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Rest tremor in Parkinson’s disease: the theta
and beta sides of the coin

This scientific commentary refers to
‘Independently together: subthalamic
theta and beta opposite roles in pre-
dicting Parkinson’s tremor’, by Asch
et al. (https://doi.org/10.1093/brain
comms/fcaa074).

Rest tremor is a paradigmatic mani-
festation of the ‘shaking palsy’, but
more than 200 years after the original
essay by James Parkinson, the origin
of parkinsonian tremor remains large-
ly enigmatic. A better understanding
of parkinsonian tremor is mandatory,
particularly because (i) tremor conveys
the highest specificity of Parkinson’s
disease at onset and (ii) tremor pre-
dominant Parkinson’s disease patients
typically display a more benign
progression than the rigid-akinetic pre-
dominant patients.

In this scenario, different clinical fea-
tures appear to be associated with spe-
cific pathophysiological mechanisms.
Tremor and rigidity-bradykinesia are
nicely separated in the frequency do-
main: tremor is tautologically associ-
ated with neuronal oscillations at
tremor frequencies in the theta range
(4-7Hz) (Rodriguez et al., 1998)
whereas rigidity-bradykinesia more
mysteriously correlates with oscilla-
tions at beta frequencies (13-35 Hz)
(Little and Brown, 2014). Since slower
oscillations require loops with longer
propagation delays, this frequency sep-
aration suggests that the pathophysi-
ology of tremor versus rigidity-
bradykinesia may involve different,
possibly interacting, functional net-
works. In fact, the networks involved

in tremor and rigidity-bradykinesia
seem to overlap to some extent in
the basal ganglia, and certainly in the
posterior-dorso-lateral region of the
subthalamic nucleus (STN) (Rodriguez-
Oroz, 2001). Conveniently, the STN
provides a single target for treating all
the cardinal motor features of
Parkinson’s disease. The overlap is also
attractive in terms of pathophysiology
because it offers the opportunity to in-
vestigate at one anatomical location
any possible interactions between the
two functional networks involved in
tremor and rigidity-bradykinesia.

This opportunity is elegantly cap-
tured by Asch et al. in a paper pub-
lished in the present issue of Brain
Communications (Asch et al., 2020).
These authors analysed intraoperative
neural recordings from a fairly large
dataset of 114 STN in 70 Parkinson’s
disease patients undergoing deep brain
stimulation (DBS) surgery. They
assessed neural activity at theta and
beta frequencies and investigated the
relationship between these two fre-
quency bands and pre-operative motor
signs, as quantified by the Movement
Disorder Society-sponsored revision of
the Unified Parkinson’s Disease Rating
Scale part I (MDS-UPDRS-III). The
first important result of their study is
that STN theta activity specifically cor-
relates with pre-operative rest tremor
but not with action tremor. By ‘action
tremor’, the authors refer to both pos-
tural tremor, which is common in
Parkinson’s  disease, and kinetic
tremor, which is infrequent. Their
results support the notion of

functional separation between rest and
‘action’ tremor presentations, which is
in line with the classical observation
that postural tremor typically—but
not always—occurs at higher frequen-
cies than rest tremor (Lance et al.,
1963). The authors thus focus on rest
tremor, which convincingly appears as
an independent motor sign in the clin-
ical parkinsonian spectrum.

The second result to highlight is that
pre-operative rest tremor not only
correlates positively with STN theta
oscillations, which is consistent with
previous reports but also shows a ten-
dency toward a negative correlation
with STN beta oscillations. A simple
metric combining theta and beta activ-
ity (i.e. their difference divided by their
sum) correlates with tremor better
than theta activity alone. This could
be related to the observation that rest
tremor desynchronizes beta activity
(Shreve et al., 2017) and the classic
clinical observation that a highly trem-
oric body segment is not particularly
rigid.

But, the situation is actually more
complex and more interesting. Theta
and beta activities display an overall
weak temporal co-activation, but this
co-activation correlates negatively with
pre-operative resting tremor. In other
words, patients whose theta and beta
activities fluctuate together in time are
associated with less pre-operative rest
tremor. This suggests that at least two
functionally distinct theta activities
may occur in the parkinsonian STN:
(i) a more obvious theta activity linked
with resting tremor and negatively
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correlated with beta activity and (ii) a
more subtle theta activity displaying
amplitude—amplitude coupling with
beta activity that is negatively corre-
lated with tremor. The latter may be
the same theta activity that was
reported to display phase—phase cou-
pling in rigid-akinetic Parkinson’s dis-
ease patients (Marceglia et al., 2006)
and to increase after levodopa admin-
istration, particularly in the presence
of  levodopa-induced  dyskinesias
(Alonso-Frech et al., 2006).
Accordingly, STN in Parkinson’s dis-
ease exhibits a more complex range of
oscillatory theta activity than the
tremor-related kind.

As a last paramount result, the
authors show that a multispectral re-
gression model integrating theta activ-
ity, beta activity and their temporal
co-activation nicely provides the best
predictor of pre-operative rest tremor.
Therefore, the possible feasibility and
usefulness of the multi-spectrum model
as a biomarker for adaptive DBS will
crucially depend on the ability of the
model to predict the temporal fluctua-
tions of rest tremor in patients (and to
do it better than theta activity alone).
This should be tested in future studies.
Independently of their outcome,
the proposed multi-spectrum model
already provides an elegant new
framework to investigate the patho-
physiological footprints of clinical
motor subtypes in Parkinson’s disease.

The correlational nature of the cross-
sectional study by Asch et al. warrants a
few final considerations about the intri-
cate relationship between correlation
and causality. Under the seemingly rea-
sonable assumption that neural activity
causes behaviour, one might be tempted
to infer that STN oscillatory activities
cause tremor. However, this is not neces-
sarily the case and it may well be that
tremor causes STN oscillatory activities,
or actually, both may even be true.

Several clinical and pathophysio-
logical features suggest that tremor
should be better understood as a cir-
cuitopathy, which engages somato-
topically organized structures beyond
the basal ganglia. First, tremor in
Parkinson’s disease at the time of diag-
nosis has a characteristically focal

distribution, mainly expressed distally
in one limb (i.e. the hand and fingers),
and there is no good correlation be-
tween the severity of tremor and striat-
al dopaminergic deficit (Pirker, 2003).
On the other hand, there are several
brain knots where tremor-related
neuronal activity is neatly recorded
and blocked by high-frequency elec-
trical stimulation or lesioning. The
main ones are the STN and the ventral
intermediate nucleus of the thalamus,
and to some extent, the globus pal-
lidus pars interna. Furthermore, the
activation of the cortico-spinal tract
through motor cortex stimulation pro-
vokes transient tremor arrest (Ni
et al., 2010), which also typically
occurs at the beginning of a voluntary
movement, and tremor also disappears
with lesioning of the pyramidal tract
(Browder, 1948).

All of the features summarized above
indicate that the abnormal neuronal ac-
tivity associated with tremor in
Parkinson’s disease engages somatotopi-
cally organized structures that involve
the basal ganglia and the motor cortex.
In addition, several neuroimaging stud-
ies in recent years have provided large
evidence for cerebello-thalamic circuit
engagement in Parkinson’s disease
tremor (Helmich, 2018). However, to
what extent cerebral activity associated
with tremor is the cause or consequence
is yet to be disentangled.

For the time being, we would favour
the idea of a ‘tremor-specific’ circuit
mainly mediated by STN-cortical con-
nectivity and secondarily by recruit-
ment of the cerebello-thalamo-cortical
circuit. Actually, the focal hand pre-
dominance of tremor onset in
Parkinson’s disease is quite compatible
with a cortically mediated mechanism.
Thus, the cortical excitatory connection
to the STN, and the reciprocal excita-
tory—inhibitory effect of the STN and
globus pallidus pars externa (GPe) con-
nections could set the necessary excita-
tory changes in motion producing
synchronous and rhythmical neuronal
coupling at 4-6 Hz. This could arise as
a consequence of excitability changes
occurring in the ‘indirect’ circuit associ-
ated with dopaminergic striatal deple-
tion, direct dopaminergic loss in the
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GPe/STN or both (Bevan et al., 2002).
Admittedly, there are some difficulties
with this proposal. The STN is known
to influence thalamo-cortical activity
mainly via the globus pallidus pars
interna, whose efferent activity is not
functionally suited to generate tremor-
related activity. Another option would
be that the GPe and/or STN would
have direct access and capacity to influ-
ence thalamic nuclei with high intrinsic
and extrinsic capacity to generate
rhythmic oscillatory activity like the re-
ticular nucleus (Bazhenov et al., 1999)
and the ventral intermediate nucleus of
the thalamus (Lenz et al, 1994).
However, the functional impact of ef-
ferent connections from the GPe/STN
to the thalamus has not been demon-
strated so far, although specific studies
are missing. Finally, one could specu-
late about the possibility of a direct re-
ciprocal connection between the motor
cortex and STN, giving the general
dual organization of basal ganglia con-
nectivity. The latter would be a perfect
fit for the circuit of Parkinson’s disease
tremor, but an STN projection to the
cortex has so far not been established.

Clearly, the origin of Parkinson’s
disease tremor remains somewhat elu-
sive. To establish causality is a major,
highly desirable outcome of any scien-
tific investigation. It is like the holy
grail: we should always pursue it, but
always doubt when we think we have
found it. The positive news is that
studies like the one by Asch et al. help
to advance understanding and we
hope also to refine treatment. As in
many other aspects of medicine, and
certainly as is the case in the thera-
peutic management of Parkinson’s dis-
ease, there is an element of mystery:
we manage to obtain an improvement,
i.e., stop our patient shaking, but we
cannot explain exactly why.
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