
I n t rod u c t i o n

H e i l m a n1 first described an unusual form of

tremor involving the legs and trunk, which was

present only when standing. He called this move-

ment disorder “orthostatic tremor”. Over 100

cases have since been reported. However there

have been some confusions about orthostatic

tremor in several aspects. Therefore the defini-

tion and the classification criteria of the ortho-

static tremor were not clear yet. For the past ten

years, we have observed 4 patients with ortho-

static tremor. In each case tests were performed

to investigate the following three important areas

of inquiry. Firstly, whether this disorder is an

independent diagnostic entity or a variant of

essential tremor. Secondly, whether the progress
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Introduction : Orthostatic tremor develops in the legs while standing up with no weakness, pain or imbalance in the
leg and the tremor is characteristically not observed when walking. However there have been some confusions about
orthostatic tremor in several aspects. For the past ten years, we have observed 4 patients with orthostatic tremor. In each
case tests were performed to investigate the following three important areas of inquiry about orthostatic tremor. Firstly,
whether this disorder is an independent diagnostic entity or a variant of essential tremor. Secondly, whether the progress
of this disorder is specifically related with standing posture. Lastly, the nature of the pathophysiologic mechanism
behind the appearance of the tremor when standing after the lapse of a certain latent period and its disappearance upon
the commencement of walking. 

Methods : Our 4 cases of orthostatic tremor were studied clinically, electrophysiologically, and pharmacologically.
Electrophysiological tests included tremor spectrum test and electromyography. 

Results : We observed the presence of this tremor in several other tonic postures, as well as its absence, in a vertically
lifted position from all our cases. Our cases registered a variable tremor frequency between 5 and 12 Hz according to
the tremor spectrum test and EMG. Furthermore all our 4 cases demonstrated patterns of both synchronous EMG activi-
ty and alternating EMG activity at various times in homologous muscles of both legs. Orthostatic tremor was improved
significantly with propranolol as well as clonazepam. 

Conclusions : From the results of our study we drew the following conclusions. It is probable that orthostatic tremor
is simply a variant of essential tremor rather than being an independent diagnostic entity and that in most cases its
development is specifically related with muscle contraction rather than merely with the act of standing. Furthermore we
discovered a clue in the previously described neural control mechanism that the nuclear bag fibers in the muscle spindle
have lag time of several seconds in their response to muscle strength and that their baseline does not reset fully in rapid-
ly moving muscle. This neural control mechanism could offer sufficient explanation for the phenomena of tremor
appearance when standing and disappearance when walking in orthostatic tremor. 
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of this disorder is specifically related with stand-

ing posture. Lastly, the nature of the pathophysi-

ologic mechanism behind the appearance of the

tremor when standing after the lapse of a certain

latent period and its disappearance upon the

commencement of walking. The presentation of

our case results is followed by literature review

involving the comparison and analysis of pub-

lished results with those of our own study.

M e t h od s

O r t hostatic tremor develops in the legs while

standing up with no weakness, pain or imbalance

in the leg and the tremor is characteristically not

observed when walking. All our cases satisfied with

this Kelly and Sharbrough’s diagnostic criteria of

orthostatic tremor.2 Our 4 cases of orthostatic

tremor were studied clinically, electrophysiologi-

cally, and pharmacologically. Electrophysiological

tests included tremor spectrum test and elec-

tromyography. In the use of a Motus I gyroscope

(Bioengineering) for the former, the motus angular

rate sensors were securely fastened using plaster

to the chin, dorsum of the hand, and lower

extremity to minimize the development of artifacts

during recording. The bandwidth of the sensor

was DC 30 Hz. The measured data were analyzed

into root mean squared(RMS) values using soft-

ware developed by the gyroscope manufacturer,

MOTUS I, in order to obtain an accurate angular

rate. The peak frequency was determined through

spectrum analysis with fast Fourier transforms.

Electromyography was performed by placing sur-

face electrodes at bilateral tibialis anterior as

homologous muscles of both legs.

Re s u l t s

Case 1

A 20-year old man visited our hospital in May

1992 with a history of several years of slowly pro-

gressive unsteadiness and trembling in his legs

when standing still. His family demonstrated an

autosomal trait(Fig. 1) and had a history of essen-

tial tremor, with 7 of 65 members presenting with

leg predominant tremors. The case satisfied

B r i t t o n’s criteria of primary orthostatic tremor

( P O T )3, except with regard to frequency. He had no

vertiginous or presyncopal symptoms, no history

of trauma, infection, drug usage, or toxin expo-

sures, and his tremor was unaffected by coffee

and alcohol. Neurological examination was normal

except for the tremor. Thyroid function test, EEG,

and brain CT were normal. In addition to stand-

ing, the leg tremor was also observed in any posi-

tion involving periods of sustained muscle con-

traction including sitting, lying down, and leaning.

The tremor appeared a few seconds after muscle

contraction and its severity gradually increased.

Furthermore, the tremor gradually reappeared

with slow rocking movements of the feet but dis-

appeared with fast rocking movements. When the

patient was seated and relaxed, no EMG activity

was noted. But upon standing, synchronous EMG

activity and alternating EMG activity of about 10

Hz phase appeared at various times between left

and right tibialis anterior upon EMG examination

of the lower extremity. There was a delay between

standing and onset of EMG activity. EMG activity

disappeared when the patient was lifted vertically

off the floor but reappeared when he stood up. A 9

Hz tremor independent of the leg tremor was

recorded from the outstretched arm. To evaluate

the pharmacological effect, the patient was placed

on a course of medication comprising propra-

nolol(up to 80 mg/day), primidone(up to 750 mg/

day), and clonazepam(up to 4 mg/day). For the

latter, a dose of 2 mg/day was found to be effec-

tive, in showing clinical improvement. However

other drugs were not effective.

Case 2

A 56-year old man from a family with a history

of essential tremor visited our hospital in October

1994 primarily due to tremors of the head, upper
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Figure 1. The pedigree of case 1. His family demonstrated an
autosomal trait and had a history of essential tremor, with  7 of
65 members presenting with leg predominant tremors.
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extremities, and lower extremities. He had a his-

tory of tremor of the hands starting when he was

40, tremor of the lower extremities commencing

several years later, and head tremor from his

early 50s as observed by his family. Lower extre-

mity tremor was observed when the patient was

standing but not when sitting or lifted up(Fig. 2).

The tremor disappeared when the patient walked

fast but reappeared when he walked slowly.

Tremor spectrum test revealed tremors of peak

frequency 5 Hz in the head, 11 Hz in the upper

extremity, and 8 Hz in the lower extremity. Syn-

chronous EMG activity and alternating EMG acti-

vity appeared at various times between left and

righ tibialis anterior upon EMG examination of

the lower extremity. Lower extremity tremor

decreased to the point of not interfering with

daily activities with medication consisting of pro-

pranolol at a dose of 80 mg/day. 

Case 3

A 68-year old man visited our hospital in April

1999 primarily due to tremors of the upper extre-

mities and lower extremities. He had no family

history of tremor, and his tremors had developed

gradually in the lower and upper extremities after

60 years of age. Neurological examination revealed

normal findings except for the tremors. Findings of

thyroid function test were normal. Lower extremity

tremor was observed when the patient was stand-

ing but not when sitting or lifted up. Tremor spec-

trum test revealed a 7 Hz peak frequency postural

tremor and a 5 Hz peak frequency kinetic tremor in

the right upper extremity. A 5.5 Hz peak frequency

tremor was observed in standing posture but no

tremor in sitting posture in the lower extremities

(Fig. 3). The patient in a standing position exhibit-

ed a tremor in the weight bearing leg with EMG

activity only demonstrated in the weight bearing

leg (Fig. 4). Electromyography performed in the

lower extremity showed synchronous EMG activi-

ty(90%) and alternating EMG activity(10%) between
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Figure 2. EMG  findings of case 2. Lower extremity tremor
was observed when the patient was standing but not when lift-
ed up. Furthermore the tremor disappeared when the patient
walked fast but reappeared when he walked slowly. First line:
left tibialis anterior, second line: right tibialis anterior. 

Figure 3. The angular rate strip chart of case 3. Tremor spec-
trum test revealed a 5.5 Hz peak frequency tremor in standing
posture but no tremor in sitting posture in the lower extremi-
ties. A 7 Hz peak frequency postural tremor and a 5 Hz peak
frequency kinetic tremor were observed in the right upper
extremity.

Figure 4. EMG findings of case 3. The patient in a standing
position exhibited a tremor in the weight bearing leg with EMG
activity only demonstrated in the weight bearing leg. First line:
left tibialis anterior, second line: right tibialis anterior.
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left and right tibialis anterior at various times.

Although upper extremity tremor was effectively

decreased with the combination of clonazepam at a

dose of 4 mg/day and propranolol at 80 mg/day,

lower extremity tremor was not improved signifi-

cantly with the same dosage of drugs. 

Case 4

A 69-year old woman visited our hospital in

April 2000 primarily due to a leg tremor when

standing. The tremor was observed while stand-

ing but not when sitting or lifted up. Tremor

spectrum showed a 5.5 Hz peak frequency tremor

when standing but no tremor when sitting. As in

Case 3, the tremor only appeared in the weight

bearing leg and was not seen when the patient

was lifted up. Electromyography performed in the

lower extremity showed synchronous EMG activi-

ty(80%) and alternating EMG activity(20%)

between left and right tibialis anterior at various

times(Fig. 5). The tremor showed definite

improvement with clonazepam at 2 mg/day. 

Discussions 

Our first question was whether orthostatic

tremor is a variant of essential tremor or an

independent diagnostic entity. Essential tremor is

a common monosymptomatic disorder of unknown

etiology. It is characterized by postural and

kinetic tremors of the upper extremities with a

tendency to be inherited as an autosomal domi-

nant trait.4 Essential tremor may include a num-

ber of variants such as focal task specific tremor,

kinetic predominant essential tremor, and isolat-

ed head, face, tongue, chin or voice tremor.5 T h e

lower limbs are seldom affected in essential

tremor, but in rare cases, the legs are predomi-

nantly involved.6 After Heilman’s first descrip-

tion, several authors regarded orthostatic tremor

as a variant of essential tremor.7 - 1 0 H o w e v e r ,

Thompson et al.1 1 insisted that it should be differ-

entiated from essential tremor because of its high

frequency and orthostatic specificity. Following

T h o m p s o n’s line, Britton et al.3 introduced a new

term to classify orthostatic tremor as an inde-

pendent disease entity. They selected 25 cases

from previously reported cases of orthostatic

tremor based on their own criteria, defined these

as POT and insisted that POT and essential

tremor are different in several aspects. We ana-

lyzed the 25 POT cases classified by Britton et al.3

in detail and investigated the validity of their

diagnostic criteria. We found the following seri-

ous problems with their diagnostic criteria. 

I. On clinical manifestations

In Britton’s opinion, the predominant manifes-

tations of POT were unsteadiness when standing

with a fine rippling movement of the leg muscles.

Firstly however, leg tremor was observed with

many tonic postures as well as when standing in

several of the POT cases.1 2 - 1 4 And secondly, a fine

rippling movement of the leg reflects merely high

frequency leg tremor that might be due to partial

fusion of the individual muscle contractions at a

high frequency of tremor.1 1

II. On electrophysiological findings

Britton et al.3 considered synchronous high fre-

quency tremor(around 16 Hz) in homologous mus-

cles of both legs as the characteristic electro-

physiological finding of POT. Firstly however, the

range of tremor frequencies varied and was wide

(7~32 Hz) in the reported orthostatic tremor

c a s e s ,1 - 1 4 among which 3 POT cases showed a fre-

quency below 12 Hz. The case reported by Kim

and Lee1 5 also exhibited a low frequency tremor

(4~5 Hz), while our own cases registered a vari-

able tremor frequency between 5 and 12 Hz

according to the tremor spectrum test and EMG.

Secondly, synchronous EMG patterns did not

match the findings of orthostatic tremor. Several

cases of POT showed an alternating pattern3 , 1 1 , 1 2 , 1 6
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Figure 5. EMG findings of case 4. Electromyography per-
formed in the lower extremity showed synchronous EMG
activity(80%) and alternating EMG activity(20%) between left
and right tibialis anterior at various times. First line: left tib-
ialis anterior, second line: right tibialis anterior. 
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and synchronous bursts were also frequently

observed in essential tremor.1 7 Both synchronous

and alternating patterns of interaction were also

observed in the same patient.1 8 All our 4 cases

demonstrated patterns of both synchronous EMG

activity and alternating EMG activity at various

times in homologous muscles of both legs. This

finding suggests that EMG patterns have no sig-

nificant diagnostic value in orthostatic tremor. 

III. On pharmacological features

Britton et al.3 nominated clonazepam as a specific

pharmacotherapeutic agent of POT. Firstly howev-

er, clonazepam was not only effective against POT

but also some variants of essential tremor.7 , 1 9 , 2 0 , 2 1

Secondly, other anticonvulsants such as primidone

and phenobarbital also improved the POT condition

as well as that of essential tremor.8 , 1 6 , 2 2 , 2 3A l t h o u g h

significance cannot be placed on our study due to

the small number of patients, it is apparent that

clonazepam may not be the only drug specifically

effective for treatment of orthostatic tremor given

that propranolol effectively decreased lower ex-

tremity tremor in 1 patient. 

Considering these results, we concluded that

the attempt by Britton et al.3 to classify orthosta-

tic tremor as an independent diagnostic entity

was not reasonable. In addition to these results,

other clinical features of POT also contradicted

B r i t t o n’s hypothesis. Some of the POT patients

had a family history of essential tremor of the

arms, and a majority showed a postural tremor of

the arms, similar to that of essential tremor.7 O n e

of Heilman’s cases had concurrent postural hand

tremor and a family history of essential tremor.

We also observed either head or upper extremity

tremor in conjunction with lower extremity

tremor in 3 of our 4 cases. Furthermore, Cases 1

and 2 displayed orthostatic tremor in the families

of essential tremor. Case 3 also presented tremors

in both the upper extremities and lower extremi-

ties; suggesting to us that this tremor could have

been sporadic essential tremor. Thus, these find-

ings support the opinion that orthostatic tremor

may be a variant of essential tremor rather than

an independent diagnostic entity. We believe that

the finding that the activity of both cerebella

increases upon PET test is further suggestive of

POT as a variant of essential tremor.2 4

The second question we had in mind was

whether orthostatic tremor is a tremor specifical-

ly related with standing posture. Heilman intro-

duced the term “orthostatic tremor”by simply

observing the abnormal movements of the trunk

when standing. Thereafter, many authors found

that this tremor was not standing posture-spe-

c i f i c .2 , 1 4 , 2 5 They noticed that tremor was induced

when patients pushed a stationary object with

their feet. Deuschl et al.1 4 described a patient with

a 16 Hz leg tremor during all types muscle activi-

ty involved in sitting, lying or standing.

Furthermore Kelly and Sharough2 found that

although abnormal EMG activities disappeared

when patients were in a supine position while not

bearing weight, the abnormal firing pattern

supervened when patients leaned forward while

bearing weight on the leg even in a sitting posi-

tion. The cases reported by Kelly and Sharough2

could represent typical POT cases showing high

frequency synchronous EMG activity.

Nevertheless, in these cases tremor developed

with muscle contraction regardless of the posture.

Based on our clinical experiences, we have also

formed the impression that orthostatic tremor is

not standing posture-specific. We observed the

presence of this tremor in several other tonic

postures, as well as its absence, in a vertically

lifted position from all our cases. Considering the

results of the present study and our literature

review, we conclude that orthostatic tremor is not
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Table 1. Clinical, electrophysiological, and parmacological characteristics of the present cases.

Case Sites of tremor Familial tendency Clin. Charact. MTF(Hz) EMG pattern Drug Resp.

1 head, arms, legs ET family no SPS arm 9, leg 10 Syn. & Alt. CZP(+)
2 head, arms, legs ET family no SPS head 5, arm 11, leg8 Syn. & Alt. IND(+)
3 arms, legs sporadic no SPS arm 7, leg 5.5 Syn. & Alt. CZP & IND(-)
4 legs sporadic no SPS leg 5.5 Syn. & Alt. CZP(+)  

Abbreviations. Clin. Charact.: Clinical characteristics, SPS: standing posture-specificity, MTF: mean tremor frequency, Syn.: syn-
chronous EMG activity, Alt.: alternating EMG activity, Drug Resp.: Drug response, CZP: clonazepam, IND: propranolol,(+): effec-
tive,(-): not effective.
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standing posture-specific, but rather is a non-

specific tremor related simply with muscle con-

traction. When we encounter tremor cases in the

future with tremor developing only in a standing

posture, and not at all during periods of muscle

contraction or when the patient is in non-weight

bearing condition, we could consider these cases

to be classic orthostatic tremor. 

Our third question was on the nature of the

pathophysiologic mechanism behind tremor

development in a standing position after the lapse

of a certain latent period and its disappearance

when walking. We noticed a pattern of tremor

development in all our cases in which the tremor

appeared with the patient standing and disap-

pearing when walking. Especially, the tremor

disappeared when the patient walked fast but

reappeared when walking slowly in Case 2. We

also observed gradual reappearance of the tremor

with slow rocking movements of the feet and

tremor disappearance with fast rocking move-

ments in Case 1. We believe that this tremor pat-

tern is pathophysiologically similar to the mecha-

nism of tremor disappearance when walking. We

conducted a careful literature review on the

physiologic control mechanisms between muscles

and nerves to determine the underlying mecha-

nisms behind these phenomena. We discovered a

clue in the neural control mechanism described in

the study by Brooks2 6 who ascertained that the

nuclear bag fibers in the muscle spindle have lag

time of several seconds in their response to mus-

cle strength and that their baseline does not reset

fully in rapidly moving muscle. We suspect that

these physiologic phenomena are involved in the

explanation for tremor appearance after a certain

latent period when the patient is standing and

disappearance when walking in orthostatic

tremor. 

From the results of our study we drew the fol-

lowing conclusions. It is probable that orthostatic

tremor is simply a variant of essential tremor

rather than being an independent diagnostic

entity and that in most cases its development is

specifically related with muscle contraction rather

than merely with the act of standing.

Furthermore, the neural control mechanism pro-

posed by Brooks2 6 could offer sufficient explana-

tion for the phenomena of tremor appearance

when standing and disappearance when walking.
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