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Abstract

Primary orthostatic tremor (OT) consists of rhytbatimuscle contractions at a
frequency of around 16 Hz, causing discomfort andrfsteadiness while standing. Diagnosis
has hitherto relied on recording EMG from affeatediscles. The main aim of this study was
to see if the characteristic postural tremor in@h be identified with force platforms. We
also quantified postural sway in OT patients teeassheir degree of objective unsteadiness.
Finally, we investigated the time relations betwbarsts of activity in the various affected
muscle groups. Subjects stood on a force platfeitim concurrent multichannel surface
EMG recordings from the lower limbs. Seven patievith clinical and EMG diagnosis of OT
were examined and the force platform data compairddthose of 21 other neurological
patients with postural tremor and eight normal calet All OT patients had high frequency
peaks in power spectra of posturography and EM@Grdaags (12-16Hz). No such high
frequency activity was evident in patients withason’s disease, cerebellar degenerations,
essential tremor or in healthy controls. AdditibnaOT patients showed increased sway at
low frequencies relative to normal controls, sugggsthat the unsteadiness reported by OT
patients is at least partly due to increased paksuvay. Examination of EMG timing showed
fixed patterns of muscle activation when maintagrénquiet stance within but not across OT
patients. These data show a high correlation bet#éG and posturography and confirm

that OT may be diagnosed using short epochs oé fplietform recordings.



Introduction

Primary orthostatic tremor (OT) [1] consists oyttimical muscle contractions at the
relatively high frequency of 12-18 Hz. It typicalbgcurs in the legs during stance, with
partial or complete cessation of tremor when wajlan sitting. There is some controversy in
the literature regarding whether OT should be aersid a variant of essential tremor, or a
diagnostic entity in its own right [2-5]. The formgosition is based upon an atypically high
incidence of upper limb tremor in OT patients, adl\&s a tendency towards essential tremor
diagnoses in first-degree relatives. However, tlasseciations are not observed in all OT
patients. Further, OT patients often exhibit dgratof response to pharmacological
treatment that is different to that of essentiahtor; the response to propranolol and
primidone is less satisfactory for OT and, unlissantial tremor, some patients may respond
to levodopa [6].

A diagnosis of OT is usually reached based omngceal evaluation in conjunction
with electrophysiological investigation using suwdeEMG [7]. Misdiagnosis can occur in
neurootology (‘dizziness’) clinics because clinfganay not be familiar with this condition
[8]. Indeed most of the patients we have seerblead initially diagnosed as suffering from
a non-organic (psychogenic) disorder of balandee grimary aim of this study was to see if
the characteristic postural tremor in OT coulddentified using force platforms, because
these devices are often available in neurootoldigics. Accelerometer recordings have
previously been taken from OT patients [2,4], lolentifying a tremor of an identical
frequency to that obtained using surface EMG hasays been possible [2]. In the current
study, force platform frequency spectra from OTigras were individually compared with
those produced by patients with other conditiorty witremulous stance to see if the findings

were specific for OT.



A second unresolved question relates to the adegree of unsteadiness experienced
by OT patients. Patients often report that afteh@rt period of quiet stance they feel they
will fall if they do not initiate movement or sibd/n. However, it is not entirely clear that
they actually exhibit more unsteadiness at theflequencies likely to cause falls (certainly,
the incidence of falls has not been reported thige). Previous research [9] indicates that
for normal controls, neuropathic patients and pesdmian patients, subjective ratings of
unsteadiness predict actual body sway well. Theeatistudy attempted some quantification
of sway at different frequencies to determine wletT patients are objectively more
unsteady than age matched controls.

Finally, the current study permitted a supplemsnitavestigation of muscle firing
patterns during quiet stance. In general, the igcles used to investigate patterns of muscle
firing have been fairly crude to date [7]. An exttep is a recent study that looked in detail at
patterns of muscle firing activity for a variety sthnces maintained by five OT patients [10].
Patterns were found to be highly consistent foivargpatient in a given stance, but to vary
between different stances and in different patidntghe current study, precise estimates of
muscle firing times were obtained to confirm threding, including a comparison of the

same stance under differing conditions of senseedlback (eyes open versus eyes closed).

Materials and methods

Subjects

A total of 37 subjects participated in the studyp@mary interest were a group of
seven patients with clinical and EMG diagnosis af (Gix female, mean age 63, range 30-80
years) and an additional female OT patient who dvagnosed with the condition by us

during the course of the study (age 75). For commpay data were obtained from 10 patients



with cerebellar degeneration (six female, mean=geange 50-68 years), four Parkinsonian
patients (two female, mean age 56, range 39-6&)eax patients with essential tremor
(four female, mean age 64, range 54-75 years)patient with psychogenic tremor and jerks
(female, 57 years old) and eight healthy contreévén male, mean age 57, range 49-81
years). Six out of seven previously diagnosed Cliepts were taking medication for the
condition, but were asked not to take it on the afagsting. One patient failed to comply
with this request. All other patients were testadtweir medication, usually standard anti-

Parkinsonian agents.

Apparatus

Displacements of the centre of force of the stagpdimbject in sagittal and coronal
planes were recorded using a force platform. Thdqgrin was mounted on four piezo-
resistive force transducers in rectangular conéiggan. Displacements of the net force on the
platform were obtained through differential amghfiion of opposing pairs of transducers.
EMG recordings were taken using two silver/silvielocide surface electrodes placed over
the belly of the relevant muscle. EMG signals warglified and filtered using Digitimer
D150 Amplifiers. All signals passed through an agak to digital converter (12 bit;
National Instruments MIO16) for storage on a digitamputer, and were processed off line

(Matlab, The Mathworks, Inc.).

Procedure

Subjects stood on a force platform with their haimasging by their sides. Quiet
stance was maintained for 2 minutes (maximum)sdorlg as could be managed (> 20
seconds in all cases). Subjects were recordeccim@&awo conditions: with eyes open, and

with eyes closed. For the seven OT patients prelyaliagnosed, multichannel EMG



recordings were taken from the quadriceps, hangsttilialis anterior and gastrocnemius of
each leg. Where standing alone proved impossiblgests were provided with minimal
support from the experimenters and/or metal supportlosing the posturography apparatus.
Such support was required by 3/10 cerebellar patierthe eyes open condition, 5/10
cerebellar patients in the eyes closed conditi (Bl patients in both the eyes open and

eyes closed conditions, and the patient with psgehi tremor and jerks in both conditions.

Data Analysis

All signals were sampled at 1000 Hz. EMG signaitsalty underwent analogue band
pass filtering, using a low-pass filter with a higbquency cut-off of 300 Hz (to avoid signal
aliasing) and a high-pass filter with a cut-off e@lent to a filter with a time constant of 3
milliseconds (to minimise movement artefact). Pagjtaphy data were calibrated by
converting signals to Newton meters, then nornragisiccording to subjects’ weights to
provide centre of foot pressure deviation valuesnmnor mm.

For analyses relevant to the diagnostic value e@fdince platform (comparisons of
power spectra), these signals were split into apgihg 4096 point data segments, then
linearly detrended and multiplied by a Hanning vawihg function. Frequency spectra were
produced by applying an FFT algorithm to each segnteen averaging; this process yielded
power spectral density functions with a maximungfrency of 500 Hz and a frequency
resolution of 0.244 Hz. EMG data were calibrated eettified, then passed through a leaky
integrator prior to application of the same FFTakgintegration was performed by applying
the formula: Yn=Xn+ ni 09'X - j) . To assess the degree of agreement betweend MG

El
force platform data (forjthe seven OT patients waitbrior diagnosis only) squared coherence

values were obtained between each EMG signal atiddi@ctions of sway at the frequency



of tremor. Coherence functions were produced iraamar identical to that previously
described for power spectral density functions.

For analyses relevant to the quantification of foeguency sway, overlapping 50000
point segments were used to produce frequencyrgpsith a frequency resolution of 0.02
Hz. Where signals were under 50 seconds in lermgitause subjects could not stand for this
length of time), they were zero-padded to lengt®0&0prior to application of the FFT. For
each subject, sway magnitude was calculated iué&ecy bands of 0.02-2, 2-4, 4-10 and 10-
30 Hz. This power in band was calculated by takirgaverage magnitude at all frequency
bins within the relevant band; these values weegl tis compare sway across normal, OT
and cerebellar groups. The cerebellar group wdsded as a control population known to
exhibit severe postural instability. The particudarisions chosen reflect: 1) Low frequency
sway of potential relevance to unsteadiness at&l(f&2 Hz), 2) A band containing typical
tremulous activity for cerebellar patients (2-4 H) High frequency tremor activity found
only in OT (10-30 Hz) and 4) A 4-10 Hz band, incdddo make the comparison of sway
across frequencies continuous.

Finally, for analyses relevant to the timing of rlesactivity in our previously
diagnosed OT patients, cross spectra were usdatamaestimates of the timing of cyclical
muscle firings relative to sagittal sway as a bhasellThese cross-spectral density functions
were based on overlapping 4096 point segments,anitbquency resolution of 0.244 Hz.
Estimates of muscle timing were based on phastssifithe cross spectra for all possible
combinations of EMG and sway signals. Cross sp&atra obtained for each of the eight
recorded muscles and two directions of sway in aoatlon with all nine other muscle/sway
signals to produce 90 delay estimates (one for s@gtal relative to all other signals). Nine
of these estimates directly described each mus(@e® coronal sway’s) delay relative to

sagittal sway. These values were added to the nemga81 delays, such that each became an



additional estimate of a particular signal’s dalelative to sagittal sway. For example, the
delay between coronal sway and sagittal sway cdauyel by adding the delay between
coronal sway and the right gastrocnemius to thaydeétween the right gastrocnemius and
sagittal sway. These phase shifts at the pati@iFsremor frequency were then averaged so
as to obtain a single grand average delay (andatdrdeviation) for each muscle relative to
sagittal sway. Patterns of delays (the nine vahl¢gined for each patient in each visual
condition) were correlated with one another (Paarswrelation coefficient) to assess their

degree of consistency; this process is more fudlgcdbed in the results section.

Results

1. Force platform and EMG identification of trenpaks: case by case comparison

Figure 1 shows some raw EMG traces, alongside ffegjuency spectra, for four
patients. The trace at the top comes from an Oiémtait is possible to count 16 bursts in the
one second long trace, confirmed by the 16 Hz peé#hke frequency spectrum. Figure 2
shows example posturography traces, again alongseiefrequency spectra, for the same
four patients. While interpretation of the raw tish@main signals is less clear cut, the

frequency spectrum for the OT patient once agamvsha peak at the frequency of tremor.

Figure 1l near here
Figure 2 near here

JTablelnear here

Table 1 provides an overview of the diagnostic sas®f EMG and force platform

data for our seven previously diagnosed OT patiéfdsce platform analysis was not fully



conclusive for only a single patient (AV), who walso difficult to diagnose using EMG
data. While his frequency spectra did not shovkisigi peaks, ‘bumps’ were nonetheless
evident centred about the frequency of tremor.diaseven OT patients, coherences at the
frequency of tremor between muscles and sagittali@ sway signals were also generally
very high, with a mean of 0.81 (S.D. 0.21).

Frequency spectra of sagittal and coronal sway wepected for all subjects. Of the
29 non-OT patients and normal controls we testaly, @ne, with Parkinson's disease,
showed a similar substantial peak in the OT frequeange. The frequency spectrum for the
sagittal sway of this PD patient is shown in fig@re@bove an equivalent frequency spectrum
for one of the OT patients. In this PD patient, peak at 15 Hz was clearly the fourth
harmonic of a lower frequency sway peak (harmoapysear at integer multiples of the
fundamental frequency, and on this occasion exdudlat pattern of decreasing power with
increasing frequency). As such, the pattern of peeks easily distinguishable from the
peaks evident in the OT patients we tested. Whee frequency spectra sometimes
exhibited sub-harmonics, the high frequency peakenOT range always stood out relative

to any lower frequency peaks.

2. Quantification of sway: group by group companiso

Figure 4 displays average frequency spectra of $arayne OT, normal control and
patient control (cerebellar) groups, for sagittahyg with eyes open (N = 8 in each group;
data from two of our ten cerebellar patients wasused for technical reasons). Generally, at

low frequencies<< 2 Hz) the cerebellar group appeared more unstahftethe OT group,

who in turn were more unsteady than normals, wdtileigher frequencies® 5 Hz) the OT



group showed more activity than both the cerebalta normal groups, which seemed to

Figure4 near here

For statistical analysis, absolute sway (mm/Hz) axaeraged in each of four

converge.

frequency bands (0.02-2, 2.02-4, 4.02-10 and 18MRz). Data were further subdivided
according to patient group (normal, cerebellar @d, visual feedback (eyes open versus
eyes closed) and direction of sway (sagittal vecsuenal). Even following logarithmic
transformation, the data exhibited extreme hetareifye of variance, so non-parametric
procedures were used in place of a standard ANOVA.

A separate Kruskal-Wallis one-way ANOVA was appliednvestigate differences
between the three patient groups for each combimati visual feedback (two leve]s)
direction of sway (two levels) and frequency baiwdil( levels), for a total of sixteen such
tests. All sixteen showed a significant overalfetiénce between groups (p < 0.65).
Individual group differences where investigatechgsdKruskal-Wallis follow-ups, again with
an adjustment for the number of comparisons rublela presents the results of four of these
comparisons, alongside means and variances, fahtée groups' sagittal sway recorded
with eyes open. Table 2 supports the earlier ola¢irv made regarding figure 4; in general,
OT patients showed significantly more sway thamradrcontrols at both low and high
frequencies. Their level of sway at low frequesas@as in fact more comparable to that of
cerebellar damaged patients (whose sway declinesrtoal levels at higher frequencies).
The pattern of significance displayed was fairlpigar for sagittal sway with eyes closed,

and for coronal sway with eyes open or closed,csdatailed results are presented here.

&The omnibus error rate was set at 0.05 for atesix tests using a multistage Bonferroni proce@theHolm
procedure; required significance is adjusted basetthe number of comparisons still to be run) [11].
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3. Relative timing of muscle firings in OT

For all seven previously diagnosed OT patientsptigtion of each recorded
muscle's activation relative to sagittal sway (taks an arbitrary baseline) was calculated.
Figure 5 shows these data schematically for onematNote the cyclical (continuous) nature
of the data; all muscles fired continuously atftleguency of tremor, but at slight delays

relative to one another. These delays were gegaratistant over the course of the two-

Figure5 near here

The degree to which patterns of muscle firing wemesistent within/between OT

minute recordings.

patients was assessed by means of the Pearsolatonreoefficient. Within-subject
consistency was assessed by correlating the pattenascle activity obtained during the
eyes open condition with that obtained during tyeseclosed condition. For between-subject
consistency, eyes open and eyes closed data fpartiaular patient were correlated with the
identical condition in each of the other patieerrelations were based on patterns of nine
values (eight muscles plus coronal sway). As amgi@, for patient MB, whose pattern of
activity with eyes open is shown in figure 5, ttatprn of delays relative to sagittal sway is
(maintaining the ordering of figure 5): 11 ms faranal sway, then 46, 37, 51, 40, 62, 39,
51and 35 ms for the eight muscles. When testddevi¢s closed, MB’s muscles fired with
the following delays relative to sagittal sway:rh2 (coronal sway), 41, 33, 47, 36, 60, 35, 46
and 27 ms (muscles). It is apparent that acrosettveo conditions, the overall pattern (from
first firing muscle to last firing muscle) is maamed. Correlating the two patterns yields the
value 0.99, confirming that MB is producing a cateint pattern across the eyes open/closed
conditions.

Problems can occur when using the correlation coefit to assess data that "loops".

In figure 5, from a patient with tremor at 16 HAypothetical muscle spike at 61
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milliseconds would be very close to one at 2 neltisnds; the correlation coefficient will not
recognise this fact, and the resulting correlatudhbe spurious. For this reason, patterns of
muscle timing were visually inspected to identifytgntial problems of this kind. In two
patients, one muscle was found to be firing atlaydeery close to zero milliseconds relative
to sagittal sway. In these two cases, the delayexamined in both the eyes open and eyes
closed conditions. When it was very small (arourat 2 milliseconds) as opposed to very
large (approaching 62.5 milliseconds, the periotterhor for these two patients) a new delay
value was obtained by adding the original delath&overall period of the tremor. Hence,
for the two patients in question values of 0 amdilliseconds were converted to values of
62.5 and 63.5 milliseconds respectively. Followtingse two adjustments, all remaining
delays were in excess of 10 milliseconds, and wetened.

Figure 6 displays the correlations obtained by cammg each OT patient’'s muscle
activation pattern for a given visual condition @gs open) with that for the alternate visual
condition (eg eyes closed). This provides a testithin subject pattern consistency under
differing visual conditions (see central non-shagection in Figure 6). Figure 6 also
displays the correlations obtained by comparindneabject’s muscle activation pattern for a
given condition of visual feedback (eyes open @sesiosed) with the pattern obtained from
each of the other OT patients in the identical dooal of visual feedback. This provides a
test of between subject pattern consistency. Ht@id Figure 6 show that, for six of the
seven patients, there was very high consistenaydest the patterns of muscle activity in
each visual condition. The correlations betweeferdht subjects (shown in grey in figure 6)

were far more variable, and did not suggest a stahplattern across OT patients.

Figure6 near here
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Discussion

The main purpose behind this investigation wastiablishment of the frequency
analysis of posturography data as a protocol fer#épid diagnosis of OT. Our results clearly
demonstrate the value of this approach; visualdospn of frequency spectra was sufficient
to make a certain diagnosis in seven out of eight@ses and strongly suggestive in the
remaining patient. Of the numerous frequency spegtr examined from non-OT patients
and controls, only one might have implied possle and even this PD case was relatively
easily distinguished as of alternative aetiologyg ). Force platform recordings are very
quick and straightforward to acquire; in some casespatients were only able to stand for
around 20 seconds, but useful spectra were obtatuede platform recordings were also
found to show high coherence at the frequencysohtr with EMG traces from affected
muscles. Overall, these data show a high correldteiween EMG and posturography and
confirm that OT may be diagnosed using short epo€kgvay recorded from a force
platform. To the authors' knowledge, this is thy@ondition for which force platforms can
offer a disease-specific diagnosis. As a practioaiment, visual identification of the tremor
peaks was clearer when displaying frequency spacttiB units.

A second goal for this study was the quantificabbsway at differing frequencies in
OT patients and controls, to assess objectivelyaperts of OT patients regarding their
postural instability. OT patients were found todognificantly more unsteady than age
matched controls across all frequencies, and tooapp levels of sway exhibited by patients
with cerebellar lesions at low frequencies. While tomparison was not perfect (some
patients in both the OT and cerebellar groups redusupport to maintain quiet stance), such
support would tend to minimise sway activity, se fimding of above average sway for the

OT group is particularly striking. Body sway is raa®ly concentrated at lower frequencies,
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and it is sway increases at frequencies of less 2Ra1Hz that might represent the presence of
genuine unsteadiness. Thus, sensations of unsesadimOT patients have, at least partially,
an objective basis, although the mechanisms bytwiigh frequency tremor might induce

low frequency sway remain unclear. OT patientsnateknown to have somatosensory,
vestibular or central, eg. cerebellar, defectsecBfatively, it is possible that the relevant
somatosensory afferents from the lower limbs anedgoghysiologically masked by high
frequency muscular contractions. Such peripherairitbardment” might interfere with the
detection of sway signals by the proprioceptivaesysbut further research is necessary to
substantiate this point.

The final aim of this study was to investigate tin@ing patterns of muscle firings in
the legs of OT patients. OT patients showed cogrsidtut idiosyncratic patterns of EMG
activity over the course of each period of quiahse. These patterns did not typically
support an explanation in terms of differing matonduction times from a central oscillatory
generator; ie there was no general tendency fetaldisuscles to fire after proximal ones.

In our OT patients, muscle activity patterns wegroduced during identical stance
but with altered visual feedback (eyes open veeses closed). These results are broadly
consistent with the findings of McAuley et HIO], who reported patterns of muscle firing
activity to be consistent within a given stancedagiven patient, but to vary across stances
(standing versus on “all fours”) and between pasieRrevious studies in OT have generally
suggested that corresponding leg muscles on théetygdfire synchronously during stance,
while agonist and antagonist muscles may fire syoratusly or alternately [2,4,12]. Like
McAuley et al [10], however, we found that a simgéscription of muscles firing either in
synchrony or alternately did not accurately sumseatine data.

In summary, OT can be efficiently diagnosed by alsuinspecting frequency spectra

derived from force platform signals, which show kigh frequency postural tremor. These
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patients exhibit increased low frequency body swalye firing pattern of the tremor is
consistent within each subject across differingditbons of visual feedback but differs

between subjects.
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Legend to figure 1

Example EMG traces, alongside frequency spectiagrAphs are based on EMG data from
the right tibialis anterior, obtained during theaeding of sway with eyes open. The raw
EMG data is for a typical one-second section ofdhraplete recording; the y axis is
calibrated to microvolts. For the frequency spedine entire obtained signal was used to
calculate the spectral estimate; the y-axis idcaied to microvolts/Hz. Force platform data

from the same four patients is presented in figure

Legend to figure 2

Example force platform recordings, alongside fregpyespectra. All graphs are based on
sagittal sway recorded with eyes open. The mearmvethsway path data is for a typical 10-
second section of the complete recording; the g sxtalibrated to centre of mass deviation
in cm. For the frequency spectra, the entire obthsignal was used to calculate the spectral
estimate; the y-axis is shown in dB (a 20 dB insesi@presents a ten fold increase in

absolute sway). EMG data from the same four patisnpresented in figure 1.

Legend to figure 3

Frequency spectra of sagittal sway with eyes openrie patient with idiopathic Parkinson's
disease (above) and one patient with OT (below}eNwat while a peak exists at around 15
Hz in the upper graph, this appears to be a redpoeer harmonic of a lower frequency

peak, a pattern that is not observed in patiertis @T .

Legend to figure 4
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Averaged sagittal sway for normal, OT and cerebeltanaged groups with eyes open.
Cerebellar patients were used for comparison beddey are known to be unsteady and

exhibit considerable body sway at low frequencies.

Legend to figure 5

Schematic representation of the pattern of leg tewstivation in one OT patient. All delays
were calculated relative to sagittal sway. The umaet shows two cycles of sagittal sway,
compared to coronal sway, for a sway frequencyedfiz. The lower part of the figure shows

the main firing point for each of the 8 leg musadlesorded£ = S.D.).

Legend to figure 6

Correlation coefficients based on muscle firinggrais of OT patients. * denotes a
correlation significant at p < 0.05, ** at p <0Q. The top right of the table shows between-
subject correlation coefficients based on eyes aaga, while the bottom left section is
based on eyes closed data. The central emboldecgdrsshows eyes open/eyes closed

correlations within each subject.
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TABLE 1. Diagnostic success of EMG versus postuaphy data for seven previously

diagnosed OT patients.

Patient  Frequency Diagnosis of OT Diagnosis of OT Diagnosis of OT
of tremor  possible based on possible based on possible based on
raw EMG* EMG frequency force platform
spectra* frequency spectra*t
BB 17 Hz v v v
EL 13 Hz v v v
MB 16 Hz v v v
wB 16 Hz v v v
TA 16 Hz v v v
AV 12 Hz X v v o
EK 16 Hz v v v

* EMG data were recorded from eight locations ocheaarticipant. For a successful
diagnosis, clear OT characteristics were requinegt ieast one muscle.
** Force platform data were obtained for both thgital and coronal plains. A successful

diagnosis required a high frequency (12-18 Hz) gedie evident in both planes of sway.



TABLE 2. Mean £ SD) sway (mm/Hz) for Normal, OT and Cerebellarup®in the sagittal

plane with eyes open, in each of four frequencydban

20

GROUP

CEREBELLAR

oT

NORMAL

CEREBELLAR

0.02to 2 Hz

3.162 £ 2.279
t NS
1.358 £ 0.596
t Sig*
0.778 £ 0.140
¢ Sig **
3.162 +2.279

Frequency Band

2to4 Hz

0.840 + 1.581
t NS
0.377 £0.188
t Sig**
0.071 £ 0.022
t Sig**
0.840 + 1.581

4to 10 Hz

0.079 £0.123
t NS
0.101 + 0.058
t Sig**
0.020 £ 0.0004
t Sig*
0.079 £0.123

10to 30 Hz

0.005 £ 0.005
t Sig **
0.013 £ 0.007
¢ Sig **
0.004 £ 0.002
t NS
0.005 £ 0.005

Statistically significant differences (based on $lal-Wallis follow ups) are denoted in the

space between each pair of groups; * = p < 0.05; p*< 0.01. N = 8 in each group.
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Raw posturography traces Frequency domain sway
Patient with orthostatic tremor
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— A/P sway,
two cycles

--------------- L/R sway:
lags by

11 ms

Right quadriceps
Right hamstring
Right tibialis anterior
Right gastrocnemius
Left quadriceps

Left hamstring
Lefttibialis anterior

Left gastrocnemius

A Increasing leftwards

0>~ tim (ms)

v Increasing rightwards

Increasing backwards force

A Increasing forwards force

62.5

W

4

125

46 ms
(+ 0.07)

37 ms
(+ 0.03)
51 ms
(+ 0.05)
40 ms
(+ 0.05)
62 ms
(+ 0.08)
39 ms
(+ 0.07)
51 ms
(+ 0.04)

35ms
(+ 0.04)



Patient
BB
TA
EL
WB
EK
AV
MB

BB TA EL WB EK AV MB

1.00** | 0.11 0.82** 0.31 0.02 0.61 0.96**  Between subjects
0.00 1.00** | 0.46 0.36 -0.03 -0.02 0.23 correlation: eyes
0.77* 0.44 1.00** | 0.23 0.12 0.35 0.86** open

0.32 0.53 0.38 0.97** | 0.27 0.77* 0.43

-0.59 0.07 -0.25 0.20 0.67** | 0.46 0.03 Within subjects
0.69* -0.10 0.44 0.66 0.03 0.99** | 0.67* correlation: eyes
0.91** 0.23 0.88**  0.53 -0.37  0.70* | 0.99** open condition

Between subjects correlation: eyes closed

correlated with
eyes closed




