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Deep brain stimulation (DBS) has shown a remarkably high effectiveness for Parkinson’s disease (PD). In many PD patients
during DBS surgery, the therapeutic effects of the stimulation test are estimated by assessing changes in bradykinesia as the
stimulation voltage is increased. In this study, we evaluated the potential of the leap motion controller (LMC) to quantify the
motor component of bradykinesia in PD during DBS surgery, as this could make the intraoperative assessment of bradykinesia
more accurate. Seven participants with idiopathic PD receiving chronic bilateral subthalamic nucleus deep brain stimulation
(DBS) therapy were recruited. .e motor tasks of finger tapping (FT), hand opening and closing (OC), and hand pronation and
supination (PS) were selected pre- and intraoperatively in accordance with theMovement Disorder Society revision of the Unified
Parkinson’s Disease Rating Scale. During the test, participants performed these tasks in sequence while being simultaneously
monitored by the LMC and two professional clinicians. Key kinematic parameters differed between the preoperative and
intraoperative conditions. We suggest that the average velocity (V) and average amplitude (A) of PS isolate the bradykinetic
feature from that movement to provide a measure of the intraoperative state of the motor system. .e LMC achieved promising
results in evaluating PD patients’ hand and finger bradykinesia during DBS surgery.

1. Introduction

Parkinson’s disease (PD) is one of the most common
neurodegenerative disorders, with an estimated preva-
lence of 1% in adults over 60 years old [1]. Deep brain
stimulation (DBS) has been shown to be a highly effective
treatment for PD. DBS is a surgery in which electrodes are
implanted into deep brain structures; electrical signals
generated by a neurostimulator that is implanted in the
chest region below the collarbone can then be used to
stimulate these structures. .ere have been over 100,000
patients implanted with DBS around the world in the past
three decades [2].

Bradykinesia is the primary motor manifestation of PD
and is usually a key disabling symptom, along with tremor
and rigidity [3]. For many PD patients during DBS surgery,
the therapeutic effects of the stimulation test are evaluated by
assessing changes in bradykinesia as the stimulation voltage
is increased. Different evaluators assess bradykinesia during
operation in different ways but use similar principles: the
baseline bradykinesia is assessed before any stimulation, and
the changes in bradykinesia are evaluated by comparison
with the baseline value using clinical scales such as the
Unified Parkinson’s Disease Rating Scale supported by the
Movement Disorder Society (MDS-UPDRS) [4]. .e MDS-
UPDRS, which is scored based on a combination of multiple
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factors, such as movement speed, movement amplitude, and
movement regularity, is the most widely used tool for
assessing bradykinesia [5]. Intraoperative bradykinesia
testing of PD patients is usually assessed by using the MDS-
UPDRS (items 3.4–3.6). .e majority of previous studies
have suggested that such rating scales have low reliability
and are highly dependent on the experience of the assessing
neurologists [6]. Meanwhile, the clinical scales have only
discrete levels and cannot be used for consecutive brady-
kinesia assessment. .ey may also be difficult to use
intraoperatively and may be a source of bias. .ese limi-
tations could be overcome if changes in bradykinesia were
quantitatively measured and evaluated. Vaillancourt et al.
[7] have shown that quantifying the components of exercise
separately can make the evaluation more accurate.
.ere are many methods for quantifying PD motor

symptoms using wearable motion sensors [8], potentiom-
eters [9], gyrosensors [10], etc. .eir main drawback is that
they need to be attached to the fingers or hand, which may
influence motor performance. Every gram of additional
mass of the sensor will reduce the finger tremor by 0.85Hz
and also influence the acceleration amplitude [11]. In
contrast to those devices, the leap motion controller (LMC)
does not require placement of any sensors or markers on the
body and thus has no effect on hand movements. .is
equipment can provide reliable measurements and has good
consistency with marker-based motion capture systems [12].
In this study, we assessed the potential of the LMC to

quantify the motor component of bradykinesia in PD during
DBS surgery, as such quantification could make the intra-
operative assessment of bradykinesia more accurate.

2. Materials and Methods

2.1. Participants. Seven participants (aged 61.9± 11.1 years,
4 males, 3 females) with idiopathic PD (mean disease du-
ration: 9.3± 5.6 years, Hoehn and Yahr scores of 3 or 4)
receiving chronic bilateral subthalamic nucleus deep brain
stimulation (DBS) therapy were recruited. All patients ful-
filled the inclusion criteria for DBS having a functional
disability in daily life due to severe motor fluctuations or
disabling tremor with a significant improvement of MDS-
UPDRS in standardized L-dopa challenge. .ey were
without surgical contraindications, dementia, or major
ongoing psychiatric illness. Each patient provided informed
consent. .e study was approved by the Human Research
Ethics Committee of Tianjin Huanhu Hospital (2020–53).

2.2. Leap Motion Controller. LMC is a consumer-grade
sensor which is designed for hand gesture and finger po-
sition detection with high accuracy [13]. LMC utilizes
miniature infrared cameras and inbuilt image-recognition
algorithms to identify and estimate hand positions in three-
dimensional space. .e information regarding the user’s
hand, fingers, and gestures is captured between 2.5 and
60 cm above the center of the sensor. Since all three selected
assessment tasks are based on hands’ movement, LMC was
selected as the sensor of the proposed assessment system.

.e feasibility of LMC in quantifying motor parameters for
bradykinesia of PD patients has been explored [14]. Due to
its small size (80mm× 30mm × 11.25mm), light weight
(45.4 g), and accurate positional measurement to within
0.01mm [15], we hypothesized that it would work well in
extracting data in a restrictive surgical environment.

2.3. Surgical Procedures. All patients underwent awake
subthalamic nucleus (STN) DBS (Medtronic 3389 model,
Medtronic Inc., Minneapolis, MN, USA) using Leksell
frame. In order to design a method for intraoperative use, it
is necessary to understand the DBS surgical procedure,
which can be summed up as follows: (1) the anatomical
target and the best path were planned using targeting
software (Framelink 5.1, Medtronic, Minneapolis, MN)
utilizing the computationally merged images from preop-
erative MRI and CT, avoiding sensitive structures (blood
vessels, cerebral ventricles) during presurgical planning. (2)
During the operation, two exploratory electrodes were
inserted along the planned trajectories, and the target area
was electrophysiologically mapped using microelectrode
recording. (3) Intraoperative stimulation was performed
from the microelectrode. After completion of test stimula-
tion for all the positions, the permanent leads were finally
implanted at the location with the best effect on the
symptoms and the least side effects.

2.4. Intraoperative Assessment. .e remaining stimulation
parameters were kept constant with a voltage of 2V, a pulse
width of 60 μs, and a frequency of 130Hz using the per-
manent leads. Clinical evaluation of the best response was
performed with the simultaneous use of subjective methods
(MDS-UPDRS) and the LMC. .e LMC was put in front of
the participant and held by a bracket. Finger tapping (FT),
opening and closing (OC), and hand pronation and supi-
nation (PS) motor tasks in line with the MDS-UPDRS were
used. During the test, participants performed these tasks in
sequence while being simultaneously monitored by the LMC
and two professional clinicians. Each task was repeated and
captured at least 10 times. .e average clinical score for each
task (the score of 0–4) was used as an indicator of the overall
bradykinesia severity.

2.5. Data Processing. .e motor parameters we used in this
study are designed based on the MDS-UPDRS, and they
reflect basic physical characteristics of the movements. Some
studies have compared these parameters between PD pa-
tients and control groups and suggested significant differ-
ence between them [16]. .e LMC provides position and
orientation data from hand joints in time series. To record
the raw data in the operating room, a graphical user interface
(GUI) was developed using LMC’s SDK (Software Devel-
opment Kit, Ultraleap, Mountain View, CA, US). .e GUI
was developed in Unity 2019.4.4f1 version (Figures 1(a) and
1(b)). .e data were processed to obtain kinematic signals
describing each task (Figures 1(c)–1(e)). In order to elim-
inate high-frequency noise and the tremor component of PD
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patients’ movement, a 5Hz fourth-order Butterworth low-
pass filter was implemented (Figure 2(a)–2(c)).
Patients’ performances were quantified by frequency,

amplitude, velocity, and rhythm. During each trial, 3 basic
parameters were calculated for the first 10 movement cycles,
respectively: (1) F: frequency; (2) A: amplitude, which was
calculated by peak-to-peak value; (3)V: mean velocity..en,
10 cycles’ parameters were averaged to get F, A, and V,
respectively. Decrement ratios of frequency (ΔF), amplitude
(ΔA), and velocity (ΔV) were obtained over the time course
of the trial. Coefficients of variation F

CV
, A

CV
, andV

CV
were

calculated to quantify the variability of movement. Take the
amplitude (A) as an example, let A1∼5 and A6∼10 be the mean
amplitude of the first and last five movement cycles, re-
spectively, and the decrement ratio of amplitude (ΔA) can be
calculated as

ΔA � A6∼10 − A1∼5
A1∼5

. (1)

Let Astd be the standard deviation of amplitude; the
coefficient of variation of amplitude (A

CV
) can be calculated

as

A
CV
�
Astd

A
. (2)

2.6. Statistical Analysis. Statistical analysis was performed
using IBM SPSS Statistics 23.0. .e different tasks were
analyzed separately. Features in the preoperative and
intraoperative conditions were analyzed as follows: Sha-
piro–Wilk tests were used to assess whether differences in
extracted features between patients pre- and intraoperatively
were normally distributed; significance was set at P> 0.05.
Paired t tests (for normally distributed variables) or Wil-
coxon tests (for other variables) were used to check if the
difference was significant; significance was set at P< 0.05.
Kendall’s tau test was used to examine correlations between
the extracted features and the corresponding MDS-UPDRS
score given by two neurologists; significance was set at
P< 0.05.

3. Results

A total of 84 trials were recorded (7 subjects× 2 hands× 2
conditions× 3 tasks). Each trial comprised two independent
MDS-UPDRS clinical ratings matched to the corresponding
LMC data. Missing data were apparent in 12 trials with the
LMC.
.e patients intraoperatively performed the FT task with

significantly improved V and A compared with the patients
preoperatively. Intraoperative lower scores on the MDS-
UPDRS item for FTwere correlated with improvedV,A, and
ΔA (Table 1).
.e patients performed the OC task intraoperatively

with significantly improved ΔA and A
CV
compared with the

patients preoperatively. Lower intraoperative scores on the
MDS-UPDRS item for OC were correlated with improved
ΔVand ΔA (Table 2).

.e patients performed the PS task intraoperatively with
significantly improved V, A, and ΔA compared with the
patients preoperatively. Lower intraoperative scores on the
MDS-UPDRS item for PS were correlated with improved V
and A, and lower A

CV
(Table 3).

4. Discussion

In this pilot study, we developed a novel method for the
preoperative and intraoperative bradykinesia evaluation in
DBS surgery. .e purpose was to test the hypothesis that
changes in the patient’s bradykinesia can be evaluated by use
of a noninvasive, objective, simple, and sensitive method
during DBS surgery. .ere are few reports of quantitative
bradykinetic assessment during DBS surgery. To our
knowledge, Papapetropoulos et al. [17] have used a me-
chanical setup to measure parameters of bradykinesia using
the commercially available CATSYS system, while the pa-
tient underwent surgery. Compared with our method, it also
enables bradykinesia measurement but is limited to evalu-
ating finger-tapping frequency based on a simple touch-
recording plate. Our assessment system was specifically
designed for hand and finger movement including FT, OC,
and PS in routine evaluation. Patients were asked to perform
hand bradykinesia tasks traditionally evaluated during
electrode implantation, thus without impeding or pro-
longing the surgical time. With the aid of the LMC, the
improvement in bradykinesia can be measured quantita-
tively, and any assessments performed during DBS surgery
can be reviewed and visualized.
It can be clearly seen from the results of these 7 patients

that LMC is very sensitive to the measurement of changes in
bradykinesia. .e FT, OC, and PS were unaffected by
changes in tremor amplitude because tremor oscillation
signals were filtered out. .e devices for quantitative eval-
uating the motor bradykinesia components of the hand and
fingers showed promise with regard to FT, PS, and OC, key
kinematic parameters that differed pre- and intraoperatively.
Meanwhile, the quantitative results were correlated with the
MDS-UPDRS scores, indicating that patients’ motor char-
acteristic features were successfully captured by the objective
parameters. Unlike the findings of Lee et al. [5], both V and
A appeared to be highly important in quantifying the FT task
in our study yet showed poor correlation with the MDS-
UPDRS ratings. Likewise, ΔA alone was best for assessing
the OC task.
In our PS exercise, significant differences in V and A

suggested that they are useful in distinguishing preoperative
from intraoperative bradykinesia. Moreover, we calculated
significant correlation coefficients between the MDS-UPDRS
score andV (r�−0.403;P< 0.05), andMDS-UPDRS score and
A (r�−0.480; P< 0.05) of PS. .is indicates that there is a
statistically significant relationship between the MDS-UPDRS
score and the V and A of PS. .e moderate correlations be-
tween the clinical scores and kinematic parameters were not
surprising, because the hand-motion kinematic parametersmay
not represent the complete subject of a clinical evaluation of
bradykinesia, which includes bradykinesia, hypokinesia, and
motor coordination. .is can be seen from the descriptions
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Figure 1: .e software provides the real-time hand model and the trajectory of the movements to visualize the assessment process (a, b).
Time-series kinematics extracted from the LMC for quantifying hand exercises included (c) FT: distance (mm) between distal joints of the
thumb and index finger; (d) OC: average distance (mm) between the distal joints of the four fingers (except thumb) and the center of the
palm; and (e) PS: roll angle (°) of the palm gesture which describes the rotational motion around the y-axis of the palm plane.

100

50

0

D
is

ta
n

ce
 (

m
m

)

0 1 2 3 4 5

Time (s)

Peaks

Valleys

(a)

100

50

0

D
is

ta
n

ce
 (

m
m

)

0 2 4 6

Time (s)

8

Peaks

Valleys

(b)

Figure 2: Continued.
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Table 1: Results of FT task statistical analysis.

FT features Preoperative Intraoperative P-value Correlation with MDS-UPDRS item

Velocity (V)
V (mm/s) 243.81± 93.43 348.48± 103.67 0.014a −0.379∗

ΔV −0.07± 0.23 −0.04± 0.14 0.709a −0.240
V
CV

0.27± 0.08 0.23± 0.09 0.266a −0.010

Frequency (F)
F (Hz) 1.74 (1.66, 2.39) 2.12 (1.71, 2.54) 0.286b −0.202
ΔF 0.11± 0.13 0.05± 0.14 0.220a 0.238
FCV 0.23 (0.13, 0.29) 0.17 (0.11, 0.20) 0.333b 0.216

Amplitude (A)
A (mm) 61.01± 18.64 80.15± 15.24 0.004a −0.379∗

ΔA −0.17± 0.22 −0.09± 0.11 0.362a −0.353∗

A
CV

0.24± 0.09 0.18± 0.09 0.098a 0.151

FT, finger tapping; Δ, change; CV, coefficient of variation; PD, Parkinson’s Disease; MDS-UPDRS-III, International Parkinson and Movement Disorders
Society-sponsored revision of the Unified Parkinson’s Disease Rating Scale. a: these P values were determined using paired t tests. b: these P values were
determined using the Wilcoxon tests. Asterisks (∗) indicate significant correlations between kinematic parameters and the score on the corresponding MDS-
UPDRS item: ∗P< 0.05; ∗∗P< 0.01.

0 1 2 3 4 5 6

Time (s)

150

100

50

0

A
n

gl
e 

(°
)

Peaks

Valleys

(c)

Figure 2: Representative segment of the kinematic signal reconstructed from (a) FT, (b) OC, and (c) PS..e black curve represents the 5Hz
low-pass filtered signal, the yellow dot represents the maximum value, and the blue dot represents the minimum value.

Table 2: Results of OC task statistical analysis.

OC feature Preoperative Intraoperative P-value Correlation with MDS-UPDRS item

Velocity (V)
V (mm/s) 187.37± 43.02 208.51± 52.83 0.079a −0.229
ΔV −0.14± 0.23 −0.03± 0.14 0.104a −0.356∗

V
CV

0.21± 0.12 0.20± 0.07 0.732a 0.085

Frequency (F)
F (Hz) 1.58± 0.39 1.67± 0.48 0.176a −0.250
ΔF 0.01± 0.18 0.02± 0.1 0.829a −0.133
FCV 0.19± 0.11 0.20± 0.08 0.679a −0.085

Amplitude (A)
A (mm) 58.04± 9.66 59.85± 6.53 0.521a −0.124
ΔA −0.07 (−0.19, 0.02) −0.03 (−0.05, 0.01) 0.028b −0.345∗

A
CV

0.15± 0.12 0.09± 0.07 0.034a 0.231

OC, hand opening/closing; Δ, change; CV, coefficient of variation; PD, Parkinson’s Disease; MDS-UPDRS-III, International Parkinson’s and Movement
Disorders Society-sponsored revision of the Unified Parkinson’s Disease Rating Scale. a: these P values were determined using paired t tests. b: these P values
were determined using the Wilcoxon test. Asterisks (∗) indicate significant correlations between kinematic parameters and the score on the corresponding
MDS-UPDRS item: ∗P< 0.05; ∗∗P< 0.01.
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accompanying each MDS-UPDRS score [4]. In addition, it is
not necessary to have strong agreement between quantitative
indicators and subjective clinical scores for technological de-
velopment [16]. Compared with the clinical scoring scales,
technology-based measures should show higher sensitivity and
reliability. PD is generally characterized by the gradual loss of
speed and amplitude.We suggest thatV andA of PS isolate the
bradykinetic feature from that movement to provide a measure
of the intraoperative state of the motor system.
Our study has certain limitations, including the small

sample size and small battery of tests (rigidity and tremor were
not measured)..emethod can objectively assess bradykinesia,
but it has been applied only to postoperative analysis and not yet
during the target selection procedure in the operating room.
.us, our next step will be visualizing these features and other
information about the operation on the patient’s anatomical
images in real time so as to help the neurosurgeon during target
selection.

5. Conclusions

.e LMC achieved promising results in evaluating PD pa-
tients’ hand and finger bradykinesia during DBS surgery.
Separate quantification ofV andA of PS is recommended for
intraoperative testing. Future designs will incorporate the
leap motion controller with a more user-friendly interface
and real-time data processing.
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