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Abstract

Aim To describe different modalities to record and transfer
natural head position (NHP) to 3D facial imaging by using
the virtual surgical planning software in three facial
asymmetry patients.

Case Reports Three patients with facial asymmetries (A,
B, and C) were evaluated by means of dental and facial
analysis, photographs, cone-beam computed tomography
(CBCT) and digitized dental arches. Before starting the
VSP workflow with Dolphin Imaging, NHP was recorded
by three modalities and transferred to three-dimensional
(3D) facial images as follows: (a) facial photographs taken
with digital camera and the estimated NHP was transferred
to 3D images by comparing lines and planes from both
images; (b) cross-line level laser was used to place radio-
paque markers on the face skin for recording the estimated
NHP, which was transferred to 3D images by alignment of
planes and markers in the software; and (c) photographs of
the face were processed to generate facial surface mesh by
using the Agisoft PhotoScan software, which maintained
the same position of the estimated NHP in 3D for aligning
the images of the soft tissue with the facial surface mesh by
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using superimposition. All the three patients underwent bi-
maxillary orthognathic surgery.

Conclusion There are different modalities using simple
and available technologies in the clinical routine, but
whose reproducibility, reliability and validation could not
be assessed nor compared to each other. There was no trend
for better predictability, feasibility and efficiency because
the postoperative outcomes were adequate regarding the
patients’ satisfaction and facial symmetry.

Keywords Natural head position - Digital photograph -
Laser level - Stereophotogrammetry - Orthognathic surgery

Introduction

Frankfort horizontal plane and sella-nasion reference have
been used for years to standardize the lateral head orien-
tation to obtain conventional radiographs [1, 2]. However,
previous cephalometric studies have shown that intracra-
nial reference lines have multiple variables and may be
different from each side in the same patient [3, 4]. Facial
asymmetry patients may present intrinsic deformation of
anatomical structures, which can affect both facial and
dental analyses and even the orthognathic surgery plan-
ning. Since the late 1950s, facial cosmetic and oro-max-
illofacial surgeons, including orthodontists, have been
using natural head position (NHP) to assess the individual’s
actual appearance during routine clinical examination [5].

NHP is a standardized and reproducible position of the
head in upright posture, with the eyes focused on a distant
point at eye level [3]. Alternative methods of recording the
head position have been recently considered to be repro-
ducible, ranging from a profile photograph or lateral
cephalogram using true vertical reference lines [5] to
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advanced technology devices unusual in the clinical routine
[6].

Cone beam computed tomography (CBCT) or multislice
computed tomography (MSCT) are useful in patients with
dentofacial deformities and provide three-dimensional (3D)
images, which can be associated with computer-aided
design software in order to plan the treatment on a virtual
scenario [7]. Although the patient’s head has to be stabi-
lized during acquisition of 3D images, it is placed in a
random orientation, which can result in over or underesti-
mation of the dentofacial deformities [6]. Moreover, the
scanning process of 3D images usually does not consider
any physical reference line or plane, which provides
topographic images of the soft and hard tissues without
actual 3D orientation [8].

To start the virtual surgical planning (VSP) in orthog-
nathic surgery, 3D facial images must be correctly reori-
entated by using the software for an appropriate assessment
of the patients. Several studies have described methods to
record the NHP, such as facial laser scanning [9], digital
orientation sensor [10], stereophotogrammetry [11], facial
markings along laser lines [12] clinical photographs and
pose from orthography and scaling with iterations (POSIT)
algorithm [13], including how each technique processes 3D
images of the face to obtain the patient’s head position
before the treatment planning. Nevertheless, most of these
methods use technology devices which are not easily
accessible in the clinical routine due to their high cost, low
portability, and market unavailability.

Therefore, the aim of this work was to describe different
modalities of recording estimated NHP in the clinic routine
and of transferring it to 3D facial images by using the VSP
software in three facial asymmetry patients based on
treatment plan workflows and postoperative outcomes.

Case Reports

Three patients attended the Oral Maxillofacial Surgery
Clinic of the Pedro Ernesto University Hospital of the State
University of Rio de Janeiro, Brazil, for treatment of their
dentofacial deformities, which involved aesthetical com-
plaints regarding mandible, chin, asymmetry and func-
tional restrictions. The patients were asked to look at their
own face in a mirror positioned at the eye level in order to
determine NHP [3]. If necessary, the surgeon could make
some adjustment to correct the positioning of the head [14].
Facial and dental analysis was performed based on esti-
mated NHP, with jaws in centric relation (CR) and lips at
rest, according to traditional parameters as described by
Arnett and Bergman [15]. Next, photographs of the head
were taken with a digital camera (Nikon D300, Nikon
Corporation, Tokyo, Japan) following the same technique
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used to obtain the estimated NHP, that is, jaws in centric
relation and lips at rest. Plaster casts of the dental arches
were made. Thus, a comprehensive examination of the
patients for specific diagnosis was performed to recognize
clinical features among hard and soft tissues in their faces
(Table 1). The patients signed an informed consent form
for treatment and use of their images for publication. All
procedures were carried out according to the ethical prin-
ciples and Declaration of Helsinki.

Case A

Facial analysis of a healthy 21-year-old female showed
facial asymmetry and skeletal class II malocclusion
(Fig. la—g). The clinical features are presented in Table 1.

Case B

Facial analysis of a healthy 19-year-old female showed
facial asymmetry and skeletal class I malocclusion
(Fig. 2a—g). The clinical features are presented in Table 1.

Case C

Facial analysis of a healthy 22-year-old female showed
facial asymmetry and skeletal class II malocclusion
(Fig. 3a—g). The clinical features are presented in Table 1.

NHP and Virtual Surgical Planning

CBCT scans of all patients were obtained by using an
i-CAT scanner (Image Sciences International, Hatfield, PA,
USA) at a FOV of 22 x 16 cm, scanning time of 40 s, 120
kVp, 5 mA, isotropic voxel size of 0.4 mm and gray scale
of 14 bits. During the acquisition of CBCT images, the
head of the patients was stabilized to avoid image artifact
and NHP was not obtained because the head was in random
orientation. In addition, the scanning time was relatively
long and the operators were not the surgeons who had
initially performed the treatment planning workflow. The
DICOM files were reconstructed into 3D images by using
the Dolphin Imaging® 3D software, version 11.7 (Dolphin
Imaging and Management Solutions, Chatsworth, CA,
USA). The option “orientation calibration tool” was
selected to record the NHP of the patients and the soft
tissues three-dimensionally, thus rendering images by three
different methods.

Case A
All facial photographs were taken in NHP and the 3D

images were not displayed in NHP. NHP was readily
retrievable from photographs by using true vertical and
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Table 1 Clinical features of the patients’ faces

Case A Case B Case C
Qualitative data from facial analysis
Frontal view
Orbits (pupillary plane) Symmetry parallel to the floor Symmetry parallel to the floor Symmetry parallel to the floor
Nose Not shifted Nose tip and wing shifted to the Nose wing shifted to the left
left
Labial philtrum Shifted to the right Shifted to the left Shifted to the left
Lip line and oral commissures Cant and vertical difference in Cant and vertical difference in Cant and vertical difference in
leveling leveling leveling
Upper incisor midline to the mid- ~ Shifted to the right Shifted to the left Shifted to the left
sagittal plane
Transverse occlusal plane Vertical difference in leveling of Vertical difference in leveling of Vertical difference in leveling of
tips canine tips canine tips canine
Gingival display at smile More exposure to the left More exposure to the right No exposure
Lower incisor midline Shifted to the right Shifted to the left Shifted to the left
Lower lip and chin Shifted to the right Shifted to the left Shifted to the left
Inferior border of mandible Bulkiness difference Bulkiness difference Bulkiness difference
Mandibular ramus length Vertical difference Vertical difference No difference
Lateral view
Upper lip support (nasolabial Poor upper lip support (obtuse)  Poor upper lip support (obtuse)  Poor upper lip support (obtuse)
angle)
Upper Incisor Retro-inclined Retro-inclined Retro-inclined
Labial-mental groove Increased depth Ordinary depth Ordinary depth
Mandible and chin Retrognathia Retrognathia Retrognathia

Fig. 1 a-d Preoperative
evaluation at rest and smiling e—
g Intraoral images
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Fig. 2 a-d Preoperative
evaluation at rest and smiling e—
g Intraoral images

Fig. 3 a-d Preoperative
evaluation at rest and smiling e—
g Intraoral images
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horizontal lines and compared to true vertical and hori-
zontal planes in the 3D rendered images of the soft tissue.
Pupillary line and soft tissue shapes (i.e., nasolabial angle,
labiomental groove, upper and lower lips) were also some
of the clinical features used as positioning references. Head
position was estimated by adjusting the pitch and roll ori-
entation in the 3D image of the soft tissue. All the process
was based on the surgeon’s clinical estimation and sub-
jective visual judgment (Fig. 4a—d).

Case B

A cross-line level laser was attached to the camera tripod
and placed 60 cm away from the patient’s face. After
determining the NHP, the laser level beam was turned on
and a red light projected reference markers onto the
patient’s skin. Six radiopaque skin markers were sequen-
tially placed on the patient’s face along the true horizontal
(above the eyes—frontal region) and vertical (below the
canthus of the eye) reference lines. Next, the radiopaque
markers (metal beads) were attached to the patient’s skin
and CBCT scan was obtained according to the aforemen-
tioned standards. NHP was transferred to the 3D rendered
image by using the radiopaque skin markers aligned with
the true horizontal and vertical plans and adjusted to pitch,
roll and yaw orientation of the 3D image (Fig. Sa—d).
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Fig. 4 a-d Images showing frontal and profile photographs in NHP
associated with true horizontal and vertical lines to reorientate the 3D
images into estimated NHP; e, f Preoperative measurements of

Case C

The set of facial photographs taken in NHP were further
processed to generate a facial surface mesh by using a
photogrammetry-based technique and Agisoft PhotoScan
software (Agisoft LLC, St. Petersburg, Russia). In orien-
tation tool, the 3D rendered image of the soft tissue was
superimposed to the facial surface mesh by using an iter-
ative closest point algorithm for alignment and recording,
which automatically adjusted the pitch, roll and yaw axes
of the 3D image. A color map was also generated to
visually assess and quantitatively compare the NHP ori-
entated with Dolphin Imaging software (Fig. 6a—c).

After head position orientation and superomposition of
the digital dental arch models on each CBCT volume, a
virtual model surgery was selected to perform the surgical
planning based on the patient’s aesthetic-functional com-
plaints, as well as three-dimensional cephalometric analy-
sis (Figs. 4, 5, 6). According to these factors, bi-maxillary
(maxilla and mandible) surgical approaches were planned
based on counterclockwise rotation of the maxillo-
mandibular complex and mentoplasty, exclusively for
cases A and B. Le Fort I osteotomies were selected for
slight advancement and occlusal correction in canines and
molars by moving the maxilla upward (Case A and B) or
downward (Case C) and by correcting the upper incisor
midline in relation to the mid-sagittal plane. Bilateral
sagittal mandibular osteotomies were selected to correct
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occlusal cant and midline deviation, and postoperative measurements
after virtual surgical planning; g, h pre- and postoperative profiles
during simulation treatment planning
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Fig. 5 a-d Images showing NHP, laser line beam and reference
radiopaque markers on the skin to record the NHP using the Dolphin
Imaging software; e, f Preoperative measurements of occlusal cant

the transverse occlusal cant and inferior border of the
mandible and to minimize the vertical difference between
mandibular ramus length, lower incisor and chin midline in
relation to the mid-sagittal plane, including mentoplasty for
chin advancement and additional symmetry (Table 2). The
surgical treatment plannings were simulated with a com-
puter-aided design system, and the resulting postoperative
virtual relationships (maxilla and mandible) were used to
manufacture the intermediate and final stereolithographic
splints. These splints are essential to guide the transfer of
the preoperative surgical planning to the surgical procedure
accurately.

Surgical Procedure

The surgical procedure was performed under general
anesthesia. Initially, buccal access to the mandible was
achieved through soft tissue incision on the external obli-
que line to the mesial aspect of the second molar laterally
(a minimum of 5 mm of non-keratinized mucosa main-
tained in the buccal region). Sub-periosteal dissection of
the buccal mucosa was then performed to the internal
oblique line in the retromolar region, aiming at partially
exposing the medial region and lingula of the mandible.
Reciprocating saws (Stryker—CORE System) were used
for sagittal osteotomy of the mandible bilaterally and fin-
ished with chisels and hammer. Stereolithographic surgical
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and midline deviation, and postoperative measurements after virtual
surgical planning; g, h Pre- and postoperative profiles during
simulation treatment planning

guides were then attached to the orthodontic appliance for
maxillomandibular splinting with steel wire. Mandible and
maxilla were stabilized at intermediate occlusion level,
with the former being repositioned by means of rigid
internal attachment to straight mini-plates and mono-cor-
tical screws (System 2.0—Neoface—Neoortho Orthopedic
Products).

Surgical access to the maxilla was performed buccally,
with the sub-periosteal non-keratinized mucosa detachment
extending from the floor of the nasal fossa to the ptery-
gomaxillary region. Le Fort I osteotomy was performed by
using a reciprocating saw (Stryker—CORE System) and
finished with chisels. After osteotomy in the pterygomax-
illary regions and mobilization of the maxilla, the walls of
the maxilla were leveled following the virtual surgical
planning by using rongeur forceps and rotatory burs. The
final stereolithographic surgical guide was inserted along
with the orthodontic appliances and steel wire was used to
stabilize both maxilla and mandible at final occlusion.
Finally, the maxilla was repositioned with rigid internal
fixation by using L-shaped mini-plates in the zigomatico-
maxillary regions and around the pyriform aperture (Sys-
tem 2.0—Neoface—Neoortho Orthopedic Products). In
conjunction with the bi-maxillary orthognathic surgery,
mentoplasty was performed to improve contour of the
labiomental groove and mandibular symmetry. The surgi-
cal procedures followed the virtual treatment planning.
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Fig. 6 a—c Superimposition between 3D rendered image of the soft
tissue and facial surface mesh from photographs by using an iterative
closest point algorithm for alignment, which generated automatically
a color map and adjusted the pitch, roll and yaw axes of the 3D image.

Postoperative Period

The patients were evaluated weekly in the first 2 months
and monthly thereafter until the sixth month. Postoperative
orthodontic treatments were maintained until completion.

Subjectively, the patients were satisfied with the results
both aesthetically and functionally. After 1 year after the
surgery, the outcomes for cases A, B and C were
stable (Figs. 7, 8, 9).

Discussion

For precise diagnosis, assessment and planning of the
patients’ facial asymmetry, one of the steps is to obtain a
proper and reliable orientation of the 3D images during
VSP. Hence, in the process of determining the NHP in
patients undergoing orthognathic surgery, different meth-
ods have been highlighted to record the natural position of
the head in all three planes and to transfer its orientation to
3D images by using computer-aided surgery software [16].

d, e Preoperative measurements of occlusal cant and midline
deviation, and postoperative measurements after virtual surgical
planning; f, g pre- and postoperative profiles during simulation
treatment planning

Based on previous studies using photogrammetry [5, 16],
we have developed simple methods and reasonable ways of
recording the estimated NHP and transferring it to VSP
software.

With the transition from 2D to 3D imaging, that is, from
conventional methods to digital technology, orthodontics
and surgeons have renewed their attention to new methods
for determining an accurate and reliable head position in
view of the importance of planning the surgical procedures
for dentofacial deformities. Reviews defined clinical
application and reproducible methods for recording and
transferring the NHP to 3D imaging, highlighting that the
estimated orientation of the head position was firstly
defined as “estimated natural head position” or “natural
head orientation” [5, 14]. Moreover, previous studies jus-
tified the reasons for modifying the NHP in some specific
patients, as are the cases of mandibular prognathism or
retrognathism, because they may present altered head
positions hiding their dentofacial deformities [10, 17].
Therefore, we were very careful during the recording of
NHP in dentofacial analysis and the taking of photographs.
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Table 2 Measurements of the movements of surgical virtual planning in millimeters

3D references Case A Case B Case C

*A+/P— *L4/R— *D4+/U— *A+/P— *L+/R— *D+/U— *A+/P— *L4+/R— *D+/U—

Maxilla

ANS +3.13  —0.86 + 0.10 +3.00 +1.38 - 3.19 + 0.58 + 2.85 — 4.55
PNS +3.03 + 041 + 2.74 +475 +053 + 4.27 + 0.52 + 1.72 —0.14
Upper incisor tip midpoint +5.00 + 230 0 + 754 —1.89 —3.00 + 3.50 0 — 4.00
Upper canine tip (L) + 554 4258 — 1.18 + 742 —1.63 + 0.07 + 2.81 + 0.04 — 1.76
Upper canine tip (R) +431 +231 + 2.20 + 742 —1.83 —3.55 + 3.80 — 0.09 —4.72
Upper 6 mesial cusp tip (L) + 556 + 278 — 0.90 + 3.24 — 1.36 + 2.73 +2.27 + 0.11 —0.16
Upper 6 mesial cusp tip (R) + 3.85 + 2.67 + 4.26 + 7.10 — 1.49 — 1.50 + 3.53 — 0.05 — 391
Mandible

Lower incisor tip midpoint + 5.83 + 4.28 —2.52 + 7.03 —1.52 + 3.00 + 2.90 — 0.80 + 2.42
Lower canine tip (L) +529 +4.09 + 0.66 + 698 — 135 — 0.63 + 1.71 — 1.07 —0.83
Lower canine tip (R) + 622 4+ 3.80 + 4.48 +7.02 —154 — 344 + 3.89 - 1.13 —3.19
Lower 6 mesial cusp tip (L) +485 +3.10 + 0.02 +7.10 —1.23 —3.29 + 0.77 — 2.06 —1.21
Lower 6 mesial cusp tip (R) + 649 4+ 287 — 6.45 + 6.91 — 134 + 1.26 + 4.31 —2.18 + 2.60
B point + 650 4+ 640 — 295 +940 —3.18 + 1.93 + 3.98 — 2.60 + 1.83
Pogonion + 1322 +8.30 — 236 + 1172 —4.86 + 1.92 + 491 — 8.69 + 1.56
Gonion (L) + 287 + 201 —0.39 + 1.71 0 — 0.65 + 1.37 - 0.97 — 0.06
Gonion (R) +1.64 +2.16 —0.27 +490 —1.92 — 0.81 + 2.67 —0.55 —0.35
Mandible back cut point (L) + 5.32 + 6.04 — L.15 + 10.05 —3.25 + 5.19 + 1.81 — 545 + 343
Mandible back cut point (R) + 809 4+ 732 + 8.10 + 945 —3.18 —1.26 + 6.87 — 5.56 —2.09

*Anterior and posterior, left and right, vertical (down and up)

Fig. 7 a-d Postoperative
evaluation at rest and smiling e—
g Intraoral images
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Fig. 8 a-d Postoperative
evaluation at rest and smiling e—
g Intraoral images

Fig. 9 a-d Postoperative
evaluation at rest and smiling e—
g Intraoral images
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An experienced surgeon reorientated the NHP even if the
position of the body and head of the patient was at rest
when he or she was looking at the mirror positioned at eye
level.

Leung et al. [6] performed a systematic review to
evaluate the accuracy of different modalities to record NHP
in 3D. The authors identified six modalities (i.e.,
stereophotogrammetry, facial markings along laser lines,
clinical photographs and pose from orthography and scal-
ing with iteration algorithm—POSIT, digital orientation
sensing, handheld 3D camera measuring system, and laser
scanning). From the eight articles selected, digital orien-
tation sensing was the most common modality investigated
(four studies) either in vitro or in patients. Although digital
sensor and laser scanning showed good accuracy, their
clinical use may be limited to their high cost and difficult
portability. Most of the studies reviewed were in vitro,
which may have biased the results. Hence, the authors
emphasized that clinical trials need to be developed to
assess the actual application of these methods in patients.

Previous in vitro and clinical studies have assessed the
validity of digital orientation sensing to reproduce the NHP
in 3D images derived from computed tomography
[9, 10, 18, 19]. It consists in using a digital gyroscope
attached to an individualized bite jig [9], but this equip-
ment could minimally influence the pitch angle and change
the posture of upper and lower lips during CT scans [13].
Although a slight variation in the NHP reproducibility may
not be clinically significant [6], the method cannot distort
the lips because their position is an important anatomical
landmark in the surgical planning [20].

In the preoperative period, all clinical photographs were
taken by the same surgeon after estimating the NHP for
each patient. In other words, all the patients had their head
reorientated before the frontal and lateral faces were pho-
tographed with a digital camera. Next, the photographs
were used to record the estimated NHP in the patient in
Case A. This method is based on comparing the frontal and
lateral photographs to true vertical and horizontal lines,
with 3D-rendered images of the soft tissue using coronal
(as true vertical line) and axial (as horizontal plane) planes.
From the dental and facial analysis, the surgeon could also
use the clinical features to position the NHP in 3D-CBCT
image. The reorientation of the 3D image was performed
by adjusting the pitch and roll axes according to the sur-
geon’s subjective clinical judgment only. Although the
NHP was properly reorientated on the 3D image by using
software and postoperative outcomes, we have realized that
this method had limitations, particularly in facial asym-
metry patients because the yaw axis was not taken into
account.

In an attempt to overcome the limitation regarding the
clinical judgment, Kim et al. [13] and Yang et al. [20]
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reported that POSIT was an accurate and inexpensive
method which does not alter the lip position. This method
is based on a single frontal photograph taken from the
patient or skull phantom in which ceramic spherical
markers are attached to the surface (either skin or skull
surface). Each marker is determined on the 2D image (i.e.
photograph) and corresponded 3D image (i.e., CT) for
calculating the head position by using the POSIT algo-
rithm, which allows recording and reproducing the NHP.
This method has high reproducibility and provides clini-
cally acceptable results [13, 20]. We believe that the entire
workflow of the POSIT method is based on markers and
clinical photographs taken in NHP determined by operators
using a digital camera. It is recommended that at least
photographs should be used to reorientate the NHP on the
3D-CBCT images of the soft tissue. In our cases, the
POSIT method would only have been applied if specific
software was available for clinical routine.

From the NHP estimated in the preoperative period,
radiopaque markers were placed along the horizontal and
vertical laser lines projected onto the patient’s facial skin
(Case B). CBCT scan was performed with the markers in
position and the NHP was transferred to the 3D rendered
image of the soft tissue by an operator, who checked
whether markers were aligned with horizontal and vertical
planes or made adjustments according to the radiopaque
reference. As well as Damstra et al. [16], the method used
in case B was considered a simple and fast way of
obtaining the head position in all three axes (i.e., pitch,
yaw, and roll). Furthermore, a retrospective study also used
laser lines to position radiopaque markers on the face of
sixteen patients in order to record the NHP clinically and
determine it during the VSP process [12]. However, a
systematic review reported that this technique should not
be recommended because there are potential issues, such as
lack of homogenous number and position of markers on the
patient’s face, lack of intra- and inter-rater reproducibility
regarding the placement and alignment of the markers in
relation to the virtual planes, and lack of comparison with
other methods [6].

Photogrammetry has been reported as being a promising
method of soft tissue imaging because of advantages such
as clinical applications, low cost, easiness of use and non-
exposure to radiation for postoperative evaluations
[21, 22]. A previous study reported on the high repro-
ducibility and reliability of 3D stereophotogrammetric
images after two observers had independently identified 49
soft tissue landmarks on the images of 20 patients twice.
The results suggested that the landmarks were more
accurately identified in the midline than paired landmarks
in the face bilaterally [23]. Naudi et al. [22] adopted the
iterative closest point (ICP) algorithm to record and
superimpose images of the skin surface acquired by
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stereophotogrammetry and CBCT, reporting no identifica-
tion of landmarks on both images. Regardless of its pur-
pose and results, the superimposition of 3D photographs
and CBCT images was accurate and could be used to ease
the prediction of postoperative results during VSP.

Hsung et al. [24] developed a technique in which
stereophotogrammetry was used to record the head position
and reorientate 3D facial images in NHP. The results were
accurate and the method was considered gold standard, but
specific physical landmarks are needed, and it is not readily
usable in the clinical practice. In Case C, we have found no
methodological parameter describing the photogrammetry
technique using the Agisoft PhotoScan software yet.
Therefore, the estimated NHP was recorded by using a
professional digital camera to produce 2D photographs of
the patient’s face. Next, the photogrammetric technique
was applied to this software specifically, in which the 3D
digital topography is matched with the different photo-
graphic positions of the face by maintaining the same
coordinate frames, thus generating a facial surface mesh.

As well as Naudi et al. [22], we have considered that
3D-CBCT and 3D photographic images of the soft tissue
were similar to each other. The software was able to
transfer the CBCT image of the soft tissue (test surface) to
photogrammetry (reference surface) and there was no
landmark to assist the ICP algorithm (collision map on
Dolphin software). We have recognized that some regions
should be removed for stereophotogrammetry (e.g., hair,
ears and neck) because it could affect the alignment and the
3D-rendered image of the soft tissue might show defects
(e.g., streak artifacts) at the tip of the nose and lateral
regions of the face. However, no landmark or defect
seemed to interfere with the ICP algorithm because the
superimposition matched with the surface by iteratively
computing the closest point on the test surface to a given
point on the reference surface. With this, an accurate final
alignment can be achieved [25]. After alignment between
3D surfaces on Dolphin Imaging software, we have
observed a collision map (color map) showing better
alignment between the surfaces on midline, lips, paranasal
and chin regions. However, there were deviations (about
1 mm) at the lateral regions of the face, a finding similar to
that reported by Naudi et al. [22].

Zhu et al. [8] evaluated the reliability regarding reori-
entation of 3D facial images of skeletal class III patients for
estimated NHP by comparing it based on the method pre-
conized by Hsung el al [11]. Their results indicated a
moderate level of reliability for roll and yaw axes.
Although clinicians could estimate NHP in 3D facial
images, the authors highlighted that pitch axis was less
reliable for estimating head position in those patients with
symmetrical face. In all cases reported, we had no difficulty
in adjusting the pitch axis of the head position in 3D facial

images, but we were worried about the yaw axis for
recording or transferring the NHP to 3D facial image in the
beginning of VSP. Although all the patients presented
facial asymmetry, they had no difference in ear height and
orbital dystopia, and thus we used the eyes (i.e., pupils and
orbital planes) to assist in the orientation of roll and yaw
axes in the images.

Based on previous studies, our methods are simple and
available for clinical routine as no important structure (i.e.,
lips, chin and soft tissue contour) was altered. Regardless
of the method used to record and transfer NHP, an expe-
rienced surgeon recorded the NHP by using his own clin-
ical judgment to estimate it. Therefore, we agreed that the
success of a given method depends on the operator [6].
Despite the limitation of the present study due to the lack
of validation to confirm the reliability and precision of
different modalities in recording and transferring estimated
NHP, we have described each step of the methods used in
our cases and which should be considered alternatives to be
adopted in the daily clinical routine.

Conclusion

The reproducibility, reliability and validation of different
modalities have been neither assessed nor compared to
each other. The cases reported showed that the treatment
planning workflow was simple and provided satisfactory
postoperative outcomes and facial symmetry in patients.
Regardless of the modalities of recording and transferring
the estimated NHP to virtual planning software, there was
no trend for a specific patient in terms of better pre-
dictability, clinical feasibility and efficiency.
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