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 Executive Summary 
The complex clinical heterogeneity of Parkinson’s disease (PD), a neurodegenerative disorder 
characterized by a spectrum of motor and non-motor symptoms, presents challenges for researchers 
developing and trialing PD therapies. Pharmaceutical, biotechnology, and medical technology companies 
invest billions of dollars to assess the safety and efficacy of novel therapies. Current tools to support 
go/no-go decisions have limited utility due to limitations in reliability introduced by noise (e.g., 
instrument, biological, etc.) and confounding variables (e.g., treatment status). Digital health 
technologies overcome the limitations of traditional clinical scales by providing continuous, objective 
measurement PD symptoms. In the setting of pandemic quarantine measures or a patient’s inability to 
travel, remote digital monitoring of relevant clinical measures makes it possible to continue the 
important work of facilitating access to clinical trial participation and evaluating new PD therapies when 
it is not possible to conduct in-person study visits. 

The Personal KinetiGraph® (PKG®) Movement Recording System (PKG System) is the first FDA-cleared 
medical device providing continuous objective measurement for 7 days of PD symptoms with the 
intended use of quantifying kinematics of movement disorder symptoms in conditions such as PD, 
including tremor, bradykinesia, dyskinesia, and sleep. The PKG System also includes medication 
reminder and acknowledgement features. The PKG System was designed, verified, and validated under 
stringent design control processes and testing practices consistent with global quality system 
requirements. The PKG System was designed to provide HIPAA- and GDPR-compliant health information 
collection and has received regulatory clearance as a medical device through the FDA 510(k) pathway in 
the USA, CE mark in Europe and is TGA ARTG listed in Australia.  

Among the options for objective measures, the PKG System is the only technology specifically validated 
for continuous objective clinical measures of PD during the patient’s real-world, activities of daily living. 
Compared with traditional outcome measures, the PKG scores exhibit less variation and greater 
sensitivity to changes in PD symptoms in response to therapeutic interventions. Implications for clinical 
researchers include the potential for smaller sample sizes and improved ability to identify and quantify 
therapeutic effects. The PKG System provides continuous, remote data collection that is passive for the 
patient, and contemporaneously correlates motor activity with medication use and response without 
reliance on clinician observation or patient recall making it an ideal complement to virtual, hybrid or 
decentralized study designs. 

Backed by physician consensus, real-world clinical use and extensive validation, the PKG System is 
uniquely positioned to support clinical evaluation of PD therapies by delivering high-quality, objective 
data throughout the study. Benefits of the PKG System include: robust measurement of PD motor 
activity, verification and validation tested, reliable data collection, and ease of use for study staff and 
subjects. In addition, the PKG System meets biometric validation and regulatory requirements. More 
than 60,000 PKGs have been used in over 200 clinics across USA, Europe and Asia. More than 70 clinical 
trials have been conducting using the PKG System. 
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• Evolution of Objective Measures in Parkinson’s Disease 
The complex clinical heterogeneity of Parkinson’s disease (PD), a neurodegenerative disorder 
characterized by a spectrum of motor and non-motor symptoms, presents challenges for researchers 
developing and trialing PD therapies. Commonly used outcome measures in PD are clinical scales based 
on subjective clinician assessments, which often lack the granularity necessary to effectively 
characterize and detect changes in a dynamic disease state with complex symptomatology.1,2 Some 
clinical scales include patient 
interviews and patient diaries 
are also commonly used; 
however, patients often 
struggle to recall, 
differentiate, and track 
symptoms, as well as 
articulate the impact of 
therapies.3,4  Therefore,  
researchers struggle to 
assess patient selection 
criteria, detect and 
disentangle PD symptoms, 
and assess the effectiveness of treatments at each visit as well as detect changes in critical outcome 
measures from visit-to-visit throughout the study. Subjective and qualitative assessments create “noise” 
in the data making it difficult to interpret, and often provides an incomplete or inaccurate evaluation of 
clinical outcome measures comprising the framework for safety and efficacy evaluations of PD 
therapies. 
 
Digital health technologies overcome the limitations of traditional clinical scales by providing 
continuous, objective measurement of PD symptoms. Since the 1980s, several core PD symptoms 
related to movement and sleep have been translated from clinical to objective measures and validated, 
and used in study office visits as well as remote 
monitoring of patient symptoms.5 As passive data 
collection tools, digital health technologies do not require 
patients to regularly log symptoms throughout the day. 
Digital health technologies enable the development and 
use of objective targets, and as such, hold tremendous 
promise for earlier diagnosis, improved symptom 
detection, provides a guide for response and adequacy of 
treatment, and therapy optimization.1 In the setting of 
pandemic quarantine measures or a patient’s inability to 
travel, remote digital monitoring of relevant clinical 
measures makes it possible to continue the important 
work of facilitating access to clinical trial participation and evaluating new PD therapies when it is not 
possible to conduct in-person study visits.6,7 In addition, the robustness of data provided by current 
remote digital monitoring systems augments and may even replace some of the traditional data 
gathering only performed in a study office visit setting. 
 

Remote Monitoring via Continuous 
Objective Measurement 

Provides longitudinal, patient-centric 
information about PD symptoms with the 
capability to capture and reliably quantify 

the true heterogeneity of the disease state 
remotely in a real-world environment 

during activities of daily living resulting in 
unprecedented assessment of overall 

patient function throughout the day, from 
day-to-day, and response to therapies.8,9 

Evolution of Clinical Scales and Objective Measures5 
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Personal KinetiGraph® (PKG®) Movement Recording System Overview 

 

Global Kinetics Pty Ltd is a novel digital health company revolutionizing 
objective measurement in PD management with the Personal KinetiGraph® 
(PKG®) Movement Recording System (PKG System), the first FDA-cleared 
medical device providing continuous objective measurement for 7 days of 
PD symptoms with the intended use of quantifying kinematics of 
movement disorder symptoms in conditions such as PD, including tremor, 
bradykinesia, dyskinesia and sleep. The PKG System also includes 
medication reminder and acknowledgement features. Indications for use 
are provided in Appendix A. The PKG System components are further 
explained below.  

 
PKG Watch  
A wrist-worn biosensor designed to continuously monitor and record movement activity in the patient’s 
home environment. It is worn on the wrist of the side of the body most severely affected by PD 
symptoms and contains a: 

• Rechargeable battery (7-day battery life) 
• Triaxial accelerometer 
• Optional vibration and light-based reminder to the subject when 

PD medications are due and a means for recording when PD 
medications were taken 

• Capacitive sensor to detect removal from the wrist 
• Biocompatible and adjustable wrist strap 

 
The PKG Watch is water resistant and is charged weekly using a docking station. At the end of the 
recording period, the data is uploaded via a cellular connection for processing. 
 

Validated Algorithms 
Clinically validated algorithms are applied to the data producing numerical and graphical data 
presentations throughout the day and from day-to-day during the wear period and within the context of 
data from control patients without PD. Medication compliance, motor fluctuations, immobility/sleep, 
tremor and periods where the PKG Watch was not worn are also provided.  
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PKG Weekly Plot of Median Dyskinesia and Bradykinesia Scores 

 
Plot Orientation 
Dyskinesia and Bradykinesia are presented in the chart above by time of day, relative to the scores from 
a database of control subjects without PD or other neurodegenerative disorders.  The bold grey 
horizontal line references the median scores in these control subjects.   
 
Dyskinesia Score (DKS)  
Shown in green above, is plotted on the y-axis above zero against the time of day on the x-axis. The bold 
green line is the median value and the 25th and 75th percentiles of the dyskinesia score for the patient 
are shown as lighter weight green lines below and above the bold green line. Upward on the y-axis 
corresponds to increased dyskinesia.  
 
Bradykinesia Score (BKS)  
Shown in blue above, is plotted on the y-axis below zero against the time of day on the x-axis. The bold 
blue line is the median value and the 25th

 and 75th
 percentiles of the bradykinesia score for the patient 

are shown as lighter weight blue lines above and below the bold blue line. Downward on the y-axis 
corresponds to increased bradykinesia.  
 
Fluctuation Score (FDS) 
Quantifies the interquartile range and the degree of symptom variability. The score is produced by 
summing the interquartile range of bradykinesia scores and dyskinesia scores produced every 2 minutes 
between 9am and 6pm and distinguishes between fluctuating and non-fluctuating patients. 
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Immobility Score (PTI) 
 
The raster plot presents periods of immobility by time of day for each day of the wear period. Each 2-
minute epoch of immobility is reflected as a black dot when the BKS score is >80, which is the indicates 
the PKG Watch is not moving. These periods may be indicative of periods of daytime sleep or 
somnolence. 
 

 
 
Tremor Score (PTT) 
The tremor raster plot presents periods of tremor by time of day for each day of the wear period. Each 
2-minute epoch of tremor is reflected as a black dot.  
 

 
 
Off-Wrist Indication 
The off-wrist raster plot presents periods when the watch is not being worn by time of day for each day 
of the wear period. Each 2-minute epoch in which the watch is not worn is reflected as a black dot. 
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PKG System Scores & Clinical Validation 
Summary scores relate to the time-of-day patients are likely to be most active (9 am to 6 pm). Median 
DKS and BKS, as well as 25th and 75th percentiles are presented for all days recorded, excluding periods 
of immobility and off-wrist time. Similar scores from control patients are presented as a reference for 
comparison. Griffiths, et al.10 reported the median BKS score was significantly correlated with the 
Unified Parkinson’s Disease Rating Scale (UPDRS) III (r = 0.64, p <0.0005) and the median DKS was 
significantly correlated with the Abnormal Involuntary Movement Scale (AIMS) (r = 0.80, p <0.0001).  
 
Ossig, et al.11 compared the PKG scores to patient self-assessment diaries, which require recognition of 
and differentiation between three symptom states: “off”, “on”, and “dyskinesia”. A diary records a 
symptom whereas objective measurement records a sign: these may be similar, but they are not 
identical. For example, “off” time in a diary record is the hours the subject perceived medications to 
have failed, whereas objective measurement records the amount of time that scores were above an 
objective target. The authors reported moderate correlation between calibrated PKG and diary data for 
total daily hours in Off and On state without dyskinesia and a strong correlation for the dyskinetic state. 
 
Fluctuation Dyskinesia Score (FDS) is a summary score combining variation in bradykinesia and 
dyskinesia scores and is representative of motor fluctuations characterized by wearing-off and 
complications in the form of dyskinesia. The FDS score was validated by Horne, et al.12 who describe a 
highly sensitive (97.1%) and selective (87.5%) score for objectively identifying PD-related fluctuations. 
 
Percent Time in Tremor (PTT) is a summary score for the ambulatory assessment of tremor validated by 
Braybrook, et al.13 who demonstrated the sensitivity and selectivity of a PTT summary score of ≥0.8% 
was 92.5% and 92.9% respectively in identifying tremor.  
 
Percent Time Immobile (PTI) represents the percentage of time the patient was totally immobile, 
helping to describe sustained immobility, daytime sleep and somnolence. PTI was validated by Kotschet, 
et al.14 who studied daytime sleepiness, a common symptom in patients with PD. They used the PKG to 
detect 2- minute periods of immobility, which had an 85.2% concordance with the detection of sleep by 
ambulatory daytime polysomnography, (p < 0.0001 Chi Squared). High Epworth Sleepiness Scores (ESS) 
were associated with the PTI score (p < 0.01 Mann Whitney U) during the day (between 0900 and 1800 
h). The authors demonstrate immobility is a surrogate marker of daytime sleep in PD, confirmed by 
correlation with known, standard sleep assessments.  
 
The PKG System also provides night time sleep parameters, including sleep quality, insomnia, and 
fragmentation. Quantified measures include: percent time active overnight, percent time inactive 
overnight, percent time immobile overnight, and an overall assessment of sleep quality. Klingelhoefer, 
et al.15 compared PKG data to scales focusing on motor state, sleep and heath related quality of life. PKG 
data was significantly correlated to the Non-Motor Symptoms Questionnaire (NMSQuest) (r = 0.65, p 
<0.001) and Parkinson’s Disease Sleep Scale (PDSS) (r = 0.68, p <0.001). McGregor, et al.16 performed 
simultaneous polysomnography (PSG) and PKG measures and reported PKG scores clearly differentiated 
between normal and abnormal sleepers as determined by the PSG report. The authors also reported 
good correlations of the PKG scores to PDSS. 
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A central problem in the assessment of PD therapies has been that the therapeutic target is insufficiently 
identified. Objective targets establish whether a patient’s measured outcome is within or outside of a 
target range that represents achievement of a better patient outcome.4 Two Movement Disorder 
Specialist (MDS) panels published consensus statements highlighting the rationale for treating to an 
objective target in PD and proposed objective treatment targets based on PKG System information.3,4   

 
Based on these proposed targets, two additional PKG summary scores were developed. Percent Time 
Bradykinesia (PTB) represents the proportion of time the patient exhibits a median BKS ≥26 or when a 
patient is in an “off state”. Khodakarami, et al.17 demonstrated correlation of the PTB to the UPDRS III  
(r = 0.4), UPDRS Total (r = 0.34), and PDQ-39 (r = 0.35) (all p <0.001). Percent Time Dyskinesia (PTD) 
represents the proportion of time the patient exhibits a median DKS ≥10. Khodakarami, et al.17 also 
demonstrated a PTD >20% correlated with longer baseline disease duration, higher baseline levodopa 
equivalent dose, treatment goal of reducing dyskinesia, and higher UPDRS IV.  
 
  

Proposed PKG Target Scores3  
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PKG Outcome Measures – Increased Sensitivity to Detect PD Symptom Changes 
Khodakarami, et al.17 assessed the sensitivity of the 
PKG System median BKS and DKS scores compared 
to the UPDRS and Parkinson’s Disease 
Questionnaire (PDQ-39) in measuring a change in 
PD patient symptoms before and after changes in 
oral medication therapy. Compared with traditional 
measures, the PKG scores demonstrated less 
variation and greater sensitivity to therapeutic 
interventions. Implications for clinical researchers 
include the potential for smaller sample sizes and 
improved ability to identify and quantify 
therapeutic effects. 

Among the options for objective measures, the PKG System is the only technology specifically validated 
for continuous objective clinical measures of PD during the patient’s real-world, activities of daily living. 
The PKG System provides continuous, remote data collection that is passive for the patient, and 
automatically correlates motor activity with medication use and response without reliance on clinician 
observation or patient recall making it an ideal complement to virtual, hybrid or decentralized study 
designs.  

 

For full list of PKG publications, visit: pkgcare.com/healthcare-professionals/clinical-papers.   
 
  

https://pkgcare.com/healthcare-professionals/clinical-papers/
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Design Controls & Regulatory Status 
The PKG System was designed, verified, and validated under stringent design control processes and 
testing practices. These processes are consistent with worldwide current good manufacturing practice 
requirements and quality system requirements defined in 21 CFR Part 820 and ISO 13485. The PKG 
System was designed to provide HIPAA- and GDPR-compliant health information collection and has 
received regulatory clearance as a medical device through the FDA 510(k) pathway in the USA (K140086, 
2014), CE mark in Europe (Class IIa, 2012) and is TGA ARTG listed in Australia (Class IIa, 236583, 2014).  
 
Patient Perspective on PKG Use 
Ten studies18-27 totaling over 1,000 patients assessed the patient’s perspective on PKG use. 91% or more 
of patients found the device to be easy to use and were able to successfully use the system. Three 
studies19,21,25 asked patients whether they would use the PKG Watch again and reported 93-96% of 
patients stated they would. Three studies18,20,21 reported on the PKG Watch’s medication reminder and 
acknowledgement features, and in all studies, patients felt PKG medication reminders assisted with 
taking medication on time. Three studies25-27 reported high patient satisfaction using the PKG System as 
part of remote monitoring in a telehealth setting. 
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• Clinical Trial and Data Analytics Services 
Global Kinetics offer the following services for your virtual, hybrid, decentralized or traditional clinical 
trial. 

 
 

 

 

 

 

 

 

 

• Hardware use and software access
• PKG outputs - individual PKG reports (PDFs) and/or collated data (.csv)

Licensing PKG Technology

• Study design approaches 
• Definition of outcomes and endpoints using objective data
• Subject selection and informed consent considerations
• Site selection considerations
• Statistical analysis plan development

Protocol Design

• Logistics planning 
• Inventory management (devices and support materials)
• Sponsor, clinic, and/or patient technology support
• Patient compliance tracking

Trial Start-Up & Support

• Hardware set-up
• Staff and patient support materials
• Investigator report interpretation

PKG Device & Report Training

• Per-report or per-patient analysis
• Dose or medication response, and longitudinal change
• Insightful subject phenotyping

Report Interpretation

Data Analytics
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Data Analytics Services 
Custom data analysis services include individual patient-level reports or collated data formats, balanced 
subject enrollment/matching (based on PKG), interim analyses, novel algorithm development, 
comparison to real world evidence, annotated reports by MDS experts, and stratification of outcomes 
(e.g., exploring the transition from global bradykinesia to fluctuations in treatment versus placebo arm - 
an improvement that would otherwise be difficult to detect). PKG report packages include the following: 

 Full 
Package 

Standard 
Scores  
(PKG-S) 

Sleep 
Scores  

(PKG-RS) 

% Time Off 
Scores 

(PKG-RO) 

30-min Interval 
Scores  
(PKG-I) 

Dyskinesia Score (DKS) X X    
Bradykinesia Score (BKS) X X    
Fluctuation Score (FDS) X X    
Percent Time Tremor (PTT) X X    
Percent Time Immobile (PTI) X X    
Medication Compliance X X    
Percent Time Active Overnight X  X   
Percent Time Inactive Overnight X  X   
Percent Time Immobile Overnight X  X   
Overall Assessment of Sleep Quality X  X   
Percent Time Bradykinesia (PTB)  X   X  
Percent Time Dyskinesia (PTD) X   X  
Median Bradykinesia X    X 
Median Dyskinesia X    X 

 

Collated Data Files 
Summary scores can also be provided to be easily loaded into a statistical analysis software for easy 
interpretation of PKG endpoints along with other outcomes measured in the clinical trial. 

 
Collated Data File for Standard PKG Scores  
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• PKG System Value in Clinical Trials 
Backed by physician consensus, real-world clinical use and extensive validation, the PKG System is 
uniquely positioned to support clinical evaluation of PD therapies by delivering high-quality, objective 
data throughout the study. Benefits of the PKG System include: 

Robust Measurement  
of PD Motor Activity 

- Objective measures of PD to establish true baseline of PD symptoms 
that supports accurate subject selection and becomes the basis of 
further safety and/or efficacy assessments. 

- Provides additional data to support measures of safety and/or 
efficacy that have traditionally been used in PD clinical trials. 

- Improved detection of therapeutic treatment effects, especially for 
early safety or efficacy assessment of novel therapies.  

- Use of PKG scores to segment subjects enrolled and interpret study 
results in context (e.g., knowing that a higher percentage of patients 
have bradykinesia with wearing off or bradykinesia without wearing 
off may offer some insight into which patients are exhibiting the 
desired treatment effect), supports prognostic or predictive 
enrichment strategies 

Verification and  
Validation Tested 

- Published data demonstrates clinical validation against traditional 
clinical scales, fit-for-purpose meeting V3 biometric evaluation 
recommendations28 and which the company believes would meet 
FDA Drug Development Tool requirements. FDA clearance, CE 
marking, and TGA registration make the PKG System suitable for 
global, multi-center clinical studies. 

- Use of PKG scores with lower variability and higher effect sizes 
compared to traditional clinical outcome assessments may result in a 
smaller overall sample size in comparative studies.  

Reliable Data 
Collection 

- Passive data collection delivers high subject compliance with use 
providing comprehensive data. 

- Delivers statistically reliable and reproducible data without the inter- 
and intra-rater variability seen in traditional rating scales. 

Ease of Use for Study  
Staff and Subjects 

- Can be deployed remotely, minimizes staff time for data collection, 
and reduces protocol-induced office visits. 

- Subject ease of use demonstrated in multiple clinical trials and in 
routine clinical care. 

- PKG data extracts can be merged with other study data, and 
imported into study electronic data capture systems or statistical 
analysis packages.  

 

More than 60,000 PKGs have been used in over 200 clinics across USA, Europe and Asia. More than 70 
clinical trials have been conducting using the PKG. 
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Appendix A  

PKG Indications for Use 

USA (20 Sept 2016) 
The Personal KinetiGraph (PKG) System is intended to quantify kinematics of movement disorder 
symptoms in conditions such as Parkinson’s disease, including tremor, bradykinesia and dyskinesia. It 
includes a medication reminder, an event marker and is intended to monitor activity associated with 
movement during sleep. The device is indicated for use in individuals 46 to 83 years of age. 

Australia (23rd April 2015) / EU/UK (21 Dec 2016) 
The Parkinson’s KinetiGraph (PKG) System is intended to quantify kinematics of movement disorder 
symptoms in conditions such as Parkinson’s disease, including tremor, bradykinesia and dyskinesia. It 
includes a medication reminder, an event marker and is intended to monitor activity associated with 
movement during sleep. 
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