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Head position influence on stabilographic variables
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Purpose: Head constitutes 6% of our body weight and significantly influences human body motor system mechanics. From physio-
logical point of view, it should be located at extension of body middle line. Its location being modified results in many consequences in
motor system. Our research was aimed at assessing the influence of head position on human body balance stabilographic variables.
Methods: The research was made on a group of 62 patients: 45 women and 17 men, aged from 40 to 60 yrs, 46 yrs on average. Head
position in sagittal and frontal plane was assessed with photogrammetric method. Chosen stability parameters were estimated with
dynamometric platform PEL 38 and computer software TWIN 99. Results: The results confirmed correlations between existing stabi-
lographic values and head position in frontal plane only. Head position, when changed in this plane, increased the amplitude ( p = 0.001)
and average speed of body gravity center trembilng ( p = 0.002). There were no significant relations found in sagittal plane ( p > 0.05).
Conclusions: Our results show that the head position influences stabilographic variables. Its change in frontal plane decreases body
posture stability to the largest extent.
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1. Introduction

The most significant feature of human posture is
its straight vertical axis in relation to relatively small
supporting surface. Such body orientation in a gravity
field makes us easily vulnerable to loss of balance.
Balance, defined as a postural state with vertical body
orientation, both in static and dynamic conditions. The
stability of regaining lost balance after being affected
by destabilizing factors is defined as stability [5], [21].
Common posture stability indicator is a trajectory of
general center of gravity (COG). Smaller COG am-
plitude and movement speed are the signs of more
stable posture [5]. A grown up person’s gravity center
of erected body is located at the level of the second
lumbar vertebra, and its sway in standing position is
4–5 cm forward from the line between the lateral parts
of ankles [9]. These postural sways may be observed

as a translocation of the center of pressure (COP),
which is considered as the indicators of a posture in
general view. For a stable vertical position many cou-
pled neurological system structures are responsible.
These are the following: proper functioning labyrinth,
cerebellum, eyes, inner ear semicircular canals, pro-
prioceptive receptors of soft tissues and skin touch
sensors, especially for blind people (e.g., between the
sole and the ground). Descriptions of stability distur-
bances concern mainly neurological diseases: brain
stroke [4], Parkinson’s disease [15] or multiple sclero-
sis [17]. Available literature describes also the influ-
ence and meaning of individual body segments in
stability preservation. They usually refer to some
pathological changes, e.g., ankle fractures [6], idio-
pathic scoliosis [16], degenerative hip joint disease
[22].

Head constitutes 6% of our body weight. Its posi-
tion conditioned by neck reflexes operates the tension
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of abdominal and lower limbs postural muscles. Be-
cause of its special role in the motor system biome-
chanics, we set ourselves an aim to assess the influence
of head position on human body balance stabilographic
variables modification.

2. Material and methods

Participants

The research included 62 persons: 45 women
and 17 men, aged 40–60 yrs, 46 yrs on average (SD
+/– 6.12 yrs). The persons were healthy, recruited
from the general population, with excluded diseases or
disturbances influencing balance. Subjects were ex-
cluded if they had a history of neuromuscular disor-
der, scoliosis, pain, vestibular disease, dizziness, his-
tory of falls over the past one year.

The research report has been approved by the
Bioethics Committee (No. 36/KBL/OIL/2011). Tests
were carried out with the written consent of each
study participant.

Measurements

Head position
Head position was assessed with photogrammetri-

cal body positioning using the Opto-electronic Body
Explorer (OBE). OBE is a system positioning selected
human body points, which allows one to determine
spatial coordinates of these body points. The meas-
urement was entirely remote. Reflective markers were
taped on the points that describe the position of the
head in two dimensions (Table 1) and their positions
were captured with an opto-electronic system. Sec-
tions created by connection of the indicated points,
including the Y, X created angles used for further
analysis. The Y axis was represented by the vertical
alignment line running across the spinous process of
the seventh cervical vertebrae [24]. In the PBE sys-
tem, points determined by the photogrammetric meas-
urement represent the transfer of skeleton elements to
the body surface and they are signalled by the polysty-
rene balls of 4–5 mm in diameter. The precision of
determining the spatial coordinates of the signalled
body points is high and amounts to ±2–4 mm. In order
to limit the measurement errors, the balls were fixed
by one person. The additional factor favourable for
these studies was the fact that they were performed
in a static position, thus, the risk of relocation of
the balls was minimised. Moreover, for the assess-
ment of head alignment in the frontal plane, pupils

were used, and one of the points for the assessment of
head alignment in the sagittal plane was the middle
point of the upper lip – these points did not require
our intervention. The task of the subjects was to keep
a casual, habitual standing position with their weight
evenly distributed on both feet and looking straight
ahead. To evaluate the head posture, the following
standards were applied: sagittal plane: 60 +/–1 (val-
ues over 60 indicated head in the protraction, while
values below 60 – to the retraction), frontal plane:
90 +/– 1° (values over 90 indicated head bend to the
right, while values below 90 – to the left) [14]. Addi-
tionally, the research considered body posture, also in
sagittal and frontal planes (Table 1). To evaluate the
body posture, the following standards were applied:
sagittal and frontal plane: 180 +/–1° (values over 180
indicated body leaning to the right, while values be-
low 180 – to the left and forward).

Table 1. Chosen photogrammetric points
(in sagittal and frontal plane)

Chosen photogrammetric points in sagittal plane

Head posture (L_O)

L – midle point of upper lip, O – occipital
protuberance; angle between middle
point of upper lip, occipital protuberance
and Y axis

Body posture (O_CT)

O – occipital protuberance,
CT – the center of the line connecting
the calcanean tubers: left and right
and Y axis

Chosen photogrametric points in frontal plane

Head posture (EL_ER) EL – left eye, ER – right eye; angle
between right and left eye and Y axis

Body posture (O_CT)

O – occipital protuberance,
CT – the center of the line connecting
the calcanean tubers: left and right
and Y axis

Stabilographic variables

In order to gain the COP sways image a system
consisting of pedobarographic platform PEL 38 and
computer software TWIN 99 was used. The research
was made in free standing posture, on both feet,
barefoot, with eyes open. Observation period lasted
30 seconds. Each patient came through a single trial.
According to the research precision rules, the ten-
sometric platform measurements were made in an
isolated compartment, in order to keep each patient
focused on the test.

Results of studies conducted by postural method
were obtained in the form of a stabilogram. Charts
show the displacement of the center of foot pressure
(COP-center of foot pressure) on a support plane, and
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separately show the frontal axis (medio-lateral) and
sagittal (a-p), as well as the speed at which these data
change. Values obtained in both a-p and lateral planes
were the results of the posture study, which has previ-
ously been carried out [1]:
1. width – the range of oscillation in millimeters,
2. average deviation in millimeters,
3. average speed in millimeters/second.

In addition, the posture instability graph was de-
scribed by the following variables:
1. path length – the length of the pressure center tra-

jectory in millimeters,
2. path area – the surface area of the figure created

by joining the extreme points of statokinesiogram
in square millimeters,

3. avg.Q.speed – average square speed of pressure
center in a-p and medio-lateral planes in millime-
ters/second.

Statistical analysis

The statistical analysis used Statistica 10.1 and
Microsoft Excell 2010 softwares. We used descrip-
tive statistics to characterize the study sample: we
used means with SDs for continuous variables. For
large discrepancies between the results and lack of
conformity with a normal distribution, the analysis
involved Spearman’s method with consideration of
R (rho) coefficient and correlation coefficients sig-
nificance test, which was also used to compare
the results with the assumed significance coefficient
p = 0.05.

3. Results

Statistics of head and body posture
in sagittal and frontal planes

The obtained results of the studies describing the
head and body alignment in the frontal plane showed
distribution compliant with the standard distribution.

For that reason they were subject to further statistical
analysis by means of t Student test for a single sam-
ple, in which the results obtained were compared to
the generally applicable standard (90° ± 1 for the head
and 180° ± 1 for the body), t Student test for two in-
dependent variables, where, due to the compliance of
the results obtained with the standard distribution,
variances of the averages were compared, describing
the head and body leaning. Due to the fact that the
results obtained indicated no differences between the
right and the left-hand side ( p > , where  = 0.05),
no division into the right and left-hand side was taken
into account in further analysis.

The descriptive statistics of head and body posture
in sagittal and frontal planes are shown in Table 2.

Influence of head position in sagittal plane
over stabilographic variables changes
Despite noticeable negative correlation, the results

did not prove significant impact of head position on
stabilographic variables. Considering head position,
including the body posture, in sagittal plane a wider
body inclination angle was noticed, which caused in-
crease of lateral sways, which considerably decreased
stability.

The descriptive correlation between the angle, de-
scribing head position and body posture in sagittal
plane and variables obtained in posturographic research
are shown in Table 3.

Influence of head position in frontal plane
over stabilographic variables changes
The results obtained proved that head position in

frontal plane significantly influences the stabi-
lographic variables. Larger head frontal sway deter-
mines extension of the way the gravity center needs to
move (p = 0.003). The negative correlation between
head position and center of pressure dislocation speed
(p = 0.004), lateral sways speed (p = 0.005), feet pres-
sure surface (p = 0.006) and average frontal plane
center of pressure sways speed (p = 0.007) is notice-
able.

Table 2. Descriptive statistics of head and body posture (in sagittal and frontal plane), N = 62

Descriptive statistics of head and body posture in sagittal plane

Norm Mean SD Min Max
Head posture (L_O) 60 +/– 1° 70.38 7.22 46.72 89.07
Body posture (O_CT) 180 +/– 1° 178.34 1.34 171.56 180.63

Descriptive statistics of head and body posture in frontal plane
Head posture (EL_ER) 90 +/– 1° 91.08 2.55 83.26 97.56
Body posture (O_CT) 180 +/– 1° 181.18 1.08 178.86 183.43
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The descriptive correlation between the angle de-
scribing head position and body posture in frontal
plane and variables obtained in posturographic re-
search are shown in Table 4.

Considering frontal plane body posture assess-
ment, it was proved that the increase of inclination
angle causes an increase of gravity center sways in
frontal plane as well as an increase in postural insta-
bility.

4. Discussion

Head constitutes an important link in body motor
biokinematic chain. In physiological conditions it
should extend body central line. Such head position
conditions low energy consumption, which is neces-

sary to maintain proper musculo-skeletal balance. Its
change results in various consequences described in
the literature. Malihi proved that each head sway from
its natural position increased eye internal pressure.
The highest pressure was noticed in full head leaning
forward, which, as he describes, increased glaucoma
risk [13]. Another interesting reports describe rela-
tions between head position and jaw opening, or
closing movements. It was proved that leaning head
forward increases jaw opening extent, while its clos-
ing is more stable when head is retracted [10], [25].
Fernandez-de-las-Penas proved positive correlation
between leaning head forward and neck mobility. He
compared patients suffering from chronic headaches
with the ones free from such illnesses and noticed that
patients from the first group have their heads leaned
forward more visibly than the ones from the second
group. He additionally noticed that head bending an-

Table 3. Coefficients Spearman’s R (rho) and p (probability)
between the angle describing head position and body posture in sagittal plane

and variables obtained in posturographic research

Head position
in sagittal plane (L_O)

Body posture
in sagittal plane (O_CT)Assessed variables

R p R p
Postural Instability-Path area –0.082 0.525 –0.162 0.208
Postural Instability-Path Length –0.060 0.643 –0.156 0.227
Postural Instability-L/A 0.056 0.666 –0.137 0.289
Postural Instability-Avg.Q.Speed –0.088 0.495 –0.181 0.159
AP-Width –0.026 0.843 –0.119 0.356
AP-Average Deviation 0.024 0.850 –0.092 0.476
AP-Average speed –0.116 0.369 –0.193 0.133
Lateral-Average Deviation –0.113 0.381 –0.189 0.141
Lateral_Width –0.097 0.455 –0.186 0.148
Lateral Average speed –0.027 0.836 0.127 0.327

Table 4. Coefficients: Spearman’s R (rho) and p (probability)
between angle describing head position and body posture

in frontal plane and variables obtained in posturographic research.
Data in bold are significant

Head position
in frontal plane (EL_ER)

Body posture
in frontal plane (O_CT)Assessed variables

R p R p
Postural Instability-Path area –0.325 0.010 0.274 0.031
Postural Instability-Path Length –0.323 0.010 0.261 0.041
Postural Instability-L/A 0.286 0.024 –0.146 0.257
Postural Instability-Avg.Q.Speed –0.337 0.007 0.275 0.030
AP–Width –0.269 0.034 0.023 0.858
AP-Average Deviation –0.189 0.140 0.012 0.924
AP-Average speed –0.365 0.004 0.347 0.006
Lateral-Average Deviation –0.353 0.005 0.344 0.006
Lateral_Width –0.342 0.006 0.341 0.007
Lateral Average speed –0.280 0.027 0.137 0.288
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gle increase in frontal plane decreases spine cervical
mobility [7]. A number of reports confirms a relation
between head position and cervical spine aches [11],
[20], [23]. Literature often includes papers confirming
the influence of head position on the structures located
below it. Quek et al. described the influence of head
leaned forward and thoracic kyphosis on cervical
lordosis. Such head position determines cervical
spine mobility decrease by limiting rotation and
leaning range [18]. Griegel-Morris proved that pro-
tracted head, except the neck, influences also tho-
racic spine and blade bone, creating a misbalance in
musculo-skeletal system [8].

Considering the above-mentioned relations, we
strived at finding the answer to the question whether
head position does influence body stability. The avail-
able literature includes interesting research of Kang
[12]. He tested a group of 20 office workers, using
a computer on their posts (more than 6 hours a day)
and proved their stronger tendency to lean their heads
forward, which considerably decreased their stability.
Our research of head position in frontal plane proved
no significant influence on stability. However, when
head and abdomen posture was considered, then body
inclination angle increased also lateral sways. Com-
paring to Kang’s research, we should notice differ-
ences in selectivity and number of participants. We
used 62 random persons, while Kang used office
workers, using computers. Moreover, Kang measured
head dislocation in frontal plane through analyzing
photos by conventional photogrammetry, which may
be considered a less sensitive method compared to
photogrammetry based on opto-electronic approach.
The differences considered also the patient’s posture
– we asked our participants to stand with their arms
down, while Kang’s participants stood with their arms
on their chests. Our results and lack of relation be-
tween head leaned forward and body stability are con-
firmed by the research of Buckley [3] and Silva [19].
Buckley, working with a group of 12 elder persons
proved that protracted head in free standing does not
influence gravity center location. Similar conclusion
was due to Silva, after testing 25 young persons. Head
position was assessed by measuring an angle between
seventh cervical vertebra feather bone and ear conch.
His results confirmed lack of relation between head
position and body stability variables.

Among others, our research is special for its using
both planes: sagittal and frontal in head position sur-
vey. Frontal plane head position changes proved to be
the most determining for gravity center dislocations in
all possible directions. Our research may be com-
pleted with Bonnet’s reports. He proved that leaning

one’s head in any direction (left–right), increases
sways of body posture. What is relevant is that unlike
in our research, Bonett verified forced head positions,
asking his patients to follow dots moving on a wall
with their eyes [2]. The distance between two extreme
points measured was 150 degrees.

5. Conclusions

Head position influences stabilographic variables.
Its frontal plane position change has the greatest im-
pact on postural stability. We hope that our data
would stimulate further study.
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