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Abstract.
BACKGROUND: Multiple sclerosis (MS) and Parkinson’s disease (PD) may affect balance differently. However, no studies
have compared loss of balance (LOB) patterns following multi-directional perturbations.
OBJECTIVE: 1) determine reliability of LOB ratings following standardized manual perturbations; 2) compare LOB ratings
in MS, PD, and healthy control (HC) groups following perturbations at upper/lower torso, in anterior/posterior, right/left, and
rotational directions.
METHODS: 1) reviewers rated videotaped LOB following perturbations applied by 4 clinicians in 6–10 HCs. 2) three groups
(64 MS, 42 PD and 32 HC) received perturbations. LOB ratings following perturbations were analyzed using two-factor mixed
ANOVAs for magnitude and prevalence.
RESULTS: 1) LOB ratings showed moderate to good ICC and good to excellent agreement. 2) MS group showed greater
magnitude and prevalence of LOB than PD or HC groups (p < .001). All groups showed greater LOB from right/left versus
anterior/posterior perturbations (p < .01). PD showed greater LOB from perturbations at upper versus lower torso; MS and
HC showed greater LOB from posterior versus anterior perturbations.
CONCLUSIONS: Our reliable rating scale showed differences in patterns of LOB following manual perturbations in MS,
PD, and HC. Clinically accessible and reliable assessment of LOB could facilitate targeted perturbation-based interventions
and reduce falls in vulnerable populations.
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1. Introduction

Parkinson’s disease (PD) and multiple sclerosis
(MS) can impair balance and increase risk of falling
(Cameron & Lord, 2010; Kalilani, Asgharnejad,
Palokangas, & Durgin, 2016; Nilsagard et al., 2015;
Pickering et al., 2007). However, pathology-specific
balance dysfunction likely results in variations in
direction, type, and magnitude of loss of balance
(LOB) following different environmental challenges.
Although prior research has compared balance in PD
and MS (Cattaneo et al., 2016), patterns of LOB
resulting from multi-directional perturbations have
not previously been examined. Assessing differences
in LOB in reaction to everyday types of perturba-
tions could help target intervention and prevent falls
(Cameron & Lord, 2010).

One easy-to-administer clinical test of reactive bal-
ance is the sternal shove test or nudge test, performed
alone (Granacher, Muehlbauer, & Gruber, 2012) or as
an item in other tests (Tinetti, 1986). Subjects stand
with their feet close together and attempt to maintain
stable balance when the examiner pushes them on
the sternum with light pressure. The examiner rates
the response: 0 = starts to fall; 1 = feet start to move;
2 = stance remains stable (Granacher, et al., 2012).
Such a test has face validity because it mimics a bump
that a patient might receive while standing in line
or waiting for something, but examiners test only a
posteriorly directed bump at shoulder height. Relia-
bility has not been tested with regard to the intensity
of the perturbation impulse or rating of the response
(Granacher, et al., 2012).

A standardized system was developed to apply
manual perturbations, similar to the nudge test, in
various directions at shoulder and hip height and
observe patient response. This system is described in
relation to Balance-Based Torso-Weighting (BBTW)
(Gibson-Horn, 2008), a therapeutic modality that
has improved balance or gait in people with MS
(Crittendon, O’Neill, Widener, & Allen, 2014; Gor-
gas, Widener, Gibson-Horn, & Allen, 2015; Horn,
Allen, Gibson-Horn, & Widener, 2018; Widener,
Allen, & Gibson-Horn, 2009a, 2009b), cerebellar
ataxia (Widener et al., 2020), PD (Lazaro, 2010),
and healthy elderly (Vincenzo, Gibson-Horn, & Gray,
2017). For BBTW, perturbations are applied manu-
ally as nudges and rotational forces in six prescribed
directions at both shoulders and pelvis. The exam-
iner observes the direction and rates the amount of
balance loss and recovery with each perturbation on a
0–3 scale, and then strategically applies small weights

(totaling less than 2% body weight) on a vest-like gar-
ment to counter the direction(s) of greatest balance
loss. The BBTW set of perturbations has face valid-
ity with regard to everyday bumps compared to the
nudge test, because forces are applied from different
directions at shoulder and hip height. These system-
atic perturbations also have consequential validity
because subject responses drive therapeutic appli-
cation of the BBTW weights, with consequential
improvements in performance of gait and balance
(Horn, et al., 2018; Widener, et al., 2009b). Intra-
rater reliability of the intensity of perturbations has
been confirmed with a dynamometer, with no sig-
nificant difference in force, time to peak force, or
total time of the perturbations across subjects prior
to weighting with BBTW (Crittendon, et al., 2014).
Inter-rater reliability has not yet been examined
regarding the rating of observed LOB following these
perturbations.

Balance responses following sensory challenges
in PD and MS manifest differences in their pathol-
ogy (Cattaneo, et al., 2016). PD leads to abnormal
dopaminergic striatal projections that can increase
axial rigidity and impair postural synergies; peo-
ple with PD show increased postural sway when
standing on foam, suggesting a reliance on pro-
prioceptive input. In contrast, MS leads to slowed
somatosensory conduction and impaired central inte-
gration of input; people with MS show excessive
sway in foam and eyes-closed conditions, suggest-
ing a reliance on visual input especially during
proprioceptive challenges (Cattaneo, et al., 2016).
Perturbations via support surface displacement in
each diagnostic group have revealed postural vul-
nerabilities compared to healthy controls (Carpenter,
Allum, Honegger, Adkin, & Bloem, 2004; Dietz,
Berger, & Horstmann, 1988; Peterson, Huisinga,
Spain, & Horak, 2016), but no pathology-specific
comparisons have been made for LOB following
nudges that mimic everyday types of bumps and
pushes.

The purpose of this descriptive study was to:
a) examine the inter-rater reliability of rating LOB
resulting from a standardized set of manual perturba-
tions in different directions at the upper or lower torso
of standing participants, and b) compare patterns of
LOB in people with PD or MS and healthy controls
(HCs) following these perturbations. The hypothe-
ses were that acceptable reliability would be noted
and that LOB patterns would differ between groups
and among different directions and locations of
perturbations.
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Fig. 1. Loss of balance assessment and rating scale. Locations and directions of the standardized set of perturbations includes nudges and
resisted rotations.

2. Methods

All data were collected according to protocols
approved by Samuel Merritt University and San Fran-
cisco State University, Institutional Review Boards.
Written informed consent was obtained from all par-
ticipants prior to study enrollment.

2.1. Reliability

Inter-rater reliability was assessed to determine
agreement on the magnitude of balance loss following
a standard set of manual perturbations. Raters viewed
videotapes of subject responses to perturbations given
by physical therapists.

Four physical therapists systematically applied
manual perturbations and rated LOB as part of a
BBTW assessment and intervention protocol. The
therapists had 24–32 years of clinical experience, and
2–10 years of experience using the BBTW assess-
ment and intervention protocol.(Crittendon, et al.,
2014) The therapists applied the perturbations and
rated LOB in a convenience sample of 10 healthy
volunteer subjects recruited by word of mouth (aged

23–65 years; 3 male). Each subject was assessed by at
least two therapists. Each therapist assessed at least
six subjects. Each subject had at least 30 minutes
between assessment sessions; all assessment sessions
were videotaped and completed within a four-hour
period.

The perturbations consisted of a standard set of
nudges and resisted rotations (Fig. 1) applied while
subjects stood with feet together, arms at their sides.
Subjects were instructed to hold steady, “Don’t let me
move you.” Thus, in contrast to push and release tests
(Shirley Ryan AbilityLab, 2012) that specifically rate
stepping responses, none of the perturbations typ-
ically induced compensatory stepping (or falls) in
healthy controls. Therapists manually applied quick
nudges to the anterior, posterior, left, and right, at
the level of the shoulders and pelvis; thus, they
applied eight nudges for each subject, with several
seconds allowed for balance stabilization before each
nudge. Therapists were trained to apply nudges of
approximately 2-3 kg force, established in a previous
study using a dynamometer (Crittendon, et al., 2014).
Subjects were told that they would receive nudges,
although the timing, location, and direction were not
always directly anticipated. In addition to nudges,
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Table 1
Set-up for Studies of Reliability (a) and Comparison of Patterns of Balance Loss (b)

a. Number of Subjects and Reviewers for Each of Four Physical Therapists (A-D)

Therapist A B C D

Years of Experience with Perturbation Method 10 2 2 5
Subjects Assessed 10 7 7 6
Video Reviewers 4 5 5 5
Perturbations Assessed 120 80 84 72

b. Demographics for Each Group

Group Male Female Age Years with Disability Timed Up Number
Mean (SD) Diagnosis Level and Go∗ of Falls in

Mean (SD) Mean (SD) Mean (SD) Last 6
seconds Months

Mean (SD)

Multiple Sclerosis 10 54 54 (11) 13.9 (8.4) PDDS: 2.6 (1.0), 13.88 (8.7) 4.41 (21.15)
range 1–4

Parkinson Disease 24 18 68 (8) 7.8 (6.15) HY: 2.67 (0.65), 11.04 (6.47) 3.62 (8.52)
range 2–4

Healthy Controls 2 30 51 (11) NA NA 6.98 (0.72); subset: n = 10, 0.06 (0.24)
age range (32–75)

∗Performed at “fast as possible speed while staying safe.”. PDDS=Patient Determined Disease Steps, HY= Hoehn and Yahr, NA=not
applicable.

four rotational forces were applied for approximately
3 seconds each in the transverse plane: clockwise
and then counterclockwise at the shoulders and then
pelvis. Therapists manually applied the rotational
forces while subjects resisted as strongly as they
could. All therapists documented LOB immediately
following each of the nudges and resisted rotations
using a 0–3 rating scale that adds one category and
reverses the 0–2 scale used for the traditional nudge
test (Granacher, et al., 2012). In the new scale, 0
(instead of 2 as scored on the nudge test) means stable,
no loss of balance; 1-2 indicate progressively greater
body movement and slower recovery of stable stance
(see Fig. 1). The score of 3 includes stepping and near
falls if not for therapist assist during or following the
perturbation.

Six volunteer reviewers, students in a Doctor of
Physical Therapy program, underwent approximately
one hour of training in the perturbation protocol and
use of the LOB rating scale. As part of training, all
reviewers practiced using the scale to rate videotaped
LOB for 2 subjects, including discussion of observa-
tions and group alignment of scoring. Reviewers then
viewed assigned videos and individually scored LOB
following perturbations. Reviewers determined LOB
ratings for a total of 12 perturbations for each sub-
ject within each therapist: 8 nudges plus 4 resisted
rotations. Reviewers did not have access to the ther-
apists’ scores when they viewed the videos. Four to
five reviewers examined videos for each of the four
therapists (Table 1).

Intra-class correlation coefficients (ICC2,1) (Port-
ney & Watkins, 2000) using SPSS (v. 26.0) were
calculated for each therapist across reviewers exam-
ining videos, and included the therapist’s own scores
given during the original perturbation protocol; thus,
each perturbation had 5-6 ratings. In addition, per-
cent agreement (Portney & Watkins, 2000) across
raters within each therapist was calculated by sub-
tracting the minimum from the maximum of the 5-6
ratings for each of the perturbations across all sub-
jects the therapist assessed (see Table 1). Agreement
was determined by the proportion of perturbations
that had ratings with differences of 1 or less across
all raters. For example, if 2 raters rated the loss of
balance as a 0 (min) and 4 rated it as a 1 (max), that
difference was counted as agreement (max-min = 1);
if the min was 0 and the max was 2, the max-min
difference of 2 was not counted as agreement.

2.2. Comparing groups and types of
perturbations

Retrospective data regarding patterns of balance
loss in participants with PD (Lazaro, 2010), MS
(Horn, et al., 2018), and no known neurologic disor-
ders (healthy controls) (Crittendon, et al., 2014; Horn,
et al., 2018) were collected during three separate stud-
ies according to approved protocols. The protocols
for standardized perturbations were the same across
all studies. All data were de-identified.
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Eligibility criteria were similar across groups. All
participants must be able to follow directions, read
and speak English, walk with or without an assis-
tive device, and be free from pain or other conditions
that might be exacerbated by external perturbations.
Participants diagnosed with MS must self-report bal-
ance or mobility difficulties although they must be
ambulatory for at least 25 feet with or without an
assistive device, and physically able to endure up to
three hours of testing with rest breaks. Participants
with MS were excluded if they had an exacerbation
within the past two months or were diagnosed with a
concurrent neurological disorder such as head injury,
stroke, or Parkinson’s disease. Participants diagnosed
with PD must be able to bear weight on both lower
extremities, stand for at least 10 seconds, ambulate at
least 50 feet, and have stable vital signs. Participants
with PD were excluded if they had other conditions
that might affect balance, spinal precautions, severe
or fixed structural limitations, or severe visual or cog-
nitive impairment. Healthy controls (HCs) had to be
free from neurological diagnoses or pain that affected
balance or gait.

Recruitment notices for people with MS or PD
were posted in targeted newsletters and physicians’
offices. Recruitment of HCs was through word of
mouth and flyers posted at researchers’ institutions.
The number of subjects from the separate studies was
64 with MS, 42 with PD, and 32 HCs (see Table 1).

Each participant stood erect with feet together
while the same therapist throughout the studies pro-
vided the standardized set of manual perturbations.
LOB following each perturbation was recorded on
the 0–3 rating scale (see Fig. 1) grading severity and
latency of movement at the trunk and feet.

Magnitude of LOB was calculated as the sum
across all ratings; the maximum sum could be 36
for any participant if LOB were severe (rated 3) fol-
lowing all 12 perturbations. Prevalence of LOB was
calculated as the count of perturbations with non-zero
LOB ratings in any direction; the maximum count
could be 12 for any participant if all perturbations
resulted in LOB that was rated 1–3. The 12 pertur-
bations were classified by type: 6 upper and 6 lower
torso perturbations (including 4 nudges and 2 rota-
tional perturbations each), including 2 anterior and 2
posterior nudges (one of each at the upper and lower
torso), 4 right and left nudges (right and left at the
upper and lower torso), and 4 rotational perturbations
(see Fig. 1).

Two-factor mixed design ANOVAs (SPSS v26.0)
were used to compare groups, types of perturbations,

Fig. 2. Intra-class correlation coefficients (ICC) and percent agree-
ment on Loss of Balance Scale across raters for each of four
physical therapists

and interaction effects for LOB magnitude and preva-
lence. Magnitude and prevalence of balance loss were
compared for: 1) upper vs. lower torso perturbations
(including nudges and rotations); 2) anterior (A) vs.
posterior (P) nudges; and 3) anterior/posterior (AP)
vs. right-left (RL) nudges vs. rotational (Rots) types
of perturbations. P-values less than 0.05 were consid-
ered significant for ANOVAs. Three planned post-hoc
analyses using Dunnett T3 tests (SPSS v26.0) exam-
ined pairwise between-group significance when the
main effect across the three groups was significant.
Three planned post-hoc ANOVAs examined pair-
wise significance when the main effect of type of
perturbation was significant across AP vs. RL vs.
Rots. P-values less than 0.017 were considered sig-
nificant for post-hoc analyses.

3. Results

3.1. Reliability

Reliability across five to six reviewers as assessed
by ICC2,1 ranged from 0.56 to 0.77 for the four
therapists (Fig. 2). Reliability as assessed by percent
agreement within one point on the rating scale ranged
from 81% to 94%. The highest ICCs and agreement
values were achieved with the most experienced ther-
apist, who also provided perturbations for the largest
number of subjects.
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3.2. Comparing groups and types of
perturbations

Interaction, main effects, and post hoc analyses for
magnitude and prevalence of LOB among the three
groups and following different types of perturbations
are listed in Table 2. Comparisons for magnitude and
prevalence yielded similar results, with magnitude
data typically showing more extreme values. Figure 3
A-C depicts results for comparisons of magnitude,
only.

3.2.1. Upper versus lower perturbations
(Fig. 3A: Upper v Lower)

Interaction effects were significant among groups
and types of perturbations for both magnitude and
prevalence (p < .001). The main effects of group and
type of perturbation were both significant for magni-
tude and prevalence (p < .001). LOB was similarly
severe or frequent when perturbing participants at
the upper versus the lower areas for MS and HC
groups; the PD group responded to perturbations at
the upper areas with greater magnitude and preva-
lence of balance loss compared to perturbations at
the lower areas. All pairwise group differences were
significant (p < .017).

3.2.2. Anterior versus posterior perturbations
(Fig. 3B: A v P)

Interaction effects were significant among groups
and types of perturbations for both magnitude and
prevalence (p < .001). The main effects of group and
type of perturbation were both significant for mag-
nitude and prevalence (p < .001). In general, loss of
balance was more severe or frequent when nudging
participants backward rather than forward for MS
and HC groups, with an opposite trend for the PD
group. All pairwise group differences were signifi-
cant except that the overall magnitude of balance loss
was similar for PD and HC groups (p > 0.017).

3.2.3. AP versus RL versus rotational
perturbations (Fig. 3C: AP v RL v Rots)

Interaction effects were significant among groups
and types of perturbations for prevalence (p < 0.05)
but not for magnitude (p > 0.05). The main effects of
group and type of perturbation were both significant
for magnitude and prevalence (p < .001). Pairwise
group comparisons were all significant (p < 0.017).

In a post-hoc analysis of AP to RL perturbations,
main effects of group and type were both significant
for prevalence and magnitude. Loss of balance was

greater and more frequent in response to RL pertur-
bations compared to AP perturbations in all groups
(p < 0.01). Pairwise group comparisons were signifi-
cant except that the overall magnitude of balance loss
was similar for PD and HC groups (p > 0.017).

In a post-hoc analysis of AP to rotational pertur-
bations, main effects were significant for magnitude
and prevalence except that the prevalence of loss of
balance was not significantly different following the
two types of perturbation (p > 0.017). Pairwise group
differences were significant for MS versus PD or HC
in magnitude and prevalence, and PD versus HC in
magnitude; the prevalence of balance loss was not
statistically different between the PD and HC groups
(p > 0.017).

In a post-hoc analysis of RL to rotational pertur-
bations, the main effect of group was significant for
magnitude and prevalence. The main effect of type
of perturbation was significant only for prevalence;
not for magnitude (p > 0.017). Pairwise group differ-
ences were significant for MS versus PD or HC in
magnitude and prevalence, but not for PD versus HC
in either (p > 0.017 both magnitude and prevalence).

4. Discussion

4.1. Reliability

Ratings of observed LOB following standardized
manual perturbations showed moderate to good inter-
rater reliability and good to excellent agreement.
These results support the use of this scale when
assessing LOB following standardized perturbations.
Clinicians and reviewers can be trained to rate LOB
similarly although the most experienced clinician
had the highest level of ICC and agreement across
reviewers. Less experienced clinicians could consider
intermittent review of the scoring rubric to increase
reliability.

Visual analysis of video-taped performance has
precedence in rehabilitation to establish inter-rater
reliability. Davis et al. (Davis, Bridge, Miller, &
Nelson-Wong, 2011) analyzed a videotaped perfor-
mance of individuals performing the hip abduction
test, scored by visual analysis using a 4-point scale:
their ICC values (also performed on an ordinal scale)
were between 0.56 and 0.70, very similar to the val-
ues found in this study (0.56 to 0.77). The authors
concluded that the test could be reliably scored by
people with different years of clinical experience (0
to15 years). In our study, therapist A had the most
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Table 2

Two-factor Mixed Analysis of Variance and Post-hoc Comparisons of Loss of Balance in Response to Types of Perturbations by Different Groups

Magnitude of Balance Loss Prevalence of Balance Loss

Types of Interaction Post-hoc F DF for Mean 95% P Types of Interaction Post-hoc F DF for Mean 95% P

Perturbation and Main Groups F test: Pair-wise Confidence Perturbation and Main Groups F test: Pair-wise Confidence
Effects Paired test/error Difference Interval Effects Paired test/error Difference Interval

Upper v Lower Gr x Type 26.28 2/135 < 0.001 Upper v Lower Gr x Type 20.64 2/135 < 0.001
Type 14.23 1/135 < 0.001 Type 39.07 1/135 < 0.001
Group 108.26 2/135 < 0.001 Group 66.15 2/135 < 0.001

MS v PD 5.71 4.67, 6.75 < 0.001 MS v PD 2.29 1.75, 2.83 < 0.001
MS v HC 4.53 3.56, 5.50 < 0.001 MS v HC 1.50 0.98, 2.02 < 0.001
PD v HC –1.18 –2.17, –0.19 0.014 PD v HC –0.79 –1.42, –0.15 0.01

A v P Gr x Type 24.81 2/135 < 0.001 A v P Gr x Type 19.14 2/135 < 0.001
Type 40.52 1/135 < 0.001 Type 32.70 1/135 < 0.001
Group 42.93 2/135 < 0.001 Group 47.67 2/135 < 0.001

MS v PD 1.85 1.34, 2.35 < 0.001 MS v PD 0.96 0.73, 1.18 < 0.001
MS v HC 1.45 0.92, 1.99 < 0.001 MS v HC 0.57 0.28, 0.86 < 0.001
PD v HC –0.39 –0.88, 0.09 0.140 PD v HC –0.39 –0.69, –0.09 0.008

AP v RL v Rots Gr x Type 0.89∗ 4/270 0.473 AP v RL v Rots Gr x Type 2.92∗ 4/270 0.022
Type 7.73∗ 2/134 0.001 Type 21.28∗ 2/134 < 0.001
Group 108.26 2/135 < 0.001 Group 66.15 2/135 < 0.001

MS v PD 3.81 3.11, 4.50 < 0.001 MS v PD 1.53 1.17, 1.88 < 0.001
MS v HC 3.02 2.37, 3.67 < 0.001 MS v HC 1.00 0.65, 1.35 < 0.001
PD v HC –0.79 –1.44, –0.13 0.014 PD v HC –0.53 –0.95, –0.10 0.01

Post-hoc Types Paired Post-hoc Types Paired

AP v RL Type 15.30 1/135 < 0.001 AP v RL Type 39.12 1/135 < 0.001
Group 78.29 2/135 < 0.001 Group 70.21 2/135 < 0.001

MS v PD 3.87 3.06, 4.68 <.001 MS v PD 1.79 1.42, 2.16 <.001
MS v HC 3.23 2.39, 4.08 < 0.001 MS v HC 1.09 0.64, 1.54 < 0.001
PD v HC –0.63 –1.45, 0.18 0.172 PD v HC –0.70 –1.2, –0.19 0.004

AP v Rots Type 6.33 1/135 0.013 AP v Rots Type 3.06 1/135 0.082
Group 82.75 2/135 < 0.001 Group 48.08 2/135 < 0.001

MS v PD 3.69 2.93, 4.45 < 0.001 MS v PD 1.45 1.05, 1.86 < 0.001
MS v HC 2.75 2.05, 3.45 < 0.001 MS v HC 0.98 0.62, 1.34 < 0.001
PD v HC –0.94 –1.66, –0.22 0.006 PD v HC –0.48 –0.91, –0.04 0.029

RL v Rots Type 0.42 1/135 0.520 RL v Rots Type 13.91 1/135 < 0.001
Group 88.48 2/135 < 0.001 Group 40.80 2/135 < 0.001

MS v PD 3.86 3.09, 4.63 < 0.001 MS v PD 1.33 0.92, 1.74 < 0.001
MS v HC 3.08 2.34, 3.82 < 0.001 MS v HC 0.93 0.55, 1.31 < 0.001
PD v HC –0.79 –1.52, –0.05 0.033 PD v HC –0.40 –0.88, 0.07 0.115

DF = degrees of freedom, A = anterior, P = posterior, Gr = group, MS = multiple sclerosis, PD = Parkinson’s disease, HC = healthy controls, v = versus, AP = anterior-posterior, RL = right-left,
Rots = rotations. ∗Mauchly’s test of sphericity indicated that sphericity could not be assumed; F statistic drawn from multivariate analysis, Pillai’s Trace (SPSS v26).
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Fig. 3. A-C. Mean (SE) magnitude of balance loss with perturbations applied: A) at upper/lower torso; B) in anterior/posterior directions;
C) in different directions at both upper and lower torso: AP = forward/backward, RL = left/right, Rots = resisted rotations clockwise/counter-
clockwise. MS = multiple sclerosis, PD = Parkinson’s disease, HC = healthy controls

experience using the perturbation testing and showed
the highest agreement with the reviewers of the video-
tapes. The videotape reviewers were all students in a
Doctor of Physical Therapy program who had at least
22 weeks of full-time supervised clinical experience
prior to their one-hour training in rating LOB. Despite
their limited experience in evaluating balance com-
pared to licensed clinicians, strong agreement was
still observed between the student reviewers and ther-
apist A, suggesting that clinicians with more experi-
ence evaluating balance might require only minimal
training to rate LOB similarly. Other differences
between therapist A and the other therapists included:
more perturbations performed by therapist A who
assessed 10 subjects instead of 6-7 (see Table 1);
four reviewers assigned to therapist A compared with
five reviewers assigned to therapists B-D. The same
experienced therapist (A) from the reliability portion
of this study provided the LOB ratings for all three
groups in the comparison portion of this study.

4.2. Comparing groups and types of
perturbations

The 4-point LOB rating scale shows differences
among MS, PD, and HC groups following manual

perturbation of different types: upper versus lower
torso, anterior versus posterior nudges, and AP versus
RL versus rotational perturbations. The magnitude
and prevalence of balance loss was consistently dif-
ferent across groups, with MS showing the greatest
balance loss regardless of perturbation type. One
reason for greater balance loss in MS than in PD
could be that MS more frequently affects somatosen-
sation (Zackowski, Wang, McGready, Calabresi, &
Newsome, 2015) and sensory processing—important
aspects of reactive balance. Cattaneo et al. (Catta-
neo, et al., 2016) supported this hypothesis, showing
greater instability in MS than in PD or stroke when
sensory systems were challenged. While our study
did not challenge participants with eyes closed or
foam standing conditions, perturbations also chal-
lenge stability; the PD group may have been able
to utilize proprioceptive information to maintain bal-
ance more effectively than the MS group. In our
samples, the PD group averaged 14 years older, which
could have influenced sensory processing (Matsuda,
Verrall, Finlayson, Molton, & Jensen, 2015); how-
ever, potential sensory losses with age did not surpass
the sensory deficits associated with MS. Our MS
group may have been more impaired because the
inclusion criteria specified self-reported mobility
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problems only in the MS group, but both our MS and
PD groups were ambulatory and had mild to mod-
erate levels of disability, with scores on the Patient
Determined Disease Steps Scale and the Hoehn and
Yahr scale of 1–4 and 2–4, respectively.

As expected, the MS group showed more LOB
than the HC group regardless of the type of per-
turbation. Previous research reports that even people
with mild disease severity in MS have greater balance
dysfunction compared to healthy controls (Fjeldstad,
Pardo, Bemben, & Bemben, 2011). Because impaired
reactive control with MS can cause LOB after pertur-
bations, reducing fall risk is a critical early priority
in rehabilitation.

In our study, the magnitude and prevalence of bal-
ance loss during standing perturbations was generally
less in the PD compared to the HC group. Researchers
suggest that PD may show less postural sway than
HCs because of greater antagonist muscle activity
(Horak, Nutt, & Nashner, 1992) or stiffness in the
axial muscles (Cattaneo, et al., 2016). However, a
systematic review of postural sway using posturog-
raphy revealed mixed findings: PD sway was less
than, equal to, or more than the sway of healthy indi-
viduals (Kamieniarz et al., 2018). Thus, the HCs’
lower LOB with perturbations in our study have
precedents, and do not necessarily indicate that HCs
have worse functional balance than people with PD.
Specifically, falls were more prevalent in both MS
and PD groups than in the HC group. Further, the
average (SD) TUG values (see Table 1) for the MS
and PD groups are similar at 13.88 (8.7) and 11.04
(6.47), respectively, close to the 11.5 second cut-off
for increased fall risk for PD (Nocera et al., 2013). The
TUG values in a sub-sample of HCs were 6.98 (0.72)
seconds.

Patterns of LOB differed across types of perturba-
tions. All groups had greater LOB with RL compared
to AP perturbations. This may reflect the narrower
base of support in the RL direction when people
stand with feet together as they did in our proto-
col. Alternatively, the RL direction may be inherently
less stable. Difference in RL sway compared to HCs
has been noted previously in people with MS (Crit-
tendon, et al., 2014) and PD (Błaszczyk, Orawiec,
Duda-Kłodowska, & Opala, 2007; Rossi-Izquierdo
et al., 2016). Posturography via body worn gyrome-
ters showed greater trunk sway in the medial-lateral
direction when people with PD performed balance-
challenging activities, although the tasks did not
specifically require reactive responses to external per-
turbations (Rossi-Izquierdo, et al., 2016).

Two groups, HC and MS, showed similar LOB
with respect to upper versus lower perturbations and
greater LOB for posterior versus anterior pertur-
bations. In contrast, the PD group showed greater
LOB following upper versus lower perturbations and
tended to have greater LOB for anterior perturbations.
One explanation for the PD difference might be in the
initial posture: persons with PD may have more trunk,
hip, and knee flexion and hold the center of mass a
little more anterior over the base of support when
challenged to minimize posterior LOB (Błaszczyk,
et al., 2007; Cattaneo, et al., 2016). Center of pres-
sure was not recorded for this group so testing this
hypothesis requires future investigation.

The LOB pattern in Fig. 3C looks similar for PD
and MS: the magnitude of balance loss appears great-
est for RL perturbation followed by rotations and then
AP perturbations. In contrast, the HC group had a dif-
ferent pattern from either of the other groups, tending
to have greater LOB with rotational perturbations.
Future studies could explore this finding further.

4.3. Study limitations

Rating LOB following manual application of per-
turbations is a potential limitation of this study.
However, the same experienced clinician performed
all perturbations in the comparison portion of this
study, and has shown good consistency in force pro-
duction when tested via dynamometer (Crittendon,
et al., 2014). Further, the reliability portion of the cur-
rent study showed that LOB ratings are reproducible.

For our purpose, rating LOB following manual per-
turbations had advantages. Our protocol required no
expensive equipment and yet offered a reproducible
way to identify patterns of directional balance loss.
Neither the nudge test at the sternum or thoracic
spine (Granacher, et al., 2012; Tinetti, 1986), nor
most computerized posturography applies RL pertur-
bations, common directions of instability in MS and
PD confirmed in our study. Perturbations from a force
platform do not apply nudges at shoulder or pelvic
height, common areas for bumps and shoves in every-
day life. Sibley et al.(Sibley, Straus, Inness, Salbach,
& Jaglal, 2013) report that less than half of physi-
cal therapists assess reaction to external perturbation
when testing balance impairment. Perhaps routine
clinical use of quick manual perturbations in vari-
ous directions will reveal a patient’s reactive balance
vulnerabilities to guide targeted balance challenges.

LOB was rated based on the first response to multi-
directional perturbations, not an average response to
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the same perturbation (Tinetti, 1986). Our intent was
to mimic unexpected perturbations that people might
encounter in everyday life (Allum, Tang, Carpen-
ter, Oude Nijhuis, & Bloem, 2011). Although our
0–3 rating scale separated observed LOB into one
more category than the traditional 0–2 nudge test
(Granacher, et al., 2012), some clinicians wanting
even more granularity argue that additional splitting
of categories is needed to differentiate between step-
ping and falling. However, our 0–3 scale facilitated
adequate reliability and our standardized perturba-
tions did not normally result in falls in HCs. Based
on information from the therapists in our reliability
study, only 4% of the 356 perturbations viewed in
these HCs resulted in LOB considered a near-fall.

4.4. Clinical implications

The current study suggests that perturbations
applied to different areas of the torso (upper versus
lower) and in different directions elicit different reac-
tive responses, and that the response patterns differ
in various populations. Understanding the direc-
tional deficits in reactive postural control can lead to
more focused, individualized balance interventions.
Specifically, if people with PD have greater LOB
to perturbations applied to the upper versus lower
torso or in the anterior versus posterior directions,
then targeting reactive control with challenges at the
upper torso and anteriorly may be most effective for
reducing falls. In contrast, people with MS likely
need balance challenges at both the upper and lower
torso, and more practice with posteriorly directed
perturbations. Both groups need practice with RL
perturbations to promote better reactive control with
less LOB. Clinicians must routinely test reactive bal-
ance control with perturbations to determine the most
effective targeted interventions.

Perturbation-based training can improve balance
and perhaps reduce falls in people with neurologic
dysfunction (Mansfield, Wong, Bryce, Knorr, & Pat-
terson, 2015; Tajali et al., 2018). Studies indicate that
challenging balance using perturbations can result in
improved gait and postural stability for older adults
(Mansfield, Peters, Liu, & Maki, 2010; Mansfield,
et al., 2015; Rieger, Papegaaij, Pijnappels, Steen-
brink, & van Dieën, 2020), people with PD (Gaßner
et al., 2019; Mansfield, et al., 2015), and people with
MS (Van Liew, Dibble, Hunt, Foreman, & Peterson,
2019). Perturbation-based training to date has utilized
mechanical perturbations that may not be available
to many clinicians or in clinical settings. Further,

perturbations have been uniform within studies rather
than specific to the direction and location of LOB
vulnerability in each individual. Assessing individ-
uals’ directional LOB using a clinically accessible
and reliable rating scale may allow more targeted
perturbation-based training to optimize benefits.

5. Conclusion

A clinically accessible and reliable rating scale
revealed differences in patterns of LOB following
manual perturbations in people with MS, PD, and
HC. Clinicians may help reduce fall risk for people
with MS or PD more effectively if they understand
and address the differences in LOB following per-
turbations in these populations. Further, our results
suggest that perturbation-based training may benefit
from specific application of perturbations according
to the direction and location of LOB.
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