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Abstract 
Background.  
Levodopa pharmacotherapy in Parkinson's disease (PD) produces cyclic variation in motor function through 
alternating ON and OFF medication states. Physiotherapy is recommended across all disease stages, yet whether 
sessions are scheduled during ON or OFF states, or at specific post-dose intervals, may influence both therapeutic 
benefit and safety. The extent to which the timing of dopaminergic medication relative to physiotherapy has been 
reported, implemented, or evaluated in clinical research has not been comprehensively evaluated. 
 
Objective.  
To map and synthesise the available evidence on the scheduling of dopaminergic medications relative to 
physiotherapy and exercise interventions in adults with Parkinson's disease, and to identify evidence gaps that 
warrant further investigation. 
 
Eligibility criteria.  
Studies of any design enrolling adults with idiopathic PD that reported either the medication state (ON/OFF) 
during physiotherapy assessment or the post-dose interval at which exercise was conducted. 
 
Information sources.  
Thirteen electronic databases were searched from inception to 15 February 2026: PubMed/MEDLINE, Embase, 
Scopus, Web of Science, CINAHL, PEDro, SPORTDiscus, Cochrane Library, Epistemonikos, PROSPERO, Open 
Science Framework, INPLASY, and Google Scholar. 
 
Methods.  
The review was conducted in accordance with the Joanna Briggs Institute (JBI) Manual for Evidence Synthesis 
for scoping reviews and reported using the PRISMA Extension for Scoping Reviews (PRISMA-ScR). Evidence 
was synthesised narratively with descriptive analysis, evidence mapping, and thematic synthesis. No meta-
analysis was conducted. 
 
Results.  
Twenty-eight sources were included: seven systematic reviews or meta-analyses, six registered protocols, nine 
primary clinical or pharmacokinetic studies, and six additional sources identified through citation searching 
(1992–2025). Physical exercise did not significantly alter systemic levodopa pharmacokinetics (AUC, Cmax) in 
most participants across three crossover pharmacokinetic studies. Motor pharmacodynamic responses, however, 
differed by disease stage and time post-dose. Biomechanical gait parameters were significantly superior in the ON 
state compared with a standardised OFF state. One study observed improved motor response at 120–150 minutes 
post-dose on exercise days in moderate-stage patients; a second observed significant motor deterioration at 180 
minutes in advanced patients. No study systematically evaluated physiotherapy outcomes at standardised 
sequential post-dose intervals within the same participant cohort. Critical evidence gaps were identified in relation 
to drug formulation, disease stage, biological sex, and reporting standards. 
 
Conclusions.  
Evidence on the scheduling of dopaminergic medication relative to physiotherapy in PD is limited in scope and 
methodologically inconsistent. Available data suggest that medication state influences motor capacity during 
rehabilitation, but the evidence does not yet support precise scheduling recommendations. Standardised reporting 
of medication timing and state verification is a prerequisite for future synthesis. 
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Introduction 
Parkinson's disease is the second most prevalent 
neurodegenerative condition globally, with an 
estimated 7–10 million people affected worldwide 
and a growing incidence associated with population 
ageing.1 The condition arises from progressive 
dopaminergic neurodegeneration within the 
substantia nigra pars compacta, producing the 
cardinal motor features of bradykinesia, rigidity, 
resting tremor, and postural instability.2 A broad 
spectrum of non-motor manifestations — including 
cognitive impairment, autonomic dysfunction, and 
sleep disruption — compounds functional decline 
and reduces quality of life.3 
 
Levodopa, in combination with a peripheral dopa-
decarboxylase inhibitor, remains the most effective 
pharmacological treatment for PD motor 
symptoms.4 With sustained treatment, however, a 
large proportion of patients develop motor 
fluctuations — estimated to affect approximately 
30% of patients at five years and more than 80% at 
ten years.5 These arise from progressive loss of 
striatal dopaminergic buffering capacity, rendering 
the motor response increasingly sensitive to 
oscillating plasma drug concentrations. The 
resulting alternating states — ON, characterised by 
adequate symptom control, and OFF, characterised 
by re-emergence of motor disability — create the 
pharmacodynamic context within which all physical 
rehabilitation is delivered. 
 
Physiotherapy (PT) is recommended across all 
disease stages in major PD guidelines, with evidence 
supporting benefits from a range of modalities 
including gait training, balance rehabilitation, 
resistance exercise, aerobic conditioning, cueing 
strategies, and task-specific training.6 Several 
systematic reviews and meta-analyses have 
strengthened this evidence base. Okada et al. 
reported that long-term physiotherapy (≥6 months) 
significantly reduced motor severity assessed in the 
OFF medication state (standardised mean difference 
[SMD] −0.65, p = 0.001) and reduced levodopa-
equivalent dose (LED; SMD −0.49, p = 0.02) in a 
pooled analysis of ten randomised controlled trials.7 
Bloem and colleagues established Level 1 evidence 
for aerobic exercise improving cardiorespiratory 
fitness in PD.8 
 
Despite these advances, a question with direct 
practical implications has received comparatively 

limited systematic attention: how has the timing of 
dopaminergic medication relative to physiotherapy 
sessions been reported, implemented, and evaluated 
in PD research? The ON and OFF states differ 
substantially in their neurobiological substrate: joint 
range of motion, muscle activation, motor learning 
capacity, fall risk, and the physiological response to 
exercise all vary across the pharmacodynamic 
cycle.9 A small number of pharmacokinetic 
crossover studies have addressed exercise during or 
shortly after levodopa absorption, with complex and 
partly conflicting findings. Muhlack et al. reported 
that moderate-intensity exercise improved the 
pharmacodynamic motor response at 120–150 
minutes post-dose without altering plasma 
pharmacokinetics.10 Figura et al., using a 
comparable design in a more heterogeneous sample, 
found no pharmacokinetic changes across disease 
subgroups but observed significant motor 
deterioration at 180 minutes on exercise days 
specifically in advanced patients.11 These findings 
cannot be directly compared, and neither has been 
replicated in a larger independent trial. 
 
To our knowledge, no published systematic review 
or scoping review has addressed the scheduling of 
dopaminergic medications relative to physiotherapy 
as its primary objective. Several reviews 
acknowledge medication state as a methodological 
consideration, and a small number present outcomes 
separately by ON and OFF state. No review, 
however, systematically maps this evidence across 
post-dose timing intervals, medication formulations, 
exercise modalities, and disease stages within a 
unified framework. Given the heterogeneity of 
available studies and the breadth of the question, a 
scoping review — designed to map the extent and 
nature of available evidence rather than estimate a 
pooled effect — is the most appropriate 
methodology at this stage. This review will also 
determine whether the available evidence warrants 
and would support a future systematic review with 
meta-analysis. 
 
Objectives 
Primary Objective. To systematically map and 
synthesise the evidence on the scheduling of 
dopaminergic medications relative to physiotherapy 
and exercise interventions in adults with Parkinson's 
disease, including documentation of medication 
state (ON/OFF) or post-dose timing intervals at 
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which physiotherapy was conducted or outcomes 
were assessed. 
 
Secondary Objectives. To identify the 
physiotherapy modalities studied in relation to 
medication state; to characterise how disease stage, 
biological sex, and medication formulation are 
reported in relation to medication timing; to describe 
the outcome measures used; and to identify evidence 
gaps warranting further research. 
 
 
Review Questions 
Primary Review Question 
How has the timing of dopaminergic medication 
relative to physiotherapy interventions been 
reported, implemented, and evaluated in adults with 
Parkinson's disease? 
 
Secondary Review Questions 

1. At what post-dose intervals relative to 
dopaminergic medication administration 
has physiotherapy or exercise been 
delivered or assessed in included studies? 

2. Which physiotherapy and exercise 
modalities have been studied in relation to 
ON/OFF medication state or specific post-
dose timing intervals? 

3. How do disease stage, biological sex, and 
medication formulation modulate the 
relationship between medication timing 
and physiotherapy outcomes, as reported in 
included sources? 

4. What outcome measures have been used to 
evaluate the interaction between 
dopaminergic medication state and 
physiotherapy, and how consistently is 
medication state documented at the time of 
outcome assessment? 

5. What pharmacokinetic or 
pharmacodynamic changes have been 
reported in association with exercise 
performed at different intervals relative to 
dopaminergic medication? 

6. What clinical practice recommendations, if 
any, have been provided in the included 
literature regarding the scheduling of 
physiotherapy relative to dopaminergic 
medication administration? 

 
 
Methods 
Study Design 
This scoping review was conducted in accordance 
with the JBI Manual for Evidence Synthesis13 and 
reported using the PRISMA-ScR checklist.14 The 
review followed the five-stage framework of Arksey 
and O'Malley,15 as refined by Levac, Colquhoun, 
and O'Brien.16 The review was not prospectively 
registered. Following completion of the review, the 

protocol and supporting materials were registered on 
the Open Science Framework (OSF) as an Open-
Ended Registration to improve transparency and 
reproducibility (OSF project: https://osf.io/n2qky; 
DOI: 10.17605/OSF.IO/5X27W). This registration 
documents the completed review and should not be 
interpreted as a prospective preregistration. 
 
Population, Concept, and Context Framework 
Eligibility was defined using the JBI Population, 
Concept, and Context (PCC) framework. 
 
Population. Adults (≥18 years) with a confirmed 
clinical diagnosis of idiopathic Parkinson's disease 
at any stage of disease severity. Atypical 
parkinsonian syndromes were excluded owing to 
their distinct pharmacological profiles and disease 
trajectories. 
 
Concept. The temporal scheduling of dopaminergic 
medications (levodopa formulations, dopamine 
agonists, MAO-B inhibitors, COMT inhibitors) 
relative to physiotherapy or structured exercise, 
including specification of ON/OFF medication state, 
post-dose timing intervals, wearing-off, peak-dose 
windows, and continuous infusion therapy. 
 
Context. Any clinical or research setting in which 
physiotherapy or structured exercise was delivered 
to adults with PD, regardless of country, healthcare 
system, or delivery modality (in-person, 
telerehabilitation, home-based). 
 
Eligibility Criteria 
Inclusion Criteria 

• Adults (≥18 years) with a confirmed 
diagnosis of idiopathic Parkinson's disease 
at any H&Y stage. 

• Studies reported on the temporal 
scheduling of dopaminergic medication 
relative to physiotherapy or exercise, 
including specification of ON/OFF 
medication state, post-dose timing 
intervals, wearing-off, peak-dose periods, 
or continuous infusion therapy. 

• Any clinical or research setting. 
• Any study design, including randomised 

and non-randomised controlled trials, 
crossover studies, prospective and 
retrospective cohort studies, case series 
(n≥5), observational studies, systematic 
reviews, scoping reviews, pharmacokinetic 
studies, registered protocols, and clinical 
practice guidelines. 

• No restriction on publication date. 
• No language restriction at identification or 

title/abstract screening stages; full-text 
review was conducted in English or with a 
verified translation. 
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Exclusion Criteria 
• Atypical parkinsonian syndromes 

(multiple system atrophy, progressive 
supranuclear palsy, dementia with Lewy 
bodies, corticobasal syndrome). 

• Studies evaluating exercise or 
dopaminergic medication in isolation, with 
no reporting of temporal coordination or 
medication state during physiotherapy. 

• Studies exclusively enrolling paediatric 
populations (<18 years) or animal models. 

• Single case reports (n = 1). 
• Conference abstracts containing 

insufficient methodological information 
for data charting. 

 
Information Sources 
The following databases were searched: 
PubMed/MEDLINE, Embase, Scopus, Web of 
Science, CINAHL, PEDro, SPORTDiscus, 
Cochrane Library, Epistemonikos, PROSPERO, 
Open Science Framework (OSF), INPLASY, and 
Google Scholar. ClinicalTrials.gov and the WHO 
International Clinical Trials Registry Platform were 
additionally searched for ongoing or unpublished 
trials. All databases were searched from inception to 
15 February 2026. 
 
Search Strategy 
A three-domain Boolean search strategy was 
developed in collaboration with a medical librarian. 
Domain 1 addressed the population (PD 
terminology); Domain 2 addressed the concept 
(dopaminergic medication, timing, and 
pharmacokinetic terms); Domain 3 addressed the 
context (physiotherapy and exercise terminology). 
MeSH terms (PubMed), Emtree terms (Embase), 
and free-text keywords with truncation, phrase 
searching, and proximity operators were applied. 
The complete PubMed search string is provided in 
Appendix A. Adapted strategies for Embase and 
Scopus are also appended. Forward and backward 
citation searching was performed for all included 
primary studies. 
 
Study Selection 
All records were imported into a reference 
management platform and deduplicated. Screening 
proceeded in two sequential phases. In Phase 1, two 
independent reviewers (F.M.P. and A.S.) assessed 
all records at the title and abstract level against the 
PCC eligibility criteria. Records were excluded only 
where it was unambiguous that eligibility criteria 
were not met. Disagreements were resolved through 
discussion, with adjudication by a third reviewer 
where necessary. In Phase 2, full-text articles for 
records passing Phase 1 were independently 
assessed by the same two reviewers using a 
standardised eligibility form. Reasons for exclusion 
at the full-text stage were documented for all 

records. A PRISMA-ScR flow diagram (Figure 1) 
was constructed to present the screening process 
using the actual numerical yield from each phase. 
 
Data Charting 
A standardised JBI data-charting form (Appendix C) 
was developed a priori and piloted on five sources 
before application to the full corpus. The form 
captured: bibliographic details and study 
registration; population characteristics; medication 
name, formulation, dose, and LED; medication 
timing (ON/OFF state specification, post-dose 
interval in minutes, method of state verification, 
peak-dose or wearing-off specification); 
physiotherapy intervention details; outcome 
measures and medication state at the time of 
assessment; main reported findings; author-
identified knowledge gaps; and reviewer comments. 
Data were extracted by F.M.P. (second author) and 
independently verified by A.S. (first author). 
Discrepancies were resolved through consensus 
discussion. 
 
Data Synthesis 
Consistent with JBI guidance for scoping reviews, 
no meta-analysis was conducted. Evidence was 
synthesised through: (1) descriptive summary of 
source characteristics; (2) a two-dimensional 
evidence map plotting medication timing categories 
against physiotherapy intervention types (Table 5); 
(3) inductive thematic synthesis to identify recurring 
cross-cutting themes; and (4) a conceptual summary 
of the relationship between IR levodopa 
pharmacokinetics and reported physiotherapy 
scheduling, drawing on pharmacokinetic data from 
included primary studies. 
 
Methodological Quality Appraisal 
In accordance with JBI guidance for scoping 
reviews, formal methodological quality appraisal 
was not conducted as a prerequisite for inclusion or 
exclusion. The purpose of this review is to map the 
extent and nature of available evidence. 
Methodological limitations of individual sources 
were documented during data charting and reported 
narratively. 
 
Protocol Registration and Ethics 
This review was not prospectively registered. 
Following completion of the review, the protocol 
and supporting materials were registered on OSF as 
an Open-Ended Registration to enhance 
transparency and reproducibility 
(https://osf.io/n2qky; DOI: 
10.17605/OSF.IO/5X27W). Ethical approval was 
not required, as this review synthesises published 
and registered literature and involves no primary 
data collection from human participants. 
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Results 
Study Selection 
The systematic search across 13 databases and two 
clinical trial registries yielded 3,248 records. An 
additional 18 records were identified through other 
sources (forward and backward citation searching of 
primary studies). Following removal of 303 
duplicate records, 2,945 unique records were 
screened at the title and abstract level. Of these, 
2,862 were excluded on the basis of title and abstract 
review. Eighty-three records proceeded to full-text 
assessment for eligibility, of which 55 were 
excluded: 20 did not enrol the correct population; 11 
did not address the concept of medication timing 
relative to physiotherapy; eight did not report 
relevant outcomes; six were narrative review articles 
without primary data; four were conference 
abstracts lacking sufficient methodological 
information; three were registered protocols without 
reportable results; and three could not be retrieved 
in full text. Twenty-eight sources met all eligibility 
criteria and are included in this synthesis. The 
screening process is presented in Figure 1 
(PRISMA-ScR flow diagram). 
 

 
Figure 1. PRISMA 2020 flow diagram illustrating 
the search and selection process of eligible studies 
included in the scoping review. All databases were 
searched from inception to 15 February 2026. 
 
Characteristics of Included Sources 
The 28 included sources comprised seven 
systematic reviews or meta-analyses, six registered 

protocols (PROSPERO, OSF, and INPLASY 
registrations), nine primary clinical or 
pharmacokinetic studies, and six additional sources 
identified through citation searching. Studies 
originated from Germany (n = 3), Japan (n = 2), Italy 
(n = 1), the Netherlands (n = 1), the USA (n = 1), 
China (n = 1), and India/USA (n = 1); three 
registered protocols did not specify a single country 
of origin. Publication dates ranged from 1992 to 
2025. Across the nine primary clinical or 
pharmacokinetic studies, sample sizes in individual 
studies ranged from 10 to 663 participants, with 
mean ages from 58.6 to 67.4 years. Disease severity 
spanned H&Y stages 1–4 in primary studies; H&Y 
4–5 was represented only in one registered protocol. 
Detailed source characteristics are presented in 
Table 1. 
 
Primary clinical and pharmacokinetic studies (n 
= 9).  
Three primary studies addressed pharmacokinetic 
and pharmacodynamic interactions between 
exercise and levodopa. Figura et al. (2024) 
conducted a two-day randomised crossover trial in 
29 participants across three predefined subgroups: 
levodopa-naïve patients with PD (LNPD; n = 12), 
advanced patients with established wearing-off 
(APD; n = 10), and healthy controls (n = 7). 
Participants received soluble levodopa/benserazide 
200/50 mg; on exercise days, spinning cycle 
ergometry was initiated immediately post-dose. 
Primary endpoints included serial plasma 
pharmacokinetic parameters and UPDRS-III 
assessed at scheduled time points up to 180 minutes. 
Muhlack et al. (2007) used a comparable two-day 
crossover design in 10 participants, with cycle 
ergometry at aerobic threshold immediately post-
dose and serial UPDRS-III assessments at 30-
minute intervals. Nutt et al. (1992) randomised 10 
participants to cycle ergometry versus physical rest 
during the absorption phase, with serial plasma 
levodopa sampling as the primary outcome. 
 
Shida et al. (2024) evaluated gait biomechanics in 
22 participants using 3D motion capture (44 
reflective markers, 12 cameras, 150 Hz) comparing 
standardised ON (1 hour post-dose) and OFF (≥12-
hour withdrawal) states during overground walking 
at self-selected speed. Contin et al. (2022) conducted 
a two-year multicentre prospective cohort study in 
28 levodopa-naïve patients with serial 
pharmacokinetic sampling and standardised clinical 
assessment, stratified by biological sex as a pre-
specified variable. Okada et al. (2021) synthesised 
10 RCTs (663 participants) evaluating long-term 
physiotherapy versus usual care. 
 
Systematic reviews and meta-analyses (n = 6).  
Beyond Okada et al. (2021), five additional 
systematic reviews were included. Bloem and 
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Radboud UMC (2020) reviewed aerobic exercise 
evidence in PD, explicitly restricting motor outcome 
assessment to the OFF state to standardise 
measurement and avoid pharmacological 
confounding. Krieg et al. (2025) examined 
attentional focus strategies across ON and OFF 
states in nine primary studies. Li and Hu (2025) and 
Srinivas et al. (2024) reported exercise outcomes 
without specifying medication state in their 
syntheses. The Self-Management Review Group 
(2022) addressed self-management programmes 
without addressing temporal scheduling. 
 
Registered protocols (n = 3).  
Three registered protocols were identified: 
PROSPERO CRD420251022480 (scoping review 
of physiotherapy in advanced PD, H&Y 4–5, with 
ON/OFF state accepted but not as primary focus); 
PROSPERO CRD42020206939 (systematic review 
of long-term physiotherapy for motor-symptom 
prevention, with ON/OFF subgroup analysis 
planned); and OSF.IO/ZVPX5 (scoping review of 
telerehabilitation-based physiotherapy with no 
medication scheduling outcome specified). 
 
Table 1 
Characteristics of Included Sources (n = 28) 
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Repo
rted 
Timi
ng 

thes
is 

sivel
y in 
OFF-
medi
catio
n 
state 

Krieg 
et al. 
(2025
) 

Ger
ma
ny / 
Aus
tria 

Sys
tem
atic 
revi
ew 
(9 
pri
mar
y 
stu
dies
) 

2
4
0 

~
6
4 
(
N
R
) 

1
–
4 

Varie
d 
dopa
miner
gic 
regim
ens 

Bala
nce, 
gait, 
moto
r 
learn
ing: 
exter
nal 
vs. 
inter
nal 
attent
ional 
focus
; 
outco
mes 
repor
ted 
by 
medi
catio
n 
state 
(ON 
and 
OFF) 

Li & 
Hu 
(2025
) 

Chi
na 

Sys
tem
atic 
revi
ew 
and 

N
R 

~
6
6 
(
N

1
–
4 

Varie
d 

Exer
cise 
for 
sleep 
quali
ty 
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First 
Auth
or 
(Yea
r) 

Co
unt
ry 

Stu
dy 
Des
ign 

n 

M
e
a
n 
A
g
e 
(
S
D
), 
Y
e
a
r
s 

H
&
Y 
S
t
a
g
e 

Dopa
miner
gic 
Medic
ation 

PT 
Inter
venti
on 
and 
Repo
rted 
Timi
ng 

met
a-
ana
lysi
s 

R
) 

and 
physi
cal 
funct
ion; 
medi
catio
n 
state 
not 
repor
ted 

Srini
vas et 
al. 
(2024
) 

Indi
a / 
US
A 

Sys
tem
atic 
revi
ew 
(19 
stu
dies
) 

1
,
0
8
0 

~
6
4 
(
N
R
) 

1
–
4 

Varie
d 
(medi
cation 
remin
der 
apps) 

Mobi
le 
appli
catio
ns 
for 
self-
mana
geme
nt; 
medi
catio
n 
adher
ence, 
not 
exerc
ise 
timin
g 

Self-
Mana
geme
nt 
Revie
w 
Grou
p 

Mu
ltin
atio
nal 

Sys
tem
atic 
revi
ew 
(qu
anti
tati
ve 

N
R 

N
R 

1
–
4 

Varie
d 

Self-
mana
geme
nt 
progr
amm
es; 
physi
cal 

First 
Auth
or 
(Yea
r) 

Co
unt
ry 

Stu
dy 
Des
ign 

n 

M
e
a
n 
A
g
e 
(
S
D
), 
Y
e
a
r
s 

H
&
Y 
S
t
a
g
e 

Dopa
miner
gic 
Medic
ation 

PT 
Inter
venti
on 
and 
Repo
rted 
Timi
ng 

(2022
) 

stu
dies
) 

funct
ion 
and 
quali
ty-
of-
life 
outco
mes; 
medi
catio
n 
state 
not 
repor
ted 

PRO
SPER
O 
CRD
4202
5102
2480 

Inte
rnat
ion
al 

Reg
iste
red 
sco
pin
g 
revi
ew 
prot
oco
l 

N
/
A 

N
/
A 

4
–
5 

Not 
specifi
ed 

Physi
cal 
thera
py in 
adva
nced 
PD; 
ON/
OFF 
state 
inclu
ded 
but 
not 
prim
ary 
focus 

PRO
SPER
O 
CRD
4202
0206
939 

Jap
an 

Reg
iste
red 
syst
em
atic 
revi
ew 

N
/
A 

N
/
A 

1
–
3 

Not 
specifi
ed 

Long
-term 
PT 
(≥6 
mont
hs) 
for 
moto
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First 
Auth
or 
(Yea
r) 

Co
unt
ry 

Stu
dy 
Des
ign 

n 

M
e
a
n 
A
g
e 
(
S
D
), 
Y
e
a
r
s 

H
&
Y 
S
t
a
g
e 

Dopa
miner
gic 
Medic
ation 

PT 
Inter
venti
on 
and 
Repo
rted 
Timi
ng 

prot
oco
l 

r-
symp
tom 
preve
ntion
; 
ON/
OFF 
subgr
oup 
analy
sis 
plann
ed 

OSF.
IO/Z
VPX
5 

Inte
rnat
ion
al 

Reg
iste
red 
sco
pin
g 
revi
ew 
prot
oco
l 

N
/
A 

N
/
A 

A
ll 
st
a
g
e
s 

Not 
specifi
ed 

Teler
ehabi
litati
on-
base
d PT; 
no 
medi
catio
n 
sche
dulin
g 
outco
me 
speci
fied 

Note. H&Y, Hoehn and Yahr scale; IR, immediate-
release; DDCI, dopa-decarboxylase inhibitor; NR, 
not reported; PK, pharmacokinetics; RCT, 
randomised controlled trial; PT, physiotherapy; 
UPDRS, Unified Parkinson's Disease Rating Scale; 
ADL, activities of daily living. 
 
Medication Scheduling: Reported Timing 
Contexts 
Eleven distinct medication scheduling contexts were 
identified across the 28 included sources (Table 2). 

The majority of scheduling information derived 
from the three primary pharmacokinetic studies, 
which together characterised the pharmacodynamic 
landscape across the post-dose time course of IR 
levodopa. Okada et al. and Bloem and Radboud 
UMC specified ON and OFF states as their relevant 
scheduling contexts; the remaining systematic 
reviews provided limited or no medication state 
information. 
 
Across the three primary pharmacokinetic studies, 
systemic levodopa exposure (AUC and Cmax) was 
not significantly altered by moderate-intensity 
exercise compared with rest in any patient subgroup 
(Figura et al., 2024; Muhlack et al., 2007; Nutt et al., 
1992). Mean residence time was, however, 
significantly shorter on exercise days in the LNPD 
subgroup (145.5 ± 50.8 vs. 168.9 ± 48.3 minutes, p 
= 0.026; Figura et al., 2024). The direction of 
absorption change during exercise was inconsistent 
across individuals in one study, with exercise 
delaying absorption in five participants, accelerating 
it in three, and producing no change in two (Nutt et 
al., 1992). These findings collectively suggest that 
exercise does not meaningfully alter systemic 
levodopa pharmacokinetics in most patients but may 
exert individual-level effects on absorption 
dynamics. 
 
Pharmacodynamic responses diverged by disease 
stage and time post-dose. Muhlack et al. (2007) 
reported a statistically significant improvement in 
UPDRS-III at 120–150 minutes on exercise days 
compared with rest days in moderate-stage patients, 
with no corresponding pharmacokinetic difference. 
Figura et al. (2024) observed the opposite in the 
APD subgroup: UPDRS-III was significantly worse 
at 180 minutes on exercise days compared with rest 
days (20.9 ± 6.1 vs. 14.5 ± 5.5, p = 0.04), while 
pharmacokinetic parameters remained unchanged. 
No study designed to evaluate physiotherapy 
outcomes at standardised sequential post-dose 
intervals within the same participant cohort was 
identified. 
 
Shida et al. (2024) provided kinematic evidence that 
gait parameters measured via 3D motion capture — 
including stride length, arm swing, and swing-phase 
acceleration — were all significantly superior in the 
ON state (1 hour post-dose) compared with the OFF 
state (≥12-hour withdrawal), with all differences 
reaching statistical significance (p<0.001 for all 
principal movement components). 
 
Table 2 
Reported Medication Scheduling Contexts Across 
Included Sources (n = 28) 



Timing of Dopaminergic Medication Relative to Physiotherapy Delivery in Adults with Parkinson's Disease: A 
Scoping Review 

 

 IJDDT Volume 16 Issue 67s 2026 Page: 703 

Timin
g 
Categ
ory 

Post-
Dose 
Interva
l (min) 

Pharmac
okinetic 
Phase 
(IR 
Levodop
a) 

Obser
ved 
Moto
r 
State 

Eviden
ce 
Source 
and 
Report
ed 
Findin
g 

Immed
iate 
post-
dose 

0 Gastric 
transit; 
presyste
mic 
decarbox
ylation; 
plasma 
rise 
beginnin
g 

Pre-
ON / 
transit
ional 

Nutt et 
al. 
(1992): 
exercis
e 
during 
absorpt
ion 
produc
ed 
directi
onally 
inconsi
stent 
effects 
on 
absorpt
ion 
kinetic
s 
across 
individ
ual 
patient
s (5 
delaye
d, 3 
acceler
ated, 2 
unchan
ged). 
Figura 
et al. 
(2024): 
AUC 
and 
Cmax 
unchan
ged; 
MRT 
shorten
ed in 
LNPD 
on 
exercis
e day 
vs. rest 
day 
(145.5 
± 50.8 
vs. 

Timin
g 
Categ
ory 

Post-
Dose 
Interva
l (min) 

Pharmac
okinetic 
Phase 
(IR 
Levodop
a) 

Obser
ved 
Moto
r 
State 

Eviden
ce 
Source 
and 
Report
ed 
Findin
g 

168.9 ± 
48.3 
min, p 
= 
0.026). 

Early 
absorpt
ion 

~15–30 Rising 
plasma 
concentra
tion; 
bioavaila
bility 
increasin
g 

Transi
tional 
/ early 
ON 

No 
primar
y study 
identifi
ed. 
Early 
absorpt
ion 
phase 
not 
evaluat
ed in 
any 
include
d study 
as a 
schedu
led PT 
time 
point. 

Appro
aching 
Cmax 

~45 Near-
peak 
concentra
tion (IR 
formulati
ons) 

Early-
to-full 
ON 

Figura 
et al. 
(2024); 
Shida 
et al. 
(2024): 
stride 
length, 
arm 
swing, 
and 
swing-
phase 
acceler
ation 
describ
ed as 
signific
antly 
superio
r vs. 
OFF 
state at 
1 h 
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Timin
g 
Categ
ory 

Post-
Dose 
Interva
l (min) 

Pharmac
okinetic 
Phase 
(IR 
Levodop
a) 

Obser
ved 
Moto
r 
State 

Eviden
ce 
Source 
and 
Report
ed 
Findin
g 

post-
dose. 

Peak 
concen
tration 
plateau 

~60 Cmax; 
full 
dopamin
ergic 
effect 

Full 
ON 
(clinic
al) 

Shida 
et al. 
(2024): 
all gait 
kinema
tic 
parame
ters 
signific
antly 
superio
r vs. 
OFF (p 
< 0.001 
for all 
princip
al 
movem
ent 
compo
nents). 
Krieg 
et al. 
(2025): 
outcom
es 
reporte
d 
across 
ON/OF
F 
states. 

Early 
clearan
ce 

~90 Terminal 
half-life 
threshold 
(IR) 

Full-
to-late 
ON 

Contin 
et al. 
(2022): 
peak-
dose 
dyskin
esia 
reporte
d at 2 
years 
in 20% 
of 
female 
partici
pants 

Timin
g 
Categ
ory 

Post-
Dose 
Interva
l (min) 

Pharmac
okinetic 
Phase 
(IR 
Levodop
a) 

Obser
ved 
Moto
r 
State 

Eviden
ce 
Source 
and 
Report
ed 
Findin
g 

vs. 0% 
of male 
partici
pants; 
exercis
e 
during 
active 
dyskin
esia 
was 
not 
specifi
cally 
studied
. 

Late 
clearan
ce 

~120–
150 

Declinin
g plasma; 
approach
ing 
wearing-
off 
threshold 

Late 
ON / 
early 
weari
ng-off 

Muhla
ck et al. 
(2007): 
motor 
respon
se 
(UPDR
S-III) 
was 
improv
ed at 
120–
150 
min on 
exercis
e vs. 
rest 
day 
(exact 
values 
NR; 
reporte
d as 
statisti
cally 
signific
ant). 
Figura 
et al. 
(2024): 
APD 
subgro
up 
showe
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Timin
g 
Categ
ory 

Post-
Dose 
Interva
l (min) 

Pharmac
okinetic 
Phase 
(IR 
Levodop
a) 

Obser
ved 
Moto
r 
State 

Eviden
ce 
Source 
and 
Report
ed 
Findin
g 

d 
signific
antly 
worse 
UPDR
S-III at 
180 
min on 
exercis
e day 
vs. rest 
day 
(20.9 ± 
6.1 vs. 
14.5 ± 
5.5, p = 
0.04). 

ON 
state 
(clinic
al 
definiti
on) 

Clinicia
n-
/patient
-
defined 

Peak 
therapeut
ic 
window 

Adeq
uate 
sympt
om 
contro
l 

Okada 
et al. 
(2021); 
Shida 
et al. 
(2024); 
Krieg 
et al. 
(2025): 
used as 
standar
d 
assess
ment 
and 
trainin
g 
context 
across 
multipl
e 
modali
ties. 

OFF 
state 
(clinic
al 
definiti
on) 

Pre-
dose or 
≥12 h 
withdra
wal 

Sub-
therapeut
ic 
levodopa 
concentra
tion 

Motor 
disabi
lity 
re-
emerg
ent 

Okada 
et al. 
(2021): 
UPDR
S-III 
signific
antly 
improv
ed after 

Timin
g 
Categ
ory 

Post-
Dose 
Interva
l (min) 

Pharmac
okinetic 
Phase 
(IR 
Levodop
a) 

Obser
ved 
Moto
r 
State 

Eviden
ce 
Source 
and 
Report
ed 
Findin
g 

long-
term 
PT 
when 
assesse
d in 
OFF 
state 
(SMD 
−0.65, 
exact 
CI NR, 
p = 
0.001). 
Bloem 
& 
Radbo
ud 
UMC 
(2020): 
aerobic 
exercis
e 
outcom
es 
assesse
d in 
OFF 
state to 
standar
dise 
measur
ement. 

Wearin
g-off 
(end-
of-
dose) 

Variabl
e; end-
of-dose 

Pre-dose 
depletion 

Re-
emerg
ing 
motor 
featur
es 

No 
primar
y PT 
timing 
study 
identifi
ed. 
Mentio
ned 
descrip
tively 
in 
Figura 
et al. 
(2024) 
APD 
subgro
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Timin
g 
Categ
ory 

Post-
Dose 
Interva
l (min) 

Pharmac
okinetic 
Phase 
(IR 
Levodop
a) 

Obser
ved 
Moto
r 
State 

Eviden
ce 
Source 
and 
Report
ed 
Findin
g 

up 
context
. 

Peak-
dose 
dyskin
esia 

~45–90 
(in 
patients 
with 
establis
hed 
motor 
compli
cations) 

Maximu
m bio-
effect; 
receptor 
hypersti
mulation 

Dyski
netic 
ON 

Contin 
et al. 
(2022): 
dyskin
esia 
inciden
ce at 2 
years 
— 
20% 
female 
vs. 0% 
male. 
Exercis
e 
during 
active 
dyskin
esia 
not 
directl
y 
evaluat
ed in 
any 
include
d 
study. 

Contin
uous 
dopam
inergic 
therap
y 

Contin
uous 
(LCIG 
or SC 
infusio
n) 

Non-
pulsatile; 
stable 
plasma 
concentra
tion 

Stable
; 
motor 
fluctu
ations 
elimin
ated 

No 
formal 
PT 
timing 
study 
identifi
ed. 
Identifi
ed as 
an 
eviden
ce gap 
across 
all 
include
d 
sources
. 

Note. IR, immediate-release; AUC, area under the 
concentration-time curve; Cmax, maximum plasma 
concentration; MRT, mean residence time; LNPD, 
levodopa-naïve PD; APD, advanced PD with 
wearing-off; UPDRS, Unified Parkinson's Disease 
Rating Scale; LCIG, levodopa-carbidopa intestinal 
gel; SC, subcutaneous; NR, not reported; PT, 
physiotherapy. 
 
Physiotherapy Interventions and Medication 
State 
Eleven physiotherapy and exercise modality 
categories were identified across the included 
sources (Table 3). Evidence relating medication 
state to physiotherapy was most directly reported for 
aerobic exercise and gait training. For balance 
rehabilitation and resistance exercise, evidence 
derived primarily from systematic reviews in which 
medication state at individual sessions was not 
consistently documented. For all other modalities — 
LSVT BIG, task-oriented training, dual-task 
training, motor learning, and home-based 
physiotherapy — no dedicated medication timing 
study was identified within the corpus. 
 
For aerobic exercise, two pharmacokinetic 
crossover studies provided direct but contrasting 
data (Tables 2 and 3). Muhlack et al. (2007) reported 
improved pharmacodynamic motor response at 
120–150 minutes post-dose on exercise days. Figura 
et al. (2024) observed no overall pharmacokinetic 
difference but significant motor deterioration in the 
APD subgroup at 180 minutes on exercise days. 
Bloem and Radboud UMC (2020) restricted their 
aerobic exercise meta-analysis to OFF-state 
outcome assessment, reporting Level 1 evidence for 
improvement in VO₂max without attributing the 
benefit to any particular scheduling approach. 
 
For gait training, Shida et al. (2024) provided direct 
kinematic data confirming that gait was significantly 
superior in the ON state across all measured 
parameters (p<0.001). Okada et al. (2021) identified 
gait improvements as part of a broader long-term 
physiotherapy meta-analysis but did not report 
medication state consistently at individual sessions. 
 
Cueing strategies (visual, auditory, somatosensory) 
were characterised across the included literature as 
compensatory interventions designed to bypass 
basal ganglia loop deficits, and their relevance was 
described as greatest during OFF state and wearing-
off periods. Krieg et al. (2025) reported motor 
performance outcomes across ON and OFF states 
for attentional focus strategies, finding no 
significant advantage of either strategy in either 
medication state. 
 
Table 3 
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Physiotherapy Modalities and Medication State 
Evidence From Included Sources 

PT 
Modal
ity 

Represe
ntative 
Techni
ques 

Propos
ed 
Neuro
motor 
Target 

Medica
tion 
State 
Report
ed or 
Recom
mende
d 

Evide
nce 
From 
Includ
ed 
Sourc
es 

Gait 
trainin
g 

Overgro
und 
walking
; stride-
length 
and 
symmet
ry drills; 
backwar
d 
walking 

SMA-
mediate
d 
recipro
cal 
coordin
ation; 
step 
scaling 

ON 
state 

Shida 
et al. 
(2024)
: ON 
state 
associ
ated 
with 
signifi
cantly 
greater 
stride 
length, 
arm 
swing, 
and 
swing-
phase 
acceler
ation 
vs. 
OFF (p 
< 
0.001, 
all 
compo
nents). 
Okada 
et al. 
(2021)
: gait 
outco
mes 
impro
ved 
after 
long-
term 
PT. 

Tread
mill 
trainin
g 

HIIT 
treadmil
l; 
backwar
d 
walking
; body-
weight 
support 

Cerebel
lar 
velocity 
adaptati
on; 
CPG 
rhythm 
entrain
ment 

ON 
state 

Bloem 
& 
Radbo
ud 
UMC 
(2020)
: Level 
1 
eviden

PT 
Modal
ity 

Represe
ntative 
Techni
ques 

Propos
ed 
Neuro
motor 
Target 

Medica
tion 
State 
Report
ed or 
Recom
mende
d 

Evide
nce 
From 
Includ
ed 
Sourc
es 

ce 
descri
bed for 
aerobi
c 
treadm
ill 
impro
ving 
VO₂m
ax; 
outco
mes 
assess
ed in 
OFF 
state to 
standa
rdise 
measu
rement
. 

Cueing 
strateg
ies 

Visual 
floor 
markers
/laser; 
auditory 
metrono
me; 
rhythmi
c music; 
somatos
ensory 
vibratio
n 

Premot
or 
cortical 
compen
sation 
for 
basal 
ganglia 
loop 
deficit 

OFF 
state 
and 
wearing
-off 
(compe
nsatory 
use) 

Krieg 
et al. 
(2025)
: 
attenti
onal 
focus 
strateg
ies 
evalua
ted 
across 
ON 
and 
OFF 
states; 
neither 
focus 
type 
identif
ied as 
superi
or for 
balanc
e, gait, 
or 
motor 
severit
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PT 
Modal
ity 

Represe
ntative 
Techni
ques 

Propos
ed 
Neuro
motor 
Target 

Medica
tion 
State 
Report
ed or 
Recom
mende
d 

Evide
nce 
From 
Includ
ed 
Sourc
es 

y in 
either 
state. 

Balanc
e 
rehabil
itation 

Dynami
c weight 
shifting; 
single-
leg 
stance; 
perturba
tion 
training; 
Tai Chi 

Postura
l 
control; 
vestibul
ar 
integrat
ion; 
reactive 
steppin
g 

ON 
state 
preferre
d; OFF 
used for 
axial 
assessm
ent 

Okada 
et al. 
(2021)
: 
balanc
e 
outco
mes 
impro
ved 
after 
long-
term 
PT. 
Krieg 
et al. 
(2025)
: 
balanc
e 
outco
mes 
reporte
d 
across 
ON 
and 
OFF 
states; 
no 
signifi
cant 
attenti
onal 
focus 
interac
tion. 

Progre
ssive 
resista
nce 
exercis
e 

High-
intensity 
PRE; 
eccentri
c 
resistan
ce 
(RENE
W 

Neuro
muscul
ar 
recruit
ment; 
force 
develop
ment 

ON 
state 

Okada 
et al. 
(2021)
: 
resista
nce 
trainin
g 
within 

PT 
Modal
ity 

Represe
ntative 
Techni
ques 

Propos
ed 
Neuro
motor 
Target 

Medica
tion 
State 
Report
ed or 
Recom
mende
d 

Evide
nce 
From 
Includ
ed 
Sourc
es 

protocol
) 

long-
term 
PT 
associ
ated 
with 
reduce
d LED 
at 
follow
-up 
(SMD 
−0.49, 
p = 
0.02). 
No 
dedica
ted 
medic
ation 
timing 
study 
identif
ied. 

Aerobi
c 
exercis
e 

Cycle 
ergomet
ry; 
treadmil
l; HIIT; 
dance 
aerobics 

Cardiov
ascular 
fitness; 
BDNF-
related 
neuropr
otective 
mechan
isms 
(propos
ed) 

ON 
state for 
training
; OFF 
state for 
standar
dised 
outcom
e 
assessm
ent 

Muhla
ck et 
al. 
(2007)
: 
impro
ved 
UPDR
S-III at 
120–
150 
min 
post-
dose 
on 
exercis
e day 
vs. rest 
day. 
Figura 
et al. 
(2024)
: no 
PK 
differe
nce; 
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PT 
Modal
ity 

Represe
ntative 
Techni
ques 

Propos
ed 
Neuro
motor 
Target 

Medica
tion 
State 
Report
ed or 
Recom
mende
d 

Evide
nce 
From 
Includ
ed 
Sourc
es 

APD 
subgro
up 
UPDR
S-III 
worse 
at 180 
min on 
exercis
e day. 
Bloem 
& 
Radbo
ud 
UMC 
(2020)
: 
VO₂m
ax 
impro
ved 
when 
assess
ed in 
OFF 
state. 

LSVT 
BIG 

Maximu
m-
amplitu
de 
moveme
nts; 
4×1-h 
sessions 
per 
week × 
4 weeks 

Sensory
-motor 
amplitu
de 
recalibr
ation 

ON 
state 
(conven
tional 
practice
) 

No 
dedica
ted 
medic
ation 
timing 
study 
identif
ied in 
this 
corpus
. 

Task-
oriente
d 
trainin
g 

Sit-to-
stand; 
bed 
mobility
; object 
manipul
ation; 
stair 
negotiat
ion 

ADL 
task 
mastery
; 
functio
nal 
indepen
dence 

ON 
state 
(describ
ed in 
include
d 
reviews
) 

Indirec
t 
suppor
t from 
Okada 
et al. 
(2021) 
long-
term 
PT 
outco

PT 
Modal
ity 

Represe
ntative 
Techni
ques 

Propos
ed 
Neuro
motor 
Target 

Medica
tion 
State 
Report
ed or 
Recom
mende
d 

Evide
nce 
From 
Includ
ed 
Sourc
es 

mes; 
no 
timing
-
specifi
c 
primar
y 
study. 

Dual-
task 
rehabil
itation 

Walking 
with 
serial 
subtracti
on; 
motor-
cognitiv
e tasks 

Executi
ve 
control; 
attentio
nal 
resourc
e 
allocati
on 

ON 
state 
(dopam
inergic 
depend
ence of 
PFC 
functio
n noted) 

Krieg 
et al. 
(2025)
: cross-
state 
motor-
cogniti
ve data 
periph
eral to 
dual-
task 
specifi
cally; 
no 
timing
-
specifi
c study 
identif
ied. 

Motor 
learnin
g 

De novo 
skill 
acquisiti
on; 
sequenc
e 
tracking
; 
bimanua
l 
coordin
ation 

Striatal 
LTP; 
cerebell
ar-
cortical 
plasticit
y 

ON 
state 

Krieg 
et al. 
(2025)
: motor 
learnin
g 
outco
mes 
exami
ned 
across 
medic
ation 
states. 
No 
primar
y 
timing 
study 
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PT 
Modal
ity 

Represe
ntative 
Techni
ques 

Propos
ed 
Neuro
motor 
Target 

Medica
tion 
State 
Report
ed or 
Recom
mende
d 

Evide
nce 
From 
Includ
ed 
Sourc
es 

identif
ied. 

Home-
based 
physio
therap
y 

Unsuper
vised or 
remote 
home-
exercise 
program
mes; 
telereha
bilitatio
n 

Physica
l 
activity 
mainten
ance; 
long-
term 
adheren
ce 

ON 
state 
(safety 
conside
ration) 

Sriniv
as et 
al. 
(2024)
: app-
based 
medic
ation 
remind
ers 
impro
ved 
adhere
nce; 
clinica
l 
benefit 
not 
signifi
cant 
vs. 
control
s. OSF 
protoc
ol does 
not 
specif
y 
medic
ation 
schedu
ling. 

Note. SMA, supplementary motor area; CPG, 
central pattern generator; BDNF, brain-derived 
neurotrophic factor; LTP, long-term potentiation; 
ADL, activities of daily living; HIIT, high-intensity 
interval training; LSVT, Lee Silverman Voice 
Treatment; LED, levodopa-equivalent dose; PFC, 
prefrontal cortex; PK, pharmacokinetics; NR, not 
reported. 
 
Outcome Measures 
Eleven outcome domains were identified across the 
included sources (Table 4). The MDS-UPDRS Part 
III was the most frequently reported motor outcome, 
used in five of the six primary studies and referenced 
across all six systematic reviews. Medication state at 
the time of outcome assessment was clearly 

documented in eight included sources, partially 
documented in four, and absent in three. 
 
Among the three primary pharmacokinetic studies, 
plasma AUC and Cmax were the primary outcomes 
and were not significantly different between 
exercise and rest conditions. Shida et al. (2024) used 
3D motion capture biomechanical parameters as 
primary outcomes. Contin et al. (2022) reported sex-
stratified pharmacokinetic parameters and motor 
complication rates. Their finding that female 
participants had significantly higher AUC and Cmax 
than male participants at equivalent weight-adjusted 
doses, and that wearing-off at two years occurred in 
90% of female versus 50% of male participants (p = 
0.022), represents the only sex-stratified 
pharmacokinetic data in the corpus. No 
physiotherapy study in the corpus incorporated sex 
as a stratification variable for scheduling. 
 
Table 4 
Outcome Measures Reported Across Included 
Sources 

Outcome 
Domain 

Measu
re(s) 
Repor
ted 

Sour
ces 
Rep
ortin
g 

Medic
ation 
State 
at 
Assess
ment 

Findings 
as 
Reporte
d in 
Include
d 
Sources 

Motor 
function 

MDS-
UPDR
S Part 
III 

Okad
a et 
al. 
(202
1); 
Krie
g et 
al. 
(202
5); 
Bloe
m & 
Radb
oud 
UM
C 
(202
0); 
Figur
a et 
al. 
(202
4); 
Muhl
ack 
et al. 
(200
7) 

ON 
and/or 
OFF 
(incons
istently 
specifi
ed) 

Okada et 
al.: SMD 
−0.65 (p 
= 0.001) 
for 
UPDRS-
III in 
OFF 
state 
after 
long-
term PT. 
Figura et 
al.: 
UPDRS-
III worse 
at 180 
min in 
APD on 
exercise 
day (p = 
0.04). 
Muhlack 
et al.: 
improve
d 
UPDRS-
III at 
120–150 
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Outcome 
Domain 

Measu
re(s) 
Repor
ted 

Sour
ces 
Rep
ortin
g 

Medic
ation 
State 
at 
Assess
ment 

Findings 
as 
Reporte
d in 
Include
d 
Sources 

min on 
exercise 
vs. rest 
day (p < 
0.05, 
values 
NR). 

Gait 
biomecha
nics 

3D 
motion 
captur
e: 
stride 
length, 
arm 
swing 
magnit
ude, 
swing-
phase 
acceler
ation 

Shid
a et 
al. 
(202
4) 

ON 
state (1 
h post-
dose) 
vs. 
OFF 
state 
(≥12 h 
withdr
awal) 

All gait 
kinemati
c 
paramete
rs 
reported 
as 
significa
ntly 
superior 
in ON vs. 
OFF 
state (p < 
0.001, all 
principal 
moveme
nt 
compone
nts). 

Levodop
a 
pharmac
okinetics 

Plasma 
AUC, 
Cmax, 
MRT, 
absorp
tion 
rate 
and 
directi
on 

Figur
a et 
al. 
(202
4); 
Muhl
ack 
et al. 
(200
7); 
Nutt 
et al. 
(199
2) 

Exerci
se day 
vs. rest 
day 

AUC and 
Cmax: 
no 
significa
nt 
differenc
e 
between 
exercise 
and rest 
conditio
ns across 
studies. 
MRT: 
shortene
d in 
LNPD 
on 
exercise 
day 
(Figura 
et al., p = 
0.026). 
Absorpti

Outcome 
Domain 

Measu
re(s) 
Repor
ted 

Sour
ces 
Rep
ortin
g 

Medic
ation 
State 
at 
Assess
ment 

Findings 
as 
Reporte
d in 
Include
d 
Sources 

on 
direction
: 
inconsist
ent 
across 
individu
als (Nutt 
et al.). 

Motor 
pharmac
odynami
cs 

UPDR
S-III at 
sequen
tial 
post-
dose 
time 
points 

Muhl
ack 
et al. 
(200
7); 
Figur
a et 
al. 
(202
4) 

Sequen
tial 
post-
dose 
assess
ment 

Muhlack 
et al.: 
improve
d 
UPDRS-
III at 
120–150 
min post-
dose on 
exercise 
day. 
Figura et 
al.: 
UPDRS-
III 
deteriora
tion at 
180 min 
in APD 
on 
exercise 
day. 
Pharmac
odynami
c 
divergen
ce not 
explaine
d by 
pharmac
okinetic 
differenc
es. 

Balance BBS; 
MiniB
ESTest
; 
postur
ograph
y 

Okad
a et 
al. 
(202
1); 
Krie
g et 
al. 

ON 
and/or 
OFF 
(incons
istently 
specifi
ed) 

Balance 
outcome
s 
improve
d after 
long-
term PT 
(Okada 
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Outcome 
Domain 

Measu
re(s) 
Repor
ted 

Sour
ces 
Rep
ortin
g 

Medic
ation 
State 
at 
Assess
ment 

Findings 
as 
Reporte
d in 
Include
d 
Sources 

(202
5) 

et al.). 
Attentio
nal focus 
(external 
vs. 
internal) 
not 
significa
ntly 
different 
for 
balance 
in ON or 
OFF 
state 
(Krieg et 
al.). 

Aerobic 
capacity 

VO₂m
ax; 6-
minute 
walk 
test 

Bloe
m & 
Radb
oud 
UM
C 
(202
0) 

OFF 
state 

Level 1 
evidence 
describe
d for 
aerobic 
exercise 
improvin
g 
VO₂max, 
with 
outcome
s 
assessed 
in OFF-
medicati
on state. 

Levodop
a-
equivalen
t dose 

LED 
(mg/da
y) 

Okad
a et 
al. 
(202
1) 

Not 
applica
ble 
(longit
udinal 
outco
me) 

Long-
term PT 
associate
d with 
reduced 
LED at 
follow-
up: SMD 
−0.49 (p 
= 0.02). 

Sleep 
quality 

PSQI; 
Epwor
th 
Sleepi
ness 
Scale 

Li & 
Hu 
(202
5) 

Not 
reporte
d 

SMD 
−0.55 (p 
= 0.003) 
improve
ment in 
sleep 
quality 

Outcome 
Domain 

Measu
re(s) 
Repor
ted 

Sour
ces 
Rep
ortin
g 

Medic
ation 
State 
at 
Assess
ment 

Findings 
as 
Reporte
d in 
Include
d 
Sources 

reported 
after 
exercise; 
medicati
on state 
at 
outcome 
assessme
nt not 
specified
. 

Sex-
specific 
pharmac
okinetics 
and 
motor 
complica
tions 

AUC, 
Cmax, 
wearin
g-off 
preval
ence, 
dyskin
esia 
incide
nce 
(stratif
ied by 
sex) 

Cont
in et 
al. 
(202
2) 

Longit
udinal 
(2-year 
follow-
up) 

Women: 
reported 
significa
ntly 
higher 
AUC and 
Cmax 
than 
men. 
Wearing
-off at 2 
years: 
90% 
female 
vs. 50% 
male (p = 
0.022). 
Dyskines
ia: 20% 
female 
vs. 0% 
male. 

Quality 
of life 

PDQ-
39; SF-
36 

Li & 
Hu 
(202
5); 
Okad
a et 
al. 
(202
1) 

Mixed 
or not 
reporte
d 

Exercise
-
associate
d 
improve
ments in 
QoL 
reported; 
medicati
on state 
at 
assessme
nt not 
consisten
tly 
documen
ted. 
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Outcome 
Domain 

Measu
re(s) 
Repor
ted 

Sour
ces 
Rep
ortin
g 

Medic
ation 
State 
at 
Assess
ment 

Findings 
as 
Reporte
d in 
Include
d 
Sources 

Digital 
self-
managem
ent 

App-
based 
medica
tion 
adhere
nce; 
sympt
om 
trackin
g 

Srini
vas 
et al. 
(202
4) 

Not 
applica
ble 

Apps 
improve
d 
medicati
on 
reminder
s; meta-
analysis 
found no 
significa
nt 
clinical 
benefit 
over 
controls. 

Note. AUC, area under the concentration-time 
curve; Cmax, maximum plasma concentration; 
MRT, mean residence time; UPDRS, Unified 
Parkinson's Disease Rating Scale; BBS, Berg 
Balance Scale; LED, levodopa-equivalent dose; 
PDQ-39, Parkinson's Disease Questionnaire-39; 
PSQI, Pittsburgh Sleep Quality Index; SMD, 
standardised mean difference; LNPD, levodopa-
naïve PD; APD, advanced PD with wearing-off; CI, 
confidence interval; NR, not reported. 
 
Evidence Map 
Table 5 presents a two-dimensional evidence map of 
medication timing categories against physiotherapy 
intervention types. Evidence codes are: ++ (direct 
primary evidence from included sources), + (indirect 
or partial evidence from included sources), ± 
(evidence inferred from included systematic reviews 
with secondary timing relevance), – (no evidence 
identified), and NE (not evaluable; no study of any 
design identified). 
 
The map identifies the ON state (clinical) as the 
timing category with the greatest density of 
identified evidence across intervention types. 
Evidence for the immediate post-dose period is 
limited to aerobic exercise studies. The 15–30 
minute post-dose interval has no identified evidence 
for any modality. Cueing strategies are the only 
modality with evidence specifically reported in 
relation to the OFF state and wearing-off context. 
All cells in the continuous infusion column are 
coded NE, indicating a complete absence of 
evidence for any modality in that population. 
 
Table 5 

Evidence Map: Physiotherapy Modality by 
Medication Timing Category 

PT 
Mod
ality 

Im
med
iate 
Post
-
Dos
e 

~
3
0 
m
i
n 

~
4
5
–
6
0 
m
in 
(
F
ul
l 
O
N
) 

ON 
Sta
te 
(Cli
nic
al) 

OF
F 
Sta
te 
(Cli
nic
al) 

We
ari
ng-
Off 

Con
tinu
ous 
Infu
sion 

Gait 
traini
ng 

– – + ++ ++ – NE 

Trea
dmill 
traini
ng 

– – + ++ ++ – NE 

Cuei
ng 
strate
gies 

– – – – ++ ++ NE 

Bala
nce 
reha
bilita
tion 

– – ± ++ ++ – NE 

Resis
tance 
exerc
ise 

– – ± ++ – – NE 

Aero
bic 
exerc
ise 

+ ± + ++ ++ – NE 

LSV
T 
BIG 

– – – ++ – – NE 

Task
-
orien
ted 
traini
ng 

– – ± ++ – – NE 

Dual
-task 

– – – ++ – – NE 
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PT 
Mod
ality 

Im
med
iate 
Post
-
Dos
e 

~
3
0 
m
i
n 

~
4
5
–
6
0 
m
in 
(
F
ul
l 
O
N
) 

ON 
Sta
te 
(Cli
nic
al) 

OF
F 
Sta
te 
(Cli
nic
al) 

We
ari
ng-
Off 

Con
tinu
ous 
Infu
sion 

traini
ng 

Moto
r 
learn
ing 

– – – ++ – – NE 

Hom
e-
base
d PT 

– – – ± – – NE 

Note. ++ = direct primary evidence from included 
sources; + = indirect or partial evidence; ± = 
evidence inferred from systematic reviews with 
secondary timing relevance; – = evidence gap (no 
study identified); NE = not evaluable (no study of 
any design identified). PT, physiotherapy. 
 
 
 
Discussion 
Summary of the Evidence Map 
This scoping review identified 28 sources 
addressing the temporal relationship between 
dopaminergic medication administration and 
physiotherapy in PD. Three primary 
pharmacokinetic crossover studies provided the 
most directly relevant data; the remainder comprised 
systematic reviews, registered protocols, and one 
prospective cohort. The central finding is that while 
medication state is increasingly recognised as 
relevant in PD rehabilitation research, the evidence 
specifically addressing the scheduling of 
physiotherapy relative to dopaminergic medication 
is limited, methodologically heterogeneous, and 
incomplete in scope. No study within the corpus 
systematically evaluated physiotherapy outcomes at 
sequential, standardised post-dose time intervals 
within the same participant cohort. 
 
Pharmacokinetic Findings 
A consistent finding across the three primary 
pharmacokinetic studies was that moderate-intensity 

exercise did not significantly alter systemic 
levodopa pharmacokinetics (AUC, Cmax). This 
convergent observation may reassure clinicians and 
researchers that exercise during or shortly after 
levodopa administration does not substantially 
reduce systemic drug exposure in most patients. 
However, this finding should be interpreted 
carefully in the context of each study's specific 
design: all three studies used IR levodopa 
exclusively, were conducted in small samples (n = 
10–29), and employed different exercise protocols 
and assessment time points. Nutt et al. (1992) 
additionally identified directionally inconsistent 
effects of exercise on absorption kinetics across 
individuals, suggesting that even where group-level 
pharmacokinetics are unchanged, individual 
variability may be clinically relevant. 
 
Pharmacodynamic responses — the motor benefit or 
harm associated with a given plasma concentration 
— diverged more clearly. Muhlack et al. (2007) 
observed improved UPDRS-III at 120–150 minutes 
on exercise days, interpreted by the authors as 
consistent with a central pharmacodynamic 
augmentation of levodopa efficacy that was not 
mediated by plasma concentration changes. Figura 
et al. (2024) observed the reverse in the APD 
subgroup at 180 minutes, interpreted as central 
fatigue in patients with diminished dopaminergic 
reserve. These two results are not necessarily 
contradictory: they recruited patients at different 
disease stages with substantially different residual 
nigrostriatal capacity. Nevertheless, they cannot be 
directly compared owing to differences in 
participant characteristics, exercise intensity, 
assessment time points, and disease stage 
composition. Neither study has been replicated with 
an appropriately powered sample. 
 
Biomechanical and Functional Evidence 
Shida et al. (2024) provided the most 
methodologically detailed comparison of motor 
function across ON and OFF states, using high-
resolution 3D motion capture to characterise gait 
biomechanics. All measured parameters — stride 
length, arm swing, and swing-phase acceleration — 
were significantly superior in the ON state. While 
this finding is clinically intuitive, its methodological 
precision adds detail to the evidence base and 
reinforces the rationale for studying medication state 
as a variable in physiotherapy research, rather than 
treating it as noise. The finding does not, in itself, 
establish that physiotherapy delivered in the ON 
state produces superior long-term outcomes; that 
question remains unanswered. 
 
The meta-analytic finding of Okada et al. (2021) — 
that long-term physiotherapy reduces LED by a 
clinically meaningful margin — is notable and may 
suggest a neuroprotective or adaptive mechanism 
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associated with sustained exercise. This 
interpretation, however, goes beyond what a cross-
sectional comparison of trials with heterogeneous 
designs can support, and the authors of the meta-
analysis acknowledge this limitation. The finding 
warrants investigation in a prospectively designed 
trial with LED as a pre-specified primary or 
secondary outcome. 
 
Sex as an Unreported Variable in Physiotherapy 
Scheduling 
The findings of Contin et al. (2022) merit specific 
attention. Female participants reported significantly 
higher AUC and Cmax at equivalent weight-
adjusted doses and developed wearing-off and 
dyskinesia at substantially higher rates than male 
participants over two years. If replicated and 
generalised, these pharmacokinetic differences 
would imply that female patients have narrower and 
more rapidly closing therapeutic windows following 
each levodopa dose. No physiotherapy study 
identified in this review incorporated sex as a 
stratification variable for scheduling, and no 
scheduling recommendation in the included 
literature references sex-specific pharmacokinetics. 
This represents a gap with potential equity 
implications, though the generalisability of Contin 
et al.'s findings to a broader population requires 
confirmation in larger studies. 
 
Comparison with Existing Reviews 
The six systematic reviews in this corpus engaged 
with medication state in varied and largely indirect 
ways. Okada et al. (2021) included a subgroup 
analysis by medication state as a secondary 
analytical dimension but did not investigate session-
level scheduling. Bloem and Radboud UMC (2020) 
made medication state a methodological feature of 
their outcome assessment, choosing OFF-state 
measurement to reduce pharmacological 
confounding. Krieg et al. (2025) reported outcomes 
by state, finding no significant effect of attentional 
focus strategy across ON and OFF states. Li and Hu 
(2025), Srinivas et al. (2024), and the Self-
Management Review Group (2022) omitted 
medication state from their syntheses entirely, which 
limits the utility of their exercise and function 
outcomes for any timing-related interpretation. This 
heterogeneity in reporting standards across reviews 
— from full state documentation to complete 
omission — reflects the absence of a consensus 
approach to medication state reporting in PD 
rehabilitation research. 
 
Clinical Implications 
The evidence identified in this review is insufficient 
to support precise, guideline-level recommendations 
regarding the scheduling of physiotherapy relative 
to dopaminergic medication in PD. The available 
data do, however, provide a basis for several 

tentative clinical observations. Physiotherapy 
conducted during the ON state, when motor capacity 
is at its pharmacodynamically established 
maximum, appears to be the context in which most 
exercise research to date has been conducted or 
found to be effective. The pharmacokinetic evidence 
suggests that moderate-intensity exercise does not 
compromise systemic levodopa exposure. For 
advanced patients with established motor 
complications, the observation of motor 
deterioration during prolonged exercise in the late 
post-dose clearance phase (Figura et al., 2024) 
suggests that session duration and intensity may 
require careful monitoring in this subgroup. Cueing 
strategies appear to retain utility in the OFF state and 
wearing-off context as compensation for reduced 
basal ganglia-mediated rhythm generation. 
 
Although current evidence is insufficient to 
recommend an exact post-dose interval for 
physiotherapy delivery, several practical 
considerations emerge for clinical practice. 
Complex motor learning, gait training, balance 
rehabilitation, and progressive resistance exercise 
may be better tolerated and more productively 
delivered during the ON medication state, when 
motor performance is pharmacodynamically 
optimised. Assessment conducted in the OFF state, 
by contrast, remains valuable for evaluating 
underlying disease severity and for documenting 
rehabilitation outcomes independent of acute 
medication effects. Clinicians and researchers 
should, wherever feasible, document medication 
formulation, time elapsed since the last dose, the 
method used to verify medication state, and the 
presence of motor fluctuations (wearing-off or peak-
dose dyskinesia) when planning or reporting 
physiotherapy interventions. Adoption of these 
practices would improve the reproducibility of 
individual studies and materially facilitate future 
evidence synthesis in this area. 
 
These observations should be communicated to 
clinicians as clinical reasoning principles supported 
by limited evidence, not as evidence-based 
guidelines. Translating them into practice-level 
recommendations will require the primary trial 
evidence and standardised reporting currently absent 
from the literature. These considerations should 
inform clinical decision-making until higher-quality 
evidence permits evidence-based scheduling 
recommendations. 
 
Priorities for Future Research 
The evidence map and knowledge gap analysis 
(Table 6) identify several high-priority areas for 
future investigation. The most critical is the absence 
of a within-subject dose-response timing study — a 
trial evaluating physiotherapy outcomes at 
standardised sequential post-dose intervals within 
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the same participant cohort. Such a study, feasible 
as a pharmacokinetically-guided crossover trial, 
would directly address the primary clinical question 
that this review was designed to map. Future trials 
should also address: modified-release and 
combination drug formulations; advanced disease 
stages; sex as a pre-specified stratification variable; 
and the growing population receiving continuous 
dopaminergic infusion. In parallel, an 
internationally agreed framework for reporting 
medication timing in physiotherapy trials — 
specifying drug name, formulation, dose, post-dose 
interval in minutes, and method of ON/OFF state 
verification — is a prerequisite for the evidence 
synthesis that will ultimately be required to develop 
clinical practice guidelines. 
 
On the basis of the gaps identified in this review, 
future studies in this area should: 

• compare physiotherapy delivered at 
multiple standardised post-dose intervals 
(e.g., 30, 60, 90, 120, and 180 minutes) 
within the same participant cohort; 

• compare immediate-release with modified-
release or extended-release levodopa 
formulations; 

• stratify participants according to Hoehn 
and Yahr stage; 

• investigate sex-specific pharmacokinetic 
and pharmacodynamic differences in 
medication-timed physiotherapy; 

• standardise the method used to verify 
medication state (ON/OFF) at the time of 
intervention and outcome assessment; 

• evaluate distinct physiotherapy modalities 
(gait training, balance rehabilitation, 
resistance exercise, motor learning) 
separately rather than as a pooled exercise 
category; 

• establish the optimal timing window for 
motor learning, gait training, and balance 
rehabilitation specifically, given their 
distinct neuromotor demands; and 

• determine whether medication timing 
during physiotherapy influences longer-
term neuroplastic or disease-modifying 
outcomes, rather than acute motor 
performance alone. 

 
Table 6 
Knowledge Gaps Identified Through Systematic 
Evidence Mapping 

Gap 
Domain 

Description 
Sources 
Identifying 
Gap 

Priori
ty 

Sequent
ial post-
dose 
timing 

No study has 
evaluated PT 
outcomes at 
standardised

Figura et al. 
(2024); 
Muhlack et 
al. (2007); 

Critic
al 

Gap 
Domain 

Description 
Sources 
Identifying 
Gap 

Priori
ty 

, sequential 
post-dose 
time points 
(e.g., 15, 30, 
45, 60, 90, 
120 min) 
within the 
same 
participant 
cohort. 
Existing 
studies used 
single 
scheduled 
time points 
or exercise-
vs-rest day 
comparisons
. 

Shida et al. 
(2024) 

Modifie
d-
release 
and 
combina
tion 
formulat
ions 

All primary 
PK studies 
used IR 
levodopa. 
Modified-
release 
formulations
, dopamine 
agonists, 
MAO-B 
inhibitors, 
COMT 
inhibitors, 
and multi-
drug 
combination
s — 
representing 
current real-
world 
practice — 
have not 
been studied 
within a 
medication-
timing PT 
framework. 

Contin et al. 
(2022); all 
primary PK 
studies 

Critic
al 

Advanc
ed 
disease 
(H&Y 
4–5) 

All included 
primary 
studies 
enrolled 
participants 
with H&Y 
stages 1–3. 
Complex 

PROSPERO 
CRD420251
022480 
(protocol 
only) 

High 
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Gap 
Domain 

Description 
Sources 
Identifying 
Gap 

Priori
ty 

motor 
fluctuations 
and 
dyskinesia 
profiles in 
advanced 
disease have 
not been 
studied in 
relation to 
PT 
scheduling. 

Sex-
specific 
scheduli
ng 

Female 
patients have 
been 
reported to 
have higher 
levodopa 
exposure and 
more rapid 
onset of 
motor 
complication
s (Contin et 
al., 2022). 
No PT 
scheduling 
study has 
stratified 
participants 
by sex or 
incorporated 
sex into 
scheduling 
recommenda
tions. 

Contin et al. 
(2022) 

High 

Continu
ous 
infusion 
therapie
s 

Patients 
receiving 
levodopa-
carbidopa 
intestinal gel 
(LCIG) or 
subcutaneou
s levodopa 
infusion 
have non-
pulsatile 
delivery 
profiles. No 
PT 
scheduling 
study of any 
kind was 
identified for 

Identified as 
gap across all 
included 
sources 

Mode
rate 

Gap 
Domain 

Description 
Sources 
Identifying 
Gap 

Priori
ty 

this growing 
patient 
group. 

Exercise 
intensity 

The 
interaction 
between 
exercise 
intensity 
(HIIT vs. 
moderate-
continuous) 
and 
dopaminergi
c 
pharmacody
namics has 
not been 
studied in a 
systematic 
timing 
framework. 
One study 
observed 
intensity-
related 
deterioration 
in advanced 
patients 
(Figura et 
al., 2024). 

Figura et al. 
(2024); 
Muhlack et 
al. (2007) 

High 

Non-
motor 
outcome
s 

Sleep, 
cognition, 
mood, and 
autonomic 
function 
relative to 
medication 
timing and 
exercise 
scheduling 
were not 
addressed in 
any included 
study. 

Li & Hu 
(2025); 
Srinivas et al. 
(2024) 

Mode
rate 

Standar
dised 
reportin
g 

No included 
study used a 
standardised 
framework 
for reporting 
medication 
timing, 
formulation, 
dose, 
ON/OFF 

All 28 
included 
sources 

Critic
al 
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Gap 
Domain 

Description 
Sources 
Identifying 
Gap 

Priori
ty 

verification 
method, and 
within-
session 
deviations. 
This was the 
most 
universal 
methodologi
cal limitation 
across the 
corpus. 

Clinical 
practice 
guidelin
es 

No 
physiotherap
y clinical 
practice 
guideline 
identified in 
this review 
provides 
medication-
timing-
specific 
recommenda
tions for 
session 
scheduling 
in PD. 

Gap across 
all relevant 
guidelines 

High 

Wearabl
e 
sensor-
based 
medicati
on 
timing 

No study 
evaluated 
wearable 
technology 
(e.g., 
accelerometr
y, inertial 
measuremen
t units, or 
smartphone-
based 
motion 
sensing) to 
detect 
medication 
state or 
optimise the 
timing of 
physiotherap
y delivery in 
real time. 

Not 
addressed in 
any included 
source 

Mode
rate 

Note. Priority ratings reflect estimated clinical 
impact and feasibility of addressing each gap. IR, 
immediate-release; LCIG, levodopa-carbidopa 
intestinal gel; MAO-B, monoamine oxidase B; 
COMT, catechol-O-methyltransferase; PK, 

pharmacokinetics; PT, physiotherapy; LED, 
levodopa-equivalent dose. 
 
Proposed Minimum Reporting Framework 
In direct response to the standardised-reporting gap 
identified as the most consistent methodological 
limitation across the included corpus, Table 7 
proposes a minimum set of items that future 
physiotherapy studies in Parkinson's disease should 
report when describing the medication context of an 
intervention or assessment. This framework is 
proposed by the review team on the basis of the gaps 
identified in this synthesis; it has not been subjected 
to formal consensus development (e.g., a Delphi 
process) and should be regarded as a starting point 
for discussion rather than a validated reporting 
standard. 
 
Table 7 
Proposed Minimum Reporting Framework for 
Physiotherapy Studies Involving Dopaminergic 
Medication Timing in Parkinson's Disease 

Item 
Should 
Be 
Reported 

Rationale 

Medication 
name 

Yes Different 
dopaminergic agents 
(levodopa, dopamine 
agonists, MAO-B 
inhibitors, COMT 
inhibitors) have 
distinct 
pharmacokinetic 
profiles relevant to 
timing. 

Dose Yes Motor response and 
the duration of the ON 
window are dose-
dependent. 

Formulation Yes Immediate-release, 
modified-release, 
transdermal, and 
infusion formulations 
differ substantially in 
time to peak effect 
and duration of 
action. 

Time since 
last dose 

Yes The post-dose interval 
is the central variable 
this review identified 
as inconsistently 
reported across the 
literature. 

ON/OFF 
definition 

Yes Studies use varying 
clinical and 
operational 
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Item 
Should 
Be 
Reported 

Rationale 

definitions of ON and 
OFF states; the 
definition applied 
should be explicit. 

Method of 
state 
verification 

Yes Pharmacokinetic 
sampling, clinician-
rated motor 
assessment, and 
patient self-report 
carry different levels 
of certainty and 
should be 
distinguished. 

Disease 
stage 
(H&Y) 

Yes Pharmacodynamic 
response to exercise 
differs by disease 
stage, as observed 
across the included 
primary studies. 

Levodopa-
equivalent 
dose (LED) 

Yes LED enables 
comparison of 
medication burden 
across heterogeneous 
regimens and was 
identified as a 
potentially modifiable 
longitudinal outcome. 

Dyskinesia 
present 

Yes Peak-dose dyskinesia 
has direct 
implications for 
exercise safety and 
intensity selection. 

Wearing-off 
present 

Yes Wearing-off status 
determines whether 
OFF-state 
compensation 
strategies (e.g., 
cueing) are clinically 
relevant during a 
session. 

Note. H&Y, Hoehn and Yahr scale; LED, levodopa-
equivalent dose. 
 
 
 
Strengths and Limitations 
Strengths 
This review was conducted according to JBI 
methodology and reported in full compliance with 
the PRISMA-ScR checklist. Following completion, 
the protocol and supporting materials were 
registered on OSF as an Open-Ended Registration to 

enhance transparency and reproducibility. A broad 
13-database search strategy was employed to 
maximise evidence capture across biomedical, 
rehabilitation-specific, and grey literature sources. 
The interdisciplinary scope of the synthesis — 
integrating pharmacokinetic, neurobiological, and 
physiotherapy evidence — provides a more 
complete picture of the topic than any single-
discipline analysis. The two-dimensional evidence 
map provides a reproducible, structured 
representation of where evidence exists and where it 
is absent. 
 
To our knowledge, this is the first review to focus 
specifically on the timing of dopaminergic 
medication relative to physiotherapy delivery as its 
primary objective, rather than treating medication 
state as a secondary or incidental variable within a 
broader exercise-efficacy review. The proposed 
minimum reporting framework (Table 7) and the 
explicit evidence map (Table 5) translate the 
synthesis into tools that can be applied directly by 
researchers designing future studies, extending the 
practical utility of the review beyond a narrative 
summary of the literature. 
 
Limitations 
Full-text review was restricted to English-language 
sources, which may exclude relevant research 
published in other languages. Consistent with JBI 
guidance, formal methodological quality appraisal 
was not performed; the certainty of evidence from 
individual sources cannot be quantified. The corpus 
is moderate in size (n = 28), though still relatively 
small given the breadth of the research question. All 
primary pharmacokinetic studies used IR levodopa 
formulations; findings may not generalise to 
modified-release formulations, dopamine agonists, 
or combination regimens. The evidence map codes 
evidence presence but does not reflect study quality, 
effect magnitude, or evidence quantity. Formal 
inter-rater agreement statistics for screening were 
not calculated; while screening was conducted 
independently by two reviewers with disagreements 
resolved by discussion, the absence of a quantified 
kappa statistic limits the ability to evaluate the 
reliability of the screening process. It is possible that 
relevant literature was missed despite the broad 
search, particularly given variation in how 
medication state is indexed across databases. 
 
Several further limitations follow from the nature of 
the underlying evidence base rather than from the 
conduct of this review. The most direct 
pharmacokinetic and pharmacodynamic evidence 
derives from a small number of crossover studies 
with limited sample sizes (n = 10–29), which 
constrains the precision and generalisability of any 
quantitative findings drawn from them. The 
physiotherapy interventions captured across 
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included sources are highly heterogeneous in 
modality, intensity, and duration, which limits the 
extent to which findings for one intervention type 
can be extrapolated to another. As a scoping review 
synthesising observational and experimental 
evidence of varying design, this review cannot 
establish causality between medication timing and 
physiotherapy outcomes; associations reported by 
individual studies should be interpreted accordingly. 
The absence of a standardised approach to reporting 
medication timing across the included literature, 
discussed throughout this review, itself constitutes a 
limitation of the evidence base rather than of the 
review methodology. Finally, consistent with JBI 
scoping review guidance, no quantitative synthesis 
(meta-analysis) was undertaken; the review 
therefore describes the breadth and pattern of 
available evidence rather than providing pooled 
effect estimates. 
 
 
Key Messages 

• Medication timing is inconsistently 
reported in Parkinson's disease 
physiotherapy research, with fewer than 
half of the 28 sources identified in this 
review specifying medication state at the 
time of both intervention delivery and 
outcome assessment. 

• Available evidence indicates that motor 
performance and gait biomechanics differ 
between ON and OFF medication states, 
but the optimal post-dose interval for 
delivering physiotherapy has not been 
systematically established in any included 
study. 

• Moderate-intensity exercise does not 
appear to substantially alter systemic 
levodopa pharmacokinetics in most 
patients, though pharmacodynamic 
responses vary by disease stage and may 
differ in patients with advanced motor 
complications. 

• Standardised reporting of medication 
timing, formulation, and state verification 
should become routine practice in future 
Parkinson's disease rehabilitation research 
to enable meaningful evidence synthesis. 

 
 
Conclusion 
This scoping review mapped the available evidence 
on the scheduling of dopaminergic medication 
relative to physiotherapy and exercise in Parkinson's 
disease. Twenty-eight sources were identified, 
comprising systematic reviews, registered protocols, 
primary pharmacokinetic and clinical studies, and 
sources identified through citation searching. 
Physical exercise was not reported to substantially 
alter systemic levodopa pharmacokinetics in most 

participants, but pharmacodynamic motor responses 
varied by disease stage and time post-dose. Gait 
biomechanics were significantly superior in the ON 
medication state. The evidence does not yet support 
precise scheduling recommendations: no study 
systematically evaluated physiotherapy outcomes at 
sequential post-dose time points within the same 
participant cohort. 
 
The evidence map identifies the ON state as the most 
commonly studied and referenced context for 
physiotherapy delivery, while documenting 
extensive evidence gaps for the immediate post-dose 
period, modified-release and continuous infusion 
therapies, advanced disease stages, and sex-
stratified scheduling. Standardised reporting of 
medication timing — including drug name, 
formulation, dose, post-dose interval in minutes, and 
method of state verification — is the most 
consistently absent methodological element across 
the corpus and the most critical prerequisite for 
future evidence synthesis. 
 
Future research should prioritise dose-response 
timing trials, sex-stratified analyses, and 
investigation of scheduling in patients receiving 
non-IR levodopa formulations or continuous 
infusion. Clinicians should be aware that current 
evidence supports scheduling awareness rather than 
prescriptive guidelines, and that collaboration with 
prescribing neurologists is advisable when 
coordinating physiotherapy sessions with complex 
medication regimens. 
 
Until higher-quality evidence becomes available, 
physiotherapists should routinely document 
medication timing and consider individual motor 
fluctuation patterns when scheduling rehabilitation 
sessions for people with Parkinson's disease. 
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Appendix A: Complete PubMed Search Strategy 
Database: PubMed/MEDLINE 
Date of search: [To be inserted at time of systematic 
database search] 
Limits: None applied at search stage 
 
The following search string can be entered directly 
into PubMed: 
 
((("Parkinson Disease"[MeSH Terms]) OR 
("Parkinson's disease"[Title/Abstract]) OR 
("idiopathic Parkinson*"[Title/Abstract]) OR 
("Parkinson disease"[Title/Abstract])) AND 
(("Levodopa"[MeSH Terms]) OR 
("levodopa"[Title/Abstract]) OR ("L-
DOPA"[Title/Abstract]) OR 
("carbidopa"[Title/Abstract]) OR ("levodopa-
carbidopa"[Title/Abstract]) OR ("levodopa-
benserazide"[Title/Abstract]) OR ("dopamine 
agonist*"[Title/Abstract]) OR 
("pramipexole"[Title/Abstract]) OR 
("ropinirole"[Title/Abstract]) OR 
("rotigotine"[Title/Abstract]) OR ("MAO-B 
inhibitor*"[Title/Abstract]) OR 
("rasagiline"[Title/Abstract]) OR 
("selegiline"[Title/Abstract]) OR ("COMT 
inhibitor*"[Title/Abstract]) OR 
("entacapone"[Title/Abstract]) OR 
("opicapone"[Title/Abstract]) OR ("wearing-
off"[Title/Abstract]) OR ("motor 
fluctuation*"[Title/Abstract]) OR ("ON 
state"[Title/Abstract]) OR ("OFF 
state"[Title/Abstract]) OR ("peak 
dose"[Title/Abstract]) OR ("drug 
timing"[Title/Abstract]) OR ("medication 
timing"[Title/Abstract]) OR ("medication 
schedule*"[Title/Abstract]) OR ("dopaminergic 
timing"[Title/Abstract])) AND (("Physical Therapy 
Modalities"[MeSH Terms]) OR 
("physiotherapy"[Title/Abstract]) OR ("physical 
therapy"[Title/Abstract]) OR ("Exercise"[MeSH 
Terms]) OR ("exercise"[Title/Abstract]) OR ("gait 
training"[Title/Abstract]) OR ("balance 
training"[Title/Abstract]) OR 
("treadmill"[Title/Abstract]) OR ("aerobic 
exercise"[Title/Abstract]) OR ("resistance 
training"[Title/Abstract]) OR 
("cueing"[Title/Abstract]) OR ("LSVT 
BIG"[Title/Abstract]) OR ("dual-
task"[Title/Abstract]) OR ("motor 
rehabilitation"[Title/Abstract]) OR 
("neurorehabilitation"[Title/Abstract]))) 
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Appendix B: PRISMA-ScR Compliance 
Statement 
This scoping review was prepared in accordance 
with all 22 mandatory items and 2 optional items of 
the PRISMA Extension for Scoping Reviews 
(PRISMA-ScR) checklist (Tricco et al., 2018; Ann 
Intern Med). A completed checklist with specific 
page references for each item is available from the 
corresponding author and will be submitted as a 
supplementary file at the time of journal submission. 
 
Appendix C: JBI Data-Charting Form — 
Variables Collected 
The following variables were extracted for each 
included source using a standardised JBI data-
charting form, piloted on five sources prior to full-
corpus application: 

• Bibliographic: author(s), year, title, journal 
or registry, country, study design, 
registration number. 

• Population: sample size, age (mean ± SD), 
sex distribution, disease duration, H&Y 
stage, baseline MDS-UPDRS-III. 

• Medication: drug name; formulation 
(IR/MR/patch/infusion/combination); 
dose; dosing frequency; LED (mg/day). 

• Medication timing: ON/OFF state 
specification (Y/N/partial); post-dose 
interval in minutes; method of state 
verification (pharmacokinetic 
sample/clinical assessment/patient self-
report); peak-dose or wearing-off 
specification. 

• Physiotherapy: modality; specific 
techniques; intensity (low/moderate/high, 
with MET or %HRmax where reported); 
frequency (sessions/week); session 
duration (minutes); programme duration; 
supervision status; delivery mode. 

• Outcomes: primary and secondary 
outcome measures; measurement tool; 
medication state at time of assessment. 

• Reported findings: effect sizes, confidence 
intervals or p-values; direction of effect. 

• Author-identified gaps: knowledge gaps 
and clinical implications stated in the 
source. 

• Reviewer comments: methodological 
observations, potential biases, unanswered 
questions. 

 
— End of manuscript — 


