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Introduction

Parkinson’s disease (PD) is characterized by
the loss of dopaminergic neurons which causes
slowed muscular movement and motor rigidity. PD
is a progressive and incurable disease and results
in extensive utilization of health and community
services. The Thailand PD Registry in March 2011
had estimated the prevalence of PD was 126.83/
100,000 in urban areas and 90.82/100,000 in rural
areas.’

Parkinson's disease is clinically defined by
the presence of bradykinesia and at least one
additional cardinal motor feature (rigidity or rest
tremor), as well as additional supporting and exclu-
sionary criteria.*® Bradykinesia is the prerequisite
for PD diagnosis ° which makes accurate identification
of bradykinesia pivotal. It can be evaluated by a
subjective judgment of several tasks, such as finger
tapping, pronation-supination movements, toe
tapping, and foot tapping. ° Clinical ratings scale
assessments have been developed to measure
bradykinesia, the Unified Parkinson's Disease
Rating Scale (UPDRS), and the Movement Disorder
Society revision of the UPDRS (MDS-UPDRS).’
Although, they are based on objective face-to-face
examination of a patient, clinical judgment, and
some degree of subjectivity are involved. Interrater
reliability regarding finger tapping produces
coefficients that vary between clinicians, ranging
from inadequate to exceptional reliability.®'*""21%1
These studies suggest that bradykinesia assessment
depends on subjective scoring by a physician,
relying on clinical experience and having limited
capability in detecting mild bradykinesia.

Despite clinical scales remaining the gold

standard for most researchers and regulatory
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agencies, various technology-based tools have
been developed to quantify bradykinesia more
objectively. In our study, we employed a computer
vision technique called MediaPipe Hands to detect
finger tapping in videos and convert it into a graph.
The aim was to assess the inter-rater reliability of
three neurologists using this tool to grade MDS-
UPDRS for the finger taps test.

Patients and Method

The participants were categorized into two
distinct groups. Initially, the first group comprised
patients who had recently received a diagnosis of
idiopathic Parkinson's disease at the Neurological
specialty outpatient department of Srinagarind
Hospital, Khon Kaen University. The second group
consisted of individuals from the healthy population.

The inclusion criteria necessitated that all
participants be at least 18 years old prior to the
recording date. Conversely, the exclusion criteria
comprised individuals who displayed an inability to
freely mobilize both hands due to factors such as
intense pain, joint contracture, profound muscular
debilitation, or the incapacity to execute a finger
tapping test for 10 seconds. Furthermore, participants
who displayed an inability to adhere to instructions
or experienced severe dementia were also excluded
from the study.

All participants were recorded performing a
finger tapping test for 10 seconds (Figure 1). The
video was processed using our tool, a computer
vision machine learning based on MediaPipe
Hands®, to detect hand movement. MediaPipe
Hands is a GoogleAl project that tracks hand and
finger movement using 21 different points on each
hand. We measured the distance between landmark
number 4 (THUMB_TIP) and 8 (INDEX_FINGER_
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TIP) to determine the amplitude of the graph (Figure

2). We compared the amplitudes of each video to

the first amplitude and plotted the correlation graph.

(Figures 3 and 4)

Figure 1: lllustrative images depicting participants performing the finger tap test,

commencing with the largest amplitude (left) and the lowest amplitude (right).
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Figure 2: Hand-tracking landmark from MediaPipe °

We employed a randomization technique to
select videos from a pool of 94 participants, which
were subsequently evaluated by a panel of three
neurologists.

The raters utilized the MDS-UPDRS part Ill for
the rate severity of bradykinesia through the finger
tapping test. '° Following the initial process, the
same clinicians reevaluated the identical videos,
this time incorporating the graph. Our study

involved a comprehensive analysis of inter-rater

agreement in the rating MDS-UPDRS scale of
idiopathic Parkinson’s disease using the finger
tapping assessment, both before and after observing
the graph.

For measuring inter-rater reliability Krippen-
dorf's alpha was used to determine if inter-rater
reliability showed improvement after seeing the
Amplitude-time correlation graph. Krippendorf's
alpha was suitable for nominal data for more than

2 raters and also categories.



42

21sasUs:ananentiiuds:inelng

Vol 41 ¢ NO.I » 2025

Table 1: Baseline characteristics of participants

Table 1. Demographic profile of patients with idiopathic Parkinson’s disease and controls

Overall PD Control P-value

Number of subjects 94 a7 47
Age at study 60.5 63.0 58.0 0.115
Male, n (%) 39 (41.5) 28 (59.6) 11 (23.4) 0.001
Handedness, right, n (%) 81 (86.2) 42 (89.4) 39 (83.0) 0.55
Symptom side

- Right 15 (41.7) 15 (41.7)

- Left 19 (52.8) 19 (52.8)

- Bilateral 2 (5.6) 2 (5.6)
Hoehn & Yahr stages (median) 2.0[1.0,2.5] 2.0[1.0,2.5]
MDS-UPDRS

- Right 1.0 (1.2) 1.9 (1.0) 0.0 (0.0) <0.001

- Left 1.1(1.2) 2.1(0.7) 0.0 (0.0) <0.001
Right
Number of tap count 21.6 (8.7) 17.7 (8.2) 25.5 (7.3) <0.001
Amplitude difference 1°-5" tap 4.2(17.1) 9.5 (18.7) -1.1 (13.5) 0.002
Amplitude difference 1°-7" tap 7.1(21.1) 15.0 (24.1) -0.7 (13.9) <0.001
Amplitude difference 1°-10" tap 11.8 (25.6) 22.3 (29.5) 1.3 (15.2) <0.001
Mean amplitude of right side, % (SD) 78.0 (14.7) 70.5(16.6) 85.6 (6.6) <0.001
Left
Number of tap count 21.6 (7.6) 17.7 (5.9) 25.4 (7.2) <0.001
Amplitude difference 1°-5" tap 2.3(16.4) 6.5 (18.6) -1.8(12.8) 0.014
Amplitude difference 1°-7" tap 6.8 (19.0) 13.7 (22.7) -0.1 (10.9) <0.001
Amplitude difference 19-10" tap 9.8 (21.7) 19.1 (25.6) 0.6 (11.3) <0.001
Mean amplitude of left side, % (SD) 79.1(10.5) 74.7 (10.8) 83.5 (8.0) <0.001
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Figure 3: Amplitude-time correlation graph comparing the controlled group (Left)
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C: MDS-UPDRS 2 D: MDS-UPDRS 3

E: MDS-UPDRS 4

Figure 4: Examples of amplitude-time correlation graphs for each participant, determined by the

MDS-UPDRS assessment (graded on a scale from 0 to 4), are shown in sections A to E, respectively.

Result _ _ o
group comprised males. The duration of parkinsonism

The demographic and clinical characteristics ~ symptoms ranged from 1 to 5 years, with an average
of 94 participants are detailed in Table 1. In the  duration of 2 years. Regarding UPDRS scores, the
PD group, there was a predominance of male PD group exhibited an average score of 1.9 for the

participants (59.6%), while only 23.4 of the control right hand and 2.1 for the left hand, whereas the
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control group scored 0 for both hands. No significant
differences were observed between the PD and
control groups concerning the age at the time of the
study (63 years [range: 56.0-66.5] for PD group vs.
58 years [range: 47.5-68.5] for the control group,
P-value = 0.115) and handedness (89.4% right-sided
in the PD group vs. 83% in the control group, P-value
= 0.550).

From the amplitude-time correlation graph
comparing the two groups, significant differences
were observed in the number of tapping occur-
rences. Specifically, the right hand exhibited 17.7
taps compared to 25.5 taps (P-value<0.001), while
the left hand showed 17.7 taps compared to 25.4
taps (P-value<0.001). Additionally, the mean
amplitude percentage differed significantly between
the right hand (70.5% vs. 85.6%) and the left hand
(74.7% vs. 83.5%) (P-value<0.001). Furthermore,
when examining the amplitude difference for the
right side between the 1st and 5th tap, it was found
to be 9.5 compared to -1.1 (P-value 0.002).
Similarly, the amplitude difference for the right side
between the 1st and 7th tap was 15.0 compared to
-0.7 (<0.001), and between the 1st and 10th tap, it
was 22.3 compared to 1.3 (<0.001). Likewise, the
amplitude difference for the left side between the
1st and 5th tap was 6.5 compared to -1.8 (P-value
0.014). Moreover, for the 1st and 7th tap, the
amplitude difference was 13.7 compared to -0.1
(<0.001), and for the 1st and 10th tap, it was 19.1
compared to 0.6 (<0.001), respectively.

After analyzing the reliability for diagnosing
using Krippendorff's alpha measures, it was
determined that the inter-rater reliability ratings for
the pre-seen graph were 0.71, while those for the

post-seen graph were 0.71 for each side.
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Discussion

The results revealed Krippendorff's alpha
values for the pre- and post-seen graphs of the right
hand were 0.71 and 0.71, and for the left hand, they
were also 0.71 and 0.71, respectively. These values
indicate a moderate-to-good level of agreement
within both groups. The similarity in values for
the Amplitude-time correlation graph in our study
suggests that it did not contribute to an enhancement
in agreement among neurologists.

In a study by Williams et al., inter-rater
reliability among 21 specialists in the movement
was measured to be ICC = 0.53, CLMM-ICC = 0.65,
indicating a moderate level of agreement for
MDS-UPDRS, slightly lower than the agreement
observed in our study."" In a study by Rabey et al.,
the inter-rater reliability of finger tapping, as
determined by UPDRS grading, reported Kendall’s
W values of 0.84 and 0.87, indicating good
agreement and a higher level of agreement
compared to our study.'* Heldman et al. discovered
that the correlation coefficients for inter-rater
reliability were 0.72, indicating a moderate-to-good
level of agreement.”® Similarly, Vignoud et al. found
an ICC score of 0.792, falling into the category of
good agreement.” Based on the aforementioned
comparable studies, the inter-rater reliability of our
baseline falls within the average range observed in
all studies, demonstrating a level of agreement that
can be described as moderate to good.

Our study exclusively employed video recordings
captured by various devices, with smartphones
being the predominant choice. These recordings
were manipulated using MediaPipe Hands to
generate graphical representations. Within the

domain of analytical methodologies, the viewpoints
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of neurologists possess the highest significance in
the diagnostic procedure, while artificial intelligence
(Al) functions solely as an ancillary support.
Consequently, this method exhibits greater potential
for seamless integration into real-life medical
practices than a fully autonomous Al detection
system, encouraging reliance on the diagnostic
outcome.

Possible reasons for the lack of improvement
in the agreement of the Amplitude-time correlation
graph can be enumerated. Firstly, our study
focuses on the concordance among raters rather
than the accuracy of the diagnosis. The factor of
raters, specifically neurologists, may not be
sufficiently acquainted with the graph, and familiar-
izing themselves with it through practical experi-
ence could potentially enhance the level of agree-
ment. Furthermore, the neurologists' familiarity with
working with patients diagnosed with Parkinson's
disease in their clinical practice could also influence
both the accuracy and agreement. Secondly, the
factor of participants should be considered. It is
conceivable that in a certain subset of individuals
suffering from Parkinson's disease, tremor could
manifest as the primary symptom, in addition to the
presence of bradykinesia. This combination of
symptoms could have a detrimental impact on the
accurate interpretation of visual and graphical data,
potentially leading to erroneous conclusions.
Thirdly, the assessment of the finger taps test
within the MDS-UPDRS part lll poses a considerable
obstacle for clinicians and gives rise to challenges
in terms of visual comparisons between successive
grades, such as 0 and 1 or 1 and 2. Within this
sequential grading, the graph may not exhibit
sufficient dissimilarity to enable determination by

the clinician, thus indicating a need for further
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refinement. Lastly, the factor of analysis must be
taken into account. Our examination did not include
analyzing how MediaPipe hand tracking performs
in high-quality versus low-quality videos, which was
a distinction made in a previous study by Islam
et al.” Notably, variations in pose and hand angle
were identified in their research, and it is plausible
that these factors could introduce potential implica-
tions for the study outcomes.

The future trajectory for diagnosing Parkinson's
disease is inclined toward employing Al as a means
of enhancing accuracy and achieving consensus
among clinicians. Consequently, it may be necessary
to assess the comparative accuracy of Al versus
human capabilities using the MediaPipe Hand track
method. To facilitate this investigation, our evaluators
may need to possess a degree of familiarity with
the graphical representation in order to discern
the disparities that exist across varying levels of

contiguity grading.
Conclusion

While itis true that the amplitude-time correlation
graph may not enhance agreement among evalu-
ators in the present study, as previously mentioned,
the utilization of Al-assisted detection methods for
diagnosing Parkinson's disease in the future has
the potential to enhance both accuracy and agree-

ment among clinicians.
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