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Abstract:

A study was done to compare bilateral tremor of the hand during two different tremor provoking
conditions, postural tremor (PT) and movement tremor (PAT). Specific tremor parameters quantified
were, the coherence between wrist extensor e.m.g.s and the tremorous motion, the coherence between
wrist extensor e.m.g.s of the two forearms, and the frequency and amplitude of tremor in the dominant
and non-dominant hand.

Thirteen subjects participated. All subjects had bipolar electrodes placed over the belly of the extensor
digitorum and the flexor digitorum superficialis on each forearm. A lightweight accelerometer was
placed just proximal to the DIPjoint on the third phalanx of each hand.

During PT the subject extended the wrist to zero degrees of flexion-extension and maintained the
position against the force of gravity for two minutes. During PAT the subject flexed and extended the
wrist in time with a visually displayed 0.25 Hz sine wave. PAT was analyzed as the subject began a
flexion movement after being fully extended.

The results showed differences and similarities between PT and PAT. The cross spectral coherence
between motion and extensor e.m.g.s of the same side averaged 0.17 during PT and 0.68 during PAT.
The cross spectral coherence between extensor e.m.g.s of the left and right forearms was 0.12 during
PT and 0.69 during PAT. There was no significant difference, between the dominant and the
non-dominant hand, in either the frequency or the amplitude of tremor during PT or PAT. PAT had a
significantly higher amplitude of tremor than PT. The frequencies of PT and PAT did not differ
significantly.

The results suggest that PAT is not simply an exaggerated PT. During PAT there was coherence
between motion and e.m.g.s, neurologic tremor, coherence was not present during PT. During PAT
there was evidence of an intersegmental or CNS link between extensor e.m.g.s of the two forearms.
This link was not evident during PT."'



A COMPARATIVE STUDY OF BILATERAL HAND TREMOR
- DURING POSTURE AND VOLUNTARY MOTION.

by
Malcolm Robert Macaulay

A thesis submitted in partial fulfillment
of the requirements for the degree

of
- Master of Science_:
" in

Physical Education

‘'MONTANA STATE UNIVERSITY
Bozeman, Montana

March 1986




13U
MHU

(30f,Su

APPROVAL

of a thesis submitted by

Malcolm Robert Macaulay

This thesis has been read by each member of the thesis committee and has been
found to be satisfactory regarding content, English usage, format, citations,

bibliographic style, and consistency, and is ready for submission to the College of
Graduate Studies. A

Approved for the College of Graduate Studies

flyylrc

Date Graduate Dedh



STATEMENT OF PERMISSION TO USE

In presenting this thesis in partial fulﬁllment of the requirements fbr a master'é degree at
Montana State University, I agree that thé Library shall make it available to borrowers
under rules of the Library. Brief quotations from this thesis are allowable without special
permission, provided that acc;urate acknowledgment of source is made. |

Permission for extensive Quotation from or reproduction of this thesis may be granted
by my major professor, or in his absénce, by the Director of Libraries when, in the opinion
of either, the proposed use of the material is for scholarly purposes. Any copying or use
of the material in this thesis for financial géin shall not be allowed without my written

permission.

Signature /% M /%M
Date ?/? / L & . '




iv
ACKNOWLEDGEMENTS

I ' would like to thank Dr. Robert S Pozos for making this paper and the whole research |
process possible ana enjoyable. His intellectual energy and his curiosity are inspirational.
The care, frieﬂdship and time which he gave to me throughout this projcet was invaluable.
I also owe a great ciebt to Matt Pozos Who was an equal partner gathering the data for this
study.

To my wife A_nne, great thanks for believing in me throughout the years and for
supporting me in this process.' The quiet faith and determination which you possess made
all of this occur. |

Thanks to Dr. Crai‘g Stewart for allowing me to work in an unothodox manner so that
I could finish the degree I began long ago. I was happy just to be remembered.

M. Frank Simmons showed near infinite patience while explaining the nuances of the
computer to me.

Mr. Mark Summers produced the figures used in this study.




v

TABLE OF CONTENTS

INTRODUCTION. . ..itiiiiiiiiiiiiiiiiie e ens feeeeteetteranenananns 1
OBJECTIVES........ et et ettt eeat e et e e e aarartaeanneas ereeeteieieieanaaans 5
REVIEW OF LITERATURE........ceittttttiiiiiieeeeiiititiitieeseeetenaaeaeeeesassassnnns 6
Motor Neuron Firing........cociciiiiiiiiiiiiiiiiiiiiiienieetee e sres e 6
MUSClE  PrOPEITIES....ciiiiiiimieeeereeriiiiiiiuinieniiiiseeaeeeeeesssiessessssereesesseseeeeseees 8
Stretch Reflex Influences..cociceeeeeeeeenereeneeeeensenns eeeenreeneteaerertintnrueennn veeans 10
Mechanical Origin Of TICMOT.....ccciiiiieiiiiiisiirieeeiiiee s e eereeeseeaeees 13
Central Origin Of TIeMIOT.....cooiiiiiiiiiiiiiiiiiiiiie e cciarerereeeeeeeeaessesseneeeeens 13
Mechanical-Neural Basis Of TIemOT.....cccuiiiiiiiiiiiiiinieieeereeeeeeerereeeesreesesssnens 14
Function of Tremor.....ccccccciiiiiiiiiiiiiiniirninneeeenne ettt st arsaaaans 16
METHODS........c..cccenns e ettt e e e e et a e e e e e e aa e e aeae e e e e e e enaas 18
S D O ittt ittt ettt et e et et et e eban et e et ba e et eenannns 18
RECOTAIIE. e iittiiiiiii i et ee e taeee v s e snana s 18
Experimental Conditions........cccceeeeervvnnnennnns e tette et eee e een e rannesarannneans 19
Data SeleCtioN...iiiiiiiiiiiiieiiiiiiiiiiieeieeeeeererteennennaens feeeeeeneearensennanns 20
ANALYSIS.ciiiiii it etereee et eareeanes 22
Calculations................ Aveeemertesrenetnsentesnettattiietitietonatatotesenaranstantentsstenes 27
RESULTS............ et eeeetetteie b et ea ettt ettt ettt teneae e et enaen et eaearaenenanan 29
DISCUSSION............ e eteteeraeeeeaiereereteretaet et e ettt teta ettt teesttettetneannns 31
Significant Findings Related t0 PT......ccuviiiviriiiiiiiiiiiieeeiereneeeeoneeeenneeessnes 31
Significant Findings Related t0 PAT.....ccoeeviiiiiiniiiniiineecnneeeesireeereeeneenns 34
SUMMARY...cccooiiiiviiininnn. S PP Cereerrarenenenas 37
RESUIES ettt e et e ee et e e s e 37




vi

LIST OF TABLES
Table Page_
1. E.m.g.-acCleration COREIEICE. ..cuiiiriiiiiieeeeeiieettttaeeeeeeeeeeeanenseeesssesrennnes 30 .
2. Extensor e.m.g.-e.m.g. CORETENCE eeererereermennes et e et eeeae 30
3. Amplifude and frequencyfc;f acgeleration during PT..: ................................... 33
4. Amplitude and frequency of extensor e.m.‘g.s during 13 SO .33
5. Amplitude and frequency of acceleraﬁon dﬁring PAT ........................... 36
6. Amplitucie and frequency of extensor e.m.;g.s during PAT .............................. 36




vii

LIST OF FIGURES
Figure _ Page
1. Digitized record of the electrical activity during PT........... ................. e 21
2. Digitized. record of the électrical activity during PAT......ccccocveeviinvneeninneien 23
3. PAT data before and after concatenation......... ettt s e s 25
4.  Concatenated PAT datf.....cccceeciireeeiiiinneenirereinieeesonireeesseeeneeeseesseeens 26
5. Power density spectra during PAT......ccccccoovieiiiiiieeeeeeeeseeeennnns S 28




ABSTRACT

A study was done to compare bilateral tremor of the hand during two different tremor
provoking conditions, postural tremor (PT) and movement tremor (PAT). Specific tremor
parameters quantified were, the coherence between wrist extensor e.m.g.s and the
tremorous motion, the coherence between wrist extensor e.m.g.s of the two forearms,
and the frequency and amplitude of tremor in the dominant and non-dominant hand.

Thirteen subjects participated. All subjects had bipolar electrodes placed over the belly
of the extensor digitorum and the flexor digitorum superficialis on each forearm. A
]ighﬁvi/leight accelerometer was placed just proximal to the DIP joint on the third phalanx of
each hand. ' . : -

During PT the subject extended the wrist to zero degrees of flexion-extension and
maintained the position against the force of gravity for two minutes. During PAT the
subject flexed and extended the wrist in time with a visually displayed 0.25 Hz sine wave.
PAT was analyzed as the subject began a flexion movement after being fully extended.

The results showed differences and similarities between PT and PAT. The cross
spectral coherence between motion and extensor e.m.g.s of the same side averaged 0.17
during PT and 0.68 during PAT. The cross spectral coherence between extensor e.m.g.s
of the left and right forearms was 0.12 during PT and 0.69 during PAT. There was no
significant difference, between the dominant and the non-dominant hand, in either the
frequency or the amplitude of tremor during PT or PAT: PAT had a significantly higher
amplitude of tremor than PT. The frequencies of PT and PAT did not differ significantly.

The results suggest that PAT is not simply an exaggerated PT. During PAT there was
coherence between motion and e.m.g.s, neurologic tremor, coherence was not present
during PT. During PAT there was evidence of an intersegmental or CNS link between
extensor e.m.g.s of the two forearms. This link was not evident during PT. '




INTRODUCTION

Tremor may be deﬁﬁed as a series of involentary, rhythmic, and purposeless oscillatory - |
movements fnvoiving a part or parts of the Eody moved by skeletal muscles (Brumlick and
Yap, 1970). E.A. Schafer (1886) was the earliest author to quantify the rhythmic nature
of tremors seen in \}arious parts of the body and to hypothesize about the origin of these
tremors. Theories advanced by various authors about oﬁgin, modulation or i)urpose of
~ tremor have been based, mainly, on changes in the frequency and amplitude parameters
of a tremor in relation to experimehtal variables. Researchers have | quantified the
frequency and amplitude components ef tremor (Stiles, 1975, 1967; Elbe and Randall,
1976; Halliday and Redfern, 1956). Other researchers have recorded changes in tremor in
' response to mechanical and physiological pertubations (StllCS, 1967, L1ppold, 1957 1970;
Shlffman et. al. 1983) Researchers have also recorded the electrical activity associated
with tremor (Mori, 1973, 1975; Hagbarth and Young,. 1979; Marsden et al., 1969a).

Despite extensive stedy, 1u10w1e§ge of the origin or function of tremor has not
advanced greatly beyond the level of early researchers. Holmes (1904) observed that "no
single system in neurology exists whose anatomical or physiological basis is less
uﬁderstood than those of involuntary movements which, though varying in character etnd
accompanying conditions, are collectively known as tremor." This statement is
still remarkably valid today.

Three main theories are commonly‘ esed to explain the phenemenon of trexﬁor. The -
first theory, a neurologic theorsl, states 'that synchronized e.m.g. activity is responsible A )
for the Backgroﬁnd tremor found in all people. The pfoposed synchronization mechanism
has been quest1oned Stretch reflex modulation (Lippold, 1970), or Renshaw "

1nh1b1t10n-rebound (Elble and Randall 1976), are two synchromzmg mechanisms Wthh '
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have been proposed. The secbnd théory, a mechanical theory, states that the existence of a
regular oscillation is the result of mechanical factors. The mass of the limb acts in
conjunction with a system of variable tension springs, the musculature of the limbs,
resulting in an unstable system which is subject to movement. The system is
underdampened so motion results which is detected and modulated by neural factors
(Stiles, 1967). According to this theory, the most important factor regulating the
frequency and amplitude of trémor is the mass of the oscillating limb. The third theory, a
combination neural-mechanical theory, states that tremor may behave as though it is either
mecilanically or neurally derived depending on the individual a;nd the phy;siological state of
the individuai (Stiles, 1980; Howard, 1985). Marsden (1984)' writes that physiqlogical
tremor represents the sum of a large number of different interacting mechanisms, all of
which contribute to the tremor. Oscillation of a mechanical system, such as a human
limb, is é function of both inherent m_echénical properties of the system and of input into
the system. The final output, tremor in this case, is influenced by both and can be
changed in amplitude or frequency by alteration of either the mechanical properties or the .

input.
Definitions

The frequency of a tremor is the number of times thellim.b oscillates up and down in '
one. second and is exprgssed in hertz (Hz). ,

Postural tremor (PT) is "tremor provoked by the maintenance of posture" (Findley and
Capildeo, 1984). In this study, PT was recorded while the horizontally aligﬁgad pronated’
~ hands, supported at the wrist, were isometrically cxteﬁdcd against the force of gravity.
The recording of PT was kept short. The hands were extended fdr less than two minutes

between rest periods in order to minimize muscular fatique. Keeping the muscles from
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~ becoming fatiqued helped to minimize the extrafusal muscle changes observéd by Ybung

and Hagbarth (1980).

Physiologic action t;gmgr (PAT) is the same as "movement tremor" (Fmdley and
Capildeo, 1984). The tremor analyzed is a "transition tremor", (Findley and Capildeo,
1984) recorded as involuntary oscillations 6f the wrist which occur as the wrist joint is
voluntarily flexed after being in a positién of 60 degrees cxtensioﬁ. PAT is a
position dependent trémor which Howard (1985) differentiated from PT based upon an
unchanging frequency of the PAT in response to the addition of mass to the hand. PAT
was recorded as the subject flexed and extended his unweighted hands. - -

The most appropriate and most accurate parameter to.quantify tremor is acceleration
(Brumlick and Yap, 1970). The best method of measuring and recording acceleration is

with accelerometers (Gresty and Findley, 1984).' There are several reasons why

.acceleration should be the parameter used to transduce tremor. Accelerometers are more

sensitive to higher-frequency vibrations than are velocity or displacement devices. The
acceleration of é limb most direcdy reflects the underlying muscular contraction. (Gresty
and Findley, 1984), |

Fof this study, tremor wa;s first quantified in terms of accelerations. Acceleration
values were converted to displacement values (displacement= acceleration divided by the
square of the angular velocity, angular velocity= 2 x pi x frequency) in order to make the
figures more- meaningful to the average reader. o

Gresty and Findley (1984) supported the use of spectral analysis and
cross-spectrai coherence to analyze frequency and éohcrency of tremor. Spectral
analysis of the frequency of tremoris possible -because tremor of thg hand is ;
periodicl function. Fourier's theory states 'that a periodic function can bé
represented aS a series of sinusoidal components, each. of which has amplitu&é and

is fixed in phase with respect to the others. A waveform that is a pure sine. wave
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has only one component, the fundamental. Waveforms that are more complex
have a fundamental wave plus component waves at harmonic frequenciés, whoie
number multiples of the fundamental frequen_cy. The amplitude of the components
indicates the shape of the waveform. The frequency of tremor which produces a peak
in the power spectrum which is significantly greater than the other frequé_ncies can be
considered the main frequency of the oscillation. This is the frequency‘which exhibits the
greatest degree of periodicity.. _ (Bendat.and Piersol, 1966; Poios, Iaizzo, and Petry 1982).

Spectfal analysis of signals has an associate function tc_armed coherence. Coherence
indicates the degree of relationship between two signals scaled from 0, indicating noA
relatibnship,. to 1, indicating a completely deterministic relationship between signals.
Coherence is a function in the frequency domain, and a level of céhérence is calculated for
each frequency present in tﬁe two signais being compared. The coherence function
. involves averaging cross-spectra with respect to individual autospectra and is associated
with levels of statistical significance which beéome more reliable with iﬁcreasea
numbers ~ of averages (Gresty and Findley, 198.4).- One impbrtant appliéation of the .
coﬁerence function is in determjning_ whether tremor occurring in separate parts of the body
have a common generator (Marsden et al., 1969a). If signals in 'separaté limbs have
sighificant coheren;:e, the conclusion may be drawn that a common rhythm generator must
have access to diséharge in both body parts at the same time (Gresty and Findley_, 1984).
Another application of coherence is to determine the relationship between e.m.g.s or
neuronal action potentials and movement (Elble and Randall, 1976). Coherence was used

in this study for both of these purposes.




OBJECTIVES

The first objective was to determine if a significant degree of coherence between
acceleration and extcnsor e.m.g.s of the same hand occurred during either PT or PAT.
The existence of e.m.g.s synchronlzed with motion is cr1t1ca1 to distinguish neurally
derived tremor from mechanically derived tremor (Elble and Randall, 1976). Several
-authors have proposed that the mechanism of tremor is different depending on the
physiologic state of the muscle or the task used to elicit the tremor (Young and Hagbarth,
1980; Howard, 1985; Stiles, 1980). ‘A difference in the dcgref;‘ of e.ﬁ.g.-acceleration
coherence would suggest that the tremors associated with the two different conditions
do not have the same origin or modulating mechanisms. The first null hypothesis was that
when PT was compared with PAT no difference in the degree of coherence
between extensor e.m.g.s and acceleration of the hand would be found.

The second objective was to quantify the cross spectral coherence of extensor e.m.g.s
associated with tremorous hand motion during PT and PAT. A significant level of cross
spectral coherence between the extensors of the two hands would suggest the existence of
a connection, either segmentally or within the central nervous system, which links
muscular activity of the hands. The second null hypothesis w'as that when PT was
compared with PAT there would be no difference in the degree of cross spectral coherence.

between wrist extensor e.m.g.s.




REVIEW OF LITERATURE

| The literature on physiologic tremor is confusing because many aﬁtﬁors have tended to
search for a single cause of the frequency or amplitude of tremor. In fact, a large number
of factors probably interact to cause the phenomenon .of tremor, including
ball’istocardiogram' foi'ces, muscle propertiés, motoneuron firing, réceiotor fe'edb'ack,
supraspinal influences and pharmacological influences (Marsden, 1984). All of these
factors contribute to the regular frerﬁor rate of 8-12 Hz observed by many authors (Stiles,
1976; Elble and Randall, 1976; Marshall and Walsh, 1956). The output 6f a mechanical
system, a human limb in this case, is a result of both.inherent mechanical qualities and
inputs to the system. Final output of such a system can be changed in terms of frequéncy
or amﬁlitude in response to chang-és in either mechanical or input factors (Marsden,
1984). | ”

 The foliowing review of 1iteratur¢ highlights some of the theories used to explain the
genesis and modulation of tremor. Many papers déaling with tremor have been pﬁblished
since Shafers' work in -18'86. This review is by no means exhaustive; it is intended to.

familiarize the reader with main theories concerning the origin and purpose of tremor.
Motor Neuron Firing

Mori (1973) studied the electrical activity of soleus muscle motor-units
during quiet standing. He found a narrow distribution of firing rate and a significant
correlation coefficient between the means and standard deviation of the intervals obtained

from the motor-units across subjects. Based on his results, Mori theorized the existence of
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a firing, rate-contrqlling,. mechanism common to all subjects. Mori (1975) performed a
more extensive analysis of the electrical activity of indiviﬁu_al motor-units of the
soleus muscle during quiet standing. Based on the results of this analysis, he stated _
that the interaction of motor-unit discharges is responsible for synchronization of -
motor-unit diséharges. He postulated the existence of a disinhibitory neuronal network
which could actto synchronize the independently firing motoneurons and lead to the
- oscillation of the stretch reflex loop. This closed loop system was considered as a site
for a stored motor program. " B .

Elble and Randall (1976) attempted to carefully establish the 8-12 Hz bursts c'>f‘
: electrical activity from motor-units of the extensor digitorum comunis as being correlated
with ‘the tremor of the third digit. In four out of six subjects, a pronounced 8-12 Hz
- amplitude modulation in éurfacc e.m.g.s was present énd coherency analysis showed
this modulation to be strongly correlated with an 8-12 Hz tremor. They also performed
spectral analysis on 43 motor-unit spike trains active duﬁng extension of the wrist.
Twenty-two of these spike trains had firing frequencies in the range of 10-22
spikes/sec. These spike trains i)roduced statistically significant spectral peaks at 8-12
Hz in. addition to the expected peak at the mean firing frequency. Coherency analysis
demonstrated that the 8-12 Hz activities of thése motor units was correlated with the '8-12
Hz finger tremor and ‘surface e.m.g. modulation. The authors stated that the double
discharge pattern found in these motor-units was indistinguishable from that believed to
occur in motor-units as a result of Renshaw inhibi;i’on-excitation. Tremor was therefore

postulated to have its frequency determined by Renshaw inhibition-rebound.




Muscle Properties.

Marshall and Walsh (1956) found that the ﬁequency of tremor did not vary either
with the rate of movement or the level of force exerted. They stated that this finding
contradicted one of the principles of motof unit behavior: The discharge frequency of
individual fnofor-units increases with increased effort. Based upon this principle of
muscle discharge'frequenc'y and the apparent paradoxiéal finding of their research, .
Marshall and Walsh proposéd that physiologicai tremor occurréd because only a finite
number of motor nervé fibers exist. A rate of discharge below about 15/second in the

motor fibers is converted to mechanical ripples by the muscles. Higher rates of neuronal

discharge are blocked or filtered by the physical constitution of the muscle fibers.

Marshall and Walsh stated that a regular trcinor would not be seen if, when first recruited,

the motor-units began firing at higher frequencies. However, the result of such inifiai high

frequency firing rates would be jerky movement because the full force of tetanic tension
would be reaﬁzed abruptly. On the other hand, the tremor would be accentuated if thé
firing rate of the motor-units wds lower. To obtain smooth control of movement the
behavior of motor neurons must be closely matched to the properties of the muscles which

they control. Marshall and Walsh did not speculate about whether special mechanisms exist

to secure this control.

Properties of motor-unit contraction frequencies and‘ recruitment order contribute to
physiologic tremor (Marsden, 1984). Most motor neurons begin firing at a frequency of '
around 8§ Hz, a freqﬁency below the frequency of t.etanic fusion. In hurﬂan muscle fibers
unfused motor-unit activity will tend to create oscillatory movement. Marsden stated that

the recruitment of motor-units is in relation to the size of the motor-units, the Henneman
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principle. As the force ‘of a contraction increases, smaller ‘u_nits increase their
firing rates contributing less to the ovefall trerho;. Larger motor-units’ ane recruited with
increasing force demands. These larger units begin firing at the 8 Hz _x;ate causing a
constant 8 Hz ripple to be superimposed oﬁ top of the fused contréctions of §_rnaller units.
As the force of the contraction increases the size of the motor-units reéruitcd increases so
‘that the amplitude of the tremor increasgs with force exerted until ﬁuimal effort is

approached (Marsden, 1984). | |
Lippold (1981) studic_ad the amplitude characteristics of tremor after inducing fatiglie
in the muscle. The amplifude of the finger tremor was incre’ased for up to four hours
. after a faﬁguing_ task such as lifting a lké wéight with a finger and holding the finger
outstretched for two minutes, or isometrically maintaining an unweighted finger against
gravity for one hour. In another experiment, the ﬁerve supply to the ﬁnger muscle was
blocked using an arterial préséure cuff. The subject was asked to exert a maximal effort
with the finger for two minutes. If visual feedback was absent, the subject perceived
muscular effort and ﬂxovement even though no movement occured. After the
resumption of nerve supply to the finger the amplitude of tremor was increased even
when the subjects effort ‘had been only' a perceived effort. In another experiment the
motor nerve responsible  for motion of the third finger was stimulated.
Stimulation at a level and duration necessary to accomplish' a fatiguing task
had no effect on subsequent tremor measurements. In all caseé when the amplitude
6f the experimental finger tremor was increased the amplitude of tremor was not
changed on the contralé.teral side. Neither a centralized factor or circulating hormones, .
such as adrenaline, would cause such an increase in tremor because the effect was not
bilaterﬁl. Lippold did not think that the change in tremor was due to affecting the stretch

reflex loop. He stated that the origin of the effect appeared to be in the ‘CNS. The long
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term increase in tremor fqliowing a briéf strong con&ﬁcﬁon seemed due, at least partially,
to persistence of an increased degree of synchronizedi motor-unit firing which occurr¢d~
during actual muscle contraction. No information on the'locus or the mechanism of this
change in synchroniza_tion was given. This S};nchronizatioh worked in addition to the
stretch reflex ioop which Lippold stated was re-spon.sible for the base ievel of thé tre.mof.
Hagbarth ‘and Young (1979) reported important changes in extrafusal muscle
characteristics in response to exertion of short duration and low intensity. During
electrically induced supramaximal twitches of fatigued extrafusal muscle fibers the time
from onset to peak tension was reduced by 10%, tﬁe half-relaxation time shortened by
| almost 15% and the peak force increased ‘by 40% in comparison with fibers which were
not first fatigued. These changes in extrafusal muscle characteristics would influence. the
response of a muscle to experimental variables (addition of weights, fatigue, motion, etc.)

-as much as any tremor mechanism.
Stretch Reflex Influences

Lippold (1970) observed ‘tremor in the oqtstretchéd finger. When he aﬁplied a
stepwise displacement to the finger the induced oscillation had the same frequency as the
subject's PT. He placed an inflated présSure cuff on the arm to produce short periods of
ischemia. This was thought to opén fhe servo reflex loop' by decreasing or eliminating
afferent information from the osciﬂating limb. " Ischemia caused a depression of all
frequencies of the ffnger trgmof and in some subjects caused the eliminatiéﬂ of the tremor |
~ after three t6 four minutes. Ischemia had a similar depressing effect on the mecharﬁcally
induced finger oscillations.” Lippold concluded that the oécillation caused by méchénicaly

tapping the finger and oscillation during PT were-caused by the same mechanism; an
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instability of the strefch reflex servo loop.

Hagbarth and Young (1979) recorded neurograms from muscle spindle discharges
(primarily from 1A's) and e.m.g.s associated with accelerometer records of the third -
digit. During small amplitude PT there was an obvious grouping of the spindle
discharges, high during the stretching phase and low during the éontraction phase,

“which indicated(f‘that muscle spindle sensitivity was sufficient to sense wrist motion of
less than 0.1 .' The intensity of the spindle discharge was not proportioﬁal to
. the amplitude of a. giveﬂ tremor cycle. The e.m.g.s did not exhibit obvious grouping
during low amplitude PT. Fatiguing the muscles enhanced the tremor amplitude.
Grouping of wrist flexor e.m.g.s and spindle neurograms correlating with movement
was observed during tremor of fatigued muscles. The neural activity usually reached peak
during the first half of the _strefch phase. E.m.g. activity reached peak approximately 20
micro-seconds after the neural bursts and ended at the beginhmg of the shortening phase.
The tremor was .thus ballistic in the sense that muscle acﬁvity was elecu:icaﬂy silent during
the major part of the shortening phase. These_ results suggest ﬁat bursts of spindle activity »
alternating with pauses -in spindle afferent input, may, by monosynaptic action, produce
synchronization of dis;:h_arge from an active motoneuron pool.

Young and Hagbarth (1980) studied the effect which stretch reflex enhancement had
on PT. PT was studied for amplitude, e.m.g.s from muscles associated with tremulous
limb movement, and neﬁral activity from muscie spindle units. Measurements were taken
after or during vibration, exercise, Beta—adrenergic stimulation, the Jendrassik maneuver,
and slow voluntary flexion-extension movements, all of which influence the stretch reflex
in a positive manner.’ They reported that stretch reflex enhancement seeme& to accentuate
an already present involuntafy tremor, wheréas the stretch reflex was ' not obviously -

involved in the generation of the initial low level PT (Hagbarth and Young, 1979).
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The e.m.g. activity became more synchroni‘zed with motion as the expeﬁments progressed. |
The increased synchrony correlated ‘with an increase in the amplitude of th,é tremor énd
increasing involvement of the stretch reflex.

Young and Hagbarth (1980) studied e.m.g. synchronizatton with motion during slow
voluntary flexion-extension of the wrist. They observed small involuntary jerks in the
direction of movemtent said to be due to the inébih'ty of the motoneuron pool to avoid
mistakes in recruitment or derecruitment duﬁng movement. E.mT g. bursts associated with
the jerks were accompénied by afferent spindle discharge as thoughthe: sudden i_nvohtntaﬁry
movements involved not only skeletomotor but also fusimotor neurons. The fusimotér '

system is most sensitive during stretching, thus, oscillations would tend to be largést

" during eccentric contractions if modulated by spindle afferent signals.

Marshall and Walsh (1956) also noted an increased ‘amplitude of tremor during
movement. The amplitudte change was greatest. as the hand Began flexion after bging
extended. This suggested stretch reflex modulation because the spindle is most sensitive
when stretéhing an actively contracting muscle.

Stretch reflex as the detérmintmt of tremor 1s objected to by several authors. Elble
and Randall (1976) objected on the grounds that the mean frequency of tremor in several
muscle groups doés not vary even though there is a difference in the conduction
delays associated with different muscles. Marsdert et al. (1967) objected to the stretch
reflex theory otl the basis of his work with deaffeméted patients. He found 'that the
frequency of trtemor remained the same in the tieaffernated limb as the innervated limb

although at a lessened ampiitude. A'Stiles (1967) found that the frequency of tremor

decreased with the addition of weights. If tremor were stretch reflex modulated, the |

frequency of tremor would not change in response to additional mass.
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Mechanical Origin Of Tremor

Stiles (1967) studied the frequency and arrrp]itude characteristics of ptlysidlogic tremor
of the wrist. He added mass to the hands to determine if this would change any tremor
characterist_ies. The addition of mass caused the hand to oscillate with increased arrlph'tude
at a-lowered frequency. Stiles concluded that the relationship .between mass and tremor
was consistent with that of a second order upderdarﬁpened mechanical system. A
mechanical model was formulated on the basis of a cylinder with mass and dimensions -

similar to a finger, and spnng constants w1th angles of attachments similar to the
musculature of the forearm.  When the . relationship between added mass and 4
transformed frequency was extrapolated, the predicted mass of the finger correlated well
with the mass estimated by volume displacement.

Other authors have added weights to the limbs bei_ng studied and have reported no
significant changes in frequency (Marshall and Walsh, 1956; Halliday and Redfern,
1956). The methods used by St11es in his study differed from those used by others

" He controlled for the elast1c1ty of the system, muscular tension, by having the subjects

maintain a constant e.m.g. level, a measurement_whlch correlates with muscular tension.

Central Origin Of Tremor

Marsden; Meadows, Lange and Watspn (1969a) examined P'I_‘ in both hands
simultaneously. The tremor did not differ significantly between the two hands in terms of
frequency or amplitude. Cross spectral analysis found little moment to moment link

between the movements of the two hands. Because a movement relationship between the
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hands did not exist, thé authors stated that it was unlikely that the tremor was due to a
central influence such as a central pacemaker within the nervous system or to
ballisto-cardiac thrust whiéh Marsden et al. felt had Beén suggested by Van Buskirk and
Fink (1962). ' -

Cardiac thrust is a central mechanical factor Which has been shown to cause a
measurable oscillaﬁon in all parts of the body (Brumlick and Yap, 1970). Tremor of
cardiac originlhas been referred to in thelliteratyre as physiological tremor, rest tremor,
normal tremor, minor tremof, micro tremor, and ballisto-cardiac thrust. Brumlick and
Yap specifically stated that this tremor was measured whiie the limb was at comp\lete rest
with no voluntary muscle contraction present. This is not the same éondition ‘which is
presént whén muscles actively‘support a limb as 'during PT.  Many authors have.
mistakenI}; confused the tremor at rest, which Brumlick and Yap called normal resﬁng
tremor, caused by cardiac thrust, with the tremor present duriﬁg active muscle
contraction, which Brumlick and Yap called no_ﬁnal PT. Mafsden (1984) stated that the

ballisto-cardiac impulse is responsible for approximatly 10% of the amplitude of PT. .
Mechanical - Neural Basis Of Tremor

Stiles (1976) studied the effect'th_at fatigue had on the frequency and amplitude
characteristics of a tremorous | .outstretched middle finger. The subjects maintained
extension of the finger against gravity for 15-45 minutg_s. During this time the amplitude
of the tremor increased by a fact01.' of 1‘,000 in some casés while the frequency of the
tremor decreased by one-half. Based upon the resuits of this study Stiles theorized thﬁt
asynchronbusly firing mdtor-units with a broad band frequency, acting on an

* underdampened mechanical system, are responsible for small amplitude tremors. The
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mechanism for large displacement tremors, tremor greater than 100 micra, was said to
_involve both mechanical and neural factors, a mechanical-reflex osci]idtor mechanism.
Stiles (1980) studied the coherence of demodulated extensor e.m.g. activity with
frequency and amplitude of hand tremor during 10 to 60 minutes- of continuous extension
and with 100 g to 500 g of mass added to the hand. He found-él high coherence 'between
e.m.g.s and oscillation of the same hand especie.liy during tremor of high frequency and
amplitude. He valso noted a linear relationship between the log of the e.m.g. amplitude
and the log of the tremor amplitude. The appearance of correlated electricgl activity of the
muscles controllmg the limb suggested to Stiles either a reflex or central.oscillatcr
mechanism for the oscﬂlauons |
Howard (1985) studied PT of the finger and the response of the PT to the addition of
weights. He also quantified a tremor which he called PAT observed durmg the voluntary_.
‘movement of the subject's hand as the hand began _ﬂexion from an extend position. Based
on the change in the subjects PT characterisﬁcs after the additi_on of weights, Houvard
identified two separate groups of subjects. One groun hud a lovu frequency,. high
amphtude PT which responded to the addition of weight to the hand in a manner which
would fit with Stiles' (1967) mechanical theory; the tremor increased in amplitude and -
decreased in frequency. The second group had a PT which responded to the addition of
_weights as if the tremor were of neural origin; the tremor decreased in amplitude and
maintained a constant frequency. Based on- the resulrs of his study, Howard agreed
with Stiles (1980) thatl low armplitudePT has components which fit into both a neural
and a mechanical model of origin. All subjects had a PAT which responded as though it
were neurally controlled; the addition of weight did not influence the frequency of the
tremor. Because of this, Howard concluded that PAT was not s1mp1y an exaggerated PT .

since it did not show any of the characteristics of a mechanically influenced system.
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Hagbarth and Young (1979) stated that the small amplitude tremc;r observed during
postural fixation before fatigue acted as if it were mechanically ébntrolled; no
synchronization of e.m.g. activity was obs_efved. The large émplitude ueﬁor observed
. after enhancement of the stretch reflex appeared to be neurally driven; the're~ were dis'tinct'
groupings of e.m.g.s and spindle neurograms and synchronization of e.m.g. acﬁvity with‘

tremor oscillation occurred.
Function Of Tremor

~ Marsden et al. (1969b) studied h‘emof of the finger with particular refei‘ence to chénges
with age. They found that aithough the peak fre(iuency did not vary between adults
and children, only 60% of the children, under 16 years old, had a dominant tremor -
frequency. A dc;nlinant tremor frequency was found in 55% of the adults tested. The
authors noted that children tend to be clumsy in théir fine motor control and theorized
that the more random nature of their motor ﬁctiv_ity, the lack of a consistent dominant
tremor, may be responsible for this lack of fine motor con&ol.

Marshall and Walsh (1956) noted a slower frequency.in the- tremor of youﬁg
. children. A’lower frequency of tremor should result in a.trefmor of increased amplitude.
Children may thus tend to be more clumsy due to an enhanced amplitude, lower frequency
tremor.

Gresty and Findley (1984) note two prime considerations relating to B(;dily
movement; such as tremor. The first consideration is fhe necessity to prevent structures
from going into oscillations and to contain and dampen out oscillations when necessary.
The second consideration relates to the structure of the body. Tﬁe body is a jointed.

framework supporting inertial loads with viscoelastic properties, controlled by a muscular
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system working at a mechanical disadvmgge. ‘Working at a mechanical disadvantage can
be offset somewhat if a system is operating close to the natural resdnance of the system.
The body ‘needs to work with natural resc;nance tendencies in order to conserve energy in
spite of the fact that the resonance causes insfability. According to the authors, tremor
arises in structures normally responsible for coordinating movement and is the risk that
the nérvous system takes to conserve energy.’ ‘Tremor occurs with a sinﬁlar frequency
at different sites in the body because of the necessity to coordinate movement in

several bbdy 'part's at once.
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METHODS
Subjects

- The subject pool consisted of two women and eleven men; They ranged in age from
sixteen to thirty five. None had a history of neurological or physical abnormalities. The
dominant hand was determiﬁed to be the hand used for writing. AH were asked if 'they
practiced any activitities such as piano playing which required a high degree of - -
simultaneeus fwo hand acti\}ity, since it was felt that such activities might inﬂuence
interhaﬁd coherence.. All subjects anséveredA negatively. The subjects were asked to
- refrain from caffine and nicotine for four hours prior to the experiment. Exercise prior to |

the experiment was not controlled for.
Recording

The exi)erimeht required six ehannels of data, an acceleration and two
electromyographie signals from each arm. Electromyograph signals (e.m.g.s) were
recorded from bipolar electrodes placed longitudinally, two cm apart, over the body of the
extensor digitorum, and the body of the flexor digitorum superficialis. Palpation was
used to isolate that portion of each muscle most reépoﬁsible for movement of the third
digit. Proper placement was confirmed by visual inspection of oscilliscope tracings of
€.m.g.s | during ﬂexion-extensien of the wrist prior to the experiment. The e.m.g.
signals were amplified by Grass P511 A.C. preamplifiers (bandwidth 100-1000
Hz) and recorded on a HewletUPackard 3968 tape recorder (bandwidth 0-2500
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Hz) for future analysis. To transduce tﬁe frequency and amplitude of the tremul§us
motion, a calibrated accelerometer (Kulite> model GY-12_5-10, sensitivity 9.4 mV/G,
natural frequency 670' Hz, weight 0.5g) was‘ taped just proximal to the distal
interphalangeal joint of the third digit. The signal from the accelerometér was amplified
appropriately and recorded on the tape recorder. The fingers were adducted and taped
together and the.thumb was faped in an adducted position agéirist first digit so the hand

acted as a unit.
Experimental Conditions

The experiments. were conducted between 9:00 A.M. and 2:00 PM to control for the
diurnal variation of tremor (Tyrer and Bond, 1974). All studies were conducted in a quiet -
room with the subject seated in a comfortable chair. Subjects were instructed to adduct the
arm at the shoulder and flex the elbow so that the pronated forearm lay comfortably on a
rigid flat surface supported down to the head of the radial styloid process. This position
allowed fdr unhin_dered flexion and extension of the wrists. 4

, All subjects were wired to collect the same da£a dﬁring both PT and PAT. When
testing PT the unweighted hands were extended to a horizontal position, zero degrees of
wrist flexion-extension, and held isometrically against gravity for two minutes. Subjects
were told to hold the hands steady using minimal muscular effort.” Acceleration and ‘.
e.m.g.s were recorded simultaneously from each forearm and hand = as the subject
maintained the horizontal position. | N o

After the PT task, the subject rested for two minutes. The subject then practiced tﬁe
flexion-extension movement used to elicit the PAT, described by Howard (1985).

Familiarization with the raﬁge and the frequency of motion requested was necessary. The '
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task required flexion-extension through a range of motion 60 degrees exténsion - 60

degrees flexion in time with the visuailsl displayed 0.25 Hz sine wave. The range of
motion was selected because it was éomfortable for all subjects and in all cases required the
subject to use the flexor muscle group to complete the ﬂexic;n rangé. A sine frequency of
four seconds for each complete flexion-extension éycle was used to closely duplicate

Howard's work. The subjects were instructed to stay in time wiﬁ the sine anve and toA
match the timing of the wave by being m a position of full flexion when the sine wave was

most negative and a position of full extension when the sine wave was most positive with

minimal pausing at either extreme of motion. After thé practice session the subject

rested for two minutes before beginning _the recorded task. During the PAT task,

acceleration and e.m.g.s were recdrded while the subject flexed and exfended the

hands for two minutes.

Care was taken to kgép fecording sessions short in order to minimize fatigue, since
fatigue and exercise have been shown to alter the characteristics of tremor (Lippold, 1981;
Young and Hagbarth, 1980). The subjects in this study reportéd no feeling of fatigue and
strip chart recordings of the frequency and amplitude of PT and PAT showed ﬁo changes
over the recording period. For thése reasons, it appeared that fatigue ﬁlaye& no signiﬁcant

role in this study.
Data Selection

Selection of appropriate sections of PT to analyze was fairly simple.. Strip chart
recordings of the data were previewed to determine if there were any unusual portions,
large spikes in acceleration or e.m.g. activity not indicative of normal tremor, which would

be inappropriate for analysis. Unusual sections and sections prior to stabilization of the
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LEFT RIGHT

TIME (eec) TIME (sec)

Figure I: Digitized record of the electrical activity during PT. The scale of the Y axis
(amplitude) is 2.5 mV/increment. The amplitude of acceleration, especially of the left
hand, varies considerably with time. This variation has been reported to be due to a
variation in balistocardiogram force (Marsden 1984).

No visually apparent, consistent relationship between the e.m.g.s peaks and the
acceleration peaks is noted. There does not seem to be a consistent relationship between
the e.m.g.s of the flexor and extensor groups.

The left hand has a tremor frequency on the acceleration channel of 8 hz. The right hand
has a tremor frequency on the acceleration channel of 8.75 hz.
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tremor were avoided. Figure 1 is a graph of the data before the computer analysis has been
done. Three separate sections of data were analyzed by computer (a DEC Micro
PDP-II) for amplitude, frequency, and cohereﬁcy analysis. The mean of these three
segments represented tﬁe freqilency, amplitude, and coherence characteristics of the
su_bject:sl PT. -

Selection of segments of PAT appropriate for analysis was more complex due
to variances of inter-hand position. HoWard (1985) defined PAT of the hand as tﬁe ﬁigh
amplitude and frequency tremor seen most clearly as the hand begins a controlled flexion
movement from an extended position. Strip-chart recordings viewed in this study made it
very clear that PAT is extremely position dependent. Data was therefore previewed from
strip-chart recordings to determine when PAT was well defined and also when the position
of the two hands was equal. Data analyzed by the computer represented, as closely as
possible, tremor with the two hands at equal positions in the range of motion. Figure 2.
represents the data before a- head to tail concatenation of the desired section by the’
computer. Three segments were computer analyied. The mean of the three represented

the frequency, amplitude, and coherence characteristics of the subjects PAT.
Analysis

Analysis of the recorded acceleration and e.m.g.s from each hand for frequency and

.amplitude characteristics was done on a D.E.C. Micro PDP-11 computer. Appropriate

sections of PT and PAT were sampled by the computer by replaying the taped
records at one quarter of the recording speed. The analog signal was ‘sampled and
digitized at 64 samples per second which gave an effective sampling rate of 256 samples

per second. The digitized record then had the mean subtracted to remove' any D.C. offset.
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LEFT
RIGHT
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Figure n. Digitized record of the electrical activity during PAT. The scale of the Y axis
(amplitude) is 2.5 mV/increment. The portion of the tremor which was specifically
analyzed is between the dashed lines.

Note that during the analyzed portion the extensor e.m.g.s are more distinct and coincide
closely with the acceleration peaks. Flexor activity is greatest during periods of low
extl()enslor activity. Also, when flexor activity is high, the frequency of the tremor appears
to be less.

Because the analyzed portion of PAT involves very little flexor activity, the coherence
between flexor e.m.g.s and acceleration was not considered.
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PAT records were high pass filtered (5 Hz) to remove slow wave motion from the signal
which might have been caused by the flexion-extension motion of the hand. PT records
were not high pass filtered.

PT recordings of four seconds duration were sampled by the computef (see Figure 1).
This,was a sufficient time length to give 1024 data points, the number calculated to be
sufficient for frequency analysis and resolution (Bendat and Piersol, 1966). |

The time length of PAT is too brief, O.5-1.5 seconds, to yield 1024 continuous data
points. To produce 1024 continuous data points the portion of the record which contained
the defined period of high amplitude motion was éxised from the remaining digiﬁzed
record (see Figure 2). This portion of the record was then'duplicatcd and concatenated in
a head to tail fashion enough times to yield 1024 data points (see Figure 3). -

The remainder of the analysis was identical for both PT and PAT. E.m.g.
records were demodulated By high pass filtering (1 Hz), full wﬁvc rectification, anci low
pass filtering (30 Hz). These records were then substituted with cosine waveforms to
smooth potential inconsistencies caused by joining. The smoothing wés done by finding
the mean of the first 112 relative maxima, calculating the peak to valley or valley to peak
distances in the demodulated ‘e.m. g. record and calculating the frequency for that —portion of
the waveform. An appropriately increasing or decreasing portion of a cosine waveform,
with an amplitude equal to the mean of the maxima, was then substituted in place of the
actual demodulated e.m.g. segment. The smoothing proces§ occurred on all channels of
data, keyed to a criterion channel which in all cases was the channel from the acceleration
of the subject's dominant hand.

The computer next subjected the records to auto correlation and power spectral density
analysis, in accord with equatioris found in Bendat and Piersol (1966). Results of the

computer analysis yielded power spectral plots of variance relative to frequency.
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Figure HI. Column Iis movement tremor with the defined PAT section between the
dashed lines. Column Il is the defined PAT portion exised and concatenated enough times
to yield 1024 data points.

The section to be analyzed was determined and marked on the acceleration channel of the
subjects dominant hand. The same section was then marked on all other channels.

The amplitude of column 11 appears greater due to a change in the scale.
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Figure IV. The excised portion of the PAT data from Figure n concatenated enough times
to yield 1024 data points. In this section it is visually apparent that extensor peaks lead
acceleration peaks consistently. Flexor peaks coincide with periods of low amplitude
extensor and acceleration activity.

The subject is right hand dominant and stated that he participated in a large number of
sporting activities some of which involved use of both hands (X-C skiing).



Calculations

Calculation of the frequency and amplitude values from tremor spectral plots is
described by Stiles (1976). The power spectrum can be considered as a plot of
the total variance of the signal. In this study, the spectrum usué.lly consisted of a single
spectral band with a peak frequency which was taken to be the frequency of that signal
(See Figure 5). The root 'mean square (r.m.s.) amplitude of the signal at that
frequency can be calculated from the spectral b‘and based on the assumption that
each spectral band had arisen from a singlé-.frequency source. After the above spectral

analysis, the spectral band of a single-frequency signal would contain three or four

‘variance values, at three or four adjacent frequency values. The sum of the variance values

would be equal to the total variance at the central frequency of the spectral band. The

r.m.s. acceleration of the signal can then be calculated as the square root of the total
variance at that frequency. The r.m.s. displacement can be calcui‘ated by dividing the
r.m.s. acceleration by the square of the angular velocity. |

The e.m.g. spectra had the peak frequency calculated the same way as the acceleration

channel. The square root of the total variance would be equal to the r.m.s. voltage of the

" mean of the signals first 112 relative maxima.

The frequency and amplitude of tremor in the dominant hand was compared to the
non-dominant hand for each subject during PT and PAT. Paired T's was the statistical

method used. The level of significance chosen was 0.05.
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Figure V. Power density spectra of acceleration and two e.m.g.s recorded during PAT for
I subject. The first plotis of the variance of acceleration (cm/?) vs the frequency of
acceleration recorded. The second and third plots are of variance in mV vs frequency of
e.m.g.s recorded from the extensor digitorum and the flexor carpi ulnaris respectively.



29.
RESULTS

The first hypothesis state_d' that there would be 1o difference in the degree of
coherence befween the extensor e.m.g.s and acceleration of the same hand, PT compared
to PAT. According to Stiles (1980), a coherency leyel of 0.40 'of above indicates that one
signal is significantly related to another signal. Table 1 lists the degree of coherence
between the acceleration and extensor e.m.g.s of the same hand pfesent during PT and
PAT. None of the subjects showed any significant coherence between the extensor
e.m.g.s and the motion of the same hand during PT. 'The average level of coherence-
during PT was 0.17, less than what could be expected to occur by chance alone (Marsden
et al.,, 1969a). All of the subjects showed a significant levei of coherence between the
extensor e.m.g.s and acceleration of the same hand during PAT. The average level of |
coherence during PAT was 0.70, greater than what would be e);pected to occur by chance
alone. The first null hypothesis is thus rejected. There was a differen’ce in the degree of
coherence between extensor e.m.g.s and acceleration of the same hand when PT was
compared to PAT. |

The second hypothesis stated that there would be no significant difference between the
cross spectral coherence of extensor e.m.g.s during PT compared with extensor e.m.g.
coherence during PAT. Table 2 lists the degree of coherence between the extensor

e.m.g.s which occurred diu‘ing' PT and PAT. None of the subjects had. a significant
level of coherency between the extensof e.m.g.s during PT. During PAT all ef the
subjects except one had a sighificant' level of coherency between the extensor e.m.g.s. The

second null hypothesis is thus rejected. There was a difference'in cross spectral coherency -

- of extensor e.m.g.s associated with hand tremor when PT was compared to PAT.
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Table I. The degree of coherence between extensor e.m.g.s and hand tremor during PT
and PAT. A coherence of greater than 0.40 indicates a significant relationship. The
coherence is no better than chance during PT. Itis clear that motion and e.m.g.s are
significantly correlated during PAT. Note the difference of coherence between the dominant
hand and the non-dominant hand during PAT.

Two of the subjects in the study did not complete both the PT and the PAT experiment so
their data was not included in this table. A third subject did not exhibit a dominant tremor
frequency and so was not included in the data for this table.

Subject Coherence during PT Coherence During PAT
Dom Npn-Dpm Dom Non-Dom
I 0.40 0.00 0.84 0.46
2 0.38 0.26 0.50 0.42
3 0.18 0.32 0.78 0.78
4 0.18 0.32 0.92 0.30
5 0.12 0.30 0.74 0.62
6 0.02 0.16 0.76 0.72
7 0.00 0.00 0.92 0.86
8 0.04 0.12 0.86 0.38
9 0.20 0.14 0.88 0.76
Iti 0.26 0.02 QM 042
Average 0.18 0.16 0.81 0.57

Table 2. A comparison of the extensor e.m.g. cross-spectral coherence, during PT and
PAT. A coherence value above 0.40 indicates a significant relation between the signals.
The high coherence during PAT supports the existence of a central or segmental connection
between the musculature of the two hands. The connection is not present during PT.

Data from four subjects was not included in this table either because they did not complete
both tasks or because one of the e.m.g.s did not exhibit a stable frequency.

Subject Coherence During PT Coherence During PAT
I 0.00 0.66
2 0.16 0.38
3 0.12 0.14
4 0.12 0.72
5 0.10 0.48
6 0.18 0.46
7 0.26 0.98
8 0.00 0.68
2 Olti 022

Average 0.12 0.68
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DISCUSSION
Significant Findings Related to PT

Cross spectral- analysis was used to determine if coherency existed between e.mn.g.s
of wrist extensors and acceleration of the same hand during PT. No significant coherence
was found (see Téble 1). This agrees with the work of Young and Hagbarth (1980) who
found no significant grouping of muscle e.m.g.s at the small amplitudes of physiologic
tremor. The lack of a significant level of coherence betweén the extensor e.m.g.s
and acceleration of the same hand agrees with the mechanical theory of small amplitude
tremor proposed by Stiles (1980); small amplitude tremor results from mechanically
induced motion, modulated and perpetuated by spindle sensitivity.

Cross correlation analysis was used to determine if coherency existed between the
extensor e.m.g.s of the two hands during PT. Finding a high degree of coherency
" between the two e.m.g.s would support the existence of an intersegmental link or a
common CNS connection. No significant éross spectral correlation between the extensor
e.m.g.s of the two‘ hands was found in any of the subjects during the PT segments
sampled. There would seem to be no central force 6r segmental connection affecting the
production or maintenance of PT.

Coherency between the acceleration of the two hands during postural tremor
in this study and by Marsdenet al. (1969a) was lower than could be expected
to occur due to chance. Yaps and Boshes' (1967) suggestion that postural tremor
represents .oscillations due to ballisto-cardiac impulses is incompatible with the results of

|
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this study or with the study by Marsden. A ballisto-cardiac force should cause correlated
acceleration of the hands as well as a tremor with nearly equal frequency and amplitude
characteristics even though the distance from the heart to the hands is not equal. A CNS
pacemaker is also incompatible with the data. A pacemaker system should produce a
degree of coherence between aéceleraﬁon of the two hands even though nervous input to
muscles is heavily filtered by dynamics of the musculoskeletal system (Marshall and
Walsh, 1956). Lack of a moment to moment link between tremor of the two hands
indicates that many factors responsible for fluctuations in tremor act upon two distinct
systems which, because they share the same environment, have similar properties
(Marsden et al., 1969a).

The dominant hand was compared to the non-dominant hand in terms of the frequency
and the amplitude of tremor which occured during PT ( see Tables 3 & 4). Paired T tests
showed no significant difference, in frequency or amplitude of tremor, between the two
hands. Marsden, et al. (1969a) reported similar findings. This finding neither
;ubstantiates or refutes a theory that a consistent PT is a physiologic base for fine
motor control (Marshall and Walsh, 1956; Marsden et al.,1969b). Consistent tremor may
develop in both hands simultaneously as a maturational pfocess. Other factors would
be more important in the selection of a dominant hand especially gonsidering the finding by
Marsden et al. (1969b), that a "consistent” tremor does not always develop in children until
the age of 15, long after the time when hand dominance is usually determined; Gresty and |
Findley (1984) stated that frequency and synchronization of tremor occurs at the level
of neuronal membranes and exists due to the neceséity of coordinating movements in
several body parts. Coordination would only be possible if the tremor was of comparable

frequency and amplitudes in both limbs. Based on this, the tremor of the two hands would
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Table 3. Comparison of the r.m.s. displacements (in micra), and frequency (in Hz),
between non-dominant hand (1), and dominant hand (2), recorded from the acceleration
channel. There was no significant difference between the dominant and non-dominant
hand in frequency or amplitude.

SUBJECT PT-DISP(I)  PT-DISP(2)  PT-FREQ(l)  PT-FREQ(2)

| 69.4 23.1 8.0 8.0
2 27.9 71.6 7.0 8.3
3 218 41.3 8.0 7.7
4 37.6 31.0 7.7 7.7
5 34.4 58.8 8.0 8.0
6 29.5 21.2 8.0 10.0
7 17.2 20.3 9.3 9.3
8 27.0 29.5 9.3 8.3
9 7.9 33.6 7.3 7.0
10 31.7 48.1 8.0 8.0
11 40.3 19.0 8.0 9.0
12 57.6 52.2 8.0 8.7
n 2&G 46JL U ZQ
Mean 33.45 38.14 8.02 8.23
SEM.+44  SE.M.+4.6 S.E.M+0.18  S.E.M.+0.24

Table 4. Comparison of r.m.s. amplitudes (in microVolts), and frequency (in Hz),
between the non-dominant hand (1) and the dominant hand (2), recorded from the
extensor channels during PT. No significant difference was found between the hands in
terms of amplitude or frequency during PT.

SUBJECT AMPLITUDE(]) AMPLITUDE?) FREQ(I)
FREQ(2)
| 2.7 3.8 13.7 11.7
2 3.6 3.8 12.3 12.0
3 2.4 3.2 10.7 12.7
4 4.1 3.6 13.3 12.3
5 3.6 25 12.7 13.0
6 4.1 8.3 12.3 13.3
7 1.8 2.0 14.3 14.3
8 3.9 6.7 14.3 11.7
9 2.8 3.8 11.3 8.3
10 0.7 13 9.5 133
11 35 6.1 13.0 13.7
12 5.3 2.9 13.3 13.0
11 M 16 ULl 11.3
Mean 3.18 3.89 12.49 12.35

S.E.M.+0.32 S.E.M.+0.55 S.E.M.+0.39 S.E.M+0.42
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be expected to be comparable in terms of frequency and amplitude. In this study, a

tremor with similar frequency and amplitude characteristics was present in both hands of -

normal, mature people.
Significant Flindjngs Related to PAT

Cross spectral analys%’s showed a significant level of coherency between the extensor
e.m.g.s and accl:eleration of the same hand during PAT (see Table 1). Finding coherency
between motion and e.m.g.s supports a neurologic basis for PAT. This agrees with
other authors (Young and Hagbarth, 1980; Stiles, 1980; Howard, 1985) that highér
amplitude tremors, brought on by fatigue or by motion, have‘ a neurologicgl
origih. PAT should be differentiated from low amplitude PT which showed little if any
neurologic pattern. These results are in agreement with Marsden's (1984) statement that
tremor is dependent upon the state of the individual an;i the task demanded. The
mechanical-neural theory of tremor seems to be most valid.

Differences between the two hands in the degree of e.m.g.-acceleration coherency are
interesting.  All subjects had a significantly high degree of coherence, greater than 0.40
(Stiles, 1980), within the dominant hand, average coherence = 0.81. Eight of the ten
subjects had a significant level of coherance within the non-dominant hand, average
_ coherence = 0.57. The difference in the coherence, e.m.g.s with acceleration, may be a
factor which makes dominant hand fine motor control superior to non-dominant hand fine
motor control. Through practice, repetition or perhaps hard wiring the neura; circuits are
more facilitated in the dominant hand than in the non-dominant hand (Pozos, personal

communication) and neural signals become more closely correlated with voluntary motion.
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Differences in coherence may also partially explain the result that the amplitude of
tremor was greater in the dominant hand than the non-dominant hand for eight of thirteen
subjects (Table 5). Greater coherency between e.m.g.s and acceleration should cause
motion of greater amplitude. Alternate explanations for the amplitude difference are that
the muscle spindle of tﬁe dominant side is either more sensitive or the afferent signal from
the spindle is more facilitated and- thus more apt to cause a contraction in response to
stimulation. Also, there may be a difference in the strength of the motor-units stimulated
by afferent stretch reflex input. Thus a given contraction wouid cause greater amplitude of
acceleration. These explanations fit in with a neural theory for origin and modulation of
tremor. An explanation based upon Stiles' (1967) mechanical theory would be that the
dominant hand is heavier than the non-dominant hand. The hands weren't weighed in this
experiment but a difference could be expected. The weight of the heavier hand would
create a greater input to the stretch reflex loop and thus a greater muscle response.

Cross spectral analysis of the data showed that a significant level of coherency existed
between the extensor e.m.g.s of the two hands during PAT (Table 2). This finding is
further argument that the two tremors, PT and PAT, are neurologically different (Stiles,
1980; Howard, 1985). The high coherency level between the extensor e.m.g.s during
PAT strongly suggests the existence of a connection, either segmentally or within the CN'S
which links muscular activity of the two hands. This study does not establish where the
conneéﬁon might be.

Statistical analysis by paired T-tests showed no significant difference in the frequency
or amplitude of PAT tremor, dominant versus non-dominant hand (Table 5 ).. Differences
in fine motor control between hands are not associated with differences in the frequency or

amplitude of PAT.
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Table 5. Comparison of the r.m.s. displacements (in micra), and frequencies (in Hz),
between non-dominant hand (1) and dominant hand (2), recorded from the acceleration
channel during PAT. There was no significant difference between the dominant and
non-dominant hand in terms of frequency or amplitude of tremor.

SUBJECT PAT DTSPf1l PAT DTSPf2) PAT FREOfD PAT FREOf2)

I 261 88 10.0 9.0
2 290 507 10.0 9.8
3 251 476 8.3 6.3
4 312 342 8.3 7.0
5 548 212 5.3 8.6
6 430 104 6.7 11.0
7 265 664 8.0 8.7
8 156 411 8.7 7.3
9 393 239 9.8 6.5
10 277 167 10.5 11.3
1 310 418 11.3 8.3
12 285 411 10.3 8.7
12 294 530 JA
MEAN 301 Microns 363 Microns 8.59 Hz 8.70 Hz
S.E.M.+26 S.E.M.+48 S.E.M.+0.49 S.E.M.+0.42

Table 6. Comparison of e.m.g. amplitudes, (in microvolts), and frequency (in Hz),
between the non-dominant (1) hand and the dominant hand (2), recorded from the extensor
channel during PAT. There was no significant difference between the dominant and
non-dominant hand in terms of frequency or amplitude of tremor.

SUBJECT AMPT.TTUDEfD AMPLITUDES) EREOfD EREOf2)
| 7.3 7.8 9.0 10.3
2 6.1 9.1 10.3 10.5
3 3.5 1.7 9.6 10.0
4 2.3 3.2 10.0 11.6
5 3.0 4.1 12.0 10.6
6 9.1 11.3 9.3 11.0
7 3.7 45 11.3 10.3
8 4.7 7.3 13.7 14.0
9 4.2 6.7 10.5 10.5
10 12.9 12.0 11.3 12.0
11 7.1 7.7 11.3 8.7
12 14.2 12.9 11.0 12.0
11 4A m o M
MEAN 6.48 6.94 10.72 11.02

S.EM.+1.0 S.EEM.+1.0 S.EM.+0.35 S.E.M.+0.36
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SUMMARY

The study was done to compare tremor of the hand pfesent during two different

conditions, maintained posture (PT) and purposeful movement (PAT). During the two

conditions of tremor; the cross spectral coherence between the acceleration and extensor.’

electromyograms (e.m.g.s) of the same hand and the cross spectral coherence between the

extensor e.m.g.s of the two hands were determined.
Results

1. During PT no significant coherence was found between the extensor e.m.g.s and
motion of the same iland.

2. During PAT all of the subjects had a high degree of coherence between the extensor
e.m.g.s and motion of the same hand.

3. When compared during PAT, there was a difference between the dominant hand and
the non-dominant hand on the degree of e.m.g.-motion coherence; 0.81 dominant hand,
0.57 non-dominant hand. | |

4. During PT none of the subjects had a significant level of cross spectral coherencyd
between the extensor e.m.g.s of the two hands.

5. A significant level of cross spectral coherency between the extensor e.m.g.s

- occurred during PAT for all of the subjects.

6. The study argues for the existence of a central or segmental connection between the

muscles most responsible for tremulous movement during PAT.
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7. The central or inter-segmental connection was not present during the low amplitude PT -
observed during this study.
8. No significant differencg was found to exist be’tween the two hands in terms of the
frequency and amplitude of tremor during PT or PAT. -
10. The coherency btheen motion of the hands was less than chance during both PT and

PAT.
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