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Abstract. The purpose of this study was to compare the consistency of external ear measurements obtained by
electronic digital caliper, photocopier scanning and digital photographic methods. Photogrammetric measurements
were made after image editing software was used to optimize the brightness, contrast, size and image clarity. The
CorelDRAW dimension tool was used to create a dimension line that measured the vertical and horizontal length
between any two landmarks. Results of repeated measures analysis of variance revealed no significant
differences in length and width of the pinna between the three methods. The reliability of the three measurement
techniques showed a high degree of consistency. Further study and efforts could be extended to measurement

hands, foots and facial dimensions by present techniques.
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1. INTRODUCTION

Anthropometry (measurement of humans), in physical
anthropology, refers to the measurement of living human
individuals for the purposes of understanding human
physical variation. Anthropometry plays an important
role in industrial design, clothing design, ergonomics,
and architecture, where statistical data about the distri-
bution of body dimensions in the population are used to
optimize products. As products are designed for specific
types of consumers, an important design requirement is
selection and efficient utilization of the most appropriate
anthropometric database (Wickens et al., 2004). Anthro-
pometry data provides a valuable source of information
to ergonomists and designers who attempt to consider a
range of body sizes and abilities in the design of occupa-
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tional environments and products. An anthropometric
measurement is simply a construction of an observation
or recording of an attribute, which can be affected by the
measurers’ characteristics, methods used in measure-
ment and the measurement environment (Feathers et al.,
2004).

Several different tools are used for the measure-
ment of anthropometric dimensions. In general, these
can be divided into direct and indirect methods (Hsu et
al., 2005; Wickens et al., 2004). Direct methods are
those that require direct contact of the human body with
the measuring tools (e.g., straightedge, measuring tape,
Martin-type anthropometer), and direct reading of the
indictors. Direct measurements using classical methods
of physical anthropology have been used to assess the
dimensions, location and level of the external ear in sub-
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jects and for patients who have had plastic surgery (Far-
kas, 1981). A survey of anthropometry aimed to deter-
mine the mean values of external ear in Turkish adult
population. Seven surface measurements were taken
directly from ear of the subjects with electronic digital
caliper (Bozkir et al., 2006). Barut and Aktunc (2006)
also applied the digital compass to measure the external
ear in Turkish primary school students. Direct methods
have the advantage that equipment is simple and cheap.
Dimensions of survey are usually measured twice by
measuring tools and the arithmetical mean is then com-
puted. The adequate use of these tools, however, is often
limited by the time-consuming and strenuous physical
circumstances of the information gathering process. In
addition, direct measurement of a subject’s ear can be
difficulty, because of distortion of soft tissues of the
natural ear during measurement and the problem of the
subject in maintaining the orientation of the head for
several minutes, which may alter the operator’s perspec-
tive (Alexander and Laubach, 1968).

Indirect methods can be defined as measurements
of a subject obtained without requiring his or her pres-
ence. These methods use projection, photography, scan-
ning dimensions of measurements or reference land-
marks from images or electronic files, and transform
data using scales or mathematical computations of the
relevant reference symbols to obtain anthropometric
dimensions. Anthropometric systems used in indirect
methods typically employ a transparent grid board that
has already indicated the size, photogrammetry, and
perspective. In addition, Nechala et al. (1999) reported
that anthropometric measurements available on the face
can be gauged with photogrammetry. The dimensions of
face were including upper face height, intercanthal
width, nose height etc. In addition, Coward et al. (1997)
applied the laser scanner that developed at University
College London for capturing an image of the face.
These systems have some inherent advantages including
(1) no need for direct contact with the human, and abil-
ity to obtain dimensions by photogrammetry or optical
scanning alone; (2) relatively short exam time for sub-
jects; (3) allows subjects to relax because of easy data
collection; (4) the images or electronic files can be re-
viewed or re-measured as needed. By contrast, disad-
vantages of indirect methods include: (1) equipment
uses more expensive software and hardware; (2) instal-
lation, use and maintenance of the equipment requires
more greater technological skill; (3) environmental con-
ditions of the equipment require stricter control, and
mobility is restricted; (4) while photographing or scan-
ning, some areas of body must be covered, making
points in these areas more difficult to measure. Thus,
images may require correction or re-processing.

Using two-dimensional imaging techniques could
be obtaining distance data. With the advent of digital
photography and digital photograph manipulation, low-
cost imaging techniques would be developing for obtain-
ing anthropometrical data. For example, images were

from photocopier scanning and from digital photographs.

Although a vast number of studies have reported an-
thropometric data, few have investigated the reliability
of results from different obtaining methods. Studies are
needed to develop error checking mechanisms for dif-
ferent conditions, postural considerations, and meas-
urement approaches. The purpose of this study was to
compare the reliability of measurements of external ear
dimensions obtained by direct measurement, by scan-
ning from a photocopier and from digital photographs.
Possible error sources were also investigated.

2. METHODS

2.1 Participants

Thirty healthy subjects with normal ears (18 men
and 12 women) were included in this study. Their age
ranged from 20 to 47 years old. The mean height was
169.6 cm (SD = 8.15) and mean weight was 64.7 kg (SD
= 13.23). Only the left ear of participants was studied.

2.2 External Ear Landmarks and Their Measurement

Ear-structure and the related knowledge about the
ears were studied by the investigators before any subject
was surveyed. Investigators reviewed the position, shape
and measurement methods and the relation between the
landmarks. The length and width of pinna were defined
as follows:

(1) Pinna length: the distance between the top of the
helix and the bottom lobule of the pinna.

(2) Pinna width: the largest distance between the left
and right edge of the pinna on the mid-sagittal plane.

2.3 Direct Anthropometry

Subjects were asked to pose in the sitting position
in front of a white sheet or plain wall with the head held
so that they looked straight forward with the lower bor-
ders of the eye sockets in the same horizontal plane as
the external auditory meati (i.e. Frankfurt plane). The
chin position and head tilt were then adjusted until the
head was correctly aligned. This procedure was checked
several times as necessary before the final measurement
was taken. After confirming the posture of subject, two
dimensions of the left external ear were measured with
an electronic digital caliper Figure 1. Only one trained
measurer performed the all measurements by three times
and time spaced between any two measurements was
one week.

2.4 Photocopier Scanning

The subject adopted a standing position with the left
ear on the scanning faceplate. Subject’s left ear slightly
contact with scanning faceplate and gauge block of 10
mm placed on head near upper pinna to avoid deforming
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2.5 Photogrammetric Measurements

Both the camera lens and the photographer were
aligned and parallel to the subject to reduce the possibil-
ity of image perspective distortion due to poor position-
ing Figure 4. The mid-vertical grid line of the camera
viewfinder was aligned to pass through the mid-sagittal
plane of the face. The mid-horizontal passed through the
Frankfurt horizontal plane. Ear features were then cap-
tured using a digital camera (Panasonic DMC-LX2GT,
3168 X2376 pixels) mounted on a tripod and profile
views were taken at a distance of 90 cm between the
/ subject and lens. A gauge block (10 mm, Mitutoyo, Ja-

pan) was used for calibration. In addition, total measures
of three times were performed between a week.

Figure 1. Measurement of what anatomical feature
or landmark by direct anthropometry.

overly of the ear. Naturally subjects closed their eyes.
The photocopier (Gestetner MP 2550, Ricoh) had been
set full-size and high photo quality. After printing the
hardcopy, two dimensions of the external ear were also
measured with a digital caliper on hardcopy Figure 2
and Figure 3. In addition, total measures of three times
were performed between a week.

Figure 4. Set up for photogrammetric technique.

2.6 Image Editing of Photogrammetric Measurements

Accurate identification of landmarks on images of
the ear is difficult. Therefore, photo images were edited
to provide clear landmarks to improve measurement
accuracy. Images were modified using the editing tools
and techniques in Adobe Photoshop (Adobe Systems
Inc.) before measuring the dimensions with CorelDraw.
First, the images were converted to grayscale. Second,
images were modified by using the uniform distribution
command. Finally, the curves command was used to
adjust the tonal range of an image. These details of these
techniques were as follows:

(1) De-saturation: the image was converted to grayscale
using the saturation command, but each pixel of im-
age was kept at the same level Figure Sa.

(2) Uniform distribution: this command redistributes the
brightness level of image pixels (ranged from 0 to
255), and enables presentation of an entirely equal
brightness level. On executing this command, Pho-
toshop detects the brightest and the darkest values
in the image, and then assigns the brightest and the
darkest value to be 255 and 0, respectively. After

Figure 3. Image of left ear scanned from a photocopier. applying the uniform distribution, the image has a
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shaper and clearer appearance Figure 5b.

(3) Curves: Instead of making adjustments using only
three variables (highlights, shadows, and midtones),
the curves command adjusts the highlights and sha-
dows in opposite directions to boost contrast. Using
this command the curves of the images were ma-
nipulated until the highest contrast was obtained.

— L R P

Figure 5. (a) Color de-saturated image; (b) Image after
uniform distribution.

2.7 Photogrammetric Measurement of Dimensions

After the photograph was taken, a suitable size and
editing of the image was performed with the Photoshop
7.0. This software was used to optimize the brightness,
contrast, size and produce a clear image. The Corel-
DRAW dimension tool was then used to create a vertical
dimension line that measured the vertical distance be-
tween any two landmarks along the y-axis. (CoreDRAW
X3, Corel Corporation). This method allowed ear di-
mensions to be easily and accurately calculated by com-
paring the two landmarks Figure 6. Finally, the two di-
mensions of ear could be calibration by gauge block (10
mm).

183. 44730 mm

il
104. 25760 mm
Figure 6. Measuring dimensions with CorelDraw.

2.8 Data Analysis

After data coding, repeated measures analysis of
variance (ANOVA) was performed with statistical analy-
sis software (Norusis, 2004). Repeated measures analy-
sis deals with response outcomes measured on the same
experimental unit at different times or under different
conditions, and the total variation is partitioned into the
following three components: (1) variation among indi-
viduals; (2) variation among test occasions; (3) residual
variation (Hinkle et al., 2003; Lindsey, 1993). In addition,
the intra-class correlation coefficient (ICC) has been
used as a measure of internal consistency, representing
the percentage of variance explained by individuals
(McGraw and Wong, 1996). Further, the precision of the
interrater measurements of pinna dimensions was as-
sessed by calculating the standard error of measure-
ments (SME). The SEM was calculated as:

SEM = sd x\[(1-1CC)

where ICC is the reliability coefficient and sd is the
square root of the total variance. The SEM can be used
to establish statistically meaningful levels of change for
a measurement (Portney and Watkins, 1993).

3. RESULTS

3.1 Repeated Measures Analysis

Results of repeated ANOVA on pinna length re-
vealed no significant differences between the three
methods (F(2, 87) = 0.225, P =0.799). In addition, these
were also no significant differences between the three
measurements (F(2, 174) = 0.480, P = 0.620). The re-
sults of analysis of pinna width showed remarkable con-
sistency with those of pinna length. There were not sig-
nificant differences between results obtained by the
three methods (F(2, 87) = 0.140, P = 0.870) or for the
three measurements (F(2, 174) = 2.857, P = 0.060).
However, an interaction between methods and time was
found for the measurement of pinna width (F(4, 174) =
2.518, P = 0.043). Figure 7 shows the interaction be-
tween method and time in the measurement of pinna
width. The symbols W1, W2, and W3 on the horizontal
axis denote the first, second and third measurement.
Further, measurements obtained from photocopier scans
and photogrammetric study did not significantly vary
with time. By contrast, direct anthropometry results showed
a slight decline on W2 and W3. Because pinna is the
plastic tissue, deforming of the ear might be difference
in each direct measurement by electronic digital caliper.
However, images scanning from photocopier, subject’s
left ear slightly contact with scanning faceplate and
gauge block of 10 mm placed on head near upper pinna
to avoid deforming overly of the ear. In addition, the
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deforming of the ear did not be occurred in photogram-
metric measurements.
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Figure 7. Interaction effect between method and time in
pinna width measurement. C: Scanning From
Photocopier; D: Direct Anthropometry;

P: Photogrammetric.

3.2 Reliability Analysis

It is current practice to accept ICC values in the
range of 0.8-1.0 as excellent repeatability, 0.6-0.8 as
good repeatability, and values below 0.6 as poor repeat-
ability (McGraw and Wong 1996).

Analysis of our recorded pinna length measure-
ments showed the three methods all had excellent reli-
ability (Table 1). In addition, summary statistics for the
three methods revealed that the range of measurement
results was higher for direct measurement (0.19) than
for scanning (0.01) and photogrammetric measurement
(0.09). Further, the variances were the lowest for scan-

ning measurement methods indicating that this was a
more consistent and reliable method. The SEM values
for pinna length measurement by the direct, scanning
and photogrammetric methods were 0.6, 0.15 and 0.37
mm, respectively. These findings suggest that when re-
searchers repeat the measure of pinna length by direct
methods in the same subject on different occasions, such
as pre and post manipulative intervention, and the meas-
urement changes less than 0.6 mm, the difference may
be attributable to measurement error.

For pinna width measurement, all three methods
also had excellent reliability (Table 2). The range of
measurement results was greater in direct measurement
(0.28) than for scanning (0.07) and photogrammetric
measurements (0.03). In addition, comparison of meas-
urements between pinna length and width revealed dra-
matically lower variances for pinna width measure-ment
by direct anthropometry compared to the other methods.
Further, the SEM values for pinna length measurement
by direct, scanning and photogrammetric method were
0.34, 0.24 and 0.29 mm, respectively.

4. DISCUSSION

Applied anthropometric or morphometry of exter-
nal ear were most conducted in aesthetic plastic surgery.
Farkas et al. (1992) analyzed by measuring the width
and length of ears in 1,590 North American Caucasians
between 1 year and 18 years of age. Results also re-
ported that mature width of the ear is achieved in males
at 7 years and in females at 6 years and ear length ma-
tured in males at 13 years and in females at 12 years. In
addition, Bozkir et al. (2006) were taken the dimensions
of external ear from 341 healthy Turkish young adults

Table 1. Reliability analysis of pinna length measurements obtained by different methods.

Methods Mean Min Max Range N ICC % 95%15,[?;5:5%% (Srr]?rl;/;
7 0 s
SIS | Giones | 2443 | adas | aasr [ om | 0 | ¥ | %00 | ois
PO | iomes | a0 | s2m | sast [ e ] 0 | 96 | %28 | 0¥
Table 2. Reliability analysis on pinna width measurements obtained by different methods.
Methods Mean Min Max Range N ICC % 95%5; r;\f/‘zence (Snlili\l/i
| I L 0R [ | s | o
Scanning vﬁfaﬁe 395;; 3;'7956 ig:gg 8:% 30 | 994 98.9-99.7 0.24
R
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(150 female and 191 male) ages 18 to 25 years using an
electronic digital caliper. Previous study recorded the
three different dimensions of the outer ear from two
hundred Taiwanese subjects aged 20~59 and divided
into four age stratifications. Results of analysis showed
that there were not significant differences in all ear di-
mensions across age groups, because participant popula-
tion of study is all adult people (Liu, 2008).

For comparison of external ear dimensions, it was
observed that the mean ear length was 62.4 mm in males
and 58.5 mm in female in North American Caucasians
(ages from 1 to 18 years old), and that the same meas-
urements were 63.1 mm and 59.7 mm in Turkish (ages
from 18 to 25 years old), 71.2 mm and 65.4 mm in Ko-
rean (mean age 30 years old), respectively (Bozkir ef al.,
2006; Farkas. 1992; Jung and Jung. 2003). In the current
study, the mean pinna length was found to be 64.3 mm
in males and 57.1 mm in females (ages from 20 to 47
years old). Thus, comparing the ethnic difference in
pinna length showed that Korean have larger ears. For
pinna width, the mean width was 33.1 mm in males and
31.2 mm in females from adult Turkish people. The
mean pinna width was 37.1 mm in males and 32.1 mm
in females. Taiwanese have wider than Turkish.

Measurement consistency can be ascertained by analy-
sis of repeated measurements across time. With continued
repeated measurements, the concordant measurement re-
sults establish a measure of variability with measure-
ment, measurer and methodology applied across time.
Each dimension is obtained from the subject according
to a regular measurement procedure such as identifica-
tion of landmarks, measuring, confirming and recording.
But each of these processes is a potential source of error
and variation can easily occur among measurers. Gavan
(1950) investigated the potential sources of variance
within a given measurement, and concluded that consis-
tency increased as the number of measurers decreased,
the amount of subcutaneous tissue decreased, the ex-
perience of the measurer increased, and as the land-
marks were more clearly defined (Gavan, 1950). Klip-
stein-grobusch, Georg and Boeing (1997) assessed the
intra-and inter-interviewer variability both in anthro-
pometric measurements and in estimates of body com-
position, and the possibility of systematic variation in
these measurements due to interviewer differences. This
may provide insight into the type and extent of possible
measurement error.

Reliability and precision are essential properties of
any clinically meaningful measurement or tool. The
reliability of a measurement attests to its ability to be
recorded consistently within and between different tools.
All measurements are prone to systematic error. System-
atic errors are biases in measurement which lead to meas-
ured values being systematically too high or too low. A
systematic error is any biasing effect, in the environment,
methods of observation or instruments used, which intro-
duces error into an experiment and is such that it always
affects the results of an experiment in the same direction

(Lexwell and Downham, 2005). In the present study,
although the reliability of the three measurement tech-
niques showed a high degree of consistency, the direct
measurement technique was prone to higher values as
compared to the scanning and photogrammetric tech-
niques. A potential error source might be diminished
image quality from photo capture. Bozir et al. (2006)
showed that the normal ear has an inclination on the
face and ear projection (distance from the helix to the
processus mastoideus at the tragal level). Thus, distor-
tion may occur from deviations of the orthogonal pro-
jection on the lateral view of the captured image.

Random errors are statistical fluctuations (in either
direction) in the measured data due to the precision limi-
tations of the measurement device. Random errors usually
result from the experimenter’s inability to take the same
measurement in exactly the same way and obtain exact
the same number. Deviations in the selection of land-
marks were the greatest contributors to measurement er-
rors. The accurate siting of landmarks is critical to any
technique which assesses dimensional measurements. An-
thropometry of a subject’s ear can be prone to inaccuracy
because of distortion of soft tissues of the natural ear dur-
ing measurement. The landmarks sited on the face and ear
could be reliably located and thus be used in further stud-
ies to determine dimensional measurements of the ear and
its position on the face. Changes in posture between mea-
surements are another source of inconsistent results (Fea-
thers et al., 2004). These errors arise from the difficulty in
maintaining the orientation of the head for the several
minutes needed to perform assessments, which may alter
the operator’s perspective. Thus, providing chin support
on the table should be aided to maintain the fixed head
posture and reduce deviation.

Methods of mapping the face and quantifying facial
dimensions have been developed using white light (Bhatia
et al., 1994) and laser scanning (Moss et al., 1989). De-
spite advances in three-dimensional imaging techniques
and its many advantages over two-dimensional techniques,
the majority of clinicians still rely on two-dimensional
techniques. Two-dimensional photography has been the
clinical mainstay for several reasons including cost, ac-
cessibility, portability, and ease of use (Inoue et al., 1995;
Nechala et al., 1999). In this study, we found no signifi-
cant differences in measurements of the length and
width of the pinna between the three methods. In addi-
tion, although reproduction accuracy was not signifi-
cantly different between each method, the standard de-
viations among the three methods was significantly lar-
ger in direct anthropometry than scanning from photo-
copier and photogrammetric measurements.

For the purpose of generating digital photographs,
it is no surprise that the digital camera is best (Nechala
et al., 1999). It should be noted that the field of digital
photography is changing very rapidly, with technologic
advancements resulting in higher quality digital photo-
graphs. At the same time, prices are decreasing, thus
bringing this technology within reach of more and more
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people. After a photograph is taken, it can be viewed
immediately and discarded right away. The photographs
are easily downloaded to a computer where they can be
viewed, manipulated, edited, and stored. With recent
advances in printer technology, digital pictures can be
turned into hard copies of very high quality. From the
viewpoint of practical implications, digital camera is
thus very feasible for use in anthropometry. Siting of
landmarks on an image captured by a digital photograph
technique has been shown to be accurate in identifying
landmarks of the ear.

6. CONCLUSIONS

The availability of an anthropometric database is a
prerequisite for designers and engineers of products and
facilities. It is know that the shape of the ear and the
structure of the cartilegenous tissue of the pinna are dis-
tinctive. The features of an ear are not expected to be
unique to each individual. No commercial systems are
available yet and authentication of individual identity
based on ear recognition is still a research topic. For de-
sign of the ear-related product was necessarily consider-
ing the outer-ear dimensions. Thus, provided the anthro-
pometric dimensions of external ears should be conducted
continuously and accuracy of data should be examined.
The purpose of this study was to compare the reliability
of measurements of external ear dimensions obtained by
three techniques. The reliability of measurements in pho-
togrammetry could be of the pinna are distinctive. In ad-
dition, the results of present study suggest that landmarks
can be reliably sited on an image obtained by a digital
camera and used to calculate dimensions of the external
ear. Deviations in the selection of landmarks were most
common contributors to measurement errors.

Further study and efforts are needed: (1) to collect
anthropometric data for more populations, (2) to study
the reliability of such measurements would be a more
specific purpose, for example, to measure the lobule
thickness for earrings or ear studs, (3) to analyze the
shape of ears to assist in the development of industrial
noise protective equipment (earmuffs, earplugs), (4) to
establish a database maintenance system for update data.
In addition, further study and efforts could be extended
to measurement hands, foots and facial dimensions by
present techniques.

ACKNOWLEDGMENT

Authors wish to thank Ms. Rou-Wen Wang for con-
ducting the experiment and data collection.

REFERENCES
Alexander, M. and Laubach, L. (1968), Anthropometry

of the human ear, Aerospace Medical Research
Laboratories, Wright Patterson, Ohio.

Barut, C. and Aktunc, E. (2006), Anthropometric meas-
urements of the external ear in a group of Turkish
primary school students, Aesthetic Plastic Surgery,
30, 255-259.

Bhatia, G., Vannier, M. W., Smith, K. E., Commean, P. K.,
Riolo, J., and Young, V. L. (1994), Quantification of
facial surface change using a structured light scanner.
Plastic and Reconstructive Surgery, 94, 768-774.

Bozkir, M. G., Karakas, P., Yavuz, M., and Dere, F.
(2006), Morphometry of the external ear in our
adult population, Aesthetic Plastic Surgery, 30, 81-
85.

Coward, T. J., Watson, R. M., and Scott, B. J. J. (1997),
Laser scanning for the identification of repeatable
landmarks of the ears and face, British Journal of
Plastic Surgery, 50, 308-314.

Farkas, L. G. (1981), Anthropometry of the head and
face in medicine, New York: Elservier.

Farkas, L. G, Posnick, J. C., and Hreczko, T. M. (1992),
Anthropometric growth study of the ear, Cleft Pal-
ate-craiofacial Journal, 29, 324-329.

Feathers, D. J., Paquet, V. L., and Drury, C. G. (2004),
Measurement consistency and three-dimensional elec-
tromechanical anthropometry, International Journal
of Industrial Ergonomics, 33, 181-190.

Gavan, J. A. (1950), The consistency of anthropometric
measurements, American Journal of Physical An-
thropometry, 8, 417-426.

Hinkle, D. E., Wiersma, W., and Jurs, S. G. (2003), Ap-
plied statistics for the behavioral sciences, 5th Edi-
tion, Boston: Houghton Mifflin Company.

Hsu, S. H., Peng Y., and Wu, S. P. (2005), Human Fac-
tors Engineering, 3rd Edition, Taichung: Tsang Hai
Book Publishing.

Inoue, K., Ichikawa, R., Nagashima, M., and Kodama, G.
(1995), Sex differences in the shapes of several
parts of the young Japanese face, Applied Human
Science, 14, 191.

Jung, H. S. and Jung, H. S. (2003), Surveying the dimen-
sions and characteristics of Korean ears for the ergo-
nomic design of ear-related products, International
Journal of Industrial Ergonomics, 31, 361-373.

Klipstein-grobusch, K., Georg, T., and Boeing, H. (1997),
Interviewer variability in anthropometric measure-
ments and estimates of body composition, /nterna-
tional Journal of Epidemiology, 26, S174-S180.

Lexwell, J. E. and Downham, D. Y. (2005), How to as-
sess the reliability of measurements in rehabilita-
tion, American of Physical Medicine and Rehabili-
tation, 84, 719-723.

Lindsey, J. K. (1993), Models for Repeated Measure-
ments, Oxford: Oxford University Press.

Liu, B. S. (2008), Incorporating anthropometry into de-
sign of ear-related products, Applied Ergonomics,
39, 115-121.

McGraw, K. O. and Wong, S. P. (1996), Forming infer-



Reliability of External Ear Measurements Obtained by Direct, Photocopier Scanning and Photo Anthropometry 27

ences about some intraclass correlation coefficients,
Psychological Methods, 1, 30-46.

Moss, J. P, Linney, A. D., Grindrod, S. R., and Mosse, C.
A. (1989), A laser scanning system for the measure-
ment of facial morphology, Optics and Lasers in
Engineering, 10, 179-190.

Nechala, P., Mahoney, J., and Farkas, L. G. (1999), Digi-
tal two-dimensional photogrammetry: A compari-
son of three techniques of obtaining digital photo-
graphs, Plastic and Reconstructive Surgery, 103,

1819-1825.

Norusis, M. (2004), SPSS 13.0 Statistical Procedures
Companion, Upper Saddle-River: Prentice Hall.
Portney, L. G. and Watkins, M. P. (1993), Foundations of
clinical research: applications to practice, Stamford:

Appleton and Lange.

Wickens, C. D., Lee, J. D., Liu, Y., and Gordon-Becker,
S. E. (2004), An introduction to human factors en-
gineering, 2nd Edition, Upper Saddle-River: Pear-
son Education.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


