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The Association between Dental Root Canal Occlusion (Secondary Dentin
Formation) and Plasma Cholesterol Levels

Nahal Ashouri, DDS

Abstract

Elevated Plasma Cholesterol Levels Appear Predictive of a Faster Root Canal Closure; a

Postulated Marker of Human Aging.

Introduction and Hypothesis: One of the anatomic, “Senescent “changes that occurrs with

age that can be monitored non-invasively in humans is the root canal. This structure

becomes smaller, on average, in older individuals due to the deposition of secondary

dentine, a mineralized tissue that can be visualized in routine, clinical x-rays. The causal

mechanism responsible for stimulating secondary dentine formation (“root canal

closure”) is unknown but one possibility is that it is secondary to the also age-related

diminution in the blood vascular supply to the canal. It has been reported that the latter

reduction results, at least in part, from atherosclerotic changes in the small arterioles that

feed the soft tissues of canal. On the basis of this possibility, we have hypothesized that

the rate of root canal closure would be higher in aging individuals with consistently high

plasma cholesterol levels (>240 mg/dl), a major risk factor for atherosclerosis, than in

comparably aged individuals with low levels of cholesterol (<200 mg/dl). We have tested

this hypothesis using material collected from subjects enrolled in the Longitudinal Dental

Study. Methods: At enrollment, the subjects, ranging in age from 30-57 yrs, received

comprehensive dental examinations including oral x-rays, along with blood chemistry

and other medical evaluations. Subsequently, the subjects returned at ~3 year intervals for

oral health assessments and x-rays, and repeat blood chemistry measurements. The

average subject participated in 26 follow-up visits equivalent to ~20 years of longitudinal



data gathering. Using digitized x-rays of healthy or minimally restored 1" and 2nd

bicuspids, blinded measurements were made of the root canal and root diameter at the

cemento-enamel junction and at a position 1/4 down the length of the root. These

measurements were then converted to ratios to correct for individual differences in tooth

size. The data were then analyzed using a mixed regression statistical model with age,

cholesterol level and the occurrence of a myocardial infarct (MI) as the principal

variables. Results:. As previously reported, on average, the root canal at both the CEJ

and 1/4 sites diminished in size with age (p=<0.0001). The rate of closure did, however,

vary as a function of cholesterol level; the higher the cholesterol level, the faster the rate

(p = ~028 at the CEJ; 0.028 at the 1/4 interval). This relationship was evident in both the

slope (rate) and intercept at age 65. The rate of closure was not affected by a history of

MI. Conclusion: The data indicate that elevated cholesterol levels are predictive of a

more rapid rate of root canal closure (secondary dentine formation) in aging men, and

indirectly give credence to the hypothesis that the latter process is linked to

atherosclerotic changes in arterioles of the dental pulp.
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The Association between Dental Root Canal Occlusion (Secondary Dentin
Formation) and Plasma Cholesterol Levels

Introduction

Throughout life, human anatomic and physiologic changes are influenced by age

and disease. These changes include the dentition and their inner-structures, such as the

dental pulp and dentin.

The human dental pulp is a loose connective tissue contained within a central

cavity surrounded by an avascular hard tissue case. The pulp itself has a rich vascular

supply, with blood vessels entering the pulp space via the apical foramen in association

with the sensory and sympathetic nerve bundles.' Vascular capillaries constitute a

predominant part of the blood transport system of the pulp.”

The dental pulp, like other body tissues, undergoes age-related changes. These

alterations include physiological, defensive, and pathological irritant-induced changes

which are sometimes difficult to differentiate one from the other in terms of cause.’’

Extensive studies have evaluated the age-related changes of the dental pulp. Some

believe that as humans age, pulp size and volume decrease due to the normal process of

continuous apposition of Secondary dentin: a process that will narrow the root canal Space

over time.'"

Although it has never been directly determined, an age-related interference in

circulation and innervation may be the first step in dental pulp aging.” Other age

related changes in the pulp include degeneration of odontoblasts, decrease in size and

number of fibroblasts, blood vessels, and nerves, and increase in cross-linkages and

number of mature collagen fibers, lipid infiltration and calcification.” Using

~



histological methods, Bodecker was the first to suggest an association between age and

secondary dentin formation."

Age related changes in the dental pulp and dentin

Both the hard and soft tissues of the teeth and their attachment apparatus are

subject to constant change. This process begins immediately after tooth eruption and

continues throughout life. An exact dividing line between changes which are

physiological and pathological cannot always be drawn.” The dentin of older people is

characterized by the continuous narrowing of the lumens of the dentinal tubules with

h.”" reduction in the amount of tubularincreasing calcification throughout tubule lengt

fluid, and reduced sensitivity.”

Historically, the aging process has been recognized as an important determinant

of pulp size which decreases in volume via the formation of secondary dentin.” Murray

et al.” found that with increasing patient age, dentin thickness increased in both crown

and root spaces, with the deposition of new dentin tissue appearing to be asymmetrical.

As a consequence of this age-related increase, the volume of the pulp space lessens

macroscopically.” This is considered a normal, non-pathological event and occurs mainly

in teeth that are free of caries or restorations, and with no detectable periodontal disease

(Figure 1).

An association between age and secondary dentin formation, using histological

methods, has been established since 1925. "Several cross-sectional studies have

confirmed this association, but, no longitudinal studies have investigated this

: _ _ _1_: _ 5, 7, 9, 12,relationship.””””
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Figure 1. Radiographs showing root canal calcification in a permanent mandibular first
bicuspid of a subject with high cholesterol levels (ranging between 235-272). Note the
patent root canal space in the radiograph on the left (arrow) when the subject was 45
years old and the significant reduction of the canal space at age 61 on the right.

Atherosclerosis

Atherosclerosis is the most common disease in the industrialized world, and by

2020 is predicted to be the number one cause of death worldwide. It is a disease of the

intima and media layers of small to medium sized arteries, and develops slowly over

many years. A number of risk factors for atherosclerosis have been identified. Most

prominent among these factors is an elevated level of plasma cholesterol. The lowering of

cholesterol reduces the risk of heart attacks, strokes, and all forms of atherosclerotic

vascular disease. "There are direct correlations between levels of total plasma

cholesterol, high density lipoproteins (HDL), low density lipoproteins (LDL), and

coronary artery disease, atherosclerosis, and ischemia to various parts of the body such as

the heart, the brain, and other organs.”



Trauma and dental root canal system occlusion

Previous studies have shown that reparative dentin formation can be triggered by

a large number of traumatic events. These events have been noted to include preparation

trauma from a bur or laser, dental operator hand instrumentation, microleakage of

bacterial toxins, restorative materials or chemicals, and attrition, abrasion, or erosion."”

Given the range of trauma that can stimulate root canal system occlusion, it would

not be surprising if decreased blood flow to the pulp (ischemia), secondary to

atherosclerosis, lead to the same phenomenon. If this is the case, then a causal linkage

would exist between an age-related event, loss of vascular supply, and another age

related event, Secondary dentin formation (canal occlusion). It would also follow that

any circumstance that would increase likelihood of diminished blood flow (elevated

cholesterol) would also increase secondary dentin formation.

Correlation between decreased blood flow to the pulp and secondary dentin
formation

Arteriosclerosis is a pathological condition in which there is a severe luminal

narrowing of arterial vessels, resulting in tissue ischemia and potentially necrosis. Since

atherosclerosis also affects the small arterioles of the body, the dental pulp arterioles

undergo change as well. * Robbins” showed that atherosclerotic alterations in pulpal

arteries result in a narrowing of vessel lumens and calcification of the vessel walls. As

the degree of narrowing increases, circulation to the soft tissues of the pulp becomes

more limited, and the tissue becomes more fibrotic changes and may even calcify.”

Atherosclerosis occurs in arteries in different parts of the body and while more common

in older individuals, can almost always be observed in the arteries of young adults.

Arteriosclerosis has been reported in the dental pulp of people as young as 40 years of
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age.” Atherosclerotic alterations in pulpal arteries result in a narrowing of vessel lumens

and calcification of the vessel walls.” These results are consistent with related findings

showing that the hemodynamics (blood flow) in the human pulp is reduced with age."

Arteriolar sclerosis is usually restricted to small peripheral arterioles with a

diameter of 100pum or less. Considering that the dental pulp consists of arterioles that are

equal or less than 50 pum in diameter,” it seems likely that these vessels will be affected

by vascular ischemia.

Atherosclerotic changes include calcification of the vessel walls, intimal

thickening, and elastic hyperplasia, all of which decrease blood supply to the coronal

portion of the pulp. It is in the coronal portion of the pulp that secondary dentin

formation begins. Morse et al...' found that pulp vessels in aging individuals undergo

atherosclerotic changes that diminish the tissue's blood supply.

Burke et al.” reported that circulatory problems may be one of the initiating

factors for an increase in pulpal calcification. There also appears to be a relationship

between atherosclerosis and calcification of the soft tissues of the pulp (or formation of

pulp stones). In a cross sectional study, Moura et al.” investigated the occurrence of free

pulpal calcifications (denticles) in the pulp chamber of teeth of patients suffering from

coronary atherosclerosis. The incidence of denticles was higher in patients with coronary

atherosclerosis than in patients who did not suffer from this disease. Moreover, patients

suffering from coronary atherosclerosis demonstrated a higher number of teeth with

pulpal calcification than patients in the control group. *

The correlation between a variety of systemic diseases and root canal space

occlusion has been previously investigated. Howe found that pulpal stones are signs of an
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alteration in the patient’s general health, and their occurrence in the tooth pulp indicate a

correlation to calcified formations in the gall bladder.” Several other studies have

reported a statistically significant correlation between root canal system closure and

calcification related diseases such as arthritis, gout, kidney stones, and atherosclerosis.”

30

A comparison of relative dental pulp size in patients with chronic renal disease to

healthy controls, by Galili et al..." revealed a significant pulp narrowing in the kidney

disease group. A strong correlation between the chronicity of systemic disease and pulp

narrowing was found in the premolar and molar teeth of the test group, which indicates

the relationship between systemic calcification and dental pulp calcification.”

While the above Studies suggest a link between atherosclerosis, heart disease, and

root canal calcification, the specifics of this possible association remain unknown, in part

because the earlier observations were based on cross-sectional analysis. Cross-sectional

studies mask individual-to-individual variations, making it difficult to clearly assess

whether or not root canal calcification is linked to or associated with some exogenous

factor or factors. In the present study, we explore the relationship between the rate and/or

degree of root canal system closure and plasma cholesterol levels in a longitudinal,

retrospective, case-controlled study that extended over many years. Plasma cholesterol

levels are used as likely surrogates of atherosclerosis since it was not possible to directly

measure atherosclerosis in the teeth of the subjects.



Hypothesis –
- - - - - - - -

º
The hypothesis of this study is that individuals with elevated cholesterol levels

tº a

will either show an earlier onset of canal closure, or a more rapid rate of canal closure. 5.
This hypothesis will be tested using a case-control, age-adjusted research design -*-

–4–

comparing the rate of root canal system closure of individuals with high baseline levels of

total plasma cholesterol (as defined by the National Cholesterol Education Program) to

those with clinically desirable levels of cholesterol.
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Materials and Methods

Subjects

The Dental Longitudinal Study (DLS), as a component of the Normative Aging

Study, was initiated in 1969 at the Veterans Administration Hospital now associated with

Boston University, and is ongoing. The DLS data collection includes serial dental

radiographs (periapical, bitewing, and panoramic radiographs) taken at approximately 3

year intervals of entirely male, mostly Caucasian subjects. At baseline , the subjects

ranged in age from 25 to 70 years. All enrollees were generally healthy men with two or

more teeth. Initially, a total of 804 dentate individuals were enrolled in the study. The

current number is about 700 males, some of whom have been followed for more than 30

years. In addition to the comprehensive dental examinations, the subjects also received

extensive medical assessments including medical histories and physical, physiological,

and psychological examinations.” The physical measurements included plasma

cholesterol, HDL and triglyceride levels, and notations of myocardial infarction and

Smoking.

Sample size and description of cohort

A total of 65 adult male subjects and 125 teeth were included in this study. The

median number of visits per subject was four, with a range of 3-11 visits. Two groups of

subjects were defined by their cholesterol levels. Initially, 27 of the subjects were in the

low cholesterol group (below 200 mg/dl), and 38 were in the high cholesterol group

(above 240 mg/dl), as defined by the National Cholesterol Education Program in 2001

(Table 1).” Only subjects with stable cholesterol levels over time were selected (Figure

2).

º



Calssification of LDL, Total, and HDL
Cholesterol (mg/dl)
LDL Cholesterol

< 100 Optimal
100-129 Near or above optimal
130–159 Borderline high
160–189 High

>190 Very high
Total Cholesterol

<200 Desireable

200-239 Borderline High
>240 High
HDL Cholesterol

<40 Low

>60 High

Table 1. Classification of LDL, Total, and HDL cholesterol (mg/dl)
For the experimental group, subjects with consistently high total plasma cholesterol
levels from the start of the study, were selected. Similarly, for the control group, subjects
with consistently low total plasma cholesterol levels were selected.

Profiles
Ags vs. 1st at the last at at waises

Total tºlºtºl

—-1, -i,
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Figure 2. Age versus Total Cholesterol values are shown for every subject at every time
point. Note that the total cholesterol value for each subject is stable over time, staying
within defined boundaries of “high cholesterol” and “low cholesterol” groups.
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At the time of initial radiograph, the subjects ranged from 30 to 57 years old

(mean = 46.83 +/- 6.65 years). At the time of the final radiographs, the subjects ranged

from 43 to 81 years old (mean = 66.98 +/- 8.84 years, Table 2). The distribution of mean

ages and standard deviations for both the high and low cholesterol groups at the initial

and final recordings are shown in Figure 3.

In addition to blood tests and complete medical exams, notations were made in

each patient’s chart after each visit regarding Smoking and myocardial infarction

incidents. As shown in Table 2, 48% of the low cholesterol subjects, and 58% of the high

cholesterol subjects were smokers at Some time in their lives, which was almost always

before the last set of data collected on the patient. 11% of the low cholesterol subjects

and 13% of the high cholesterol subjects experienced episodes of myocardial infarction.

Subjects Low Cholesterol group High Cholesterol Group
J (below 200 mg/dl) *=ll-l

Initial Final Initial Final

Average 47.54 67.61 47.02 66.56
age (years)
Standard 6.69 7.98 6.69 9.44
deviation

Minimum 34 43 3() 44

Maximum 57 8() 57 81

% Smoking 48% (13/27) 58% (22/38)

% MI 0. 0.

incidence 11% (3/27) 13% (5/38)

Table 2. Subject age distribution at the initial and final data collection, as well as
percentage of subjects Smoking and myocardial infarct incidences in each cholesterol
group. Note that the two groups have similar means and standard deviations of age at the
initial and final stage of data collection.
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Mean Age +/-SD by Cholesterol Group

80 T-
- - - -
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-
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5 High Final ||
£ 30 H = & Low Initial
E

20H
|

10H T

0

O 1 2 3 4 5

Cholesterol Group and Initial or Final Age

Figure 3. Mean ages and standard deviations for the experimental and contro groups at
the initial and final data recording. Note that the two groups have similar means and
standard deviations of age at their initial and final time of data recording.

Study Design & Case Selection

A case control experimental design was used for this study. With previous

literature as a guide for subject selection,” an age-matched experimental group and a

control group were selected from historical records obtained from the VA Longitudinal

and Normative Aging Study based on baseline plasma total cholesterol levels. The latter

measurements were used as our main initial selection criteria, since HDL and LDL values

were not available during the initial years of the study. However, HDL values were used

for data analysis once they became available. Table 1, from the third report of the

National Cholesterol Education Program”, was used to establish the cut-off values for

inclusion in the control vs. experimental groups.

–4.
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Our initial approach of having only one low and one high cholesterol group

proved uninformative, so in subsequent analysis, we placed the subjects into 5 groups

based on their total cholesterol levels, as followed:

1. below 170 mg/dl

2. between 170 and 200 mg/dl

3 between 200 and 240 mg/dl

4. between 240 and 280 mg/dl

5. above 280 mg/dl

Periapical radiograph inclusion criteria

We studied radiographically healthy right and left mandibular first and second

bicuspids. The presence of occlusal restorations with less than 1 mm penetration into

enamel was deemed acceptable.

Periapical radiograph exclusion criteria

Teeth with pulp stones, root canal treatment, more than one root canal system or

carious lesions past the DEJ, were excluded. Also teeth with root caries, fractures into

dentin, more than one surface restoration, or surface restorations penetrating more than 1

mm into dentin, as viewed by bitewing or periapical radiographs, were not used. Finally,

teeth with cervical restorations, the presence of a crown or bridge, incomplete images of

the tooth, or poor quality radiographs, were also excluded.

Radiographic Analysis

Each periapical radiograph was examined for inclusion and exclusion criteria. The

age of the subject at the time each radiograph taken was recorded. Radiographs were

scanned at 1000 dpi as a color image and saved in the JPEG format. The digital images



were then cropped, and rotated so that the long axis of the tooth was parallel to the

vertical using Adobe Photoshop 6.0 (Adobe, San Jose, California). All images were

given a number to achieve operator blindness. Images were then measured using

Photoshop 6.0 software(Adobe, San Jose, California).

To make the measurements at defined and reproducible sites on the root, a line

was drawn horizontally, passing through the cemento-enamel junction (CEJ). Then, a

vertical line was drawn perpendicular to this line and extended from the cement-enamel

junction (CEJ) to the apex of the root. This line was divided into four equal quarters

(Figure 4). Measurements were made of the dimension of the root and the root canal at

three sites; the CEJ, at the 4 point below the CEJ, and along the axis of the root. From

these measurements, three ratios were calculated; the CEJ ratio, the / ratio, and the

Height ratio.

The CEJ ratio was defined as the ratio of the width of the root canal space to the

width of the root at the CE.J. The % ratio was the ratio of the width of the root canal

space to the width of the root at the 4 increment. The Height ratiowas the ratio of the

length of the most occlusal portion of the root canal space to the apex over the length of

the root (from the CEJ to the apex). The 4 and 4 locations were used to verify whether

the root canal space was open or closed at those locations (Figure 4). In addition to the

above, medical records were examined to determine if and when the subjects had a

history of myocardial infarction and smoking. The latter findings were recorded as

binary date, 1=yes and 0=No.

t
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- Crown

– root canal space

CEJ (cemento
enamel junction)

CEJ increment

1/4 increment —

1/2 increment

3/4 increment

FIGURE 4. Schematic of tooth and areas of measurement

Intra-operator & Inter-operator Error

Ten images were selected at random, and duplicate measurements were made by

each of two examiners to determine intra-operator error. Both operators measured all

variables for all 10 teeth for inter-operator calculations. Coefficient of variation was

calculated for each error using the following equation:

Coefficient of variability = [mean square (residual)|'' x 100% = Standard deviation x 100%
Mean of all data Average

The inter-operator and intra-operator errors were calculated. The coefficient of

variation was about 2% for operator 1 and 6% for operator 2. The operator 2 standard

deviation values were higher than operator 1 values (SD 3 or 4 times larger). The reasons

for this were not clear. However, and importantly, both operators’ calculated similar CEJ

ratio and quarter ratios with no statistical significance. There were, however, statistically



significant differences in determining the canal length ratios. This difference appears to

be due to the difficulty in recognizing the most occlusal border between the hard tissue of

the dentin and the soft tissue of the pulp, within the crown, in a two-dimensional x-ray of

a three-dimensional tooth. The length ratios made by both operators were generally

inconsistent, and therefore showed no significant trend.

Statistical Analysis/Calculations

The CEJ, WA, and Height ratios were calculated for each of the multiple

measurements made on the subjects. These data were then used to determine whether

there was a statistically significant association between rate of root canal closure and age

and, if so, whether this association was affected by total plasma cholesterol levels.

A mixed regression model was used to accommodate the repeated measurements

of teeth and subjects for each of the three outcomes: CEJ ratio. A ratio, and Height ratio.

In each model, adjustments were made for tooth type (i.e., left or right, first or second

premolars). In addition, the effects of myocardial infarction, HDL, smoking, and age

were investigated. SAS version 8.2 statistics software (SAS Institute, Cary NC) was used

for the statistical analysis.

An alternating logistic regression" was used for modeling patency (canal open or

closed) at /, and 34 lengths of the root in order to accommodate the repeated

measurements over teeth and subjects. As before, adjustments were done for the

predictors of myocardial infarction, HDL. Smoking, and age. In addition, residual plots

were analyzed to assess whether the rates of closure were normally distributed over time.

The residual plots were also evaluated to assess and identify potential outliers.



Cholesterol Levels

Results

A summary of the p-values for the relationship of canal space closure and age,

mean change per year in ratio, and 95% confidence intervals for the CEJ, A ratio, and

height ratios and P-values of the /, and 34 increments are shown in Table 3.

Increment P-value Mean Lower Upper
confidence confidence

level level

CEJ Ratio <0.0001 * –0.0285 -0.0326 0.0243

% Ratio <0.0001 * –0.01.07 -0.0148 0.0066

Height Ratio ().0976 -0.0068 -0.0148 ().0012
% Increment ().4693

% Increment ().5734

Table 3. P-value, mean change per decade in the ratio, and 95% confidence intervals for
each increment. (* = statistically significant)

As shown in Table 3, there is a statistically significant diminution in root canal

size as a function of age at the CEJ and / ratios. The change in height shows the same

trend but does not reach statistical significance in this study; perhaps because of the

degree of inter-operator difference in height measurements and the difficulty in

accurately measuring this dimension.
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The potential impact of cholesterol level on rate of canal closure using continuous

outcomes is shown in Figures 5, 6, 7, and 8. These data have been adjusted for

myocardial infarct, HDL, and smoking. In Figure 5, a more rapid rate of decrease of CEJ

ratio is found in the higher cholesterol groups and is statistically significant. The

confidence interval is -.0002 to 0.000 (p=0.0258).

Age vs. CEJ Ratio

CE.J. Ratio Model with interaction of Total Cholesterol ºf ge■ per decade) Estimate - -.0001 (p = .03)
adjusts for tooth type

ce j_ratiol
0.4-

C.

A.

A. A.

L

0.3- d

0.2-

0.1 -

0.0 -

predicted lines at
-

cholesterol values
170, 200, 240, E 280

-
170 200 240 280

C. C. C. le 170 D. D. D. (170, 2001 * * * (200, 2401 o o o (240, 2801 * A A gt 280

Figure 5. Change in CEJ ratio over time. Note the steeper rate of decrease of the CEJ
ratio (slope) as cholesterol levels increase, indicating a more rapid rate of closure of the
root canal system at the CEJ level.
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To highlight the differences in CEJ ratio of the various cholesterol groups the

intercept at subject age 65 of all these lines was plotted in a bar graph (Figure 6). Note

the apparent stepwise progression from lower to higher cholesterol levels; lower

cholesterol levels equating to more open canals at the CEJ.

Intercepts at Different Cholesterol Levels at Age 65: CEJ Ratio

Inter_320 0.080964856

Inter 280 0.08745.7183

Inter_240 0.09394.951

Inter_200 0.100441837

==

Inter_170 0.105311082

0.06 0.08 0.1 0.12

DIntercepts Age 65

Figure 6. Intercepts of the CEJ ratio of different cholesterol levels at age 65, derived
from Figure 5. Note the larger CEJ ratio at lower cholesterol levels, indicating a smaller
root canal ratio at the CEJ for the subjects in the higher cholesterol groups.

.
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As shown in Figures 7 and 8, a similar phenomenon regarding the rate of canal

closure and cholesterol level is seem at the 4 site (ratio). After adjustment for MI, HDL,

and smoking, elevated cholesterol is associated with an incrementally more rapid rate of

canal closure (Figure 7, p = 0.0260; CI= -.0001 to 0.000). These increments become

more apparent when the intercept at age 65 is plotted against cholesterol level (Figure 8).

Age vs. Quarter Ratio

Quarter Ratio Model with interaction of Total Cholesterol ºpe(per decade) Estimate - -.0001 (p = .03)
fidjusts for tooth type

one fourth_ratio
0.4-

20 30 40 50 G0 70 80 90

Predicted Lines at
cholesterol values
170, 200, 240 & 280 170 200 240 280

O C. C. le 170 d D G (170, 2001 * * * (200, 2401 o o o (240, 2801 & 2 a pt 280

Figure 7. Change in / ratio over time. Again, a steeper rate of decrease of the V4 ratio
(slope) was observed as cholesterol levels increase, indicating a more rapid rate of
closure of the root canal system at the V4 level.
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Inter_320

Inter 280

Inter_240

Inter_200

Inter_170

Intercepts at Different Cholesterol Levels at Age 65: One Fourth Ratio

0.112272999

0.11944654

0.12662008

0.13379362

0.139.1737.76

0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16

DIntercepts At Age 65

Figure 8. Intercepts of the 1/4 ratio of different cholesterol levels at age 65, derived from
Figure 7. Note the larger 1/4 ratio at lower cholesterol levels, indicating a smaller root
canal ratio at the 1/4 for the subjects in the higher cholesterol groups.

In contrast to the findings at the CEJ and / ratios, changes in height ratio

(adjusted for myocardial infarction, HDL, smoking, and age) with age were not

significantly altered by plasma cholesterol levels (data not shown). Similarly, using

alternating logistic regression analysis, no association was found between cholesterol

levels and canal patency at the V, and 3% levels (data not shown).
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Myocardial Infarct

The mixed regression model of the CEJ ratio, adjusted for cholesterol levels,

shows that the rate of decrease in the CEJ ratio as a function of age is similar for those

subjects who did and did not experience an MI. However, those who experienced

myocardial infarcts may have larger canals at the CEJ initially, and as they age (Figure

9). This latter difference, however, is not statistically significant (p=0.0830), but

suggests a possible trend. The data at the V4 ratio show a similar trend, but again, the data

do not establish statistical significance (results not shown).

Age vs. CEJ Ratio

Intercept - 0.30, age(per decade) -0.03, MI Estimate - 0.033
fidjusts for tooth type

ce J_ratiol
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Figure 9. Change in CEJ ratio over time. After adjustment for cholesterol levels, rate of
decrease in CEJ ratio for both groups were similar. Note that those who experienced
myocardial infarcts may have had a higher CEJ ratio value overall (not statistically
significant).
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Discussion

Vascular occlusion due to atherosclerotic changes in pulp arterioles may be

associated with (and perhaps causes) secondary dentin formation. Since it is not possible

to directly measure atherosclerotic change in teeth of living individuals, elevated

cholesterol, a major risk factor for atherosclerosis, was used as a surrogate in vessel

occlusion. This study was carried out to determine whether plasma cholesterol levels

affect the relationship between the rate of root canal closure (secondary dentin formation)

and age. In addition to evaluating this relationship, the possible association between the

rate of root canal closure and myocardial infarction, HDL cholesterol levels, Smoking,

and age was also investigated.

Atherosclerosis and secondary dentin formation

There are direct correlations between levels of total plasma cholesterol, and

coronary artery disease, atherosclerosis, and ischemia to various parts of the body

including the heart, the brain, and other organs. The most prominent risk factor for

atherosclerosis has been identified as elevated level of plasma cholesterol. The lowering

of cholesterol reduces the risk of heart attacks, strokes, and all forms of atherosclerotic

vascular disease."”

The relationship between blood vascular supply, calcium homeostasis and dental

pulp calcification has been suggested in previous studies. For example, a strong

association between chronic renal disease and pulp narrowing was reported by Galili.”

Burke et al., found that reduction of blood circulation may be one of the initiating factors

for an increase in secondary dentin formation.” Similarly, Moura et al., showed that
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patients suffering from coronary atherosclerosis had a higher number of teeth with

secondary dentin formation than patients in the control group without sclerotic change. 26

Although these earlier studies indicate a link between atherosclerosis, heart

disease, and root canal calcification, the specifics of this possible association remained

unknown, mainly because the earlier observations were based on cross-sectional analysis.

Cross-sectional studies can disguise individual-to-individual variations, making it

challenging to clearly assess whether or not root canal calcification is linked to or

associated with some exogenous factor or factors. In this study, we investigated the

relationship between the rate and/or degree of root canal closure and plasma cholesterol

levels in a longitudinal, retrospective, case-controlled study that extended over many

years.

Since it is impossible to directly determine the degree of secondary dentin

formation and/or amorphous calcification in living teeth, the occurrence of both processes

were assessed in radiographs of teeth as the loss of translucence to x-ray and increasing

opacity of the root canal system.’” 12

Using radiographs and medical records collected from a subset of 65 subjects

enrolled in the Dental Longitudinal Study, we investigated whether elevated cholesterol

levels would increase the rate or amount of root canal occlusion. Twenty seven of these

individuals had consistently low total plasma cholesterol levels (defined by the National

Cholesterol Education Program)” over time. The remaining thirty eight subjects had

consistently high total plasma cholesterol levels over time.

Three radiographic indices of canal occlusion at the CEJ, 1/4 ratio, and Height

ratio, were used to assess the relationship between rate of canal closure and total plasma
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cholesterol levels. A more rapid rate of decrease of CEJ ratio was found in the higher

cholesterol groups and was statistically significant (p = 0.0258). Similarly, a higher rate

of decrease of the 1/4 ratio was found in the higher cholesterol groups, and was

statistically significant (p = 0.0260). In contrast, no association was found between the

rate of change of the height ratio and plasma cholesterol levels (p → 0.05).

Association between canal space occlusion and other systemic factors (myocardial

infarction, HDL. Smoking, and age)

Medical and dental records of the studied subjects were examined to determine if

any relationship existed between root canal closure and myocardial infarction, root canal

closure and HDL, or root canal closure, smoking, and age.

In contrast to the apparent association between the degree of closure and total

plasma cholesterol level, the consequences of having a history of MI are somewhat less

certain. The rate of decrease in the CEJ ratio for subjects who had myocardial infarcts,

and those who did not have myocardial infarcts were similar. However, those who

experienced myocardial infarcts, showed a higher CEJ ratio value overall. This effect

however was borderline and was not statistically significant (p = 0.0830). Our finding of

higher CEJ ratio in the subjects who had myocardial infarct is contrary to a recent study

of this same relationship. Khosrovani et al., showed that the subjects who had an

incidence of myocardial infarct had smaller CEJ ratios compared to the subjects who did

not have a history of MI." This difference in results could be attributed to the difference

in our sample selection method or because of the small sample size. However, it does

appear that the presence of atherosclerosis acts to increase closure early in adult life and

once established, remains a constant factor in canal occlusion.
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Previous cross sectional studies have shown that, on average, pulp size and

volume decrease with age. "“”'''” The results of the present retrospective

longitudinal study also show that, overall, the closure of the canal progresses steadily as

individuals become older, thus confirming the findings of previous studies. There were

clear individual variations among subjects, but this trend of decreasing root canal width

with age was not only present, but also statistically significant (P-value for both the CEJ

and / ratios were ~ 0.0001).

No significant associations were observed between canal occlusion and plasma

HDL values. However, HDL values were not measured until recently, there weren't

sufficient data available with HDL values for a reasonable analysis. In addition, as

shown in a prior study", no significant associations were observed between canal

occlusion and Smoking.

Limitations and Future Possibilities

41. 42 theEven though this study involved more subjects that similar past studies.

size of the cohort was still relatively small, and further limited by the fact that the

subjects were all male. Having a larger pool of subjects might well improve the strength

of our outcome and clarify the situation with regard to a possible effect of MI. In

addition, even if the present results prove valid in confirmatory studies using DLS

subjects, having access to radiographs and medical records of women and men of

different ethnic groups would allow determination of the general applicability of the

findings.

Probably, the greatest limitation to the current technique was the use of indirect

measures of both atherosclerosis and secondary dentin formation. Total plasma
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cholesterol levels were used as surrogates of atherosclerosis, and radiographic images to

assess secondary dentin formation (root canal calcification). In the future, if new

technology allows for measurement of these variables directly, the validity of this study

can be improved.

Finally, root canals are three dimensional structures, which are reduced to two

dimensional radiographs. Radiographic superimposition of structures and marked

changes in canal morphology such as splitting of canals can create anomalous findings.”

Moreover, height ratio proved to be a challenge to measure due to overlapping structures

present in the radiographs. This complication contributed to the difficulty in identification

of the most occlusal portion of the canal during our measurements. Due to the

superimpositions of hard and soft tissue on a radiograph, it was at times very difficult to

accurately mark, and therefore measure, the boundary between soft tissue of pulp and the

mineralized tissue of dentin that forms the wall of the root canal.

In the present study, the possible effect of cholesterol controlling medications

such as lipitor and other statins on canal closure was not been investigated. These

medications were not available until the latter part of our subjects’ data collection phase

and, in any case, our subjects were selected because their cholesterol levels changes little

over the years.

Clinical Significance

If there is a protocol in place for the correlation between the rate or amount of

root canal closure in teeth and cardiovascular disease, dental radiographs may serve as a

screening tool to identify patients who are at risk for such diseases. This is crucial since

dental radiographs are taken much more often than blood tests are done.
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