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ABSTARCT

Background: Facial analysis is vital for orthodontic treatment planning but traditional methods of facial analysis are
incapable of fully capturing the three-dimensional complexity of the human face. The purpose of this study was to
determine the precision and accuracy of facial anthropometric measurements obtained through low-cost digital
three-dimensional photogrammetry system.

Materials and methods: Eighteen standard craniofacial measurements were obtained from faces of thirty young
adults using two methods: calipers and 3D photos (obtained with a Photomodeler system). After marking
anthropometric landmarks on the faces of the sample, direct measurements were taken using calipers then five
photographs were taken at different angles and 3D model constructed and the same measurement were taken
using Photomodeler. Differences between two methods were calculated. To test the precision of the new
photogrammetric system, measurements were repeated on the same photographs by the researcher and then by
another examiner and also a new set of photographs were taken for each individual and measurements were done
on them. Three different precision estimates were calculated to measure random error for the new method.

Results: Systematic errors between the two methods were found for seven measurements but most mean differences
were clinically insignificant (below 2 mm). In terms of measurement precision, no systematic biases were found
between repeated measurements on the same photographs or on different photographs and our precision
estimates showed a clinically acceptable level of repeatability for the Photomodeler system.

Conclusion: It can be concluded that Photomodeler 3D photogrammetry system can provide accurate and reliable

facial measurements. It is relatively fast and requires only inexpensive equipment.
Key words: Three-dimensional; Anthropometry; Soft tissue analysis. (J Bagh Coll Dentistry 2012;24(1):138-145).

INTRODUCTION

Facial esthetics is an important persona and
social concern. Attractive faces are judged to
Possess more socialy desirable personality traits
D and favorable facial esthetics are related to
psychosocia well-being by children, young adults
and parents ®. So it is not surprising that current
concepts in diagnosis and treatment planning
focus on the balance and harmony of various
facial features .

Traditionally, direct anthropometry, two-
dimensional photogrammetry and cephaometry
have served as primary methods for craniofacia
measurement, but there is increasing awareness
that these techniques are incapable of fully
capturing the three-dimensional (3D) complexity
of the human face ® Moreover, direct
anthropometry can be time consuming in a
clinical  setting, whereas traditional 2D
photogrammetry has been shown to be highly
inaccurate ' and cephalometry exposes subjects
to radiation. Thus, each of these established
techniques of data acquisition is suboptimal.

To address limitations of the 2D imaging
systems, several types of 3D imaging have
emerged, including computer-assisted
tomography ® and laser scanning ©® *° and
stereophotogrammetry.
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These methods are noninvasive, allow images
to be archived, and avoid measurement errors that
occur with 2D representations of 3D surfaces. The
most promising method of soft tissue evaluation is
stereophotogrammetry ™. This method typically
consists of a group of cameras with a fast capture
time; the cameras capture different images of the
subject from multiple angles simultaneoudly or
rapidly, and dedicated software reconstructs a
digital 3D image. A quick image acquisition
reduces the effect of subject movements, in
addition, there is no need for direct contact with
the facial surface, thereby avoiding modification
of soft tissues, which may cause errors in direct
measurements *# ¥, The major disadvantage of
these new techniques is their cost, impeding their
routine clinical use. Additionally, they often need
dedicated spaces, which cannot be organized
within dental and orthodontic offices, thus
limiting the use of 3D anadysis to university
laboratories and research centers 4.

Accuracy and precision of any method are
fundamental for areliable analysis of craniofacia
deformities ™9, So in this study the aim was to
test the accuracy and precision of an innovative
low-costsystem in measuring the facial soft
tissues of healthy subjects. This system does not
require a special space arrangement and uses an
ordinary digital camera with commercially
available software.
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MATERIALSAND METHODS

The sample of this study composed of 30 adult
subjects (20 males and 10 females) with an age
ranged between 18-30 years. All subjects had no
history of obvious craniofacial dysmorphology or
facial surgery.

Eighteen linear faciadl measurements were
derived from 20 anthropometric soft tissue
landmarks from each subject *” (Figure 1 and
Table 1).

Facial measurements were taken with both
direct  caliper-based and indirect 3D
stereophotogrammetry  based  anthropometric
anaysis. We assessed the accuracy of
Photomodeler system by comparing these 18
facial linear measurements obtained from the
latter with the same values obtained from direct
facial measurements. Regarding precision, we
divided the precision of Photomodeler into two
components and test each one individualy ¥,
For testing the precision of tracing procedure,
after a least 1 month, we repeated the
measurements for all subjects using the same set
of photographs and compared the results with
those obtained from the first tracing. To determine
the effect of repositioning on the precision of the
system, another set of photographs has been taken
for al subjects, also after one month, and the
results obtained from those new photographs
using Photomodeler software were compared with
results obtained from the first set of photographs.
Direct M easurement

Before taking direct measurements al
landmarks were marked on the faces of our
sample using black liquid eyeliner except for
Endocanthion (En), Exocanthion (Ex) and
Stomion (Sto) because of their invasiveness.
During landmarking, the subjects sat in a relaxed
position, with natural head position. The subjects
were also instructed to keep their teeth in light
occlusion and their lips relaxed. Special attention
was given to use of minimal pressure to avoid soft
tissue deformation by the caliper during
measurements. All linear measurments were taken
using dliding caliper except for (T —T), (Zy — Zy)
and (Go — Go) which were taken using spreading
calipers.

M easurements using Photomodeler

After direct measurements we proceeded to
take the photographs needed to construct 3D
model using Photomodeler V. 6. The subjects sat
in the same relaxed position, with natural head
position.

We used a DSLR Canon camera (Rebel T3i)
with a resolution of 18 MP and a 35 mm Canon
lens. Calibration procedure was done for the
camera as instructed by the developer of
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Photomodeler (EOS Systems Inc)®™. Then the
camera was attached to height adjustable tripod
and five photographs were taken. One fronta ,
two at 60° to the right and left and two at 30° to
the right and left. The distance from subjects was
fixed at 1.5 meter (Figure 2) and (Figure 3). The
subjects were instructed to remain still during
taking the photographs and the whole procedure
did not last more than 60 seconds. If there was
any sign of subject movement during
photographing we would repeat the whole
procedure.Landmarking and Photographing were
repeated on all subjects after at least one month to
eliminate memory bias.

The photographs then were uploaded to a
personal computer and were used to construct 3D
model using Photomodeler software. After
congtructing the 3D model measurements were
taken.

Statistical analysis

To determine the accuracy of the
Photomodeler system, mean measurements
derived from 3D photos were compared to mean
measurements derived from calipers using paired
student t-test. We considered a P value of .05 or
smaller to be significant.

To test the precision of Photomodeler system -
both for the tracing procedure and after
repositioning- we used paired student T-test to
assess any systematic error. While for random
error three different precision estimates have been
used: mean absolute difference (MAD), relative
error magnitude (REM), and technical error of
measurement (TEM).

MAD is a commonly reported precision
estimate ®® 2. Advantages of MAD include its
simplicity to calculate, its easy interpretation for
comparative purposes (it is in the original units of
measurement), its lack of dependence on the size
of the measurement, and the fact that it requires
few assumptions about the data ®”. When dealing
with only two observations, MAD is simple
enough to caculate; for any particular
measurement, average the absolute difference
between the values at time 1 and time 2 across al
subjects in the sample. The formula for
calculating MAD is:

MAD=X |D |/N

Where D is the difference between the first
and second measurement for every subject and N
represents the number of individuals measured.

The second precision estimate, REM, was
obtained by dividing the MAD for a given
variable by the grand mean for that variable and
multiplying the result by 100. In this form, the
REM represents an estimate of error magnitude
relative to the size of the measurement, expressed
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as a percentage. In terms of reliability, smaller
percentages represent more precise measurements.
The REM is important because error magnitude
scores, by themselves, can be misleading. For
example, the implications of a MAD score of 2
mm for a mean measurement value of 180 mm are
quite different from those of a 2-mm MAD score
for a mean measurement value of 18 mm; the
former is 1% of the mean value, whereas the latter
is 11%. For the purposes of this study, and
following Weinberg et al. “YREM scores were
divided into five precision categories. scores less
than 1% were deemed ‘‘excellent,’ scores
ranging from 1% to 3.9% were deemed ‘‘very
good,”’ scores ranging from 4% to 6.9% were
deemed ‘‘good,”’ scores ranging from 7% to 9.9%
were deemed ‘‘moderate,’ and scores exceeding
10% were deemed *‘ poor.’’

Another additional precision estimates were
included in this study: TEM. TEM (aso called
the ‘*method error statistic’’) is one of the most
widely used estimates of precision @2, TEM
“‘provides a standard deviation-like measure of
the magnitude of error, and it is in the origina
units of measurement.”” @¥. It can be used to
generate both intra- and interobserver precision
estimates. The formula for TEM when two
measurements are involved is:

TEM =/ ZD: jZN

where D represents the difference between the
first and second measurement and N represents
the number of individuals measured. Similar to
MAD, smaller TEM values represent more precise
measurements.

RESULTS
Accuracy of Photomodeler

Table 2shows that Among 18 linear
measurements, 7 measurements obtained from
Photomodeler were significantly different from
the same measurements taken by cdliper.
However, mean differences were generaly below
2mm except for skull base width (T-T) and
bigonial width (Go-Go). Actualy 8 of 18
distances showed a mean difference below 1 mm.
14 of the 18 means obtained by Photomodeler
were larger than those obtained by caliper.
Precision of Photomodeler

Table 3 shows the means differences and
precision estimates for the first and second
measurements  performed on the same
photographs using Photomodeler after one month.
The table shows that the mean difference for all
variables to be less 0.5 mm. It also shows results
of paired sample t—test which indicated that there
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are no significant difference between the means of
any variable derived from these two sessions and
thus no systematic error in the process of retracing
in Photomodeler. All MAD values were a the
submillimetric level except for (T-T) and (Ex-EX).
TEM values did not exceed one millimeter except
with (Ex-Ex). Regarding REM vaues, al
distances showed very good reproducibility
except upper and lower lip vermilions (Ls-Sto)
and (Sto-Li) which showed good reproducibility
(REM =5%).

Table 4 shows that there was no significant
difference  between the means of any
variablederived  from two different  set
photographs taken for the same subject after one
month. It also shows the same three precision
estimates that have been used previously. 7
variables has demonstrated High MAD (above
2mm) and high TEM (above 1.6mm) values those
are skull base width (T-T), face width (Zy-Zy),
bigonial width (Go-Go), intercanthal width (En-
En), right eye width (En-Ex), biocular width (Ex-
Ex) and right ear height(Sa — Sha). According to
REM vaues, ten variable had very good
reproducibility from 1- 4%, four had good
reproducibility from 4-7% and four had moderate
reproducibility and those were , (En-En), (En-EX),
(Ls-Sto) and (Sto-Li). No variable in our study
had excellent (belowl1%) or poor (above 9%)
reproducibility.

Figure 1. Facial anthropometric landmarks
used in our study.
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Figure 2: Five photographs wer e taken. Onefrontal , two at 60° to theright and left and two at

30° to theright and left.

Accuracy and precision

Table 1. Anthropometric linear measurementsused in our study

M easur ement Landmarks M easur ements Landmarks
Forehead height | Trichion-Nasion (Tr-N) | 10 Nasal tip protrusion S”b”mepsfr?)”me (Prn-
Face height Nasion-Menton (N-Me) | 11 Mouth Width Chef I|on-(ct:t;3 lion (Ch-
. Endocanthion- N Subnasale-Stomion (Sn-
Intercanthal width Endocanthion (En-En) 12 Upper lip height Sto)
Right eye fissure Endocanthion- o Stomion-Sublabiale (Sto-
width Exocanthion (En-Ex) | = Lower lip height )
. . Exocanthion-Exocanthion . . . Subnasale-Menton (Sl-
Biocular width (Ex-Ex) 14 Lower facial third height Me)
. ) ) . . Superaurale-Subaurale
6 Face width Zygion-Zygion (Zy-2y) 15 Right ear height (Sa-Sha)
7| Skull basewidth | Tragion-Tragion (T-T) | 16 Right ear width Prea“ra'epgg)a“ra'e (Pra-
8 Bigonial width Gonion-Gonion (Go-Go) | 17 The height of vermhho_n exposure | LabialeSuperius-Stomion-
of the upper lip (Ls-Sto)
9 Nose width Alare-Alare (Al-Al) 18 The height of vermllllqn exposure | Stomion-Labi aJ.eI nferiurs
of the lower lip (Sto-Li)

Table 2: Comparison of Photomodeler system to direct anthropometry.?

Variables Dlrl\e/lc;a,?]nthropoggtrv T\;]g;m()dgg MD® | T -value | P - value’
Tr—N 52.88 4.13 5395 | 4.96 | -1.06 -1.9 .068 (ns)
N-Me 120.4 8.74 12153 | 89 | -1.13 -1.93 .063 (ns)
En—-En 30.27 3.24 3219 | 28 | -1.93 -5.61 .000*
En —EX 34.05 2.36 3353 | 227 | 052 1.62 .116 (ns)
Ex —Ex 97.65 6.38 98.69 | 6.04 | -1.04 -1.93 .063 (ns)
Zy -7y 128.3 8.47 129.33 | 7.6 | -1.03 -1.84 .075 (ns)

T-T 135.55 8.2 139.25 | 871 | -3.7 -11.04 .000*
Go-Go 107.47 9.67 109.96 | 9.13 | -25 -4.36 .000*
Al =Al 35.38 2.75 3508 | 337 | 03 1 .324 (ns)
Prn—-5n 20.93 1.99 2063 | 23 0.3 1.15 .258 (ns)
Ch-Ch 52.92 3.77 5254 | 422 | 0.38 1.18 .248 (ns)
Sn—Sto 20.5 2.07 2171 | 232 | -1.21 -6.04 .000*
Sto-9 18.02 1.94 19.03 | 2.16 | -1.02 -2.79 .009*
Sh—Me 64.85 6.26 65.38 | 6.31 | -0.53 -1.78 .086 (ns)
Ls- Sto 7.1 1.49 744 | 165 | -0.34 -1.96 .059 (ns)
Sto—Li 8.57 171 8.97 195 | -041 -1.62 .116 (ns)
Pra—Pa 29.73 2.63 30.96 | 258 | -1.22 -6.17 .000*
Sa—Sha 62.65 4.14 63.54 | 4.38 | -0.89 -2.67 .012*
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& all variablesin mm; ®- M D = mean differencein mm.

: P value from paired sample T-test; * : Significance (P < .05); ns: non-significant.
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Figure 3: Five photographs resulted from camera configuration shown in figure 2.

Table 3: Precision of tracings, re-performed
after 1 month on same photographs?

Table4: Precision of Photomodeler when
using a different set of photographs®

Variables [MDP| Pvalue [MAD?|TEM®|REM'||Variables|M D°|Pvalue]lM AD|TEM é|REM'
Tr-N | 0 [0.973(ns)] 042 ] 038001 ][ Tr—N [0.31] 035 | 159 | 1.26 [ 0.03
N-Me [0.22[0.153(ns)] 0.66 | 058 [ 0.01 || N—Me [0.16] 07 | 1.97 | 1.57 | 0.02
En—En [0.04][0.824 (ns)] 0.81 | 0.68 [ 0.03 || En—En[0.22] 063 | 225 [ 1.74 | 0.07
En —Ex r]-0.03[0.901 (ns)] 0.77 [ 0.81 [ 0.02 || En—Ex [-052] 024 | 229 [ 1.68 [ 0.07
Ex—Ex [0.29]0.359 (ns)] 1.33 [ 1.19| 0.01 |[ Ex-Ex [0.24] 064 | 262 [ 1.93 ] 0.03
Zy -2y |-0.02[0.905 (ns)| 0.77 | 0.63 | 0.01 || zZy —zy [0.34] 055 | 2.83 [ 2.15 [ 0.02
T-T [-015/0505(ng)] 1.02 087 [001|] T-T [074] 017 [ 284 [ 207 0.02
Go-Go [0.01[0.970 (ns)] 0.83 [ 0.68 [ 0.01 || Go-Go[-0.19] 0.69 | 254 [ 1.85 [ 0.02
Al—Al [0.13]0.125 (ns)] 037 [0.34 [ 001 |[ Al—-AI 01| 048 [ 066 [ 055 ] 0.02
Prn—5Sn [-0.01/0.909 (ns)] 0.4 [033]0.02]|[Prn—sn]01] 046 [ 062 05 [0.03
Cch-ch [0.05[0.603(ns)] 0.46 [ 0.36 [ 0.01 |[[ch-ch[-02] 022 [ 0.75 [ 062 ] 0.01
Sn—Sto |-0.21[0.184 (ns)] 056 | 0.61 | 0.03 || Sn—Sto [-0.19] 0.41 | 1.11 | 0.9 [ 0.05
Sto—9 [-0.04[0.787 (ns)] 0.6 [ 061 ] 0.03 ][ Sto—95 [-0.05] 0.81 | 1.07 [ 0.82 | 0.06
Sn—Me [ 0.1 0320 (ns)] 0.44 | 0.37 ] 0.01 |[ sn—me[-0.01] 0.96 | 1.07 [ 0.96 | 0.02
Ls-Sto |0.05/0.563 (ns)| 0.4 | 0.35] 0.05 || Ls-Sto |0.04] 0.79 | 0.68 | 0.51 | 0.09
Sto—Li [0.08[0.384 (ns)] 0.44 [ 0.36 [ 0.05 || sto—Li [0.04] 0.81 | 0.73 [ 0.57 [ 0.08
Pra—Par-0.04]0.826 (ns)] 0.62 [ 0.63 ] 0.02 |[Pra—Pal-0.36] 07 | 142 [ 122]0.05
Sa—Sha | 0.1 [0.596 (ns)] 0.7 [ 0.69 [ 0.01 |[sa—sba]0.03] 079 [ 223 [ 1.84 [ 0.04

2 all varaiblesin mm; b: MD = Mean difference. © P value from paired sample t-test;significance (P< .05)%: MAD =
mean absolute differene® TEM = technical error of measurement.: Rem = relative error magnitude.

DISCUSSION

Accuracy of Photomodeler

Our results suggest good agreement between
measurements derived through Photomodeler
syssem and those obtained via direct
anthropometry. Notwithstanding the fact that the
means of seven variables from eighteen showed
significant difference when measured by the two
methods, the difference was generaly below two

millimeter (which is considered clinically
acceptable) except for two variables (T-T and Go-
Go).

Two of the distances that showed significant
differences were (T-T) and (Go-Go). This is in
agreement with Weinberg et a. ®Y and de
Menezes et a. ¥ and can be explained by the

way Photomodeler works. The software generate
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the three dimensional position of any landmark by
anadyzing its two dimensiona position on
multiple photographs in a process called
triangulation. If any landmark is missing from any
photograph, the software gave us an approximated
location of the missed landmark in that picture to
complete the geometric 3D reconstruction. Since
Tragus and Gonion landmarks generally don’t
show on frontal photographs (which is the
reference  photograph) their accuracy was
affected. The same argument can be used to
explain the significant difference for ear width
(PrarPa) and ear height (Sa-Sha). However
another factor could be the difficulty in locating
landmarks on the ear because of the obscurity of
the image, which is attributed to the subject’s hair
or helix of the ear casting a shadow on the ear .
Both Majid et a. ® and Wong et a. ™ found
that the presence of hairs may cover some
landmarks, resulting in some missed values or in
increased errors. In fact even with the most
complicated systems, similar error magnitude has
been reported for ear measurements ¢" %,

Two other distances that proved inaccurate are
upper lip length (Sn-Sto) and lower lip length
(Sto-9l). Similar results have been observed by
other authors @ ). This error could be due to
patient subtle movement during image taking.
Although al subjects were instructed to maintain
a neutral facial expression with the lips at rest, it
is possible that changes in facia expression
contributed to changes in the position of some of
the landmarks. This will especially affect
distances that cross the labia fissure (ie, stomion).
Even breathing could possibly affect the position
of those landmarks.

Inaccuracies were aso noted for intercanthal
width (En-En). This distance was problematic in
previous studies @ . Endocnathion (En)
together with Exocnathion (Ex) andStomion (Sto)
landmarks were not marked with eyeliner before
measurement.  Furthermore, regarding the (En-
En), the inaccuracies could be partially related to
direct caiper measurement rather than the
Photomodeler system. This possibility seems
quite reasonable taking into consideration that this
asmall and rather uncomfortable measurement for
subjects, due to sensitivity of the eyes to the
caiper points. Clearly this limitation is not
present with Photomodeler.

Generally  measurements  obtained by
Photomodeler were larger than those obtained by
direct caliper. The means of 14 of 18 distances
(including al significant ones) measured by
Photomodeler were larger than those obtained by
calipers. Although the difference was minimal in
most cases it may indicate a systematic bias
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inherited in this method when compared with
direct  anthropometry.  This trend for
underestimation could be explained by
considering the very nature of direct
anthropometry which, by definition, requires
physical contact with the soft tissues of the face,
whereas indirect anthropometry does not. These
soft tissue structures could be compressed and
may be easily distorted during direct
measurements %%,
Precision of Photomodeler

Our data suggest excellent reproducibility for
the process of retracing the same photographs in
Photomodeler. There was no systematic error
because all T-tests were not significant. To
quantify random error we have used three
precision estimates MAD, TEM and REM. It is
clear that estimates of error magnitude (MAD and
TEM) tended to be higher in distances of greater
size while the reverse is true for REM, which
seems to be higher in small distances. This is
consistent with what have been found by other
authors @ % \We can also notice that (Ex-Ex)
had the highest MAD and TEM followed by (T-T)
and (Go-Go). On the other hand the highest REM
values can be found in (Ls-Sto) and (Sto-Li)
followed by (Sn — Sto), (Sto-Sl) and (En-En). We
can conclude that theses seven distances had the
lowest precison among the others in
Photomodeler. Except for (T-T) and (Go-Go)
there is a common factor among them : they al
involve landmarks which had not been marked
with black liquid eyeliner this confirms what have
been previousy found that prior marking
increases the precision of indirect anthropometry
3.2 "Indeed remarking the same photographs in
Photomodeler in the presence of black dots from
liquid eyeliner was not a difficult task. The reason
may be attributed to the fact that we had a very
good quality high resolution photographs that we
could easily zoom in multiple times and mark
exactly in the center of previousy marked black
dot.
Precision using a second set of photographs

All three precision estimates increased when
we used a second set of photographs but still there
was no significant difference for any variable.
This is in agreement with other studies™ and it
was actually expected because in addition to the
error associated with Photomodeler there is an
error attributed to human error in landmark
identification ®Y. The same trend of higher MAD
and TEM for greater variable and higher REM for
lesser variables has been maintained. The effect of
previous marking of landmarks with liquid
eyeliner is also clearly demonstrated here with all
distances that involve (Ex, En, and Sto) have high
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MAD and TEM values or high REM vaues which
indicates low precision. In addition, low precision
has been demonstrated in (Zy-Zy) and (Go-Go).
These two distances involve Zygion and Gonion
landmarks which are Bony landmarks that require
physica palpation for proper identification. Thus
there is inherent difficulty in locating these
landmarks ®”. Ear height (Sa-Sba) and cranial
base width aso proved problematic with high
MAD values. The possible reason behind this has
been explained previoudly.

Even though our results prove that the
accuracy and precision of Photomodeler system
are well within the acceptable level (2 — 3mm)
cited in the anthropometric literature > 32 when
we compare it with other StereoPhotogrammetry
systems used in other studies , it seems
that its accuracy and precision are inferior to those
more sophisticated and much more expensive
systems. These complicated systems such as
Genex and 3dM Dface require a generous place to
install them and use up to eight speciaized high
resolution cameras that take the required
photographs within milliseconds, substantially
reducing error resulting from patient movement.
Photomodeler accuracy could be increased by
using more than one camera and taking the
required photographs simultaneously, however
thiswill also increase the cost of the system.

It can be concluded that Photomodeler system
can be used to measure facia characteristics with
fairly good accuracy and fairly good congruence
with traditional anthropometry. The system also
has a clinically acceptable level precision.

REFERENCES

Shaw WC. The influence of children’s dentofacia
appearance on their social attractiveness as judged
by peers and lay persons. Am J Orthod 1981;
79:399-415.

2. Shaw WC, Rees G, Dawe M, Charles CR. The
influence of dentofacialapperarnce on the social
ttractiveness of young adults. Am J Orthod 1985;
87:21-6.

3. Birkeland K, Boe OE, Wisth PJ. Relationship
between occluson and satisfaction with dental
appearance in orthodontically treated and untreated
groups. A longitudinal study. Eur J Orthod 2000;
22:509-18.

4.  Peck H, Peck S. A concept of facial esthetics. Angle
Orthod 1970; 40(4):284-317.

5.  Moyers RE, Bookstein FL. The inappropriateness of
conventional cephalometrics. Am J Orthod 1979;
75:599-617.

6. Altobelli DE. Computer-assisted acquisition of
facial surface topography. In: Anthropometry of the
Head and Face. 2nd edn. Edited by Farkas LG. New
York: Raven Press; 1994: 219-233.

7. Fakas LG, Bryson W, Klotz J. Is Photogrammetry
of the Face Reliable? Plastic and Reconstructive
Surgery 1980; 66(3):346-55.

Orthodontics, Pedodontics, and Preventive Dentistry144

Vol. 24(1), 2012

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21

22.

23.

24.

Accuracy and precision

Perlyn CA, Marsh J, Vannier MW, Kane AA,
Koppel P, Clark KW, Christensen GE, Knapp R, Lo
L, Govier D. The craniofacial anomalies archive at
St. Louis Children's Hospital: 20 years of
craniofacial imaging experience. PlastReconstr Surg.
2001; 108(7):1862—70.

Yamada T, Mori Y, Minami K, Mishima K,
Tsukamoto Y. Three-dimensional analysis of facial
morphology in normal Japanese children as control
data for cleft surgery. Cleft Palate Craniofac J
2002;39:517-26.

Da Silveira AC, Daw JL, Jr. Kusnoto B, Evans C,
Cohen M. Craniofacial applications of three-
dimensional laser surface scanning. J Craniofac Surg
2003; 14:449-56.

deMenezes M, Sforza C. Three-dimensiona face
morphometry. Dental Press J Orthod 2010; 15(1):13-
5.

See MS, Roberts C, Nduka C. Age- and gravity-
related changes in facial morphology: 3-dimensional
analysis of facial morphology in mother-daughter
pairs. J Oral MaxillofacSurg 2008; 66(7):1410-6.
Wong JY, Oh AK, Ohta E, Hunt AT, Rogers GF,
Mulliken JB, Deutsch CK. Validity and Reliability
of Craniofacial Anthropometric Measurement of 3D
Digitdl  Photogrammetric  Images.  Cleft-Lip
Craniofacial J 2008; 45:232-9.

deMenezes M, Rosati R, Allievi C, Sforza C. A
Photographic System for the Three-Dimensional
Study of Facial Morphology. The Angle
Orthodontist 2009; 79(6):1070-7.

Khambay B, Nairn N, Bell A, Miller J, Bowman A,
Ayoub AF. Validation and reproducibility of a high-
resolution three-dimensional facial imaging system.
Br JOral MaxillofacSurg 2008; 46(1):27-32.

Sawyer A, See M, Nduka C. 3D
Stereophotogrammetry Quantitative Lip Analysis.
Aesthetic Plastic Surgery 2009; 33(4):497-504.
Farkas LG. Anthropometry of the Head and Face,
2nd Ed edn. New Y ork: Raven Press; 1994.

EOS Systems Inc. Help file for Photomodeler V. 6.
Software Manua 2010.

Utermohle CJ, ZeguraSL.. Intra- and interobserver
error in craniometry: a cautionary tade. Am J
PhysAnthropol 1982;57:303-10.

Gordon CC, Bradtmiller B. Interobserver error in a
large scale anthropometric survey. American Journal
of Human Biology 1992; 4(2):253-63.

Weinberg SM, Scott NM, Neiswanger K, Brandon
CA, Marazita ML. Digital three-dimensiona
photogrammetry: evaluation of anthropometric
precision and accuracy using a Genex 3D camera
system. Cleft Palate Craniofac J 2004; 41(5):507-18.
Ulijaszek SJ,  Kerr DA.  Anthropometric
measurement error and the assessment of nutritional
status. Br J Nutr1999; 82(3):165-77.

Vegelin AL, Brukx LJ, Waelkens JJ, Van Den
Broeck J. Influence of knowledge, training and
experience of observers on the rdiability of
anthropometric measurements in children. Ann Hum
Biol 2003;30:65-79.

Ward RE, Jamison PL. Measurement precision and
reliability in craniofacial anthropometry:
implications and  suggestions for  clinica
applications. J Craniofac Genet Dev Biol 1991;
11(3):156.



J Bagh College Dentistry

25.

26.

27.

28.

29.

Orthodontics, Pedodontics, and Preventive Dentistry145

Aldridge K, Boyadjiev SA, Capone GT, DelLeon
VB, Richtsmeier JT. Precision and error of three-
dimensional phenotypic measures acquired from
3dMD photogrammetric images. American J
Medical Genetics Part A 2005; 138A(3):247-53.
Majid Z, Chong AK, Ahmad A, Setan H, Samsudin
AR. photogrammetry and 3D laser scanning as
spatial data capture techniques for a national
craniofacial database. Photogramm Rec 2005;
20:48-68.

Winder RJ, Darvann TA, McKnight W, Magee JD,
Ramsay-Baggs P. Technical validation of the Di3D
stereophotogrammetry surface imaging system. Br J
Oral MaxillofacSurg2008; 46(1):33-7.

Aynechi N, Larson BE, Leon-Salazar V, Beiraghi S.
Accuracy and precision of a 3D anthropometric
facial analysis with and without landmark labeling
before image acquisition. Angle Orthod 2011;
81:245-52.

Ghoddouss H, Edler R, Haers P, Wertheim D,
Greenhill D. Comparison of three methods of facial
measurement. Intern J Oral and maxillofac Surg
2007; 36(3):250-8.

Vol. 24(1), 2012

30.

31.

32.

33.

Accuracy and precision

Jamison PL, Ward RE. Brief communication:
measurement size, precision, and reliability in
craniofacial anthropometry: bigger is better. Am J
Phys Anthropol 1993; 90(4):495-500.

Hajeer MY, Ayoub AF, Millett DT, Bock M, Siebert
JP. Three-dimensional imaging in orthognathic
surgery: the clinical application of a new method. Int
J Adult Orthodon Orthognath Surg 2002; 17(4):318-
30.

Ulijaszek SJ, Lourie JA. Intra- and inter-observer
error in  anthropometric  measurement.  In:
Anthropometry: The Individual and the Population.
Edited by Ulijaszek SJ, Mascie-Taylor CGN.
Cambridge, UK: Cambridge University Press; 1994:
30-55.

Weinberg SM, Naidoo S, Govier DP, Martin RA,
Kane AA, Marazita ML. Anthropometric precision
and accurecy of digita three-dimensiona
photogrammetry: comparing the Genex and 3dMD
imaging systems with one another and with direct
anthropometry. J Craniofac Surg 2006; 17(3):477-
83.



