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ABSTRACT

Background: Sports rehabilitation professionals often prescribe unstable objects for balance training. Unfortunately,
there is a lack of measurement of balance confidence when incorporating these objects. Currently, there is no
consensus on the optimal balance confidence measure or proposed progression of unstable objects. Understanding
the influence of balance confidence on task performance using unstable objects may help professionals better
prescribe a balance training program.

Purpose: The primary purpose of this investigation was to explore the correlation between anticipated and actual
balance confidence on different unstable objects during static double leg and single leg stance. The secondary purpose
was to explore the correlation between anticipated and actual unstable object difficulty rankings.

Study Design: Repeated measure observational, controlled trial.

Methods: Sixty-five active, healthy adults (M =35, F=30) (mean age=24.38 + 3.56) underwent two testing sessions.
During session one, participants took an online survey, rating their anticipated balance confidence after observing
images of different unstable objects. During session two, participants stood on each unstable object under two condi-
tions (static double leg stance and single leg stance) and rated their actual balance confidence. The main outcome
measure was an ordinal balance confidence score adapted from the activities-specific balance confidence scale.
Statistical analysis included subject demographic calculations and appropriate non-parametric tests.

Results: For the double leg stance and single leg stance conditions, there was a very strong correlation between antici-
pated and actual balance confidence scores on the stable surface (p =1.0, p= <.001). There was a weak correlation
between scores for foam pad, air-filled discs, Bosu® (dome up), Bosu® (dome down), and wobble board for both condi-
tions. For unstable object rankings, there was a very strong correlation between scores (p=1.0, p= <.001). The
objects were ranked by perceived difficulty as follows: Level 1 (easy)- ground, Level 2- foam pad, Level 3- air-filled
discs, Level 4- Bosu®, and Level 5 (difficult)- wobble board.

Conclusion: Study findings suggest that actual measures of balance confidence may provide insight into a patient’s
confidence level and may help with prescribing and progressing their program. The suggested unstable object diffi-
culty rankings may help professionals better match the objects to their patients to produce optimal outcomes.
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INTRODUCTION

Balance training is a common intervention used dur-
ing sports rehabilitation. Athletes or active individu-
als with musculoskeletal injury or concussion may
undergo balance rehabilitation or an injury preven-
tion program to improve their balance performance,
postural control, and balance confidence.'*® For
lower extremity rehabilitation and injury preven-
tion, unstable objects are often incorporated into bal-
ance training programs.*®> Common unstable objects
used include the Bosu® ball, air-filled discs, foam
pads, and wobble boards.® These objects are meant
to create an unstable condition that challenges the
individual’s balance systems (visual, vestibular,
somatosensory) during static and dynamic tasks and
under different conditions (e.g. double and single
leg stance).®”

Several authors have examined the effects of pro-
gressive balance programs that were based upon
task performance (e.g. advance when proficient at
exercise) for injured and active healthy individu-
als.!®910 Evidence suggests that the level of difficulty
(instability) of the unstable object is not indicative
of balance improvements; thus, individuals may
demonstrate improvements on different unstable
objects.""'* While task performance is a good clini-
cal marker for progression, these studies did not
consider the influence of an individual's balance
confidence when wusing the different unstable
objects. Low balance confidence can be a barrier
to an individual’s balance performance when the
unstable object becomes more difficult.' 2

Balance confidence (i.e., perceived postural stabil-
ity) can be anticipated or actual (during the task)."
Balance confidence has been a popular measure
among community-dwelling older adults'* and older
adults with medical conditions.!>!%!"181920 There are
several validated patient outcomes that use antici-
pated situational questions designed for older adults
(e.g. walking up and down stairs). These types of
questions may not capture the actual confidence
level of the individual during the task. Individuals
may answer questions based upon prior experience
or estimated performance if they have not recently
performed the activity.'”® A lack of balance confi-
dence is a high predictor of falls among older indi-
viduals.” Furthermore, these outcomes may have a

ceiling effect with active, younger adults since most
can successfully perform the tasks presented in the
questions.?*

Rehabilitation professionals may progress indi-
viduals on unstable objects according to their own
preferred methods or the patient’s physical per-
formance without addressing balance confidence.
Currently, there is no universal consensus on the
optimal progression of unstable objects for younger
active, healthy adults and injured patients.”® Con-
sidering the influence of balance confidence on a
patient’s performance during their balance or injury
prevention program is a novel concept to consider.
To date, there are no investigations that have exam-
ined this topic. Most studies of this population have
focused on return to play confidence or psycho-
logical readiness among individuals returning from
lower extremity injuries.?**> Addressing balance
confidence during a training program may improve
an individual’s return to play confidence and pro-
vide insight into the appropriate programming
progressions.

The first step in understanding the influences of
balance confidence is to explore the correlation
between anticipated and actual balance confidence
and determine the best method to measure this
construct. For example, an injured individual may
demonstrate low balance confidence right before
trying an unstable object (anticipated) but may gain
higher confidence after they successfully perform a
task on the object (actual). The rehabilitation pro-
fessional may benefit from knowing which method
is best for measuring balance confidence and from
being able to rank the unstable objects based upon
the patient’s confidence level. The primary purpose
of this investigation was to explore the correlation
between anticipated and actual balance confidence
on unstable objects during static double leg and
single leg stance. The secondary purpose was to
explore the correlation between anticipated and
actual unstable object difficulty rankings.

METHODS

Subjects
Sixty-five young, active, healthy adults (M=35,
F=30) (leg dominance: right= 57, left= 7) (mean
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age 24.38 + 3.56 years) were recruited via conve-
nience sampling (e.g., flyers). Recruited subjects
reported participating in weekly recreational fitness
activities (e.g. walking)®* and being familiar with
common unstable objects. All participants reported
using some type of unstable object as part of their
fitness activities within the past 18 months of this
study. Exclusion criteria included the presence of
any musculoskeletal, neurologic, systemic, or meta-
bolic disease that would affect balance or lower
extremity function; the inability to avoid medica-
tions that may affect testing; or any other poten-
tial issue or factor that would prevent participation.
This investigation was approved by the Institutional
Review Board (IRB) at California State University
Dominguez Hills (IRB # 19-143).

Procedures

Two investigators collected data for this investigation.
Prior to data collection, a two-session pilot training
was conducted to ensure consistency among the
investigators. The primary investigator is a doc-
toral level physical therapist with over 13 years of
experience and board certified in orthopedics. The
second investigator is a doctoral level kinesiology
researcher.

For data collection, all eligible participants signed
the IRB-approved consent form before testing. All
participants underwent two sessions of testing and
were blinded from the results and other participants
enrolled in the study. For Session 1 (anticipated),
participants completed an online survey where they
were shown pictures of unstable objects and then
rated their anticipated balance confidence for each
object. They then ranked the ground and unsta-
ble objects from easy to most difficult. All partici-
pants completed the survey and then underwent a
5 day “wash out” period of no testing. Participants
then completed testing in Session 2 (actual) by rat-
ing their balance confidence while standing on the
ground and unstable objects.

Session 1: Anticipated

For Session 1, a 20-item online survey (SurveyMon-
key® www.surveymonkey.com) included questions
on participant demographics and questions related
to five standing conditions: on a flat stable surface

(floor of research lab: “ground”) and four different
unstable objects (a foam pad, air-filled discs, Bosu®,
and wobble board) (Figure 1). The survey was preset
to randomize questions for each participant.

After seeing a picture of each object, participants
rated their predicted balance confidence (for each
surface/object and stance condition) during double
leg stance and single leg stance.” Balance confi-
dence was assessed using a numeric self-reported
balance confidence score ranging from 0 to 100 scale
(0-no confidence, 100-high confidence) (Figure 2).
The numeric rating scale was adapted from the
ordinal scale used in the Activities-specific Balance
Confidence scale (ABC) questionnaire.” The ABC is
one of several validated patient outcomes that use
situational questions designed for older adults.'
Ordinal type scales are reliable and valid outcomes
commonly used to measure pain®®*3° or other
patient characteristics such as satisfaction rating or
education level.*! The balance confidence score pro-
vides the professional with a simple numeric rating
(e.g. 10, 20, ..100) of the individual’s balance confi-
dence before or during a task while standing on an
unstable object. For the last question of the survey,
participants ranked the difficulty level of the stable
surface and each object from level 1 (“easy”) to level
5 (“difficult”) after completing each data collection
session.

No Confidence High Confidence

Figure 2. Balance confidence score.
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Session 2: Actual

For Session 2 (actual), participants were tested in the
kinesiology laboratory using the same conditions on
the ground and unstable objects they responded to in
Session 1. Testing was conducted between the hours
of 10 A.M. and 2 P.M.; participants were instructed to
refrain from any strenuous activity for three hours
prior to testing and from taking any medication that
would interfere with testing. Participants wore com-
fortable clothing and athletic shoes during testing.
Prior to data collection, the investigator reviewed the
testing protocol with each participant and answered
any questions. There were no practice trials con-
ducted. For testing, the participants first stood on
the ground and then on each of the four objects
under the two static conditions: double and single
leg stance. For double leg stance, participants stood
with feet 12 inches apart and arms at their sides. For
single leg stance, participants stood on their domi-
nant leg (e.g. kicking leg) in a standard position with
arms at their sides.?* Participants were not asked to
focus their vision on any location but were asked
to refrain from talking during testing. Participants
completed one trial of each condition for the ground
and four objects. Each condition lasted a total of 30
seconds in order to allow the participant to adjust to
the unstable object.**?* There was a 30-second rest
period between conditions. The investigator was in
immediate proximity to assist the participant if they
lost their balance. If a loss of balance occurred, the
participant could touch down the opposite lower
extremity or reach out to the examiner for support.
The examiner stopped the timer and immediately
assisted participants until they regained their bal-
ance on the object. Testing resumed until 30 seconds
was complete for each condition. Immediately fol-
lowing testing, participants rated their balance con-
fidence for each condition; participants then ranked
the ground and unstable objects from easy to most
difficult. The unstable objects and conditions were
randomized for each participant’s testing session.

Table 1. Subject demographics (N =65).

Statistical Analysis

Statistical analysis was performed using SPSS ver-
sion 25.0 (IBM SPSS, Armonk, New York, USA). Sub-
ject descriptive data was calculated and reported
as the mean and standard deviation (SD) for age,
height, body mass, and body mass index (BMI). The
correlation between Session 1 and Session 2 balance
confidence scores and ranking of objects were cal-
culated using the Spearman Rank correlation coef-
ficient (95% confidence interval).* The criteria for
evaluating the correlation coefficient was as fol-
lows: 0.00-0.10 = negligible correlation; 0.10-0.39 =
weak correlation; .40-.69 = moderate correlation;
0.70-0.89 = Strong correlation; and 0.90-1.00 = very
strong correlation. Statistical significance was estab-
lished at p<.05 for all measures.*®

RESULTS

Sixty-five participants completed the study (Table 1).
There were no adverse events or participant attri-
tion during data collection.

Balance confidence scorves: anticipated and actual
The relationship between both anticipated (Session
1) and actual (Session 2) balance confidence scores
for the ground and unstable objects were calculated
for the static double leg and single leg stance condi-
tions. For double leg stance, there was a very strong
correlation between anticipated and actual scores
for standing on the ground (p=1.0, p= <.001).
There was a weak correlation between scores for the
foam pad (p=0.12, p= 0.34), air-filled discs (p=0.20,
p= 0.11), Bosu® (dome up) (p=0.15, p= 0.23), Bosu®
(dome down) (p=0.13, p= 0.30), and wobble board
(p=0.20, p= 0.10) (Table 2).

For single leg stance, there was a very strong
correlation between anticipated and actual scores
for standing on the ground (p=1.0, p= <.001).
There was a weak correlation between scores for the
foam pad (p=0.08, p= 0.54), air-filled discs (p=0.16,
p= 0.21), Bosu® (dome up) (p=0.20, p= 0.11), Bosu®

Characteristics Age (years) Height (cm) Body Mass (kg) BMI (kg/m”)
Subjects (N=65) 24.38 £3.56 167.37 £9.60 73.69 £ 16.16 26.14 +4.55
(M=35, F=30) (20-39) (150-183) (42-125) (17-41)

squared

Data reported as mean+ SD; range (min-max); m=meters; BMI= body mass index; kg/m’= kilograms-meter
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Table 2. Tuble 2. Double leg stance: relationship among BCS scores (Session

1 and Session 2).

Unstable Objects Spearman rho (p) 95% CI p-value
Ground 1.0 - *<.001
Foam pad 0.12 0.08-0.29 0.34
Air-filled discs 0.20 0.05-0.43 0.11
Bosu® (dome up) 0.15 0.10-0.38 0.23
Bosu® (dome down) 0.13 0.11-0.36 0.30
Wobble board 0.20 0.03-0.43 0.10
BCS= balance confidence score; *p-value significant at p<0.05

(dome down) (p=0.14, p= 0.27), and wobble board
(p=0.15, p= 0.23) (Table 3).

Difficulty ranking of objects

Upon completion of both sessions, participants
ranked the unstable objects for easiest to hardest.
Statistical analysis revealed an excellent relationship
between both sessions for the unstable object rank-
ings (p=1.0, p= <.001). The object rankings were
based on the conditions with the highest agreement
among participants for both sessions. The rank-
ings were: level 1 (easy)- ground, level 2- foam pad,

level 3- air-filled discs, level 4- Bosu®, and level 5
(difficult)- wobble board (Table 4).

DISCUSSION

Sports rehabilitation professionals utilize unstable
objects as part of a progressive balance program for
injury rehabilitation and prevention. Professionals
may prescribe a progressive balance program based
on their preferred method without considering the
influence of balance confidence. Low balance confi-
dence can be abarrier to an individual’s performance
when the unstable object becomes more difficult."'?

Table 3. Single leg stance: relationship among BCS Scores (Session 1 and

NAN))

Unstable Object Spearman rho (p) 95% CI p-value
Ground 1.0 - *<.001
Foam pad 0.08 0.07-0.31 0.54
Air-filled discs 0.16 0.09-0.39 0.21
Bosu® (dome up) 0.20 0.05-0.41 0.11
Bosu® (dome down) 0.14 0.11-0.37 0.27
Wobble board 0.15 0.10-0.38 0.23
NPRS= numeric pain rating scale; *p-value significant at p<0.05

Table 4. Unstable object rankings of difficulty

‘Wobble Board

Unstable Object
(Difficulty Level)

Level 5-Difficult

5% (N=3)

23% (N=15)

72% (N=47)

Level 4 25% (N=16) | 52% (N=34) | 23% (N=15)
Level 3 70% (N=46) | 25% (N=16) | 5% (n=3)
Level 2 100% (N=65)

Level 1-Easy 100% (N=65)
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Balance confidence scales typically measure the
anticipated balance confidence and do not capture
the actual confidence level of the individual during
the task.’® Rehabilitation professionals should con-
sider measuring actual balance confidence while
patients perform tasks on unstable objects.

Balance confidence scoves: anticipated versus
actual

This study measured the relationship between
anticipated and actual balance confidence scores
for stable and unstable surfaces. For standing on
ground, there was a very strong correlation between
anticipated and actual scores for both the double leg
and single leg stance conditions (p=1.0, p= <.001).
This suggests that individuals may feel confident
when anticipating and when standing on the ground
during both conditions. There was a weak correla-
tion within the four unstable objects (p=0.08-0.20,
p= 0.10-0.54) for both the double leg stance and
single leg stance conditions. This suggests that indi-
viduals may not accurately anticipate their balance
confidence. This can be a safety concern for patients
with a pre-existing injury or poor balance who want
to use an unstable object but may not have the
physical abilities to do so safely. Similar situations
have been reported in the fitness setting where indi-
viduals experience injuries from overexertion and
improper use of equipment which may be from an
inaccurate estimation of confidence.*®

Based on the results of this study, rehabilitation
professionals should have their patients perform
a task on an unstable object and immediately rate
their confidence while under direct supervision
to ensure safety. Anticipated balance confidence
may provide an inaccurate level of actual balance
performance for certain patients. The ordinal bal-
ance confidence score may offer a simple method
of documenting and tracking a patient’s confidence
before and during a standing task on an unstable
object. Balance confidence may be the best deter-
minant of patient performance and may help to
build the patient’s return to activity confidence.
This is especially important with individuals recov-
ering from musculoskeletal injury since they may
already demonstrate low confidence with challeng-
ing activities due to fear of reinjury."!? This can

also apply to active individuals who are using these
objects for the first time.

Difficulty ranking for objects

A secondary analysis provided insight into indi-
vidual perceptions about the difficulty of specific
unstable objects under static standing conditions
(double and single leg). This analysis identitied an
excellent relationship between both anticipated and
actual sessions with the object difficulty rankings.
Participants did not change their perception of the
difficulty level of the unstable objects after com-
pleting both sessions. Subjective difficulty rankings
from patients may help provide insight into their
current perceptions about using specific unstable
objects. However, not every patient may follow a
standard progressive program due to their unique
needs, physical abilities, balance confidence, and
program goals.

Limitations

This investigation was considered exploratory.
There are specific limitations to this investiga-
tion. First, this investigation tested young, active,
healthy adults which limits the study generaliz-
ability. Second, the ABC questionnaire and adapted
numeric rating scale have not been validated in
healthy, young adults. Third, the unstable objects
used in this study may not represent all the balance
devices available in the rehabilitation setting. Differ-
ent objects may have produced different outcomes
among participants. Nevertheless, the study design
was based on using objects that would not have a
global floor or ceiling effect among the participants.
Third, while the anticipated and actual balance con-
fidence score and object rankings were studied, the
interaction between balance confidence and task
performance on each of the unstable objects was
not studied. Fourth, this study only examined bal-
ance confidence using static double and single leg
stance. Dynamic movements on the stable surface
and unstable objects may have produced different
outcomes among participants.

Clinical Relevance and Futuve Research

Comnsidering the influence of balance confidence
during injury rehabilitation, prevention, and perfor-
mance programs using unstable objects is a novel
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concept. Sports rehabilitation professionals should
consider measuring actual balance confidence prior
to initiating balance exercises. An ordinal balance
confidence score may provide an easy method of
documenting a tracking a patient’s progress as they
use different objects under different conditions
(e.g. static double or single leg stance).

Future research should explore the validity and reli-
ability of the ordinal balance confidence score with
different patient populations using unstable objects.
Actual balance confidence during dynamic move-
ments on unstable objects should also be studied
since this investigation only measured static condi-
tions. Future research should also explore the cor-
relation between actual balance confidence, task
performance, and return to play confidence among
younger, active adults with different musculoskel-
etal injuries and concussions.

CONCLUSION

This was the first investigation to explore the
relationship of balance confidence and unstable
objects under different static conditions. A very
strong correlation was found between anticipated
and actual confidence on level ground for double
and single limb stance in healthy adults; however,
a weak correlation was found between anticipated
versus actual confidence for the unstable object con-
ditions. This novel topic should be considered by
sports rehabilitation professionals when prescribing
a balance program using these objects for different
patients. An ordinal balance confidence score may
offer an easy way to document and track a patient’s
progress with different objects. Measuring a patient’s
balance confidence may help rehabilitation profes-
sionals better prescribe and progress their balance
training program.
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