








The software was used to determine the location of the CEJ, the root outline and
the root apex. Root segmentation is carried out along the coronal and sagittal plane by
outlining the root along the periodontal ligament space (Figure 2). All teeth were
segmented twice by the two independent examiners. Once the root was segmented, linear
measurement tool was used to measure total length of root (L1), length of apical half of
the root (L2) and width of root at half the root length (W1) along the coronal plane. Then
volume rendering tool was used to measure volume of total length of the root (V1) and
volume of apical half of the root (V2) was measured after segmentation of the coronal
half was completed. Hounsfield threshold value was reduced to minimum for every

volume rendered to minimize variation in sampling.
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Figure 2. A&B - Segmentation of the maxillary central incisor root along the facial plane.

Root length was measured along the long axis of the root from the defined CEJ to
the most apical point of the root. Root volume was measured at total root length (V1) and

at half the root length (V2). Based on the reference points used in the pilot study, the



width at half the root length (W1) was measured on 70 teeth to evaluate the influence of
root morphology.
Clinical Measurements

All the measurements were performed by two calibrated examiners and
independent duplicate measurements will be carried out. Prior to taking measurements,
the two examiners participated in a calibration session on the first 5 CBCT’s. During the
calibration session, each examiner measured all of the parameters on one central
maxillary incisor per patient, and the intra-examiner and inter-examiner reliability were
assessed using intra-class and inter-class correlation coefficients. Intra-examiner and
intra-examiner error was also calculated. All linear measurements were recorded to the
nearest 0.2mm. The mean of the two sets of measurements were used for further
statistical comparison. The absolute volume change between the coronal and apical
halves of the root was compared at corresponding length L1/L2 to determine if there is
linear correlation between the values. Volume change was calculated as V1-V2/V2 and
linear change was calculated as L1-L2/L.2. Statistical tests were also run to determine if
the change in volume is influenced by the shape of the roots as determined by the width

at half the root length (W1).

Statistical Analysis
Intra-examiner and inter-examiner reliability were calculated using intra-class
correlation coefficient. Spearman’s rho correlation coefficient test was used to determine
correlation between absolute change in linear measurements along the facial plane of the

sample teeth at full and half root length along the vertical axis with corresponding

10



volumetric change. Mann-Whitney U Test was used to compare mean change in volume
along the root with the two groups of root shape (thick vs thin) as determined by the

mean width at half the root length (W1). Hypotheses was tested at an alpha level of 0.05
and 95% confidence intervals were constructed. All analyses were performed with SAS

version 9.2.3 (SAS institute in Cary, North Carolina).
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CHAPTER FOUR

RESULTS

Intra-examiner and inter-examiner reliability was calculated using intra-class
correlation coefficient (Table 1). Intra-class correlation coefficients were high, with the
intra-class correlation coefficient for examiner 1 being 0.936, and the intra-class
correlation coefficient for examiner 2 being 0.988. The inter-class correlation coefficient
was lower, being 0.537. This demonstrates consistency within each examiner but not as
much between examiners. The lack of inter-class reliability can be explained by the
differences between the examiners in visualizing the root outline and thereby the
segmentation. Table 2 shows calculated linear/volumetric intra-examiner and inter-

examiner error.

Table 1. Intra-examiner and inter-examiner reliability.

intra-ciass1 .536 .842 - .573
Intra-class 2 .988 .968 - .995
Inter-class between examiners .537 .202 - .763



Table 2. Intra-examiner inter-examiner error.

Examiner Linear error (mm) Volumetric error (cu.mm)

Examiner 1

Examiner 2

Inter-examiner

Table 3 shows means for each variable measured. Mean total length of the root
was 12.45 £1.12mm and half the length was 6.21£0.56mm. Corresponding mean volume
as obtained by volumetric conversion was 347.19+78.87mm? and 114.94+34.06mm°. The
entire sample was then divided into two groups (thin vs thick) based on the mean W1

which was 4.30+0.89mm.

Table 3. Mean and standard deviation of the variables measured.

MEASURED VALUES MEAN STANDARD DEVIATION “
N=70

L1 (mm) 12.45 1.12 10 .00 - 14.50

L2 (mm) 6.21 0.56 5.00-7.30

W1 (mm) 4.30 0.89 2.70-8.45
V1 (cu. mm) 347.19 78.87 178.00 — 646.00
V2 (cu. mm) 114.94 34.06 41.00 - 248.00
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The change in linear vs volumetric measurement at full and half the root length
was evaluated to detect a linear correlation. The correlation was found to be non-linear
but it did not reach statistical significance (Spearman’s rho Test, p = 0.09) (Table 4). The
scatterplot shows that most of the volume values segregated along certain linear
measurements (Figure 3). The correlation did not reach significance even when the
sample was adjusted for the total length of root, L1 or when the sample was split between

the two root groups (Figure 4).

Table 4. Correlation of change in linear vs volumetric measurement at full and half the
root length

Correlation coefficient Significance
LINEAR AND VOLUMETRIC

CHANGE AT FULL AND HALF

ROOT LENGTH
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Figure 3. Scatter plot of the correlation of change in linear vs volumetric measurement at
full and half the root length.
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Figure 4. Scatter plot of the correlation of change in linear vs volumetric measurement at
full and half the root length by examiner 1 (A) and examiner 2 (B).

Mean change in volume along the root length was evaluated for correlation with
the root morphology. Mean W1 was used to split the sample into thin (W1<) and thick
(W1>) root groups. The correlation was found to be highly significant for both groups
(p<0.04). The variation in volume was seen to be higher in the thin root group when
compared to the thick root group. The significance remained when the sample was split

for the two examiners.
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Figure 5. Correlation of change in volumetric measurement at the full and apical halves
of the root length with root morphology.
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Figure 6. Correlation of change in volumetric measurement with root morphology when
split by examiner.

Based on our results, we cannot reject our primary null hypothesis that the change

in linear and volumetric measurements at full and apical halves of the root length on a
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maxillary central incisor is not directly proportional. The secondary null hypothesis that

the volumetric measurements will not be influenced by the root morphology is rejected.
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CHAPTER FIVE

DISCUSSION

In this study, we tried to determine a correlation between the linear and
volumetric measurements made along the coronal plane of a maxillary central incisor
using 3D CBCT software. Furthermore, we wanted to assess whether variation in root
morphology can influence the change in volumetric measurement along teeth of similar
root lengths. The results show that there is considerable variation in the volumetric
measurements when compared with corresponding linear measurement along the root and
the two measurements do not seem to be correlated. The non-linear pattern may be
affected by many factors which have not been assessed in this study. Therefore, we
cannot conclude on a definite pattern of behavior between the two parameters. The form
of distribution nevertheless shows that the relationship is not directly proportional,
meaning that for similar changes in linear measurement, the volumetric changes are
diverse. Thus, the clinical parameters used at present does not represent the true values of
bone loss as this study indicates that linear measurements are not proportionate for
volumetric changes.

These volumetric changes are however related to the root morphology as seen by
the high significance (p<0.04) when these parameters are compared. The correlation is
significant for both the thick and the thin roots but greater variation is seen with the thin

roots. This finds clinical application in that roots with similar linear measurement of bone
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loss may show great variation in volumetric measurement of remaining bone support and
this variation is steeper for slender conical roots.

In recent years, several studies have focused on the linear and volumetric
accuracy measurements of CBCT images, but the results are controversial. Baumgaertel
et al, Damstra et al, Ballrick et al, Lascala et al, Periago et al, and Brown et al. reported
that CBCT linear measurements had a tendency to underestimate the reference values.
But Lagravere et al. found that CBCT linear and angular measurements showed no
statistically significant differences between the coordinate measuring machine and
CBCT, which can produce a 1-to-1 image-to-reality ratio. Fourie et al. applied the
method of superimposed models and found that the CBCT models tended to be larger
than the reference models.

In studies of volumetric accuracy measurements of CBCT images, Wang et al and
Maret et al. found that CBCT volume measurements of teeth were similar to those with
microcomputed tomography. In their studies, they used as the reference standard
microcomputed tomography, which is also an x-ray scan machine and can cause artifacts
in high-density tissues. The microcomputed tomography scan parameters they used were
0.037mm (Wang) and 0.041 mm (Maret), which were close to the CBCT scan parameters
- 0.08 mm in (Maret) and 0.125 mm in (Wang). The higher the resolution, the less the
volume discrepancy might be between the microcomputed tomography and the CBCT
scans. But Liu et al. found that the CBCT volume measurements deviated slightly from
the physical volumes, by about —4% to 7%.

In clinical practice, volume accuracy is important and can be fundamental to the

study’s limitations. There are many factors that affect the accuracy of CBCT
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measurements. If the Hounsfield unit threshold is set too high, the tooth contour cannot
be obtained completely and tooth volume tends to be smaller. If the Hounsfield unit
threshold id set too low, the surrounding tissues will have a significant impact on tooth
contour and the tooth volume tends to be larger. In this study, to obtain tooth
measurements as intact as possible, we set the threshold segmentation to the minimum for
all the samples to keep the inter-examiner values unaffected by the setting.

For high-precision volume applications (ie, 3D computer-aided design model
development, dental measurement, periodontal bone level assessment, predicting the
diameters of unerupted teeth, and evaluation of root resorption), voxels of 0.125, 0.20,
and 0.25 mm are better. In small voxel scans, the periodontal membrane (0.3- to 0.4-mm
thickness) between the root and the alveolar bone can be obtained clearly; this could help
for root segmentation. But in larger voxel scans, the periodontal membrane cannot be
displayed clearly, so it is difficult to segment the root completely from the jaw; this could
cause greater deviations for volume measurements. Ye et al.

in their study found that the tooth volumes tended to be larger with increased voxel sizes
and artifacts around teeth causing a halation effect.

At present, there is no standard for tooth segmentation. This can cause deviations
between different operators. There will be a learning curve on using the software and it’s
applications. This may affect the accuracy of the projected vs the absolute measurements.
A follow-up clinical study evaluating the accuracy of volume measurements by
comparing values obtained through the software with absolute physical measurements

can assess the accuracy of the software used in this study.
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The clinical implications of this study include:

Individualized determination of periodontal prognosis based on a root morphology and
not just the linear change in remaining bone level.

Determination of dental root morphology and volume is of great in orthodontics for
biochemical considerations. Changes in root resorption and bone volume during
treatment can be monitored in progress.

Immediate implant placement can be assisted by understanding the volume of the bone
displaced by the root. The size of the implant can be determined prior to the extraction of
the tooth especially as CAD-CAM implant use is becoming more prevalent.

Assist in developing a prognostic criteria relating to the effect of root morphology on
bone loss, loss of attachment, mobility etc.

Annual changes in bone may be more sensitive as volumetric measurements as opposed

to linear measurements on peri-apical radiographs.
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CHAPTER SIX
CONCLUSION
Within the limitations of this study, we conclude that linear measurements along

the length of a maxillary central incisor root do not correlate with corresponding
volumetric change. In fact, for the similar change in linear measurement, there was great
variation in the rate of volumetric change. Root shape could not account for the lack of
correlation probably due to the small sample size and variation in segmentation between
the examiners. When grouped into thin vs thick root groups, a significant correlation was
noted between volumetric changes along the coronal and apical halves the root. The
deviations were greater for the thinner root group signifying there is greater loss of

volume along the root for similar level of bone loss compared to thick roots.
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