








Figure 55. SN Plane Constant

Figure 56. SN Plane with Clockwise Rotation
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Legend

Red CBCT
Green Ceph
Blue MRI

Figure 57. Trends when Tracing Incisors

agreement with the earlier discussed minor biases of CBCT tracings indicating more
upright incisors and MRI tracings showing more flared incisors. Compounding these two

minor biases could account for the larger bias seen in interincisal angle measurements.

Comparing the Results from 3 Readers and 2 Readers
There were no significant differences noted when comparing the results between
3 readers and 2 readers. There were a few values that showed mildly better correlation
when comparing mean difference, such as Steiner’s U1-NA angle and occlusal plane to
SN angle. However, there were also measurements that showed mildly worse correlation,
such as Ricketts maxillary depth and FMA. When considering standard deviation, there
were also cases of slightly better correlation (SN-MP, FMA) and slightly worse

correlation (maxillary depth, facial depth). Overall, the trends of error were unchanged.
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Cephalometric Error
A discrepancy between cephalometric values obtained when comparing different
imaging modalities is not uncommon. Previous studies have shown statistically
significant differences when comparing manually traced radiographs to digitally scanned

224 as well as between lateral cephs and 3D CBCT scans.”

and digitized images,
However, these studies have concluded that the differences were not clinically
significant.

Another earlier study examining magnification in common digital lateral
cephalometric machines showed 8.1% to 13.2% vertical magnification and 8.2% to
14.2% horizontal magnification. One machine in the study also displayed non-symmetric
magnification characteristics. However, the study concluded that for clinical purposes all
the machines evaluated in the study were adequate.”®

The largest average error when comparing tracing lateral cephs to either CBCT or
MRI in this study occurred when comparing interincisal measurements. The Bland-
Altman plot for comparing lateral cephs to CBCTs for interincisal angle showed a bias of
-3.39°. Compared to the clinical norm for Ricketts analysis for Caucasian patients (from
Dolphin Imaging, 2013) of 130.0° £ 6.0°, this error is well within the roughly 8% to 14%

error seen noted in common lateral cephalometric machines. It is also only about half the

magnitude of the corresponding standard deviation.

Evaluation of Clinical Viability

This study suggests a good to very good agreement for almost half of the

measurements evaluated. The rest appear to show a small to moderate degree of bias, but
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the biases appear to be well within the limits of clinical acceptability. They also appear
directional in most cases and can be adjusted for.

The larger issues at this time appear to be other limitations of practical MRI use
for orthodontic diagnosis. The current cost of having an MRI taken both prior to and post
orthodontic treatment is prohibitive in many cases. It would also likely not be covered by
insurance at the time of this study. There would be difficulty in having young patients
stay still for the duration of time required for an MRI to be taken. MRI is also not
applicable for progress examinations during orthodontic treatment due to the presence of
metal in most orthodontic appliances. However, some of the non-conventional modalities
of treatment such as the use of clear aligners would allow for this. A previous study also
noted that titanium brackets and some specific types of stainless steel brackets had no
effect on MRI.* Lastly, most orthodontists are not familiar with reading MRIs and would
need training in order to be able to trace MR scans.

If MRI is the chosen imaging modality of the treating orthodontist and the patient,
this study suggests that with relatively quick training and the relevant software an
orthodontist would be able to obtain clinically adequate cephalometric data from an MRI

image.

Suggestions for Improvement
To improve the agreement between the imaging modalities, one suggestion would
be to have each reader reorient the 3D volumes on their own. In a clinical practice setting,
this would likely be the first action by an orthodontist tracing a 3D volume. In this study,

the decision was made after the pilot experiment to leave the head orientations as is.
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However, in retrospect the agreement may have been better if the images had been
reoriented prior to landmark identification.

Another possible improvement would be to have a radiologist familiar with
evaluating MR scans aid with calibration of the readers. There was some degree of debate
during calibration as to the correct location of certain landmarks, and a radiologist with
more experience dealing with such images would have aided in more correct and

consistent landmark identification.
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CHAPTER SIX

CONCLUSIONS

Conclusions

1. There are statistically significant differences in certain Ricketts and Steiner analysis
cephalometric measurements when comparing data obtained from digital lateral
cephalograms, cone beam computed tomography scans, and magnetic resonance
Imaging scans.

2. The differences in cephalometric measurements are within the limits of clinical
variability and are adequate for clinical evaluation of a patient.

3. Under the conditions of this study, tracing magnetic resonance imaging scans can yield
similar orthodontic cephalometric values to conventional lateral cephalograms

and cone beam computed tomography scans.
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