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Aim of the study: To evaluate the intersession reliability of a posturo-stabilometric examination.
Methods: Single blind clinical trial conducted in two sessions over two weeks.

44 healthy volunteers free from postural and temporomandibular disorders. All the subjects complied
with the criteria for completing the study.

All the subjects underwent two sessions of posturo-stabilometric examinations in different visual and
mandibular conditions.

Sway area, sway length and the coordinates of the center of pressure were evaluated and statistically ana-
lyzed using the Intraclass correlation coefficient (ICC).

Results: All the posturo-stabilometric parameters seemed to have an excellent reproducibility with over-
all ICCs higher than 70% and good confidence intervals except for the sway area (ICC 0.422 with CI 0.283-
0.560 with open eyes and ICC 0.554 with CI 0.424-0.683 with closed eyes).

Conclusions: The posturo-stabilometric examination carried out using a force platform has a good intra-
session and intersession reliability, especially considering sway velocity, COP X and COP Y parameters.
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The force platform usefulness in analyzing static posture is confirmed in any medical field.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Postural control and stability are primary components in main-
taining the upright position and the equilibrium during daily
movements and activities and have also important implications
in sports medicine and rehabilitation.

There are many methods to assess postural control (Chaudhry
et al.,, 2004; Pierchala et al., 2012), one of the most used is the
study of the body center of pressure (COP) oscillations using a force
platform (Baldini, 2010; Lanska, 2001) and the use of the stabilo-
metric platform in order to evaluate posture is a standard for both
clinical practice and research in many medical fields (Baldini et al.,
2011, 2013a,b; Baldini and Cravino, 2011).

In fact the COP alterations are proportional to ankle torque, a
combination of descending motor commands as well as mechani-
cal properties of the surrounding musculature (Baratto et al,,
2002). The most commonly evaluated parameters are sway
length/velocity and area traversed based upon sequential locations
of the COP in the plane of the force platform, and the displacement
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of the COP mean location on the X and Y axis (Gangloff et al., 2000;
Manfredini et al., 2012).

This approach is used in dentistry as well, as part of gnatholog-
ical therapies (Baldini et al., 2011, 2012a,b) and to investigate the
potential associations between dental occlusion and body posture
(Baldini et al., 2013a,b; Baldini and Cravino, 2011; Manfredini
et al., 2012). These associations are the subject of an ongoing dis-
cussion as evidence has been published both in support of their
existence (Bracco et al., 2004; Manfredini et al., 2012; Sakaguchi
et al., 2007) and in disagreement with it (Michelotti et al., 2006;
Perinetti, 2006). Moreover some criticism was made against the
use of stabilometric platform as a trustworthy instrument. In fact
in the literature review by Perinetti and Contardo (2009) it is con-
cluded that although an association between the masticatory sys-
tem and body posture probably exists, its clinical significance is
low and a force platform is not a suitable instrument in dental
diagnosis.

Some authors (Morasso et al., 2002; Perinetti, 2006) criticized
the results of the posturo-stabilometric examination and their clin-
ical implications because of the lack of studies demonstrating the
scientific trustworthiness of the force platform. This observation
could discredit every result obtained so far using this instrument
in any field of medicine as well as what concerns the correlation
between dental occlusion and posture. These remarks indicate
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the urgent need of assessing the reliability of this examination and
also to confirm the validity of this diagnostic instrument in any
related medical field. Once the reliability of the examination has
been ascertained, it will be possible to verify the existence and
degree of association between occlusion and posture.

The accuracy and precision of the instrument should be guaran-
teed by the producer himself and by the maintenance and calibra-
tion of the device. However, he is not responsible for the
reproducibility of the test and the effective utility and benefit for
a gnathologist who applies it to show occlusal interferences over
posture.

There are three types of random statistical variability concern-
ing the reliability of the examinations: the intrasession variability
that is related to the immediate retest reliability, the intersession
variability, related to delayed retest reliability, and the interrater
variability, related to delayed retest reliability with different oper-
ators (Bauer et al., 2010).

A survey of the PubMed MEDLINE database and a review article
(Ruhe et al., 2010) shows that some articles (Corriveau et al., 2000;
Lafond et al., 2004; Lin et al., 2008; Salavati et al., 2009; Santos
et al., 2008) assessed the reliability of the force plate examination,
considering only the intrasession variability, obtaining excellent
results. The intersession reliability was the subject of a recent
study by Perinetti et al. (2012).

An experimental protocol has been created in order to evaluate
the intersession variability of the force plate examination. The aim
of this study is to assess the reproducibility of this examination
with important influences in research and even more in clinical
practice, as it could allow us to verify the effects of the therapeutic
plan in the short or long term and thus monitor the postural mod-
ifications of the patient.

2. Methods
2.1. Data collection

Forty-four healthy subjects, 30 males and 14 females (age
17-35 years, mean age 23.75 = 4.10 years) were enrolled in the
study after signing an informed consent form.

Every subject underwent an occlusal (Baldini et al., 2009), pos-
tural and anamnestic examination to verify the compliance with
the following inclusion criteria:

- Good general health according to medical history.

- Absence of trauma or surgery, which could influence posture.
- Absence of visual or vestibular problems.

- Absence of any other disorder able to influence posture.

- Absence of evident postural problems.

- Presence of not less than 28 teeth.

- Dental overjet between 1 and 4 mm.

- Absence of any type of crossbite, open bite or deep bite.

- Absence of cast restorations and extensive occlusal restoration.
- Absence of temporomandibular disorders (TMD).

This single blind experimental protocol was carried out using a
force platform Postural Health Station (DL Medica S.p.A. Milano,
Italy) (Fig. 1), and the ethics committee approved the study.

2.2. Test

All subjects were volunteers with no information about the aim
of the study and who underwent a posturo-stabilometric force
platform examination. Each recording lasted 51.2 s under the fol-
lowing conditions: mandibular rest position, mandibular position
of centric occlusion and mandibular position with cotton rolls.

Fig. 1. Posturo-stabilometric platform Postural Health Station (DL Medica S.p.A.
Milano, Italy).

The test was repeated (twice) in these three positions with both
eyes open and closed. For the cotton rolls position, cotton rolls
8 mm thick and 37 mm long were positioned on the mandibular
teeth distal to the canines.

Quiet conditions were maintained during the examination, thus
eliminating any disturbing element that could affect the posture. A
force plate was placed in order to position subjects perpendicular
to and facing the wall at 150 cm. The subjects were required to re-
main as stable as possible, relaxed, with their arms hanging free
beside their trunk, and facing the wall without concentrating on
a precise point on it. They were asked to avoid alcohol, sport and
conservative dental therapies during the 24 h before the clinical
recordings.

The standardized placement of the subjects on the force plate is
fundamental to reduce the intersession variability of the examina-
tion: a hand was placed under the foot of the subject, lifting the
foot until it reached the following criteria using the markers
painted on the surface of the platform: (Fig. 1)

- Feet angle of 30° following the principal red line.

- Calcaneal tendon positioned in correspondence of the length of
the foot, expressed in French points and centered on the princi-
pal red line.

- Malleolus positioned in correspondence of the angled red line.

- Second foot finger root projection correspondent to the princi-
pal red line.

- Foot outline correspondent to the areas drawn on the surface of
the platform.

Every subject underwent two examination sessions,with a
pause of 14 days. The two sessions were conducted following the
same modalities and with conditions as identical as possible, to al-
low the study of intersession reliability. In order to exclude the po-
tential “interrater variability”, all tests were performed by the
same operator.

In order to be included, it was required that the subjects satisfy
the following criteria in the 14 days prior the second session of tests:

- Absence of any trauma.
- Absence of restorative or orthodontic treatment.
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- Absence of any pain that could influence posture.

All the subjects in the sample satisfied these second phase
criteria.

From the results obtained four posturo-stabilometric parame-
ters were evaluated:

- SWAY AREA.

- SWAY LENGTH.

- COP X (position of the center of foot pressure on the X axis com-
pared to the theoretical one).

- COP Y (position of the center of foot pressure on the Y axis com-
pared to the theoretical one).

2.3. Statistical analyses

The distribution of the posturo-stabilometric parameters re-
corded, sway area and length and coordinates of the center of foot
pressure, were summarized as means and SDs, according to test
position, i.e. at mandibular rest position, mandibular position of
centric occlusion and mandibular position with cotton rolls to
whether eyes were open or closed and to the session of examina-
tionination. Wilcoxon matched-pair signed-rank test was used to
verify the hypothesis of a non-significant difference in parameters
between sessions.

One of the aims of this study is to evaluate the reliability of the
posturo-stabilometric test, i.e. whether the resulting measure-
ments of this test are reproducible among sessions. As it was rea-
sonable to believe that no systematic error occurred, the intraclass
correlation coefficient (ICC) was estimated to ensure test-retest
reliability between sessions (Rousson et al., 2002) ICC may be de-
fined as the percentage of variability in measurements explained

by the subject effect thus the larger this percentage the better
the reliability. An ICC larger than 0.75 indicates good to excellent
reliability, an ICC included between 0.40 and 0.75 indicates fair
to good reliability, and finally an ICC lower than 0.40 indicates poor
reliability (Corriveau et al., 2000).

Therefore, in order to ensure the reproducibility of test results
between sessions, ICCs were computed for each posturo-stabilo-
metric parameter according to both test and eye position. ANOVA
was then run separately for open and closed eyes to verify whether
the distributions of the parameters were similar or not, despite the
test position. We then merged the observations for the parameters
and hence compared, through ICC, six repetitions of the test, in-
stead of two.

All analyses were performed with STATA software version 12.1.

3. Results

A total of 44 subjects were included in the study and underwent
the posturo-stabilometric test twice, within a two-week interval.
Descriptive statistics of the results of the examinations are sum-
marized in Table 1. In general the time difference between test ses-
sions did not affect the measures of the posturographic parameters
and the Wilcoxon matched-pair signed-rank tests led us to accept
the hypothesis of no change in most cases. The only significant dif-
ference between sessions was observed for the sway area measure-
ments assessed in mandibular position with cotton rolls and eyes
open.

The reliability was investigated estimating ICCs for every po-
sition with eyes open and closed (Table 2). Generally, ICCs for
sway length and coordinates of the center of foot pressure were
over 70%, confirming the repeatability of the test. Sway area, on
the other hand, performed poorly, even obtaining an ICC of 37%

Table 1
Descriptive statistics for the posturographic parameters at the two examination sessions according to the position.

test First session Second session p-value

Mean (SD)

Eyes open

Rest position
Area 94.25 (43.48) 104.17 (56.37) 155
Length 293.85 (68.31) 304.91 (94.24) .591
COP X 1.40 (7.62) 1.05 (8.01) 434
COPY -8.12 (9.96) -5.95 (11.67) .059

Centric occlusion
Area 107.97 (62.95) 113.82 (65.51) 944
Length 295.34 (69.37) 287.55 (76.74) 414
COP X 1.06 (8.02) 1.93 (7.98) 220
COPY -7.02 (12.20) -6.13 (12.76) 815

Cotton rolls position
area 109.68 (80.57) 122.67 (71.83) .034*
length 296.03 (78.34) 306.93 (85.31) .059
COP X 2.27 (7.61) 1.71 (7.73) 963
COoPY -8.05 (11.62) -8.51 (12.06) .608

Eyes closed

Rest position
Area 143.75 (94.08) 154.31 (123.89) 462
Length 419.86 (122.13) 405.23 (125.77) .072
COP X 2.20 (7.51) 1.19 (7.45) .062
CoPY —6.64 (10.49) -5.94 (10.44) 477

Centric occlusion
Area 17234 (130.03) 186.61 (152.48) .889
Length 416.53 (134.40) 405.75 (121.65) 273
COP X 1.84 (8.51) 1.63 (7.29) .591
COPY -9.18 (11.32) -8.77 (12.17) 815

Cotton rolls position
Area 177.63 (143.59) 195.99 (227.62) .981
Length 408.01 (127.72) 406.94 (127.17) .554
COP X 2.06 (6.81) 1.29 (7.27) 491
CoPY -9.80 (11.19) 10.02 (11.44) .692
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Table 2
The repeatability of the posturographic parameters for the different recording
conditions assessed with intraclass correlation coefficients (ICCs).

Variable Eyes open Eyes closed
ICC [95% Conf] [Interval] ICC [95% Conf] [Interval]
Rest position
Area 0.553 0.347 0.759 0560 0.356 0.764
Length 0.768 0.647 0.890 0.773  0.653 0.893
COP X 0.799 0.691 0.906 0.823 0.727 0.919
COPY 0.608 0.420 0.795 0.660 0.492 0.827
Centric occlusion
Area 0457 0.221 0.692 0.687 0.530 0.844
Length 0.731 0.592 0.869 0.796 0.688 0.905
COP X 0.758 0.631 0.884 0.764 0.640 0.888
COPY 0.792 0.681 0.903 0.787 0.674 0.900
Cotton rolls position
Area 0371 0.114 0.627 0.440 0.200 0.679
Length 0.811 0.709 0913 0.738 0.601 0.874
COP X 0.804 0.698 0.910 0.798 0.691 0.906
COPY 0.805 0.700 0.909 0.738 0.603 0.873
Overall (6 repetitions)
Area 0422 0283 0.560 0.554 0.424 0.683
Length 0.734 0.638 0.829 0.780 0.696 0.863
COP X 0.759 0.670 0.848 0.758 0.669 0.848
COPY 0.661 0.548 0.773 0.714 0.614 0.815
Table 3

P-values for F-test verifying null hypothesis of no change in distribution according to
recording position.

Parameter Prob > F
Eyes open Eyes closed
Area 203 211
Length 674 963
COP X .862 .998
COPY .608 .083

in mandibular position with cotton rolls and eyes open, as we
might expect after the previous Wilcoxon test result. In the
same recording position the other posturo-stabilometric param-
eters seemed to have an excellent reproducibility with ICCs
higher than 80%. Moreover, ICCs for sway area were also consis-
tently higher when the test was performed with eyes closed.

Overall ICCs (Table 2) were estimated after results from the
F-test in ANOVA (Table 3) confirmed that the posturo-stabilomet-
ric parameters were distributed in a similar way in all the three
positions, i.e. mandibular rest position, mandibular position of cen-
tric occlusion, and mandibular position with cotton rolls, after sep-
arating for eyes open or closed. These appeared to mirror the
results in the three test positions, with good reproducibility for
sway length and coordinates of the center of foot pressure. ICCs
were generally over 70%, especially with eyes closed. However,
the results regarding the sway area confirmed the poor test-retest
reliability previously observed.

4. Discussion

The study of the ICCs on four posturo-stabilometric parameters
in six different mandibular/visual conditions calculated on two dis-
tanced sessions, demonstrated that the examination with the force
plate not only has a good intrasession reliability, as Bauer et al.
(2010), Ruhe et al. (2010), Corriveau et al. (2000) said, but also
has a good intersession reliability.

Previous literature on intrasession variability (Bauer et al.,
2010; Ruhe et al., 2010), focused only on the precision and the
accuracy of the instrument and the variation of the phenomena,
suggesting the utility of the instrument in a diagnostic setting
but limited to a single test session. It is still not clear if this instru-
ment could be useful during the follow-up analysis of a therapeutic
plan. In fact, this test can easily be susceptible to intersession
variability due to the different placement of the patient on the
platform between different sessions or to the conditions of the
patient, which can affect posture and load distribution.

The analysis of the intersession variability shows that reliability
increases when subjects undergo the test with eyes closed. All the
parameters showed an excellent reliability except for the sway
area and there is no evident difference among values of ICC for
the other parameters. The sway area appeared more reliable with
eyes closed and when the mandible is positioned in centric occlu-
sion and less reliable when cotton rolls are positioned between the
dental arches. This may well be due to the higher sensibility of this
parameter to occlusal modifications (Baldini et al., 2013a,b; Baldini
and Cravino, 2011).

Perinetti et al. (2012) analyzed the intersession reliability after
30 min, 1 day and 7 days from the first test, and found that sway
area had a good reliability and COP X and COP Y to be poorly
reliable, contrarily to our results. The sway velocity in this study
appeared to be a reliable parameter according to the ICC values
for the sway length. Sway velocity is easily obtained by dividing
the sway length by the time duration of the test and can thus be
considered equal to the sway length. The results of Perinetti’s
and colleagues’ study had low significance because of the limited
size of their sample, that led to very wide confidence intervals
for the ICCs of the coordinates of the center of foot pressure. This
undermines the reproducibility of their results on a larger
population.

Furthermore, the reliability of these parameters could be
strictly associated to the rigorous rules and surface details for
placement of the subject on the force platform.

Our findings support the results of the studies on intrasession
reliability although it seemed that the sway area was the only
parameter that looses reliability over time. However, asking the
patients to maintain the eyes closed during this examination could
be useful for increasing its reliability and should therefore be
recommended for monitoring results in a therapeutic plan.

The sway area did not seem an ideal parameter for monitoring
the evolution of a therapeutic plan. When it is necessary to con-
sider the area of sway it is advisable to use the mandibular position
of centric occlusion for better reliability in the results.

Our sample did not include subjects with temporomandibular
and occlusal disorders and, currently, in the literature their influ-
ence on posture has yet to be clearly proved. Nevertheless, when
a posture professional examines subjects affected by these disor-
ders, the rest position may be preferred over the centric occlusion
mandibular one to eliminate the temporo-occlusal interference
and its possible influence on the reliability of the observations. This
remark should be remembered until the reliability on a sample
affected by temporomandibular disorders is assessed.

Even if some studies (Baldini et al., 2013a,b; Baldini and Cravi-
no, 2011; Michelotti et al., 2006) demonstrated that the sway area
is the most sensitive parameter for evaluating the correlation be-
tween dental occlusion and posture, the gnathologist should
remember that this parameter is poorly reliable when the exami-
nation is carried out in the cotton rolls position and thus its use
should probably be limited to diagnostic considerations in a single
session and not within a longer therapeutic plan.

In agreement with what is said by Perinetti et al. (2012), given
that dental occlusion causes statistically significant but low
variations on the sway area and that in rest or centric occlusion
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mandibular positions its reliability improves, its usefulness in
following a gnathological therapeutic plan should be investigated
further.

5. Conclusions

The posturo-stabilometric examination carried out using a force
platform has a good intrasession and intersession reliability, espe-
cially considering sway length, COP X and COP Y parameters. The
force platform usefulness in analyzing static posture is confirmed
in any medical field. The trustworthiness of this instrument for
clinical gnathological purposes should be considered with caution
owing to the “fair to good” reliability of the sway area parameter.
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