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ABSTRACT: Applause sign (AS) is a clinical phenomenon observed in several neurological disorders including progressive
supranuclear palsy (PSP). We investigated the factors associated with AS in patients with PSP. PSP patients with AS showed greater
motor impairment compared to those with negative AS. Global cognition including attention and memory were affected more in patients
with positive AS. We also observed that gait variability, a known marker for unstable gait is pronounced in those who presented with
positive AS. Hence, the clinician might expect a more severe disease and an unstable gait in a PSP patient presenting with AS.

RÉSUMÉ : La portée clinique du signe d’applaudissement dans la paralysie supranucléaire progressive. Le signe d’applaudissement (SA) est un
phénomène clinique qui s’observe dans plusieurs troubles neurologiques, dont la paralysie supranucléaire progressive (PSP). La recherche a porté sur les
facteurs associés au SA chez les patients atteints de la PSP. La présence de ce signe chez ces derniers révèle une détérioration motrice plus grave que son
absence. De plus, les fonctions cognitives globales, dont l’attention et la mémoire, étaient plus altérées chez les patients ayant un SA positif que chez les
autres. Quant à la variabilité de la démarche, marqueur connu d’une démarche instable, elle était plus marquée chez les malades présentant le SA. Les
cliniciens devraient donc s’attendre à un degré plus avancé de la maladie et à une démarche instable chez les patients atteints de la PSP, qui obtiennent un
résultat positif au SA.
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Progressive supranuclear palsy (PSP) is a movement disorder
with a large-scale network disruption resulting in various signs
and symptoms including cognition and gait impairment across
its different variants. According to the clinical course and
combination of symptoms and signs, PSP have been classified
into different subtypes including PSP Richardson syndrome
(PSP-RS) and PSP-Parkinsonism (PSP-P). PSP-RS is the most
prevalent type followed by PSP-P. Among various clinical
motor characteristics in PSP, applause sign (AS) is one of them.
AS is elicited with three clap test and a positive sign is
considered when a patient fails to stop after three claps as
instructed1 (Supplementary Video 1). Although this motor
perseverative behavior is reported in dementia and various
Parkinsonian disorders, the frequency of this character has not
been investigated in various PSP subtypes.2 Moreover, factors
associated with this motor sign in PSP patients are yet to be fully
elucidated. AS is observed in subjects with fronto-subcortical
disconnections. This brain network is also responsible for gait
and executive function in human. We hypothesize that PSP
patients with positive AS are associated with more impaired gait
and higher-order cognitive functions. Therefore, we compared
the executive functions, motor signs, and gait in PSP patients
with positive and negative AS.

The study was approved by the institutional ethics commit-
tee and written informed consent was obtained from all the
study participants. All patients were diagnosed according to
the Movement Disorder Society (MDS) criteria by a movement
disorder neurologist.3 Motor functions were measured using
part III of the Movement Disorder Society-Unified Parkinson’s
Disease Rating Scale (MDS-UPDRS).4 Cognitive assessments
were performed through Mini-Mental State Examination
(MMSE).5 Mattis Dementia Rating Scale-2 was used to exam-
ine global and higher level of cognitive function, that is,
attention (ATT), initiation/perseveration (I/P), construction,
conceptualization and memory (MEM).6 Gait was also char-
acterized using a 500 cm long electronic walkway (GAITRite®,
CIR Systems Inc., Franklin , NJ, USA) which had pressure
sensors embedded in it. Subjects who could walk 25 m without
any aid were instructed to walk four times successively at a
self-selected normal pace on GAITRite®. The first walk was
meant to make the patient accustomed to the task and was
excluded from further analysis. In order to interpret gait out-
comes, a well-established gait model was used.7 All the data
were statistically analyzed using SPSS software package Ver-
sion 20 (IBM). The normality of the data was examined using
Shapiro−Wilk test. All the data were statistically analyzed
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using SPSS software package Version 20 (IBM). The normal-
ity of the data was examined using Shapiro−Wilk test. Ac-
cordingly, unpaired independent t-test and Mann−Whitney U
test were performed for parametric and nonparametric data,
respectively, to compare demographic, disease profile, and gait
characteristics between PSP patients with and without AS. All
data were reported as means and SD unless otherwise stated.
p values of <0.05 were considered statistically significant for
all the statistical tests.

Thirty-four (67% men) consecutive clinically diagnosed cases
of PSP patients (mean age of 63 years; mean age of onset 61
years) were recruited from the movement disorder outpatient
department of a neuroscience institute in India. As expected, the
majority of them were from PSP-RS followed by PSP-P variants.

We found that 12 out of 34 PSP patients presented with
positive AS. The disease duration (2.7 vs. 2.2 years, p= 0.394)
was comparable between patients with positive and negative AS.
Mean total score of MDS-UPDRS III was significantly higher in
PSP with positive AS (Table 1). Total MMSE score were
comparable between these groups, but the score of global cogni-
tive function and higher-order cognitive functions, that is, ATT
and MEM were significantly lower in positive AS cohort. Gait
study revealed that step length variability was significantly
greater in PSP patients with positive AS (4.02± 1.13 vs.

2.66± 1.27, p= 0.009). Besides, the difference in gait velocity
in these two cohorts showed a trend of significance. PSP with
positive AS walked with a slower velocity compared to negative
AS group, although it did not reach a level of significance
(53.76± 13.03 vs. 66.16± 16.87, p= 0.055; Table 2).

AS has been considered as a clinical sign of various disorders
with fronto-subcortical disconnections including PSP. Similar to the
previous report (40%), the overall frequency of AS was 35% in this
study.8 As expected, PSP-RS was a common variant in our cohort. It
is expected that PSP patients can have significantly impaired
executive dysfunction due to the affected frontal brain structures.
In this study, PSP patients with positive AS showed higher im-
pairment of ATT and MEM functions compared to applause-
negative group. In addition, global cognition was also poor in
applause-positive PSP patients. This might suggest that higher-order
cognitive functions (i.e., ATT and MEM) is essential for motor
control in PSP and impairment of these cognitive domains might
precipitate a motor preservative behavior like AS. We further
expected a larger impairment in the I/P score in PSP patients with
AS. Unlike previous report, we did not observe a significant
difference in this domain between patients with and without AS.

Besides cognitive function, motor function was also found to
be affected more in PSP patients with positive AS. The step
length variability was more pronounced in them. Gait variability

Table 1: Demographic and disease profile of patients with PSP

Variable All PSP patients (n= 34)
Negative applause sign

(n = 22)
Positive applause sign

(n= 12)
p-value

Age (Years) 63.21 ± 5.50 62.73 ± 5.30 64.08 ± 5.98 0.500

Sex (Male) 23 (67) 15 (68) 8 (67) 1

Age at onset (Years) 60.53 ± 5.79 59.86 ± 5.55 61.75 ± 6.27 0.372

Disease duration (Years) 2.5± 1.66 2.68± 1.86 2.17± 1.19 0.377

Disease type PSP-RS 21 (62) 16 (76) 5 (24) 0.116

PSP-P 7 (21) 4 (57) 3 (43)

PSP-F 1 (3) 0 (0) 1 (100)

PSP-PI 3 (9) 2 (67) 1 (33)

PSP-CBS 2 (6) 0 (0) 2 (100)

MDS-UPDRS -III (maximum possible score = 132) 36.12 ± 20.26 31.00± 16.39 45.50 ± 23.89 0.044

MMSE (maximum possible score = 30) 25.79 ± 4.08 26.86 ± 3.03 23.83 ± 5.10 0.136

DRS-2 (maximum possible score = 144) 118.03 ± 19.50 124.64± 10.62 105.92± 26.05 0.025

Attention 34.41 ± 4.25 35.91 ± 1.07 31.67 ± 6.27 0.028

Initiation/Perseveration 27.41 ± 6.06 28.27 ± 4.15 25.83 ± 8.54 0.744

Construction 4.24± 2.45 4.86± 2.12 3.08± 2.68 0.060

Conceptualization 32.50 ± 6.92 34.18 ± 5.04 29.42 ± 8.90 0.069

Memory 19.97 ± 5.07 21.77 ± 2.53 16.67 ± 6.83 0.028

DRS-2 = Dementia Rating Scale version 2; MDS-UPDRS III = Movement Disorders Society Unified Parkinson’s Disease Rating Scale part III; n =
sample size; PSP-CBS = progressive supranuclear palsy with predominant corticobasal syndrome; PSP-F = progressive supranuclear palsy with
predominant frontal presentation; PSP-P = progressive supranuclear palsy with predominant Parkinsonism; PSP-PGF = progressive supranuclear palsy
with progressive gait freezing; PSP-PI = PSP with predominant postural instability; PSP-RS = progressive supranuclear Palsy−Richardson syndrome.
Numerical variables are presented as mean ± standard deviation, and categorical variables as numbers with the corresponding percentage in parentheses.
The p values were analyzed using two-tailed independent t-test in case of numerical variables and Fisher’s exact test in case of categorical variables.
p< 0.01 considered significant (indicated in bold).
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is a known measure of dynamic stability which is often impaired
and found to be independently associated with impaired ATT in
PSP patients.9,10

In our case, the unstable gait of applause-positive PSP
patients could be either an independent predictor or a resultant
of their impaired ATT. However, predictive analysis was not
performed due to the small sample size. We also expected a
significantly slower gait speed in patients with positive AS as,
both ATT and MEM were associated with gait speed in this
study. Possibly the study was underpowered to appreciate the
mentioned difference.

PSP patients with AS presented with a more severe cognitive
and motor impairment. ATT and MEM domains of cognition
were most significantly affected in these patients. Gait variability
was comparatively more compromised in patients with AS.
Based on these findings, we propose PSP patients with positive
AS need closer monitoring and therapy as compared to those
without AS. The study stresses on the link between higher-order
cognitive function and motor control in PSP patients.
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