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Essential tremor (ET) plus is a new tremor classification that was introduced in 2018 by a task 
force of the International Parkinson and Movement Disorder Society. Patients with ET plus 
meet the criteria for ET but have one or more additional systemic or neurologic signs of un-
certain significance or relevance to tremor (“soft signs”). Soft signs are not sufficient to diag-
nose another tremor syndrome or movement disorder, and soft signs in ET plus are known 
to have poor interrater reliability and low diagnostic sensitivity and specificity. Therefore, the 
clinical significance of ET plus must be interpreted probabilistically when judging whether a 
patient is more likely to have ET or a combined tremor syndrome, such as dystonic tremor. 
Such a probabilistic interpretation is possible with Bayesian analysis. This review presents a 
Bayesian analysis of ET plus in patients suspected of having ET versus a dystonic tremor syn-
drome, which is the most common differential diagnosis in patients referred for ET. Bayesian 
analysis of soft signs provides an estimate of the probability that a patient with possible ET is 
more likely to have an alternative diagnosis. ET plus is a distinct tremor classification and 
should not be viewed as a subtype of ET. ET plus covers a more-comprehensive phenotyping 
of people with possible ET, and the clinical interpretation of ET plus is enhanced with Bayes-
ian analysis of associated soft signs.
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Bayesian Interpretation of Essential Tremor Plus

INTRODUCTION

Essential tremor (ET) is a very common movement disorder,1 but its true prevalence is dif-
ficult to determine because the condition has not been defined consistently by movement-
disorder specialists.2 ET is most commonly defined as a syndrome of tremor without any 
other neurologic signs; that is, ET is an isolated tremor syndrome.3-5 However, some defi-
nitions have included dystonia,2,6 and many experienced specialists disagree about the pres-
ence and diagnostic significance of subtle neurologic signs.7,8 Therefore, misdiagnosis and 
conflicting diagnoses are common.9-12

A growing concern is that ET has become a “wastebasket” diagnosis that is applied loose-
ly to patients with upper extremity action tremor and no other gross or diagnostic abnor-
malities.12 An unanswered and largely unaddressed question is how to address clinical fea-
tures or signs that are equivocally abnormal or questionably relevant to tremor. Such “soft 
signs” might either be clinical noise or be useful in identifying those patients that actually 
have a combined tremor syndrome, which is a syndrome of tremor and other neurologic 
signs (e.g., dystonia, ataxia, or parkinsonism).8 This problem is the principal focus of this 
review.

A task force of the International Parkinson and Movement Disorder Society (MDS) con-
cluded in 2018 that ET is a clinical syndrome that needs to be defined consistently in order 
to discover its underlying etiologies and effective treatments.4,13 The MDS task force pro-
posed a tremor classification scheme that is based on two axes of classification: 1) clini-
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cal features and 2) etiology. ET is defined as an axis-1 syn-
drome of bilateral upper extremity action tremor with a 
duration of at least 3 years, with or without tremor in other 
locations (e.g., head or voice), and no other neurologic 
signs such as dystonia, ataxia, or parkinsonism.4 This defini-
tion of ET differs from the 1998 MDS consensus defini-
tion that included isolated head tremor as ET and had no 
requirement for a minimum symptom duration. The 2018 
MDS definition and the widely used Tremor Investigation 
Group (TRIG) criteria differ only in the required dura-
tion of tremor (3 versus 5 years).3

Clinicians frequently encounter patients who fulfill the 
criteria for ET but have one or more clinical signs of an un-
certain abnormality or relevance to the patient’s tremor. Rec-
ognizing this problem, the MDS task force introduced a new 
tremor classification called ET plus. This axis-1 classification 
is applied when a patient has tremor with the characteristics 
of ET along with additional neurologic signs of “uncertain 
significance such as impaired tandem gait, questionable dys-
tonic posturing, memory impairment, or other mild neuro-
logic signs of unknown significance that do not suffice to 
make an additional syndrome classification or diagnosis.”4 In 
addition, ET with tremor at rest is classified as ET plus, be-
cause true rest tremor is uncommon in ET and is usually as-
sociated with other neurologic signs that suggest a different 
tremor classification (e.g., dystonic tremor or parkinsonian 
tremor).14

Some tremor specialists have questioned the usefulness 
of the ET-plus classification. Detractors note that ET plus is 
not based on known differences in the underlying patholo-
gy or prognosis relative to ET.15 However, the underlying pa-
thology and prognosis of ET are both variable and contro-
versial, and there is no reason to assume that ET and ET plus 
have either the same or different pathology or prognosis.16 
ET plus is not a subtype of ET; rather, it is a distinct classifi-
cation that acknowledges the existence of other neurologic 
or systemic signs that might be abnormal or related to a pa-
tient’s tremor.

Another objection is that the more-comprehensive pheno-
typing inherent in ET plus makes certain types of research 
studies more difficult.17 It is admittedly easier to perform epi-
demiologic, genetic, and treatment studies with inclusion 
criteria that are more inclusive than the MDS definition of 
ET, but such an approach could make the results less valid 
and more difficult to interpret. Furthermore, while ET plus 
is a diagnostic placeholder rather than a final diagnosis,18 this 
is also true for ET and all other axis-1 clinical syndromes.16,19 
It is now clear that ET—as defined by the MDS task force—
is far less common than previously suggested. Signs of un-
certain abnormality or relevance were not being adequately 

documented before the advent of ET plus, and ET plus is 
more common than ET.20-22

An important question is how to address signs of uncer-
tain abnormality or relevance. Common examples are absent 
ankle reflexes in older patients, impaired tandem walking, 
and unusual limb posturing that could be dystonic. The pur-
pose of this review is to demonstrate how Bayesian analysis 
can be used to estimate the probability that a patient with ET 
plus has a combined tremor syndrome, rather than ET.

METHODS

This scoping review23 builds on previous systematic reviews 
of tremor classification.4,5 PubMed was searched on October 
1, 2021 using the following search expression: (essential trem-
or plus) AND (diagnosis). This search produced 20 addition-
al relevant articles that reported soft signs in patients that 
otherwise met the new or old MDS criteria for ET. PubMed 
and Google were then searched for estimates of the sensitiv-
ity and specificity of these signs for a movement disorder oth-
er than ET (e.g., dystonia, ataxia, or Parkinson disease).

During the period from March 2011 to March 2020, the 
author used the Essential Tremor Rating Assessment Scale 
(Supplementary Materials 1 in the online-only Data Supple-
ment) to quantify the distribution of tremor in 212 consec-
utive adult ET patients: 116 males and 96 females aged 64±15 
and 69±13 years (mean±SD), respectively.24 All patients met 
the TRIG and 2018 MDS criteria for ET and were referred 
to the author’s clinic for tremor. These data were used to ex-
amine right/left asymmetry in upper limb tremor and to com-
pute the relative severity of head tremor and voice tremor ver-
sus upper limb tremor in a clinic-based cohort of ET patients. 

RESULTS

Probability of ET in patients referred for ET
Referral diagnoses of ET are reportedly incorrect in nearly 
50% of patients, and the most common alternative diagno-
ses are Parkinson disease and dystonia.10-12 In a cohort of 104 
patients referred for ET, 47 received a different diagnosis by 
the main author, most commonly dystonia.12 Half of 350 pa-
tients loosely diagnosed as ET in a large movement-disorders 
clinic had dystonia.25 Thus, tremulous dystonia is the most 
common differential diagnosis for ET, but parkinsonian trem-
or, ataxic tremor, and myoclonic tremor are also common.

Clinical signs that are incompatible with ET
Any definitive sign of another movement disorder is incom-
patible with the 2018 MDS definition of the ET syndrome. 
ET is defined as a syndrome consisting of action tremor and 
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no other neurologic signs that could be pathophysiologically 
or etiologically related to the patient’s tremor. The signs in 
Table 1 are relevant to the differential diagnosis of ET versus 
dystonia and Parkinson disease. The reasons for excluding 
these signs are summarized below. 

Unilateral upper extremity tremor
Strictly unilateral upper extremity action tremor was found 
in only 4.4% of patients in 17 families with autosomal domi-
nant ET,26 and in only 2 of 44 clinic patients (4.5%) exam-
ined with electrophysiology.27 Tremor was mild in all of these 
patients with unilateral tremor, and none had tremor or oth-
er neurologic abnormalities elsewhere. The MDS task force 
concluded that isolated unilateral upper extremity action 
tremor was too uncommon to be included in the ET pheno-
type. Patients with this syndrome may ultimately develop a 
phenotype that is compatible with ET, but evolution to a dys-
tonia syndrome or Parkinson syndrome is more likely.28

Isolated head and voice tremor
Isolated head tremor was included in the 1998 MDS criteria 
for ET, but this was excluded from the 2018 MDS criteria be-
cause focal head tremor is present in <5% of possible ET pa-
tients29,30 and is commonly dystonic.14,31 Isolated voice trem-
or is similarly uncommon30 and is usually dystonic.32 The 
interrater reliability for distinguishing between voice trem-
or versus dystonia is only fair to poor, even when the exami-
nation includes flexible laryngoscopy.33,34 

The dystonic nature of isolated voice and head tremors is 
supported by studies of somatosensory temporal discrimi-
nation.35 Patients with isolated head tremor or voice tremor 
may ultimately develop the ET syndrome, but dystonia should 
be strongly suspected when head or voice tremor is the most 
severe or initial aspect of the ET syndrome. 

Approximately 85% of the elderly patients in a large pop-
ulation-based cohort in central Spain had upper extremity 
tremor without head or voice tremor, 1.6% had isolated head 

tremor, and none had isolated voice tremor.36 Similar results 
were found in another population-based study.37 Thus, iso-
lated bilateral upper extremity action tremor is a common 
ET phenotype in the general population, whereas isolated 
head and voice tremors are rare and are not considered a form 
of ET.

Vocal spasms, strain, and breaks
Vocal strain, spasms, and breaks are signs of dystonia. A dys-
phonia attribute inventory has been developed to facilitate 
accurate diagnosis,34 and standardized clinical examinations 
are also available.38 These voice characteristics are not com-
patible with ET, but vocal breaks due to severe tremor are dif-
ficult to distinguish from those caused by dystonia.39

Extremity rest tremor
A prospective clinic-based cohort of 473 patients with vari-
ous types of adult-onset primary dystonia included 262 pa-
tients (55.4%) with tremor, which was head tremor in 196, 
upper limb tremor in 140, and both types of tremor in 98. The 
patients with upper limb tremor included 40.7% with rest 
tremor, which was unilateral in 67% and asymmetric in 93%.14 
These findings suggest that upper extremity tremor in adult-
onset dystonia commonly has a rest component.

True rest tremor occurs in <15% of clinic-based ET patients40 
and in <5% of ET patients in population-based cohorts.41 
Therefore, rest tremor is uncommon in patients who other-
wise fulfill the criteria for ET, and these patients are now clas-
sified as ET plus.4 Postmortem studies have not produced con-
sistent or diagnostic pathology findings in most cases of ET 
plus rest tremor,42,43 and many of these patients are suspect-
ed as having dystonia.44,45

The presence or absence of rest tremor is frequently uncer-
tain, especially in patients with severe ET who find it difficult 
to completely relax. Many clinicians examine rest tremor with 
the forearms resting in the lap in a semiprone posture.14 This 
posture requires some voluntary activation of the forearm 
muscles and is therefore not ideal for assessing tremor at rest. 
The probability of a false-positive rest tremor is 20% in this 
posture, while it is 37% when the hands are hanging over the 
armrest.46 In contrast, the probability of false positives is only 
2% with the hand and forearm relaxed, pronated, and fully 
supported;46 the sensitivities to rest tremor in these three pos-
tures are 95%, 97%, and 85%, respectively. 

Extremity rest tremor occurs in ≥67% of patients with Par-
kinson disease47 and in the rare tremor syndromes of Holmes 
tremor and myorhythmia.48 Rest tremor in Parkinson dis-
ease subsides during voluntary muscle activation (posture 
or movement) and often re-emerges after a variable delay;49 
these characteristics are uncommon in dystonic tremor syn-

Table 1. Clinical signs that are incompatible with ET

Clinical sign Alternative diagnosis
Unilateral extremity tremor D, PD

Isolated head or voice tremor D

Vocal spasms, strain, or breaks D

Extremity rest tremor D, PD

Persistent head tremor at rest D, PD

Bradykinesia D, PD

Rigidity D, PD

Sensory trick D

Positional and task-specific tremors D, PD

D, dystonia syndrome; ET, essential tremor; PD, Parkinson disease.
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dromes.14 The suppression of rest tremor by voluntary mus-
cle activation has an estimated sensitivity and specificity of 
92% and 69%, respectively, for parkinsonian rest tremor.49

Persistent head tremor at rest
Rest tremor should be identified when a patient is attempt-
ing to relax in a facilitating environment. A supine position 
with comfortable body support results in the highest speci-
ficity for extremity rest tremor,46 and this is the best posture 
for determining the presence of rest tremor in the head and 
torso. Complete cessation of head tremor at rest was found 
in 55 of 60 ET patients, while 4 of the remaining 5 patients 
also had rest tremor in their upper limbs and would therefore 
be classified as ET plus on that basis alone.50 In the same study, 
the head tremor in 13 of 19 patients with tremulous cervical 
dystonia persisted at rest. Head tremor rarely occurs in Par-
kinson disease except as a comorbid condition, but true Par-
kinson head tremor is likely to persist at rest.51 Head tremor 
at rest, like rest tremor elsewhere, is not compatible with the 
current definition of ET.

Bradykinesia
Upper extremity bradykinesia is commonly assessed with 
repetitive finger tapping (index finger and thumb), hand 
opening/closing, and hand pronation/supination as widely 
and rapidly as possible. A clinic-based cohort of 90 ET pa-
tients included only 6 (6.6%) who exhibited slight slowness 
of upper extremity movement in clinical examinations.52 How-
ever, a kinematic analysis of repetitive finger tapping revealed 
that the ET patients produced fewer movements within 15 
seconds than did the controls, while exhibiting no decrement 
in amplitude or velocity with repetition (i.e., no sequence ef-
fect). Roughly half of the ET patients exhibited normal fin-
ger-tapping kinematics, and there was considerable overlap 
between the kinematic values for the ET patients, Parkinson 
patients, and healthy controls.52 Nevertheless, another study 
found that ET patients performed repetitive pronation/su-
pination more slowly than did controls,53 and a third study 
identified mild slowing of wrist flexion in ET that overlapped 
considerably with the control values.54 Therefore, it remains 
to be determined whether precise kinematic measures of bra-
dykinesia can be useful in axis-1 phenotyping, and a stan-
dardized operational definition of bradykinesia is needed.55 
A clinical examination is currently the gold standard, and 
none of the ET patients in these kinematic studies were judged 
as having bradykinesia in clinical examinations. 

Therefore, the finding of definite bradykinesia in a neuro-
logic examination is not compatible with ET, and patients 
with questionable bradykinesia should be classified as ET 
plus. However, one dopamine transporter imaging study found 

poor diagnostic agreement regarding the presence or ab-
sence of Parkinson disease between two experienced move-
ment-disorder specialists who assessed video examinations 
of 38 patients with ET, dystonic tremor, or tremor-dominant 
Parkinson disease (kappa coefficient=0.24, 95% confidence 
interval=0 to 0.48).45 This disagreement was largely attribut-
able to a high degree of discord in the identification and in-
terpretation of bradykinesia. Abnormal dopamine transport-
er imaging is incompatible with ET, and is helpful but not 
infallible for distinguishing tremor-dominant Parkinson dis-
ease from ET and most dystonic tremor syndromes.45

Rigidity
Rigidity is incompatible with a diagnosis of ET. However, 
cogwheeling is frequently palpable in an upper limb when 
normal muscle tone is enhanced by the performance of vol-
untary repetitive movement with the contralateral limb.56 
Cogwheeling is simply palpable action tremor in an incom-
pletely relaxed extremity during passive movements within 
the normal range of motion, and the presence of this sign 
does not distinguish ET from other forms of action tremor.3

Sensory trick
A sensory trick has been defined as “an episodic and specif-
ic maneuver that ameliorates dystonia in a manner that is 
not easily physiologically perceived as necessary to counter-
act the involuntary movement.”57 The existence of sensory 
tricks varies with the anatomical location of the dystonia, 
and they are more common in craniocervical dystonia (>40% 
of cases) than in upper extremity dystonia (20%).31,57 It ap-
pears that dystonic tremor and dystonia without tremor re-
spond similarly to sensory tricks, although this has not been 
studied systematically. Regardless, a response to a sensory 
trick is rarely seen in movement disorders other than dysto-
nia, and this is therefore regarded as a sign of dystonia rath-
er than of ET.57-59 

Positional and task-specific tremors
Strictly positional60 and task-specific tremors are rare, and 
are incompatible with the current definition of ET.4 Howev-
er, positional specificity and task specificity are not absolute 
in most patients, and they may change over time.61 Identify-
ing the associated neurologic signs (e.g., dystonia) is difficult 
when tremor is severe.62 The degree of positional or task spec-
ificity that is incompatible with ET has not been defined. 
Task-specific forms of dystonia are well known,63,64 and strict-
ly positional and task-specific tremors are hypothesized to 
be a form of dystonia,65-67 but they might also be a separate 
disorder.68 These rare tremors may evolve into a combined 
tremor syndrome, so patients should be monitored for the 
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development of additional signs.67

Caveats
Interrater reliability is known to be poor in clinical assess-
ments of dystonia, even among specialists.69-71 There is con-
siderable interrater disagreement about the presence of trem-
or69 and the presence of dystonia.71,72 Poor interrater agreement 
effectively reduces the sensitivity and specificity of a neuro-
logic sign.73 In a clinic-based cohort of 18 patients with dys-
tonia, 9 patients with other movement disorders, and 2 healthy 
controls, the sensitivity and specificity in diagnosing dysto-
nia were 66.7% and 95.2%, 75.2% and 76.3%, and 71.6% and 
84.6% for movement-disorder experts, general neurologists, 
and residents, respectively.71 Therefore, significant diagnos-
tic uncertainty is common for a single clinical encounter. 

The classification of ET plus was introduced to cover pa-
tients with signs that are questionably present or question-
ably abnormal. The MDS task force recognized that axis-1 
syndromes should not be viewed as fixed or final, since ET 
and ET plus may evolve into other tremor syndromes. Signs 
of uncertain significance or relevance that lead to the classi-
fication of ET plus are reviewed below.

Signs of uncertain diagnostic significance
Uncertainties in clinical classifications commonly arise from 
clinical signs and symptoms whose diagnostic significance 
is uncertain. Examples of such soft signs are listed in Table 2. 
The signs in Table 1 are viewed as “soft” when their presence 
is uncertain or equivocal. The clinical signs in Table 2 are soft 
because they occur in normal people (and hence in ET) or 
because they are not understood well enough to be consid-
ered incompatible with ET. The signs in Table 2, like those in 
Table 1, will be variably recognized depending on their se-
verity and clinical context (e.g., dystonia clinic versus gener-
al neurology clinic versus primary-care clinic) and also on 
the skills of the examiner.

Lower extremity action tremor
The possibility of lower extremity action tremor is acknowl-
edged in the MDS criteria for ET, but the prevalence of low-

er extremity tremor in ET is reported to be 10%–30%, and this 
is very mild and asymptomatic in most cases.25,30,37,40,74,77-79 In 
the author’s clinic-based cohort of 212 ET patients, 72 (34%) 
had visible lower limb postural or kinetic tremor, as mea-
sured at the foot according to the Essential Tremor Rating 
Assessment Scale (TETRAS) examination.24 Only 3 patients 
exhibited lower limb tremor >1 cm, and only 39 patients 
(18%) exhibited tremor while standing. No patient consid-
ered their lower extremity tremor to be disabling. Lower limb 
tremor is nearly twice as likely in other conditions such as 
ET plus, dystonia, Parkinson disease, and ataxia.74 Therefore, 
the sensitivity and specificity of lower limb tremor for a dys-
tonic tremor syndrome are estimated to be 50% and 70%, 
respectively, in a hypothetical cohort of ET patients and pa-
tients with tremulous dystonia.

The prevalence of lower extremity tremor in ET was 44% 
in one study, but 14% of the controls in this study were also 
judged as having lower limb tremor.80 Irregular lapses in pos-
ture are commonly observed in the extended lower limbs of 
normal people and can be misinterpreted as tremor, which 
by definition is rhythmic. The interrater reliability for iden-
tifying lower extremity tremor is particularly poor in patients 
with suspected ET.24

Intention tremor
Intention tremor is a form of kinetic tremor (i.e., tremor pro-
duced by voluntary movement) in which the tremor ampli-
tude increases markedly as the affected body part approach-
es its visual target.4 Distinguishing simple kinetic tremor 
from intention tremor could be useful for improving the phe-
notyping of ET. Intention tremor was judged to be present 
in the lower limbs of 27% of patients in one ET cohort79 and 
in the upper limbs of 38.5% of patients in another ET cohort.81 
Intention tremor is most common in patients with greater 
tremor severity.81,82 Techniques for eliciting intention trem-
or need to be standardized and validated, and an operational 
definition of intention tremor (i.e., the required amplitude 
change) versus kinetic tremor is needed for neurologic ex-
aminations and electrophysiologic studies. The interrater re-
liability of distinguishing simple kinetic tremor from inten-

Table 2. Sensitivity and specificity of signs that suggest a dystonia syndrome

Sign* Sensitivity Specificity Reference
Lower limb action tremor 0.5 0.7 Rajalingam et al.74

Irregular rhythm and jerkiness ? ? See text

Highly asymmetric upper limb tremor ? ? See text

Unusual postures (e.g., finger pointing) 0.20 0.90 Vives-Rodriguez and Louis75

Mirror dystonia 0.67 0.67 Sitburana et al.76

Muscular overflow contractions 0.28 0.96 Sitburana et al.76

*Cohort is assumed to consist of patients with essential tremor and dystonic tremor syndromes
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tion tremor has not been investigated.

Irregular rhythm and jerkiness
Dystonic tremor is frequently described as jerky and irreg-
ular,69 but these characteristics have not been operationally 
defined for dystonic tremor or any other form of tremor. There 
is no validated method for assessing these attributes in a neu-
rologic examination, and the interrater reliability for these at-
tributes was poor in a large cross-sectional study.69 Further-
more, it has long been known that dystonic tremor can be 
either irregular or highly rhythmic.83,84

Motion transducers or EMG are needed for precise mea-
surements of rhythm variability and for elucidating the cause(s) 
of jerkiness (e.g., dystonic contractions or myoclonus).85-87 
No form of tremor is perfectly rhythmic or sinusoidal, and 
the cycle-to-cycle variability (i.e., regularity) in the tremor 
frequency varies with the tremor amplitude.88,89 A higher trem-
or amplitude is probably caused by greater entrainment of 
motor pathways, which is likely to increase the rhythmicity. 
It therefore seems unlikely that ET can be distinguished from 
other forms of tremor simply on the basis of rhythm vari-
ability (i.e., regularity).90 Tremor amplitude must be con-
trolled for when comparing different types of tremor based 
on rhythm regularity.

Asymmetric upper limb tremor
The MDS task force did not address the degree of asymme-
try in upper extremity tremor that is compatible with ET. 
Asymmetry is common,91 but the degree of asymmetry that 
should alert clinicians to an alternative diagnosis needs to 
be defined. The right-left difference in upper limb tremor in 
the author’s clinic-based cohort of 212 ET patients was esti-
mated using item 4 of the TETRAS examination, which con-
sists of 0 to 4 point ratings of upper limb tremor in forward 
posture, wing posture, and finger-nose-finger movement 
(maximum score=12 for each upper limb).24 The right-left 
difference was 0.0±1.4, indicating no significant right-left 
preference for asymmetry. Moreover, 95% of all patients had 
a difference of 1 point or less in the forward posture and fin-
ger-nose-finger assessment, and a difference of 1.5 points or 
less in the wing posture assessment. These results are com-
parable with those found with a different scale that uses scores 
from 0 to 3.91 

Therefore, asymmetry of >1 point in a upper extremity 
tremor rating from 0 to 4 points is unusual for ET, and con-
sistent asymmetry of >1 point across multiple upper extrem-
ity ratings should be viewed as a red flag for conditions such 
as dystonia and Parkinson disease, in which tremor asym-
metry is common. This conclusion is supported by the find-
ing that the somatosensory temporal discrimination thresh-

old was increased in a cohort of patients with asymmetric 
and/or jerky upper limb tremor, suggesting that these pa-
tients were likely to have a form of dystonia.92 However, the 
sensitivity and specificity of tremor asymmetry for ET versus 
dystonic tremor are presently unknown, and so this needs 
to be investigated in large patient cohorts. 

Unusual postures
The significance of unusual posturing of the head and ex-
tremities is another area of diagnostic uncertainty. Subtle pos-
turing is often viewed as a compensatory response to trem-
or. For example, hyperextension of the wrist while writing 
could be due to dystonia or represent an attempt to control 
severe tremor.62 Postures such as a slight head tilt during con-
versation, spoon-shaped curvature of the extended hands,93 
and subconscious index finger pointing while standing or 
walking may indicate dystonia, but these behaviors are also 
exhibited by normal people.75 In one clinical cohort, index 
finger pointing was observed in 20% of craniocervical dys-
tonia patients, 16% of Parkinson patients, 10% of ET patients, 
and 3.8% of controls.75 These data suggest that the sensitivi-
ty and specificity of index finger posturing are 20% and 90%, 
respectively, in a mixed population of people with ET and 
tremulous cervical dystonia. It seems likely that other forms 
of subtle or unusual body posturing have similar sensitivity 
and specificity, although confirmatory data are needed.

Mirror dystonia and muscular overflow
Mirror dystonia and muscular overflow contractions are con-
sidered to be supporting signs of dystonia,59 but they have 
only modest sensitivity and specificity.59 Blinded assessments 
of focal hand dystonia found mirror dystonia in 67% of pa-
tients and 39% of healthy controls (sensitivity=67%, specific-
ity=61%).76 Only 4% of the controls in that study exhibited 
overflow contractions (specificity=96%), but the prevalence 
rates (sensitivities) of ipsilateral and contralateral overflow 
contractions in patients were only 28% and 8%, respectively. 
Upper or lower limb mirror movements were found in 32.7% 
of ET patients and 23.7% of controls.94 Therefore, the sensi-
tivity and specificity of mirror movements in dystonia ver-
sus ET are both approximately 67%.

Other diagnostic considerations

Isolated bilateral upper extremity action tremor
Mild action tremor restricted to the hands is compatible with 
the classification of ET syndrome, but enhanced physiolog-
ic tremor (a.k.a., enhanced mechanical-reflex tremor) is an 
important and common differential diagnosis.95 Enhanced 
physiologic tremor was three times more common than ET 
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in a population-based study performed in northern Italy.95 
The Washington Heights-Inwood Genetic Study of Essential 
Tremor (WHIGET) scale was designed with amplitude crite-
ria to exclude enhanced physiologic tremor, but this approach 
may also exclude people with mild ET of comparable severi-
ty.96 Electrophysiology is useful in distinguishing mild ET from 
enhanced physiologic tremor.97,98 Applying 300–1000 gm 
mass loads to the hand reduces the frequency of enhanced 
physiologic tremor by more than 1 Hz, depending on the load, 
and this test is helpful in distinguishing mild ET from en-
hanced physiologic tremor.99,100 Cervical dystonia is com-
monly associated with mild action tremor in the hands, and 
so patients presenting with mild upper extremity tremor 
should be examined carefully for subtle dystonia.101 

In the author’s clinic-based cohort of 212 ET patients, only 
35 exhibited tremor in the upper limbs only, and only 5 of 
those patients had a total score for item 4 of the TETRAS ex-
amination of >10 (the maximum is 24). Therefore, ET pre-
senting with isolated upper limb tremor is generally mild, 
and the presence of severe tremor restricted to the upper 
limbs should prompt a careful search for other diagnostic 
signs such as focal dystonia, ataxia, and parkinsonism. 

Impaired tandem walking 
The most common soft neurologic signs that lead to a diag-
nosis of ET plus are rest tremor, impaired tandem walking, 
memory impairment, mild peripheral neuropathy, and ques-
tionable dystonic posturing.102-104 Impaired tandem walking 
is an exemplar soft sign in tremor classification. The first re-
port of impaired tandem walking in 50% of ET patients led 
to the notion that ET “may be associated with signs other than 
tremor” and that “abnormal tandem in these patients supports 
the concept that cerebellar dysfunction may be the source of 
the tremor.”105 However, while tandem walking is very sensi-
tive to impaired balance,106 it is greatly influenced by normal 
aging and also by a wide variety of neurologic and nonneu-
rologic conditions.107 Therefore, while impaired tandem walk-
ing has high sensitivity for detecting cerebellar dysfunction, 
it also has very low specificity.

The first study of tandem walking in ET found that 50% 
of patients exhibited multiple missteps during a 10-step tan-
dem walk; however, 28% of controls also exhibited this prob-
lem.105 Therefore, the occurrence of impaired tandem walk-
ing can be assumed to be at least 28% in other axis-1 tremor 
syndromes, and is probably much higher in most (e.g., atax-
ia, dystonia, and parkinsonism), resulting in the specificity 
being 72% or lower for most diagnostic comparisons. 

Another study found that 73% of controls with impaired 
tandem walking and 89% of ET patients with impaired tan-
dem walking were aged ≥70 years.105 In a similar study, im-

paired tandem walking was exhibited by only 7.4% of ET pa-
tients and 8.6% controls aged <70 years, but by 71% of ET 
patients and 22% of controls aged ≥70 years.108 Thus, the in-
terpretation of impaired tandem walking is severely confound-
ed by the effects of aging.

ET and other forms of tremor emerge from oscillatory en-
trainment of the corticobulbocerebellothalamocortical loop. 
Tandem walking normalizes when ET oscillations in this 
loop are suppressed by ventrolateral thalamic deep brain 
stimulation109 or by ethanol.110 These observations indicate 
that dysfunction of the corticobulbocerebellothalamocorti-
cal loop in ET is largely a physiologic disturbance. This loop 
is critically important in the feedforward cerebellar control 
of movement, and hence it is reasonable that people with ET 
are more vulnerable to any additional cause of impaired bal-
ance such as chronic vestibulopathy, impaired vision, periph-
eral neuropathy, musculoskeletal disease, impaired cogni-
tion, or the adverse effects of normal aging.107,111-113 

To summarize, impaired tandem walking is a common 
neurologic sign of impaired balance, and it should not be 
assumed to be etiologically related to ET. Impaired tandem 
walking has relatively little diagnostic utility in tremor clas-
sification when no other neurologic signs are present. Fur-
thermore, tests of tandem walking need to be standardized 
in terms of how they are performed and scored.107

Electrophysiologic tests
There are no electrophysiologic abnormalities that are spe-
cific for ET. However, several electrophysiologic tests have 
been used to uncover differences in pathophysiology between 
dystonia and ET, and the results of such tests could be viewed 
as soft signs in the differential diagnosis.

The somatosensory temporal discrimination threshold is 
the shortest time interval between two tactile stimuli that 
are still discernible. The temporal discrimination threshold 
is increased in patients with tremor associated with dysto-
nia, while it is normal in ET (sensitivity=90%, specificity= 
85%).114 This test had a sensitivity of 60% and a specificity of 
71.4% in a study comparing patients with asymmetric, jerky 
tremor (i.e., ET plus questionable signs of dystonia) with ET 
patients.92

A well-established test of sensorimotor learning that de-
pends on normal cerebellar function is eyeblink reflex clas-
sical conditioning, which was found to be greatly reduced in 
ET, consistent with cerebellar impairment.115 Such reduced 
conditioning was also found in patients with dystonic trem-
or syndromes116 and in patients with inflammatory neurop-
athy with tremor, but not in patients with dystonia or inflam-
matory neuropathy without tremor.115,117 However, a subsequent 
analysis of data from a larger cohort of dystonia patients re-
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vealed that eyeblink reflex classical conditioning was normal 
in dystonic patients with or without tremor.118 Like most elec-
trophysiologic tests, eyeblink reflex classical conditioning 
varies greatly among patients and controls, but it possibly has 
some as-yet-undefined value in the classification of ET ver-
sus dystonia. Further investigations are needed to confirm this.

Increased R2 blink reflex recovery was observed in pa-
tients with a dystonic tremor syndrome but not in patients 
with ET (sensitivity=100%, specificity=100%).116,119 Increased 
R2 blink reflex recovery was also seen in ET plus rest trem-
or versus ET (sensitivity=100%, specificity=100%).44 R2 blink 
reflex recovery is increased in patients with parkinsonian rest 
tremor, but seems to differ from ET plus rest tremor recov-
ery for interstimulus intervals of 100–150 ms.120 These obser-
vations need to be confirmed in different laboratories and in 
larger patient cohorts. Confusing and conflicting observa-
tions are not uncommon in this field of electrophysiology; for 
example, one study found increased R2 blink reflex recovery 
in DYT1 dystonia but not in DYT6 dystonia.121 Therefore, the 
sensitivity and specificity of increased R2 blink reflex recov-
ery in distinguishing ET from dystonic tremor are probably 
less than 100% and may depend on the etiology of dystonia.

Bayesian analysis of soft signs
Soft signs, by definition, have insufficient sensitivity and spec-
ificity to be diagnostic when they are observed in isolation. 
However, multiple soft signs may be sufficient to change the 
diagnosis from ET plus to a more-specific combined tremor 
syndrome. Bayesian analysis is needed to interpret the signif-
icance of multiple soft signs.

Two groups of investigators independently found that the 
prevalence of craniocervical dystonia was roughly 30% in 
some pedigrees of ET.122,123 For the sake of discussion, let us 
assume that any patient with an ET-like tremor has a 30% 
probability of dystonia and that we wish to know if one or 
more soft signs make a dystonia syndrome more likely than 
ET (i.e., probability of dystonia is >50%). We also wish to de-
termine how many soft signs are needed to achieve a tremor 
classification with >90% certainty. 

To illustrate this process, assume that an expert dystonia 
specialist examined a hypothetical patient with probable ET 
and noticed an index-finger-pointing posture during ambu-
lation. Based on the available published data, the sensitivity 
and specificity of finger pointing for dystonia are estimated 
to be 20% and 90%, respectively, in a population of patients 
having either ET or dystonia (Table 2).75

The sensitivity and specificity of a test or sign can be used 
to compute the likelihood ratio (LR) or the likelihood of hav-
ing a disease, given a positive result (LR+) or a negative re-
sult (LR-).124 The positive and negative likelihood ratios (i.e., 

LR+ and LR-) are given in equations 1 and 2, and these equa-
tions are solved using the estimated sensitivity and specificity 
of the finger-pointing sign for dystonia versus ET. The pre-
examination and postexamination odds (Opre and Opost) and 
the postexamination probability (Ppost) are computed using 
equations 3, 4, and 5 assuming a pre-examination probabil-
ity (Ppre) of 0.3:125

               Sensitivity        0.2
LR+ =------------------------- =------------ =2,
             1–specificity     1–0.9                                         (1)

             1–specificity    1–0.2
LR– =------------------------- =------------ =0.89,
               Sensitivity         0.9

                                    (2)

               Ppre         0.3
Opre=--------------- =------------ =0.43,
            1–Ppre     1–0.3

                                             (3)

Opost=Opre · LR=0.43 · 2=0.86,                                                 (4)

              Opost         0.86
Ppost=--------------- =--------------- =0.46.
           1+Opost     1+0.86

                                             (5)

Thus, the postexamination probability of dystonia is 0.46 
if the expert finds finger-pointing posturing, and it is easily 
shown that the postexamination probability of dystonia would 
be 0.28 if no posturing had been found. 

These equations are incorporated into an Excel spread-
sheet in online Supplementary Materials 2 (in the online-
only Data Supplement). This spreadsheet can be used to ex-
amine the additive effects of multiple sequential tests/
examinations. Useful tests have a high positive likelihood 
ratio (LR+) and a low negative likelihood ratio (LR-). Soft 
signs have LR+ and LR- values close to 1. As shown in Sup-
plementary Materials 2 (in the online-only Data Supple-
ment), an additional soft sign of dystonia is needed to in-
crease the posttest probability to above 50%, and four soft 
signs might be required to reach a posttest probability of 90%.

The Bayesian analysis of clinical soft signs can be extend-
ed by applying electrophysiologic tests. For example, reduced 
somatosensory temporal discrimination in the above patient 
with finger pointing would produce an estimated probabili-
ty of dystonia of 0.64 (Supplementary Materials 2 in the on-
line-only Data Supplement); in other words, dystonic trem-
or would become more likely than ET.

Limitations of the Bayesian approach
A major limitation of the Bayesian approach is the paucity of 
data with which to estimate the sensitivity and specificity of 
various signs that are important for phenotyping patients. 
Data need to be obtained from age- and sex-matched con-



www.thejcn.com  135

Elble RJ JCN

trols. This limitation also applies to electrophysiologic tests, 
whose sensitivities and specificities have been derived only 
from small samples of patients and controls.118

Another limitation is that the baseline probability of ET al-
ways has some degree of statistical uncertainty stemming 
from the reliability of the patient’s history and physical ex-
amination findings, the clinician’s examination skills, and the 
diagnostic composition of the population from which the 
case was derived. Clinicians have different examination skills 
and clinical experience, and there is no infallible expert or 
gold-standard diagnostic biomarker for ET or syndromes 
that mimic ET, such as tremulous dystonia. Consequently, a 
range of baseline probabilities should be considered when 
applying a Bayesian analysis to soft signs.126

Moreover, interrater reliability affects the measured sensi-
tivity and specificity of a test or physical examination item.73 
The measured sensitivity and specificity are reduced by poor 
interrater reliability,71 and this must be considered when judg-
ing the true value of a particular diagnostic approach. All signs 
of dystonia, parkinsonism, ataxia, and other movement dis-
orders have some degree of “softness” (i.e., reduced sensitiv-
ity and specificity) due to variation in the clinical skills of cli-
nicians. Craniocervical dystonia appears to be the most likely 
type of dystonia to be associated with tremor resembling 
ET.14,25,69,122 The interrater agreement is poor for diagnosing 
dystonia and tremor in the context of dystonia,69,70 and agree-
ment is particularly poor for signs of uncertain abnormality 
or clinical relevance (i.e., soft signs).7,8 

DISCUSSION

Some authors have questioned the utility of soft signs and 
the concept of ET plus due to the poor interrater reliability.8 
However, the main purpose of ET plus is to acknowledge any 
diagnostic uncertainty in tremor classification and to pro-
mote a more-comprehensive phenotyping of patients with 

tremor. This approach should reduce any temptation to ei-
ther dismiss soft signs as irrelevant or accept soft signs as di-
agnostic of a combined tremor syndrome. Diagnostic certainty 
is not achievable in most patients, especially those with ET 
since there is no diagnostic biomarker. Bayesian analysis can 
be used to estimate the probability that ET plus is a combined 
tremor syndrome rather than ET. However, it should also be 
remembered that the tremor classification may change over 
time in an individual patient based on the results of period-
ic re-examination (Fig. 1).

The clinical significance of a soft sign depends on the esti-
mated pretest probability of ET versus some other tremor 
syndrome, and also on the sensitivity and specificity of the 
soft sign for the alternative diagnosis versus ET. The presence 
of only a single soft sign may mean that the probability of an 
alternative diagnosis remains below 50%. However, two or 
more soft signs that are congruent with an alternative diag-
nosis will probably increase the diagnostic probability to >50%, 
making the alternative more likely than ET. Three congruent 
soft signs with sensitivity and specificity values of 75% will 
increase the initial probability of an alternative classification 
from 0.3 to 0.92 (Supplementary Materials 2 in the online-
only Data Supplement), making the diagnosis of ET unten-
able. A recent clinic-based study found that 67% of ET plus 
patients had only one soft sign.104

A systematic, comprehensive neurologic examination is re-
quired for the axis-1 classification of tremor, and the Stan-
dardized Tremor Elements Assessment was developed for 
this purpose.7 Guidelines for examining people with possi-
ble dystonia have also been proposed.127 Ultimately, accurate 
sensitivity and specificity estimates are needed for the items 
in these assessments.

Many investigators will choose to include patients with 
only one soft sign in studies of ET if the soft sign has low sen-
sitivity and specificity for an alternative tremor classification. 
Common examples of such soft signs are impaired tandem 

Tremor with the 
characteristics of ET

No diagnostic signs
except tremor

Axis-1 classification=
ET

Periodic search for 
additional 

neurologic signs

One or more soft signs
Axis-1 classification=

ET plus
Bayesian analysis

of soft signs

Fig. 1. Flow diagram for the clinical diagnosis and interpretation of essential tremor (ET) and ET plus. People fulfilling the criteria for ET are exam-
ined for any signs of uncertain abnormality or uncertain clinical significance (i.e., “soft signs”). People with one or more soft signs are classified as ET 
plus. Bayesian analysis can be used to estimate the probability of a combined tremor syndrome, based on the soft signs and any associated elec-
trodiagnostic results (Supplementary Materials 2 in the online-only Data Supplement). Patients with ET and ET plus should be re-examined period-
ically for additional neurologic signs that could result in a different tremor classification (e.g., dystonic tremor syndrome).
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walking, mild cognitive impairment, and impaired hearing. 
Some soft signs may be considered exclusionary for reasons 
other than the diagnosis. For example, a drug study might 
exclude patients with mild cognitive impairment if cognitive 
side effects are anticipated, and functional neurosurgery 
studies might exclude patients with impaired tandem walk-
ing due to the risk of impaired balance following surgery. In 
contrast, postmortem, genetic, and epidemiologic studies 
might be justified in including any patient with ET or ET 
plus, and use post-hoc analyses to generate testable hypoth-
eses regarding the relevance of particular soft signs. When 
viewed from these perspectives, ET plus becomes a useful 
axis-1 classification that permits an unambiguous definition 
of ET and a more-comprehensive phenotyping of patients.

One or more follow-up examinations will often reveal the 
significance of soft signs in ET plus. Soft signs may become 
“hard signs” (e.g., dystonia), and patients may develop addi-
tional hard or soft signs that lead to a more-definitive tremor 
syndrome. The rationale for the Bayesian approach is stron-
gest when invasive procedures with significant risks are be-
ing considered (e.g., deep brain stimulation and focused ul-
trasound ablation) and when patients are evaluated in research 
studies that require comprehensive phenotyping.

Finally, this review has focused on the common differen-
tial diagnosis of ET versus dystonic tremor to illustrate the 
value of ET plus and Bayesian analysis in clinical decision-
making. This approach is also applicable to other differential 
diagnoses in tremor classification. Clinical diagnosis frequent-
ly requires a Bayesian analysis of clinical data,128 and ET plus 
is a new tremor classification that arguably requires Bayes-
ian methods for its optimum use and interpretation.

Supplementary Materials
The online-only Data Supplement is available with this arti-
cle at https://doi.org/10.3988/jcn.2022.18.2.127.
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