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Profile line accuracy in cephalometric
radiographs
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Introduction: This study investigates the accuracy of facial soft-tissue profile lines in lateral cephalometric
radiographs by comparing them to true profile lines derived from 3-dimensional photographs. Methods: This
prospective methodological study was performed on preexisting records of 100 orthodontic patients. The true
profiles were obtained by defining the true midsagittal plane through best-fit approximation of mirrored 3-
dimensional surface models. Two curves were drawn on each profile image, and landmarks and sliding
semilandmarks were placed on them. This resulted in 2 profile landmark configurations per patient, which
were superimposed using Procrustes superimposition. The Procrustes distances between corresponding
landmarks were used as a metric to assess the accuracy of the cephalometric profile line, as compared with
the true reference. Results:On average, there were small statistically significant differences between the ceph-
alometric and the actual profile lines (100,000 permutations; P 5 0.031; median interlandmark distance, 0.84
mm). However, when assessing individual patients, the cephalometric profile line deviated significantly from
the true profile, with 40% of the distances between corresponding landmarks being .1 mm and 10%
being .2 mm. There were no differences between the sexes or between younger and older patients (aged
8.0-12.5 vs 12.5-55.0 years). However, there were small differences between 2 x-ray devices (median, 0.18
mm; P \0.001), which often exceeded 1 mm at the soft-tissue nasion area, probably because of the
cephalostat. Conclusions: On average, the lateral cephalometric radiographs might provide an adequate rep-
resentation of the facial profile, but when individual patients are considered, there is often a clinically significant
error. Thus, lateral cephalograms should be used with caution to evaluate the facial soft-tissue profile. (Am J
Orthod Dentofacial Orthop 2025;168:75-87)
Since its introduction in 1931 by Broadbent,1 the
lateral cephalometric radiograph has been widely
used for diagnosis and treatment planning, but

also for growth assessment and evaluation of treatment
results.2,3 It allows assessment of the different parts of
the craniofacial skeleton, the teeth, and the facial soft
tissues, as well as their interrelationships.2

Lateral cephalograms are 2-dimensional (2D) radio-
logical representations of 3-dimensional (3D) structures.
Therefore, they have certain well-known limitations,
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cedures were performed in compliance with relevant laws and institutional
such as image magnification, distortion, and superimpo-
sition of bilateral anatomic structures.4,5 Landmark
identification and measurement errors are additional
problems.6,7 These limitations can lead to erroneous
assessment and potentially affect diagnosis and key de-
cisions in treatment planning.

The importance of facial soft-tissue morphology has
been emphasized in orthodontics,8-10 as well as in other
disciplines, including anthropology11,12 and craniofacial
surgery.13 The soft-tissue surface defines the directly
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perceivable image during human interactions, and its
appearance is related to several important life outcomes,
such as mental health, the ability to make friends, having
a successful marriage, or reaching higher-ranking posi-
tions in professional life.12,14,15 Therefore, it is not sur-
prising that improvement in facial appearance is a
major reason to seek treatment16 and is related to pa-
tient satisfaction.9,10

The soft-tissue facial profile is important in diagnosis
and treatment planning,8,17,18 impacting such decisions
as to perform orthognathic surgery13 or orthodontic treat-
ment with tooth extractions.19 Currently, there are 3D im-
aging modalities that offer a realistic, real-size, and
distortion-free representation of the facial soft-tissue pro-
file that is also unaffected by the orientation of the orig-
inal object during image acquisition.20-23 However, the
lateral cephalogram, despite its several limitations,
remains a standard diagnostic tool for several
disciplines. Previous studies compared conventional
lateral cephalograms to lateral cephalograms derived
from cone-beam computed tomography scans and iden-
tified significant variations in soft-tissue surface assess-
ments.24,25 Similar findings were obtained from
comparisons of lateral cephalometric radiographs to
actual measurements on a phantom.26 These studies as-
sessed linear and angular measurements between soft-
tissue landmarks. However, the accuracy of the entire
facial profile line derived from a lateral cephalogram has
apparently not yet been evaluated.

This study aimed to assess the facial soft-tissue pro-
file line accuracy on 2D lateral cephalometric radio-
graphs as compared with the true profile line derived
from 3D photographs.23 For this, we used preexisting
lateral cephalograms and 3D facial photographs of
actual patients to trace the corresponding profile lines
and applied geometric morphometric methods on the
tracings. The null hypothesis of the study was that there
is no clinically significant difference between the
patient’s true soft-tissue profile line and the profile
line depicted in lateral cephalometric radiographs.

MATERIAL AND METHODS

The study protocol has been approved by the Swiss
Ethics Committee of the Canton of Bern (protocol No.
2019-01815; approved on December 17, 2019). All pro-
cedures were performed in compliance with relevant
laws and institutional guidelines. Written informed con-
sent was obtained from all subjects and their legal
guardians, allowing the use of their data for research
purposes.

This prospective methodological study was per-
formed on preexisting records of 100 orthodontic pa-
tients retrieved from the archives of the Department of
July 2025 � Vol 168 � Issue 1 American
Orthodontics and Dentofacial Orthopedics, University
of Bern. Lateral cephalometric radiographs and 3D pho-
tographs comprise standard records for diagnosis and
treatment planning. One author (J.O.) searched for pa-
tients fulfilling the eligibility criteria, and the last author
(N.G.) controlled all selected patients to confirm eligi-
bility. A consecutive selection was performed, applying
a backward search strategy to control for selection
bias. All records were taken between February 2011
and September 2019.

Inclusion criteria were (1) subjects aged 8-60 years;
(2) available sets of pretreatment or posttreatment
lateral cephalometric radiographs and 3D photographs
taken at the same session, in rest position (closed or
open lips) and with the teeth in maximum intercuspation
(slight contact); and (3) 3D photographs generated by
postgraduate students being enrolled for at least 6
months in the postgraduate program.

Exclusion criteria were (1) patients with mobility or
mental disorders reported in the medical history, as
well as congenital malformations, systemic diseases, or
syndromes that could affect growth or facial
morphology; (2) large facial asymmetries detected
through visual inspection by 2 authors (J.O., M.L.A.)
that could imply underlying pathologies. In case of
disagreement, a joint decision was taken with the last
author (N.G.); (3) distorted soft tissues because of facial
expressions or muscle tension detected through visual
inspection by 2 authors (J.O., M.L.A.). Disagreements
were resolved after consulting the last author (N.G.);
(4) subjects with facial hair longer than a few millimeters
or any hair interfering with the profile line or subjects
wearing glasses during image acquisition; (5) inade-
quate quality images with notable distortions detected
through visual inspection by 2 authors (J.O., M.L.A.).
In case of disagreement, a joint decision was taken
with the last author (N.G.); and (6) denied informed
consent.

A stratified sample selection process was applied to
the available data to obtain half of the patients when
aged 8-12.5 years and the other half when aged 12.5-
60 years. Sex was also stratified to obtain an equal dis-
tribution of females and males in both age groups.

A power analysis could not be performed to deter-
mine the sample size because of the lack of previous
studies on this subject. Furthermore, in geometric
morphometric studies, the sample size cannot be deter-
mined by straightforward application of mathematical
formulas.27,28 We populated our sample with 100 pa-
tient datasets, which was considered adequate to detect
significant differences and avoid selection bias.28

The 3D photographs were taken by the postgraduate
orthodontic residents in a standardized manner,
Journal of Orthodontics and Dentofacial Orthopedics



Fig 1. Superimposed original (blue) and mirrored (light
yellow) 3D facial photographs, with the midsagittal plane
(gray) parallel to the computer screen.
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according to the clinic’s protocol. They were obtained in
the same white room, specially designed for this purpose,
using a 3dMDface System and the 3dMD Software
(3dMD Inc, Atlanta, Ga). The patients were seated on a
turning chair with the knees bent at approximately
90�, the back in an upright position, and the head facing
straight at the camera, which was positioned at eye level,
at a standardized distance of 1.2 m. They were asked to
have their eyes open, their teeth in slight contact, and
their muscles relaxed. The background light was
removed according to the manufacturer’s instructions.
The camera was calibrated every morning before the
acquisition of the first image of the day and when an
error message was received.

The lateral cephalometric radiographs were digital
radiographs taken in the radiology department of the
dental school, University of Bern, using 2 radiographic
devices. The cephalograms taken between March 2011
and October 2015 were obtained with machine 1 (Oralix
9200; Gendex, Milan, Italy), whereas the cephalograms
taken between October 2015 and September 2019
were obtained with machine 2 (ProMax 2D S3; Plan-
meca, Helsinki, Finland). During image acquisition, the
patients were standing, the head was positioned with
the Frankfort horizontal plane parallel to the floor, and
the profile aspect was perpendicular to the x-ray source.
They were asked to have the teeth in contact, and the
muscles relaxed.

All acquired images (3D photographs [TSB file type]
and cephalograms [JPG]) were imported into Viewbox
4 software (version 4.1.0.11, 64bit; dHAL Software, Ki-
fissia, Greece) for further processing. After relevant
training, an experienced operator (M.L.A.) with 6 years
of exclusive clinical work in orthodontics performed all
processing.

The first step of the process was to crop the 3D pho-
tographs as follows: the hair, the ears, and the throat
were deleted to retain only the face. The ears are usually
considered parts of the face, but because of the low
quality of their depiction in the 3D photographs (often
incomplete), we decided to remove them as well.

The true midsagittal plane of the cropped 3D photo-
graphs (ie, the “true profile”) was defined according to
the recently published method by Gkantidis et al.23

Briefly, the method requires the mirroring of the 3D
photograph and then the best-fit approximation of the
original to its corresponding mirrored model through
the software’s iterative closest point algorithm.29 The
software constructs the midsagittal plane by calculating
the middle of all lines connecting the corresponding
identical vertices located at the contralateral sides of
the 2 models. It has been proved that all such midpoints
lie on a single plane.23 After orienting the true
American Journal of Orthodontics and Dentofacial Orthoped
midsagittal plane parallel to the computer screen, a 2D
image was exported as a JPG file. In this image, the pro-
jection of the most protruding points on the midsagittal
plane provided the true profile definition (Fig 1).

The next step was drawing the profile lines on the
cephalometric radiographs and the true profiles (Fig 2).
For this, landmarks and sliding semilandmarks were
placed on 2 prespecified curves. The upper profile curve
extended from the trichion to the upper stomion and
consisted of 18 sliding semilandmarks and 2 fixed land-
marks (upper stomion and upper lip vermilion border).
The lower profile curve extended from the lower stomion
to the beginning of the throat and consisted of 14
sliding semilandmarks and 2 fixed landmarks (lower sto-
mion and lower lip vermilion border) (Fig 3). After
placing the fixed landmarks, the 2 curves were individu-
ally adapted to the facial soft-tissue profiles depicted on
the cephalometric radiographs and to the 3D-derived
true profile images. To minimize detection bias, the pro-
file lines were drawn first on the 100 true profile images
and, in a second phase, at least 2 weeks apart, on the
lateral cephalometric radiographs, in random order.
The entire process was initiated from scratch for each
profile line digitization. The original images were freely
magnified by the operator and, if needed, image filters
were applied on the cephalometric radiographs, primar-
ily to enhance contrast.

Before superimposing respective profile outlines, a
sliding process was followed to achieve maximum
ics July 2025 � Vol 168 � Issue 1



Fig 2. Example of 2 profile lines from the same patient, 1 draw on the true profile derived from the 3D
photograph (left), 1 draw on the lateral cephalometric radiograph (middle; machine 2), and after Pro-
crustes best-fit superimposition (right).
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homology in the position of semilandmarks along their
profile curves. Therefore, an average profile was created
using all profile outlines in the study sample. This
average was used as a reference for the sliding of all
semilandmarks. Three cycles of sliding and reprojecting
were performed, and after each cycle, a new average pro-
file was created to serve as a reference for the new cycle.
At the end of this iterative process, there was no mean-
ingful change in the relative position of the semiland-
marks on their curves, and the bending energy
between shape configurations was minimized. The final
sample of shape configurations was then used for all
following analyses.

The 2 landmark configurations representing the 2
profile lines per patient (cephalograms and 3D photo-
graphs) were then superimposed using Procrustes super-
imposition that treats the data independently of their
scale, rotation, and position.30 Each pair of profile lines
was superimposed separately. The Procrustes distances
between the superimposed corresponding land-
marks31,32 comprised the metric to assess the amount
of error of the lateral cephalometric radiographs, using
the 3D derived data as the gold standard reference.

The primary outcome of the study was the accuracy
of the cephalometric profile line, indicated by the Pro-
crustes distances31 between superimposed landmark
configurations located on the 2 compared profile lines.
The clinical interpretation of the results was performed
through the calculation of relevant summary measures
July 2025 � Vol 168 � Issue 1 American
and the visualization of differences between superim-
posed group averages.

As secondary outcomes, the effects of age, sex, and
type of x-ray device on the cephalometric profile line ac-
curacy were investigated.

Statistical analysis

Statistical analysis was performed by using SPSS
software (version 28.0; IBM, Armonk, NY). Raw data
were tested for normality through the Kolmogorov-
Smirnov test, and certain variables were not normally
distributed. Therefore, nonparametric statistics were
applied.

Regarding the primary outcome, statistically signifi-
cant differences between the profile lines obtained
from the 3D images and the 2D conventional images
were tested through permutation tests using the Pro-
crustes distances between group means as the test crite-
rion (Viewbox 4 software, 100,000 permutations).
Differences in groupmeans were visualized through Pro-
crustes superimposition of constructed average configu-
rations for each tested group. Pairwise differences in
individual patients/pairs were assessed through the
calculation of Procrustes distances after Procrustes su-
perimposition of corresponding profile lines. Individual
data for the entire sample were provided for selected
landmarks throughout the profile lines using scatter
plots. Summary data regarding linear distances of corre-
sponding landmarks, as well as differences in the
Journal of Orthodontics and Dentofacial Orthopedics



Fig 3. Profile line depicting the landmarks and semilandmarks used in the study.
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horizontal and vertical levels, were provided using box
plots for all landmarks.

The effect of the patient’s sex, age, and radiographic
machine factors on the primary outcome was assessed
through the Mann-Whitney U test.

The level of significance was set at a 2-sided a 5
0.05, adjusted for multiple pairwise comparisons using
a Bonferroni correction.

The intraoperator (M.L.A.) error in landmark identifi-
cation was assessed by repeated digitization of the 2
profile lines (cephalograms and 3D-derived images) on
30 randomly selected subjects (15 females and 15
males), 2 months after the first digitization. The error
of the 2D true profile image generation from the 3D
photographs has been assessed elsewhere and was negli-
gible.23 The mean Procrustes distance between the first
and second shape configurations was determined
through permutation tests (100,000 permutations) and
was minimal, indicating no systematic error (P 5
0.973). The random error was expressed as the percent-
age of total variance in shape space that was attributed
to the differences between the first and the second digi-
tization.33 Random error was 12.2%, which was consid-
ered acceptable and in the same range as previous similar
reports.34,35

RESULTS

Overall, the median age of the 100 participants
included in the study was 12.5 years. The sample con-
sisted of 50 females (median age, 16.3; range 8.7-50.5
years), half of which belonged to the young age group
(median age, 10.4 years; range 8.7-12.5 years) and
half to the older group (median age, 15.3 years; range
12.6-50.5 years) and of 50 males (median age, 12.4
years; range 8.3-55.3 years), half of which belonged to
the young age group (median age, 10.8 years; range
8.3-12.3 years) and half to the older (median age, 14.6
years; range 12.6-55.3 years). Nine of the included pa-
tient records were posttreatment records (4 females
and 5 males), and 91 were pretreatment records (46 fe-
males and 45 males). Of the 100 participants, 18 (10 fe-
males: 7 young and 3 older; 8 males: 3 young and 5
older) were imaged using 1 x-ray device (machine 1),
and the remaining 82 participants (40 females: 18 young
and 22 older; 42 males: 22 young and 20 older) were
imaged using another (machine 2).

There were no statistically significant differences be-
tween sexes as well as between age groups in the linear
distances of corresponding landmarks located on the 2
superimposed profile lines (P .0.05; level of signifi-
cance: P \0.001). Comparable results were observed
when assessing variations in landmarks at the horizontal
and vertical levels (P .0.01; level of significance:
July 2025 � Vol 168 � Issue 1 American
P\0.001). Statistically significant differences were de-
tected between the 2 x-ray devices in 4 out of 108 vari-
ables, and these primarily considered the nasal bridge/
soft-tissue nasion area in the horizontal direction (x-
axis) (P\0.001 [Mann-Whitney U test]; X upper outline
7, X upper outline 8, X upper outline 9, and upper outline
14; Supplementary Fig 1). Overall, the median error of
machine 1 was 0.69 mm (interquartile range [IQR],
0.67; range 0.00-6.07), and the median error of machine
2 was 0.87 mm (IQR, 0.84; range 0.01-5.54), indicating a
small statistically significant difference (P \0.001
[Mann-Whitney U test]). The observed differences can
be attributed to the use of an anterior head support of
the cephalostat that interfered less with the midsagittal
plane in machine 1 in contrast to machine 2
(Supplementary Fig 2). On the basis of these findings,
the sample was considered homogenous and was pooled
and no further subgroup analysis was performed.

The null hypothesis of no clinically significant differ-
ence between the patient’s true profile line and the pro-
file line depicted in lateral cephalometric radiographs
was rejected. The overall difference between the 2 profile
lines is illustrated through a Procrustes best-fit superim-
position of the average profile landmark configurations
generated from the 2 types of records (Fig 4). Overall,
the median Euclidean distance between the 2 profile
line landmarks was 0.84 mm (IQR, 0.83; range 0.00-
6.07), which might be considered small, although statis-
tically significant (100,000 permutations, P 5 0.031).
However, when individual patients were considered,
there were differences between corresponding points
ranging 1-5 mm, which are considered clinically signif-
icant. In the entire sample, the Euclidean distances be-
tween corresponding landmarks of the 2 profile lines
that were .1 mm comprised 39.8% of all measure-
ments, whereas in 9.8% of all measurements, the differ-
ences were .2 mm.

The magnitude and direction of the average differ-
ences between the true and the cephalometric profile
lines are depicted in Figure 5. The linear differences of
each corresponding landmark of the 2 profile lines, after
Procrustes best-fit superimposition per individual pa-
tient, are presented in Figure 6. On average, the forehead
area showed relatively small error with differences in
most patients being smaller than 1 mm. There was a ten-
dency for the lateral cephalograms to display the fore-
head in a more protruded position. The transition
between the forehead and the nose (nasal bridge or
soft-tissue nasion area) showed bigger differences, often
exceeding 1 mm, and almost always toward the dorsal
side. This is probably because of the pressure exerted
on the soft tissues by the nasion holder used in machine
2 (Supplementary Figs 1 and 2, A and B). The upper part
Journal of Orthodontics and Dentofacial Orthopedics



Fig 4. The average landmark configuration derived from the 3D photographs is depicted through black
dots, and the average landmark configuration derived from the lateral cephalometric radiographs is de-
picted in red dots. The gray arrows indicate selected points evenly distributed over the entire profile line,
in which the differences between the 2 Procrustes-fit approximated landmark configurations of each
patient are shown through xy scatter dot plots. The axes show the real magnitude and direction of
differences in millimeters.
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of the nose presented minor inaccuracies. The tip of the
nose and the lower part of the nose just below the tip
showed larger inaccuracies toward a more protruded
American Journal of Orthodontics and Dentofacial Orthoped
position, sometimes exceeding 1 mm. Differences in
the opposite direction, usually \1 mm, were detected
in the subnasal area (philtrum) of the upper lip. The
ics July 2025 � Vol 168 � Issue 1



Fig 5. Best-fit superimposition of the average profile
lines, with their spatial differences magnified by 5. The
average profile line derived from the 3D photographs is
depicted through the black line, and the average profile
line derived from the lateral cephalometric radiographs
is depicted through the blue line after multiplying their dif-
ferences by 5. In the right image, the color between the 2
profile lines highlights their differences (actual difference
35), with red indicating the posterior and green anterior
position of the actual profile structures in the lateral ceph-
alogram (reference: 3D photograph derived black line).
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vermilion of the upper and the lower lips showed
increased errors and high variability toward a more for-
ward position. The labiomental fold and the chin area
were depicted well in the cephalometric radiographs,
July 2025 � Vol 168 � Issue 1 American
with differences in most patients varying within 1 mm.
The labiomental fold appeared in a slightly posterior po-
sition on the cephalometric radiographs, whereas the
upper part of the chin was depicted more anteriorly
and the lower more posteriorly.

A more detailed assessment of the direction of error
in each landmark at the horizontal and vertical levels is
provided in Figure 6. Overall, the horizontal differences
tended to be approximately 22% smaller than the verti-
cal differences. For most of the points at both levels, the
differences were limited to 1 mm. However, at the hori-
zontal and vertical levels, 16.1% and 23.9% of the indi-
vidual assessments, respectively, presented values .1
mm.

DISCUSSION

The results of this study showed a relatively good
average representation of the facial profile on the lateral
cephalometric radiographs when a large group of sub-
jects is considered. The median difference between the
cephalometric facial soft-tissue profile to the true refer-
ence was statistically significant but of small magnitude
(median interlandmark distance, 0.84 mm). However, it
was evident that in various individual patients and for
certain landmarks, the cephalometric profile line devi-
ated significantly from the true profile, with 40% of
the distances between corresponding landmarks
being .1 mm and 10% being .2 mm. In specific pa-
tients, the errors even reached 5 mm. Such differences
can be considered clinically significant and question
the use of lateral cephalometry for accurate facial soft-
tissue profile assessment. Thus, when relatively large
groups of patients are tested in the context of clinical
studies, the soft-tissue profile assessment on cephalo-
metric radiographs can be considered reliable. However,
for individual patients, it is not certain that the profile
depicted on a lateral cephalogram is reliable and should
affect treatment decisions. For example, Figure
7, A and B, shows 2 patients with different amounts
of error. In routine clinical practice, distinguishing
whether the cephalometric radiograph of an individual
patient falls into the first or the second category is chal-
lenging.

The primary sources of error in cephalometric radio-
graphs stem from their 2D nature, which involves
reducing a 3D object to 2 dimensions.36,37 A significant
source of error is related to head positioning during im-
age acquisition. Noncentered head positions or rotations
relative to the beam-film/receptor system can cause dis-
tortions.6 Structures on the midsagittal plane, including
the profile, are primarily affected by head orientation er-
rors around the anteroposterior and vertical axes. These
Journal of Orthodontics and Dentofacial Orthopedics



Fig 6. Box plots showing the linear (top), horizontal (middle), and vertical (bottom) differences (millime-
ters) of each corresponding landmark of the 2 profile lines (3D photograph and cephalogram derived)
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Fig 7. A, A patient in which the amount of error of the lateral cephalogram’s profile line is small, indi-
cated by the good fit of the cephalometric profile line to the 3D photograph profile line (true reference);
B, A patient in which the amount of error of the lateral cephalogram’s profile line is large, indicated by
the reduced fit of the cephalometric profile line to the 3D photograph profile line (true reference).
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errors are apparent even when patients are carefully
positioned for research purposes.38 Previous studies
focused on skeletal structures, but errors in the soft-
tissue profile line can be significant. This is due to the
increased distance from the center of the object, which
amplifies the impact of head orientation errors, as well
as the radiolucency of the thin soft-tissue structures de-
picted.
after Procrustes best-fit superimposition per individual
maximum value, the lower limit of the line represents
and the horizontal line represents the median value.
outliers are shown as asterisks. The dashes indicate

July 2025 � Vol 168 � Issue 1 American
The craniofacial area is highly important for human
life, both in terms of functionality and esthetic appear-
ance.12,34 Facial morphology has a key role in this34

and comprises a primary reason for patients to seek or-
thodontic or surgical treatment.9,10 Proper assessment
of facial morphology is an integral part of craniofacial
diagnosis that can affect treatment decisions.17,18,39

Consequently, accurate imaging tools should be used
patient. The upper limit of the line represents the
the minimum value, the box represents the IQR,
Outliers are shown as circles, whereas extreme
the level of 1 mm.

Journal of Orthodontics and Dentofacial Orthopedics
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in research and clinical practice for the assessment of
facial morphology. Because of the potentially high errors
of the lateral cephalogram in the representation of indi-
vidual facial profiles, alternative imaging modalities
could be considered in daily practice.

Apart from correct diagnosis and documentation, ac-
curate patient representations are essential for moni-
toring changes over time.3 However, even consecutive
craniofacial images obtained within a short period and
under the same settings can differ because of imaging
technique or subject-related factors.38 To address these
limitations, 3D imaging techniques have been intro-
duced.20,22 Contrary to 2D imaging, 3D technology pro-
vides realistic, real-size, and distortion-free
representations of structures unaffected by object orien-
tation. This applies to both 3D radiographs and 3D pho-
tographs.40-42 Although 3D radiographs involve
radiation exposure, higher costs, and processing
challenges,20,43 3D photographs are risk-free, quickly
acquired, easily archived, versatile in postprocessing,
and relatively low-cost.21,22

Comparing the results of this study with the limited
existing literature is challenging, given the substantial
differences in methods and outcomes across previous
studies. We identified 2 studies that compared conven-
tional cephalometric measurements to lateral cephalo-
grams synthesized from cone-beam computed
tomography scans.24,25 The first study assessed only 3
linear soft-tissue profile measurements and did not
find a statistically significant difference. However,
32%-48% of the measurements deviated by .2 mm.25

The second study assessed only 2 linear soft-tissue pro-
file measurements and identified a statistically signifi-
cant average difference of 1.0 and 1.8 mm.24 This
information is quite limited compared with this assess-
ment, but all findings point in the same direction.
Finally, we identified a study that assessed 9 linear and
6 angular soft-tissue profile measurements in lateral
cephalometric radiographs and compared them to direct
measurements performed on a radiographic phantom
head.26 The study identified relatively small, although
statistically significant, differences; however, the extrap-
olation of the experimental findings to actual clinical
conditions is questionable.

This study design has several strengths. At first, the
study applied novel, highly reliable 3D superimposition
methods on 3D stereophotogrammetry models of 100
orthodontic patients to generate the true profile line.23

The outcome was compared with the cephalometric pro-
file of the same patients using geometric morphometric
methods that are superior shape analysis methods than
conventional cephalometrics.44,45 The 3D clinical
records were generated by postgraduate students with
American Journal of Orthodontics and Dentofacial Orthoped
at least 6 months of active participation in the full-
time program to minimize errors resulting from limited
experience. These are standard pretreatment and post-
treatment records in our department, and thus, the post-
graduate students are familiar with them. The lateral
cephalograms were obtained from the radiology depart-
ment of our school, representing actual clinical condi-
tions. The cephalometric radiographs were acquired in
a standing position, whereas the 3D photographs were
in a sitting position. Except for this, all other settings
were the same. However, minimal differences in head
posture or soft-tissue tension between the 2 acquisitions
cannot be excluded. Previous studies have shown negli-
gible differences in facial soft-tissue surfaces between
standing and sitting positions, which were further
reduced at the midsagittal plane.46 Even differences be-
tween natural head position and supine head position
were primarily located at the submandibular tissues,47

of which were excluded from the present assessment.
In terms of analysis, differences in head posture did
not affect the outcomes because, with the use of geo-
metric morphometrics and Procrustes superimposition,
differences in size, position, and orientation between
the superimposed curves are eliminated to study solely
shape differences.30-32 Two radiographic machines
were evaluated to enhance the applicability of the
findings. Significant inaccuracies, often exceeding 1
mm, were detected for machine 2 in the presence of a
cephalostat with a nasion holder at the neighboring
areas. Commonly used linear and angular
cephalometric measurements defined through the
soft-tissue nasion point, such as facial height or the
soft-tissue ANB angle,11 could be significantly affected
by such inaccuracies. The accuracy of the 3D photo-
graphs has been well documented in the literature.48-50

Finally, the intraoperator error of the profile line
digitization process was small.

The main limitations of the study derive from its
retrospective nature. The main sources of bias in retro-
spective studies are selection and detection bias. To
reduce selection bias, all patients who fulfilled the inclu-
sion criteria were included in the study. Profile line dif-
ferences are hard to detect through visual inspection
during sample selection. Thus, relevant bias is not ex-
pected. To control for detection bias, the digitization
of a cephalometric radiograph was performed at least
2 weeks apart from the corresponding 3D-derived profile
image. The superimposition process and the measure-
ments were fully automated, excluding any source of
bias. Although the groups were balanced for age and
sex, and the absence of related effects can be considered
robust, the comparisons between machines may have
been underpowered, potentially leading to an
ics July 2025 � Vol 168 � Issue 1
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underestimation of the observed differences. Because of
the lower quality of the 3D photographs in the throat
area (reduced access to the camera sensors), the land-
mark configurations that were tested in the study
extended from the middle of the forehead to Menton.
Thus, errors in adjacent areas were not assessed.

CONCLUSIONS

On average, the lateral cephalometric radiographs
might provide an adequate representation of the facial
soft-tissue profile, but when individual patients are
considered, there is often a clinically significant error.
Thus, lateral cephalograms should be used with caution
to evaluate the facial profile and should be comple-
mented with other assessments in treatment decisions
for individual patients. In the absence of 3D radiographs,
whose acquisition requires adequate justification, direct
clinical assessment or the use of 3D photographs pro-
vides a reliable supplement for cephalometric profile
line assessments. This is especially recommended for in-
stances in which profile line analysis is crucial for clinical
decision-making. Moreover, 2D photographs can also be
used as a supplement to cephalometric analysis, but they
might be subjected to comparable errors, primarily
because of head orientation issues. When accurate facial
profile documentation is needed, such as for clinical
research outcome assessment, 3D photographs should
be the preferred option.
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SUPPLEMENTARY MATERIALS
Supplementary Fig 1. Box plots showing the differences between corresponding landmarks of the 2
profile lines (3D photograph and cephalogram derived), after Procrustes best-fit superimposition, per
individual patient and radiographic machine. There were significant differences between radiographic
machines in the depicted points (X upper outline 7, P5 0.0001; X upper outline 8, P5 0.0001; X upper
outline 9, P5 0.0003; upper outline 14, P5 0.0008; Mann-Whitney U test, Bonferroni adjusted signif-
icance level: P\0.001). The “X” indicates horizontal differences between the specified points; other-
wise, the direct Euclidean distance is assumed. The upper limit of the line represents the maximum
value, the lower limit of the line is the minimum value, the box is the IQR, and the horizontal line is
the median value. Outliers are shown as circles, whereas extreme outliers are shown as asterisks.
The dashes indicate the level of 1 mm.
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Supplementary Fig 2. The anterior head support of the cephalostats was used to obtain lateral ceph-
alometric radiographs with (A) machine 1 (Oralix 9200; Gendex, Milan, Italy) and (B) machine 2 (Pro-
Max 2D S3; Planmeca, Helsinki, Finland).
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