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Understanding Motor Abnormalities in
Psychiatric Disorders as Altered Sensorimotor
Processing

Nuttida Rungratsameetaweemana
A major challenge in psychiatric research is to characterize and
relate heterogeneous symptoms to changes in underlying
neural computations (1). Identifying the mechanisms underly-
ing motor abnormalities in particular has been a central yet
unsolved problem critical for the successful development of
effective treatment strategies for several neuropsychiatric
conditions. One way in which these abnormalities can be
characterized is to conceptualize motor behavior as a product
of a perceptual decision-making process. Within this frame-
work, the execution of specific motor responses is triggered by
a decision choice that is informed by analyses of incoming
sensory information. As sensory environments are highly dy-
namic and often ambiguous, the brain must rapidly and effi-
ciently generate informative sensorimotor associations that
can then be used to guide optimal selection and execution of
motor responses. In this sense, some cognitive deficits and
distinct motor abnormalities as observed across various psy-
chiatric and neurological conditions might be the results of
disruptions associated with the sensorimotor integration
process.

Probing motor abnormalities in this way allows for psychi-
atric disorders to be conceptualized not as unitary conditions
but rather as clusters of multiple behavioral and cognitive
phenotypes. This formulation also suggests areas in which
psychiatric research can benefit from experimental and
analytical techniques originating in cognitive and computa-
tional neuroscience for the purpose of investigating the bases
of sensorimotor integration. Specifically, several computational
models of decision making have suggested mechanisms by
which optimal selection of decision choices and motor re-
sponses can be achieved on different timescales and under
various constraints (2–4). Examining such models by system-
atically modifying parameters could generate testable hy-
potheses. One might then, for example, evaluate these
predictions by comparing psychophysical and neural re-
sponses between healthy control subjects and patients with
psychiatric conditions. Using similar approaches, past work
has provided evidence linking alterations in the decision-
making process to heterogeneity in the motor abnormalities
observed across disorders (5–7).

Gilles de la Tourette syndrome (GTS) is a neuro-
developmental disorder with onset in early childhood and is
characterized by multiple motor and vocal tics (8). The condi-
tion can result in poor quality of life and risk of social and
emotional stigma, especially when tics persist into adulthood.
Comorbidities such as attention-deficit/hyperactivity disorder
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or obsessive-compulsive disorder also present critical chal-
lenges in the management of the motor abnormalities of GTS.
Because the pathophysiology of GTS remains elusive, current
management strategies primarily involve behavioral methods,
psychoeducation, and pharmacotherapy. An improved under-
standing of the neural dynamics that give rise to the generation
of tics could benefit the development of effective evidence-
based treatments for GTS (8). Consequently, it is useful for
neurocognitive models of GTS to explicitly consider how the
binding of sensory input and motor output becomes altered
during decision making and results in disrupted generation and
expression of motor responses.

In the current issue of Biological Psychiatry: Global Open
Science, Beste et al. (9) present evidence suggesting that
motor symptoms observed in GTS arise from alteration in
sensorimotor processing that occurs during perceptual deci-
sion making. Specifically, when incoming sensory information
triggers a motor response, binding can occur where the spe-
cific action becomes associated with particular features of the
input. This process can facilitate decision making when the
same stimulus is encountered again and the same motor
response is required. However, strong binding can compro-
mise performance when the formation of new sensorimotor
associations is needed. Beste et al. (9) propose that strong
sensorimotor binding may relate to the motor abnormalities in
GTS. Given that GTS develops in early childhood, the present
investigation focuses on adolescents with GTS. The goal was
to assess whether the generation of tics was related to neural
dynamics associated with aberrant sensorimotor processing.
Thirty-two adolescents with GTS and 27 typically developing
youths performed a decision-making task in which participants
responded to two visual stimuli that were presented sequen-
tially. The motor response (R1) required for the first stimulus
(S1) was determined by a binary cue presented at the begin-
ning of each trial. Thus, R1 was independent of S1. Partici-
pants then saw another stimulus (S2) and executed a binary
response (R2) based on the orientation of S2. By manipulating
the similarity between the two stimuli and between the two
responses on each trial, the authors could evaluate the
strength of sensorimotor binding by assessing performance in
each task condition. Electroencephalography (EEG) was
concurrently recorded as participants performed the task such
that the temporal dynamics of neural responses associated
with sensorimotor integration could be measured. First, the
authors showed that neural oscillatory activity within the theta
and beta bands was involved in the sensorimotor processing in
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both the GTS and control groups. This finding is consistent
with the importance of the theta and beta band activity in
broad cognitive functions including working memory, cognitive
control, and rule-based learning.

Beste et al. (9) then used whole-brain EEG reconstruction
methods to evaluate if the integration process was governed
by distinct patterns of neural oscillatory activity across the
widely distributed brain networks in GTS and control subjects.
The results revealed similar functional activation patterns in the
beta band where the neural oscillation was primarily associ-
ated with inferior parietal and temporal regions in both GTS
and control subjects. However, the oscillatory activity in the
theta band differed between GTS and control subjects. Spe-
cifically, the theta band activity was associated primarily with
superior frontal regions in control subjects. In contrast, the
spatial pattern of the theta band activity in the GTS group was
associated with parietal and inferior frontal regions.

Notably, despite the observed difference in theta band ac-
tivity, Beste et al. (9) found similar behavioral patterns between
the two groups. It is possible that performance based on binary
responses may not be sufficiently sensitive to capture alter-
ation in the sensorimotor processing of adolescents with GTS.
Modification of the current task by increasing the complexity of
sensory stimuli and motor responses may allow for differential
behavioral performance between the two groups to be
observed. For example, future studies could incorporate a
multiple-alternative forced choice or a continuous response
scheme in which the precision and reaction times of motor
responses could be concurrently assessed in a more fine-
grained fashion. In addition, while EEG-based source recon-
struction provides some insights into the spatial organization
of neural activity, careful interpretation of the results is
necessary given the inherently low spatial resolution associ-
ated with EEG signals. Future studies could apply similar
reconstruction methods to neuroimaging data with higher
spatial resolution, such as functional magnetic resonance im-
aging and magnetoencephalography data. Such analysis
could further elucidate the brain-wide dynamics that underlie
sensorimotor processing in GTS. Finally, future research is
needed to determine if the present findings reflect a general
computation typically underlying the motor abnormalities of
GTS or a modality-specific computation unique to the pro-
cessing of visual stimuli. For example, future research inves-
tigating the psychophysical and neural dynamics associated
with sensorimotor integration during auditory decision making
could provide further insights into the general mechanisms that
become altered and lead to motor symptoms in GTS.

Perceptual decision making is a core cognitive function
important for the generation of adaptive behavior. As such,
healthy and disrupted motor behavior can be conceptualized in
a framework whereby perceptual and cognitive components of
action are integrated. By evaluating motor abnormalities
associated with adolescent GTS in the context of underlying
sensorimotor integration, Beste et al. (9) demonstrated distinct
signatures of GTS in the theta band oscillation. These findings
add to a growing literature that underscores the importance of
experimental paradigms of decision making and neuroimaging
methods in improving our understanding of GTS (10). The
present investigation also provides a rationale for integrating
neuroscientific techniques with clinical or neurobiological data
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to elucidate potential mechanisms associated with GTS as well
as other psychiatric disorders. Finally, methods used in the
present investigation could potentially be incorporated in cur-
rent clinical practice to improve the overall diagnosis, treat-
ment strategies, and clinical outcomes for GTS as well as other
psychiatric and neurological conditions that include motor
abnormalities as hallmark features.
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