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1  | INTRODUC TION

The concept of natural head position (NHP) was first introduced 
in the 19th century by Broca,1 who defined it as the most balanced 
head position, when a person is standing and when their visual axis is 
horizontal. The deviations of NHP have been correlated to different 
alterations in several fields such as craniofacial morphology,2 mal-
occlusions,3 facial growth pattern,4 physiology of respiration5,6 and 
ophthalmology.7,8

The analysis of head position is done on three axes (pitch, roll 
and yaw).9 The NHP is usually measured when a patient is stand-
ing in front of a mirror (namely the mirror-guided head position).10 
However, analysing the NHP in a sitting position may be important 
for certain populations such as individuals with a handicap, the 
elderly or young children for whom it is not always possible to 
stand up. Few studies have focused on this subject. Bjerin11 found 
that the head in the sitting position is slightly more elevated11 and 
the variations in head balance were slightly greater.12 However, 
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Abstract
Aims: The purpose of this study was to compare the natural head position (NHP) in 
the sitting position to the NHP in a standing position using inertial measurement unit 
(IMU) and lateral photographs.
Matierials & Methods: Twenty healthy young adult volunteers were asked to look at 
a mirror located at 1 metre in front of their eyes while being recorded with the IMU 
system. Lateral photographs were also taken. This procedure was undertaken for the 
standing and sitting positions, on two separate occasions within a one-week interval.
Results: A strong correlation was found between the IMU system and the lateral 
photographs (r > .99) with regard to the pitch axis, the absolute mean difference was 
0.4 ± 0.5 (p = .99) for both standing and sitting positions. We found that in the sit-
ting position the head was elevated by 2.5 ± 2.4 (p < .05) more than in the standing 
position, but no significant differences were observed for the other two axes (roll 
and yaw).
Conclusion: The IMU system is comparable to lateral photographs for pitch assess-
ment. Except for a slight elevation of the head in the sitting position, no clinical differ-
ences were observed for the NHP when comparing the standing and sitting positions.
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Huggare found no difference between the standing or sitting posi-
tion, due to the methodology used, whereby the head position was 
corrected by the operator using a fluid level fixed on the head.13 
Those previous studies focused only on the pitch axis; thus, it 
would be interesting to search if there are differences in the head 
position between the sitting and standing position looking at all 
three axes.

There are different methods available to measure the NHP 
such as the operator's estimation,14,15 lateral photographs16 or ra-
diographs,10 head-mounted equipment17 and three-dimensional 
scans.18 The analysis can also be done with an electronic head-
mounted equipment using the inertial motion unit (IMU)19,20 that can 
measure the three axes simultaneously. This system has already been 
tested in a previous study and showed excellent accuracy in measur-
ing head position (M. Al-Yassary, K. Billiaert, G. S. Antonarakis, & S. 
Kiliaridis, submitted for publication).

The aims of this study were to:

1.	 Evaluate the NHP (mirror-guided head position) in all three 
axes comparing the standing and sitting positions;

2.	 Compare the observations on the pitch axis obtained from the 
electronic head-mounted equipment sensors to those acquired by 
the lateral photographs;

3.	 Analyse the reliability and variation of the measurements of the 
NHP for both the standing and sitting positions on two separate 
occasions.

2  | METHODS

2.1 | Ethics statement

The present study was approved by the Swiss Association of 
Research Ethics Committees. The experimental procedures were 
conducted in conformity with the Declaration of Helsinki. Informed 
consent for participation in the study and publication in an open 

access format was obtained from the participants, with regard to 
their photographs and personal information. The procedures of the 
study were fully explained to the participants, and they provided 
their written informed consent before testing.

2.2 | Participants

Twenty healthy young adult volunteers at the University clinics of 
dental medicine in Geneva, Switzerland (7  men, 13 women), aged 
from 20 to 30 years, were recruited for this study.

2.3 | Experimental set-up and protocol

To perform a reproducible analysis, a standardised position is 
needed. For the sitting position, the 90–90–90 position described by 
Engström21 (corresponding to a 90° angle on the hips, the knees and 
the feet) is described as a reproducible and stable position. For the 
standing position, the orthoposition described by Molhave22 is that 
most commonly used for research purposes. We used two methods 
to analyse the NHP, namely lateral photographs allowing an assess-
ment of pitch and wearable sensors (IMU) allowing an assessment of 
pitch as well as roll and yaw.

The participants were seated on a chair in the 90–90–90 posi-
tion, facing a mirror which was one metre in front of their eyes. We 
calibrated the sensors on the ground to assess the neutral position 
(corresponding to 0° on each axis). The sensor was then placed on 
their forehead. We took a picture when the participants were gazing 
at their eyes in the mirror. Following this, the participants turned 
their heads to the photographer (for 5 s) then looked at the mirror 
for a second time (gazing at their eyes), when a second picture was 
taken. The same procedure was done with the participants standing 
up (Figure 1). In order to test the reliability of this method, the same 
procedure was performed on two separate occasions for each par-
ticipant within a one-week interval.

F I G U R E  1   Representative figure of 
the set-up: The participants were seated 
on a chair in the 90–90–90 position 1 m 
in front of a mirror. After calibration of 
the inertial measurement unit on the floor 
to assess the reference, the first sensor 
was placed on the forehead to measure 
the natural head position. Following this, 
the participants stood up into a standing 
position at 1 m in front of the mirror and 
the natural head position was once again 
measured
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2.4 | Lateral photographic measurement

We displayed a laser giving us the horizontal plane behind the par-
ticipant. The lateral photograph allowed us to assess the pitch by 
measuring the angle between the Frankfurt plane and the horizontal 
plane given by the laser.

2.5 | IMU measurement

We used the MetaMotionR (Mbientlablnc., San Francisco, CA, USA) 
as the IMU, composed of two sensors. Before measuring the head 
position, this system needs to be calibrated. This is done by placing 
the first sensor on the ground in front of the participants and the 
second one behind them to assess the neutral position (correspond-
ing to 0° on each axis). After calibration, the first sensor was placed 
on the forehead. Error of measurement could be caused by improper 
calibration, incorrect position of the sensor and the inclination of 
the forehead. To minimise the error caused by the calibration, we 
used the standardised procedure described above. To minimise the 
errors related to incorrect placement of the sensor on the forehead, 
we took a photograph in front of the participant to make sure that 
the sensor was parallel to the bipupillary line. Finally, for the pos-
sible sources of error in relation to forehead inclination, we took a 
lateral photograph and measured the inclination of the forehead. All 
angles are measured using Pixelstick (version 2.16.2, Plum Amazing 
Software LLC, USA).

2.6 | Statistical analysis

All statistical analyses were performed using SPSS (version 24.0, 
SPSS Inc., Chicago, IL, USA). For each participant, we took two lat-
eral photographs and two IMU recordings for the sitting position and 
standing position respectively, and this was done on two separate 
occasions.

To analyse the difference between the standing and sitting posi-
tions, linear regression analyses were performed with the standing 
data as the independent variable and sitting data as the dependent 
variable. A Bland-Altman plot was used to visualise the spread of the 
differences between the two positions compared to their mean with 
a 95% confidence interval (95% CI).

To compare the pitch measured by the IMU system to the lat-
eral photographs, Pearson correlation coefficients were calcu-
lated. Linear regression analysis was performed with the lateral 
photographic data as the independent variable and IMU data as 
the dependent variable. Intra-class correlation (ICC) (based on a 
single rating, absolute-agreement, 2-way random-effects model) 
estimates and their 95% CI were calculated.23 ICC values less than 
0.5 are indicative of poor reliability, those between 0.5 and 0.75 
indicate moderate reliability, those between 0.75 and 0.9 indicate 
good reliability and those greater than 0.90 indicate excellent reli-
ability.24 The standard error measurement (SEM) of the difference 

between standing and sitting was calculated for each ICC (using the 
formula SEM = StandardDeviation ×

√

1 − ICC).
We compared the two sessions, by calculating the paired t test 

for systematic differences between the two sessions. A Bland-
Altman plot was used to visualise the spread of the differences be-
tween the two sessions compared with their mean with a 95% CI.

3  | RESULTS

3.1 | Evaluating the NHP (mirror-guided head 
position) in all three axes comparing the standing and 
sitting positions

When comparing the two positions, we found that in the sitting posi-
tion the head was more elevated (corresponding to the pitch axis) by 
2.5 ± 2.4 (p < .05). We found no significant difference in the roll and 
yaw axes. The Bland-Altman plot shows a bias line at −2.6°, with a 
95% CI of −7.4 to +2.6. The data points are distributed equally below 
and above the bias line (Figure 2).

3.2 | Comparing the observations on the pitch 
axis obtained from the electronic head-mounted 
equipment sensors to those acquired by the lateral 
photographs

The absolute mean difference between the IMU and the lateral pho-
tographic data was 0.5 ± 0.5 for the pitch axis. A strong correlation 
was found between them (r =  .99; p <  .05). The ICCs were excel-
lent (ICC = 0.99) with a 95% CI of 0.991–0.998 corresponding to an 
SEM = 0.03°.

3.3 | Analysing the reliability of the 
measurements of the NHP for both the standing and 
sitting positions on two separate occasions

When comparing the two sessions, we observed no systematic 
differences for the three axes (p >  .05) for the standing and sit-
ting position. The correlation was strong for the pitch, moderate 
for the roll and poor for the yaw (Table 1). When comparing the 
differences between the two sessions, we observed that the dif-
ferences in the sitting position were systematically lower than in 
the standing position for the roll axis (p = .01). No statistically sig-
nificant differences were observed for the pitch and the yaw axes. 
(Table 1).

The Bland-Altman plot shows the bias line at 0.04° for the sitting 
position and 0.19° for the standing position. The data points are dis-
tributed equally below and above the bias line. Interindividual vari-
ation for the roll and the yaw were approximately ±5°; however, for 
the pitch, the interindividual variation was higher (from 0° to −20°). 
(Figure 3).
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4  | DISCUSSION

The present study, looking at differences in natural head position 
between the sitting and standing position, has shown that the head 
is slightly more elevated (pitch axis) in the sitting compared with the 
standing position. For the roll and yaw axis however, no differences 
were found when comparing the two positions. These results found 
on the pitch axis are similar to those found by Bjehin.11

When comparing the measurement obtained by the electronic 
head-mounted equipment to the lateral photographs, we found 
excellent correlations. With a precise and adequate protocol, the 
electronic head-mounted equipment system can be used to mea-
sure the head position with great accuracy. The results found in our 
study were similar to the ones found by M. Al-Yassary, K. Billiaert, 
G. S. Antonarakis, and S. Kiliaridis (submitted for publication) mea-
suring the head position, Beange et al.25 measuring the movement 
of lumbar spine and Fennema et al.26 measuring the flexion of the 
knee. This method is easy to use, quick to set up and can be used 

on patients in the sitting or standing position. Moreover, the IMU 
system has an advantage over the other methods in that it allows 
an assessment of NHP not only in the pitch axis, but also in the roll 
and yaw axes.

The reliability of the measurements of the NHP on two separate 
occasions was different depending on the axis and the positions. The 
axis with the highest correlation was the pitch followed by the roll and 
yaw. With regard to the position, we found slightly greater correlation 
in the sitting position than the standing position in the three axes. The 
range of variations of the NHP on two separate occasions depends also 
on the axis and position. The axis with the least amount of variation 
was the roll, followed by the pitch and finally the yaw. Concerning the 
positions, we found no systematic difference in the range of variation 
for the pitch and the yaw. We did find however that the roll in the sit-
ting position had systematically less variation compared to the stand-
ing positions. These results, in contrast to those found by Bjehin,11 
demonstrate that the sitting position is at least as reliable as the stand-
ing position and has the same range of variations or even less.

F I G U R E  2   Bland-Altman plot 
comparing the sitting to the standing 
positions: The x-axis represents the 
mean between the two and the y-axis 
the differences. Red lines indicate 
the 95% confidence interval, and the 
black line indicates the bias (mean of 
the differences). Red points indicate 
the inertial measurement unit system, 
while green points indicate the lateral 
photographs

TA B L E  1   Difference in natural head position between the two sessions (T1-T2), using the inertial measurement unit system

Sitting Standing

Pitch Roll Yaw Pitch Roll Yaw

Mean ± SD −0.2 ± 2.1
(p = .55)

0.4 ± 1.4
(p = .82)

0 ± 2.3
(p = .36)

0.3 ± 2.5
(p = .53)

−0.4 ± 1.6
(p = .75)

0.7 ± 2.8
(p = .78)

r (p-value) .89 (<.001) .66 (<.001) .27 (.25) .87 (<.001) .56 (.01) .08 (.75)

Note: Means and standard deviations (SD) were calculated according to the differences between the first (corresponding to T1) and the second 
(corresponding to T2) sessions, done separately for each axis. The Pearson correlation (r) and p-value between the first and second sessions was also 
calculated.
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The elevation of the NHP found when sitting compared with 
standing may also be present in patients who are generally seated. 
However, it is difficult to demonstrate this phenomenon due to the 
significant interindividual variation. The interindividual variation for 
the pitch is 4 times greater than for the roll or the yaw. This observa-
tion was also made by Huh et al.27 who analysed the angle between 
the Frankfort plane and Sella-Nasion plane and found an individual 
variation ranging from 1.82° to 16.59°. If this elevation exists, it may 
have different implications on areas such as craniofacial growth and 
occlusion.

The results of the present study must be interpreted with cau-
tion because the participants included in our study were exclu-
sively healthy young adults. The methodology used allows us to 
evaluate the short-term reproducibility. A one-week interval most 
likely prevents the participants from remembering the initial posi-
tion, but it does not allow us to observe any changes in the head 
position over time. The methodology used allows us to evaluate 
the head position based on a one-shot procedure but the NHP is 
known to be a balance of several positions with a certain range of 
variations.14 It would be interesting to analyse the NHP for a long 
period of time in order to record the full range of variations and the 
tendencies for each axis.

5  | CONCLUSION

When comparing the NHP of the sitting to the standing position, no 
significant differences were found for the roll and yaw axes. For the 
pitch axis however, the NHP in the sitting position is slightly more 
elevated. The stability of the sitting position is comparable to the 
standing position for the pitch and yaw axes. However, the roll axis 
is more stable in the sitting position. The electronic head-mounted 
equipment, when used correctly, is comparable to lateral photo-
graphs for the pitch axis, with the advantage of recording the three 
axes simultaneously.
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