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Abstract

Both the correct position of the patient’s head and a standard system for the acquisition of images are essential for objective evaluation of the
facial profile and the skull, and for longitudinal superimposition. The natural position of the head was introduced into orthodontics in the late
1950s, and is used as a postural basis for craniocervical and craniofacial morphological analysis. It can also have a role in the planning of
the surgical correction of craniomaxillofacial deformities. The relatively recent transition in orthodontics from 2-dimensional to 3-dimensional
imaging, and from analogue to digital technology, has renewed attention in finding a versatile method for the establishment of an accurate
and reliable head position during the acquisition of serial records. In this review we discuss definition, clinical applications, and procedures to
establish the natural head position and their reproducibility. We also consider methods to reproduce and record the position in two and three

planes.

© 2016 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.
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Introduction

The natural position of the head is the most balanced, natural
position of the head when someone views an object at eye
level.! It is an individual, functional, physiological position
that indicates a person’s true appearance.’

Since its introduction into orthodontics in the late 1950s
it has been used as a reference position for the assessment of
craniofacial morphology,”~ and has been advocated as a bet-
ter option than intracranial reference lines because it allegedly
varies less. The concept is not new: Leonardo da Vinci

* Corresponding author at: Centro Universitario di Odontoiatria, Via
Gramsci 14 -43125, Parma, Italy. Tel.: +0039/0521903641.
E-mail address: diana.cassi@unipr.it (D. Cassi).

http://dx.doi.org/10.1016/j.bjoms.2016.01.025

(1452-1519) and Albrecht Durer (1471- 1528) used scaffolds
of horizontal and vertical lines on drawings of models pos-
itioned in a “natural pose” to permit more accurate artistic and
scientific replication of the human head. Artists, anatomists,
and anthropologists have used it to study the human face
throughout the ages, and it has been used routinely for clin-
ical examination in medicine and dentistry by plastic and
maxillofacial surgeons, and orthodontists.

Measurement of the natural head position is relevant
in orthodontics for cephalometric analysis of dentofacial
anomalies, orthognathic surgical planning, and evaluation
of the relation between the head and the cervical column
(craniocervical angulation).

In this review we have focused on techniques to establish
it, and how to transfer it to the cephalostat, together with an
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Table 1
Different definitions describing head position.

Head position Definition

Natural head position Position of the head when the subject
looks at a distant point at eye level
and their visual axis is parallel to the
ground.®

The standing or seated patient feels
that his or her head is in balance.”
Position of the patient’s head while
they are looking towards a distant
point at eye level, reorientated by the
operator; it is considered a better
option for research purposes.”

Natural head posture

Estimated natural head position
or natural head orientation

overview of the 3-dimensional recording methods recently
introduced into clinical practice.

Methods

We searched the databases PubMed and Scopus for all
relevant publications, with no limitations of language or
time. We used the terms “head posture”, “cephalometric
analysis”, “natural head position”, “lateral cephalomet-
ric radiographs”, “cephalostat”, “3-dimensional imaging”,
“self balance position”, and “mirror position”. Only origi-
nal papers (randomised and non-randomised clinical trials,
cohort studies, case-control studies, case reports, and
reviews) were selected. References were also derived from
the lists of those retrieved.

Definition and terminology

Even if all the terms reported in Table 1 describe the spatial
relations of the head, they are not synonymous. In particular,
the terms “natural head position” and “natural head posture”
are not interchangeable: the first indicates a standard proce-
dure applied to all subjects for the analysis of dentofacial
morphology, and the second is an individual characteristic
physiological posture of the head used to study the relation
between posture and morphological features.®’

The concept of “estimated natural head position” or “nat-
ural head orientation” was introduced because patients can
have a habit of flexing or extending their heads.” Natural
head orientation is defined as the orientation estimated by a
trained clinician while the subject stands with a relaxed body
and head, and looks at a distant point at eye-level.>® Because
patients with skeletal malocclusions such as mandibular
prognathism or retrognathism may assume altered head pos-
itions to mask their skeletal patterns, it is better for an
experienced clinician to modify it.”>'"

Reproducibility of the natural head position

Reproducibility refers to how consistently a subject can
reproduce the same position of the head on separate

occasions. This should not be confused with reliability, which
refers to how well one can locate a landmark on a lateral
cephalograph.

Numerous studies have successfully measured the repro-
ducibility and stability of the natural head position, both in
short and long time-lapses.'!~'# In the longitudinal serial
studies by Cooke et al, the long-term stability was inves-
tigated 3-6 months, 5 years, and 15 years after the initial
radiography.' 1315 In the last study particularly, 20 of the 618
adolescents went through 15 sequential years of observation
from the ages of 12-27 years, which showed that the natu-
ral head position is a stable reference line. Its reproducibility
is commonly reported as a mean square error (ranging from
1.1° -3.2°) or Dahlberg value.' -3

Dahlberg’s coefficient is commonly used to assess the
reproducibility of a given method or the agreement between
two methods.'® A coefficient with a value below the cut-
off point of roughly 1.5°-2° indicates good reproducibility.
However, Bister et al'* suggested that it has a tendency
to camouflage the true variability of the results, and they
concluded that reproducibility could be assessed more accu-
rately with a reproducibility coefficient and its corresponding
graphical representation.

Although natural head position has less variability than
intracranial reference lines, it is also influenced by balance
(the vestibular canals of the middle ear), vision (the need to
maintain a horizontal visual axis), and proprioception from
joints and muscles involved in maintaining erect posture,
so it depends on the subject’s neuromuscular condition. In
addition, it is not a single angular measurement, but a small
range of angles oscillating around a mean posture,'© so is a
dynamic concept which should be recorded both dynamically
and continuously.””>*

According to some authors the protocol for obtaining the
natural head position seems to influence reproducibility, and
fairly minor changes in the procedure may have appreciable
effects on possible discrepancies.'* There is also some evi-
dence that the success of a certain protocol depends on the
operator.]4

Clinical application: natural head position compared
with intracranial reference lines

Natural head position may be a more valid craniofacial refer-
ence system than anatomical craniofacial planes. According
to some authors the inherent variability of intracranial
cephalometric reference structures makes analysis based on
them potentially misleading, with serious implications for
planning orthodontic and orthognathic treatment.” Studies
that have evaluated the relation between position of the head
and selected cephalometric planes have shown wide variabil-
ity in the inclination of intracranial reference lines.'®> In
particular, Madsen et al showed that intersubject variability
of the craniofacial reference planes is greater than the intra-
subject reproducibility of the natural head position, which
supports the use of a true vertical or horizontal reference
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plane established from recording the natural head position
in preference to other planes.””> However, these findings
are expected given the overall variation in craniofacial
morphology in an unbiased sample. To compare the vari-
ability of intracranial reference lines of different patients
to the true horizontal we use cross-sectional data, while
the reproducibility of the natural head position depends on
longitudinal data.'*

Additional features that validate the use of natural
head position in cephalometric analysis include the fact
that it is a true-life appearance, and head positioning can
substantially influence the profile and perception of the
mandibular and maxillary positions in relation to the cal-
varia, which influences the objectives of treatment.’® The
common cephalometric landmarks and planes for the surgi-
cal correction of craniomaxillofacial deformities cannot be
used to orientate the composite skull model of patients with
asymmetries of the upper face and skull base, >/ but natu-
ral head position obviates the need for internal landmarks by
providing a reproducible reference framework.

The execution of radiographs in natural head position-
ing is also related to the evaluation of posture. The analysis
of craniocervical angulation has been a concern for many
years because of the supposed relation that exists between
the head and cervical posture, and temporomandibular dis-
orders or neck pain and headache.”® 3" The biomechanical
relation between the position of the head and cervical spine
and dentofacial morphology has been investigated.’!

The most accurate way to measure the head and cervical
posture is to use teleradiographs and cephalometric analy-
sis. To take teleradiographs in clinical practice the subject is
positioned in the cephalostat with the Frankfurt plane (line
from porion to orbitale) parallel to the floor. The technique is
reproducible and provides a clear view of the teleradiographs
with few projection errors, but it can modify the natural pos-
ture of the subject. On the other hand, lateral cephalograms of
the natural head position would reproduce the subject’s own
postural pattern and allow the exact posture of the head and
cervical spine to be evaluated accurately in the sagittal plane.
Some authors have questioned whether the teleradiographs
using the Frankfurt method and those obtained through the
natural head position give different information about cra-
niocervical variables,”> and found that the head position
according to the Frankfurt method has a slight tendency to
back-rotation and a diminution of cervical lordosis compared
with the natural head position method, even if the results
did not differ significantly. Only values of the craniocervical
angles differed, but not enough to be clinically relevant.*”

Ways to obtain natural head position: “self-balance”
and “mirror” positions

Most studies use the technique described by Solow and
Tallgren.'® As the position of the head is part of the total
posture of the body, they first defined a reproducible and
physiologically relevant body posture. Among the standing

positions (such as “attention” or “relaxed”) the “orthopo-
sition” was selected, which was defined as the “intention
position from standing to walking” and this was achieved
clinically by letting the subject walk lightly on the spot. It
was considered a habitual symmetrical standing position
and was reproducible in postural investigations.

Natural head position can be calculated in two ways, the
first of which uses the subject’s own feeling of a natural head
balance without external reference. The head position is the
result of proprioceptive information from muscles and liga-
ments and possibly from the utricular and semicircular canals,
and the position is termed the “self-balance” position. The
second method is based on visual cues from some external
reference, as the subject positions the head so that they can
observe either their eyes in the mirror (“mirror” position) or
some device placed at a distance, horizontally, in front of the
eyes. Positioning according to external reference (for exam-
ple mirror position) should be done only after the head has
been placed in the self-balanced position.'’

This can be summarised as: the self-balanced position
is when the subject is asked to tilt the head forwards and
backwards with decreasing amplitude until the natural head
balance is reached, and the mirror position is when the sub-
ject is asked to look straight in into the eyes reflected on a
mirror in front. Both recordings are made with the teeth in
occlusion. In adults the head is kept about 3° higher in the
mirror position than in the self-balance position.

Two-dimensional recording: procedure to record and
transfer the natural head position to the cephalostat

Once the natural head position has been achieved it can
be recorded radiographically or photographically, the latter
being preferred as it allows most freedom in producing a
natural position.*>-3

There are two ways to record the natural head position:
first, the head of the patient is orientated to it and then a
marker or a plumb line is used as a true vertical reference
before radiographs or photographs are taken. This is called the
“registered natural head position” and it is pointed out by the
marker or the plumb line. Secondly, the patient’s conventional
cephalograms or lateral facial photographs are taken and then
rotated to their natural head position (reorientating).

Cephalometric radiographs taken in the natural head
position

The procedures for recording and transferring the natural
head position to the cephalostat vary.

Positioning involves instructing and rehearsing the patient
outside the cephalometer before actual positioning in it.!”
The cephalostat is adjusted vertically and the head is sup-
ported with the ear rods, which should not be inserted into
the acoustic meatus - they have to be reversed to support the
head from both sides by lightly touching the ears.



236 D. Cassi et al. / British Journal of Oral and Maxillofacial Surgery 54 (2016) 233240

Table 2

Description of different methods to reorientate lateral radiographs to the
natural head position according to standard photographs made of the natural
head position.

First author, year, and Method

reference

Lundstrom, 19929

Natural head position is photographed. A
vertical axis is recorded on the photographs
with a plumb line and transferred to the
patients’ lateral head radiographs.

The angle between the soft tissue
nasion-pogonion line and the true vertical is
calculated on the photograph of natural head
position, and this is used to rotate the
standard radiograph around the Bolton point.
Three superimposing protocols (the soft
tissue N/subnasale line [ V-line], the aesthetic
line [E-line], and a proposed nasal “best fit”
line [N-line]) were compared for the
reorientation of the cephalogram according
to the photographs made of the natural head
position.

Ferrario, 19942

Dvorstin, 201140

Some measuring devices will record the natural head posi-
tion and transfer it to the cephalostat: a fluid level device, an
inclinometer, and a bubble air device.2%3*3% These should
make it possible to measure and reproduce the head position
accurately, transfer a prearranged head position to the
cephalostat, and take lateral films of the head. Even though
some devices could measure both pitch and roll of the head
by transferring the natural head position in two planes of
the space in lateral cephalometrics, a transverse adjustment
is always required. The conventional use of two ear rods to
stabilise the head in radiographic cephalometry (lateral or
frontal radiographic projections) is therefore based on the
assumption that the transmeatal axis of humans is perpen-
dicular to the midsagittal plane. In cases where the relation
of the left and right ears in their vertical and horizontal rela-
tion to each other is asymmetrical, the insertion of ear rods
results in vertical or horizontal rotation of the head, or both,
and produces an altered and misleading image.>” However,
the capture of a natural head position while taking a radio-
graph without the use of a cephalostat will give unsatisfactory
pictures. Taking cephalograms of the natural head position
is challenging and takes more time than the conventional
method.

Reorientating techniques

Reorientation of the cephalogram according to the pho-
tographs at the natural head position: the natural head
position is captured on a photograph with a plumb line
and then transferred or superimposed on to a conventional
cephalogram (photographic superimposition) (Table 2).%0
Placement of markers on subject’s face: a wire shadow or
red laser level beam projects a true vertical line on to the sub-
ject’s profile, and two points are marked on the vertical line
on the face with a radiopaque material and the cephalometric

radiograph is taken in the usual way.*'*> The metal beads
give radiopaque shadows that are connected as a natural
vertical axis, and they permit orientation of the cephalogram
in the natural head position.

Three-dimensional recording

Since the recent increase in interest in 3-dimensional imaging
for orthodontic evaluation, several studies have been pub-
lished that describe different ways to record natural head
position,*? 48

Assessment of craniofacial morphology is influenced by
the experience and perceptions of the examiner, *° so the
standard positioning of the patient and system for acquisition
of the measurements are crucial for objective assessment.
An accurate 3-dimensional coordinate system is required and
Swennen et al describe how to set up a Cartesian, anatomical,
3-dimensional, cephalometric reference system.*’

Current 3-dimensional imaging software contains tools for
rotation and translation of 3-dimensional rendering, volumes,
and surfaces, as well as recordings of different acquisitions
with methods based on landmarks, volumes, or surfaces.
However, to our knowledge there is still no external refer-
ence for head positioning, and there seems to be no stable
reference structure in 3-dimensional facial photographs for
soft-tissue assessments in longitudinal studies.

Positioning of the head in cone-beam computed tomogra-
phy (CT) is difficult because the scanning time is relatively
long (20-40 seconds), which requires the patient’s head to be
fixed to avoid movement. Because the images derived from
cone-beam CT are 3-dimensional, the position of the head
must be recorded in all three planes of space, as the pitch, roll,
and yaw of the head accurately orientate the 3-dimensional
image.”’

Many studies have dealt with the issue of recording
the head position when it is unrestrained, as it is dur-
ing 3-dimensional photography or cone-beam CT. As
for 2-dimensional imaging, there are two approaches: 3-
dimensional recording with the patient in the natural head
position, and acquisition of the 3-dimensional image and
subsequent reorientation of the volume according to the pre-
viously chosen natural head position (Fig. 1). The first method
is limited to acquisition of 3-dimensional photographs.

Some authors evaluated the use of minisensors for
recording unrestrained head position during 3-dimensional
stereophotogrammetry by testing a device composed of three
orientation sensors with six degrees of freedom placed on a
headset during acquisition of a 3-dimensional photograph.
They suggested that a digital 3-dimensional tracking system
can be promising for reproducibility of the head position,
even though several improvements are required before they
can be incorporated practically for research or clinical use.*’

Hsung et al. recently developed a technique to capture
information about natural head position using stereopho-
togrammetry and defined it as “stereophotogrammetric
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[ Patient with natural head position ]

Simultaneous image acquisition

(3-dimensional photograph)

L

-

\

Recording of natural head position:
1. Placement of markers on patient’s face
2.
3.

Digital orientation sensor

Laser surface scanner

J

Standard 3-dimensional image acquisition

Reorientation of 3-dimensional images according to

the natural head position previously recorded

Fig. 1. Flowchart of 3-dimensional methods for recording the natural head position.

natural head position”.*® Stereophotogrammetry machines
provide non-invasive, photographic-quality, 3-dimensional,
accurate, capture of objects, and because calibration does not
usually need any physical reference, the stereophotogram-
metry system can capture only the surface morphology
irrespective of its anatomical orientation. The resulting facial
image is tilted to an unknown orientation, so the authors
proposed additional calibration to correct the orientation by
using some physical references such as true vertical and mir-
ror orientation.*®

Their first step is to record a digital mesh model of a hang-
ing reference board placed at the capturing position of the
stereophotogrammetry machine. The board is aligned to the
true vertical using a plumb bob, and to a laser plane parallel
to a hanging mirror located at the centre of the machine. The
measurements derived from the digital mesh model of the
board are used to adjust the roll, pitch, and yaw of the subse-
quent facial images, and the physical reference information
is valid until the next time that the machine is calibrated. This
approach allows the patient to achieve the natural head posi-
tion without the use of any devices or troublesome markings
on the face. More importantly, it is extremely repeatable and
accurate, because the placement of the board showed a SD
of less than 0.1° for pitch and yaw angles and less than 0.15°
for roll angles. Alternatively, the 3-dimensional image can be
reorientated according to the position previously recorded.

Methods of recording to orientate 3-dimensional images
into the natural head position

Laser-assisted surface marking followed by acquisition
of the image: laser lines are used as reference lines to
place soft tissue reference markers. Some authors place six
glass spheres on the patient’s face as soft-tissue reference

markers. They then take a cone-beam CT and the image
is orientated in the three planes of space by aligning the
reference marks to the horizontal references lines.** In
another study an iCAT™ device was used as a reference
to place four ink points on the faces for orientation by
using the machine laser-light beams projected to record
true horizontal and vertical lines. The placement of dots
to record natural head position is followed by facial imag-
ing with the stereophotographic imaging system.*® However,
putting marks on a patient’s face could introduce problems
of reproducibility and variability, and it also lengthens the
operating time for making each of the 3-dimensional or
CT scans.

Laser surface scanning: a 3-dimensional laser scanner
records the surface geometry and absolute orientation of soft
facial tissues while the patient is in the natural head position,
and the CT model is orientated to the natural head position
based on these results.”’” Although recording the position by
laser scanner is accurate, the method is impractical for routine
use, because the device is bulky and expensive.**

Natural head position recording device: this uses a small
and inexpensive device that consists of a digital orientation
sensor attached to the patient by a bite jig and a facebow,
which is capable of digitally recording natural head posi-
tion in three dimensions and transferring it precisely to a
3-dimensional model.**>! Although the orientation sensor
method is inexpensive compared with the laser scanner, it
requires the construction of a patient-specific bite jig, and
severely displaces the upper and lower lips during the CT
imaging. Because the position of the upper lip is the most
important landmark for predicting soft tissue in the sim-
ulation of 3-dimensional surgery, an undeformed resting
lip position is essential in computer-assisted orthognathic

surgery.
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Recent studies on recording head position during 3-dimensional image capture (cone-beam computed tomography (CT) and 3-dimensional photograph).

First author, year, reference

Method

3-dimensional image

Damstra 2010+
Xia 2011*
De Paula 2012%

Weber 201340

Kim 2014

Hsung 2014

Laser lines used to place six soft-tissue markers (glass spheres); cone-beam CT taken and patient’s
image orientated in the three planes of space by aligning the reference marks to the horizontal lines.
Digital orientation scanner attached to patient by an bite jig and facebow permits recording of natural
head position in 3 dimensions and transfers it precisely to a 3-dimensional model.
Three-dimensiosnal picture taken of patient with unrestrained head position wearing headset with
3-dimensional live tracking sensors, each of which records six degrees of freedom in head position.
iCAT™ device used as reference to place four orientation ink spots on face using the machine’s laser
beams projected to record true horizontal and vertical to record natural head position. This is
followed by facial imaging with stereophotographic imaging system.

Spherical ceramic markers attached with transparent tape to the face as feature points. Frontal
photograph of natural head position taken using ordinary digital camera parallel to the horizon,
followed by CT. Positions of ceramic markers calculated on 2-dimensisonal image and correspond to
points on the 3-dimensional model through POSIT.

Digital mesh model of reference board recorded and superimposed on model of patient’s face. Facial
images are corrected to natural head position according to pitch, yaw, and roll angle of the reference

Cone-beam CT
CT
Photograph

Photograph

CT

Photograph

board model.

iCAT™ = cone-beam CT scanner.
POSIT =pose from orthography and scaling with iterations.

Discussion

The volumes can be reorientated into the natural head posi-
tion on cone-beam CT scans taken vertically or horizontally.
This reorientation and the subsequent cephalometric evalu-
ation can reliably be done only when the soft-tissue facial
profile has not changed as a consequence of recording in
the supine head position. Some research workers claim that
the drape of the soft tissues of the face is different when a
patient is supine.’” Hoogeveen et al investigated whether the
soft-tissue facial profile, as evaluated by soft-tissue cephalo-
metric analysis, is different for a subject when in the natural
or supine head position,”* and they found significant differ-
ences depending on the head position while the recording is
being made. However, these differences were not clinically
relevant, except for the chin—throat angle, which is over 5°
more acute when recorded supine, suggesting a more promi-
nent chin. This can influence the planning of orthognathic
surgery and compromise the result of the procedure. To avoid
this, the authors advise that the picture of the chin—throat area
should be accompanied by a complementary (photographic)
recording in the natural head position.>

Kim et al developed a new way to record and reproduce
the 3-dimensional natural head position from a single frontal
photograph of a patient face using a “pose from orthography
and scaling with iterations” (POSIT) algorithm.,*’ which was
developed by DeMenthon and Davis to calculate the rota-
tion matrix of an object (the patient’s head) and to transform
its coordinates into a camera coordinate system.’* It com-
bines two algorithms: the first, pose from orthography and
scaling (POS), approximates the perspective projection using
a scaled orthographic projection, and calculates the rotation
matrix of an object by solving a linear system. The second,
POS with iterations (POSIT), uses the approximate POS in
an iteration loop to compute better orthographic projections
for the featured points.”* The authors proposed that spherical

ceramic markers 4 mm in diameter should be attached with
transparent tape to the patient’s face as feature points. A
frontal photograph of the patient’s natural head position is
taken with an ordinary digital camera parallel to the global
horizon. A CT image is then taken of the patient with the
markers. The positions of the ceramic markers are calculated
on the 2-dimensional image and correspond to points in the 3-
dimensional model. The 3-dimensional rotation matrix calcu-
lated from the feature points by the POSIT method is applied
to the CT model to reproduce the natural head position with no
additional recording or processing. The authors say that the
method is easy to use, accurate, and inexpensive. In addition it
does not affect the patient’s lip position, and it can be applied
to various CT images to diagnose and treat orthognathic
patients, particularly those with facial asymmetry (Table 3).*’

We conclude, first, that taking cephalograms of the nat-
ural head position is useful to investigate the association
between craniocervical posture and dentofacial morphology.
However, stabilisation of the head in the cephalostat produces
rigid fixation that might prevent the patient from reaching the
relaxed natural position.

Secondly, the natural head position has been proposed
as a postural basis for assessment of craniofacial morphol-
ogy. It has therefore been advocated as a better option than
intracranial reference lines for cephalometric analyses in
orthodontics and orthognathic surgery. It would therefore
be appropriate to combine them in clinical decision-making.
The aesthetic and anthropometric examination of the pro-
file should be made on the patient’s natural head position
to provide important supplementary information for the
intracranial cephalometric diagnosis.

Finally, we have described various techniques to repro-
duce and record the natural head position in two and three
planes of space. The ideal method should avoid the use of any
device attached to the head to achieve the natural head posi-
tion. It should be simple and easy to do, with no troublesome



D. Cassi et al. / British Journal of Oral and Maxillofacial Surgery 54 (2016) 233-240

markings on the patient’s face or subjective identification of
specific reference points. The success of the protocol should
not be operator-dependent, so that an inexperienced practi-
tioner can follow the procedures to record and reproduce the
3-dimensional natural head position without complex train-
ing. It is therefore desirable that the method does not produce
major artefacts in the CT images and does not affect the
patient’s lip position or deform the facial soft tissues, and
lastly it should be quick and cost-effective.
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