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ABSTRACT: Background: Functional mobility (FM) is a person’s ability to move to accomplish activities of daily
living; it bridges the concepts of mobility and functional ability. There is frequently a loss of FM in Parkinson’s
disease (PD). Several instruments have been used to assess this concept in PD; however, there is no consensus
on which are the most appropriate.

Objective: We aimed to identify and critically appraise which measurement instruments have been used to assess FM.
Methods: A systematic review was conducted using the databases CENTRAL, MEDLINE, Embase, and PEDro
from their inception to January 2019 to identify all observational and experimental studies conducted in PD or
atypical parkinsonism that included an FM assessment. Two reviewers independently screened citations,
extracted data, and assessed clinimetric properties.

Results: We included 95 studies that assessed FM in PD. Fifty-five (57.9%) studies mentioned FM in the article,
and 39 (41.1%) specified the measurement tools used to evaluate FM. FM was the primary outcome in 12 (12.6%)
studies. The Timed Up and Go test was the most frequently used measurement tool. Only one study presented
a definition of FM. Several overlapping terms were used, the most common being mobility.

Conclusion: Several studies reported the use of FM measurement tools in PD, though with frequent
misconceptions, an inadequate context of use, or suboptimal assessment. We propose the establishment of the
concept of FM applied to PD, followed by the adequate clinimetric validation of existing measurement tools to
provide a comprehensive and reliable evaluation of FM in PD.

Functional mobility (FM) has been described as a person’s physiologi-
cal ability to move independently and safely in a variety of environ-
ments in order to accomplish functional activities or tasks and to
participate in the activities of daily living at home, at work, and in the
community (Fig. 1)."? Although poorly defined, the concept of FM
has been used in several recent research studies as a more global and
illustrative outcome of patients health status in their environment.?
Reduction in FM is common and has a multifactorial nature in
Parkinson’s disease (PD).> Motor symptoms may contribute

directly, through gait impairments, and indirectly because of

bradykinesia, rigidity, and the presence of postural deformities
(e.g., camptocormia or antecollis), which aftect PD patients’ gait,
balance, and transitions.” Also, the inability to simultaneously per-
form a cognitive and a motor task, and the presence of orthostatic
hypotension symptoms and fatigue complaints, seems also to play
an important role.? FM is associated with significant associated dis-
ability and loss of independence leading to immobility and institu-
tionalization. R ecognizing limitations in FM is important to better
understand and address patients’ daily real-life needs and monitor-
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ing them over time.
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FUNCTIONAL MOBILITY MEASUREMENT TOOLS IN PD

Mobility Functionality

Functional
mobility

The ability to
move freely
and easily.

The ability to
perform all of
one’s activities of
daily-living

The physiological ability of people to move independently and
safely in a variety of environments in order to accomplish
functional activities or tasks and to participate in activities of

Disability

A physical, mental, cognitive, or
developmental condition that
impairs, interferes with, or limits
a person's ability to engage in
certain tasks or actions or
participate in typical daily
activities and interactions

daily-living at home, work and in the community

FIG. 1. Definition of FM.2

In spite of being loosely defined, several tests and rating scales
have been used to assess EM in PD patients,™ but there is no
consensus on the most adequate tools for screening or for using
as outcome measures to monitor change over time. This lack of
consensus limits the interpretation of results from studies and
hampers the evaluation of therapeutics and discussion among
peers.

The present review aims to investigate which measurement
tools have been used to evaluate FM in PD studies. Recommen-
dations on which tools can be used and the need for modifica-
tions or replacements are made based on the results.

Methods
Defining the Concept

FM is not a concept defined in the International Classification of
Functioning, Disability, and Health (ICF) and lacks a formal def-
inition. To overcome this limitation, we adopted a definition
previously used by Forhan and Gill' in a study on obesity. To
check the adequacy of our choice, we matched the adopted defi-
nition with those founded in a Medline/PubMed electronic
open search, conducted to look for a formal definition of FM
(regardless of the research topics). We found six additional arti-
cles that defined FM.®"" Although few, and none presenting a
formal definition of FM, all shared with the Forhan and Gill
description, the idea that FM is a subject’s ability to move in his
or her environment, focused on gait, balance, and transfers, in
order to accomplish functional tasks of everyday living
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(e.g., walking in a corridor at work, climbing stairs at home,
getting up from bed, rising from a chair to answer the phone,
standing, and bending to reach an object). Therefore, we assume
this as the most suitable definition to be in the context of this

systematic review.

Literature Search

We searched CENTRAL, MEDLINE, Embase, and PEDro
from their inception to January 2019 using a predefined search
strategy (Supporting Information Appendix 1) designed by the
authors in conjunction with Cochrane’s highly sensitive search
strategy'® and previous reviews in PD.'? Being aware of the lax-
ity of the definition, we also ran some open electronic searches,
in order to minimize the number of studies not found in the for-
mal electronic search. Reference lists from the identified articles
were cross-checked to identify any further potentially eligible
studies.

Study Selection

We included any observational and experimental study con-
ducted in PD patients or atypical parkinsonisms. For intervention
or controlled studies, there were no restrictions regarding the
type of intervention or control arms. Studies had to include an
FM assessment and describe what measurement tools were used
(mentioned in the abstract and/or in the article). In order to get
a full picture of the measurement tools that have been and could
potentially be used to measure FM, we also included studies for
which the description of the outcome measures matched the

predefined concept of FM, as per consensus of the current
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authors (i.e., to present one or a set of instruments that measured
gait, transfer, and/or balance). Studies did not need to present a
definition of FM to be included in this review.

We excluded reviews and studies written in languages other
than English, French, Spanish, and Portuguese. Two authors
(R.B.M., M.P.) independently screened abstracts obtained from
the database search. The full texts of potentially relevant articles
were retrieved for further assessment. Disagreements were
resolved by consensus or by consultation with a third reviewer
(G.S.D.).

Data Extraction

Four predefined domains of items were extracted: general infor-
mation (title, year, and journal of publication, aim of the study,
study design, population, sample size, and intervention and com-
parator, if applicable); concept of FM (presence of the concept of
FM in the title and/or in the article, if a definition of FM was
presented and if other terms were used as synonyms); FM out-
come tools (if FM was the primary outcome measure, which
instruments were used, and the time-point measures); and feasi-
bility of the instrument (completion time, number of required
instruments, easy administration, interpretability, patients’ com-
prehensibility, length of the outcome measurement instrument,
ease of standardization, and clinician’s comprehensibility).

We divided studies into those that specifically used the con-
cept of FM and those that, while not mentioning the concept of
FM, used outcome measures that could fit the concept according
to our best judgment. Within the studies using the concept of
FM, we divided those that specified which measurement tools
were used to measure FM from those that only mentioned eval-
uation of FM in the aims or conclusions of the study.

Two authors (R.B.M., M.P.) independently extracted data.
Discrepancies were resolved through discussion or by consulta-
tion with a third reviewer (G.S.D.).

Assessment of Measurement
Properties

Based on previous reviews, we divided the measurement tools
into clinically based tests, patient-reported outcomes, and gait
quantification methods."*

Recommendations were based on the criteria previously used
in other reviews.'>'® These included: (1) use in the assessment of
FM; (2) use in published studies by individuals other than the
developers; and (3) a “successful” clinimetric test (i.e., to have
demonstrated the reliability, validity, and sensitivity to change of
the instrument).

Measurement tools were classified as recommended,
suggested, or listed, respectively, based on the number of criteria
met and the feasibility evaluation.'”

The search for studies assessing the clinimetric properties of
the included measurement tools was made based on previous
research'® and on the references of each measurement tool pres-
ented in the included studies.

Statistical Analysis

The primary outcome was to identify the measurement instru-
ments currently used to evaluate FM in people with PD. We
summarized the publication characteristics using frequencies and

percentages.

Results

The electronic and hand searches identified 2,463 citations.
After screening titles and abstracts, 103 articles were deemed
potentially eligible. Full-text assessment for eligibility resulted
in eight studies being excluded. Overall, the main reasons for
exclusion were: inadequately defined outcome (n = 1,395) and
inappropriate study population (n = 222; Supporting Informa-
tion Appendix 2).

General Data

Of the 95 included articles, 63 (66.3%) were interventional stud-
ies and 94 (98.4%) were conducted in PD patients, with a sample
median [range] size of 32 [1, 3,408]. According to the year of
publication, the earliest study was published in 2003, being 2014
and 2015 the years with the highest number of included studies
(n = 15 in each). All interventional studies evaluated non-
pharmacological interventions.

Fifty-five (57.9%) of the included studies specifically men-
tioned the concept of FM in the article, 39 (41.1%) specified the
measurement tools used to evaluate FM, and in 12 (12.6%) FM
was the primary outcome. Forty studies were deemed to have
used the concept of FM according to the reviewers (Fig. 2).

Studies Explicitly Using the
Concept of FM

Of the 39 studies (41.1%) in which a measurement tool(s) was
specified to evaluate FM, 34 (87.2%) were clinically based tests,
six (15.4%) combined clinically based tests with gait quantifica-
tion methods, one (2.6%) combined clinically based tests with
patient-reported outcomes, and one (2.6%) used only gait quan-
tification methods.

The Timed Up and Go (TUG) test was the most frequently
reported tool used as a single instrument (75% of studies;
n = 15). The Short Physical Performance Battery (SPPB), the
Five Times Sit-to-Stand test (FTSTS), the Modified Parkinson
Activity Scale (mPAS), and the Dual-Task TUG (TUG-DT;
cognitive) were also applied (Table 1). In those articles that used
a combination of measurement tools to assess FM (n = 19;
48.7%), the most frequent associations were TUG with a: dual-
task test, balance test, gait assessment, and/or a transfer evaluation
(Table 3). The association of the TUG test with a second gait,
balance, or transfers test was the most used way (75%; n = 9)
used to measure the primary outcome (n = 12; 30.8%), followed
by the single TUG test (n = 2; 16.7%) and the single FTSTS test
(8.3%; n = 1).
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95 included articles

primary outcome

1 (1.1%) presented a 55 (57.9%) mentioned FM 40 (42.1%) fit in the
definition of FM concept in the manuscript concept of FM
39 (41.1%) mentioned instrument
tools to measure FM
12 (12.6%) FM was the 20 (21.1%) used only one 17 (17.9%) used a

measurement tools to measure FM

measurement tool created to

measure FM, as single
instrument

FIG. 2. Number of included studies specifically mentioning the concept of FM and respective measurement tools in the article.

Studies That Match the
Concept of FM

Forty studies (42.1%) evaluated a set of outcomes including func-
tional assessment of gait, balance, and transfers that we consid-
ered to match the concept of FM.

Of these 40 studies, 29 (72.5%) used clinically based tests as
measurement tools, six (15%) used a combination of a clinically
based and gait quantification method, and three (7.5%) a combi-
nation of a clinically based test and patient-reported outcomes.
One study (2.5%) only used gait quantification methods, and
another study (2.5%) associated clinically based tests with gait
quantification method analysis and patient-reported outcomes.

Regarding clinically based tests, in four studies (10%), the
TUG test was used as the only instrument. All other studies used
a combination of measurement tools; the most used were the
TUG test (57.5%; n = 23), the 6-minute walk test (6MWT;
30%; n = 12), and the Berg Balance Scale (BBS; 30%; n = 12;
Table 3).

Quality Assessment of Outcome
Measurement Instruments

All measurement tools were administered to a PD population,
with data on their use in clinical studies beyond the group that
developed the instrument.'* Tables 2 and 3 summarize some of
the characteristics of the most cited measurement instruments in
the included studies. A more detailed description of the

clinimetric properties (the previously published results of
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reliability, validity, and sensitivity to change of each instrument)
and feasibility issues is presented below. The instruments have
been divided according to whether they were used as a single
instrument to measure FM or as part of a combination of

instruments.

A single instrument to measure FM
The TUG Test

Construct assessed: Functional mobility.
Test description: The participant is required to get up from a stan-
dard chair, to walk 3 m at a comfortable and safe pace, turn, and

11,14,18,19 .
’ The use of assistive

walk back to sit down on the chair.
devices is allowed.

Clinimetric properties: Planned comparisons using independent-
sample ¢ tests were used to investigate changes in patients’ TUG
scores in the off and on phases. Results showed differences across
the stages of the medication, with a moderately strong correla-
tion (r = 0.74; n = 12; P = 0.003) between off and on phase
scores. Results demonstrate that TUG scores could be used to
differentiate the performance of subjects with PD from controls
and also to detect differences between the on and off phases of
the medication cycle. No ceiling effects were found. Floor effects
exist at scores of 10 to 15 seconds. The TUG test demonstrated
adequate test-retest and inter-rater reliability in PD. Intraclass
correlation coefficients (ICCs) were used to investigate the
agreement between experienced and inexperienced raters in dif-
ferent phases of the levodopa cycle. Results showed a high
degree of agreement across different conditions (ICCs between
0.87 and 0.99). Absolute minimal detectable change values in




R. BOUCA-MACHADO ET AL.

pa31sST] SOA SOA SOA SOA 9ouewJo4Jad Jojol SOA ON ON ON IIT 3Jed Syadn
pa3sT] S9A S9A S9A S9A 9dUeTEq DT31e3S S9A ON ON OoN 1S9] Yyoeay TeuoTidung
[PERE & ON S9A S9A SOA aoueteg SO9A S9A ON ON 1S91S39-TUTW
aouetreq
pa3ST] ON SO9A SOA SOA Sutpuels TeuoT3OUNS SOA SOA ON ON 9Teds asueteg SJdag
31ed jo Sutzasuy
pa3sT] OoN ON OoN SOA ‘f31119e SuTUUN] SOA OoN ON OoN 1S3] udn] 23J48aq 9€
pa3ST] SO9A S9A S9A S9A A31oeded TedTSAyd S9A S9A ON ON 1593 MTem 93nuTw-9
pPa3ST] ON SOA SOA SOA paads SutyTeM SOA SOA ON ON 1593 MTem w-QT
AJaiieg
snjeis asuewdojdad 92UBWJO4Jdd
p33ST] ON ON ON S9A  TedTsAyd A3TwaJ3ixa Jamo] S9A S9A ON SO9A Te2TSAyd 3Joys aylL
3sal
pa3ST] ON S9A S9A SaA  Y3zSusuls AITWaJIXD JBMOT S9A S9A ON S9A pue3S-03-3TS SSWT] SATH
91825 A3TATIOY
pa3sadsns SO9A S9A S9A S9A A3ITTTQOW TRUOTIOUNS S9A S9A SOA SO9A uosutJed payTpow
paisaddns ON OoN ON ON A3TTTQOW TEUOTIDUNS SOA SOA SOA S3A 0D pue dn pawT] dsel-1eng
papusuwoday ON S9A S9A S9A A3ITTTQOW TRUOTIOUNS S9A S9A SOA S9A 3s9] 09 pue dn pawT |
uoeoyIsse|D sonss| abueyp Aipiien  Avjigened POSSasSY }ONISU0D siadojaneqg N4 ©Insea|N N4 ©INSesN N4 ©InSesa| 0} sjuswnJsu|
AjljIqisesq 0} @AlISuUSS leulbliO puohsg 0} ad ul 0} pajeald juswinisu|
paijddy paijddy a|6uls

$]00} JUBWBINSDBW PB}ID }SOW By} JO UOIIDILISSDID PUD SONSIIBIONIOYD 2 I1aV.L

(L) %5 LT 3s31 yoeay TeRUOTIOUNY
(6) %5°T¢ III 3Jed s¥adn
(anT3Tudod)
(6) %S°CC 1591S39-TUTl 3593 A3TTTqOW pag  XaputT 3Ted dTweuAq Yydead TeuoTIdund (T) %s 09 pue dn pawTl ysel-Tend
(6) %s°ce 393 >Tem w-oT uJdny 23J8sp-99¢ 3593 TEM 3NUTW-9 1591538-TUTW Tenuew  (T) %S  97e2S AITATIOV UOSUTSJed PIYTPOW
(21) %e¢ 9TedS 9dueTeq Su4sg 1593 puelS 01 TS XS 3S93 MTem w-oT Susg eoAt3TUSOD  (T) %S 3S9] pue3S-01-31TS SSWTL AT
AJaiaeg
(T1) %€ 3593 JTeM 33nuTW-9 SJdajsuedy 1TeED soueteg >sei-Tend  (T) %1 9DUBWUOSJUd TRITSAYd JJ0YS dYL
(€2) %S°LS 09 pue dn pawt “Y3ITM ONL (ST) %sL 3s31 09 pue dn pawty
(u) % S|00] SSWO0IINQ JO 18S B sy S|00] SSWO0NQ JO 18S B Sy (u) % |00] swnisu| Aluo sup

N4 Ssassy 0} pasn A||eoyioeds JON S|00] JuswaINses|y

N4 Ssassy 0} pasn A||eoyioeds sj00] JuswaInses|y

1d20U00 W4 By} I IDY} SBIPNIS Ul POSN 8SOY} PUD N4 INSDBW 03 Pasn Ajjpayioads sj00} Juaweinspay | 31aV.L

133

MOVEMENT DISORDERS CLINICAL PRACTICE 2020; 7(2): 129-139. doi: 10.1002/mdc3.12874




REVIEW

FUNCTIONAL MOBILITY MEASUREMENT TOOLS IN PD

TABLE 3 Feasibility characteristics of the most cited measurement tools
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Length of
the Outcome

Ease of
Comprehensibility

Ease of
Standardization

Measurement

Patient’s
Comprehension

Required Easy
Administration

Equipment (n)

Completion

Instrument by Clinician

Interpretability

Time (sec)

Instruments

Yes
Yes
Yes
Yes
Yes

Yes

Adequate Adequate

Yes
Yes
Yes
Yes
Yes

Yes
Yes
No

Timed Up and Go Test

Yes
Yes
Yes
Yes

Adequate

Adequate

<5
10 to 15

Dual-Task Timed Up and Go

Too long
Adequate

Adequate

Modified Parkinson Activity Scale

Five Times Sit-to-Stand Test

Adequate

Yes
Yes

<5
10 to 15

Adequate

Adequate

The Short Physical Performance

Battery
10-m walk test

Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes

Adequate Adequate

Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
No

Yes
Yes

Too long
Adequate

Adequate

<10
<5

10 to 20

6-minute walk test

Adequate

Yes
Yes
Yes
Yes
Yes

360 Degree Turn Test
Berg Balance Scale
Mini-BESTest

Yes
Yes

Adequate

Adequate

Adequate

Adequate

10 to 15

Yes
No

Adequate

Difficult

<5

Functional Reach Test

UPDRS Part III

Too long

Adequate

<10

PD varied from 3.5 to 11 seconds, whereas relative changes
>29.8% may reflect “true” change. Longer times to complete
the test proved to be associated with an increased risk of falls.
Feasibility: An easy and quick test to administer. Limited to
patients capable of walking (with or without assistive devices)
and who are able to follow instructions. The safety training may
interfere with TUG results given that patients take more time if
focused on the use of safety strategies when getting up, turning,
and sitting down.

The Dual-Task TUG test

Construct assessed: Functional mobility in dual-task conditions.
Test description: The participant is required to stand up from a
chair, walk 3 m at a comfortable and safe speed, then turn and
2021 I the TUG cognitive,

while performing the test, the participant is asked to count back-

walk back to the chair and sit down.

ward by threes to a random number between 20 and 100. In the
TUG manual, the participant is required to hold a cup filled with
water during the test. The use of assistive devices is allowed.
Clinimetric properties: Unknown for PD patients. In healthy older
adults, the TUG-DT manual and cognitive strongly correlate
with the Berg Balance Test (r = —0.72 and r = —0.66, respec-
tively). Retest reliability is very good (TUG manual: rp{_1 = 0.97
0.98; and TUG cognitive: rri_T2 0.98 and
rri-rs = 0.98). Intra-rater reliability is very high with ICC values
of 0.99 and 094 for the TUG manual and cognitive,
respectively.

and rri-Ts

Feasibility: Quick and easy-to-apply tests to determine dual-task
interference in functional mobility and a predictive test to assess
risk for falls. They may be more useful than TUG without dual-
task for evaluating intervention effects, given that the interfer-
ence of safety strategies is minimized. Limited to patients who
are capable of walking (with or without assistive devices), able to
follow instructions, and not cognitively impaired.

The mPAS

Construct assessed: Functional mobility.

Test description: The mPAS includes 18 activities covering three
functional mobility aspects: chair transfers (two items), gait
akinesia (six items), and bed mobility (eight items).''**%* Raters
evaluate the quality of the movement while patients perform the
tasks.

Clinimetric properties: Specifically designed for the PD population.
Based on 195 observations, the mPAS has no ceiling effect, good
concurrent validity (0.64 with UPDRS motor scores and 0.79
with Visual Analogue Scale/Global Functioning), and good
inter-rater agreement with no differences between experts and
nonexperts (P = 0.28).

Feasibility: It requires several accessories and space (e.g., a bed, a
chair, sheets, and a blanket), which may hinder its use in daily
practice.

The FTSTS

Construct assessed: Lower extremity strength.

Test description: Participants began the test seated in an armless
chair with their arms folded across their chest and with their back
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2423 The rater asks the participant to stand up

against the chair.
and sit down five times as quickly as he/she can without the use
of the upper limbs.

Clinimetric ~ properties: The FTSTS significantly correlated
(P < 0.01) with the Mini-BESTest and the 6MWT. It is able to
discriminate between fallers and nonfallers, with an area under
the curve of 0.77. It has shown to have high inter-rater and test-
retest reliability, with an ICC of 0.99 and 0.76, respectively.
Feasibility: The FTSTS requires a minimum of instrumentation
and is a quick and objective measure to determine whether an
individual with PD may be at risk for falling. The potential use
of compensatory strategies in the sit-to-stand movement may
impair the test’s capacity for measuring disease progression. It
does not provide detailed information on balance limitations dur-
ing gait-related activities and stationary balance. In people with
PD, balance and bradykinesia seem to be the most important

constructs influencing the results of the test.

The SPPB

Construct assessed: Lower extremity physical performance status.
Test description: A small battery including three components of
daily activities: balance (ability to stand for 3 seconds with the
feet together side by side, semitandem, and tandem), walking
ability (two timed trials of 3 m walked at a fast pace), and trans-
fers (time to rise from a chair five times).> " The SPPB utilizes
an ordinal ranking system, from O to 12, where higher scores
indicate better lower extremity function.

Clinimetric properties: Significantly correlates with disability mea-
sures (Older Americans Resource and Services Activities of Daily
Living and Instrumental ADL subscale) and disease severity
(H & Y, UPDRS-II and -III, and total score). Although this test
has been applied to PD patients, neither its relative and absolute
reliability nor its responsiveness have been calculated. In
community-dwelling older populations and patients with chronic
kidney disease, the SPPB has an excellent test-retest reliability
(ICC = 0.82 and 0.94, respectively). This battery also has good
sensitivity to change in myocardial infarction, stroke, hip frac-
ture, and congestive heart failure patients.

Feasibility: A practical measure rapid to administer and requiring
minimal equipment. It has been found to be too easy for highly
functioning patients.

Measurement Tools Used in Combination
to Measure FM

10 Meter Walk Test

Construct assessed: Walking speed.

Test description: The participant is asked to walk a distance of
10 m at their self-selected or maximal speed."**'™* The time
and number of steps needed to perform the task are recorded.
Assistive devices are allowed.

Clinical properties: The test positively correlates with the 6MWT
(gait endurance), has low-to-moderate correlation with the
Mini-BESTest (balance), and a low correlation with the UPDRS
subscales (disease severity). The test has moderate-to-high test-
retest reliability in PD (ICCs, 0.75-0.98), with minimal

detectable MDC) values of 0.18 and 0.25

m/s. Responsiveness was determined by significant differences

change

after rehabilitation programs and DBS.

Feasibility: Tt is a frequently used test in PD clinical trials. It is easy
to administer and useful for identifying changes in gait over time
in mild to moderate PD. The presence of freezing of gait or pos-
tural instability may hinder the outcome.

6MWT

Construct assessed: Physical capacity.

Test description: Subjects are asked to cover as much ground as
possible on a standardized walkway for 6 minutes.'*>"** Assistive
devices are allowed; patients are permitted to pause, if necessary.
Clinimetric properties: Its correlation with the UPDRS motor
section is weak (it does not seem to be related with disease sever-
ity); however, it moderately to strongly correlates with the BBS,
10 Meter Walk Test, and TUG. The responsiveness of the
6MWT has been demonstrated in PD. The test has adequate
test-retest, inter-rater reliability with ICCs ranging from 0.88 to
0.95. It seems to be a good predictor of a patient’s ability to walk
outside independently and safely, and useful for identifying
improvements in gait endurance after treatment.

Feasibility: The major limitations of this test’s use in clinical prac-
tice are the time and space needed. It can only be applied to
patients with the capacity to walk (with or without assistive
devices). Performance in PD may depend on the presence of
freezing, balance, and bradykinesia. Learning effects may occur.

360 Degree Turn Test

Construct assessed: Turning ability, freezing of gait.

Test description: The participant is required to make quick
360-degree turns, in both directions, while standingf"s_38 Time,
number of steps, and presence of freezing episodes are recorded.
Clinimetric properties: The test has high test-retest reliability as a
functional test, with an ICC of 0.95. No further published data
on reliability, validity, and responsiveness were found on the
360 Degree Turn Test as a measure of turning ability. However,
a study aiming to evaluate reliability, validity, and responsiveness
of the timed 360 Degree Turn Test in PD patients was registered
in clinicaltrials.gov in July 2018 (ClinicalTrials.gov Identifier:
NCT03587168). As a measure of freezing of gait, it has high
inter-rater reliability (agreement, 97%; Cohen’s kappa: 0.93).
Feasibility: Although an easy and quick test to evaluate the pres-
ence of freezing of gait, turning ability, and, indirectly, function-
ality, it is not a movement very frequent in daily life and does
not provide much information on patients’ functional mobility.

It is also limited to patients without postural instability.

BBS

Construct assessed: Functional standing balance.

Test description: The scale consists of 14 items, each scored from
0 to 4, to measure a subject’s ability to maintain positions or
movements of increasing difficulty by diminishing the base of

14,31,39,40

support. Tasks include sitting, standing, standing to a

single-leg stance, and positional changes.
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Clinimetric properties: BBS score significantly correlates with indi-
cators of motor functioning (UPDRS motor score: r = —0.58;
P < 0.005), stage of disease (H & Y scale staging: r = —0.45;
P < 0.005), and daily living capacity (Schwab and England ADL
Scale rating: r = 0.55; P <0.005). A ceiling effect has been
reported. The ICCs for test-retest reliability are above 0.90. A
value for MDC has been calculated (MDC = 5).

Feasibility: The BBS is a relatively safe and simple to administer
instrument. It may not be very useful in mild-to-moderate PD
patients because of ceiling effects. It does not take into account
the quality of movement and therefore may be less useful in PD,
where motor control is a bigger contributor to poor balance than

muscle weakness.

Mini-BESTest

Construct assessed: Balance.

Test description: The Mini-BESTest is a 14-item tool to measure
dynamic balance, which is associated with movement during
transfers and gait, as well as external perturbations and cognitive
dual-task performance.'**'"** It includes six domains: biome-
chanical constraints, verticality/stability limits, anticipatory pos-
tural adjustments, postural responses, sensory orientation, and
stability in gait.

Clinimetric properties: The Mini-BESTest has a strong relationship
with the BESTest total score (r = 0.955) and a comparable ability
to discriminate between fallers and nonfallers. It has a high inter-
rater and test-retest reliability (ICC = 0.91 and 0.92, respec-
tively). Information on minimal clinically important difference is
available.

Feasibility: Although it requires equipment, it is feasible for use in
clinical practice.

Functional Reach Test

Construct assessed: Static balance.

Test description: A ruler is mounted on the wall at shoulder
height.'**"* The participant is required to reach forward the
maximal distance beyond the arm’s length, while maintaining a
fixed base of support in the standing position.

Psychometric properties: Functional reach significantly correlates
with the UPDRS (r = 0.69; P <0.001) and H & Y (r = 0.71;
P <0.001). The test has a moderate (0.44-0.51) to strong
(0.72-0.76) correlation with balance master items and reaching
tasks. ICC values in test-retest reliability were 0.84 for a 1-day
testing interval and 0.73 to 0.74 for 1 week. Responsiveness in
PD has been demonstrated by significant differences in scores
between exercise and control groups. MDC values range from
4 to 11.5 cm.

Feasibility: The Functional Reach Test is a practical balance tool
used to evaluate the effect of interventions. It is limited to
patients who can stand for 1 minute without support, and
patients frequently need to be helped to correctly perform the

required movement.

UPDRS Part 111

Construct assessed: Motor performance.
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Test description: A subsection of the most widely used clinical rat-
ing scale in PD to assess disease severity and progression and to

determine treatment-related benefits.****

Part III comprises
11 items, including ratings for tremor, slowness (bradykinesia),
stiffness (rigidity), and balance. Punctuated from O to 4, with a
higher score showing a higher level of disability.

Clinimetric properties: The UPDRS has adequate face validity, sat-
isfactory construct validity, and is sensitive to changes in clinical
status. It has excellent internal consistency throughout disease
progression measured with the H & Y scale and adequate inter-
and intrarater reliability.

Feasibility: Used in almost all PD clinical trials. It provides a com-
prehensive assessment, approaching several crucial constructs in
PD that can be used across all patients regardless of severity,
treatment, or age. Even in the revised version, the MDS-
UPDRS has no item, or set of items, that specifically measure
functional mobility, and it is still very time-consuming to use in
everyday clinical practice.

Defining FM Concept

Of the 95 included studies, one defined the concept of FM and
55 (57.9%) mentioned the concept in the article. Among these,
other concepts were used as synonyms for FM; the most used
term was mobility (18.2%; n = 10). In the studies that did not
overtly use the term FM, but for which we considered FM was
assessed, the most used expressions were mobility (25%; n = 10)
or mobility in association with functional activities/performance,
motor function, gait-related activity, or balance (25%; n = 10;
Supporting Information Appendix 3).

Conclusion

The assessment of FM has been included in PD studies and has
increased over the years. FM is an outcome that may best convey
the patient’s overall health status in his or her environment. FM
incorporates a series of ill-defined and loosely used concepts that
are generally considered to assess motor function in the context
of functional activities/performance. Several measurement tools
have been used to measure FM, especially in association
with TUG.

FM Measurement Instruments

Recommended and Suggested
Measurement Tools

Among the reviewed instruments, only the TUG and mPAS
were designed and are validated to measure FM in PD. The
TUG-DT, although an update of TUG and frequently used in
PD clinical studies, has not been assessed clinimetrically. The
TUG test is an easy and quick-to-apply test that is broadly used
in PD. It is limited to subjects who have the ability to walk, fol-
low instructions, and who do not suffer from severe freezing epi-
sodes. Although this test includes the three anchors of functional
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mobility (gait, balance, and transfers), and is considered a good
predictor of FM, it is still a little distant from the reality of daily-
living activities, which hampers its ability to capture the patient’s
functional status in his or her environment.>'* This may explain
the frequent association of TUG with one or more scales found
in our results.

The mPAS is a scale specifically designed to evaluate PD that
overcomes this limitation by assessing functional gait, balance,
and transfers through different scenarios. Its major limitation is
the number of accessories, space, and time needed to perform
the test. The bed mobility items require a bed (large enough to
turn to both sides), sheet, and a blanket, which may not be prac-

. . . 2
tical or feasible in all centers.!*??

Listed Measurement Tools

The FTSTS and the SPPB, although used as single instruments
to measure FM, are not validated to measure FM in PD. The
FTSTS test assesses lower extremity strength asking the patient
to stand up and sit five times, which is not representative of the
FM concept. Although the SPPB can be considered to assess the
three anchors of functional mobility (the FTSTS, one test of
static balance [10 seconds with the feet together, in semitandem
and full tandem], and a 3-m walk), it uses very little functional
and isolated tests, making its adequacy to measure FM, in our
opinion, questionable. Compared with the SPPB, the TUG test
seems more attractive given that it includes the anchors, in a sim-
pler test, and, above all, in a sequential way, which makes it
more functional and closer to the movements of daily life.

Potential Measurement Tools to
Assess FM

One psychometric study*® has assessed, with positive results, a
new scale to assess FM in PD: the Lindop Parkinson’s Disease
Mobility Assessment. This is a 10-item rating scale that covers
the same constructs as the mPAS in a simplified form. This scale
was validated in 2009, but we did not find any studies that have
used it to assess FM in PD. Nevertheless, it seems that it could
be an alternative to the mPAS.

Although not validated for measuring FM in PD, the Mini-
BESTest seems worthy of being studied as an isolated tool to
measure FM. Like the mPAS, the Mini-BESTest assesses the
three constructs of FM through different tasks, with the added
value of including the TUG-DT test, the assessment of gait in
association with common tasks of daily living (e.g., changes in
gait speed, walk with head turn, walk with pivotal turn, and step
over obstacles), and the assessment of reactive postural control in
four directions. It does not include the assessment of bed
mobility.

Nine of the included studies (9.5%) used kinematic gait
parameters to assess FM. Given that FM is a more global and
illustrative outcome of patients’ health status, the use of
technology-based objective measures is very attractive. However,

the most suitable parameters and instrument to this end need to
be defined.

A 2016 study reviewed Instruments to Assess Posture, Gait, and
Balance in Parkinson’s Disease,"* a topic that overlaps largely with
the aim of this review. However, there is an essential difference
between these two reviews. Although posture, gait, and balance
are crucial aspects of FM, the operationalization of this concept
requires their simultaneous presence (along with transfers) during
a task of daily living. The assessment of the three parameters,
either separately or without carrying out a functional task, should

not be considered an FM assessment.

The Concept of FM

Although frequently mentioned and increasingly used in clinical
studies, the concept of FM is not included in the ICF.*” Only
1 of the 95 studies (1.1%) defined FM in the article.

In the absence of a universally accepted definition of FM, we
adopted the Forhan and Gill' definition, previously used in a
study on obesity, after verifying its suitability through a match
with other definitions found on an electronic search conducted
in MEDLINE/PubMed to appraise for other operational defini-
tions of FM. All the definitions share the anchor that FM is the
subject’s ability to move within a natural environment and to
perform everyday tasks and the operationalization by the assess-
ment of gait, balance, and transfers during the performance of a
functional task. Frequently, the concept of mobility was used as a
synonym of FM in the included studies. In order to verify what
was understood by mobility, we reviewed its current ICF defini-
tion. According to this, mobility is defined as “moving by chang-
ing body position or location or by transferring from one place
to another, by carrying, moving or manipulating objects, by
walking, running or climbing, and by using various forms of
transportation.”*” This is a broader concept than FM given that
it is not restricted to actions conducted with the purpose of com-
pleting an activity of daily living, which is mandatory for
FM. Although we acknowledge the absence of a universal defi-
nition for FM, we believe that the Forhan and Gill' description,
adopted in this review, is the most consensual definition of
FM. Therefore, in the context of this review, we have defined
FM as a domain of mobility, focused on a person’s physiological
ability to move independently and safely within a variety of
environments in order to accomplish functional activities or tasks
and to participate in the activities of daily living."

Among the measurement tools assessed in this review on FM,
the TUG test seems the most suitable for use in clinical practice
and research, having been designed to evaluate FM and dis-
playing strong clinimetric properties.

A limitation for establishing the most appropriate outcome
tools is the absence of an established concept of FM and the mis-
use of several overlapping terms. We recommend the use of the
Forhan and Gill' as the most consensual and pragmatic opera-
tional definition of FM. Based on this, we suggest to validate the
existing tools (e.g., the Mini-BESTest) and potentially develop
novel scales that measure FM in PD. We also highlight the need
to study how FM behaves in the context of clinical trials,
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concretely its responsiveness to change in the assessment of phar-
macological and nonpharmacological therapeutic interventions.
The combination of various validated tools will possibly provide
a more complete measurement of FM. The use of technology-
based objective measures is increasingly being used to asses PD
patients, with the added value of tracking FM from the users’
daily routine, using a smartphone or a similar device, without
the need of any explicit test. Although still very new and fragile,
future studies should also explore these as potential outcome
tools for measuring FM.
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