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Phenomenology is the cornerstone in diagnosing and treating
movement disorders. In 1999, re-emergent tremor was
described as a typical phenomenon in Parkinson’s disease
(PD) by Jankovic and colleagues,1 characterized as “a rest
tremor that re-emerges after a variable delay while
maintaining posture.” This definition is also used in the Inter-
national Parkinson and Movement Disorders Society consen-
sus statement on the classification of tremors. In this
classification, re-emergent tremor is considered to be an action
tremor.2 However, by definition, the presence of rest tremor
is required for the construct re-emergent tremor. Four features
commonly define re-emergent tremor (Fig. 1B): presence of
rest tremor (1); occurrence during posture (2); short pause or
reduction in tremor amplitude during the transition from rest
to posture (3); and frequency of postural tremor is similar to
or slightly higher than rest tremor (4).1,3 The first three fea-
tures, which are described in the Movement Disorder Society
(MDS) consensus statement, can be seen with the naked eye.2

The fourth feature, which is supported by several studies,
requires neurophysiology and is, therefore, not commonly
incorporated in operational definitions of re-emergent
tremor.1,3,4 Identification of re-emergent tremor in a patient
has important clinical implications, as it can discriminate PD
from essential and dystonic tremor.1,5,6 An excellent demon-
stration of proper assessment for re-emergent tremor has been
provided earlier.7 Re-emergent tremor appears to be less
dopa-responsive than rest tremor and may require different
pharmacological or non-pharmacological (eg, deep brain stim-
ulation, high intensity focused ultrasound, or botulinum toxin)
management than pure postural tremor in PD.3,8 At a circuit
level, the cerebellum is thought to be more strongly involved
in re-emergent versus rest tremor.9 Hence, it is important to
be aware of the defining characteristics of re-emergent tremor.
However, we became concerned that the term “re-emergent
tremor” might often be used inadequately, to describe various

types of tremors including isolated postural tremor with a del-
ayed onset after posturing, isolated postural tremor that atten-
uates on voluntary movement and any combination of rest
and postural tremor. Here, we address this concern and pro-
pose a more unifying concept for PD tremor that may widen
the current definition.

Use of “Re-Emergent
Tremor” in the Literature
On September 21, 2022, we performed a literature search in
PubMed with the search term “re-emergent tremor,” delivering
42 hits. Three studies were excluded because of unrelatedness to
re-emergent tremor. For the remaining 39 studies, the definition
of re-emergent tremor was extracted from descriptive sections
(eg, introduction and discussion) and original data (eg, results and
case descriptions). Adequate (ie, use of the defining characteris-
tics) and consistent (eg, between introduction and results) use of
the definition was assessed.

Twenty-two of 39 studies used the three clinically appreciable
elements (first three columns of Fig. S1). In only 17 of 39 studies
all four elements defining re-emergent tremor have been
implemented (fourth column of Fig. S1). In only 13 of these
17 studies, the adequate definition of re-emergent tremor was
used consistently throughout the study (sixth column of Fig. S1).
The remaining studies exhibited various operational definitions
of re-emergent tremor, among others: postural and rest tremor
(n = 2), postural tremor with onset latency (n = 2), tremor with
onset latency (n = 2), tremor that is transiently suppressed on
movement or repositioning of a limb (n = 2), postural tremor
with a frequency similar to a parkinsonian rest tremor, but with-
out actual presence of rest tremor (n = 2).
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Importance of Adhering To
Re-Emergent Tremor
Definition
These results suggest that the construct “re-emergent tremor” is
used differently across studies. This may have implications
regarding clinical and investigational findings in patients claimed
to have re-emergent tremor. For instance, various claims of re-
emergent tremor in disorders other than PD, like post-stroke
tremor,10,11 neuroleptic-induced parkinsonism,12 dystonic
tremor,13 and neurodegeneration with iron accumulation,14 can
be questioned as an inadequate definition has been used in these
studies.10–12,14 Studies showing the diagnostic use of re-emergent
tremor in PD compared to other disorders have used an adequate
definition.1,5,6

Toward a New Construct of
Re-Emergent and Classical
PD Tremor?
Stretching the construct of re-emergent tremor, one can concep-
tualize classical PD tremor as a tremor occurring at any state of
“motor stability” (Fig. 1); that is, stable rest (“rest tremor”
[Video 1, part 1], stable posture (“re-emergent tremor” [Video 1,
part 2]), but also stable kinetic action.15 The latter can be
observed in clinical practice, where it is often seen that PD
tremor re-appears during prolonged repetitive finger and hand
tapping (Video 1, parts 4 and 5). This observation and a previous
report of re-emergent tremor during spiral drawing and when
attempting to drink, suggests that “re-emergent kinetic tremor”
exists, which currently does not fall under the definition.16

FIG. 1. Re-emergence in Parkinson’s disease (PD) tremor. Three instances of PD rest tremor followed by a transient (A) or sustained (B),
(C) voluntary movement are depicted. The x-axis defines time (seconds), the y-axis defines displacement (centimeters) of the involved
body part along an undetermined axis. The background color indicates the stability of the somatotopically involved motor system; green
indicates a stable motor system, red indicates an unstable/dynamic motor system. Note that “resetting” occurs during motor transitions
(ie, when a voluntary action is made that is novel given the prior motor history). In contrast, “re-emergence” occurs when the motor
system has reached a stable state (eg, rest, stable posturing, or performance of the same movement again and again). (A) Rest tremor is
followed by a transient fast voluntary movement, with the body part immediately returning to rest afterward. Coinciding with a surge in
motor dynamics (red), the rest tremor is suppressed (resetting). After a few seconds of rest (latency), coinciding with the motor system
returning to a stable state (green), the rest tremor re-emerges. (B) Rest tremor is followed by a vigorous change to posture holding of the
body part, and is an example of classical “re-emergent tremor.” The four defining characteristics of re-emergent tremor are depicted
here: (1) presence of a Parkinsonian rest tremor; (2) transiently suppressed on movement and re-appearance after repositioning of the
limb; (3) latency between movement and re-appearance of tremor; and (4) similar frequency as tremor during rest. Note that the latency
is longer than in (A), because the motor system needs more time to reach stability (red to green). (C) Rest tremor is followed by a
repetitive finger tapping. Note that the motor system needs even more time than in (B) to return to stability, leading to a very long
latency. Note as well that re-emergence may be stuttering. Figure created using functions implemented in MATLAB R2022b (The
MathWorks, Natick, MA).
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In line with the idea that tremor emerges only during motor sta-
bility, tremor did not re-emerge when the patient was asked to
tap alternatingly with different fingers (ie, increased motor
dynamics) (Video 1, part 6). In this framework, “resetting” (ie,
discontinuation/suppression of the tremor) may mark the transi-
tion from “motor stability” to “motor dynamics” in the motor
network controlling that body part (Fig. 1). For resetting to be
most effective, a certain degree of motor vigor/complexity is
required (Video 1, part 3). In our experience, a rapid wrist
extension is more effective in resetting tremor than (slow) lifting
of the arms.17 This may help clinicians to better recognize re-
emergent tremor, which in turn can help discriminate PD from
essential tremor or dystonic tremor.18 In a similar vein, “re-
emergence” of tremor may mark the transition from “motor
dynamics” to “motor stability.” Motor stability refers to situations
when the tremulous muscles are relaxed (“rest”) (Fig. 1A) or
when a simple, “automatic” motor program is being performed
(eg, when the arm is held in a stable posture) (Fig. 1B), or when
a simple tapping movement is made again and again (Fig. 1C). In
contrast, motor dynamics refers to situations when actions are
selected that are novel with respect to the prior motor history
(eg, when transitioning from rest to posture or when performing
more complex sequences that involve transitions between differ-
ent fingers).

This novel framework of PD tremor deserves and requires
further attention and investigation. Electrophysiological studies
are needed to corroborate our observation of PD tremor during
repetitive movements. The anatomical and neurophysiological
underpinnings of motor stability will also need to be defined to
improve our understanding of PD tremor, as well as the cerebral
motor circuit from which it originates. An important conundrum

is the lack of correlation between power in the β frequency
range (13–35 Hz)—the most robust electrophysiological marker
of “motor stability”—and PD tremor.15 However, neurophysio-
logical and neuroimaging evidence suggest that pathological
activity (eg, increased β power) within the basal ganglia precedes
the (re-)emergence of tremor.19 In periods of sustained tremor,
the tremor is maintained and amplified by the cerebello-
thalamo-cortical circuit.20 These periods of sustained tremor are
associated with increased low β power in the premotor cortex.21

Resetting might (also) be mediated by proprioceptive input,
occurring in parallel to movement-related β-desynchronization
on movement.22 Additionally, differences in the latency to
tremor emergence between conditions4 and individuals3 may be
because of variability in the tendency of neural motor networks
to reach stability, but the underlying mechanisms are unclear. It
needs to be defined how the concept of motor stability fits with
the observation that the duration of the pause is inversely related
to the amplitude of the rest tremor.23

Altogether, we endorse the original description and assessment
of re-emergent tremor by Jankovic and colleagues,1 which inte-
grates all four essential features (ie, postural, latency, presence of
rest tremor, and frequency similar to the rest tremor) (Fig. 1B)
when describing re-emergent tremor. However, the term “re-
emergent tremor” is somewhat confusing, because it does not
specify during what condition the tremor re-emerges (ie, rest,
posture, or action). It only covers the characteristics “latency”
and “frequency similar to the rest tremor” of this construct. This
could be a reason for the low rate of adequate definitions used
(Fig. S1). Perhaps it would be more formally correct to add the
condition in which the tremor re-emerges, for example “rest
tremor with re-emergent rest, postural or kinetic tremor”
(Fig. 1). This nomenclature is in line with activation conditions
defined in the MDS consensus on tremor.2 When assessing and
describing PD tremor, it is probably best to describe the phe-
nomenology as detailed as possible. This encompasses not only
the typical static characteristics of a tremor (ie, condition, ampli-
tude, and frequency), but also dynamic characteristics (ie, reset-
ting, latency, and re-emergence) (Fig. 1). Future studies could
extend the construct of re-emergent tremor by unifying the clin-
ical phenomena of resetting and re-emergence as pivotal ele-
ments for classical PD tremor, whether occurring during rest or
action.

Author Roles
(1) Conception; (2) Literature Review; (3) Video: A. Recording,
B. Editing; (4) Manuscript: A. Writing of the First Draft,
B. Review and Critique.

B.E.K.S.: 1, 2, 3B, 4A
R.M.A.B.: 1, 4B
M.H.: 4B
R.C.H.: 1, 3A, 4B
A.W.G.B.: 1, 4A

Video 1. Rest tremor, resetting and re-emergence in a
Parkinson’s disease (PD) patient. Part 1 (00:00–00:06).
Classical PD rest tremor in the right hand. Part 2 (00:06–00:11).
Re-emergence of right PD tremor during posture holding with
a delay of �2 s. Part 3 (00:11–00:16). Resetting of tremor with
brisk voluntary wrist dorsiflexion. Part 4 (00:16–00:36).
Progressive re-emergence of tremor during finger tapping with
a delay of � 6 s. Part 5 (00:36–1:01). Progressive and somewhat
stuttering re-emergence of tremor during hand tapping with a
delay of �10–20 s. Part 6 (1:01–1:29). No re-emergence of
tremor during alternating finger tapping.
Video content can be viewed at https://onlinelibrary.wiley.com/
doi/10.1002/mdc3.13806
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Supporting Information
Supporting information may be found in the online version of
this article.

Data S1. Supporting information.
Figure S1. Operational definitions of re-emergent tremor in

literature. The first four columns relate to the presence/absence
of the four essential elements defining re-emergent tremor. The
fifth column indicates consistent use of the definition. The sixth
column indicates an overall judgment on the consistent use of an
adequate definition. Color legend: green, present; red, absent;
gray, no/unclear description. 1, frequency similar to a Parkinso-
nian rest tremor; 2, also in the jaw and the tongue; 3, also in the
legs on standing; 4, weight-dependent (weight-holding tremor);
5, transiently suppressed on movement; 6, after repositioning of
the limb; 7, “with a re-emergent component.” References are
displayed in Supplementary Material S1.
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