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suMMARY Head and cervical posture evaluation has
been a concern for many years, not only because of
the purported relationship that exists between head
and cervical posture in the presence of temporo-
mandibular disorders, neck pain and headache, but
also because of the biomechanical relationship
between the head and cervical spine and dentofacial
structures. Many methods have been suggested in an
attempt to establish the best way to evaluate the
position of the head using teleradiographs and
cephalometric analysis. However, there is still no
agreement as to which procedure is the best. The
objective of this study was to evaluate the differ-
ences that exist between craniocervical measure-
ments in lateral teleradiographs when comparing
the position of the head in the self-balanced position
to the position of the head using the Frankfurt
method (Frankfurt plane parallel to the floor).

Sixty-eight subjects who sought dental treatment
in community health centres in Talca, Chile partici-
pated in this study. Rocabado analysis was used to
measure the craniocervical variables. The Cobb ana-
lysis was used to measure cervical lordosis. A paired
student t-test was used to evaluate the differences
between both procedures, using an o of 0-05 and a
power of 0-90. The use of the cephalostat changed
only the craniocervical angle (P < 0-:001). However,
this change was minimal. No changes related to
gender and age were found. More studies are needed
to determine the variation between different pro-
cedures and to define a good procedure for evaluat-
ing head posture.

KEYWORDS: head posture, teleradiographs, cephalo-
stat, craniocervical variables, cervical lordosis

Introduction

Posture is defined as ‘the relationship between a segment
or part of the body related to other adjacent segments,
and the relationship between all the segments to the
human body’ (1). It is an indicator of biomechanical
efficacy, equilibrium, and neuromuscular coordination
(2). Human beings require a stable and balanced posture
for proper human movement. The neuromuscular sys-
temis responsible for maintaining the posture of the body
and allowing movement to occur. Many factors control

the craniocervical posture, including the vestibular and
visual apparatus, the proprioceptors of the neck, the
hyoid position, and neuromuscular activity (3-5).

Head and cervical posture evaluation has been a
concern for many vyears, not only because of the
supposed relationship that exists between head and
cervical posture with temporomandibular disorders
(6-19), neck pain and headache (20), but also because
of the biomechanical relationship between the position
of the head and cervical spine and dentofacial struc-
tures (21-31).
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Many procedures exist for measuring head posture,
but there are three that are most popular. One
procedure involves a clinical evaluation of posture, in
which the evaluator observes and notes the position of
the head and cervical spine with respect to the line of
gravity and specific landmarks (2). A second method
involves taking a lateral view photograph of the subject,
and then taking measurements from the pictures using
specific landmarks (8, 12, 13, 17). The final and most
accurate method for measuring the head and cervical
posture is the use of teleradiographs and cephalometric
analysis (11, 32-40). Although this method is the most
accurate, there is no agreement about a standardized
method of positioning the head and neck for taking the
teleradiographs in order to accurately evaluate the head
position and the exact postural pattern of the patient
(11, 18, 32-37, 39-42). The Frankfurt method consists
of positioning the subject in the cephalostat with the
Frankfurt plane [line from Porion to Orbitale (43)]
parallel to the floor. The Frankfurt positioning method
has been popular in clinical practice, even with the
knowledge that what is measured is not the natural
posture of the subject, because this method is more
reproducible over time and provides a clearer view of
the teleradiograhs (37). Researchers have argued that
the use of the cephalostat with positioning by the
Frankfurt method enables better quality radiographs to
be obtained as its use minimizes the projection error,
and avoids head rotation in the vertical, anteroposterior
and transversal axes (32, 44-46). Thus, the Frankfurt
method makes the patient’s head position reproducible
over time, avoiding the overlapping of the images taken
(37).

The self-balanced position is obtained when the
subject is standing while maintaining a horizontal
visual axis without any external intervention or
modification of his/her posture (32, 47). The objective
of this procedure is to obtain a posture of the head
and cervical spine in the sagittal plane that is
determined by the subject’s own postural system.
The natural head posture (NHP) with mirror [also
called ‘the mirror position’ (38) is similar to the self
balance position]. The only difference between the
two is that subjects have to look into a mirror in
front of them in order to maintain the horizontal
visual axis for the mirror position. These methods
(the self-balanced position and the NHP) supplement
the conventional requirements for
cephalometric records using the Frankfurt method,

standardized

but do not replace it, as according to some authors
(35, 37, 44) current methods of recording self
balanced position and NHP are cumbersome and less
reproducible than the Frankfurt method (37, 44).
Nevertheless, Solow and Tallgren (38), reported that
both the self balanced position and NHP methods can
be reproduced without systematic error and with a
low method error.

Lateral cephalograms and teleradiograhs are ele-
ments of support in many disciplines that work in the
craniocervical area. These techniques allow every
patient to be evaluated for postural alterations in the
sagittal plane in order to programme specific treat-
ments. The Frankfurt method is more commonly used
by clinicians who take teleradiographs to evaluate head
posture in sagittal plane. However, it is believed that
the Frankfurt method modifies the natural posture of
the subject when teleradiographs are taken (33). The
self balanced position and the ‘mirror position” have
been said to reproduce the natural postural pattern of
the subject (32, 33, 38), however, because of their lack
of reproducibility, they are not commonly used in the
clinical practice. Therefore, it is necessary to determine
if the teleradiograph using the Frankfurt method and
the self-balanced position give the same or different
information about head posture and craniocervical
variables. Thus, the purpose of this research was to
compare the following measurements: craniocervical
angle [relation between the head and the cervical spine
(head posture)]; cervical lordosis (measurement of
cervical concavity); craniocervical spaces (distances
between cranium-atlas and atlas—axis); and hyoid
triangle (position of hyoid bone) when using the
Frankfurt positioning method and the self-balanced
position.

Materials and methods

Subjects

From a group of patients who sought dental treatment
in a community health centre in Talca, Chile from 4
January to 4 February 1999, a sample of convenience
of 68 patients, 39 female and 29 male subjects (aged
5-43 years, 14-:26 years, s.d.: £9-1) who
agreed to participate in this study, was obtained.
Two teleradiograhs were taken on each subject (136 in
total). All teleradiograhs were evaluated through
cephalograms.

average:
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Sample size calculation was obtained using a paired
t-test with a power of 090 at o = 0-05, using the
minimum value of 2-:21 of difference between variables.
Based on these criterion, approximately 50 patients
were needed (48).

Inclusion criteria included the ability of subjects to
maintain the standing position (i.e. no vestibular and/
or equilibrium problems). Subjects with mental, cogni-
tive, or physical incapacities, and face or spinal abnor-
malities such as torticolis, scoliosis, kyphosis were
excluded.

All subjects who wanted to participate met the
inclusion criteria and were informed of the nature of
the study, and provided informed consent. The study
was approved by the Ethics Committee of the Catholic
University of Maule — Chile.

Variables

For this study, the independent variable was the use of
a cephalostat to take the teleradiographs and the
dependent variables were craniocervical angle (CCA),
Cobb angle, cranium-atlas (C0-C1) distance, Atlas—axis
(C1-C2) distance, and hyoid triangle [For details of
method see Rocabado (5)]. For variables details, see
Table 1.

Table 1. Variables description for cephalometric analysis

Protocol for head posture

The first teleradiograph was taken with the head in the
self-balanced position (32, 47). The self-balanced posi-
tion was obtained by having each subject standing with
his/her visual axis horizontal with no external inter-
vention or modification of his/her posture (32, 47). The
objective of this procedure was to obtain a posture of
the head and cervical spine in the sagittal plane that is
determined by the subject’s own postural system. The
subject was asked to be shoeless, in standing position,
with the eyes looking forward and with the teeth in
occlusion. It was necessary to describe the position of
the feet as ‘a comfortable distance apart and slightly
diverging’. Each patient was asked to breath in deeply
(inhale), and then exhale, a process which was repea-
ted until the patient felt comfortable and relaxed in an
habitual posture (without any external intervention).
The patient was asked to maintain this self-balanced
position without correcting it, and after an exhalation
the teleradiograph was taken.

The second teleradiograph was taken using the
Frankfurt method (Frankfurt plane parallel to the
floor) (37). The subject performed the same proce-
dures as with the teleradiograph in the self-balanced
position, described previously, however, the head was

Variable Definition

Measurement

Craniocervical angle

Is the posterior inferior angle comprised of the intersection of the odontoid plane (plane

101 £ 5°

comprised of the union of the anterior inferior point of odontoid and the apex of the

odontoid) and McGregor plane (plane comprised of the union of the posterior nasal process
point to the base of the occiput) This angle measures the position of the head related to

the cervical spine (27)
Cobb angle

Cobb angle measures the cervical lordosis. This angle is the result of the intersection 36°

of the two perpendicular lines. One perpendicular to the inferior end plate of C6 (sixth
cervical vertebrae) and the other perpendicular to the inferior endplate of C2 (axis) (50, 51)

C0-C1 distance

This measurement shows the perpendicular distance between occiput and posterior arch of

4-9 mm

the atlas. The landmarks for this measurement are the base of the occiput and the most
superior and posterior point of the posterior arch of the atlas (27)

C1-C2 distance

This measurement shows the perpendicular distance between the posterior arch of atlas and

4-9 mm

the spinous process of C2. The landmarks are the most inferior and posterior point of the
posterior arch of the atlas and the most superior and posterior point of the spinous process

of axis (27)
Hyoid Triangle height

This measurement shows the position of the hyoid bone. The landmarks are the retrognation

4 + 06 mm

more posterior inferior point of the jaw symphysis), the more superior and anterior point of

the hyoid, and the more inferior and anterior point of C3 (third cervical vertebrae). To
measure this triangle one line is drawn from retrognation to C3; a second line from C3 to
hyoid; and a third line from the hyoid to the retrognation. The height of this triangle is

measured from its base to its apex (27)
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positioned by the radiologist using the Frankfurt
method.

Radiographic technique

All head films were taken using an Ortopanthomo-
graph, Model Ortopohos -3". The film distance to the X-
ray tube was fixed at 160 c¢cm; the film distance to mid-
sagittal plane of the patient’s head was 18 cm. The
resulting magnification was 10%. The films were
exposed at 68-70 kV and 12 mAs, and a filter of
2-5 mm aluminium equivalent was used (49). For all
subjects, 24 x 30 cm film" was used. All teleradiographs
were taken by the same trained radiologist, under the
same conditions for all subjects.

Head and cervical cephalometric analysis

The cephalometric analyses were performed by hand,
according to the literature protocols (5, 50, 51). The
cephalometric analysis as described by Rocabado (5)
for measuring the CCA, cranium-atlas distance
(CO-C1 distance), atlas—axis distance (C1-C2 distance),
and hyoid triangle was used (Fig. 1). The Cobb angle
for measuring the cervical lordosis (Fig. 1), as describe
by Loder (51) and Boswell et al. (50) was used.
Transparent paper, a 0-5 mm pencil, and a metallic
ruler calibrated in millimetres were used to measure
the distance between C0-C1, and C1-C2, and the
hyoid triangle. A protractor was used to measure the
CCA and the Cobb angle. The measurements were
performed by the same evaluator, following the same
procedure for all teleradiographs. To evaluate the
reliability of the evaluator, 10 teleradiographs were
chosen randomly to repeat the
(power = 0-90, o = 0-05 using intra class correlation
coefficient) (48).

measurements

Statistical analysis

A paired t-test was used to evaluate the differences
between measurements for teleradiographs using the
self balanced position and Frankfurt method. An
intraclass correlation coefficient (ICC) was used to
evaluate the intrarater reliability of the measurements.

*Siemens® AG, Munich, Germany.
tKodak®, Rochester, NY, USA.

Odontoid Plane

McGregor Plane

Craniocervical
| Atlas Angle !
i

Fig. 1. Rocabado and Cobb analyses. PNS, posterior nasal spine;
RGN, retrognation; C3, third cervical vertebrae; CCA, craniocer-
vical angle; 1, cranium-atlas distance; 2, atlas—axis distance.

The level of significance used was o = 0-05. All data
were analysed using SPSS version 11.0%.

Age and gender factor

According to some authors age and gender could have
an effect on head and cervical posture (38). For this
reason, data were analysed according to gender (female
and male) and different age groups to see if any
differences were found.

The age range for this study was 5-43 years. Extreme
age range was determined as the highest or lowest age
participating in this study. To ensure that younger and
older ages did not influence the results, the analysis of
all variables was performed considering all participants,
and also when patients with at the extreme ages (5, 6,
7, 8,9, 33, 37 and 43 years old) were not considered.
Thus, statistical analysis was performed for every
gender, with every age extreme eliminated, and with
all participants.

Results

The reliability of the evaluator (intrarater reliability) for
the different measurements was 0-98 for CCA, 0-98 for
occipital-atlas distance, and 0-95 for the atlas—axis
distance, 0-99 for the hyoid triangle, and 0:69 for the
Cobb angle. Descriptive statistics for CCA, occipital—

*SPSS Inc., Chicago, IL, USA.
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atlas distance, atlas—axis distance, hyoid triangle, and
Cobb angle for both procedures (self balanced-position
and Frankfurt method) and also the results of the paired
t-test analysis for the same variables can be found in
Table 2.

The results showed that the occipital-atlas distance,
atlas—axis distance, the hyoid triangle, and the Cobb
angle were not statistically different (P > 0-248) for
both head positioning procedures. However, the CCA
did show a significant difference (P < 0-001), but this
difference was clinically small.

When the data for women and men were analysed
separately, there was no significant difference between
the two groups for all measurements. When the age
factor was analysed for all subjects and with extremes
eliminated, no significant differences were found.
Therefore, neither age nor sex affected the results of
this current study.

Discussion

The objective of this study was to determine if there
were any differences in some craniocervical variables
when teleradiographs are taken in the sagittal plane
using the Frankfurt positioning method and the self-
balanced position. These results provide a basis to
determine the accuracy of the Frankfurt method when
evaluating the head posture and craniocervical varia-
bles, as the magnitude of the differences in CCA, head

posture, craniocervical spaces and cervical lordosis
between the Frankfurt method and the self-balanced
position have not been determined previously.

Our results showed that the only variable that
significantly changed with both procedures was the
CCA. This angle measures the relation between the
head and the cervical spine. When the Frankfurt
method was used, the position of the head in space
changed slightly, altering the CCA. However, this
change was so small as to be clinically insignificant.
The remaining measurements (occipital-atlas distance,
atlas—axis distance) followed a pattern towards posterior
rotation of the head, which is in accordance with the
variation of the CCA (5). These results indicate that
there is a slightly tendency for posterior rotation of the
head and a decrease of the cervical spine lordosis when
positioning the head using the Frankfurt method. These
results were also obtained by Ferrario et al. (36) who
found that the position of the head using the Frankfurt
method was more extended when compared with the
NHP.

The results obtained in this study also are in agree-
ment with those of Greenfield et al. (33), who studied
33 subjects with a different age ranges than the present
study (22-40 years old). They also found a change in
cervical inclination relative to the true horizontal (with
ears rods) when comparing head posture with ear rods
in and ear rods out. The angle between the cervical
spine and the true horizontal tended to increase when

Table 2. Descriptive statistics and results of paired ¢-test analysis for all variables with both procedures (the self balanced position and the

Frankfurt method)

Paired differences

95% confidence
interval of the

difference
Variables Mean Mean Upper Lower t df  Significance Units n
Occipital-atlas distance with cephalostat 638 -020 1547 -0-58 0-17 -1-09 67 0-280 mm 68
Occipital-atlas distance without cephalostat 659
Atlas—axis distance with cephalostat 533 —0-16 1417 -0-50 018 -094 67 0-350 mm 68
Atlas—axis distance without cephalostat 5-50
Hyoid triangle with cephalostat -0-29 000 2:596 —063 063 0-005 67 0996 mm 68
Hyoid triangle without cephalostat -0-29
Craniocervical angle with cephalostat 10111  -2:21 4757 -336 -1:06 -383 67 0-000% Degrees 68
Craniocervical angle without cephalostat 10332
Cobb angle with cephalostat 1134 -1-08 7621 —292 077 -1'16 67 0-248 Degrees 68
Cobb angle without cephalostat 1242

*Statistical significant oo = 0-05.
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the ears rods were inserted into the external meatus,
showing a straightening of the cervical spine (decrease
in cervical lordosis). They also found that a consistent
pattern of extension in the atlanto-occipital joints was
seen when the ear rods were in place. The same result
was found in the current study when using the
Frankfurt method. The differences in the measure-
ments for both methods in the Greenfield et al. study as
well as in the present study were small. In the present
study, only 2-21 degrees of difference between both
procedures (the self balanced position and the Frank-
furt method) for CCA and 1-53 degrees of difference
between both procedures in the Greenfield et al. study
for the angle of the inclination of the cervical spine to
the true horizontal (CVT/HOR) were found. The
remaining variables studied in the current study
obtained small differences as well (occipital-atlas dis-
tance, 0-20° atlas—axis, 0-16° hyoid triangle, 0-00°;
Cobb angle, 1-:08°). All these values are too small to be
clinically relevant as any treatment approach or any
treatment decision making would not be based on the
amount of change in these variables.

There were no differences between males and
females in the analysed variables in the present study.
However, these data differ with the results of Solow
and Tallgren (38) who compared the self balance
position with NHP. They found that boys tended to
look up more in changing from the self balanced
position to the mirror position when compared with
girls. The explanation stated by the authors of this
study was that the girls were encouraged socially to
adopt a good upright posture and look straight ahead,
and they adopted this posture even in the absence of
any external eye reference. These results were also
corroborated by Ferrario et al. (36) who found that
males had a more extended position of the head than
females.

Lunsdtrom and Lunsdtrom (37) investigated the
variation of the Frankfurt line in two positions, NHP
and natural head orientation [defined as the head
position evaluated as ‘natural’ by observers experienced
in such assessment (37)]. They demonstrated that the
Frankfurt line had less variation in the natural head
orientation than the NHP. Also, when subjects were
positioned in the NHP and compared with this corrected
position (natural head orientation), their heads had a
tendency to be more flexed. These results are in
agreement with our results because when subjects
were in the self balanced position, they had a more

flexed head position when compared with the corrected
position using the Frankfurt method in the current
study.

Certainly, the Frankfurt method, as it is defined,
creates a fixed position of the head, and probably
cannot be used for longitudinal evaluations of the head
position. Thus, a NHP assessment should be performed.
According to Cooke and Wei (32), in order to allow
reproducibility and good quality of the teleradiographs,
the use of cephalostat and ear posts in NHP with mirror
can reach both objectives as both positions (with and
without cephalostat and ear rods) have no statistical
differences and a good reproducibility.

All of the variables analysed in this study have not
previously been analysed together in other studies, and
similar studies have used different objectives and
methodologies, making comparisons of the results more
difficult (12, 18, 32, 34, 35, 40).

The sample used in this study was a convenience
sample, but with an appropriate power (0-90). The age
range was wide because the purpose of this study was
to study the differences between the Frankfurt method
and the self balance position regardless age. Even,
when the age factor was analysed, taking out patients
with age at the extreme (5, 6, 7, 8, 9, 33, 37 and
43 years old), the results did not change. Therefore, it
was concluded that age did not influenced the meas-
urements.

Intrarater measurement reliability was high except
for the Cobb angle (ICC = 0-69). The Cobb angle has
been noted to have more inter- and intra-variability in
its measurements because the procedure lacks precision
in the selection of the landmarks (52-54). However, at
present, there is lack of well design methods to measure
the cervical lordosis. Nevertheless, the remaining var-
iables obtained a good reliability (ICC = 0-95-0-99),
making the results consistent.

In summary, the hypothesis that the Frankfurt
method significantly changes the head, cervical and
craniocervical posture was not supported by the
results of this study. The insertion of ear rods could
by itself be argued as positioning the subject in an
unnatural position, however, the results of this study
failed to prove that this change was clinically signi-
ficant. The small differences and the larger P-values
for all of the variables measured are consistent with
a small variation in the posture when the subject
was positioned with cephalostat using the Frankfurt
method.
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Conclusion

Based on the results of this study, the following
conclusions can be stated:

1. Overall, craniocervical variables and cervical lordosis
were not significantly different when comparing the
Frankfurt method and the self-balanced position.
Therefore, the use of cephalostat did not significantly
change the occiput-atlas distance, atlas—axis distance,
cervical lordosis, or the hyoid position.

2. Only the CCA was significant different using the two
procedures. However, this change was too small to be
clinically significant. No gender and age related changes
were found.
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