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RESEARCH
“Black Bone” MRI: a potential non-ionizing method for
three-dimensional cephalometric analysis—a preliminary
feasibility study

K A Eley, S R Watt-Smith and S J Golding

Nuffield Department of Surgical Sciences, University of Oxford, John Radcliffe Hospital, Oxford, UK

Objectives: CT offers a three-dimensional solution to the inaccuracies associated with lateral
cephalogram-based cephalometric analysis. However, it is associated with significant concerns
regarding ionizing radiation exposure. MRI offers a non-ionizing alternative, but this has been
less well investigated. We present a novel gradient echo MRI sequence (“Black Bone”) and
highlight the potential of this sequence in cephalometric analysis.

Methods: After regional ethics approval, “Black Bone” imaging was obtained in eight
patients in whom lateral cephalograms were available. “Black Bone”, T} and T, weighted
spin echo imaging were obtained in the mid-sagittal plane, and measurements were compared
with those obtained on the lateral cephalogram using both the Advantage Windows
Workstation (GE Medical Systems, Buckinghamshire, UK) and the Dolphin® cephalo-
metric software (v. 11.5.04.23, Premium; Dolphin Imaging, Chatsworth, CA) by one assessor.
Further assessment was made by scoring the ease of landmark identification on a ten-point scale.
Results: “Black Bone” imaging surpassed 77 and 7, weighted imaging in terms of
cephalometric landmark identification. A number of mid-sagittal cephalometric landmarks
could not be clearly identified on 7, weighted imaging, making analysis impossible.
Measurements on “Black Bone” demonstrated the smallest discrepancy when compared with
those obtained on the lateral cephalogram. The discrepancy seen between measurements
completed on mid-sagittal MRI and the lateral cephalogram was compounded by inherent
inaccuracies of the lateral cephalogram. The overall mean discrepancy between distance
measurements on “Black Bone” imaging and those on the lateral cephalogram was 1-2 mm.
Conclusions: Overall, “Black Bone” MRI offered an improved method of cephalometric
landmark identification over routine MRI sequences, and provides a potential non-ionizing
alternative to CT for three-dimensional cephalometrics.
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Introduction

In the 80 years since Broadbent' first introduced the inaccuracies associated with the cephalogram and cepha-

cephalogram, practice has changed very little. The lit-
erature is, however, replete with studies highlighting
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lometric analysis. Many of the key landmarks are derived
from the projection of the bony structures rather than
being actual physical points on the skull. The identi-
fication of these points is largely dependent on man-
ual identification, with some landmarks being located
with more precision than others.”> * Continued reliance
on two-dimensional (2D) representations of anatomy,
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which disregards the contribution of soft tissues or any
asymmetry that may exist in the patient, is somewhat
surprising.”'® Whilst CT and cone beam CT (CBCT)
have been seen as potentially valuable for cepha-
lometry, offering methods for three-dimensional (3D)
analyses, the fundamental difficulty lies in the lack of
comparative norms. The available databases of lateral
and frontal cephalograms from normal and treated
patient populations were established prior to apprecia-
tion of the risks of radiation exposure. Obtaining a sim-
ilar database with CT and CBCT today would arguably
be unethical on safety grounds. The American Academy
of Oral and Maxillofacial Radiology, Springfield, IL,
recently published clinical recommendations regarding
the use of CBCT in orthodontics, with guidelines fo-
cussed on minimizing or eliminating radiation exposure
in diagnostic imaging.'" Four key messages for ortho-
dontic practice were highlighted: (1) image appropriately
by applying imaging selection recommendations, (2) assess
the radiation dose risk, (3) minimize patient radiation
exposure and (4) maintain professional competency in
performing and interpreting CBCT studies.!' The cumu-
lative effects of ionizing radiation were identified as a
significant concern, particularly in young patients with
benign conditions.

MRI offers a non-ionizing method of imaging such
patients, but this modality has received little attention in
cephalometrics. The potential of a 3D MRI method of
cephalometry with the ability to perform landmark
identification in orthogonal planes and on 3D recon-
structed images with available normative values could
revolutionize the management of patients with facial
disproportion.

We have previously reported the “Black Bone” MRI
sequence. This gradient echo sequence is optimized to
minimize the soft tissue contrast and enhance the bone—
soft tissue boundary. The technique uses a short echo time
and repetition time with a low flip angle and volume
acquisition, resulting in short imaging times (Table 1).
The biometric accuracy of the technique and its ability
to create 3D reconstructed images of the craniofacial
skeleton have been demonstrated.'*"?

The aim of this preliminary comparative study was
to determine the potential of “Black Bone” and 7} and
T, weighted spin echo MRI, using the lateral cepha-
logram as the “gold standard.”

Table 1 “Black Bone” MRI parameters

Parameter Value
Repetition time 8.6 ms
Echo time 4.2ms
Scan field of view 24 cm
Phase encode 256
Frequency encode 256
Receive bandwidth 31.25
ZIP 2512
NEX 2
Echo train length 1

NEX, number of excitations; ZIP, zerofill interpolation.
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Materials and Methods

Patients

Ethical approval was granted by the Berkshire Research
Ethics Committee (Berkshire, UK) for MRI examination
in patients aged 14 years and older in whom lateral
cephalograms were available. Written informed consent
from the participants and/or their parents was obtained.
Recruitment was completed in two phases: (1) adult
volunteers without significant facial disproportion to
confirm viability of the study and (2) patients referred for
consideration of orthognathic surgery before commence-
ment of orthodontic treatment. Patients who had pre-
viously undergone surgery, had completed orthodontic
treatment or had fixed orthodontic appliances were
excluded. In total, three adult volunteers in Cohort 1
and five patients in Cohort 2 were recruited, with a
mean age of 37 years (range, 21-60 years) in Cohort 1
and 19 years (range, 16-27 years) in Cohort 2.

Imaging

MRI was completed on a 1.5 T magnet. Sagittal T, T,
weighted spin echo and “Black Bone” images were
obtained with image acquisition centred on the mid-
sagittal structures to permit direct comparison with
lateral radiographs (Figure 1a,b). Patients were asked to
bite on their molar teeth to maintain their normal dental
occlusion to enhance alignment of the MRI and lateral
cephalogram images.

Cephalometric analysis

“Black Bone” data sets were compared with those of the
lateral cephalogram using midline anatomical land-
marks identifiable on both modalities (Table 2). Anal-
ysis was completed manually using Advantage Windows
Workstation v. 4.2 (AWW; GE Medical Systems,
Buckinghamshire, UK), and with the Dolphin® cephalo-
metric software v. 11.5.04.23 Premium (screen resolu-
tion 1680 X 1050 pixels; Dolphin Imaging, Chatsworth,
CA).

Advantage Windows Workstation

The lateral cephalogram was imported in digital imaging
and communications in medicine format into an AWW.
The magnification factor of the lateral cephalogram was
determined using the integral measuring device. The image
was magnified and a 10 mm distance on the device mea-
sured on ten occasions and a mean result obtained for the
image. This provided the multiplication factor to stan-
dardize the measurements obtained on the cephalogram.

The biometric accuracy of the “Black Bone” sequence
had previously been determined, confirming that a stan-
dardization factor was not required.'?

For both the lateral cephalogram and the sagittal MRI
image, cephalometric analysis was completed in a stan-
dardized manner. For the MRI data sets, the mid-sagittal
image in the right lateral view was used for analysis
(Figure 2). The cephalometric points were identified
on the magnified image and a marker placed; for the
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Figure 1 (a) Lateral cephalogram (left), sagittal “Black Bone” (second from left), sagittal 7, weighted (second from right) and sagittal 7}
weighted MRI images of the three volunteers (indicated by numbers 1-3) used for cephalometric analysis. (b) Lateral cephalogram (left), sagittal
“Black Bone” (second from left), sagittal 7, weighted (second from right) and sagittal 7 weighted MRI images of the five patients (indicated by
numbers 1-5) included for cephalometric analysis. Sagittal 7| imaging was not acquired in Patients 1 and 2

midpoint of the pituitary fossa, an oval drawing object
was used to correlate with the inferior aspect of the
fossa, and the centre of the object marker was used to
define the centre of the fossa. The distances and angles
between these points were each measured ten times.

To determine the extent of the discrepancy between
measurements obtained from “Black Bone” and the
lateral cephalogram, a mean value was calculated
across all repeated measures for each distance or angle.
The difference in the mean values between the lateral
cephalogram and “Black Bone” was subsequently com-
bined for all patients to obtain an overall mean for both
the angular and the distance measurements.

For the volunteer data sets (Cohort 1), the ease with
which the cephalometric points could be identified was
recorded on a ten-point scale from 0 (poorly identifiable)
to 10 (easily identifiable). A score was recorded for each
of the ten cephalometric points, and these were subsequently

combined to provide an overall score for the lateral
cephalogram, 7', T, and “Black Bone” imaging.

All measurements were entered into Microsoft Excel
(Microsoft Corporation, Redmond, WA) and analysed
using SPSS® v. 18.0 (statistical package for the social
sciences; IBM Corporation, Somers, NY).

Dolphin cephalometric analysis

Analysis of the lateral cephalogram and sagittal MRI
images was completed in a similar manner to that con-
ducted using AWW. To avoid loss of image quality, the
relevant digital imaging and communications in medi-
cine image was directly imported into Dolphin; for the
MRI data sets, the same mid-sagittal image used on the
AWW was used. Calibration of measurements was per-
formed by the software using two identifiable points.
For the lateral cephalogram, a 10 mm distance on the
integral measuring device was used. For the MRI images,
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Table 2 Distance and angle measurements used for cephalometric
analysis

Angles Distance
SNA S-N
SNB S-PNS
ANB S-ANS
Interincisal angle S-Gn
UI-NA angle Me-ANS
L1-NB angle N-A
N-B
N-Pog
Ul-NA
L1-NB
PNS-ANS

1, incisor; A, A point; ANS, anterior nasal spine; B, B point; Gn,
gonion; L, lower; Me, menton; N, nasion; PNS, posterior nasal spine;
Pog, pogonion; S, sella; U, upper.

the known field of view was used by marking the hori-
zontal extremes of the image. Since the cephalometric
points and measurements did not correspond to a stan-
dard cephalometric analysis method, the measurements
were identified on Dolphin and combined to produce a
new analysis protocol.

The repeatability of landmark identification was
assessed with Dolphin for the lateral cephalogram, sag-
ittal “Black Bone” and sagittal 7 imaging from one of
the volunteers. Digitization was completed on ten
occasions for each image, and the coefficient of varia-
tion calculated using the co-ordinates of each landmark
from the sella, with alignment along a line between the
sella and nasion, with the first digitization as the refer-
ence trace.

Comparisons between the lateral cephalogram, “Black
Bone” imaging and 7, MRI were made in a similar
manner to AWW. Measurements were automatically
calculated from the identified cephalometric points by
the software. These were exported to Microsoft Excel
and analysed using SPSS. Repeatability was assessed using
the coefficient of variation (CoV) expressed as a percentage
[CoV=standard deviation (SD)/mean X 100].

As a result of the findings in the first part of the study,
analysis of T, weighted MRI was not completed with
the Dolphin cephalometric software.

All measurements were completed by one assessor. In
view of the characteristic appearance of each MRI se-
quence, it was not possible to blind the assessor to the
imaging.

Results

Advantage Windows Workstation

The CoV results for the lateral cephalogram for each of
the three volunteers are shown in Table 3. For the
angles, those involving the teeth and ANB demonstrated
the greatest variability; the distance measurements in-
volving the central incisor teeth also demonstrated
increased variability. Comparable findings were seen
for “Black Bone” imaging (Table 4). With 77 weighted
imaging, there was greater variation seen than with
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both “Black Bone” and the lateral cephalogram (Table 5).
Many of the cephalometric points could not be identified
on 7, weighted imaging, making cephalometric analysis
impossible. This was demonstrated by the scores obtained
for the ease of point identification (Table 6). Overall, for
the ten bony landmarks used, there was greater difficulty
in identifying the landmarks on both 7} and 7, imaging.
It was also noted that whilst the lateral cephalogram was
considered to be the gold standard, there were some
landmarks that were particularly challenging to iden-
tify, such as the posterior nasal spine (PNS) in cases
of partially erupted wisdom teeth. Overall, the ease of
cephalometric point identification on “Black Bone” was
comparable to the lateral cephalogram.

For the three adult volunteers, the overall discrepancy
between the “Black Bone” and the lateral cephalogram
results was 1.2° £ 0.9° for the angles and 2.1 £ 1.8 mm
for the distances. For the five patients, the overall discrep-
ancy was 1.5° + 1.6° for the angles and 3.0 £ 2.9 mm for
the distances. The greatest discrepancy occurred with
the measurement between the PNS and anterior nasal
spine.

Dolphin cephalometric software

Similar results were obtained with the Dolphin cepha-
lometric software. In terms of repeatability, the greatest
variability was seen for the lateral cephalogram for
measurements associated with the central incisor teeth.
In terms of the bony landmarks, the coefficient of var-
iation for the direct distance between landmark and
sella varied between 31% and 68%.

For the repeated measures across the ten digitizations
of the “Black Bone” sagittal images, the greatest vari-
ability occurred with measurements associated with the
teeth. This was because of difficulty in clearly identify-
ing the central incisor outline on one sagittal image.

Digitization of the sagittal 7', weighted MRI images
demonstrated higher CoV for the distance and angle
measurements than for those of both the lateral ceph-
alogram and “Black Bone”.

Overall, the discrepancy between “Black Bone” and
the lateral cephalogram was 2.1° £ 1.7° for the angles
and 2.8 £ 2.7mm for the distances. A greater discrep-
ancy was seen for 77 results than for those of the lateral
cephalogram for the same cohort, with an overall dis-
crepancy of 5.0° £ 2.9° for the angles and 3.3 + 3.2 mm
for the distances.

Discussion

It has been demonstrated that “Black Bone” MRI
offers a potential alternative to lateral cephalometry with
landmarks that can be clearly identified, and with com-
parable accuracy of the lateral cephalogram. The ease
with which the cephalometric landmarks could be iden-
tified on “Black Bone” imaging was enhanced by the
minimal soft tissue contrast, contributing to improved
landmark identification compared with 77 and T, weighted
imaging.



“Black Bone” MRI in cephalometric analysis
K A Eley et a/

50f 8

i

Figure 2 Lateral cephalogram (left) and mid-sagittal “Black Bone” image (right) with cephalometric landmarks identified. A, A point; ANS,
anterior nasal spine; B, B point; Gn, gonion; Me, menton; N, nasion; PNS, posterior nasal spine; Pog, pogonion; S, sella

As with any cephalometric study, there are a number
of limitations, which should be noted. Most funda-
mental is the use of the lateral cephalogram as the gold
standard. It was not possible to standardize positioning
of the patient between MRI and the lateral cephalogram
because of the inherent nature of these investigations—
one being performed with the patient upright and
the other whilst supine. This is one of the benefits of using
CBCT for cephalometric analysis.'*'> However, the fun-
damental concern regarding ionizing radiation exposure

with this imaging modality remains. Periago et al'® in-
vestigated the accuracy of 3D images acquired using
CBCT, reporting a discrepancy of less than 2 mm be-
tween the anatomical and the CBCT measurements in all
but 2 (10%) measurements. In their article, they sug-
gested that the dose associated with CBCT was of the
same magnitude as that obtained from dental radio-
graphs; however, more recently, it has been demonstrated
that such assumptions are a gross underestimate.'” !°
Kumar et al* investigated whether CBCT synthesized

Table 3 Mean, standard deviation (SD) and coefficient of variation (CoV) results for repeated cephalometric measurements for the three volunteers

on lateral cephalogram

Patient
1 2 3
Measurements Mean SD CoV Mean SD CoV Mean SD CoV
Angles
SNA 83.2 0.4 0.5 89.0 0.0 0.0 85.8 0.8 0.9
SNB 78.8 0.4 0.5 90.8 0.4 0.5 81.8 0.8 0.9
ANB 4.3 0.5 10.8 1.8 0.4 22.5 4.0 0.0 0.0
Interincisal 114.0 7.2 6.3 136.4 1.4 1.0 157.2 1.6 1.0
Ul-NA 29.6 39 13.2 28.4 0.8 2.9 7.6 0.5 6.5
LI-NB 32.2 4.6 14.2 16.4 1.4 8.4 13.0 1.4 11.0
Distances
Ul-NA 3.7 0.3 7.4 5.8 0.4 6.9 1.4 0.3 24.7
L1-NB 5.6 0.3 4.5 0.9 0.2 24.8 2.0 0.3 14.0
S-N 68.0 0.3 0.4 63.2 0.3 0.4 68.5 0.5 0.7
PNS-ANS 52.9 1.2 2.2 49.2 0.8 1.6 50.5 0.6 1.2
S-ANS 84.8 1.7 2.0 79.8 0.4 0.4 87.3 0.4 0.5
Me-ANS 62.9 0.2 0.4 62.1 0.2 0.4 62.6 0.7 1.1
N-Pog 99.7 0.6 0.6 98.7 0.7 0.7 105.9 1.6 1.5

1, incisor; A, A point; ANS, anterior nasal spine; B, B point; Gn, gonion; L, lower; Me, menton; N, nasion; PNS, posterior nasal spine; Pog,

pogonion; S, sella; U, upper.
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Table 4 Mean, standard deviation (SD) and coefficient of variation (CoV) results for repeated cephalometric measurements for the three volunteers

on “Black Bone”

Patient
1 2 3
Measurements Mean SD CoV Mean SD CoV Mean SD CoV
Angles
SNA 83.8 1.0 1.2 91.8 0.4 0.4 84.4 0.5 0.6
SNB 79.2 0.8 1.0 88.6 0.5 0.6 80.4 0.5 0.6
ANB 4.8 04 8.4 32 0.4 12.6 4.0 0.0 0.0
Interincisal 123.6 2.4 2.0 131.6 3.0 2.3 137.4 4.8 3.5
UI-NA 21.8 2.1 9.5 21.2 0.8 3.6 18.4 3.8 20.4
LI-NB 31.0 2.6 8.5 24.6 3.6 14.8 21.4 2.1 9.7
Distances
UlI-NA 4.6 0.6 12.3 4.7 0.3 5.8 1.3 0.3 22.2
L1-NB 6.6 0.9 13.1 1.2 0.3 27.5 43 0.6 13.5
S-N 70.2 0.3 0.4 56.7 0.3 0.6 67.6 0.3 0.5
PNS-ANS 56.1 3.5 6.3 48.8 2.4 4.9 57.4 0.3 0.6
S-ANS 86.3 2.2 2.6 78.8 0.3 0.4 86.8 0.5 0.5
Me-ANS 64.7 0.9 1.4 60.8 0.4 0.6 63.7 0.4 0.6
N-Pog 99.9 14 1.4 102.6 0.7 0.7 109.1 0.7 0.7

1, incisor; A, A point; ANS, anterior nasal spine; B, B point; Gn, gonion; L, lower; Me, menton; N, nasion; PNS, posterior nasal spine; Pog,

pogonion; S, sella; U, Upper.

cephalograms using Dolphin provided the same accu-
racy as conventional cephalograms. In total, 31 patients
treated in the dentofacial deformities programme were
recruited and underwent CBCT in addition to routine
cephalogram. In total, 12 linear and 5 angular meas-
urements were assessed, and in most cases, no statistical
difference was found between the two modalities.
Waitzman et al*! used five dry skulls impregnated with
small pieces of metal to standardize measurement points
to perform eight measurements on both CT and directly
on the skulls. They reported a percentage difference
between CT and direct measurement of 0.1-3.0%, con-
cluding that craniofacial measurements from CT scans
were accurate and reproducible. Similar findings have
been reported by a number of authors.”? ** Few studies
have directly compared CT or CBCT with the lateral
cephalogram.

Overall, it was noted that the level of discrepancy
between “Black Bone” and the lateral cephalogram
was within a more acceptable range in cases where the
cephalometric points were easily identified. Inaccuracy
was compounded by the associated errors of measure-
ment between two points, being minimized in the second
part of the study by using the Dolphin cephalometric
software.

This is the first study to compare MRI-based ceph-
alometric measurement with the lateral cephalogram.
Previous work using MRI in cephalometry to date has
been in the evaluation of the airway, particularly in ob-
structive sleep apnoea.>> >’ Cotton et al*® reviewed 11
craniometric points on MRI, stating that these could be
reliably identified. The points identified included the
glabella, bregma, lambda, opisthocranion, opisthion,
basion, inion, porion, infraorbital and eurion. Cevidanes

Table 5 Mean, standard deviation (SD) and coefficient of variation (CoV) results for repeated cephalometric measurements for the three volunteers

on 77 MRI
Patient
1 2 3
Measurements Mean SD CoV Mean SD CoV Mean SD CoV
Angles
SNA 83.4 2.4 2.9 93.0 0.0 0.0 90.0 0.8 0.9
SNB 80.3 1.1 1.4 90.3 0.5 0.5 84.7 1.0 1.1
ANB 4.2 1.8 44.5 2.7 0.5 18.0 53 0.5 9.0
Interincisal 121.7 54 44 128.7 2.5 2.0 142.7 1.3 0.9
Ul-NA 29.3 3.8 12.8 24.7 1.7 7.0 9.7 0.5 5.0
LI-NB 26.7 6.0 22.3 24.3 2.5 10.4 24.0 1.7 6.9
Distances
Ul-NA 7.9 5.0 62.4 32 0.6 18.5 1.4 0.4 314
LI-NB 6.1 0.6 9.7 2.2 0.7 33.1 3.0 0.3 10.5
S-N 69.7 2.0 2.8 59.1 0.5 0.8 65.5 0.2 0.3
PNS-ANS 56.6 3.8 6.8 48.6 1.5 3.1 49.7 1.9 3.9
S-ANS 87.0 3.3 3.8 80.3 1.0 1.2 86.9 0.5 0.6
Me-ANS 66.1 1.5 2.2 61.6 0.6 0.9 65.0 0.4 0.6
N-Pog 98.6 1.4 1.4 100.4 0.3 0.3 106.6 0.3 0.3

1, incisor; A, A point; ANS, anterior nasal spine; B, B point; Gn, gonion; L, lower; Me, menton; N, nasion; PNS, posterior nasal spine; Pog,

pogonion; S, sella; U, upper.
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Table 6 Mean * standard deviation (SD) confidence scores for cephalometric point identification on 7'y, T,, “Black Bone” and lateral

cephalogram

Identification point T, T, “Black Bone” Lateral cephalogram
S 74 %09 63%23 8.6 £0.5 83+£1.0
N 4.1+27 1.6 £22 6.7+28 6822
A 3.6 125 1.3+1.8 74 %07 65*1.7
B 69 % 1.6 6.4%09 82104 83+£0.5
PNS 24+22 0.0 £0.0 6114 50%27
ANS 24 %22 04 %07 6.9 +038 4526
Gn 6.8 0.7 6.5+ 1.3 82+£0.8 8.5£0.6
Pog 7.6 £0.7 7.0 £ 0.9 8.7+0.5 8.8£0.5
Me 7.6 £0.7 74 %07 8.7£0.5 8.8£0.5
Overall score 48.8 £9.9 36.8 £ 2.6 694 £53 65.3 £ 8.7

A, A point; ANS, anterior nasal spine; B, B point; Gn, gonion; Me, menton; N, nasion; PNS, posterior nasal spine; Pog, pogonion; S, sella.

et al* evaluated the repeatability, measurement error
and validity of locating anatomical landmarks on high-
resolution MRI with 1 mm isotropic voxel resolution. In
total, ten anatomical landmarks were identified in the
coronal, axial and sagittal planes of four head MRI.
Information regarding the sequence used was not in-
cluded, and to our knowledge, this work has not been
published. Plooij et al,* in their review article, concluded
that MRI was unsuitable for image fusion for moni-
toring and follow-up in view of the horizontal posi-
tion of the patient, and long acquisition time with risk
of facial movement.

Whilst other MRI sequences are often more tradi-
tionally used for delineating bony anatomy, such as
short tau inversion recovery and proton density weighted
sequences, Cotton et al*® studied 7} and T, weighted spin
echo sequences, concluding that these sequences per-
mitted visualization of the cephalometric points, thus
providing the best available comparators for assessing
“Black Bone” MRI.

It has been demonstrated that there are some inherent
difficulties when attempting to compare sagittal MRI
images with the gold standard lateral cephalogram.
Some of the cephalometric landmarks incorporated into
traditional analysis are based on projection of bony
landmarks rather than representing true anatomy,
which resulted in fewer landmarks being available in the
true mid-sagittal plane for comparison. The central in-
cisor teeth are poorly defined on a single mid-sagittal
MRI image, making measurements here inaccurate.
Overall, discrepancies between the MRI and the lateral
cephalogram measurements were in the range of
1-4 mm, compounded by difficulties associated with
performing cephalometric measurements on the lateral
cephalogram itself. Frequent difficulties with the lateral
cephalogram included identification of the PNS in the
presence of unerrupted wisdom teeth, a problem not
encountered on mid-sagittal MRI images. In addition,
the lateral cephalogram has inherent projection inaccur-
acies both because of its 2D nature and the requirement
for interpolation, in cases where there is even the most
minor of facial skeletal asymmetry. The discrepancies
found between the “Black Bone” and the lateral cephalo-
gram results may therefore reflect the problems associated

with using the lateral cephalogram as a gold standard. It
isnoted that in total, only eight data sets from patients and
volunteers were included in this aspect of the study, with
review by one assessor, and a larger study would be re-
quired to fully assess the significance between results.

It was not possible with the available software to un-
dertake measurements across multiple MRI image sli-
ces. Whilst landmark identification on 3D reconstructed
images has become possible, it is not currently possible
to produce such 3D reconstructed images of the cra-
niofacial skeleton from “Black Bone” data sets with the
software used in this study. The “Black Bone” sequence
is acquired as a 3D volume-making reconstruction in
any plane as a post-processing option possible. Because
many of the traditional landmarks used in lateral ceph-
alometry are based on projection rather than definable
landmarks on the skull, additional reliable landmarks
that can be identified on both orthogonal and 3D
imaging are required. Of the midline structures, it was
found that the nasion, menton, pogonion and anterior
nasal spine were most reliably identified.

Methods to create 3D images of the craniofacial skel-
eton from “Black Bone” MRI have been developed, but
these currently remain time-intensive processes. Fur-
thermore, cephalometry on 3D reconstructed images
requires the definition of landmarks on complex curving
structures.”*!' Cavalcanti et al’® examined the precision
and accuracy of anthropometric measurements using 3D
volume rendered CT. Using 13 cadaver heads, they
reviewed ten linear measurements based on eight cra-
niometric anatomical landmarks, which were identified
both on the 2D and 3D images, and, subsequently, directly
measured on the cadavers. The standard error was be-
tween 0.45% and 1.44%, with no statistically significant
difference between imaging and physical measurements.

The volume acquisition of “Black Bone™ data sets like CT
lends itself to landmark identification in orthogonal planes,
making it a feasible contender in future cephalometric
work. The image acquisition time is short, and there are
no ethical issues in completing MRI examinations in
healthy volunteers to obtain the necessary database of
normative values. The main limitation of the technique is
that, as with all MRI sequences, imaging is degraded by
the presence of metallic artefacts, making cephalometric
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analysis in the presence of fixed orthodontic appliances
particularly challenging.

In conclusion, “Black Bone” MRI has been dem-

onstrated to offer a potential non-ionizing alternative
to CT and CBCT for 3D cephalometry.
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