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Advances in Maxillofacial 3D Imaging




Panoramic Imaging

First Panoramic introduced in the 1960’s
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How the curved tomographic

slice I1s formed
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Cross Sectional Tomography

Technically challenging
High patient dose
Variable results
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A Matter of Perspective

“IWhat can we see ?

\
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A Matter of Perspective
“IWhat is there?
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CT Scanner

1 Dose can be considered high for small areas
1 Resolution too low for some views
1 Typically high demand
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Modern CBCT
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Capable of taking OPT Images
Can also take Ceph images
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Medical CT vs CBCT

Cone beam 3D X-ray device takes the whole 3 dimensional volume with wide
conical beam in one scan instead of many slices with many scans.

Movement of translation,
and axis of rotation a detector

Flat panel
detector

X-ray source

X-ray source
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Medical CT vs CBCT

Medical CT:
Slices are acquired then reconstructed to create the volume
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Medical CT vs CBCT

The volume is acquired then slices are reconstructed from the volume

NHS .
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Ease of Operation

1 Effortless positioning with open-face architecture
1 Imaging program pre-sets for different targets

1 Exposure values automatically selected according
to patient size and selected program

3D Tooth
Incisors

uLD
6 @ 90 kV

DAP - mGy*cm?® 1 2 s ‘

CTDI - mGy

NHS -
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Selectable FOV

Tooth
Adult: @40 x 50 mm, @40 x 80 mm,
Child: @34 x 42 mm @34 x 68 mm

Voxel Size: 75 pm, 100pum, 150 pm,
200pum, 400um

Teeth
Adult: @80 x 50 mm, @80 x 80 mm, @100 x 60 mm, F100 x 100 mm
Child: @68 x 42 mm, @68 x 68 mm, @85 x 50 mm, @85 x 85 mm

Voxel Size: 150 um, 200um, 400um
Face (stitched)

Adult & child: @200 mm x 170 mm

Voxel Size: 200pum, 400um OO m
j =g ¥
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Resolutions

Endodontic mode

Voxel size 75 pm

The largest file size

High resolution mode
Voxel size 100 um

HD (High Definition) mode
Voxel size 150 um
Normal resolution mode
Voxel size 200 pm

Low dose mode

Voxel size 400 or 600 um
Lower exposure values
The smallest file size

NHS .
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Ultra Low Dose Mode

Dosimetry of Orthodontic Diagnostic FOVs Using Low Dose CBCT protocol 0920

*Uriversity of North Carolina-Chapel Hill, School of Dentistry, Chapel Hill, North Carolina,
EUniversity of Helsinki, Departrnent of Physics, Helsinki, Fintand

JB Ludlow?, ] Koivisto®

Use of lanizing radiatian in diagnostic medical examinatians
has incressed over the st 20 years to the paint whene the
annual per capita dose to the US population from all
sources has doubled {1) The risk of this exposure is
significant, and it has been estimated that from 1.5% to 2%
of all US ancers may be attributed to computed
tamography (CT) studies akane.(2) Use of CT scans in
children delivering cumulative doses of about S0 mGy
might almost triple the risk of leukaemia and doses of
abouwt B0 mGy might triple-the risk of brain cancer.[3) The
range of dases produced by dental CBCT wnits ks krge with
some examinatons approaching doses associted with
medical CT imaging. (4) Dasimetry of C8CT examinations
for pediatric patients has nat been established for many
units that are curmently used in orthodontic imaging.

The purpase of this study was to evaluabe doses resulting
from varicws combinations of field soe and exposure
parameters using child and aduit phantoms on a Promax 30
Mid CBCT unit. A second aim was 1o acquire contrast/nolse
ratic (CNR] data and modulation transfer function {MTF)
data to examine the relationship of these measures of
image quality to examination dase.

Effective dases resulting from combinations of field sze
and exposure parameters that might be used far
orthodantic diagnosts tasks were scquined using a Promax
30 Mid CBCT unit{Planmeca O, Finland). Specifically doses
for a protocol involving reduced exposure and propretany
reconstruction called “uitra low dose®™ (ULDY) was comparned
with standard expasures. Contrast fo nokse ratio (CNR) and
modulation transher function {MITF) wene calodlated as
quantitative measures of image qualty.

Figure 1. Child (left} and adult {nght] dosimetry phamboms

Equivalent dase [H;) determinatan

*  Doses were deterrmined in the organs and tissses lested
in ICRP Report 108 (7)

Awerage absorbed dose in each tissue or organ was used
to caloslate equivalent dose (H] He= 3 Wy x Dy,

Effectwe dose (B} determination

* Calculated in pSe as E = § wiy i Hy, whene £ |s the
product af the fssse welghting factor fwy), which
represents the relstive contribution of that organ or
tissue to the overall risk, and the equivalent dose [K,).

image Quality Assessment

* QUART DVT phantom and image reader (QUART GmbH,
Munich, Germany) - used to measure CNR and MTE.

Analysis

+ Standard and ULD image quality parameters were
compared in a paired anatysis.
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Figure 2. QUART phantam and analysis sofreare display

Table 2. Image quallty differences dus i protocal
and statistical p valus of aMference

CMR D408 o0ss
MTE10% 0o DsE
MTE 50% nnss D47

‘While the risk from dentomaxillofadal imaging s small for
an individual, when multipled by the large population of
patients whia are exposed to diagnostic iImaging, radiation
rizk becomes a significant pubilic health issue. Therefore,
strategies ta reduce patient dose, keeping doses “as low
reazanably acreptable™ [ALARA] are desirable. An average
reduction in dase of 77% was achieved using ULD pratocols
'when compared with standard protocols. While this dose
reduction was significant, no statistical reduction in image
quality between ULD and standard protocoks was seen. This
would suggest that patient doses an be reduced withoart
kazs of disgnostic quality. Further investigation of the:
disgnossic efficacy of ULD scans in Orthodonsic and
Orthognathic surgical treatment planning & indicated.

Doses resulting from various combinations of field size,

expasure protocsl, and child or aduk anthropomonphic

phantoms wsing the Fromax 30 MID CBCT wnit (Helsinkl,

Finand) were measured with Optical Stimulsted

Luminescent (O5L) dosimetry using previously validated

protocals. [546)

Optical Stumlated Luminescence dasimeters (05L0s)

[NamaDaot, Landauer, Glenwood, IL)

*  Placed at 24 oeations in 10-year-old child and adult
phantoms [CIRS, Narcfalk, VA} [Sgure 1).

*  Multiple exposures made for each dosimeter run

= Dasimeters read 3 times with Microstar i reader
{Landauer, Glenwood, IL) - average dosz used

= Dase values were adjusted for sensitwity of dosimeters
to effectve kV of x-ray sounce

*  Dases dvided by number of expasunes to obtain dase:
per sean

Table 1. Dose by phantom type, FOV, and protocol

ULD Lovw Dose 1z

LD Mormal 45
100* 100

Low Dase BO

Marmal 189

Bucdult

LD Lovw Dose 1z

LD Mormal 51
200*170

Low Dase s

Marmal 215

ULD Lovw Dose 1o

LD Mormal EL
a5%85

Low Dase a8

Marmal 153

Child

LD Lo Dhzese: 15

LULD Normal a2
200*170

Law Dase: 74

Marmal 175
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Ultra Low Dose Mode

While the risk from dentomaxillofacial imaging is small for
an individual, when multiplied by the large population of
patients who are exposed to diagnostic imaging, radiation
risk becomes a significant public health issue. Therefore,
strategies to reduce patient dose, keeping doses “as low as
reasonably acceptable” [ALARA) are desirable. An average
reduction in dose of 77% was achieved using ULD protocols
when compared with standard protocols. While this dose
reduction was significant, no statistical reduction in image
guality between ULD and standard protocols was seen. This
would suggest that patient doses can be reduced without
loss of diagnostic quality. Further investigation of the

diagnostic efficacy of ULD scans in Orthodontic and
Orthognathic surgical treatment planning is indicated.

NHS .



" A www. GDME couk
Scout View

Scout function takes two images (lateral and PA) of the
target site
Very useful for checking the volume position

Increases the dose by only 0.5%

Awtomatically close this window when image is ready

[RERET RIS Low | Mid | High

(0] 17
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CBCT Technology

m  Stroboscopic effect, images taken using short X-ray pulses during the scan

m 400 - 600 images taken during the scan

m  Cumulative exposure time 2.8 - 12 sec for 18 sec scan

m Reduced radiation dose

NHS .
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Image Manipulation

(LELLE L Images Altnagelvin
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Implant Planning
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Implant Planning

DR - RN

¢+ Dental model- Imported.. 3 [ [
w [
IMPLANT SITE [

atnan wooarors T oaays overaue
O Type here to search o ) nigel beaton 8 days overdue ' B
7] check Karen has answered mv chase farm O 8davsoverdue v Ml
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Ultra Low Dose Imaging

Image taken with a DAP of 73 mGy cm2 — less than an OPT

[SLELLEILUN Portsmouth QA

Hard Tissue

o
AN AL T EN

NHS .
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Ultra Low Dose

Planmeca ProMax 3D Max
FOV @23x16 cm, voxel size 600 um
Effective patient dose 115 mGy cm?

23
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3D Superimposition

Superior tool for before-and-after comparisons




" A www SDME co.uk
3D Superimposition

IV | Superimposition Sleep Superimposition Sleep v
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CALM

Movement artefact correction Planmeca CALM

1 Correction Algorithm for Latent Movement

1 Patient movement detection and compensation in 3D
imaging A‘

1 From the slightest patient movement up to 1 cm movement
is detected and corrected

1 No need for retakes when patient movement has occurred

1 Improves Endodontic imaging where scan times are long




AINO

Adaptive Image Noise Optimizer

m Removes noise from CBCT images without losing valuable
details. Performs analysis on the reconstruction exposure data
during reconstruction and adaptively differentiates noise and
fine details

m |Improves image quality in endodontic mode where noise is
inherent due to extremely small voxel size

m Especially useful with ultra low dose images where noise is
induced by the low dose

NHS
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With AINO voxel 75um
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Artifact Removal

Planmeca ARA™ - Artifact Removal Algorithm reduces metal artefacts effectively

e (Can be used during the exposure or later

NHS .



Integrated 3D Photography

CBCT unit integrated 3D surface scan
CBCT volume and 3D photo in one session
A completely radiation-free process

Orthodontic planning

Preoperative planning of maxillofacial/plastic
surgery

Surgery simulation
Bone and soft tissue evaluation

29
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Planmeca 4D Jaw Motion

: Key features:
* The only CBCT device integrated jaw tracking solution

* Tracks, visualizes and records jaw movement in patient l
specific 3D volume in real-time :

: » Uses Planmeca ProMax 3D Mid or Max unit’s integrated
:  ProFace cameras for tracking jaw movements

: » Movements are visualized in Planmeca Romexis™
software without delay and are recorded for later use.

* The movement path of one or more points of interest
can be measured and visualized graphically.

» All measurements can be exported in xml format to 3
party sw, like PlanCAD Premium

S . _ For ProMax 3D Mid or Max
: » Digital dental models can be aligned with the CBCT

image for occlusion analysis

NHS "
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The Future i1s CBCT?

Thank you
Any guestions?




