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Introduction

Visual assessment contributes to many important clinical judgements in neurology, but fine discrimination can be
challenging for the clinician’s eye, and visual judgements are vulnerable to inter-rater variability [1]. The
developing artificial intelligence technology of computer vision opens up opportunities for computer
interpretation of standard video (including smartphone video) to augment the neurologist’s visual judgement,
without any requirement for special equipment. Eulerian magnification is a computing technique that amplifies
very small movements in video, so that motion invisible to the human eye becomes ‘revealed’ and visible [2]. It
can show otherwise unseen movements of respiration, with implications for contactless measurement of
respiratory rate [3], but there is only one previous journal report that applies Eulerian magnification to standard

video of neurology patients, using it to reveal invisible muscle fasciculation in motor neurone disease [4].

Work with a displacement laser transducer has suggested that apparently atremulous hands of people with
Parkinson’s can have a subclinical tremor, distinct from physiological tremor, which is not visible by eye [5]. In
addition, some patients report a sensation of ‘internal tremor’ [6]. Our previous report of a single patient and
control suggested that Eulerian magnification could reveal an apparent Parkinsonian tremor that was not visible
in the original video [7]. As such, it is possible that Eulerian magnification might allow visualisation of subclinical
pathological tremor in a contactless manner, without special equipment. We aimed to assess the potential for the
technique to enable clinicians to detect very low amplitude, otherwise invisible Parkinson’s tremor. We
hypothesised that a greater number of apparently atremulous Parkinson’s hands would have the appearance of a

Parkinsonian tremor after Eulerian video magnification compared with the hands of control participants.

Methods

All participants provided written, informed consent, and the study was approved by the London-Fulham Research

Ethics Committee of the United Kingdom Health Research Authority (IRAS project ID number: 224848).
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Standard smartphone (iPhone) videos of 48 hands were collected, in which no tremor was seen at the time of
recording. 22 hands were from 11 healthy control participants (no neurological diagnoses or other diagnoses that
might cause tremor, no medication likely to cause tremor). 26 hands were from 17 participants with idiopathic
Parkinson’s disease (previously diagnosed by a movement disorder specialist neurologist according to MDS
criteria [8]), who were subjectively and objectively in the ‘on’ state at the time of video recording. The total
number of Parkinson’s hands was not 34 because 8 participants had obvious visible tremor in one hand, and those
hands were excluded from the sample. Each video was 15 seconds duration (60 frames per second, 1920x1080
pixel resolution), and showed the hand resting over a chair arm (dorsum of hand and fingers visible). The
smartphone was placed on a tripod, at a distance from the hand that was not tightly defined, but approximately

Im.

The videos were processed by computer using an Eulerian video magnification algorithm (freely available online)
[2] to amplify video pixel movements between 3 and 7 Hz, by a factor of 20, as outlined previously [7]. The
original videos, and the videos after Eulerian magnification, were rated by three independent UPDRS-certified
movement disorder specialist neurologists (clinical raters), in randomised order, with raters blinded to patient /
control status. The raters were asked, “does the hand in the video have the appearance of a Parkinsonian tremor ?

(yes/no)”.

We analysed the proportion of hands correctly classified as Parkinsonian or not before and after amplification by
McNemar’s test for each rater, with the assumption that an appearance of Parkinsonian tremor is a correct
classification for patients but not controls. In addition, McNemar’s test was formulated as a mixed effects logistic
regression model with combined datasets. The model used correct classification as the outcome with fixed effects
for pre/post-amplification and rater identity, plus a random effect for video number. The fixed effect for
amplification provides an odds ratio for the impact amplification has on correct classification estimated over all

collected data.
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Results

Participant details are given in Table 1.

Parkinson’s Controls
Number of participants 17 11
Hands (no obvious tremor at time of recording) [left:right] 26 [12:14] 22 [11:11]
Mean age [SD], years 69 [11.3] 51 [22.8]
Male:Female 18:8 8:14
Median years since diagnosis 3.8 N/A
No history of previous tremor in filmed hand 8 22
History of previous intermittent tremor in filmed hand 18 0
‘Internal tremor’ sensation in filmed hand 4 0
Mean age for hands rated ‘Parkinsonian tremor’ after 66 57

Eulerian magnification

Table 1. Participant (hand) characteristics
Parkinson’s: idiopathic Parkinson’s disease. ‘No obvious tremor at time of recording’ refers to hands in which the
investigator (SW) did not see tremor during video recording. SD = standard deviation. ‘No history of previous

tremor’ and ‘History of previous intermittent tremor’ refer to patient reported symptoms (disease history).

Prior to Eulerian magnification, the original videos were judged to show Parkinsonian tremor in the following
number of Parkinson’s participant hands: 0/26 (rater 1); 1/26 (rater 2); 0/26 (rater 3), and the following number
of control participant hands: 0/22 (rater 1); 1/22 (rater 2); 1/22 (rater 3). The single control hand rated as tremulous

by rater 2 was also the single hand rated as tremulous by rater 3.

After Eulerian magnification, the following number of Parkinson’s hands were judged to show Parkinsonian
tremor: 14/26 (rater 1), 6/26 (rater 2), 7/26 (rater 3), and the following number of control participant hands were
judged to show Parkinsonian tremor: 7/22 (rater 1); 4/22 (rater 2); 3/22 (rater 3). Video 1 shows an example of a

Parkinson’s participant hand and a control participant hand before and after Eulerian magnification. Each
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participant hand appears atremulous in the original video, but only the Parkinson’s participant hand appears to

have a typical Parkinsonian tremor after movement amplification.

The group mixed effects model combining scores for all three raters showed a significantly higher proportion of
correctly classified hands after Eulerian magnification, (OR =2.67; CI =[1.39, 5.17]; p < 0.003), Figure 1. For
each of the three individual raters, the proportion of correctly classified hands increased after Eulerian

magnification, although did not reach significance when analysed in isolation (p = 0.08, 0.36, 0.09).
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Figure 1. Eulerian video magnification improves clinician classification of hands as
Parkinsonian or control

The overall proportion of correctly classified hand videos is increased after Eulerian magnification, p<0.003
(McNemar test mixed effects logistic regression model). Correct classification is defined as Parkinsonian tremor in
Parkinson’s hands and no Parkinsonian tremor in control hands (raters blinded to diagnosis). Note that some
control hands were incorrectly classified after amplification (lower blue bars on right side of graph), but all
Parkinson’s hands except one (for one rater) were incorrectly classified prior to amplification (lack of orange bars

on left side of figure).

Discussion
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Tremor is defined as an involuntary, rhythmic, oscillatory movement of a body part [9], and it can exist at a
subclinical amplitude [5]. When we applied Eulerian video magnification to hands that initially appeared
atremulous, the result was the appearance of Parkinsonian tremor in some of the Parkinson’s hands but also some
of the healthy control hands. However, clinicians saw a greater number of Parkinsonian tremors after
magnification in Parkinson’s hands compared with control hands. In other words, Eulerian magnification revealed
a significant group difference that was not visible in the original videos. After Eulerian video magnification,

clinicians were able to correctly classify a greater proportion of hands as Parkinsonian or not (p < 0.003).

Tremor can be composed of several elements: the mechanical component (natural frequency), mechanical-reflex
component (driven by increased gain of the monosynaptic reflex), and central component(s) (aberrant oscillatory
activity transmitted along the motor system from one or more central nervous system structures) [10]. Eulerian
magnification would be expected to amplify any of these components that are present at a subclinical level.
Physiological tremor consists of mechanical and central components, while Parkinson’s tremor is largely central
[10]. One interpretation of our findings is that Eulerian magnification reveals more subclinical tremor in
Parkinson’s, because physiological tremor is present in both controls and Parkinson’s, but an additional
subclinical central tremor component is present in some Parkinson’s patients [5]. As such, Eulerian magnification
may represent a first step towards contactless visualisation of subclinical pathological tremor. A recent publication
used computer vision algorithms to estimate hand tremor frequency from video [11], but that was a study of visible

tremor, distinct from the present study in which hands appear atremulous in the original videos.

A major strength is that the method is entirely contactless, and simply requires standard video recorded with a
smartphone. However, there are several limitations. We have reported a significant group difference, but in its
current form this method is not a diagnostic test or biomarker (it lacks specificity and sensitivity). The study tested
‘classification’ of both Parkinson’s and control hands. However, it is important to acknowledge that the potential
implications of misclassification are not the same for control and Parkinson’s hands. Erroneously classifying
healthy control hands as Parkinsonian runs the risk of considerable psychological distress, so that any future
development of Eulerian magnification would require better separation of signal from ‘noise’, to reduce false
positive appearances. We did not record accelerometer or EMG as a form of ‘gold standard’ comparator. However,
previous work on subclinical tremor utilised displacement laser transducer [5] or spiral drawing [12], and the

ability of accelerometer or EMG to detect subclinical tremor is unclear. The patient group had a higher mean age
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than the control group, although this was also true among hands rated as tremulous post-magnification, so age
differences likely do not explain our results. Our patient group was heterogeneous, e.g. the presence/absence of
‘internal tremor’ sensation, or visible tremor in the contralateral hand, and it may be that more uniform subgroups

could identify a stronger or more specific effect of Eulerian magnification.

Some idiopathic Parkinson’s patients never develop clinical tremor, and there is a recognised distinction between
the predominant resting tremor subtype and the postural instability gait difficulty subtype of the disease [13].
Thus, the assumption that Parkinsonian tremor after Eulerian magnification is the correct classification for
Parkinson’s hands may not be an appropriate one for all patients. The algorithm cannot be expected to reveal

subclinical movement that was never there and may never be so.

Although visible tremor was not seen in person at the time of recording, one rater saw visible tremor in one
Parkinson’s hand video prior to amplification and two raters saw visible tremor in one control hand video prior to
amplification, so that the pre-amplification hand videos cannot be described as entirely atremulous. However,
nearly all were rated as ‘no tremor’ pre-amplification and the initial rater disagreement serves to highlight the

limitations of standard clinician visual assessment.

The current study broadens the knowledge of Eulerian magnification. Apparent revealed tremor is present in
Parkinson’s and control hands, so that our method would not be of direct clinical use in its current iteration.
However, on average, Eulerian magnification improves clinician ability to identify apparently atremulous hands
as Parkinsonian. A key question for future research is how to distinguish physiological from pathological tremor
after Eulerian magnification. To answer this, future work is required on signal processing after magnification,
comparison with weight loading and posture; and computer measurement of post-magnification video (rather than
purely clinician visualisation). More broadly, the results support the idea that Eulerian magnification might

provide the basis for future methods to visualise other subclinical neurological signs.
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Video Legend

Video 1. Eulerian magnification reveals apparent Parkinsonian tremor.

(Legend) The first pair of videos are from a participant with a diagnosis of idiopathic Parkinson’s disease. Prior to

magnification (left frame), no movement is seen. Following Eulerian magnification of the same video (right frame),

movement with an appearance of Parkinsonian tremor is seen. The second pair of videos are from a control.

Movement is seen after Eulerian magnification (right frame) but does not have the appearance of a Parkinsonian

tremor.
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