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A Photographic System for the Three-Dimensional Study of
Facial Morphology

Marcio de Menezes®; Riccardo Rosati?; Cristina Allieviz; Chiarella Sforza®

ABSTRACT

Objectives: To test whether digital photographs supported by three-dimensional (3D) software
are suitable for measuring the facial soft tissues of healthy subjects as compared with data ob-
tained by a certified 3D computerized electromagnetic digitizer.

Materials and Methods: Three-dimensional soft tissue facial landmarks were obtained from the
faces of 15 healthy young adults, using a 3D computerized electromagnetic digitizer and a new
low-cost photogrammetry system. Twelve linear and 18 angular measurements were computed.
Errors between methods and repeatability of the new method were calculated.

Results: Systematic errors between methods were found for only two distances and three angles
(paired t-test, P < .05). The mean absolute differences between methods were always lower than
3 mm and 3 degrees. Repeated digitization of photographs showed that the method was repeat-
able (no systematic differences; random errors lower than 1.6 mm and 3 degrees). Repeated sets
of photographs showed random errors of up to 5.3 mm and 5.6 degrees, without systematic
biases.

Conclusion: The 3D photogrammetry system can provide reliable facial measurements. The
method is relatively fast and requires only inexpensive equipment. It is simple to use for private

practice, research, or other practice. (Angle Orthod. 2009;79:1070-1077.)

KEY WORDS: Face; Soft tissue analysis; Three-dimensional; Photographs

INTRODUCTION

Accurate facial analysis is essential for diagnosis
and preparation of a treatment plan for patients un-
dergoing orthodontic treatment, orthognathic surgery,
or facial plastic surgery; for diagnosis of genetic and
acquired malformations; for the study of normal and
abnormal growth; and for morphometric investiga-
tion.™* Because facial anthropometry plays an impor-
tant role in the diagnosis of several dysmorphic syn-
dromes,2#-8 clinicians should apply the best diagnostic
techniques for patient education, presurgical planning,
and postoperative analysis.

With constant upgrading of informatics and com-

a Postgraduate student, Department of Human Morphology,
University of Milan, Milano, Italy.

b Professor, Department of Human Morphology, University of
Milan, Milano, Italy.

Corresponding author: Dr Chiarella Sforza, Department of
Human Morphology, via Mangiagalli 31, University of Milan, Mi-
lano, MI 1-20133 Italy
(e-mail: chiarella.sforza@unimi.it)

Accepted: January 2009. Submitted: November 2008.
© 2009 by The EH Angle Education and Research Foundation,
Inc.

Angle Orthodontist, Vol 79, No 6, 2009

munication technology, the standards for data storage
and retrieval and information usage, allied with bio-
medical knowledge, have transformed traditional
methods of diagnosis, visualization, and treat-
ment.248-1% These efforts were aimed at reducing the
time spent on examinations and improving the reli-
ability of measurements.

Different modalities of diagnosis and treatment con-
trol with the use of images for anthropometric evalu-
ation developed over the years include two-dimension-
al (2D) photography and three-dimensional (3D) re-
construction. 2D photography offers rapid capture of
facial images, almost permanent retention, and the op-
portunity for repeated measurement, but single 2D im-
ages are affected adversely by projection, distortion,
and pose.!37.8121415

As recently reviewed,'®'” the development of differ-
ent techniques for 3D reproduction of facial topogra-
phy such as ultrasound, laser scanning, holography,
computed tomography (CT), magnetic resonance
(MR), electromagnetic digitizer, and stereophotogram-
metry, significantly changed the process of diagnosis
by providing a lot of facial anatomical de-
tails.1-3-57811-1318-21 Three-dimensional reconstruction,
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which has the potential to compensate for the inade-
quacies of a 2D image, has great potential for the di-
agnosis of patient abnormalities and for syndrome de-
lineation..7.81521

Unfortunately, current devices for facial 3D analysis
are costly, impeding their routine clinical use. Addition-
ally, they often need dedicated spaces, which cannot
be organized within dental and orthodontic offices,
thus limiting the use of 3D analysis to university lab-
oratories and research centers.215.20

As the use of digital photography and computer im-
aging increases, morphometric evaluation must be-
come a simple and cost-effective method to assess
soft tissue changes in a reliable way.2?2° The aim of
this study was to test whether digital facial photo-
graphs supported by a commercial 3D software pro-
gram are suitable for measuring the soft tissues of
healthy subjects when compared with data obtained

by a certified 3D computerized electromagnetic digitiz-
er.22,23

MATERIALS AND METHODS

A convenience group of 15 healthy volunteers, 11
men and 4 women, ranging in age from 22 to 28 years,
was included in this study. None of the volunteers had
undergone previous facial surgery or had a history of
craniofacial trauma or congenital anomalies. All pro-
cedures were noninvasive and were carried out with
minimal disturbance to the subjects. The local ethics
committee approved the protocol, which did not in-
clude dangerous or painful procedures. Sample size
was chosen with consideration for mean differences
between different methods of 1 mm/degree (standard
deviation [SD], 0.5), as found in previous studies,52°
with alpha = .05, and beta = .9.

Fifty soft tissue landmarks were considered® (Fig-
ure 1, Table 1). Although subjects sat in a position
suitable for correct identification of facial features,
most of the 50 soft tissue facial landmarks,.3416.22 gx-
cept for the inferior and superior points of the nostril
axis (Itn; Stn), exocanthion (Ex), endocanthion (En),
stomion (Sto), and cheilion (Ch), were marked on the
face with black liquid eye liner. The reproducibility of
landmark identification was reported previously and
was found to be reliable.?22® Landmark marking for
each subject took less than 5 minutes.??

Coordinates of the facial landmarks were collected
by two different methods: a 3D computerized electro-
magnetic digitizer, and a simplified photogrammetry
method (PhotoModeler Pro, EOS Systems Inc, Van-
couver, British Columbia, Canada). To assess whether
measurements provided by the photogrammetry sur-
face imaging system were comparable with those pro-
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Figure 1. Soft tissue facial landmarks digitized on all subjects.

vided by the electromagnetic digitizer, we computed
the same distances and angles by both methods.

3D Computerized Electromagnetic Digitizer
(Polhemus)

Three-dimensional (x, y, 2) coordinates of the facial
landmarks were obtained with a 3D computerized elec-
tromagnetic digitizer (3Draw, Polhemus, Colchester,
VT). Using the instrument stylus, a single operator dig-
itized the marked landmarks while subjects sat motion-
less with a natural head position. Digitization was per-
formed for each subject in less than 60 seconds.

The files of the 3D coordinates were used for all sub-
sequent off-line computerized calculations,?2?* based
on Euclidean geometry (Figure 2). The (x, y, 2) coor-
dinates of the landmarks obtained for each subject
were used to calculate a set of facial angles and dis-
tances (Table 2). A detailed description of the proce-
dure can be found elsewhere.?22

The reproducibility of landmark identification and
marker positioning has been reported previously and
has been found to be reliable, with technical errors of
measurement on 50 landmarks of 1.20 mm for males
and 0.95 mm for females, equivalent to 1.04% and
1.05% of the relevant nasion—mid-tragion distances.??

Photogrammetry Surface Imaging System
(PhotoModeler)

For each subject, three separate, single photo-
graphic images (Figure 3) were taken from different
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Table 1. Digitized facial landmarks and relevant definitions

Midline landmarks:

Tr
G
N
Prn
c

Sn

Ls
Sto
Li
Sl

Pg
Me

trichion
glabella
nasion
pronasale
columella

subnasale

labiale superius
stomion

labiale inferius
sublabiale

pogonion
menton

on the hairline in the middle of
the forehead

the most prominent midline point
between the eyebrows

the innermost point between fore-
head and nose

most protruded point of the nasal
apex

midpoint between the columella
crests

midpoint at the union of the lower
border of the nasal septum and
the upper lip

midpoint of the vermilion line of
the upper lip

midpoint of the horizontal labial
fissure

midpoint of the vermilion line of
the lower lip

in the midline of the nasolabial
sulcus

most anterior point of the chin
lowest median point on the lower
border of the mandible

Paired landmarks (right and left side noted , and ):

Ex,, EX
En, En,
Os,, Os,
Or, Or,

Ft, Ft,

Chk,, Chk,

2y, Zy,
Al, Al
Ac,, Ac,
Itn,, Itn,
Stn,, Stn,
Cph,, Cph,
Ch,, Ch,
T, T,
Go,, Go,
Pra,, Pra,
Sa,, Sa,
Pa,, Pa,

Sba,, Sba,

exocanthion
endocanthion
orbitale superius
orbitale

frontotemporale

cheek

zygion
alare
nasal alar crest

inferior terminal
of the nostril

superior terminal
of the nostril

crista philtri

cheilion
tragion
gonion

preaurale
superaurale
postaurale

subaurale

external commissura of the eye
fissure

internal commissura of the eye
fissure

highest point on the lower border
of the eyebrow

lowest point on the inferior margin
of the orbit

on each side of the forehead, lat-
erally from the elevation of the
linea temporalis

at the intersection between
Camper’s plane and a line con-
necting the external eye canthus
with the labial commissura

most lateral point of the zygomat-
ic arch

most lateral point on the alar con-
tour

most lateral point in the curved
base of nasal ala

inferior point of the nostril axis

superior point of the nostril axis

on the elevated margin of the phil-
trum just above the vermilion line
labial commissura

upper margin of the tragus

most lateral point on the mandib-
ular angle

most anterior point of the ear
highest point on the auricle

most posterior point on the auri-
cle

lowest point on the free margin of
the auricle
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Figure 2. Geometric model obtained with 50 landmarks digitized by
the electromagnetic three-dimensional tablet. Landmarks actually
used for angles and distances are marked with a black dot.

Table 2. Analyzed Distances and Angles®

Distance Angle
Ex-Ex N-Sn-Pg
T-T, SI-N-Sn
Go,-Go, T,-N-T,
Ch,-Ch, T-Pm-T,
Tr-N T-Pg-T,
N-Sn Ex,-N-EX,
Sn-Pg Go,-Pg-Go,
N-Pg T,-Go,-Pg
N-(T-T) T,-Go-Pg
Sn-(T-T) N-Prn-Pg
Pg-(T-T) Sn-N-Prn
Pg-(Go,-Go)) (T.-Al)-(Go,-Pg)
Tr-Go (T-Al)-(Go-Pg)
Ls-(Prn-Pg) (T-N)-(Go-Pg)
Li-(Prn-Pg) Prn-Sn-Ls

Li-SI-Pg

(Sn-Ls)-(Li-Pg)
(Sn-Ls)-(Li-SI)

a In subscripts: |, left side; r, right side.
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Figure 3. Set of photographs taken at different angles.

angles (front, 3/4 right side, and 3/4 left side), while
the subject maintained a natural head position. The
three photographs were taken in approximately 3 min-
utes. Specific software assigned landmarks as assist-
ed by PhotoModeler Pro, and as referenced in each
picture. Subsequently, geometric models of the face
were obtained for each subject and distances and an-
gles were calculated.

We took subjects’ pictures using a 6.0-mega pixel
digital camera (Sony DSC-H2 Cybershot; Sony Cor-
poration, Tokyo, Japan) positioned on a tripod at a
fixed distance of 1.5 m. As specified by the Photo-
Modeler software, the system was calibrated with a set
of standardized photographs of a guide paper (Figure
4). Reference paper marks were placed on the wall
behind subjects to provide metric calibration.

After 1 month, we repeated the measurements on
three subjects at random to verify the reproducibility of

Figure 4. Guide paper used for calibration of the photomodeler.

the photographic tracings, to reduce the potential for
memory bias.

In addition, for analysis of reproducibility after re-
positioning, three new subjects were included in two
different photographic sessions. Camera and subject
positions were modified between photos and between
replicate sets. For evaluation of the random error, the
technical error of measurement (TEM) was comput-
ed.>+7 When two measurements were used, TEM
was computed as follows:

TEM = > D2/2n

where D is the difference between repeated measures
and nis the number of analyzed individuals. To assess
the systematic error between replicate measurements,
paired ttests with a 5% significance level (P > .05)
were performed.

Statistical Analysis

Together with descriptive statistics (mean and stan-
dard deviation), the mean absolute difference (MAD)
from the values of the electromagnetic digitizer and the
photomodeler across each subject were calculated for
all linear distances and angles. MAD is the average of
absolute differences between the values of two sets of
measurements.®* We compared the data obtained
with the two imaging systems using paired Student’s
-tests and considered a P value of .05 or smaller to
be significant.

RESULTS

Among 15 linear measurements, two mean differ-
ences between measurements obtained via electro-
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Table 3. Comparison Between Linear Distances Computed With
the Photographic Method and the Electromagnetic Digitizer2

Electromagnetic

Digitizer Photo

Distances Mean  SD Mean SD MAD®* P Value®
Ex-EX, 90.5 5.23 91.12 569 0.62 .07 (ns)
T-T, 141.85 7.92 14452 754 267 .017
Go,-Go, 116.16 9.23 117.78 791 1.62 .07 (ns)
Ch-Ch, 4713 541 47.81 5.97 0.68 .32 (ns)
Tr-N 67.44 7.99 67.03 852 0.41 .31 (ns)
N-Sn 53.23 3.71 5295 3.7 028 .27 (ns)
Sn-Pg 5713 3.75 56.75 4.05 0.38 .27 (ns)
N-Pg 108.43 5.87 108.35 6.12 0.08 .83 (ns)
N-(T-T) 98.59 4.59 979 455 0.69 .10 (ns)
Sn-(T,-T) 107.84 5.82 106.83 6.22 1.01 .16 (ns)
Pg-(T-T) 12548 8.84 12296 9.08 252 .02*
Pg-Go 78.16 5.25 7821 5.86 0.05 .95 (ns)
T-Go 64.98 7.58 63.41 7.65 1.57 .11 (ns)
Ls-(Prn-Pg) 562 1.55 5.64 1.47 0.02 .93 (ns)
Li-(Pm-Pg) 3.96 1.97 3.99 191 0.03 .91 (ns)

a All values are expressed in millimeters.

®> MAD, Mean absolute differences.

¢ P values from paired t-tests comparing electromagnetic digitizer
and photomodeler; ns indicates nonsignificant difference (P > .05).

* Statistically significant P value.

magnetic digitizer and photomodeler were significantly
different from zero. MAD between measures was typ-
ically less than 1.62 mm, except for skull base width
(T,-T)) and lower face depth (Pg-T) (Table 3).

Three of 18 analyzed angles showed statistically
significant differences between the two techniques, re-
vealing a discrepancy in facial convexity in the hori-

DE MENEZES, ROSATI, ALLIEVI, SFORZA

zontal plane (T,-N-T,, T,-Prn-T,, and T,-Pg-T, angles).
Nevertheless, for these variables, the difference be-
tween means was smaller than 2 degrees, contrasting
with the angle Ex,-N-Ex,, which presented an MAD of
2.51 degrees (Table 4).

We used TEM to analyze the random error in re-
peated digitizations of the photographs. Lower TEM
values corresponded to more repeatable measure-
ments. The highest values were noted for distances
and angles involving the exocanthion (Ex), followed by
angles including the gonion (Go) (Table 5). On no oc-
casion were systematic errors found (all +tests were
not significant).

When the subjects and the camera moved among
each set, all error values increased (Table 6), showing
the highest values of 5.26 mm for linear measure-
ments (T,-T)) and 5.61 degrees for angular measure-
ments (T,-Go,-Pg). However, no systematic differenc-
es were found between replicate measurements (P >
.05).

DISCUSSION

When craniofacial growth patterns or anatomic var-
iations are described, conventional direct anthropom-
etry currently is considered the gold standard for in
vivo assessments: the method is simple, is low in cost,
and does not require complex instrumentation.®”.1¢ Un-
fortunately, it is time consuming, it requires very well
trained and experienced examiners, and it is very de-
manding for both the clinician and the patient.37.

Table 4. Comparison Between Angles Computed Using the Photographic Method and the Electromagnetic Digitizer>

Electromagnetic Digitizer Photo

Angles Mean SD Mean SD MAD® P Value®
N-Sn-Pg 159.07 3.71 159.45 3.86 0.38 .08 (ns)
SI-N-Sn 12.05 1.76 11.87 2.03 0.18 49 (ns)
T-N-T, 71.04 2.96 72.56 2.95 1.52 .03*
T,-Prmn-T, 60.23 2.14 62.04 2.69 1.81 .01*
T-Pg-T, 58.92 2.36 60.43 3.02 1.51 .04*
Ex,-N-Ex, 116.20 5.37 118.71 6.43 2.51 .052 (ns)
Go,-Pg-Go, 73.66 3.24 74.19 3.05 0.53 .65 (ns)
T,-Go,-Pg 125.63 5.61 125.92 6.26 0.29 .67 (ns)
T-Go-Pg 124.74 4.97 124.67 5.67 0.07 .87 (ns)
N-Prn-Pg 126.59 3.11 12717 3.53 0.58 .07 (ns)
Sn-N-Prn 21.70 1.59 21.35 1.65 0.35 .08 (ns)
(T-Ala,)-(Go,-Pg) 11.52 1.87 11.79 2.58 0.27 .56 (ns)
(T-Alal)-(Go,-Pg) 9.98 2.91 9.69 25 0.29 .62 (ns)
(T-N)-(Go-Pg) 32.24 5.56 33.07 5.43 0.83 11 (ns)
Prn-Sn-Ls 125.55 8.79 125.46 7.52 0.09 .95 (ns)
Li-SI-Pg 132.74 11.93 133.56 11.43 0.82 .76 (ns)
(Sn-Ls)-(Li-Pg) 165.14 9.14 164.96 8.52 0.18 92 (ns)
(Sn-Ls)-(Li-SI) 140.54 15.95 140.55 12.21 0.01 1.00 (ns)

a All values are degrees.
®>MAD, Mean absolute differences.

° P values from paired t-tests comparing electromagnetic digitizer and photomodeler; ns indicates nonsignificant difference (P > .05).

* Statistically significant P values.
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Table 5. Error Analysis: Reproducibility of Tracings, Re-performed After 1 Month

Distances, mm TEM? (n = 3) P Value® Angles, degrees TEM? (n = 3) P Value®
Ex-Ex 1.57 .07 N-Sn-Pg 0.25 A7
T-T, 0.97 .51 SI-N-Sn 0.10 A7
Go,-Go, 0.23 .85 T-N-T, 1.12 .62
Ch-Ch, 0.74 .38 T-Prn-T, 1.16 .48
Tr-N 0.25 .79 T-Pg-T, 1.03 .35
N-Sn 0.55 .32 Ex-N-Ex, 2.84 .16
Sn-Pg 0.29 .64 Go,-Pg-Go, 2.61 .24
N-Pg 0.13 .83 T-Go,-Pg 1.05 74
N-(T-T) 0.42 .64 T-Go-Pg 0.54 .97
Sn-(T,-T) 0.23 .78 N-Prn-Pg 0.20 .37
Pg-(T-T) 0.28 .78 Sn-N-Prn 0.11 18
Pg-Go 0.90 .68 (T-Ala,)-(Go,-Pg) 1.45 .55
T-Go 0.19 .89 (T-Ala)-(Go,-Pg) 1.14 .38
Ls-(Prn-Pg) 0.50 .51 (T-N)-(Go-Pg) 0.59 .15
Li-(Prn-Pg) 0.21 .28 Prn-Sn-Ls 0.72 .18
Li-SI-Pg 2.02 72
(Sn-Ls)-(Li-Pg) 2.10 .66
(Sn-Ls)-(Li-SI) 1.92 .34

a TEM, Technical error of measurement.

> P values from paired t-tests comparing repeated digitizations. All P values are not significant (P > .05).

Therefore, the use of 3D imaging systems is growing,
with several clinical applications available for diagno-
sis, presurgical planning, postsurgical outcome as-
sessment, and syndrome identification.

A number of relatively noninvasive methods for 3D
imaging have been developed over past decades to
obtain facial anthropometric data.!3-5811-13.1921-24 [Jn-
fortunately, the cost and complexity of these methods
often limit their use to research facilities.

In the current study, a simple, low-cost, noninvasive
3D method for facial surface measurements was de-
veloped and tested. It eliminates the need for direct
contact with the subject, thereby avoiding displace-

ment/deformation of soft tissues.®142* The investigator
can use coordinates of the landmarks for off-line cal-
culation of distances and angles. Anyone can evaluate
a new measurement from the same landmarks without
new data collection.??

When compared with the electromagnetic digitizer,??
the current 3D system (Photomodeler) can be seen to
have both advantages and limitations. In both meth-
ods, facial landmarks should be identified and marked
on the face of each subject before digitization/photo-
graphic recording.®+'® Subsequently, landmarks are
digitized on-line when the electromagnetic instrument
is used, and off-line when the photographic system is

Table 6. Error Analysis: Reproducibility During Subject Rearrangement

Distances, mm TEM? (n = 3) P Value® Angles, degrees Error (n = 3) P Value®
Ex-Ex 3.91 13 N-Sn-Pg 1.52 .53
T-T, 5.26 .20 SI-N-Sn 0.82 49
Go-Go, 3.24 19 T-N-T, 4.02 95
Ch-Ch, 2.39 .26 T-Prn-T, 3.76 .87
Tr-N 1.11 .64 T-Pg-T, 3.03 .84
N-Sn 1.09 43 Ex,-N-Ex, 5.14 46
Sn-Pg 2.70 .07 Go,-Pg-Go, 4.41 .73
N-Pg 3.86 15 T,-Go,-Pg 3.63 .31
N-(T-T) 3.65 46 T-Go-Pg 4.26 .34
Sn-(T-T) 2.02 .75 N-Prn-Pg 3.08 .73
Pg-(T-T) 2.58 .65 Sn-N-Prn 0.71 44
Pg-Go 3.53 42 (T-Ala,)-(Go,-Pg) 1.77 18
T-Go 0.48 .78 (T-Ala)-(Go-Pg) 1.67 .86
Ls-(Prn-Pg) 0.31 .61 (T-N)-(Go-Pg) 2.27 .57
Li-(Prn-Pg) 0.99 .21 Prn-Sn-Ls 4.22 .34
Li-SI-Pg 5.58 16
(Sn-Ls)-(Li-Pg) 0.67 .38
(Sn-Ls)-(Li-SI) 5.61 A2

a TEM, Technical error of measurement.

> P values from paired t-tests comparing repeated photographic sets. All P values are not significant (P > .05).
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used. The photographic system allows digitization of
an unlimited number of landmarks, but the number of
landmarks digitized by the electromagnetic instrument
should represent a compromise between sufficiently
detailed individuation of the anatomic characteristics
of the face and digitization time.'®

The photomodeler system uses a picture set as a
reference for making the triangulation. Generally, we
used frontal pictures as a reference. Consequently, we
found the main problem of this system seemed to be
marker location, at which point it is impossible to as-
sign some landmarks in the reference pictures. One of
the indistinguishable landmarks often happened to be
tragus (T). This may explain the results obtained in this
study, which showed significant differences when
compared with the reference method in two linear
measures (T,-T;; Pg-T) and in three angles (T,-N-T; T,-
Prn-T; T,-Pg-T)); all of these variables involve tragus
(T). Indeed, we found that the data acquisition system
was best used for different facial morphologies and
dimensions. The ears often are digitized with some dif-
ficulty even when complex stereophotographic and la-
ser scanning instruments are used,®'221 and similar
method errors have been reported with the tragus
landmark.4

The literature includes frequent reports of MAD as
a precision estimate,®>* because it affords easy inter-
pretation and is calculated simply. Current anthropo-
metric literature'® usually considers less than 1 mm
acceptable. We surpassed this threshold only by four
distances out of 15, and by four angles out of 18 in
the current study. The greatest variations were seen
in distances, including the tragus and gonion land-
marks, and in angles of facial convexity on the hori-
zontal plane, which crossed both facial halves. This
result is consistent with that of Weinberg et al* and
can be explained by the difficulty of assigning lateral
landmarks in reference photos. For the “Ex” land-
marks, two factors should be considered: in some cas-
es, noncorrect identification caused by the eyelashes;
in other cases, lack of previous identification with a
black mark. Indeed, the previous marking significantly
reduces method error with both contact and optical
digitizers.3#22

Furthermore, the presence of hairs may mask some
landmarks, resulting in missed landmarks?* or the non-
identification of some points in all three photos. In this
case, after analyzing and processing all evident land-
marks, the software gave us an approximated location
of the missed landmark in all pictures to complete the
geometric 3D reconstruction. Thus, good pictures with
fine resolution are required to minimize error. The
good performance of profile distances and angles is
consistent with previous investigations that compared
photographs vs classic anthropometry.” Indeed, profile

Angle Orthodontist, Vol 79, No 6, 2009
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landmarks all belong to a single plane, thus minimizing
projection errors. Additionally, they are easy to identify
in well-made photographs.

The reproducibility of the 3D computerized electro-
magnetic digitizer throughout landmark identification
and marker positioning was reported previously.2? Ac-
cording to anthropometric literature,®# the technical er-
ror of measurement was included in this study to verify
the reproducibility of the photomodeler system. The
greatest method error for linear measures (distances)
between first and second digitization of the same set
of photographs was 1.57 mm for the Ex,-Ex, distance,
without significant systematic differences. Therefore,
the results indicate acceptable repeatability for land-
mark digitization. Similarly, for angular measurements,
the differences were always lower than 3 degrees, and
differences larger than 2 degrees were observed in
only four angles (Ex,-N-Ex; Go,-Pg-Go,, Li-SI-Pg; and
[Sn-Ls]-[Li-Pg]). This outcome is consistent with that
of Weinberg et al,* who reported that the estimation of
error magnitude tended to be greater in variables con-
taining difficult-to-see landmarks and variables cross-
ing the labial fissure.

The photomodeler system takes three photographs
of each set in different moments and angles, and pos-
sible movement of the head may occur. Therefore, we
evaluated its influence on data collection during sub-
ject and camera relocation. Increased errors were ob-
served, with TEM up to 5.3 mm (T,-T, distance) and
5.6 degrees (angles Li-SI-Pg and Sn-Ls"Li-SI).

Notwithstanding the lack of bias (systematic errors),
these differences are of clinical importance and indi-
cate that lip (landmark Sl is included in both angles
with the largest error), eye (landmark Ex), and ear
(landmark T) positions are most critical in repeated
photographs.s

For reduction in measurement error, photographs
may be obtained simultaneously with the use of three
cameras, but this would increase the monetary cost of
the analysis. More simply, subjects should avoid mak-
ing head movements during photo acquisition. Nev-
ertheless, the method is less demanding than classical
anthropometry, especially for children, and it can be
coupled with conventional radiographs to allow re-
peated measurements during treatment and follow-
up.7,13,22

In summary, the photographic system described in
the current investigation can be used to measure facial
characteristics with a satisfactory degree of repeat-
ability, but some landmarks need to be reevaluated,
thereby improving the acquisition. Additional studies
should be undertaken to improve the protocol and en-
hance the accuracy of the method.
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CONCLUSIONS

» The three-dimensional photogrammetry system test-
ed in the present study can assess the coordinates
of facial landmarks with satisfactory precision and
can be used to obtain reliable facial measurements.

» The method is relatively fast and inexpensive equip-
ment is needed; thus it is simple for those in private
practice, researchers, or other practitioners to
Use.7’9’15

» Photomodeler system measurements can be used
to assess linear distances and angles.
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