consistent finding among all shots for the study. The average gray scale was 

found to be 129.21 for all images. Differences in gray levels were recorded between 

successive stages ofremoval. As previously stated repeated measures ANOV A 

indicated that Gray Levels revealed significant changes in the bony architecture when 

bone was incrementally removed. 

Fractal Dimension: Average values for the fractal dimension of each shot are presented 

in Figure 7. Mean fractal dimension values ranged from 1.23 to 1.85 across the five 

stages. It was apparent that the actual value for the fractal dimension decreased as hard 

tissue was removed from each cadaveric segment. This is opposite to the progression of 

the Gray Level values from ·a numeric standpoint, but the progression is similar on a 

linear scale. For all bony sections, the fractal dimension values decreased with bone 

removal. 

Ends Intersects Segments: Figure 8 shows the data collected from the analysis of the 

ends, intersects, and segments. Individual ends are represented in Figure 9. Intersects 

alone can be seen in Figure 10. Figure 11 shows data for segments only. Changes in the 

values for the calculated ends, intersects, and sections were seen at each stage ofremoval. 



Figure 6: Mean Gray Levels 
The mean gray level (density) was calculated for each ROI on each 

density standardized radiograph. The mean gray levels and all other 
morphologic operations were produced from an (ROI) that was kept 

constant for all of the images in the series. 
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Figure 7: Fractal Dimension for each of the six shots 
The fractal dimension was derived and recorded for each of the six shots. 

Data was combined to include a mean fractal dimension including all 
mandibular sections. 
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Figure 8: Ends Intersects and Segments 
Data was compiled for ends, intersections, and segments and calculated 

an average value which we refered to as Average EIS (Ends, 
Intersections, and Segments) per unit area. Numerical values increased 

linearly with each stage of removal 
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Figure 9: Ends 
This morphologic operation calculates the number of" ends" derived from 

the skeletonized figure of each ROL 
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Figure 10: Intersects 
This morphologic operation calculates the number of "Intersects" derived 

from the skeletonizedflgure of each ROI 
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Figure 11: Segments 
This morphologic operation calculates the number of "segments" derived 

from the skeletonized figure of each ROI 
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Significant differences between shots were found for segments with shot 1 (p=0.0013) 

and shot 2 (p=0.0036) having significantly lower mean segments than shot 5. 
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Morphometric Operations on Fractal Dimension (MOFD): Results from the 

Morphometric Operations/Fractal Analysis are summarized in Figure 12. The linear 

trends of this test were consistent with other methods of analysis in the study. Mean 

values ranged from 1.31 for shot 2 to 1.44 for shot 6. Values for all segments increased 

with osseous removal. Data comparisons were made between the different methods of 

analysis. Fractal dimensions are shown next to morphologic operations on fractal 

dimensions in Figure 13. 



Figure 12: Morphologic Operations rendered on the Fractal Dimension 
Morphological image processing alters images by using a set of 

mathematical operators to enhance or suppress image pixels based on 
their spatial arrangements and/or densities. . 

MOFA showed significant differences between shots. Shot I had a 
significantly lower MOFA than shots 4 (p=0.0026) and 5 (p=0.001 I) and 

shot I had a significantly lower MOFA than shot 5 (p=0.0036). 



41 

Figure 12 

Morphologic Operations/Fractal Dimension 
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Figure 13: Combined Data from FD, and MOFD 
Data from Fractal Dimension and the Morphometric Operations of the 

Fractal Dimension showed similar trends. 
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Figure 13 
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Discussion 

The findings of this study show that while visual differences were not always apparent 

between each stage of bone reduction, radiometric and morphologic analysis show 

measurable differences between each stage. The results imply that internal trabecular 

bone structures contribute to the attenuated image, though changes in this architecture are 

not always clinically detectible. 

It was hypothesized that the intrabony trabecular pattern observed in routine dental 

radiographs is a representation of only the endosteal surface of cortical bone, not of inter

medullary striae. This hypothesis was inspired in part by a fairly recent study that 

concluded the following, "mandibular radiographic striae patterns , interpreted as 

arising from trabecular bone, actually arise from patterns on the endosteal surface. " 

(Cavalcanti, 1999). In that study, segments of human cadaver were radiographed 

initially, after removal of trabecular bone, and after slight smoothing of the endosteal 

surface. A panel of examiners judged whether a difference in the amount of trabecular 

bone could be detected and the aforementioned conclusions were found. 

According to our hypothesis, the mechanical destruction of internal trabecuale should not 

have resulted in a visible change in the radiographic appearance of the striae pattern. 

Furthermore, if the striae were derived from only structures contained within the cortical 

plates, our morphological and fractal data should show little to no change in the first 

stages of bone removal. The general trend of our data shows our hypothesis to be 

incorrect. Data from the Fractal Dimension analysis and the Morphlogic Operations of 
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the Fractal Dimension showed differences at each stage of removal. Mean Gray Levels 

and the data collected from the analysis of the Ends Intersects and Segments show the 

same linear progression of data corresponding to hard tissue removal. 

The observer examinations showed that changes in the internal trabeculae, the junctional 

trabeculae, and the cortical bone proper were all evident to the trained eye. One trend 

from the observer studies is that examiners consistently had difficulty interpreting 

changes as the lesion progressed into the cortical housing of the mandible. This study 

indicates the information found in routine dental radiographs is contained in the 

trabecular network and the junctional trabeculae. This is an interesting finding in that the 

radiographic detectibility of cancellous bone lesions has traditionally been considered 

poor. (Parshell, 1998; Bender,1961; Schwartz, 1971) 

Each of the methods used in the morphologic operations showed consistent differences 

following removal of bone. Changes in the trabecular pattern were also noticed by 

examiners at each of the stages of osseous removal, though the order of change was not 

always distinguishable. This is in contrast to the work done by van der Seit (1985), who 

produced controlled bony lesions in cadaveric longbones. In his study, standardized 

sequential radiographs were taken after bone removal in various stages. Lesions 

localized entirely within the cancellous bone were not visible radiographically. Nor did 

lesions involving cortical bone only affect the radiographic appearance of the trabecular 

pattern. The study concluded that radiographic changes in trabecular pattern occurred 

when the transitional Gunctional) area from cortical to cancellous bone was involved in 
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the lesion. The examiners in our study were able to consistently detect changes in the 

inner cancellous network. Their ability to do so diminished as the "lesion" moved into 

the cortical bone proper. One explanation for the difference in these findings could lie in 

the design of the study model. The "lesions" in works done by previous investigators 

were often made with small round burs of diameters smaller than 1mm. Lesions were 

often created beginning in the outer cortical housing, extending to the interior of the 

section, which is rare from a pathologic standpoint in humans. Our experimental lesion 

"grew" from the inner aspect of the mandible to the outer cortex, much like a true 

pathological lesion might. Also, the regions of intereset (ROI) were fairly large in our 

study design (up to 15mm x 20mm), making changes easier to see than if they were only 

1-2mm in diameter. 

A large portion of the literature on artificial bone lesions suppol'ts the conclusion that 

lesions involving only cortical bone are always radiographically visible. (Bender, 1961; 

Wengraf 1964, Regan 1963; Schwartz 1971 ). The current study supports these findings 

from a quantitative standpoint in that all the MO measurements showed changes at the 

last stage of bone removal. Our visual analysis, however, showed that observers were 

less accurate at distinguishing changes in the cortical bone than changes at other stages. 

No explanation has been found for this phenomenon, though it is possible that it is a 

result of the study model itsel£ One explanation could be that the actual smoothing of 

the endosteal surface with a large acrylic bur creates a "smear layer" of sorts from the 

heated bone chips and fine particulate dust. This smear layer could be occluding the 

small marrow spaces, resulting in a more homogeneous surface; one devoid of visible 
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trabecula. Though this is just a theorized explanation, if it were true it would definitely 

interfere with the radiographic result and the visual analysis. 

Though the intent of this study was not to compare the diagnostic qualities of 

conventional versus digital imaging, it bears mentioning that the literature supports the 

use of digital imaging in experimental lesion studies. The work of Parshell et al., (1998) 

ranked the sensitivity of various radiographic methods in detecting mechanically created 

cancellous bone lesions. According to their findings direct digital subtraction and 

enhanced direct digital radiography demonstrated significant diagnostic improvement 

over conventional film for a wide range of defect sizes. Though conventional films were 

also taken in our study, no attempt was made to have examiners compare those 

radiographs to the digital ROI's. 

The intent of this study was to determine the origin of the radio-opaque network of lines 

commonly referred to as striae and to discover exactly which bony structures in the 

human mandible contribute most to their radiographic appearance. Though it is 

commonly believed among dental clinicians that medullary trabecula are the source of 

these weblike lines, the information gathered in this experiment points to the conclusion 

that the inner trabecula, the junctional trabecula, and the actual cortical housing all 

contribute to some extent to the radiographic image. When analyzing the data gathered 

from the observer examinations, we found that a measureable difference was noted in the 

trabecular pattern after the first stage of bone was removed. This stage represented the 

removal of strictly the interior aspect of trabecula. We also found that visual traces of 
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striae, though often slight, were present even after the final polish of the endosteal 

surface. These findings suggest that structures even within the cortical bone do 

contribute somewhat to the radio~aphic appearance of the pattern. 

The data collected from Mean Gray Levels revealed some interesting findings. In our 

data, the largest change in Gray Levels was seen during the first two incremental 

removals of trabecula. This seems intuitively logical, since by volume more bone was 

removed at these stages than the later stages. It would be interesting to see further studies 

wherein the bone removed was weighed or measured in a percent by volume. This may 

shed more light .on the significance of each stage of removal. It seems rational that as a 

greater bone is removed, the ROI within the image would become more radiolucent. But 

many earlier studies showed no evident change after the removal of only medullary 

structures (Ramadan 1962, Bender 1982). Our findings were not consistent with these in 

that changes in trabecular pattern were seen by examiners and quantified by each of the 

three computerized analyses. 

There appears to be no "exact" origin or a single location that produce the structures 

known as striae on dental radiographs. As stated earlier, it appears the image is derived 

from the compilation of both the inner and outer portions of the mandible superimposed 

upon each other. This study showed that Mean Gray levels can be used to consistently 

quantify changes in the removal of trabecular bone in a simulated mandibular lesion. 

Fractal Dimension analysis proved to be of use in quantifying minute changes in the 

trabecular pattern, as did the analysis of Ends/Intersects/Segments from a skeletonized 
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Region Of Interest within the mandible. The observer examinations used in this study 

shed light on the concept that slight changes can usually, though not always, be seen 

when the bony architecture of the mandible is altered or destroyed. 

The findings of this study have some clinical implications. It is important that the 

clinician realize the limits of conventional radiographic techniques. Though radiographs 

provide a critical diagnostic aid, according to our study, it seems possible for 

considerable changes to take place in the trabecular nature of the human mandible 

without these changes appearing visually significant. Of utmost importance is the 

clinician's ability to monitor changes over time, from a databank of images collected at 

multiple patient visits. From an endodontic standpoint, our data points to the conclusion 

that it is very possible for a periapical lesion to be present within the alveolar housing 

without being clinically evident in a periaplical film. The often acute nature of the 

endodontic lesion and its concomitant symptoms would preclude the use of any 

morphologic operations that rely heavily on change from baseline. The techniques used 

in this study have no way to quantify "normal," therefore deviations from "normal" are 

not easily established. 

Each of the digital operations employed in this experiment were able to distinguish 

changes in the density and complexity of the bony sections. Theoretically, if one were 

able to assign a numerical value to an x-ray of interest, ie; a fractal dimension, that value 

could be compared to values at subsequent visits. Ideally, these values could be 

compared and pathological changes could be addressed before they were visibly noticed. 
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In the field of dental implantology, bone quality and density are two of the most 

important factors in success (Brannemark 1977). If it were possible to apply fractal 

analysis to pre-operative radiographs, perhaps the diagnostic ability of the surgeon could 

be improved. For this to be possible, a standardized scale of bone quality correlating to 

fractal dimension would have to be created. Digital images of the maxilla or mandible 

could then be compared to this fractal dimension scale and necessary treatment planning 

implications could be considered prior to a surgical entry. This is purely hypothetical at 

this point in time, however. It would be interesting to apply the various morphologic 

operators used in this study in a clinical setting, but the concept of their usage is 

somewhat restricted by the relative impossibility of truly standardizing images inside the 

oral cavity in the traditional clinical setting. 

Summary 

While visual differences were not always apparent between each stage of bone reduction, 

radiometric and morphologic analysis, with one exception, show measurable differences 

between each stage. These results imply internal trabecular bone structures contribute to 

the attenuated image, though changes in this architecture are not· always clinically 

detectible. 
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