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ARTICLE INFO ABSTRACT

Keywords: The foot-tapping test (FTT) can be used to assess upper motor neuron dysfunction in clinical populations.
Foot-Tapping test However, relatively little is known regarding the reliability or normative values of the FTT in either healthy or
FTT

clinical populations. Although several different FTT methods have been used, no study to date has demonstrated
the reliability or validity of FTT by comparing it across several different counting methods in healthy persons.
This unfortunately limits its usefulness in medicine and research.

Objective: This study sought to examine the reliability and validity of the FTT in healthy individuals to determine
its usefulness and to make recommendations for its implementation in clinical populations. Furthermore, the
concurrent validity and reliability of using a force plate as an objective measure of foot-taps was considered.
Design: Thirty-eight healthy individuals had their foot-tapping assessed using Live, Force Plate, and Video
Counting methods over four separate visits.

Methods: Participants were seated as per previous FTT recommendations and asked to tap their foot in 10-second
intervals while the number of taps was counted via Live, Video, and Force Plate counters. This was done with
both legs, with shoes ON and OFF, and repeated over four separate visits.

Results: Despite significant differences between repeat trials for Force Plate and Video Counts (~2 foot-taps, p <
0.01), test-retest reliability was high for all three methods (Pearson’s R > 0.90). Dominant foot trials were higher
(~2 foot-taps, p < 0.05) than Non-dominant for all three counts. When performed with shoes ON, counts were
higher (~2 foot-taps, p < 0.05) than OFF for the Live and Force Plate counts. Reliability between visits was high
(ICC > 0.80) and only the Video count was significantly lower for Visit 1 (p < 0.01).

Conclusions: Given findings, the authors suggest using a Force Plate counting method and have compiled a list of
suggestions for future implementation of the FTT.

Repetitive tapping
Test reliability
Upper motor neuron assessment

FTT found a tendency for foot-tapping rates to be lower in older adults
and those with known UMN weakness compared to controls [1,4,7,10,
11,17,19,20].

1. Introduction

Proper dorsi- and plantarflexion of the foot is crucial in performing

activities of daily living (ADL). Impairments in either dorsi or plantar-
flexion during ADL can result in compensatory movements [2,3,5,13,23,
24] thereby negatively affecting gait [22], movement efficiency [5,22],
fatigue, and increase the likelihood of falls or injury [8,14,18]. Though
inevitable with aging, such changes tend to be more pronounced in
clinical populations with upper motor neuron (UMN) deficits such as
those with cervical myelopathy, multiple sclerosis, amyotrophic lateral
sclerosis, and Parkinson’s disease. Impairments in UMN are common in
these individuals and may result in a reduced ability to produce rapid
and repetitive movements, particularly those of the hands and feet [1,4,
21,6,7,10,11,16,17,19,20]. To that end, a simple evaluation known
foot-tapping test (FTT) has been utilized to assess UMN function in these
clinical populations [4,6,11,16,17,19-21]. Previous studies utilizing the
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Despite clinically significant findings with the FTT, very little
normative data or reliability statistics exist for either healthy or clinical
populations. The few studies that have evaluated the use of the FTT
found it to have a high test-retest [7,9,12,19], inter-rater reliability and
agreement with known UMN weakness [1,15]. It has been previously
demonstrated that the FTT can be used to track changes in UMN function
over longer periods of time (months to years) [11,21] or shorter term
following clinical interventions [6,19]. However, no study to date has
successfully demonstrated the short-term stability (days to weeks) of the
FTT in healthy individuals. It is remains unclear whether or by how
much the average healthy person’s foot-tapping ability fluctuates over
repeated trials and visits or what is even considered a clinically signif-
icant change in foot-tapping ability.
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Previous FTT studies have utilized either visual counting [1,10,11,
16,17,19] or automated counting devices [4,6,7,21,25] to count the
number of foot-taps, however none have sought to compare foot-tapping
rates between different counting methods. Visual counting tends to be
the most utilized method as it does not require special equipment and
can easily performed. This comes at the cost however of potentially
introducing human error. Previous studies have utilized automated
foot-tap counting [4,6,7,21,25] such as foot pedals, foot mounted
camera systems, or force plate like measurement devices. It becomes
difficult to say however whether these automated methods of foot-tap
counting are either valid or reliable without first comparing them to
some other “gold standard”. However, a “gold standard” of foot-tap
counting has yet to be identified, nor has what constitutes a “foot-tap”
been defined. We must ask, does a foot-tap need to meet a certain
threshold to be considered a foot-tap? Must the foot strike the ground in
a particular manner, make complete contact with the ground, use a
certain range of motion, or exert a certain amount of force? These
questions have yet to be answered and would likely implications for how
foot-tapping is conducted and interpreted.

The FTT offers a simple means of assessing UMN function yet re-
mains underutilized outside of clinical research. This is perhaps due in
part to a lack of standardized FTT protocol which has led to a lack of
normative data in both healthy and clinical populations. Although sig-
nificant findings have been reported in clinical populations, authors
often neglect to describe their FTT procedures or what constitutes a true
“foot-tap” leaving a lot of room for ambiguity. In order for the FTT to be
recognized as a clinically relevant measure of UMN dysfunction, it must
be first shown to be a reliable and objective measure of foot-tapping
ability in healthy individuals. It also remains unclear whether vari-
ables such as testing conditions, counting method, or subject charac-
teristics significantly contribute to foot-tapping rates. To that end, this
study sought to examine the FTT in a healthy population under various
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testing and counting conditions in order to evaluate its reliability and
make recommendations for the standardization of the FTT procedures
using a force plate measurement.

2. Methods

Thirty-eight healthy individuals free of any known disorders or in-
juries affecting the legs participated in this study. The University of
Oklahoma Institutional Review Board approved this study and all sub-
jects provided written consent prior to participation.

Subject characteristics were assessed using a series of health and
physical activity questionnaires and a full body DXA scan. Subjects
performed a total of thirty-two FTT trials over four separate visits. Each
visit consisted of eight FTT trials in which each leg (dominant and non-
dominant limb in randomized order) was assessed twice with the shoes
ON and again with the shoes OFF. [4 visits * (4 trials w/shoes ON + 4 w/
shoes OFF) = 32 trials]. Time of day and shoe type were kept consistent
in order to eliminate them as confounding variables.

Trials were performed with subjects seated in a chair, with hips and
knees at approximately 90 degrees, and feet positioned over two
10"x10” force plates (NEULOG) (Fig. 1a & b). The feet were placed so
that when the subject plantar flexed and their foot struck the ground,
only the ball of the foot made contact with the plate, allowing the
number of foot-taps to be counted. Foot position was kept consistent
between trials using a grid system on the plates. A testing interval of 10-s
was used, as it is most commonly reported [1,7,10,11,17,20,21]. Sub-
jects were instructed to tap the ball of their foot on the force plate as
quickly as possible while keeping heel firmly planted. Subjects were
instructed to use a comfortable and consistent range of motion while
tapping, so long as it allowed for complete clearance of the foot between
taps. Subjects were given a countdown (3, 2, 1 & GO) to start tapping
and 1—2 min rest between trials. The first four trials were performed

50

Seconds

Fig. 1. Foot-tapping test experiment setup. a: FTT setup with chair and two force plates, b: example of foot proper foot placement with heel off of plate, and c:

example of FTT trial count with force plate (n = 38).
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with the shoes ON (two trials for each foot) and then another four trials
with the shoes OFF. This was done so as to determine if shoes signifi-
cantly altered the mechanics or count of foot-tapping.

Each trial was counted using three different methods. Live Count.
This count was done using live visual inspection by the main investigator
during testing. Using their best judgment of what constituted a tap, the
investigator visually counted and recorded the number of times the
subject tapped their foot in 10-s. Any foot-taps that did not appear to
fully strike and/or clear the force plate were disregarded. Force Plate.
Force tracings from each FTT trial were used to count the number of
foot-taps performed. Each time the ball of the foot would strike the plate,
a corresponding peak in force could be seen on the tracing. The number
of peaks in the tracings were then counted by the researcher and
recorded as the number of foot-taps (Fig. 1¢). Again, best judgement was
used and any taps that appeared incomplete were disregarded. Video
Count. Each trial was videotaped at ground level, held stable by a
miniature tripod and controlled via Bluetooth remote. All videotaped
trials of the FTT were slowed to % speed, visually counted, and recorded.
The slowed videotaped trials had the added benefit of giving off a
distinct ‘ringing’ sound each time the foot struck the metal surface of the
plate. Researchers were furthermore blinded from other counts so as to
minimize bias during the various counts. A subset of the subjects (n =
23) had their Video and Force Plate Counts analyzed by a secondary
researcher who was also blinded from previous counts.

Data are presented as means + (SD). Two-way repeated measures
ANOVAs were run to compare the number of foot-taps counted using the
three counting methods (Live, Video, and Force Plate) under various
conditions (i.e. Shoes ON vs. OFF, Dominant vs. Non-Dominant Foot,
and over different trials and visits). The simple main effects were
determined using either one-way repeated measure ANOVA or Paired
samples T-test. Cohen’s D and Partial Eta Squared were used to calculate
effect sizes. Reliability of the FTT was examined using Pearson’s R
correlations, Coefficient of variation (%CV), Intraclass correlation Co-
efficient (ICC), and Bland Altmans plots.

3. Results

The subjects mean age, activity level, shoe size, weight, height, bone
mineral density, and lower limb lean tissue mass were assessed (Sup-
plementary Table 1). Foot-tapping ability did not significantly correlate
with any of the subject characteristics for any of the counting methods
(Supplementary Table 2).

No significant interaction for Counting_Method*Trial Number (p =
0.26, > = 0.002) was observed. Significant main effects were found for
Counting_Method (p < 0.01, r]z = 0.418) and Trial Number (p < 0.01, 172
= 0.025). Each counting method was found to be different from each
other (p < 0.01) and Trial 1 tended to be higher than Trial 2 for the Force
Plate and Video counts only (p < 0.01) (Table 1a). In subsequent ana-
lyses, trials 1 and 2 have been averaged together and are presented as
their mean.

No significant interaction for Counting Method*Foot_Dominance (p
= 0.19, 7> = 0.006) was observed. Significant main effects were
observed for Counting Method (p < 0.01, 112 = 0.460) and Foot_-
Dominance (p < 0.01, 7% = 0.197). The number of foot-taps counted for
each counting method significantly differed from each other (p < 0.01)
and the Dominant Foot trials tended to be higher than Non-Dominant (p
< 0.01) (Table 1b). Due to significant differences found between feet,
only the Dominant foot trials were considered in subsequent analyses.
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A significant interaction effect for Counting_Method*Shoes ON/OFF
(p < 0.01, 112 = 0.126) and main effects for the Counting Method (p <
0.01, #2 = 0.464) and the Shoes ON/OFF Trials (p < 0.01, 42 = 0.086)
were observed. The number of foot-taps counted for each method was
found to be significantly different from each other (p < 0.01) and trials
with Shoes ON tended to be significantly higher than shoes OFF for the
Live and Force Plate counts (p < 0.01) (Table 1c). In subsequent ana-
lyses only the trials with Shoes ON were considered.

A significant interaction effect for Counting Method * Visit Number
(p < 0.01, 52 = 0.153) and main effect for Counting Method (p < 0.01, ;2
= 0.633) but not for Visit Number (p = 0.20, 112 = 0.041) was observed.
The number of foot-taps counted for the Live and Video counts did not
significantly differ from each other (p = 0.73) but did significantly differ
from the Force Plate count (p < 0.01). Foot-taps for Visits 1, 2, 3, and 4
did not significantly differ from each other for either the Live or Force
Plate counts (p > 0.05) but was significantly less for the Video count on
visit one (p < 0.05). Between visits ICC was high for all count methods
(ICC > 0.80) (Table 2). In the subsequent analysis the FTT trials of all 4
visits were averaged together.

After collapsing across trials and variables, a significant difference in
foot-taps was observed between the counting methods (p < 0.01, 52 =
0.633). Pairwise comparisons revealed that Live and Video counts did
not significantly differ from each other (p = 0.73); the Force Plate count
however was significantly lower than the other two methods (p < 0.01)
(Table 3). Bland-Altman plots show the agreement between each of the
three counting methods (Supplementary Fig. 1).

It was found that foot-taps counted significantly differed between
counters for both Video (p = 0.01) and Force Plate counts (p < 0.01) and
had high inter-rater reliability (R = 0.83 and 0.99 respectively (Table 4).

4. Discussion

The FTT has previously been used in clinical populations to assess
UMN function. Despite this, relatively little is known regarding the
FTT’s reliability or normative foot-tapping rates in either healthy or
clinical populations. It is furthermore unclear how differences in FTT
methodologies or subject characteristics may affect foot-tapping rates.
Our study was not the first to attempt assessing the FTT with automated
counters [4,6,7,21,25], yet no other study to date has assessed the
reliability or concurrent validity of the FTT with a force plate by
comparing it to other visual counting methods.

The current study evaluated the difference in foot-taps counted be-
tween two subsequent trials (Trial 1 and Trial 2) using three counting
methods (Live, Force Plate, and Video Counting). There was a tendency
for Trial 1 to be higher than Trial 2 for the Force Plate and Video (p <
0.05) but not Live count (p = 0.09). Despite statistical significance, the
difference between trials 1 and 2 was <1 foot-tap for each counting
method and showed a high level of test-retest reliability (Pearson’s R >
0.90). This is in line with similar previous studies which found a Pear-
son’s R correlation of 0.81—-0.93 and ICC = 0.793 between trials in
healthy subjects [7,9,19]. The non-significance between Trials 1 and 2
and lower %CV for the Live Count method might seem to imply it has a
higher level of test-retest reliability. However, the opposite could also be
argued for. Perhaps the live count lacks the necessary precision to detect
a difference between repeated trials and is therefore not a valid or
reliable method of foot-tap counting.

In the current study it was found that the dominant limb had a
significantly higher number of foot-taps than the non-dominant limb

Table 1a

Mean difference in foot-tapping counts between Trial 1 and Trial 2.
Counting Method Trial 1 Trial 2 Mean Dif. Trials CV Sig. Pearson’s R Cohen’s D
Live 48.3 (10.3) 48.0 (10.0) 0.3 (4.5) 150% 0.09 0.90 0.03
Force Plate 43.3(8.8) 42.9 (8.5) 0.5 (3.6) 720% <0.01* 0.92 0.05
Video 50.8 (10.7) 50.2 (10.3) 0.6 (4.2) 700% <0.01* 0.93 0.06
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Table 1b
Mean difference in foot-tapping counts between the dominant and non-dominant foot.
Counting Method Dom. Non-Dom. Foot Mean Difference Trials CV Sig. Pearson’s R Cohen’s D
Foot Effect size
Live 49.2 (9.7) 47.1 (10.0) 2.1(4.8) 228.6% <0.01* 0.88 0.21
Force Plate 44.2 (8.3) 42.0 (8.5) 2.1 4.7) 223.8% <0.01* 0.85 0.25
Video 51.3 (10.0) 49.7 (10.5) 1.7 (5.2) 305.9% <0.01* 0.87 0.16
Table 1c
Mean difference in foot-tapping counts between shoes ON and shoes OFF trials.
Counting Method Shoes ON Shoes OFF Mean Difference Trials CV Sig. Pearson’s R Cohen’s D
Effect size
Live 50.5 (9.8) 47.9 (9.4 2.6 (4.8) 184.6% <0.01* 0.88 0.27
Force plate 44.6 (8.8) 43.7 (7.8) 0.90 (4.3) 477.8% 0.01* 0.87 0.11
Video 51.3 (10.1) 51.4 (9.8) —0.08 (4.8) —6000% 0.85 0.88 0.01

Values represent mean number of foot-taps + (SD). Sig. mean differences (p < 0.05) denoted with *. CV = % coefficient of variation.

Table 2
Day-to-day differences in foot-tapping counts.
Counting Visit 1 Visit 2 Visit 3 Visit 4 Sig. Between-
method Foot- Foot- Foot- Foot- visit ICC
Taps Taps Taps Taps
Live 50.8 51.8 49.6 49.6 0.29 0.88
(10.1) (10.5) 9.4 (9.5)
19.9 20.3 19.0 19.2
Force 43.4 44.7 45.1 45.2 0.11 0.94
plate (8.6) (9.0) (9.6) 8.1
19.8 20.1 21.3 17.9
Video 48.6 51.3 52.0 53.3 <0.01* 0.93
(9.5) (9.9) (10.7) (10.2)
19.5 19.3 20.6 19.1

Values represent mean number of foot-taps + (SD). Sig. mean differences (p <
0.05) denoted with *.

Table 3
Differences in foot-tapping count by counting method.

Counting Method Mean 95% CI (Lower) 95% CI (Upper) CV

Live 50.5 (8.5) 47.7 53.2 16.8%
Force Plate 44.6 (8.2)* 41.9 47.3 18.4%
Video 51.3 (9.3) 48.2 54.3 18.1%

Values represent mean number of foot-taps + (SD).Sig. mean differences (p <
0.05) denoted with *. CV = % coefficient of variation.

Table 4
Differences in foot-taps counted (Counter 1-Counter 2).
Counting Counters Mean Dif. cv Pearson’s Cohen’s
method Mean Diff. Sig. R D
effect
size
Video —4.3(7.5) 0.01* —174.4%  0.83 0.36
Force Plate 1.3(1.2) <0.01* 92.3% 0.99 0.14

Values represent mean number of foot-taps + (SD).Sig. mean differences (p <
0.05) denoted with *. CV= % Coefficient of variation.

(~2 foot-taps) for each counting method. Furthermore, the three
counting methods all had very high Pearson’s R correlations between
the dominant and non-dominant limbs (Pearson’s R = 0.85—0.88) and
similar % CV (223.8-305.9%). The between limb differences in the
current study were similar to the studies by Hinman and Numasawa
et al. who found a similar ~3 foot-tap difference between limbs [7,19].
In another study by Kalaycioglu et al. [9], foot preference highly
correlated with foot-tapping ability and was more highly correlated with
skilled than unskilled foot tasks. Despite significant differences in the

current study, a 2 foot-tap difference is unlikely to be clinically sign-
ficant. It is therefore our belief that the FTT may be done on the domi-
nant limb for general screening purposes, but should be done bilaterally
in cases of suspected limb assymetries.

To our knowledge, the current study is the first to examine the dif-
ferences in foot-tapping rate with the shoes ON vs. shoes OFF. Previous
studies of the FTT tended not to specify whether shoes were even worn
or standardized across trials; a detail which would likely be of clinical
interest. It was found that more foot-taps were counted for shoes ON
than shoes OFF trials for Live and Force Plate counts (p < 0.01 and p =
0.01 respectively) but not video count (p = 0.85). All three methods
showed high Pearson’s R correlations between shoes ON and OFF trials
(Pearson’s R = 0.87—0.88). Though found to be significant, a difference
of ~1 foot-tap would not likely be clinically significant and may actually
be explained by the added benefits of wearing shoes during the test.
Anecdotally speaking, the main investigator found it easier to count
foot-taps with the shoes ON as it allowed them to better standardize
what constitutes a tap (the midsole visually makes contact with ground)
and gave off a more distinctive audible sound upon foot strike. And
although the force plate is very sensitive (requiring at least 1 Newton of
force) at picking up foot-taps, perhaps the added weight of the shoes
allowed for better distinction of what was or wasn’t a foot-tap from the
force tracings. In populations with functional limitations, it may there-
fore actually be more beneficial to conduct the FTT with shoes ON for
the safety and ease of the patient. What’s more, it reasons that a patient’s
performance of the FTT with the shoes ON may more closely approxi-
mate performance of ADL in which shoes are commonly worn.

The time of day, shoe type, and foot positioning was kept consistent
to minimize any day-to-day variability. It was found that foot-taps did
not significantly differ on any of the days for either the live or force plate
counts (p > 0.05). The video count however was significantly lower on
Visit 1 compared to subsequent visits (p < 0.05). The between visits ICC
was found to be high for the live, force plate, and video count (ICC =
0.88, 0.94, and 0.93 respectively). In the current study, the small but
significantly lower foot-taps counted on the Visit 1 Video count may
reflect a learning effect within either the subject or researcher themself.
Similar % CV were found for each method for each of the four visits
(Between 17.9-21.3%).

This study utilized three different counting methods (Live, Force
Plate, and Video) during each trial to determine whether or not the
number of foot-taps counted was influence by the counting method.
Previous studies have utilized either automated counting device or vi-
sual inspection to count foot-tapping, yet have failed to clarify how they
verified the reliability or validity of their counts. As to why we video-
taped the trials, we hypothesized that by allowing the researcher to slow
and re-watch foot-tapping trials that a larger number of foot-taps would
be counted. Experience in our lab has shown that anything greater than
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~50 taps in 10 s becomes difficult to count visually. Interestingly the
current study found that the live count (50.5 + 8.5 taps) did not
significantly differ from the slowed video counts (51.3 + 9.3 taps) (p =
0.73). It was found that the force plate (44.6 + 8.2 taps) counted
significantly less foot-taps than the other two methods (p < 0.01) but
had similar (if not better) levels of reliability throughout all trials and
methods of testing Furthermore, the coefficient of variation for the Live
(16.8%), Force Plate (18.4%) and Video (18.1%) counting methods were
all very similar to one another. Given the high precision of the force
plate, capable of sensing even the lightest of taps, it is unlikely that the
force plate “missed” any foot-taps. Instead it is much more likely that
what the raters thought was a “tap” was not actually a tap at all because
it did not make contact with the surface of the plate. As anyone who has
spent a significant time counting foot-taps can tell you, it can become
very difficult to count and judge “what is or isn’t a foot-tap” in the
moment, especially after your 500th foot-tap counted for the day.

Despite non-significant differences between the Live and Video
counts, it is worth noting that the same researcher rated all of these
trials. It is unlikely in a clinical setting that the same individual would be
rating ALL trials themself. We were therefore interested to know how the
FTT may differ when viewed by two different raters. A subset of the
Video and Force Plate trials (n = 26) were reevaluated by a second rater
and although raters tended to have significantly different counts (p <
0.05), the Pearson’s R correlation between raters was found to be high
for Video (R = 0.83) and Force Plate (R = 0.99) counts alike. According
to the coefficient of variation, the Force Plate (92.3%) showed a rela-
tively lower level of variability compared to that of the Video count
(174.4%). Although the study did not have multiple raters for the live
count, two previous studies found a higher inter-rater reliability for foot-
tapping (kappa = 0.73-0.77) than the Babinski sign (kappa =
0.30—0.45) between multiple raters [1,15]. Furthermore, foot-tapping
rate (83.8-85%) had a higher level of agreement with known UMN
weakness than did the Babinski sign (56-63.7%) and had similar results
in physicians and non-physicians alike [1,15].

In the current study, it was found that foot-tapping rate did not
significantly correlate with any of the measured subject characteristics
(Age, Height, Weight, Leg mass, Shoe size, or Activity level). (Pearson’s
R p > 0.05). This was expected given that the FTT is meant to be a
measure of upper motor neuron function and is unlikely to be affected by
these subject characteristics in otherwise healthy individuals. Contrary
to other previous FTT studies, the authors did not find a significant
negative correlation between age and foot-tapping ability [10,17,19].
This may however be explained by our comparatively younger and
smaller sample size than studies that previously found a strong negative
correlation between age and foot-taps performed.

Despite having measured foot-tapping rate with a force plate, the
current study did not evaluate any of the additional kinematic data
collected. The use of a force plate also allows for the measurement of
individual foot-tap force, contact and clearance time, time to completion
and changes in acceleration. In a study by Djuri¢-Jovici¢ et al., a similar
foot-tapping protocol was evaluated using an in-house constructed force
plate and inertial sensors [4]. By combining force plate and inertial
sensor data, they were able quantify foot-taps as well as individual tap
angle, speed, and force. This then allowed them to assess the more
qualitative aspects of tapping such rhythmicity, regularity, smoothness,
freezing, tremor, and motor patterns to discern differences between
Parkinson’s patients and controls. Although it was not done in the cur-
rent study, the force tracings could also be used to qualitatively assess
foot-tapping ability by examining the shape, size and trends of the
foot-taps; a practice that would have clear clinical value in such
populations.

The main findings of the current study were that the FTT tended to
have a high level of reliability in healthy individuals. The FTT showed a
high level of test-retest, day-to-day, and inter-rater reliability for all
three counting methods (Pearson R > 0.80). Testing variables such as
limb dominance and shoes tended to result in small (~1—2 foot-taps)
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but significant differences in foot-taps for all three counting methods.
Despite significance however, these small differences are unlikely to
amount to clinical significance. The force plate consistently showed a
statistically significant lower number of foot-taps (~6 taps) compared to
the live and video counting methods, but also showed a lower level of
variability (SD) and had comparable levels of reliability. The Force plate
(18.4%) also showed a similar % CV to both the Live (16.8%) and Video
(18.1%) counts. When comparing the interrater reliability between two
raters, the %CV between rater for the Force Plate (92.3%) was found to
be better than that of the Video Count (174.4%). Contrary to some
studies, a significant correlation between foot-tapping and subject age or
any other subject characteristics was not found. From a clinical
perspective this supports the hypothesis that foot-tapping rate reflects
UMN functioning rather than confounding subject characteristics.

In the current study a “foot-tap” was defined as one complete cycle of
dorsi flexion, requiring the ball of the foot to make contact with the force
plate, and plantarflexion requiring complete clearance from the force
plate. When visual counting was employed, if the ball of the foot did not
appear to make contact, or for lack of better terms “hovered” over the
plate, it was disregarded. Likewise, when utilizing the force plate, best
judgement was used and any peaks that did not appear like a complete
tap were disregarded. These disregarded force plate taps were most
often ones who’s force tracing did not return back to baseline during the
dorsiflexion movement. These disregarded taps likely explain why the
force plate counts tended to be lower than the two visual counting
methods. When comparing two different raters, the reliability of the
force plate count was found to be higher than that of the video counts.
One could easily argue for either visual (video) counting or force plate as
being the “Gold standard” of foot-tapping, however each has their own
caveats. Visual counting has the benefit of simplicity at the cost of
increased chances for human error and poorer agreement between
raters. The force plate meanwhile tended to show a significantly lower
count and requires special equipment but benefits from a better agree-
ment between raters and comparable reliability to visual counting
methods between trials. Given the increased potential for human error
with visual counting methods, it’s understandable why an automated
counting method would be attractive to clinicians. Methods such as the
force plate offers the additional, and relatively unexplored, foot kine-
matics data such as tapping force, time to peak tension, contact time and
etc. The current study has taken a big step towards demonstrating the
reliability and validating of using a force plate to conduct the FTT in
healthy individuals. The logical next step is now for us to begin imple-
menting the FTT in clinical populations.

Given the findings of the current study,a list of best practices
when implementing the FIT in either health or clinical pop-
ulationshas been compiled:

1 Use 10-second testing interval, procedures and subject placement as
previously described in methods section. These tended to be the most
utilized methods in previous studies and was found to be highly
reliable in the current study.

2 In healthy individuals, test the dominant limb and in suspected
bilateral deficits, test both the dominant and non-dominant limbs.

3 Conduct a familiarization to mitigate any learning effect and take the
average of a minimum of 2-3 trials.

4 Conduct the test with shoes ON and standardize shoe type and foot
placement between trials/visits. Tests with shoes ON may better
reflect ADL.

5 Use an objective counting method such as a Force Plate to measure
taps. If not possible, video record trials or have multiple counters
present.

6 Regardless of counting methodology, have a clear criterion for what
constitutes a “foot-tap”. A true foot-tap requires the ball of the foot to
strike and then clear the floor during the movement.
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5. Conclusions

Previous studies have shown both quantitative and qualitative dis-
parities in foot-tapping rates in clinical populations making it a useful
index of UMN function. Despite its usefulness as a clinical measure, the
FTT is underutilized or otherwise unknown by many. This may be in part
due to a lack of standardized foot-tapping protocol but also the ambi-
guity around the best way to define and measure a foot-tap. Though our
sample may only consist of a small sample of younger healthy in-
dividuals, we have taken the first big step by demonstrating a high
reliability of the FTT across different trials, days, counters, and testing
conditions. The authors have also demonstrated that it is possible to
objectively test the FTT with a cheaper and readily available device
(Neulog Force Plate Logger), thereby reducing counter bias and error.
Besides offering an objective count of foot-taps, the force plate would
also allow researchers to assess qualitative changes in foot-tapping
trends. A list of best practices for conducting the FTT that should be
followed by those who wish to implement the FTT in their future
research has been compiled too.

Brief summary
What is already known:

e The FTT can be used as a means to assess upper motor neuron
function and shows significant differences between clinical and
healthy populations.

Despite significance between groups, the reliability of the FTT has
not been well demonstrated in either healthy or clinical populations.
There tends to be methodological differences between studies,
making results less generalizable and necessitates a more objective
means of conducting the FTT.

What this study adds:

e The FTT showed a high level of reliability across several conditions,
trials, and visits in healthy individuals. This suggests that a change in
foot-tapping rate may represent a true effect, rather than being the
result of error. Foot-tapping rates did not appear to be significantly
correlated with any measured subject characteristics.

o All three counting methods (Live, Video, and Force Plate) were found
to have high reliability. Despite the tendency for the force plate
counts to be lower, it was found to be highly sensitive and displayed
a higher reliability than the other two methods.

e A force plate may be useful for discerning questionable foot-taps.
That is to say, it will tell us whether or not the foot actually made
contact with the ground or just came close. Based on our observa-
tions of the FTT in the current study we recommend the use of a force
plate and have compiled a list of best practices.
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