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Parkinson’s disease symptoms are assessed clinically 
with a standardized motor exam (“MDS-UPDRS-III”)
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Parkinson’s disease symptoms are assessed clinically 
with a standardized motor exam (“MDS-UPDRS-III”)

• The MDS-UPDRS-III is reliable and repeatable when scored 
by a specially-trained movement disorders specialist.


• Each item is scored 0, 1, 2, 3, or 4 in escalating order of 
severity.


• The total score is calculated. Subdomains and phenotypes 
(e.g., tremor vs. postural problems) can be calculated.1


• Similar rating scales are used in other disorders. (TETRAS, 
essential tremor; EDSS, multiple sclerosis; TWSTRS, 
cervical dystonia)

1Stebbins et al., Mov Disord 2013
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Parkinson’s disease symptoms are assessed clinically 
with a standardized motor exam (“MDS-UPDRS-III”)

• Weaknesses (my opinion):


• Many patients do not have access to neurologists with 
appropriate training


• Limited specificity in diagnostic settings, in which it is 
sometimes used


• Does not quantify motor behaviors involving multiple 
body parts, that occur in cases like psychogenic tremor



Many disorders (like PSP) can present with 
parkinsonian motor features on MDS-UPDRS-III

• Male, 71 years old


• 2018 ICD-10-CM Diagnosis Code 
G20, Parkinson’s disease


• Duration 10 years


• 450 mg levodopa, 1 mg rasagiline 
daily


• Total OFF motor score 48/132 (SA 
Factor, DO)


• 6 months later: altered diagnosis 
to G23.1, Progressive 
supranuclear ophthalmoplegia 
(PSP; tau accumulation vs. alpha-
synuclein accumulation)


• ≈30% PSP cases confirmed post 
mortem were never correctly 
diagnosed ante mortem1

1Respondek et al., Mov Disord 2014
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MDS-UPDRS-III does not quantify motor 
behaviors involving multiple body parts 

• Examples of psychogenic 
tremor1


• Video 1: distractibility with 
motor tasks. The tremor in the 
hands decreases in amplitude 
when the patient flexes and 
extends the opposite hand. (An 
increase is probably expected 
in PD.)


• Video 5: entrainability. The 
patient has a slow truncal 
tremor that is irregular. When 
she opens and closes her 
hands, the truncal tremor 
entrains to the frequency of the 
hand movements, increasing 
and decreasing in frequency.

1Thenganatt MA, Jankovic J. Psychogenic tremor: A video guide to its distinguishing features. Tremor Other Hyperkinet Mov. 2014; 4. doi: 10.7916/D8FJ2F0Q
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Motion capture has been used previously to 
quantify gait outcomes after therapies like DBS

Bastian, Kelly, Revilla, Perlmutter, Mink, Mov Disord 2003



Perception of whole-body motion is impaired in 
PD – and associated with balance impairments

Bong, McKay, Factor, Ting, Gait and Posture 2019 76:44-50. doi: 10.1016/j.gaitpost.2019.10.029. [Epub ahead of print]
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Markerless motion capture of MDS-UPDRS-III 
motor exam tasks

DeepLabCut: Mathis et al., Nat Neurosci, 2018; analysis courtesy Benjamin Fuhrer; support: LH Ting, NIH K25HD086276
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Comparison of kinematic outcome measures 
collected with and without markers

Martino and Ting, in prep
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Motion analysis laboratory for clinical and 
research use at Emory Movement Disorders Clinic
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Tremulous Freezing

Episode

Curtis Family Fund / Sartain Lanier Family Foundation

Protocol for clinical and 
research use
Timed up and go
Spiral drawing
Rest tremor
Sequential turns
Postural tremor
Hand movements
Other tasks

Custom 60 marker testing 
configuration



Ordering motion analysis for clinical use

• Common procedural terminology (CPT) codes


• CPT 96000: Comprehensive computer-based motion analysis by video-
taping & 3-D kinematics. $333


• CPT 96004: Physician review and interpretation of comprehensive motion 
analysis, dynamic plantar pressure, dynamic surface electromyography & 
dynamic fine wire electromyography, with written report. $397 

• Comparable to CPT 70551: MRI w/o contrast. ≈$700 

• Common indications


• Evaluation for DBS


• Complex presentation

Esper and Factor, personal communication



Clinic case: tremor amplitude evaluation prior 
to functional neurosurgery

Christine Doss Esper, MD



Clinic case: comparison of arm swing in PD to 
reference data

Christine Doss Esper, MD



Outline

1. Parkinson’s disease symptoms are assessed clinically with a 
standardized motor exam (“MDS-UPDRS-III”), which has 
strengths and weaknesses


2. Examples of research studies employing markerless and 
traditional motion capture in conditions including PD


3. Examples of motion capture in clinical use in the Emory 
Movement Disorders Center


4. Progress toward quantification of Freezing of Gait in research and 
clinical settings


5. Closing remarks



Freezing of gait is poorly understood but a 
major contributor to falls in Parkinson’s disease

• “A brief arrest of stepping 
when initiating gait, 
turning, and walking 
straight ahead”1


• ~2nd largest predictor of 
fall risk.2


• “ON” state FoG reported 
by patients (≈38%)3 has 
been called “pseudo-ON” 
or “levodopa-induced”4

Lancet TV – https://www.youtube.com/watch?v=3-wrNhyVTNE

1McKay, Goldstein, Sommerfeld, Bernhard, Perez-Parra, Factor, npj Parkinson’s Disease, 2019; 2Paul et al., Mov Disord 2013 
3Perez-Lloret et al., JAMA Neurol 2014; 4Fasano and Lang, Lancet Neurol 2015



Freezing of gait can persist even in the 
presence of ample levodopa

McKay, Goldstein, Sommerfeld, Bernhard, Perez-Parra, Factor, npj Parkinson’s disease 2019 (accepted). doi:10.1101/667071.
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Quantifying FOG based on amplitude 
thresholding is difficult

Factor, et al., preliminary data courtesy Curtis Family Fund / Sartain Lanier Family Foundation
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• Akinetic vs. tremulous episodes are 
more common in unresponsive freezing.


• Traditional signal processing can 
probably not differentiate akinetic 
episodes from standing still.


• LSTM approaches may help.


• Episodes during straight walking vs. 
turning are more common in 
unresponsive freezing.


• This may provide insight analogous to 
how action vs. postural tremor may 
differentiate essential tremor from PD. 


• Expert annotations boosted with 
crowdsourcing may help.
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We are developing an extensible analysis platform to quantify 
and annotate FOG and other PD features in clinic data

NIH K25HD086276 (McKay), Synergy Award (Ting)

• Web-based 
interface 
(shinyapps.io)


• Integration with 
patient-level data 
via REDCap API


• Persistent HIPAA-
compliant storage 
in AWS

http://shinyapps.io
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Closing remarks

1. Projects using motion capture in movement disorders 
will be more impactful if they are clinical need-led, 
rather than technology-led.


2. Projects should use open source tools for conceptual 
reasons (projects must scale) and practical reasons 
(clinic computers do not run analysis software).


3. Projects should be tolerant to variation in data 
structure (currently ≈2500 kinematic variables for each 
observation of each patient), especially as data 
collection changes over time and across sites.



Thank you!
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