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ABSTRACT
Background: Postural stability and gait are affected by an individual’s emotional state. Physical
therapy practice does not usually include an explicit assessment of the individual’s emotional
status. In contrast, complementary movement therapies often include the assessment of
“grounding quality”, which refers to the individual’s physical and emotional stabilities. This study
examined the correlation between conventional physical stability measures and ground-
ing quality.
Method: A computerized balance board and an inertial sensor system measured the postural
stability and gait parameters of 36 healthy volunteers (aged 19–35 years). Grounding was
assessed using an observation-based assessment tool (Grounding Assessment Tool [GAT]).
Spearman’s correlation and Cohen’s standard were used to assess correlation.
Results: No correlation was observed between gait parameters and GAT scores. However, sig-
nificant negative moderate correlations were noted between postural sway measures and scores
of several GAT items in the more demanding stance conditions.
Conclusion: Although grounding quality and sway measures are somewhat correlated, they
focus on different aspects of movement stability. A comprehensive assessment and holistic inter-
vention strategies require incorporating multiple approaches to stability assessment. Further
research is necessary to determine the contribution of combining these approaches among indi-
viduals with balance impairments.

KEY MESSAGES

� Gait stability measures were not correlated to “grounding quality” (a measure of emotional
regulation and emotional awareness).

� Postural sway measures were found to be correlated to “grounding quality” items in the
more demanding stance conditions.

� A comprehensive evaluation of an individual’s stability may facilitate reliable and valid object-
ive measurement instruments for both physical and emotional aspects of the movement.
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Introduction

Balance is defined as the ability to maintain the body’s
centre of mass within the limits of the base of support
[1]. Maintaining one’s balance is necessary for all daily
functional tasks, particularly those involving postural
stability and gait. Both postural stability and gait pat-
tern are affected by an individual’s emotional and psy-
chological state [2–4]. For example, depression
significantly affects the gait pattern in naturalistic,
everyday life settings [5], and the low mood was dem-
onstrated to alter balance performance in healthy

male subjects [6]. Furthermore, physical stability dur-
ing functional tasks, even those which may be consid-
ered automatic, requires some degree of emotional
and cognitive attention [7–12]. Accordingly, posture
control entails a dynamic interplay between self-
awareness, attention allocation, and motor processes
during active movement [13].

Balance assessment is a crucial component of phys-
ical therapy assessment in different practice areas. To
this end, various validated and reliable standardized
measures based on the evidence-based health care
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approach have been used [14]. However, as men-
tioned, the assessment of balance should also consider
an individual’s internal emotional state and level of
arousal. To the best of our knowledge, the current
tools for assessing static and dynamic balance used by
physical therapists do not facilitate an explicit and
structured assessment of an individual’s level of
arousal and awareness.

Therapists involved in dance/movement therapy
(DMT) use a tool to assess physical and emotional
stabilities by evaluating an individual’s “grounding
quality” [15]. The psychotherapist Alexander Lowen
(1910–2008), who first coined this term, claimed that
the nature of human beings requires a solid connec-
tion to the ground/earth in terms of physicality, emo-
tion, and energy [16,17]. Lowen described a
physiologically and physically stable person as the one
who “has his feet on the ground” and “who is in touch
with reality” [18]. Interventions targeted at increasing
the level of groundedness using movement techni-
ques are in everyday clinical use by psychotherapists
and dance movement therapists who treat a variety of
patients with emotional impairments manifesting in
physical impairments and symptoms, such as depres-
sion, post-traumatic stress disorder, and somatoform dis-
orders [19–21]. Movement interventions for enhancing
grounding are based on the rationale that the body
and mind are connected. Thus, therapeutic interventions
should combine the muscular and nervous systems with
the cognition and emotions of an individual [22].

In the current study, we used traditional assessment
tools for postural stability and gait analysis, i.e. a force
plate and a sensor-based gait system, combined with
an observation-based assessment tool called the
“Grounding Assessment Tool” (GAT), which evaluates
emotion regulation and emotional awareness as
reflected by the individual’s quality of grounding.
Accordingly, this exploratory study aimed to examine
the correlation between physical stability (and Spatio-
temporal measures) and grounding quality in individu-
als with no known balance, emotional, or cognitive
impairments.

Materials and methods

Participants

Thirty-six healthy volunteers (26 women and 10 men)
between the ages of 19 and 35 years (median,
26.51 years; standard deviation, 3.71 years) participated
in the study. The convenience sampling method was
used to recruit participants from among university stu-
dents or staff through advertisements posted on

various social media forums at the university. The
exclusion criteria included conditions that may affect
gait and balance, such as (a) orthopaedic or neuro-
logical impairments, (b) cardiovascular or pulmonary
disease, (c) lower limb musculoskeletal injury over the
last year, (d) vestibular disorders, such as vertigo, and
(e) balance disorders.

Assessment tools

Postural stability assessment
Postural stability was measured using the TYMOVR bal-
ance board (Tyromotion, Graz, Austria, https://tyromo-
tion.com/), a portable posturography tool. The system
provides data on the body sway, and these data pro-
vide indicators of postural stability. This system is used
in research and clinical settings [23–25].

Gait analysis
APDM movement monitoring inertial sensor-based
gait system (APDM Inc., Portland, OR, USA) utilizing
wireless, wearable, and portable sensors was used for
collecting spatiotemporal gait measures [26]. This sys-
tem comprises six inertial sensors, each containing tri-
axial accelerometers, gyroscopes, and magnetometers
[27]. The raw data are automatically streamed to a lap-
top, where they are processed and calculated by the
system’s Mobility LabTM software package [28]. The fol-
lowing spatiotemporal outcome measures were col-
lected: stride length, cadence, velocity, swing and
stance time, and stride time.

Grounding assessment
Grounding quality was assessed using GAT, which is
an observation tool. The GAT includes 13 items, each
rated on a 5-point Likert-type scale ranging from 1
(very low level of grounding) to 5 (very high level of
grounding). The following four factors are considered
for assessment: (1) fluid and rhythmic movement, (2)
emotional expression in movement, (3) pattern of foot
placement, and (4) lack of stability and weightiness.
The GAT has been validated and demonstrated to
have good internal consistency (a¼ 0.850), high inter-
rater reliability (Kendall’s range from 0.789 to 0.973),
and an intraclass correlation coefficient ranging
between 0.967 and 1.00 [15].

Procedures

Eligible participants were recruited for a 1-h session.
The study was approved by the institutional review
board at the X [29]. After receiving the relevant infor-
mation regarding the study and before participation,
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all participants signed an informed consent form.
Participants were instructed to wear comfortable
clothing and to move around with bare feet during
the session. At the beginning of the session, all partici-
pants filled out a questionnaire regarding age, sex,
medication consumption, background illnesses, the
field of study, and educational level. The session con-
sisted of the following three parts: (1) postural stabil-
ity, (2) gait analysis, and (3) grounding assessment.

All parts were assessed in a random order created
by a computerized table. The session setting was a
20� 175m2 hall empty of objects used during the
grounding assessment and a quiet 10-m long corridor
used for the gait test. Postural stability assessment
and gait analysis were conducted by the same two
experienced physical therapists.

Postural stability assessment
Assessment of postural stability during quiet standing
included four conditions tested while standing directly
on a force platform (Tymo plate by Tyromotion, Graz,
Austria). The order of the following conditions was
fixed: eyes open and closed while standing on a firm
surface, and eyes open and closed on a compliant
foam mat placed on top of the force platform.

Gait analysis
Five APDM sensors were attached with Velcro straps
(one on the pelvis, one on the middle of each thigh,
and one on the middle of each shank). Participants
were asked to walk back and forth at a comfortable
speed (self-determined natural speed) for 5min along
a 10-m path.

Assessing grounding quality
Grounding quality was assessed when a group of 4–5
participants moved around in a room for 10min. The
group size was determined by the ability to capture
high-quality video footage of the movements of all
participants throughout the room.

The walking period was subdivided into three sec-
tions: (1) Walking (3min): the instruction was initially
to maintain a normal walking pattern throughout the
room. This was followed by an instruction to “look for
new routes in the space”, followed by an instruction
to “increase the pace of walking”, and finally to “slow
down”; (2) Spontaneous free movement in the room
(3min): first, instruction was provided to “perform a
movement that begins in your body” and “you can
imagine inner music”, then to “let the movement
move along the whole body”, and finally to “move
with this movement in space and try to change the

position in space”; and (3) Movement at different
rhythms in a circle together with the rest of the group
participants (4min): the initial instruction here was to
“walk in a circle and try to synchronize with the
rhythm of the group”, then routine rhythmic non-lyrics
music was played with the instruction to “synchronize
with the music rhythm”, and finally an instruction of
“each one will suggest a movement and others will
synchronize with that movement”. The guidelines for
movement are based on ways of examining grounding
as described in the literature; these include various
options for assessing the quality of the movement
[15]. The entire movement sequence of the group was
video recorded. This session was led by a dance move-
ment therapist. The ranking was performed later by
two dance movement therapists (E.S.E. and M.P.) who
watched each participant’s video and independently
ranked the participant’s grounding quality on the GAT
scale [15].

Statistical analyses

Descriptive statistics (mean, standard deviation,
median, minimum, and maximum) were computed for
the participants’ balance and gait analysis outcome
measures, total GAT score, and four factors of GAT. As
the continuous parameters failed to meet the assump-
tions necessary for conducting Pearson’s correlation,
and the sample size was small, we used Spearman’s
correlation to test the correlation between the balance
and gait analysis outcome measures, total GAT total
score, and four factors of GAT. Cohen’s standard was
used to determine the strength of the relationship by
evaluating the correlation coefficient [30]. Correlation
coefficients between 0.10 and 0.29 indicate a small
effect size, coefficients between 0.30 and 0.49 indicate
a moderate one, and coefficients �0.50 indicate a
large effect size. Accordingly, a threshold of coeffi-
cients �0.3 was set as an acceptable relationship. The
data were analyzed using SAS version 9.4, and a p-
value of <.05 was considered statically significant.

Results

Participant characteristics are presented in Table 1.
The participants had a normal body weight as indi-
cated by a mean value of BMI (21.78 kg/m2 ± 2.49).
Approximately 70% of the participants had no medical
problems. While the remaining subjects did comply
with the study’s inclusion criteria and did not suffer
from conditions that could affect gait or balance, they
did present with various medical conditions, such as
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gastrointestinal problems, thyroid dysfunction, pul-
monary disease, skin disease, and neck pain.
Approximately 78% of the participants did not con-
sume medication regularly, with the remaining con-
suming medications to control for the mentioned
medical problems. None of the consumed medications
have known effects on balance. The results of postural
stability assessment, and gait analysis, are detailed in
Table 2. The mean total score of the GAT was
3.8 ± 0.86 (out of 5). The scores of the four GAT factors
are detailed in Table 2.

The correlation between all gait measures and the
GAT scores was non-significant. The correlation ana-
lysis results between the postural stability measures
and GAT scores are presented in Table 3. Significant

Table 2. Descriptive results of the postural stability assessment, gait analysis, and grounding scores of
study participants (n¼ 36).
Variables Mean ± SD Median Minimum–maximum

Balance outcome measures: anterior-posterior
F-EO (cm) 2.67 ± 1.26 2.00 1.00–6.00
F-EC (cm) 2.42 ± 0.87 2.00 1.00–6.00
C-EO (cm) 3.61 ± 1.69 3.00 0.00–8.00
C-EC (cm) 4.36 ± 1.76 4.00 2.00–9.00

Medio-lateral
F-EO (cm) 2.42 ± 2.76 1 0–12
F-EC (cm) 1.72 ± 1.28 1 1–7
C-EO (cm) 3.53 ± 3.76 3 0–19
C-EC (cm) 2.72 ± 2.01 2 0–10

Gait outcome measures�
Stride length (cm) 118.54 ± 12.37 122.37 90.16–134.02
Cadence (steps/min) 99.18 ± 7.95 99.89 78.78–120.89
Velocity (cm/s) 102.14 ± 14.17 105.27 71.75–128.16
Swing time (s) 0.50 ± 0.03 0.49 0.43–0.59
Stance time (s) 0.70 ± 0.06 0.70 0.56–0.85
Stride time (s) 1.21 ± 0.09 1.20 0.99–1.41

Grounding quality-GAT scores
Total GAT score 3.80 ± 0.86 3.92 1.77–5.00
Fluid and rhythmic movement score 3.51 ± 1.11 3.60 1.00–5.00
Emotional expression in movement score 4.28 ± 0.93 4.33 1.00–5.00
Pattern of foot placement subcategory score 3.39 ± 1.64 4.00 1.00–5.00
Lack of stability and weightiness score 4.09 ± 0.96 4.33 1.00–5.00

GAT: grounding assessment tool; F-EO: firm surface with eyes open; F-EC: firm surface with eyes closed; C-EO: compliant foam
with eyes open; C-EC: compliant foam with eyes closed; SD: standard deviation.�All the gait outcome measures were collected from 30 participants.

Table 1. Participants’ demographic characteristics (n¼ 36).
Characteristics

Age, year M (SD) 26.5 (3.7)
Body mass index, kg/m2 M (SD) 21.78 (2.49)

N %
Sex
Female 26 72.2
Male 10 27.8

Field of study
Physiotherapy 13 38.8
Dance movement therapy 12 36.1
Art 8 25
Other 3 8.3

Medical problem
Yes 11 30.6
No 25 69.4

Medication consumption
Yes 8 22.2
No 28 77.8

M: mean; SD: standard deviation; kg: kilograms; m: metre.

Table 3. Results of Spearman’s correlations between the grounding assessment tool (GAT) and the balance and gait outcome
measures (r, p-values) (n¼ 36).
Variable
GAT scores

Total
score

Fluid and rhythmic
movement score

Emotional expression
in movement score

Pattern of foot
placement score

Lack of stability and
weightiness score

Balance outcome measures: anterior-posterior
F-EO (cm) �0.18, NS �0.08, NS �0.19, NS �0.25, NS �0.16, NS
F-EC (cm) �0.34, 0.04 �0.26, NS �0.45, 0.006 �0.40, 0.02 �0.08, NS
C-EO (cm) 0.15, NS 0.15, NS 0.09, NS 0.06, NS 0.15, NS
C-EC (cm) �0.6, NS �0.24, NS �0.18, NS �0.04, NS �0.26, NS

Medio-lateral
F-EO (cm) �0.25, NS �0.18, NS �0.28, NS �0.25, NS �0.16, NS
F-EC (cm) �0.13, NS �0.03, NS �0.07, NS �0.27, NS 0.008, NS
C-EO (cm) �0.31, 0.06 �0.29, 0.09 0.09, NS �0.42, 0.01 �0.27, NS
C-EC (cm) �0.46, 0.005 �0.36, 0.03 �0.26, NS �0.31, 0.07 �0.49, 0.002

GAT: grounding assessment tool; F-EO: firm surface with eyes open; F-EC: firm surface with eyes closed; C-EO: compliant foam with eyes open; C-EC:
compliant foam with eyes closed; NS: not significant.
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negative moderate correlations were noted between
the anterior-posterior sway while standing on a firm
surface with eyes closed and the following GAT scores:
total score, emotional expression in movement score,
and the pattern of foot placement score.

Regarding the mediolateral sway, correlations with
the GAT scores were observed only on the compliant
surface. Standing with eyes open showed a signifi-
cantly negative moderate correlation with the pattern
of foot placement, with a similar trend also noted for
the total score and the fluid and rhythmic movement
score. Standing with eyes closed demonstrated signifi-
cant negative correlations with all the GAT scores,
except for the pattern of foot placement score where
only a trend was observed, and with emotional
expression in movement score where no significant
correlation was noted.

Discussion

Our novel study revealed that there was no correlation
between any gait measures and the GAT scores. In
contrast, significant negative moderate correlations
were noted between anterior-posterior and medio-lat-
eral sways and scores of some of the GAT items, indi-
cating the lower quality of grounding as the sway
amplitude increased. These results reinforce the idea
that grounding quality is related to physical stability
strategies. The observed correlations appeared mainly
in the more demanding stance conditions (firm surface
with eyes closed, compliant foam with eyes open, and
compliant foam with eyes closed). Moreover, the cor-
relation pattern in the medio-lateral direction was dif-
ferent from that in the anterior-posterior direction. For
example, anterior-posterior demonstrated correlations
with GAT on the firm surface only with closed eyes,
and correlations in medio-lateral sway were observed
on the compliant surface with eyes open and closed.

The results indicating no correlation between the
spatiotemporal measures of gait and the GAT score
are interesting since the GAT focuses primarily on
evaluating movement in space while walking. As in
this case, a lack of correlation between conventional
gait variables and GAT scores may indicate that the
two measures evaluate entirely different aspects of
the movement. This establishes the premise that the
GAT is related more to emotional awareness and emo-
tional regulation during movement rather than walk-
ing ability as measured by the spatiotemporal
outcome measures. Accordingly, if the clinicians’ aim
is to assess emotional aspects during walking, they
cannot rely solely on the traditional gait analysis and

should expand their toolbox to include tools, such as
the GAT.

Our results demonstrate that assessing the pattern
of foot placement using the GAT negatively correlated
with postural stability, as reflected in sway in both
directions during the more physically demanding con-
ditions. The foot contributes to stability by providing
mechanical support for the whole body and by pro-
viding sensory input from the plantar tactile mecha-
noreceptors [31,32]. A decline in sensory tactile and
muscular feedback of the foot was found to be corre-
lated with postural control and increased risk of falls
in older adults and in peripheral neuropathies (due to
diabetes mellitus or post-cymotherapy) [33]. The func-
tion of the foot is also affected by the occupation of
the individual, as indicated in a study demonstrating
lower foot function and foot health in ballet dancers
compared with non-dancers [34]. Additionally, our
results indicate compatibility between physical aspects
of stability achieved during stance as measured by the
degree of sway and Lowen’s theory, which claims that
the level of grounding corresponds to the degree to
which the foot completely touches the ground [16].
Accordingly, observing how the foot is spread on the
floor and maintaining contact with the floor, as well
as noting the gradualness of weight transfer from heel
to toe when walking, can provide important informa-
tion regarding the patient’s emotional state.

Our study highlights a distinction between the
anterior-posterior and medio-lateral directions in terms
of the existence of significant correlations between
sway amplitudes and grounding quality in the physic-
ally demanding conditions, with the medio-lateral dir-
ection showing a higher correlation with the GAT than
the anterior-posterior direction. Therefore, the integra-
tion of emotional stability with physical stability
behaves differently in each of the sway directions. This
assumption is supported by previous studies that have
demonstrated that anterior-posterior and medio-lateral
sways are controlled by independent strategies
[35,36], with the medio-lateral sway demonstrating
higher corticospinal excitability than the anterior-pos-
terior sway [31]. This may indicate that the medio-lat-
eral sway requires greater neural resources [37,38].
Furthermore, it was demonstrated that postural
demands may affect the direction of the postural sway
[39]. The current results indicate a higher correlation
between postural stability in both anterior-posterior
and medio-lateral directions and the total GAT score
with eyes closed compared with eyes open while
standing on a compliant form surface. These results
point to the possible role of visual input on the
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individual’s emotional stability during demanding
physical conditions. This also suggests that the
increased postural threat due to the elimination of the
visual input in physically demanding conditions may
increase emotional instability. Our findings are sup-
ported by those from previous reports suggesting that
anxiety is increased due to increased postural threat
[40,41], particularly when visual information is not
available [42]. The possible explanation is that physical
and emotional stability is mediated by shared neural
circuits, in particular, the network of parabrachial
nuclei and interconnection with the central nucleus of
amygdaloid [4,43]. Physical therapists and dance/
movement therapists can use our results to optimize
the treatment process. Postural stability training
should be tailored to the individuals’ levels of emo-
tional stability.

This study has several limitations that should be
considered while interpreting our results. The small
number of subjects limits the interpretation of the cur-
rent findings. Accordingly, further studies should
include more participants to consider possible con-
founding factors of physical stability, such as age, sex,
and body mass index [44–46]. An additional limitation
is the non-inclusion of individuals with a balance def-
icit or with abnormal gait patterns. Further studies on
individuals with such deficits due to various patholo-
gies (e.g. post-stroke patients or those with arthritis)
are required to validate our results. It is also possible
that the inclusion of participants with emotional
impairments would have changed the results and/or
strengthened the observed correlation pattern.

In conclusion, our study serves as the basis for con-
tinuing studies that will examine the clinical implica-
tion of our findings in-depth. These preliminary results
justify and encourage further exploration of the rela-
tionship between the body and mind measured by
reliable and valid objective measurement instruments
for both physical and emotional aspects of the move-
ment. Additionally, it highlights the importance of
research and clinical collaborations between multiple
health professionals, which may lead to more com-
plete assessments and holistic intervention strategies.
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