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ABSTRACT 

Aim: The present study aims to elucidate the degree to which 
objective modalities of balance and gait assessment, including kinetic 
and kinematic analyses, correlate with the functional rating scales 
routinely employed in clinical practice for the evaluation of patients 
with PD. 

Methods: The present study constitutes a narrative critical review of 
the literature and does not adhere to a formal PRISMA protocol. 
Electronic searches were conducted in the PubMed, ScienceDirect, and 
Google Scholar databases using the keywords “Parkinson’s disease”, 
“balance”, “gait”, “motion analysis”, “force platform”, “Vicon system” 
and “functional assessments”. Articles published between 2015 and 
2025 were considered eligible, provided that they focused on high-
precision methods, such as kinetic and kinematic evaluations of postural 
control and gait in patients with PD, as well as studies that examined the 
quantitative associations of these measures with functional scales (mini-
BESTest, BBS, FGA). 

Results: A moderate correlation was observed between kinetic and 
kinematic parameters and the BBS (r = -0.55), while kinematic parameters 
recorded via inertial measurement units (IMU’s) also demonstrated 
moderate correlations with the UPDRS (r = – 0.5). Furthermore, the 
FGA demonstrated a strong correlation with gait speed (r = 0.77) and a 
moderate correlation with step length (r = 0.54 – 0.59), while an FGA 
score of ≤ 18 predicted falls within a six-month period (ICC= 0.81). 

Conclusions: The integrative application of objective metrics and 
clinical assessment tools affords a multidimensional and more precise 
characterization of functional capacity in patients with PD. In early 
stages (H&Y 1-2), IMU’s and force platforms detect subtle deviations, 
whereas in intermediate and advanced stages, the combined deployment 
of mini-BESTest/FGA alongside objective measurements is recommended 
for the timely prevention of falls. 

Keywords: Parkinson’s disease, gait, balance, functional assessments, 
motion analysis 
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     INTRODUCTION 
Parkinson’s disease (PD) is characterized by 

a variety of motor disturbances, including im-
pairments in balance and gait, which lead to a 
markedly increased risk of falls (Bao et al., 
2023). It is estimated that approximately 60% of 

individuals with PD will experience at least one 
fall, an event directly associated with injury, re-
duced mobility, and a decline in quality of life 
(Sotirakis et al., 2024). Consequently, accurate 
and comprehensive assessment of balance and 
gait patterns is essential both for fall prevention 
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and for monitoring disease progression (Bao et 
al., 2023). 

Assessment of static and dynamic balance in 
patients with PD is typically conducted through 
clinical methods and standardized tests. Instru-
ments such as the Berg Balance Scale (BBS), the 
mini-Balance Evaluation Systems Test (mini-
BESTest), the Functional Gait Assessment 
(FGA), and the Timed Up and Go (TUG) test are 
widely employed to evaluate static and dynamic 
balance, as well as gait, in patients with PD. 
(Winser et al., 2019). Although these scales have 
been established as reliable and valid measures 
in PD (Bao et al., 2023), the subjective nature of 
examiner observation and their confinement to 
controlled laboratory or clinical settings under-
mine their external validity (Atrsaei et al., 2021). 
For instance, gait speed during daily activities 
has been shown to be up to 30% lower than 
speeds measured in a clinical assessment (Atrsaei 
et al., 2021). Moreover, functional scales often 
feature a limited scoring range (e.g. 0-4 or 0-56 
points), resulting in ceiling and floor effects. For 
example, many patients in the early stages of PD 
obtain the maximum score on the BBS, thereby 
concealing subtle balance deficits (King et al., 
2012). Likewise, 89% of patients with mild 
symptomatology are rated 0-1 (no/slight impair-
ment) in the gait item of the Movement Disorder 
Society – Unified Parkinson’s Disease Rating 
Scale (MDS-UPDRS), a scale internationally 
used for assessing disease severity and progres-
sion. Nevertheless, measurable gait deviations 
are recorded which the scale fails to detect (Hill 
et al., 2021). 

With advances in technology, high-precision 
laboratory methods have been developed for the 
assessment of balance and gait, such as force 
platforms for analyzing Center of Pressure (CoP) 
displacements and wearable inertial measure-
ment units (IMUs) for kinematic gait analysis 
(Horak et al., 2013). These techniques offer high 
– resolution quantitative measurements (e.g. cen-
timeter – level accuracy) (Merlo et al., 2025). 
Studies have demonstrated that quantitative bio-
mechanical parameters can detect balance im-

pairments in the early stages of PD, before they 
become clinically apparent (Atrsaei et al., 2021; 
Bao et al., 2023). Specifically, pathological alter-
ations in CoP variability during quiet standing 
have been documented in early PD, even prior to 
the emergence of overt symptoms (Taghizadeh 
et al., 2018). In contrast, conventional clinical 
tests typically only reveal deficits once they have 
progressed to a level that visibly impacts func-
tional performance (Wodarski et al., 2023). 

The correlation between these sensitive and 
high-precision assessment methods and func-
tional recording data represents a major scientific 
concern. By examining this relationship, we can 
determine the extent to which clinical methods 
capture (or omit) critical aspects of balance and 
gait (Wodarski et al., 2023). At the same time, 
such analysis highlights the shortcomings of clin-
ical tools with respect to the completeness and 
precision of the information they provide (Merlo 
et al., 2025). The present review evaluated the 
latest empirical findings that explore these di-
mensions in patients with PD. 

The aim of the present study was to examine 
the extent to which objective and high-precision 
assessment methods for balance and gait, such as 
kinetic and kinematic analyses and data from 
specialized recording systems correlate with the 
functional scales employed in the evaluation of 
patients with PD. This work seeks to critically 
delineate the strengths and limitations of clinical 
instruments in terms of their accuracy and com-
prehensiveness in capturing the corresponding 
measurable parameters. 

 
METHODS 
The present study adopts a narrative critical 

literature-review approach, without formal appli-
cation of a PRISMA protocol, and involves a tar-
geted search of the PubMed, ScienceDirect and 
Google Scholar databases. English-language 
keywords («Parkinson disease», «balance», 
«gait», «motion analysis», «force platform», 
«Vicon system», «functional assessments»), 
were used to identify relevant publications from 
2015 through 2025. Included articles investi-
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gated objective methods for assessing balance 
and gait in patients with PD, such as three – di-
mensional kinematic analysis (e.g. Vicon sys-
tem), indirect force measurement systems (e.g. 
force platforms), or wearable inertial measure-
ments units (IMUs), as well as studies that inves-
tigated the quantitative associations of these 
objective, high-precision measurements with es-
tablished functional scales (e.g. mini-BESTest, 
BBS, FGA). All sources were drawn from peer-
reviewed, English-language journals to ensure 
scientific rigor. Although a full systematic review 
was not conducted, a careful selection of repre-
sentative studies spanning the main technological 
categories and featuring quantitative comparative 
analyses was performed to guarantee the validity 
and relevance of the literature synthesis. 

 
RESULTS 
High-precision and objective balance  

assessment versus clinical tests 

Patients with Parkinson’s disease (PD) fre-
quently exhibit balance impairments, which are 
clinically evaluated using instruments such as the 
Berg Balance Scale (BBS), the single-leg stance 
test, the mini Balance Evaluation Systems Test 
(mini-BESTest) and the MDS-UPDRS Pull Test 
(Liu et al., 2020). By contrast, objective and high-
precision assessment employs force platforms, 
which record Center of Pressure (CoP) excur-
sions and ground reaction forces (GRF), and in-
ertial measurement units (IMUs) that capture 
three-axis accelerations and angular velocities, 
thereby enabling precise quantification of both 
static sway and gait kinematics (King et al., 2012; 
Álvarez et al., 2020). Recent evidence demon-
strates that while correlations between selected 
parameters from these objective and clinical 
methods are statistically significant, they tend to 
be moderate in strength (Bao et al., 2023; King et 
al., 2012; Picardi et al., 2020). 

Specifically, the study by Bao et al. (2023), in-
volving 46 patients with mild-moderate PD 
(H&Y 1-2), compared Berg Balance Scale (BBS) 
scores with stabilometric CoP indices during 
quiet standing under eyes - open and eyes - closed 

conditions on a force platform. The 95% predic-
tion ellipse area of the CoP was negatively cor-
related with BBS (r = –0.55, p = 0.001), while the 
high – frequency slope of the sway power spec-
trum, reflecting rapid corrective adjustments, 
showed a moderate positive correlation with BBS 
(r ≈ 0.48, p = 0.001). Structural metrics, such as 
the intersection point in the sway scatterplot, also 
exhibited moderate positive correlations (r ≈ 
0.40–0,50, p ≤ 0.01).These findings indicate that 
the BBS explains only about 25% of the total 
variance in laboratory-derived measures, with 
clear clinical implications: although the func-
tional scale broadly reflects balance ability, it 
fails to detect subclinical instabilities revealed by 
objective metrics, potentially delaying interven-
tion and increasing fall risk. Similar results were 
reported by Liu et al. (2023), who found r ≈ 0.55 
between CoP ellipse area and BBS, while exper-
imental interventions demonstrated that a reduc-
tion in sway corresponded to a clinically 
meaningful improvement of + 2.3 points on the 
Mini Balance Evaluation Systems Test (mini-
BESTest) (Giardini et al., 2018). Additionally, re-
garding balance parameters, the study by 
Hasegawa et al. (2019), reported moderate corre-
lations between the mini-BESTtest and stabilo-
metric indices of CoP sway, with values ranging 
from r= 0.5 to r = 0.58. Furthermore, the “Sen-
sory Orientation” subscale of the mini-BESTest 
demonstrated a moderate association with sway 
variability during quiet standing (r = 0.45), 
whereas the “Reactive Postural Control” subscale 
exhibited moderate correlations with parameters 
derived from the “Push and Release test” which 
evaluates automatic postural responses (r = 0.4-
0.55). These findings highlight that, although the 
mini-BESTest represents a reliable and widely 
utilized clinical tool for balance assessment, its 
associations with biomechanical parameters re-
main moderate. This underscores the value of in-
tegrating laboratory-based measurements, which 
may provide complementary insigths and enrich 
the clinical evaluation of postural control in PD. 
Nevertheless, despite the exceptional precision of 
force platform for recording CoP and GRFs, their 
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use is severely limited by high cost and space re-
quirements, specialized laboratory facilities and 
trained personnel for calibration and operation 
are mandatory. Additionally, their limited porta-
bility confines measurements to brief trials (10-
40 seconds) and precludes assessment in real – 
world settings (Merlo et al., 2025). 

Accordingly, the findings indicate that in the 
early stages of PD (H&Y 1-2), where functional 
scales rapidly exhibit ceiling effects, CoP indices 
obtained through force platforms (Bao et al., 
2023; Taghizadeh et al., 2018) capture subtle bal-
ance deviations. In intermediate stages (H&Y 2-
3), the mini-BESTest, in conjunction with 
stabilometric indices of CoP displacement, 
demonstrates moderate yet clinically meaningful 
associations (Hasegawa et al., 2019). In advance 
stages (H&Y 3-4), increased postural instability 
is substantiated by CoP parameters that are di-
rectly linked to a heightened risk of falls 
(Kamieniarz et al., 2018). 

 
High-precision and objective gait  

assessment versus clinical tests 
Gait in PD is characterized by bradykinesia, 

manifesting as reduced walking speed, shorter 
step length, prolonged double-support time, and 
difficulty with gait initiation/termination and 
dual-task performance (Zhang et al., 2024). In 
routine clinical practice, gait is quantitatively as-
sessed primarily via timed speed tests (e.g. the 
10-Meter Walk Test) and functional gait scales 
(e.g. the Tinetti gait score), which nonetheless fail 
to yield detailed quantitative indices of the kine-
matic and postural control impairments that ob-
jective assessment methods can reveal. (De 
Pasquale et al., 2025). 

Specifically, a central question is whether ob-
jective gait measurements reflect overall motor 
severity in PD as captured by the UPDRS and the 
Hoehn & Yahr stage. In the study by Curtze et al. 
(2016), 104 patients with mild-to-moderate func-
tional impairment (stage 2-4), as classified by the 
H&Y, were evaluated on 34 gait and balance pa-
rameters using IMUs, and correlations were ex-
amined: (a) with subjective motor function 

(PDQ-39 Mobility, ABC scale) and (b) with clin-
ical severity (UPDRS, Hoehn & Yahr). In the off-
medication state, gait speed, turning angular 
velocity, and stride length exhibited the strongest 
correlations with UPDRS (r ≈ 0.5) and with per-
ceived difficulty (r ≈ 0.4–0.5), whereas CoP vari-
ability showed a weaker association. By contrast, 
in the on-medication state these correlations were 
attenuated, highlighting the importance of the off-
medication assessment to reveal “hidden” 
deficits. Moreover, Carlson-Kuhta et al. (2019) 
confirmed an inverse relationship (r ≈ -0.51) 
(Beck et al., 2018) between turning angular ve-
locity and stride length with UPDRS scores, 
while the SPARC index (Beck et al., 2018) offers 
a quantitative estimate of gait smoothness that 
corresponds to disease severity. 

Several studies have implemented IMUs dur-
ing Timed Up and Go (TUG) test, placing a sen-
sor at the lumbosacral junction to capture metrics 
such as sit-to-stand velocity, acceleration at gait 
initiation, peak turning angular velocity, and dou-
ble-support time, thereby enhancing the TUG’s 
sensitivity to motor disturbances in PD (Zhang et 
al., 2024; Di Lazzaro et al.,2020; Bernad-Elazari 
et al.,2016). Furthermore, Wang et al. (2024) de-
ployed ten body-worn sensors throughout the 
TUG to differentiate PD subtypes (tremor-domi-
nant versus bradykinetic/instability-dominant) 
and to explore their relationship with clinical 
severity (UPDRS). They demonstrated that com-
posite digital markers, such as peak turning an-
gular velocity, can reliably distinguish the 
instability-dominant subtype from healthy con-
trols at an early stage, while trunk-related meas-
ures, such as maximum sit-to-stand velocity, 
show an inverse correlation with disease severity. 
These findings underscore the capacity of wear-
able sensor technology to reveal subclinical gait 
alterations that conventional clinical tools fail to 
detect. Moreover, in the study by Hasegawa et al. 
(2019), which included patients with PD follow-
ing at least 12 hours of medication withdrawal, 
measurements obtained via IMUs placed at mul-
tiple anatomical sites revealed moderate to strong 
correlations between the “Dynamic Gait” sub-
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scale of the mini-BESTest and kinematic gait pa-
rameters. Specifically, strong positive associa-
tions were observed with gait speed (r = 0.77) and 
stride length (r = 0.61), along with a moderate 
negative correlation with double support time (r 
= -0.55), indicating that the scale captures essen-
tial kinematic aspects of gait. Nevertheless, the 
overall findings underscore the complementary 
value of IMUs in detecting subclinical alterations 
in gait that remain undetected through conven-
tional assessment tools. 

However, although IMUs permit monitoring 
in natural environments through repeated or con-
tinuous measurements, they have certain limita-
tions: (a) integrated accelerations accumulate, 
leading to positional drift unless regular re-cali-
bration is performed, (b) incorrect sensor place-
ment or tilt on the body substantially alters the 
recorded data, (c) algorithms designed to distin-
guish phenomena such as freezing of gait (FOG) 
require training on a broad patient cohort, other-
wise yielding increased false positive and false 
negative rates and (d) while more affordable than 
laboratory systems, some of the most reliable IMU 
models are not universally available in all clinical set-
tings (Prisco et al., 2024). 

Additionally, in PD the Functional Gait As-
sessment (FGA) score has been shown to corre-
late closely with objective gait parameters 
measured via three-dimensional motion capture 
systems, the “gold standard” for kinematic gait 
analysis (albeit with limitations similar to those 
of force platforms) (Ehrhardt et al., 2020). Specif-
ically, there is a strong positive correlation be-
tween gait speed and FGA score (r ≈ 0.77), as 
well as moderate positive correlations with step 
length and cadence (r ≈ 0.54–0.59) (Eldeeb & 
Abdelraheem, 2021). Conversely, temporal pa-
rameters, such as step duration and double-sup-
port time, are significantly and negatively 
correlated with FGA (r ≈ –0.59 έως –0.65, p < 
0.01), indicating that lower FGA scores are asso-
ciated with slower, more prolonged gait patterns 
(Álvarez et al., 2020). Meanwhile, certain spatial 
parameters, such as step width, do not show a sig-
nificant relationship with FGA scores (Pistacchi 

et al., 2017). The diagnostic utility of the FGA is 
further underscored by its ability to predict falls: 
and FGA score of ≤18 predicted the occurrence 
of falls within six months with 81% sensitivity 
and 80% specificity (Marques et al., 2021). Col-
lectively, these results validate the FGA as a func-
tional gait assessment tool in PD, mirroring 
indices of motor severity and fall risk. 

Accordingly, the findings suggest that in the 
early stages of PD (H&Y 1-2), IMUs and 3D mo-
tion capture systems can detect subclinical gait 
alterations that are not readily captured by func-
tional assessment scales (Zhang et al., 2024; 
McGuirk et al., 2022). In intermediate stages 
(H&Y 2-3), the use of IMUs during the execution 
of the TUG highlights moderate-to-strong asso-
ciations with subscales of the mini-BESTest 
(Hasegawa et al., 2019; Curtze et al., 2016). In 
advanced stages (H&Y 3-4), the FGA (Marques 
et al., 2021), together with data derived from 
plantar pressure systems and force platforms 
(Merlo et al. 2025), is closely linked to the in-
creased risk of falls, thereby constituting valuable 
tools for prognosis and rehabilitation. 

 
DISCUSSION 
The present review demonstrates that contrast-

ing objective and clinical methods for assessing 
balance and gait in patients with Parkinson’s dis-
ease (PD) reveals distinct strengths and limita-
tions in both approaches. 

Many conventional balance assessment scales 
(e.g. the BBS and the Tinetti scale) were origi-
nally developed for older adults at risk of falls 
and exhibit ceiling effects in early Parkinson’s 
stages (H&Y 1–2) (Krzysztoń et al., 2018) and 
floor effects in advanced stages (H&Y 4–5) 
(Schlenstedt et al., 2016), thereby limiting their 
ability to detect deterioration or improvement be-
yond certain thresholds (Park et al., 2018). More-
over, their cumulative scoring does not 
distinguish discrete functional components (dy-
namic stability, reactive balance, foot-placement 
accuracy) and is influenced by the examiner’s 
subjective judgment as well as by patient coop-
eration, fatigue, or stress at the time of testing 
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(e.g. off-medication versus on-medication state) 
(Bao et al., 2023). In contrast, objective methods 
such as stabilography (kinetic recordings of cen-
ter of pressure displacements) and three-dimen-
sional motion capture systems deliver continuous 
or repeated high-resolution measurements (mil-
limeters, degrees, milliseconds), capturing both 
the direction of sway (anteroposterior versus 
mediolateral) and the frequency spectrum of pos-
tural oscillations (high-frequency reflexive cor-
rections versus low-frequency exploratory 
adjustments), detecting infrequent events (e.g. 
FOG), and enabling targeted intervention plan-
ning (De Pasquale et al., 2025). Among functional 
clinical tools, the mini-BESTest stands out for assess-
ing a broader range of balance domains, exhibiting 
reduced ceiling/floor effects and greater sensitivity to 
clinical change (Krzysztoń et al., 2018). Likewise, 
the FGA has proven valuable for early fall pre-
diction in PD, with scores ≤ 18 forecasting falls 
within six months with high sensitivity and speci-
ficity (Marques et al., 2021). 

Therefore, depending on the severity of 
motor impairment, it appears that: 

(a) In early stages (H&Y 1-2), where func-
tional scales rapidly exhibit ceiling effects, the 
use of IMUs or three-dimensional motion capture 
systems enables the detection of subtle gait and 
balance deviations (Zhang et al., 2024; McGuirk 
et al., 2022). 

(b) In intermediate stages (H&Y 2-3), the 
mini-BESTest combined with IMUs during the 
TUG offers a more comprehensive assessment 
framework, identifying deficits that the func-
tional scale alone might not capture (Curtze et al., 
2016; Mancini et al., 2025). 

(c) In advanced stages (H&Y 3-4), where fall 
risk is high, force platforms and pedobarographic 
systems provide precise fall-risk assessment and 
facilitate the design of specialized rehabilitation 
programs (Kamieniarz et al., 2018). 

 
Limitations and future directions 

Cost and availability: Many clinical settings, 
particularly those outside major academic cen-
ters, lack the resources to implement large labo-

ratory systems. Further investigation into the 
cost-effectiveness of IMU devices relative to im-
provements in fall-prediction accuracy is needed 
(Mancini et al., 2025; Prisco et al., 2024). 

Protocol standardization: The absence of uni-
versally accepted protocols (e.g. number and 
placement of sensors, standardized walking 
speeds) impedes the comparability of gait data 
across different cohorts and research centers 
(Merlo et al., 2025). Development of interna-
tional guidelines for the collection and analysis 
of IMU-derived gait metrics is therefore essen-
tial. 

Large-scale, long-term studies: Most existing 
investigations involve small cohorts (< 50 pa-
tients) and relatively brief follow-up periods (6-
12 months). To validate digital gait and balance 
markers as prognostic indicators of disease pro-
gression, prospective studies with larger samples 
and surveillance exceeding two years are war-
ranted (Curtze et al., 2016; Mancini et al., 2025). 

Patient acceptance and adherence: Deploying 
wearable sensors in everyday settings necessi-
tates comprehensive patient training and ongoing 
evaluation of device comfort. Without sufficient 
user compliance, the quality and reliability of the 
collected data may be compromised (Prisco et al., 
2024). 

 
CONCLUSIONS 

The incorporation of objective indicators into 
the assessment process, alongside traditional clin-
ical methods, provides a more comprehensive 
and precise depiction of functional status in pa-
tients with PD. The principal challenge is to 
maintain an optimal balance between cost, acces-
sibility, and measurement accuracy, with an em-
phasis on developing standardized protocols that 
yield comparable and clinically actionable out-
comes. 
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