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Abstract

External apical root resorption is common and occasionally critical consequence

of orthodontic tooth movement. To date, factors contributing to or associated

with the occurrence and extent of root resorption are poorly understood.

Therefore, it remains impossible to predict which patient will develop apical root

resorption during orthodontic treatment. On the basis of animal studies on

hypocalcemic animals, and the assumption that roots in bone with high levels of

calcification are likely to undergo greater amounts of degradation than those in

less calcified bone when exogenous forces are applied, we tested the hypothesis

that orthodontic root resorption is positively related to trabecular bone structure.

Therefore, the purpose of this study was to assess if fractal analysis, a method of

assessing the trabecular bone patterns of alveolar bone, can be used to evaluate

the relationship of alveolar bone structure and post-orthodontic root resorption.

We performed a retrospective, operator-blinded study on a group of 43 healthy

patients of which 18 were males and 25 were females selected from

consecutively treated cases of a ABO certified orthodontist on the basis of

specific inclusion and exclusion criteria. For each subject, non-standardized,

pre- and post-treatment periapical radiographs of the maxillary central incisor

region, and lateral cephalograms were obtained. Pre- and post-treatment lateral

cephalograms were superimposed using superimposition on best fit of palatal

structures and digitization to evaluate displacement of the maxillary central
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incisor along the x- and y-axes during orthodontic treatment. The periapical

radiographs were digitized and used to evaluate levels of post-treatment root

resorption. These films were also analyzed using an in house IDL program to

determine fractal dimension. Fractal dimension was calculated using the Fourier

transform method. Statistical analyses included descriptive presentation of data

and assessment of correlations between various combinations of independent

and dependent variables.

Our data revealed a small range of fractal dimension with a mean of 1.78 (+0.03)

in our sample. A mild correlation between root movement along the X-axis and

levels of root resorption (r-0.46). Similarly, a mild correlation between levels of

root resorption and total apical root displacement (r-0.44) was also noted.

Finally, no correlation between fractal dimension and post-orthodontic root

resorption could be established. The lack of a relationship between fractal

dimension and root resorption could indicate either (1) that orthodontic root

resorption is not associated with this variable or (2) the lack of an adequate

range of variation of trabecular bone structure within our sample to detect any

relationship between these variables or (3) inadequate sensitivity of fractal

dimension to adequately detect minor differences in trabecular bone structure

between individuals. Future studies either using a sample with high and low

levels of trabecular bone structure or more sensitive methods for assessing

trabecular bone structure such as cone beam computed tomography are

recommended to further test this hypothesis.
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Introduction

Root resorption is a relatively common complication of orthodontic treatment. Its

consequences range from mild tooth mobility, when minor amounts of root

resorption occur, to loss of teeth due to extensive root resorption. Because of its

potential clinical and legal consequences, this phenomenon has been the subject

of extensive research and discussion for almost a century. However, because of

inconclusive research findings, it remains a highly debated topic in the literature.

As early as 1914, clinical observers had suggested a direct link between

orthodontic treatment and root resorption.1 In the late 1920's, radiographic

evidence demonstrating differences in root morphology before and after

orthodontic treatment was presented.23 Since then, numerous potential causal

relationships and contributory factors have been proposed and studied.

Definitive explanations of why root resorption occurs, and what factors contribute

to its occurrence have remained controversial. A comprehensive understanding

of this problem has remained elusive because of the difficulty in comparing the

results and conclusions of various studies that have utilized varied experimental

designs, patient populations, treatment mechanics, and analyses. Additionally,

the variability in radiographic techniques and materials in different studies further

contribute to the discrepant findings among studies. Finally, because of inherent

differences in both the characteristics of the patient and treatment, far too many

potential etiological factors have been considered in these studies, making it

impossible to derive any meaningful conclusions. A better understanding of this

~)-
>



important clinical problem requires controlled studies designed to examine the

association between a limited set of variables and root resorption, which was one

of the guiding principles of the current research.

Variables Associated with Orthodontic Root Resorption

While the causative or contributory factors for orthodontic root resorption remain

unknown, several studies have proposed a spectrum of factors that may

predispose patients to root resorption. A hereditary component for orthodontic

root resorption has been suggested by findings showing a significantly higher co

occurrence or root resorption among siblings than non-siblings.4 Numerous

other studies have explored the relationship of force strength, as well as rate and

direction of tooth movement to root resorption.56 It appears that there is no safe

tooth movement. Intrusion is probably the most detrimental to the roots

involved 5.7 but tipping, torque, bodily movement, and palatal expansion can also

be implicated.89 Linge and Linge found significantly more root resorption on the

side where inter-arch elastics were used and suggested that "jiggling forces", the

result of function combined with elastics, are responsible for the incisors' root

resorption.10

A positive association between duration of orthodontic treatment and root

resorption has also been demonstrated.11.12 A study conducted by Levander

and Malmgren in 1988 found that 34% of examined teeth showed root resorption

after 6 to 9 months of Orthodontic treatment. At the end of active treatment,
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lasting 19 months, root resorption increased to 56%.13 The relationship between

root resorption, orthodontic treatment, and patient age has also been

investigated. A positive relationship between these parameters is often reported,

showing that root resorption is more prevalent in adults. Only a few studies

showed no relationship between apical root loss and patient age at orthodontic

treatment.5.14 Massler and Malone claimed that even without orthodontic

treatment, the incidence of root resorption increases with age.14

Root morphology, specifically abnormal shaped or dilacerated roots, also appear

to influence the severity of root resorption.15.16 The degree of root resorption in

teeth with blunt- or pipette-shaped roots was significantly higher than in teeth

with normal root form. The pipette-shaped root was shown to be the most

susceptible root form to root resorption.13 A convergent root canal apex is also

considered to be an indicator of high root resorption potential.

Previous trauma to orthodontically treated teeth may also be a significant risk

factor for root resorption. However, because of the low incidence of trauma to

teeth, this factor probably accounts for root resorption in relatively few patients.10

In general, much of the focus of previous studies has been on the mechanical

variables, with little attention paid to the potential contribution of biological factors

to orthodontic root resorption. One such biologic factor that may be associated

with orthodontic root resorption is trabecular bone structure. The hypothesis that



trabecular bone structure may be associated with orthodontic root resorption is

based on the assumption that bone and roots with similar levels of calcification

are likely to undergo comparable amounts of degradation when exogenous

forces are applied. While there is no conclusive evidence for this hypothesis,

some studies have provided indirect evidence for a potential association between

trabecular bone structure and root resorption. For example, it has been

demonstrated that strong forces applied to teeth in less dense alveolar bone

cause the same amount of root resorption as seen in roots in dense alveolar

bone subjected to much weaker forces.6 Additionally, teeth being moved in

close proximity to dense cortical bone undergo greater levels of root resorption

than those in trabecular bone.17 More appropriately, animal studies show that

calcium deficient rats exhibiting very low alveolar density have markedly low

levels of root resorption following tooth movement.18 Similarly, additional studies

on hypocalcemic rats have also demonstrated a proportional relationship

between bone density and magnitude of root resorption.19 These studies

provide important insights into the potential association between bone structure

and root resorption but require a more definitive validation. One method for non

invasively assessing trabecular bone structure involves the use of fractal analysis

from radiographs.
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Fractal Analysis

Fractal analysis was first introduced by Mandelbrot in the early 1980's with the

publication of his book entitled, The Fractal Geometry of Nature.20 Since the

introduction of fractal geometry, it has received much attention and has been

applied to many different scientific fields including geography, medicine, and

biological research. Fractal analysis is employed to study structures, objects or

images that are too complex to describe adequately with Euclidean

measurements.

Fractal theory is especially suited for describing structures and objects whose

development results from growth, differentiation, and degeneration processes.

Specifically, it has been used to measure the morphological complexity of

differentiating glial cells as they evolve into a functioning optic nerve,21 to

quantitate and describe colorectal polyps,22 to describe and differentiate terminal

villi of placenta in smoking and non-smoking women, and to evaluate and

characterize postmenopausal changes in trabecular bone texture on

radiographs.23 More importantly in 2000, Majumdar et al., found fractal analysis

to be an effective means to measure trabecular bone structure of the distal

radius. They compared radii of individuals with and without osteoporotic hip

fractures, and found fractal analysis to have important predictive value. When

compared to the gold standard, bone mineral density (BMD), the odds ratio for a

hip fracture were 2.44 for total femur, 1.5 for trabecular BMD (radius), and 1.5 for

fractal analysis. These findings indicate that the fractal measures of the distal

*IX
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radius have equal predictive to radial trabecular BMD. These results suggest

that fractal analysis may be useful in distinguishing osteoporotic bone structure

from normal.24

To date, fractal analysis has not been used to determine the likelihood of root

resorption following orthodontic treatment. However, fractal analysis of dental

radiographs has been used to study periodontitis and osteoporosis. In 1998,

Shrout showed that: 1) fractal dimensions could be used to distinguish between

gingivitis and periodontitis patient groups; and 2) fractal dimensions could be

calculated from non-standardized clinical radiographs.25 Lee?6 and Kasroviz7, in

two separate master's theses, showed that fractal analysis of dental periapical

radiographs could distinguish between healthy individuals and those with

periodontitis. Since fractal analysis may provide an adequate assessment of

trabecular bone structure, in the proposed studies we intend to determine if this

quantitative parameter of bony trabeculation is associated with the incidence and

severity of orthodontic root resorption. 2 º'



Hypothesis

Fractal dimension from the Fourier-transform-based fractal analysis of periapical

radiographs of the maxillary central incisors are positively correlated with the

levels of post-orthodontic root resorption.

Purpose, Specific Aim and Significance

The purpose of this study was to determine if radiographic trabecular bone

structure as determined by the Fourier-transform-based fractal analysis

determined from periapical radiographs of the maxillary central incisors are

correlated with the severity of post-orthodontic root resorption. Specifically, we

determined if the severity of root resorption within specific ranges of apical

movement of the central incisor correlate with fractal dimension of bone lying

superior to the root tip of this tooth. If a positive correlation is found between

these two variables, the orthodontic practitioner could potentially utilize fractal

analysis to predict, screen, and inform patients who may be susceptible to root

resorption.



Materials and Methods

This is a retrospective study involving the evaluation of pre- and post-treatment

periapical radiographs of the maxillary central incisors, and lateral cephalograms,

to attempt to determine if there is a relationship between trabecular bone

structure and root resorption experienced following orthodontic treatment.

Subjects

In order to minimize the effects of treatment mechanics and radiographic

techniques (exposure time, kvp, mA) on the measured variables, the records for

this study were obtained from a private practice of a Board Certified orthodontist

who consistently takes all pertinent pre- and post-treatment records on his

patients. The clinician used 0.018-inch edgewise orthodontic appliance,

exclusively. Orthodontic therapy included the use of extraoral anchorage with

face-bows and intermaxillary elastics. The average treatment time was 36 + 10

months (u + SD).

Inclusion criteria were that each subject: 1) underwent comprehensive full fixed

orthodontic treatment; 2) had available high quality pre-treatment and post

treatment lateral cephalograms and periapical radiographs of the maxillary

central incisors; and were 3) 11 years of age or older. The age limitation was

x_2\",
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implemented to reduce the problem of residual root growth, which can conceal

the true amount of root resorption during treatment.

Exclusion criteria included: 1) previous trauma to the anterior teeth; 2) abnormal

or dilacerated roots; 3) history of systemic metabolic disease (e.g. hypo- or

hyper-thyroidism, autoimmune diseases, immune-compromised patients); and 4)

previous orthodontic or endodontic treatment.

Using this approach, a final sample of subjects who underwent comprehensive

orthodontic treatment consisted of 43 individuals, 18 males, 25 females, ranging

in age from 10y1m to 28y5m (14.06 + 3.12; H + SD), who underwent

comprehensive orthodontic treatment. Of the 43 subjects, 26 had Class I and 17

had Class Il malocclusions. All subjects were consecutively treated (Table ll).

Assessment of Root Resorption

Pre-treatment and post-treatment periapical radiographs were employed to

evaluate root resorption. The periapical films of the maxillary central incisors

were digitized by scanning the image at 1200 dpi resolution, 8 bit gray scale, with

an 0.01 - 2.8 optical density (Expression 1600, Epson of America, Long Beach,

CA). All millimetric measurements were completed using the measurement tool

within Photoshop 6.0 (Adobe Systems Inc., San Jose, CA). The measurement

tool measures to the nearest 0.01 millimeter.



In order to correct for magnification error between pre- and post-treatment

periapical radiographs, a formula was used that controlled for image

enlargement discrepancies.10 This formula employs geometric ratios of crown

size to correct for enlargement differences between radiographs, as described:

Apical root resorption (ARR) = (r1 - r2)(c1/c2)

r1 and r2 = pre- and post-treatment root lengths, respectively, measured from

cementoenamel junction to root apex, c1 and c2 = pre- and post-treatment crown

lengths, respectively, measured from cementoenamel junction to the incisal

edge. This formula assumes that the crown length remains constant throughout

treatment, with no loss of tooth structure to the incisal edge of the crown (Fig 1).

1. X-ray 2. X-ray

T T

£1 r2

- -

Cl C2

Figure 1 Radiographs of the same tooth, from the same subject at two time
points (1, 2). Correction factor for enlargement difference:
f=(c1/c2). Apical root resorption is defined as: (r1 - r2)(c1/c2) 10

10



Assessment of Incisor Displacement

In order to discern the movement of the Central incisor root that occurred in the

maxillary arch following orthodontic treatment, pre-treatment and post-treatment

lateral cephalometric radiographs were evaluated to determine the amount of

root displacement through bone in the X and Y axes. The maxilla were traced

individually on acetate paper and superimposed according to the “best fit" of

anatomic structures. Following superimposition, the acetate papers were

digitized at a resolution of 3000pi. Using a method suggested previously,28 root

apex displacement was determined by measuring the distance (= 0.1mm) that

the root apices had moved between the pre- and post-treatment cephalograms.

All measurements of landmark displacement were reported parallel and

perpendicular to the Downs Occlusal plane of the pre-treatment film (Fig 2). All

millimetric measurements were completed using the measurement tool within

Photoshop 6.0 (Adobe Systems Inc., San Jose, CA).
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Figure 2 Assessment of incisor displacement between timepoints: A.
“Downs occlusal plane" is defined as a line on the pre-treatment
lateral cephalograms that connects the midpoint between upper
and lower incisal edges, and midpoint between mesiobuccal cusps
of upper and lower first molars. B. Incisor apex on pre-treatment
film is treated as the origin of the coordinate system where x and y
axes are parallel and perpendicular to Down's occlusal plane. C.
Coordinate system is established. The x-axis is drawn parallel to
the Down's occlusal plane and the y-axis is drawn perpendicular to
the x-axis through the incisor apex. D. The pre- and post
treatment tracings of the maxilla are then superimposed relative to
anatomic best fit of the maxillary structures. E. Following
digitization of the superimposed tracings, the displacement of the
incisor apex between films were measured parallel and
perpendicular to the pre-treatment Down's occlusal plane. 28

12



Fractal Analysis of Periapical Radiographs *:

Periapical radiographs were digitized at 1200 dpi resolution, 8 bit gray scale, with

an 0.01 - 2.8 optical density. A 125 x 125 pixel region of interest (ROI) in the

alveolar bone just apical and distal to the maxillary incisor root (avoiding any root

structure or cortical bone) was selected in the digitally scanned image (Fig 3).
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Figure 3 Radiograph of a maxillary central incisor. The region of alveolar Cº.;
bone studied (box) was defined as the region of interest (ROI). The -- ?-

ROI was a 125x125 pixel square.
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Fourier transform technique. (a) Enlarged view of 125 x 125 pixel
ROI. The ROI is subsequently Fourier transformed generating the
power spectrum. The components of each frequency are added in
a circle as shown and a graph of the sum of the spectrum and
frequency is plotted. (b) The FD is calculated from the linear
region as shown.24
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A two dimensional power spectrum of this ROI was then calculated using a

Fourier transform system (Sun Sparc Workstation platform (Palo Alto, CA). The

Fourier transform to calculate fractal dimension relies on the fact that the

analyzed pattern is similar to a Gaussian noise or a stochastic process. This

technique has been applied previously, to the analysis of radiographs and the

assessment of trabecular bone structure.2627,29.30 Essentially, the Fourier

transform measures the rate at which textural variations occur. Rapid changes in

texture are reflected as high frequency components in the power spectrum.

The two dimensional power spectrum of each ROI was quantified by averaging

over all angles at a given distance from the origin (Fig 4a). The frequency-power

graph is generated with the x-axis representing the log of the frequency and the

y-axis representing the log of the average power at each particular frequency

(Fig 4b). The fractal dimension (FD) was then acquired by calculating the slope

of the linear portion of the logarithmic plot of the power spectrum vs. logarithmic

plot of frequency and applying the formula:

FD=(7-|slope!)/2

It is important to note that the lowest and highest spatial frequency data points of

the log-log plot are discarded to minimize noise due to variations in X-ray quanta,

film grain, and other factors.31



Intraoperator Reliability

To assess the reproducibility of the root and crown measurements as well as

apical root displacement in the x and y planes, 12 of the 43 periapical

radiographs and 10 of the 43 lateral cephalograms were chosen for the

intraoperator study. The intraoperator reliability studies were done about 4

months after initial data acquisition and was assessed using Interclass

correlation coefficient. There was a high concordance of the data from the two

time points (Table I) indicating good intraoperator reliability.

Table I: Intraoperator reliability correlations

Variable Correlation coefficient (r)
Root Length 0.979
Crown Length 0.981
X-axis displacement of root apex 0.852
Y-axis displacement of root apex 0.837

Statistical Analyses

All statistical analyses and plots were carried out using Statview 5.05 (SAS

Institute Inc., Cary, N.C.). Pearson correlation analyses were generated for root

resorption versus all variables, as well as fractal dimension (FD) versus root

resorption levels and age. A two sided unpaired t-test was used to evaluate pre

and post-treatment fractal dimension, gender versus root resorption, as well as

Angle classification versus root resorption.

3
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Results

In order to limit other variables that may compound of our findings on the effects

of trabecular bone structure on root resorption, we first performed a series of

analyses to determine whether other confounding variables were present. If

these were indeed detected, we would subsequently control for these variables in

our analysis to test our original hypothesis. The findings of this investigation are

provided in a series of regression plots and tables.

Descriptive Data on Sample and Measured Variables

Table II and lll provides a summary of the variables that were evaluated in the

scattergrams that follow. Further discussion on the findings provided in Table Ill

follows in the text below.

Table ll: Characteristics of patient sample

Variable Mean Std Dev Min Max

Age (years)
Total sample 14.06 3.12 10.1 28.5
Male 13.6 1.84 10.3 17.5
Female 14.3 3.8 10.1 28.5

Treatment Time (months)
Total sample 36.3 10 20 65
Class | 35 10.3 10 65
Class || 38.3 9.23 20 65

17



Table lll: Summary of variables L
Variable Mean” Std Dev Min Max ~,º,

Root Resorption (mm) 2.07 1.61 -.48 7.95
-

Male 1.59 1.02 -.48 3.42 SºFemale 2.42 1.87 .16 7.95

P value (males vs. females) 0.09 s
>>

Class | 1.85 1.38 .16 5.25 A.
Class || 2.40 1.91 -.48 7.95

P value (Class I vs. Class II) 0.27

Apical Movement (mm)
Total Apical movement 3.4 1.3 1.3 6.2
Total X-movement (mm) -1.58 2.15 .3 3.7
Total Y-movement (mm) -1.97 1.7 3 5.4

Fractal Dimension 2
Pre-treatment FD 1.78 .03 1.66 1.84 3.
Post-treatment FD 1.78 .02 1.72 1.82 > {

P value (pre- vs post-tz FD) 0.36 I
-
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A. Root Resorption versus Age º,
d

When levels of root resorption were compared to patient age it was determined º
that no relationship was present (Fig 5; r-0.022). es
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Figure 5 Linear regression plot of post-treatment root resorption (mm) ->
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B. Root Resorption versus Treatment Time AT
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A mild positive correlation between treatment time and levels of post-treatment cº

root resorption was demonstrated (Fig 6). Although a correlation was present, it o
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C. Root Resorption versus Angle Classification

-

5
When subjects were grouped based upon Angle's classification of molar 2 ×

> *…
relationships between the maxilla and mandible, it was determined that those ~ *.

individuals with a Class I malocclusion experienced an average of 1.80 mm (SD= y º
sº

1.38mm) of root resorption. The Class II group showed 2.4 mm (SD=1.91) root s
resorption following orthodontic treatment (Fig 7, Table III). This difference was cº

not statistically significant (p = 0.278) as determined by an unpaired t-test.
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D. Root Resorption versus Gender ... " º
- L| |

When subjects were grouped based on gender and root resorption levels were 3
>

> *.

evaluated it was determined that males experienced an average of 1.59mm ~, º
(SD=1.02) root resorption. Females demonstrated an average of 2.42mm y _^

º
sº

(SD=1.82) resorption following orthodontic treatment (Fig. 8, Table III). An > ~A. N.

unpaired t-test revealed a p value of 0.096. cº
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E. Patient Age versus Fractal Dimension (FD)

When fractal dimension values were obtained from pre-treatment periapical films

of the maxillary incisors, this number was compared with patient age in order to

evaluate a possible relationship between FD and stage of maturation. It was

determined that no relationship between pre-treatment FD and patient age could

be ascertained (Fig 9; r=-0.14).

Figure 9
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F. Pre-treatment fractal dimension compared to post-treatment fractal
dimension

In order to evaluate the possibility of maturational changes in alveolar bone

trabeculation during treatment, pre-treatment and post-treatment fractal

dimensions were compared by unpaired t-test (Table lll). This analysis revealed

no statistically significant difference between pre- and post-treatment FD (mean

difference =0.006, p=.3629). As such, in subsequent analyses to determine a

potential relationship between FD and root resorption, we utilized the pre

treatment FD.

G. Root Resorption versus Root Movement

Root movement was initially evaluated using total root movement in both the x

and y- axes. Since this demonstrated mild to moderate correlations between

tooth movement particularly in the x-axis and root resorption, additional analysis

was done to determine if correlations existed between specific ranges of tooth

movement and root resorption. For this purpose, subjects were divided into three

movement groups. The groups were based upon millimetric measures of root

movement and were subdivided into three separate levels of movement in each

axis (0 - 2.0 mm (mild), 2.1 - 4.0 mm (moderate), and 4.1 to 6.0 mm (high)).

These movement groups were then compared to post-treatment root resorption.

The three designations were based upon an arbitrary clinical judgment.

i
;
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i. Root Resorption versus root movement along the X-axis

The relationship between total root movement along the X-axis to post-treatment

root resorption was determined (Fig 10, 11). When the data was analyzed

independent of the whether the apices were retracted or advanced (using the

absolute value rather than + or -) a mild positive correlation was demonstrated

(Fig 10, r = 0.44). However, when the data was analyzed inclusive of the

direction of root movement a mild negative correlation between the two variables

was established (Fig 11=-0.46), demonstrating greater root resorption when the

apices were retracted vs. advanced. When correlating root resorption to root

movement within each of the three root movement groups (0-2 mm, 2.1-4mm,

4.1-6mm), no association between root movement and root resorption was

observed at mild levels of movement (Fig 12; r=0.22) or at moderate and high

levels of root movement r=0.06, r=0.05, respectively (Fig. 13, 14).

X Movement.2

Figure 10 Linear regression plot of post-treatment root resorption (mm)
versus adjusted total root movement (mm) along the X-axis; ra().44

i
;
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Figure 11 Linear regression plot of post-treatment root resorption (mm) 2
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ii. Root Resorption versus root movement along the Y-axis

Similar to evaluations along the X-axis, total root movement along the Y-axis was

initially evaluated in relation to post-treatment root resorption. The regression

plot (Fig 15, 16) reveals virtually no relationship between root movement along

the Y-axis and levels of root resorption either independent of the direction of

movement or when direction of movement is considered (r=0.18, r = 0.14,

respectively). But, when the levels of root movement are grouped into mild (0-

2.0mm), moderate (2.1 - 4.0mm), and severe (4.1-6.0mm), some trends emerge.

Low levels of root movement appear to have no influence on root resorption

levels (Fig 17; r=0.08). Moderate levels of root movement show an increasing

relationship (Fig 18; r=0.24) and severe root movement appears to have a strong

correlation with levels of root resorption (Fig 19; re■ ).75). However, the latter may

have resulted due to the small sample size within this group.
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Figure 17

Figure 18
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;
Y Movement (4.1-6)

Figure 19 Linear regression of plot of post-treatment root resorption (mm)
versus severe root movement along the Y-axis (4.1-6mm); ra■ ).75

iii. Root Resorption versus Total Root Movement

We next assessed if there was any relationship between total apical movement

and root resorption. Based upon the linear regression plot (Fig 20), a mild

positive correlation between total root movement and post-treatment root

resorption was observed (r-0.4). When subjects were grouped into mild root

movement (0 – 3mm) and severe root movement (3.1 – 7mm), no correlation

with root resorption was observed (Fig 21, 22; r=0.13; r=0.18, respectively).

:
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Figure 22 Linear regression plot of post-treatment root resorption (mm)
versus total root movement (3.1 – 7mm); r=0.18

H. Root Resorption versus Fractal Dimension (FD)

Root resorption data was grouped into three different levels; mild, moderate, and

severe root resorption. Those individuals who experienced mild levels of root

resorption had between 0 – 2mm loss of root structure. The moderate root

resorption group had between 2.1 – 4mm of resorption, while the severe group

had greater than 4.1 millimeters of resorption. Initial analyses evaluated total

root resorption and FD, while subsequent analyses compared the

aforementioned root resorption groups (mild, moderate, and severe) to FD.

When total root resorption was compared with FD, virtually no correlation

between pre-treatment fractal dimension and level of root resorption was

observed (Fig 23; r=-0.12). Mild, moderate, and severe resorption versus FD

-
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also revealed virtually no correlation (Fig 24, r=-0.23; Fig 25, r=-0.34; Fig 26, r=-

0.32).
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(2.1-4mm) versus pre-treatment fractal dimension (FD), r= -0.34
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I. Root Resorption vs. Fractal Dimension (FD) Grouped by Root Movement

Our initial findings indicated a mild correlation between the amount of root

resorption and total apical root displacement as well as root displacement along

the x-axis. Since our findings showed a mild correlation, we further subdivided

the samples by level of root movement (total displacement, x-axis) and compared

root resorption vs. FD within these groups.

i. Root resorption versus fractal dimension grouped by total root movement

The sample was grouped into mild (0-3mm, Group A) and severe (3.1-7mm;

Group B) total root movement. The relationship between levels of post-treatment

root resorption and FD were then evaluated within each of these groups. No |

significant correlations were found (Fig 27, r=-0.35; Fig 28, r=-0.018).
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Fig 27 Group A (0-3mm total root movement): Linear regression plot of
post-treatment root resorption versus pre-treatment fractal
dimension (FD), r=-0.35
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Fig 28 Group B (3.1-7mm total root movement): Linear regression plot of
post-treatment root resorption versus pre-treatment fractal
dimension (FD), r=-0.018

ii. Root resorption versus fractal dimension grouped by root movement along the
X-axis

Similar to the grouping of subjects by level of total root movement, the sample

was next grouped by root movement along the X-axis. The subjects were

grouped into mild (0-2mm; Group C), moderate (2.1–4mm; Group D), and severe

(4.1-6mm; Group E) apical root displacement along the x-axis. The relationship

between levels of post-treatment root resorption and FD were then evaluated

within each of these groups. No significant correlations were found (Fig 29, r=-

0.092; Fig 30, r=0.20; Fig 31, r=-0.04).
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Fig 29 Group C (0-2mm apical root displacement along the x-axis): Linear
regression plot of post-treatment root resorption versus pre
treatment fractal dimension (FD), r=-0.092
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Linear regression plot of post-treatment root resorption versus pre
treatment fractal dimension (FD), r=0.20
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Discussion

Through the years, researchers have attempted to identify factors that would

predispose an individual to increased levels of post-orthodontic treatment root

resorption. This study focused on the association between apical root resorption

and pre-treatment trabecular bone structure measured by fractal dimension. In

order to limit confounding variables in the assessment of this relationship we first

examined the association between root resorption and four possible factors or

associations, namely chronologic age, Angle classification, treatment time, and

amount of apical root displacement (total, x-axis, y-axis). Since a mild correlation

was observed between the amount of apical root displacement and root

resorption, we controlled for this variable in our final analysis to determine any

relationship between FD and severity of root resorption.

Chronologic Age

The possible relationship between patient age, orthodontic treatment, and root

resorption was first investigated by Rudolph in 1936.32 Since then, multiple

investigators have attempted to identify a relationship.58,933-35 Although a few

studies have proposed that no relationship exists between patient age and root

resorption5, the overwhelming sentiment in the orthodontic literature indicates

that root resorption is both more prevalent and more likely in adults.
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In contrast to the majority of literature published to date, the finding of our study

indicates virtually no relationship between chronologic age and levels of post

treatment root resorption. Although an interesting result, the significance of this

finding is limited given the very narrow age range of the population. The

youngest subject was 10 years old and the oldest was 28, with the great majority

of individuals falling in the 11 - 17 year old range (14.05 + 3.04; p + SD). Indeed,

only 2 subjects were over the age of 20 years. The lack of any definitive effects

of age on root resorption in our study negated the need to divide our sample by

age in subsequent analysis to determine the correlation between FD and root

resorption.

Angle Classification

With regard to Angle classification, this study corroborates two previously

published articles by VonderAheb and Baumrind?8 who found no association

between root resorption and Angle classification.

Gender

The study found that on average females tended to experience more root

resorption than males (2.42 + 1.87 female; 1.59 + 1.02 male; p + SD; paO.096).

This corroborates other studies that have found females to be more prone to

resorption.1634 Although the standard deviations are high and the p-value

modest, this study indicates that females experience 0.83mm more resorption

than males. This difference in root resorption between males and females is
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substantially more than reported previously by Linge and Linge in 1983 who

found that females on the average showed only 0.06mm more root resorption

than males.9

Treatment Time

Length of treatment is generally regarded as a significant factor that could lead to

increased levels of post-treatment root resorption. Most studies have found a

direct correlation between these variables.7,9,1932.34 An important study by

Levander and Malmgren found that nearly 34% of upper central incisors showed

root resorption after 6 to 9 months of treatment. These individuals were again

examined at the end of active treatment (nearly 19 months) and found that root

resorption increased to 56%.13

Contrary to the majority of the published literature, this study found only a low

correlation between root resorption and treatment time. It is important to note

that overall, the average treatment time of the studied sample was slightly longer

than the average treatment time of most orthodontists. Additionally we only

evaluated the maxillary central incisor as opposed to the lower incisors or

premolars studied in other investigations.

Apical Root Displacement

Root resorption studies in the past have basically demonstrated that if a tooth is

moved in any direction it is liable to resorb. Tipping a tooth, application of torque,
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bodily movement of the tooth, and palatal expansion have all been found to play

a possible role in orthodontic root resorption.936 Of the various directions of

possible movement of the roots, many studies have implicated intrusion as the

most causative of root resorption.5,7,11 Contrary to these studies, and in support

of findings by Baumrind,28 this study found no relationship between the amount

of intrusion and root resorption. Furthermore, the findings of this study support

no correlation between any movement along the Y-axis (intrusion or extrusion)

and level of post-orthodontic root resorption.

With respect to root movement along the X-axis, findings of this study tend to

show that the more a tooth is retracted the higher the level of root resorption (r=-

0.46). This corroborates recent evidence presented by Baumrind that indicated

an average resorption of 0.49 + 0.14 mm was associated with each millimeter of

posterior root displacement.28

Total apical displacement (movement in any direction) was found to be mildly

related to root resorption (r=0.44). Again, this finding supports recent evidence.

28
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Fractal Dimension

Using fractal dimension as a tool to assess radiographic trabecular bone

structure, our hypothesis was that individuals with increased levels of bony

trabeculation (larger FD) would show higher levels of post-orthodontic root

resorption when compared to individuals with lower levels of bony trabeculation

(smaller FD). Given the data presented to this point, it is necessary to reject our

hypothesis and accept the null.

Comparing fractal dimension with the level of root resorption revealed no

relationship, and contrary to our hypothesis the small correlations demonstrated

were negative. In addition, subjects were grouped based upon root movements

that exhibited mild correlations with root resorption. The relationship between

root resorption and FD within these groups was evaluated and no statistically

significant correlations were found.

A recent study by Lee, in 2001, utilized fractal analysis as a diagnostic tool in the

progression of periodontal disease. The study found significant positive

correlation between fractal dimension and periodontal disease, and that fractal

analysis could differentiate between healthy subjects and those afflicted with

periodontal disease. This study was one of the first to demonstrate that fractal

analysis could detect radiographic bone changes utilizing periapical radiographs.

26
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It is important to note that unlike the previously described study, the sample

group in this study was normal. Specifically, all subjects were free of metabolic

disease and of healthy periodontal status. Therefore, it is very likely the variation

in bone structure from subject to subject would be minimal and a highly sensitive

method would be required to recognize these small variations. Fractal analysis

has been shown effective in differentiating significant variations in trabecular

bone structure, but it may be unable detect subtle bony variation among a normal

population. Therefore, future studies may include fractal analysis as well as

techniques that may be more sensitive such as computed tomography (CT),

cone beam CT. Although CT analysis would provide a significant amount of

information regarding the volume and quality of bone, CT requires significant

radiation exposure. It would be very difficult to justify exposing a patient to such

high levels of radiation. However, this is not a limitation of cone beam CT which

may be useful for future studies attempting to test our hypothesis.

From another perspective, it could be argued that fractal analysis may indeed be

capable of detecting subtle variation in trabecular bone structure in a normal

population and that the lack of significant correlation could be attributed to the

use of non-standardized periapical films and variations in radiograph acquisition.

But, a recent study by Jolley, et al., contradicts this argument.37 In a survey of

six dried human skulls, a series of radiographs of the alveolar bone in the

maxillary incisor region were taken. By varying angulation and radiograph

machine settings, the effects of these variations on fractal dimension were
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observed. The exposure angulation ranged from –10 to +30 degrees with

respect to the occlusal plane, kVp ranged from 50 – 80 kVp, impulses from 4 to

12 impulses, and milliamperage had two settings of 10 and 15 mA. The study

found that variations in both radiograph machine settings and cone angulation

within a clinically relevant range did not influence the FD. Therefore, although

every effort was made to keep the radiographs as standardized as possible, the

use of non-standardized films is not a valid reason for a lack of significance.

Future Studies

It is important to understand that this was the first study to attempt to identity an

association between radiographic trabecular bone structure and post-orthodontic

root resorption. To date, no studies have attempted to establish such a

relationship clinically. There have been several laboratory studies supporting the

hypothesis of this study. These investigators have shown that the more dense

the alveolar bone (increased trabeculation), the more root resorption occurred

during orthodontic treatment.1838,39. Therefore, it is important not to discard this

study on the basis of negative results. Rather, we must attempt to refine and

build upon the findings of this study and identify more sensitive methods of

assessing bone structure.

Future studies should aim to increase the sample size. The sheer number of

subjects should be increased to the point that there are adequate numbers of

high and low levels of root movement, and high and low levels of trabecular bone
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structure. In this study of 43 subjects, only four individuals had more than 4mm

of movement in any direction. Even though a strong correlation of r=0.75 was

realized when post-treatment root resorption was plotted against severe root

movement (4.1-6mm) along the y-axis, little information can be gleaned from the

plot given the fact only four subjects were evaluated.

Our study has provided sufficient information to complete a power analysis of the

number of subjects needed to conduct future studies of fractal analysis and root

resorption. We wanted to determine the number of subjects using adequate

power to test unpaired statistical tests of the research hypotheses in which we

specify a type I error of 5% and a type II error of 10%. Our power calculation

revealed that given the small standard deviations of FD (SD=0.03), nearly 150

subjects would be required to establish viable statistical significance.

Additionally, future studies should separate subjects into clearly defined groups

based on age. The current study dealt primarily with adolescent individuals.

Adolescence is a significant time of change for the human body. Growth spurts

and hormonal change are normal and may effect alterations in mineralization or

bony trabeculation. It is important to delineate these changes from those

changes elicited by orthodontic tooth movement. Therefore, it may be more

appropriate to evaluate trabecular bone structure and mineralization in a subject

group consisting only of adult, post-adolescent individuals. Finally, the use of

cone beam CT as a method for evaluating trabecular bone structure as well as
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root resorption in 3-dimensions could be extremely valuable to provide a

definitive assessment of any relationship between root resorption and trabecular

bOne Structure.
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1.

Conclusions

Mild correlations were observed between levels of post-orthodontic root

resorption and root movement along the x-axis (r=0.46), and total root

displacement (r-0.44).

Our data could not accept the hypothesis that the fractal dimension from the

Fourier-transform-based fractal analysis of periapical radiographs of the

maxillary central incisors correlates with the levels of post-orthodontic root

resorption. Therefore, we must accept the null.
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