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THE GUTTING EDGE

This column is compiled by JCO Technology Editor W. Ronald Redmond, DDS,
MS. To help keep our readers on The Cutting Edge, Dr. Redmond will spotlight a
particular area of orthodontic technology every few months. Your suggestions for

future subjects or authors are welcome.

The authors of this month’s Cutting Edge
column have taken on a question that I pondered
several years ago: How accurate is a two-dimen-
sional facial photograph that has been “stretched”
over a three-dimensional cone-beam computed
tomography (CBCT) volume using Anatomage*
software? Although my query was born of simple
academic curiosity, it is now a practical matter, as
more orthodontists and orthognathic surgeons are
becoming reliant on 3D analysis to diagnose and
treat complex facial asymmetries.

In this study, the authors compared direct
anthropometric facial measurements of 30 adults
to measurements taken from 2D photographs of

the same individuals that were wrapped over
CBCT volumes. The results exceeded my expecta-
tions: there were no statistically significant differ-
ences found for 13 of the 14 measurements
compared by the authors. Only the difference in
the anteroposterior measurement from the tip of
the nose (C') to the junction of the nose and upper
lip (SN) proved statistically significant—indicat-
ing that special care needs to be taken when using
predictive orthodontic and orthognathic soft-tissue
modeling analyses in this region.
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*Anatomage Inc., San Jose, CA; www.anatomage.com.

Dr. Premjani

Dr. Al-Mulla

Dr. Ferguson

Dr. Premjani is an Instructor in orthodontics, European University College, Dubai, United Arab Emirates, and in the private practice of orthodontics
in Dubai. Dr. Al-Mulla is an Assistant Professor, Department of Orthodontics, European University College, Dubai Healthcare City, Ibn Sina Building
(No. 27), Block D, 3rd floor, Office 302, P.O. Box 53382, Dubai; e-mail: a.almulla@mac.com. Dr. Ferguson is a Professor and Dean, European

University College, Dubai.

VOLUME XLIX NUMBER 10

© 2015 JCO, Inc. 641



THE CUTTING EDGE

Accuracy of 3D Facial Models
Obtained from CBCT Volume
Wrapping

PRATIK PREMJANI, BDS, MSC
ANAS HASAN AL-MULLA, BDS, MSC, PhD
DONALD J. FERGUSON, DMD, MSD

considerable research has been focused on cre-
ating a precise replica of the head. As imaging
technology has advanced, the importance of facial
analysis has increased, placing even more empha-
sis on soft-tissue evaluation in diagnosis.!

In orthodontic treatment planning and ortho-
gnathic surgery, 3D imaging is considered the most
accurate method of representing the face.2 Two-
dimensional representations increase the likeli-
hood of clinical inaccuracies, since the information
is contained within a single plane of space.’ In

contrast, 3D models are effective in locating the
source and magnitude of deformity. They can be
manipulated in any direction, thus providing valu-
able information to the orthodontist without the
need for patient recall or the time constraints of
clinical examination.

One method used to obtain a 3D facial mod-
el is to register the skin-surface images acquired
by stereophotogrammetry and layer them over a
CBCT image, using portable stereometric cameras
optically linked with a simple plotting instrument.*
This process is expensive and time consuming.
The CBCT and stereophotogrammetry need to be
performed simultaneously to avoid changes in fa-
cial expression that could lead to errors.> Moreover,
the procedure is slow, making distortion of the
scanned image more likely.0”

A relatively easy method of obtaining a 3D
facial model involves wrapping a 2D facial image
over a CBCT volume using imaging software. Be-

TABLE 1
ANTHROPOMETRIC MEASUREMENTS MADE DIRECTLY ON THE FACE*
Description Points
Endocanthion Intercanthal distance En-En
Exocanthion Lateral canthal width Ex-Ex
Alare Nasal width Al-Al
Sellion-Subnasale Nasal height Se-Sn
Subnasale-Pronasale Nasal tip protusion Sn-Prn
Subnasale-Highest point of columella Columellar length Sn-C'
Subnasale-Stomion Overall upper labial height Sn-Sto
Crista philtri superior Upper prolabial width Cphs-Cphs
Crista philtri inferior Lower prolabial width Cphi-Cphi
Subnasale-Crista philtri inferior Midpoint of columella base to inferior Sn-Cphi
point of philtral column
Alar curvature-Crista philtri inferior Facial insertion of alar base to inferior Ac-Cphi
point of philtral column
Subalare-Crista philtri inferior Labial insertion of alar base to inferior Sbal-Cphi
point of philtral column
Crista philtri inferior-Chelion Inferior point of column to labial fissure Cphi-Ch
Crista philtri superior-Crista philtri inferior Philtral length Cphs-Cphi

*See Figure 1.
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Fig. 1 Points used in direct anthropometric mea-
surements (Se = sellion, Ex = exocanthion, En =
endocanthion, C'= superior extent of columella,
Al = alare, Sbal = subalare, Sn = subnasale, Cphi =
crista philtri inferior, Ch = chelion, Sto = stomion).

cause this procedure does not require expensive
equipment such as a 3D camera setup, it is gaining
popularity. The present study was designed to
evaluate the accuracy of volume wrapping com-
pared to anthropometric measurements made di-
rectly on the face.

Materials and Methods

The study protocol was approved by the
European University College Research Commit-
tee. The sample comprised 30 patients: 17 male,
with a mean age of 31.6, and 13 female, with a
mean age of 29.1. Each patient was scheduled for
a diagnostic CBCT scan, using the Kodak 9500
Cone Beam 3D System.**

Easily identifiable, reliable reference points
were chosen for the comparative measurements
(Fig. 1).3-10 At the time of the scan, direct anthro-
pometric facial measurements were made directly
on the patient’s face with a sliding caliper (Table 1).
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Fig. 2 Two-dimensional image volume wrapped
over cone-beam computed tomography (CBCT)
volume using Anatomage* software.

A 2D photograph was also taken of the patient in
natural head position, using a digital single-lens
reflex camera (Nikon D3100*** with 18-55mm
lens) at a standardized distance of 3m.!"

Each patient’s photograph and CBCT scan
were sent to Anatomage, and the 2D image was
volume-wrapped over the CBCT scan to produce
a 3D facial model (Fig. 2). The facial measure-
ments were then repeated on the 3D facial model
using Anatomodel* software.

The measurements obtained from the CBCT
were compared with those taken directly from the
face, using paired t-tests (Fig. 3). Intra-examiner
reliability was determined by repeating the same
measurements two weeks later and comparing the
results with a paired t-test.

*Anatomage Inc., San Jose, CA; www.anatomage.com.
**Carestream Health, Inc., Rochester, NY; www.carestream.com.
##kNikon, Inc., Melville, NY; www.nikonusa.com.
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Direct anthropometric measurements.

3D facial model measured with
Anatomage software.

Uptoad Anatomodel Case

Casa Type:

Ortho Model

30 Phota
Sesup and Simuiation
Caph Tracing

CBCT imaging.

MNext

CBCT and facial photographs up-
loaded to Anatomage website.

% Facial photography.

Fig. 3 Methodology of study.
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TABLE 2
RESULTS OF PAIRED T-TESTS (MM)

Clinical Mean = S.D. CBCT Mean = S.D. Mean Difference = S.D. P
En-En 32.7+15 32.8+14 -0.09 + 0.98 NS
Ex-Ex 100.2 £ 3.5 100.0 £ 3.4 0.13 + 1.31 NS
Al-Al 36.4 + 4.1 36.4 +4.2 -0.07 £ 1.22 NS
Se-Sn 52.3+£5.0 524 £+ 51 -0.11 £ 1.67 NS
Sn-Prn 19.8 £ 2.2 19.7 £ 2.2 0.16 + 1.39 NS
Sn-C' 158+ 1.9 154 £ 1.7 0.39 + 0.86 < 0.05
Sn-Sto 21.1+£1.9 209 +1.8 0.21 + 0.99 NS
Cphs-Cphs 144 +£2.9 14.0 £ 3.2 0.36 + 1.06 NS
Cphi-Cphi 179+ 23 18.0+ 24 -0.11 = 0.81 NS
Sn-Cphi 17.4 £ 3.5 17.3 £ 3.5 0.15+1.16 NS
Ac-Cphi 19.8 £+ 2.3 202 + 2.5 -0.37 £ 1.33 NS
Sbal-Cphi 17.3+43 175+43 -0.14 £ 1.12 NS
Cphi-Ch 25.8 + 3.1 259 +29 -0.038 £ 0.97 NS
Cphs-Cphi 16.1 = 3.9 16.0 = 3.8 0.16 + 1.31 NS
Results Of the 14 measurements selected for our

The reliability analysis showed no statisti-
cally significant difference (p > .05) between the
repeated measurements (Table 2). There were no
statistically significant differences between any of
the facial measurements, except for columellar
length (Sn-C").

Discussion

Direct anthropometry is considered the gold
standard for in vivo soft-tissue assessment; it is
simple and relatively inexpensive, and it does not
require complex instrumentation.'? Various meth-
ods have been proposed to obtain equally accurate
3D facial models, including 3D laser scanning,
video imaging, 3D stereo cameras, digital color
portraits, and volume wrapping. Of these, volume
wrapping is the least time-consuming and easiest
for the clinician, since most of the labor is per-
formed by the imaging company. The technique is
now used routinely by orthodontists and oral sur-
geons to simulate surgeries, but has not previously
been evaluated in comparison with direct measure-
ments of the face.
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study, only columellar length showed a statisti-
cally significant difference between direct anthro-
pometry and volume wrapping. This anteroposte-
rior distance appears to be difficult to capture and
measure on the superimposed 2D photographs,
making the volume-wrapped 3D facial models
vertically deficient in that area. Although the dif-
ference we found was minor, it might have an
impact when simulating various facial or skeletal
movements, since the nose is often the first thing
the patient notices in such simulations. Caution
should therefore be exercised by surgeons and
orthodontists when simulating surgical movements
on volume-wrapped 3D facial models.

Conclusion

The volume-wrapped 3D facial model ap-
pears to be a fast and easy way to obtain accurate
facial dimensions without having to measure di-
rectly on the face. More studies are needed to
further validate it as a useful diagnostic and treat-
ment-planning tool for replicating the face in three
dimensions.
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