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Abstract

Aim: To determine the level of agreement between remote and in-person assessment for the Timed Up and
Go test (TUG), the Lateral Step-Up test (LSU), the Five-Times-Sit-To-Stand test (FTSTS), and the Pediatric
Balance Scale (PBS) in children with cerebral palsy (CP).

Methods: Fifteen children diagnosed with unilateral and bilateral spastic CP and Gross Motor Function
Classification System levels I-II underwent these four tests in two distinct environments. These
assessments were conducted 24 to 48 hours apart, first in person at the physiotherapy clinic and then
remotely at home via the VSee platform. Before the remote assessment, all parents attended a preliminary
training session that covered technical proficiency with VSee, the proper setup of home equipment, and
essential safety protocols.

Results: Children had a median age of 7 (IQR = 6-10) years old. All children successfully finished all four
tests in both the home and clinic settings without any reported safety issues. The agreement was good for
the time of repetitions in the FTSTS: ICC = 0.884 (95% CI: 0.654 to 0.961; MD = -1.26 seconds, 95% CI:
-2.81t0 0.28, p = 0.102), and excellent for the total time of the TUG: ICC = 0.998 (95% CI: 0.990 to 0.999;
MD = -0.42 seconds, 95% CI: -0.76 to -0.08, p = 0.017), the total score in the PBS: ICC = 0.998 (95% ClI:
0.992 to 0.999; MD = 0.26 units, 95% CI: 0.01 to 0.52, p = 0.041), and the total number of steps in the LSU:
ICC =0.988 (95% CI: 0.965 to 0.996; MD = 0.53 steps, 95% CI: -0.68 to 1.75, p = 0.364).

Conclusions: Remote evaluation of the FTSTS, TUG, LSU, and PBS demonstrates good-to-excellent
agreement with in-person assessment. However, wide limits of agreement indicated individual variability.
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Introduction

Spasticity and musculoskeletal impairments limit balance and functional mobility in children with cerebral
palsy (CP) [1, 2]. While over 60% of children with CP possess the ability to walk, the use of thorough
functional assessments within the rehabilitation framework is essential for identifying specific physical
impairments [1, 2]. In individuals with CP, conservative treatment focuses on mitigating the progression of
musculoskeletal impairments, thereby promoting the preservation of independent mobility and walking.
Among treatment options, goal-directed, functional, and gait training seem to be effective in improving the
functionality of children and young adults with CP [3]. Thus, a detailed functional assessment using reliable
tools is fundamental not only for establishing a physiotherapy program but also for determining the
program’s efficiency [4].

Telehealth interventions are at the forefront of solutions to make rehabilitation programs more
accessible to children and their caregivers [5]. Research has established that utilizing remote assessment
for evaluating functional capacity is both a practical and accurate alternative to in-person assessment in
typically developing children [6]. Motor skills (e.g., motor coordination and postural stability) can be
evaluated via remote supervision at home using simple functional tests such as the Timed Up and Go test
(TUG) and one-legged standing balance test, providing valid information as in the in-person evaluation [6].

A recent systematic review revealed 23 mobile applications that are specially designed for children
with CP. These applications are designed to provide information, evaluation, and treatment services in the
field of the management of this population [7].

For assessing functional and lower limb capacity, as well as balance, practical tests such as the TUG,
Lateral Step-Up test (LSU), the Five-Times-Sit-To-Stand test (FTSTS), and the Pediatric Balance Scale (PBS)
are commonly used in pediatric patients with CP as these tests require short time, a small space, and can be
easily performed at home [8-10]. Beyond their practical feasibility, these measures assess complementary
domains of functional performance, including dynamic mobility (TUG), functional lower-limb strength
(FTSTS), frontal-plane stability (LSU), and postural control (PBS). Together, they provide a
multidimensional evaluation of activity-level performance and capture functional abilities relevant to
everyday tasks such as walking, transfers, stair negotiation, and balance maintenance [11]. Their selection
is further supported by evidence demonstrating their feasibility in pediatric rehabilitation settings [12, 13],
while significant associations between TUG and PBS scores and Gross Motor Function Measure (GMFM)
outcomes further support their clinical relevance for evaluating functional performance in children with CP
[14].

In children and adolescents with CP, the aforementioned tests, when typically performed in-person,
have excellent test-retest reliability [intraclass correlation coefficient, ICC = 0.92 (95% confidence interval,
CI: 0.80 to 0.97) (LSU); ICC=0.912 (95% CI: 0.821 to 0.956) (FTSTS); ICC = 0.958 (95% CI: 0.910 to 0.981)
(PBS)] [4, 9, 15]. Furthermore, between raters, FTSTS and PBS have good to excellent reliability for the
same population [ICC = 0.88 (95% CI: 0.758 to 0.941), and 0.901 (95% CI: 0.849 to 0.941), respectively] [9,
15]. The TUG has excellent inter- and intra-rater reliability [ICC = 0.992 (95% CI: 0.986 to 0.996)] in
children and adolescents with autism spectrum disorder when administered in person [16]. Up to the
present time, only a small selection of functional assessments has been adapted for remote use to evaluate
functional capacity, core performance, and motor skills in both typically developing children and those with
mobility impairments [6, 17]. The literature on remote assessment of functionality in pediatric populations
with CP remains scarce.

Remote treatment procedures in pediatric populations are increasingly recognized as feasible and
effective [18], but there is a major gap in the literature of evidence-based measurement and assessment
procedures conducted remotely [18, 19]. Conducting remote assessments within a familiar home
environment reduces children’s anxiety and apprehension, fosters more natural functional performance,
and facilitates active parental involvement in the evaluation process [20].
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Therefore, the study aimed to examine the agreement between remotely supervised, parent-witnessed
TUG, LSU, PBS, and FTSTS and the in-person assessment in a sample of children with CP. We hypothesized
that the remote implementation of these tests, supervised by an expert pediatric physiotherapist, could
produce similar results to the traditional assessment in this pediatric population.

Materials and methods
Participants

This prospective study was carried out between January and February 2022. A convenience sample of
fifteen children with CP was recruited from a pool of patients of four private pediatric physiotherapy clinics
in Greece. Children were eligible for the study when they met the following inclusion criteria: (1) age 6 to
12 years old, (2) diagnosed with unilateral or bilateral type of spastic CP, (3) functional mobility in
categories I or II according to Gross Motor Function Classification System (GMFCS), (4) ability to
understand verbal instructions. The exclusion criteria were: (1) orthopaedic surgery in the last year, (2)
botulinumtoxin-A (Bont-A) injections within four months before the assessment, (3) categories Il to IV on
GMFCS, (4) difficulties in following verbal instructions, and (5) absence of electronic devices (laptop or
smartphone). Parents of all participants were fully informed about the aims of the study, and they provided
written informed consent. The study protocol followed the ethical standards of the World Medical
Association (Declaration of Helsinki) and was approved by the Ethics Committee of the Physiotherapy
Department, University of Thessaly (Protocol ID-719/23-9-2021).

Study design

To test the hypothesis, the study employed a within-subjects design in which children completed the
assessments in two environments: remotely at home and in-person at the private physiotherapy clinic.
These sessions were scheduled with 24 to 48 hours apart. For the remote evaluations, the VSee platform
was utilized to facilitate real-time, two-way communication between children, parents, and the
physiotherapist at home. VSee was selected for its high-resolution video quality, secure interface, and user-
friendly accessibility, as it functions without requiring software installation on laptops or smartphones. To
minimize potential learning effect, the functional tests order in both experimental conditions was
randomized using the Random Sequence Generator software (https://www.random.org/sequences/).
However, the order of experimental conditions remained the same for all participants, starting with the in-
person assessment, followed 24 to 48 hours later by the remote assessment. To avoid fatigue, a resting
period of 10 minutes between tests was provided in both experimental conditions. All children were
instructed to avoid any vigorous activities (such as outdoor activities) or physiotherapy sessions between
the two experimental conditions (remote and in-person). The study design is presented in Figure 1. To
ensure thorough preparation and clarity, all parents were provided with comprehensive written guidelines.
This documentation included instructions for equipment setup, navigation of the VSee platform, and
explicit safety protocols for emergencies, complemented by instructional videos and illustrated guides for
each specific test. Furthermore, supportive materials (ropes, meter tapes, goniometers, adhesive tapes, and
a wooden step) were given to all children for the remote assessment. In both remote and in-person
assessments, the same parent was present. All measurements were performed by the same physiotherapist
(GK). The entire physiotherapy team possessed prior clinical expertise in conducting remote evaluations
and delivering telerehabilitation services [21-23].

1-hour remote orientation session

One day before the remote evaluation, each participating parent attended a 1-hour virtual orientation with
the same physiotherapist (GK). This session focused on organizing the home environment and mastering
the VSee platform. The physiotherapist provided practical advice, such as optimizing internet stability by
positioning devices near the router, and delivered a verbal walkthrough on the correct use of testing
materials. Furthermore, the session dedicated a specific time to emergency preparedness, ensuring parents
felt confident managing potential technical failures or safety concerns, such as a child losing their balance.
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Figure 1. Flow chart of enroliment and completion of the study.

Assessment procedure

Prior to study enrollment, each child underwent a thorough clinical intake at a private physiotherapy center
to document their medical history, anthropometric data (height and weight), and specific physical
impairments related to CP. The functional evaluations were conducted across two consecutive days, with
24 to 48 hours apart, separating the in-person assessment and the remote one performed at the child’s
home. All children were asked to wear the same comfortable clothes and footwear for both experimental
conditions. At the in-person assessment, children rested for 30-40 minutes before testing to avoid any
fatigue due to their transportation to the physiotherapy clinic.

During the remote assessment, the children remained at home, maintaining no physical contact with
the physiotherapist, who conducted the session from the clinic. Parents were only observed the assessment
procedure and received strict instructions not to be involved unless an adverse event occurred. To ensure a
stable and standardized viewing angle, all parents were supplied with a 50 x 50 cm wooden box to serve as
a platform for their laptop or smartphone. Additionally, a wooden step that simulated a 17 cm stair step
was provided to all participants for the remote assessment of the LSU. To conduct the TUG test, the laptop
or smartphone was placed on the box at an angle, roughly 100 to 150 cm from the starting point. This
specific positioning ensured the physiotherapist had a clear, unobstructed view of the entire 3-meter path,
including the critical moments when the child initiated the movement from the chair and returned to a
seated position. For the LSU, the laptop/smartphone was placed on the box, 100-150 cm away, at the back
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side of the child, and at an angle to fully capture the hip extension of the child while standing up and down
from the wooden step. Similarly, for the FTSTS, the laptop/smartphone was placed beside each child to fully
capture their performance during the five repetitions.

For PBS, the laptop/smartphone was placed at a distance that allowed the physiotherapist an
unobstructed, full-body view of the child in both standing and seated postures.

Children were given a chance of two practice trials for each test before starting measurements. All the
aforementioned functional tests were performed under the verbal guidance of the physiotherapist (GK) and
in line with the recommended guidelines for each test [9, 10, 24, 25]

Adverse events

The physiotherapist was primed to record any adverse events for both the in-person and the remote
assessment. Adverse events were defined as any physical or emotional incidents related to the assessment,
including loss of balance resulting in a fall, dizziness, or significant distress. It was established that the
occurrence of any such physical event would result in the immediate termination of the session.
Additionally, the physiotherapist documented any factors that necessitated stopping a remote assessment,
such as poor internet connectivity or a total loss of communication with the participant.

Measurements
Timed Up and Go test (TUG)

The TUG is a simple, valid, and reliable clinical test that is frequently used for assessing basic functional
mobility in children with CP [24]. It involves consecutive activities such as getting up from a chair, walking
3 meters, turning 180 degrees, walking back to the chair, and sitting down. Timing begins when the child
rises from the chair, walks 3 meters, turns around, walks back, and sits down again. The total time in
seconds to complete the entire activity was measured by a stopwatch and was used for statistical analyses;
longer duration is associated with decreased mobility [26].

Lateral Step-Up test (LSU)

LSU is a closed kinetic chain test that has been utilized to assess lower extremity muscular performance
[10]. The test consists of 3, 30-second trials, where children are asked to perform as many steps as possible,
stepping up and down on a 21cm (GMFCS I-1I) or 12 cm (GMFCS III) step. For each trial, participants are
instructed to stand with the more affected limb on the step and the less affected limb resting on the floor.
Feet are parallel and shoulder-width apart. The hip and knee of the tested limb are moved into full
extension, followed by flexion until the heel of the non-tested limb touches the floor. Steps are counted each
time the heel of the resting limb touches the floor, without any support. In our study, the LSU was
performed on the most affected limb to avoid fatigue and to include hemiplegic type of CP without causing
further stress to participants. Furthermore, the research team elected to use a 17-cm step height, despite
the recommendations outlined in the original testing protocol. This modification was implemented to
better reflect the dimensions of steps commonly encountered in residential environments, thereby
enhancing the ecological validity and applicability of the assessment within the home-based setting. During
the remote evaluation, the supervising parent performed an independent step count to ensure accuracy. In
the event of a discrepancy between the parent’s count and the physiotherapist’s, the physiotherapist’s
recording was prioritized for the final data set. The best trial (number of steps) was included in the
statistical analysis [10].

Five-Times-Sit-To-Stand test (FTSTS)

This test was performed using a height-adjustable chair without armrests, positioned against a wall.
According to test guidelines, knee flexion while sitting should remain approximately at 90 degrees. To
ensure this sitting position, parents adjusted the seat height by placing books. The structural stability, non-
slip safety, and exact positioning of this modified chair setup were inspected and verified by the supervising
physiotherapist during the 1-hour remote orientation session. For this test, children were tested barefoot
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on a firm mat. They were asked to keep their feet parallel, with the hip flexed at 90° and knee flexed at 105°,
and fold their arms across their shoulders. They were instructed to fully stand up (complete knee
extension) and sit down completely. On the command “go”, the time started counting, and the children
performed five consecutive sit-to-stand repetitions as quickly as possible. The test was finished when the
child returned to the seated position the fifth time. The time needed to complete the five repetitions in
seconds was recorded and used in the statistical analysis [9].

Pediatric Balance Scale (PBS)

The PBS consists of 14 items that evaluate various activities essential for a child’s safe and independent
participation in home, school, and community settings [25]. These items include sitting and standing
balance, sit-to-stand, stand-to-sit, transfers, stepping, reaching forward, reaching to the floor, turning, and
stepping on and off of an elevated surface. Each item is scored on a 5-point scale, and the total score ranges
from 0 (severe balance impairment) to 56 (highest level of balance performance). It can be administered
and scored in less than 20 minutes using equipment that can be easily found at a physiotherapy clinic or at
a home setting (e.g., standard chair with armrests, measuring tape, or small lightweight object). The total
score of the PBS was included in the statistical analysis. In the present study, the Greek adaptation of the
PBS test for kinetic disorders of children aged 4 to 18 years old was used [27].

Statistical analysis

The normality of the data distribution was evaluated using the Shapiro-Wilk test. Descriptive statistics for
categorical variables were presented as frequencies and percentages, while continuous variables were
expressed as either means (with standard deviation, SD) or medians (with interquartile ranges, IQR), based
on their distribution. The mean difference (MD) was expressed as in-person minus remote measurement.
The required sample size was determined using the G*Power 3.1.9.4 software (University of Diisseldorf,
Germany). Based on an “exact” bivariate normal model test to detect a moderate effect size (f= 0.7) with
80% power and a significance level of a = 0.05, a minimum of thirteen children was required. To account for
a potential 20% attrition rate [28], common in studies of this nature, the final recruitment target was set at
fifteen patients.

Differences between the two experimental conditions were calculated using the paired sample t-test.
Statistical agreement for all continuous variables was evaluated using the ICC, specifically employing a two-
way random-effects model to assess absolute agreement. Following the criteria established by Koo & Li,
reliability was categorized as poor (< 0.5), moderate (0.5 to 0.75), good (0.75 to 0.9), or excellent (> 0.9)
[29]. To further examine the level of agreement between the remote and in-person sessions and to detect
possible outliers, Bland-Altman plots were generated [30]. Additionally, the standard error of measurement
(SEM) was determined using the following formula to quantify the precision of the assessment [31]:

SEM = SD x V1 —ICC
This value subsequently informed the calculation of the smallest detectable change (SDC95%),
representing the threshold for true change at a 95% confidence interval (CI) [32]:
SDC95% = SEM X 1.96 X v2

The SDC95% serves as the threshold for determining whether an observed difference reflects a “true”
clinical improvement rather than a measurement error. As such, a lower SDC indicates a more sensitive
assessment tool [31]. All statistical computations were conducted using SPSS for Mac, version 29.0 (SPSS
Inc, Chicago, IL, USA), with the level of significance established at p < 0.05.

Results

While twenty-nine children from four physiotherapy clinics met the inclusion criteria, fourteen of those
were subsequently excluded for reasons detailed in Figure 1. The clinical and demographic profiles of the
remaining fifteen children who proceeded with the study are summarized in Table 1. A total of 9 children
(60%) were boys, while 9 children (60%) were classified in category I at the GMFCS.
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Table 1. Clinical and demographic characteristics of the fifteen children with cerebral palsy (n = 15).

Characteristic Values
Weight (kg), mean (SD) 25.87 (1.78)
Height (cm), mean (SD) 125.87 (3.17)
Age (years), median (IQR: Q1-Q3) 7 (6-10)
GMFCS (category), median (IQR: Q1-Q3) 1(1-2)
Boys/qirls, n (%) 9/6 (60/40)
GMFCS (category I), n (%) 9 (60)
GMFCS (category Il), n (%) 6 (40)

Data are presented as mean (SD), median (IQR: Q1-Q3), numbers (n), and % percentage. GMFCS: Gross Motor Function
Classification System; SD: standard deviation; IQR: interquartile range.

All children completed the trials of the TUG, LSU, FTSTS, and PBS, both in-person at the same
physiotherapy clinic and remotely at home. During the measurements in both experimental conditions, no
adverse bodily events or loss of internet signal were reported.

Excellent agreement between in-person and remote assessments was observed for the TUG (ICC =
0.998, 95% CI: 0.990 to 0.999), LSU (ICC = 0.988, 95% CI: 0.965 to 0.996), and PBS (ICC = 0.998, 95% CI:
0.992 to 0.999), while the FTSTS demonstrated good-to-excellent agreement (ICC = 0.884, 95% CI: 0.654 to
0.961).

The MD between the two experimental conditions, the SEM, and the SDC95% for the TUG, the LSU, the
PBS, and the FTSTS are presented in Table 2. There were no differences between the mean in-person and
the mean remote assessment scores for LSU (p = 0.364) and FTSTS (p = 0.102); however, TUG was
significantly longer (p = 0.017) for the remote assessment than that of the in-person one. Additionally, the
PBS score was significantly lower (p = 0.041) for the remote assessment than that of the in-person mode.
For TUG and FTSTS tests, children scored higher for the remote measures compared with in-person values,
indicating slower (in seconds) functional performance (Table 2).

Table 2. In-person and remote agreement of TUG, LSU, PBS, and FTSTS (n = 15).

Measurement In-person assessment Remote assessment MD (95% CI) p-value SEM SDC95%
TUG, time in sec 10.07 (7.70) 10.50 (8.16) -0.42 (-0.76 t0 -0.08) 0.017" 0.35 0.98
LSU, number of steps  15.66 (9.88) 15.13 (10.16) 0.53 (-0.68 to 1.75) 0.364 1.10 3.05
PBS, total units 50.13 (5.57) 49.86 (5.82) 0.26 (0.01 to 0.52) 0.041* 0.25 0.69
FTSTS, time in sec 10.59 (4.32) 11.86 (4.80) -1.26 (—2.81 to 0.28) 0.102 1.55 4.29

Data are presented as mean (SD). SD: standard deviation; MD: mean difference; SEM: standard error of measurement;
SDC95%: smallest detectable change with 95% CI; TUG: Timed Up and Go test; LSU: Lateral Step-Up test; PBS: Pediatric
Balance Scale; FTSTS: Five-Times-Sit-to-Stand test. p-value from paired sample t-test. *: p < 0.05.

The Bland-Altman plots revealed a good level of agreement between the in-person and the remote
assessment for the total time in seconds of the FTSTS and the total number of steps of the LSU (Figure 2),
identifying one child as an outlier on the FTSTS and one on the LSU. An excellent level of agreement was
observed for the total time in seconds of the TUG and the total score of the PBS (Figure 3), identifying two
children on the lower limit of agreement (TUG).

During the remote evaluation of the LSU, there were no significant differences (p > 0.05) between the
step counts recorded by the physiotherapist and the parent.

Discussion

The study evaluated the level of agreement between the in-person and the home-based remote assessment
of the TUG, LSU, FTSTS, and PBS specifically for children with CP. The findings demonstrate good to
excellent agreement between in-person and remote evaluations, establishing that these four tests can
produce comparable results for this population in a home setting and facilitating implementation of
assessment procedures in a home setting when in-person assessment is not feasible.
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Figure 2. Bland-Altman plots for the total number of steps for LSU (A) and for the total time in seconds of the FTSTS
(B). The x-axis represents the mean of the in-person and remote measurements for each participant, and the differences
between scores are on the y-axis. The solid line represents the mean difference. The standard deviations of the paired
differences were 2.19 and 2.79, respectively. The dotted lines represent the 95% limits of agreement, calculated as the mean
difference + 1.96 SD. Data were slightly jittered to prevent overplotting. SD: standard deviation. LSU: Lateral Step-Up test;
FTSTS: Five-Times-Sit-To-Stand test.
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Figure 3. Bland-Altman plots for the total time in seconds of the TUG (A) and total PBS score (B). The x-axis represents
the mean of the in-person and remote measurements for each participant, and the differences between scores are on the y-axis.
The solid line represents the mean difference. The standard deviations of the paired differences were 0.60 and 0.45,
respectively. The dotted lines represent the 95% limits of agreement, calculated as the mean difference + 1.96 SD. Data were
slightly jittered to prevent overplotting. SD: standard deviation. TUG: Timed Up and Go test; PBS: Pediatric Balance Scale.

Validity and reliability of the TUG and the FTSTS when these tests are performed in-person or remotely
at the home setting have been previously assessed in the youth population with and without CP [17]. The
study by Lai et al. [17] included 19 youths, 9 with CP aged 17.4 *+ 1.9 years old, and 10 healthy ones, aged
19.3 + 1.2 years old. The TUG and FTSTS tests were performed in-person in a laboratory, while the
supervised remote performance was implemented using Zoom videoconferencing, in a specially designed
space of the laboratory that resembled a living room at home. Both tests revealed excellent agreement
[TUG: ICC = 0.92 (95% CI: 0.79 to 0.97); FTSTS: ICC = 0.95 (95% CI: 0.79 to 0.98)] between the two
conditions [17]. These results are partially consistent with our results in terms of the TUG test. However,
the FTSTS in our study revealed lower values of agreement, possibly explaining greater variability in young
children’s attention regulation and their slower information processing [33].

Functionality of children with CP may vary, often leading to impaired trunk control [34]. Trunk control
plays a key role in posture, balance, and coordinated movements, enhancing gross and fine motor skills.
Research examining the agreement of remotely administered PBS in children with CP remains limited.
Reliability of the in-person and remote assessment of the trunk control has been previously assessed in
children with CP aged 10 years old using the Trunk Control Measurement Scale (TCMS) [35]. The TCMS
evaluates the static sitting balance, the dynamic sitting balance, and the dynamic reaching balance, giving a
comprehensive overview of the child’s ability to maintain posture and perform coordinated movements
[36]. In the Unes et al. study, the total score of the TCMS demonstrated excellent agreement [ICC = 0.91
(95% CI: 0.83 to 0.95)] between in-person and remote assessment [35]. Similarly, in our study, the PBS had
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excellent agreement between the two conditions [ICC = 0.998 (95% CI: 0.992 to 0.999)]. These results could
be explained by similarities in the age group and comparable functional level, according to the GMFCS, in
both studies.

Based on the available evidence, there is no study that investigates the agreement of the LSU between
in-person and remote assessment in children with CP. A previous study in adult patients after chronic
stroke investigated the reliability of performing the LSU in a laboratory setting [37]. The LSU demonstrated
good to excellent test-retest reliability (ICC = 0.869 to 0.903) for the paretic and nonparetic legs, indicating
consistent and reproducible measurements. Establishing good test-retest reliability is particularly crucial
for remote assessment, as it ensures that the LSU, as a tool, provides consistent results in different settings.
In our study, the LSU revealed excellent agreement [ICC = 0.988 (95% CI: 0.965 to 0.996)], giving similar
results between in-person and remote performance in children with CP. Differences in the nature of the
studies, the population’s age, and the disease could describe the absence of further comparisons between
the two studies.

When examining the absolute agreement indices, the observed MD values between in-person and
remote assessments were small across all outcome measures, indicating limited differences between the
two experimental conditions.

The Bland-Altman analyses further supported the agreement between modalities, as most observations
were distributed around the MD and remained within the 95% limits of agreement. However, there were
few outliers for the FTST test (one child) and the LSU (one child), indicating a notable between-individual
variability.

For all tests, the SEM values showed a relatively low degree of measurement error across all outcome
measures.

Among the assessed outcomes, the PBS demonstrated the lowest SEM and SDC95% values, whereas the
FTSTS exhibited the highest values. Collectively, these findings indicate that the level of measurement error
associated with remote assessment was modest and that the differences observed between assessment
modalities were generally small. Therefore, remote administration of these outcome measures may provide
results that are comparable to those obtained through in-person assessment.

Study limitations

There are several limitations to acknowledge in this study. Firstly, the small number of participants, the
small age group (children from 6 to 12 years old), and their classification as GMFCS levels I and II, limit the
generalizability of the findings in older children and in the broader pediatric CP populations, such as those
with more severe limitations on motor skills (GMFCS levels III or higher). Although the initial power
analysis showed almost fifteen children to be included in the study, functional, behavioral variations, and
environmental factors may affect children’s performance, and therefore, our findings should be considered
as preliminary. It is important to note that because our primary objective was to determine the agreement
between in-person and remote sessions, other forms of reliability, such as intra-rater or test-retest
reliability within a specific setting, were not analyzed [38]. While this study focused on inter-modal
consistency, test-retest reliability remains a vital metric for establishing the precision of individual
measurements, which is necessary for monitoring clinical progress over time.

[t is worth noting that in this study, parents acted strictly as passive witnesses to the assessment
procedure and did not provide any physical assistance. However, even the purely observational presence of
a parent in the home environment can psychologically influence the child’s performance dynamics. This
passive parental oversight may introduce assessment bias by subtly altering the child’s motivation,
compliance, or performance anxiety, which can consequently impact execution speed and balancing
strategy compared to traditional clinic-based environments [39].

Despite the prior experience of the research team in conducting remote assessments utilizing
functional tests among adult populations [22, 23], the administration of the tests by the same
physiotherapist in both experimental conditions may have increased the risk of observer bias. However,
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this approach was intentionally adopted to reflect routine clinical practice, where the same clinician
typically conducts repeated assessments and monitors patient progress over time.

An additional consideration when interpreting the present findings is the potential influence of a
learning effect associated with repeated test administration. To minimize this possibility, the tests’ order
was randomized across participants in the two experimental conditions. Moreover, children did not
demonstrate superior performance in the remote condition, suggesting that prior exposure to the tasks at
the in-person assessment was unlikely to have substantially affected the results. Nevertheless, the potential
contribution of familiarity with the assessment procedures should be considered in future studies
examining agreement between in-person and remote testing modalities.

Furthermore, in our effort to minimize confounding factors of measurement variability, we
standardized the home environment through parent training, equipment provisioning, and strict
positioning guidelines. This rigorous experimental control was necessary to establish baseline agreement,
as there were no previous data for this specific pediatric population. Therefore, our study does not truly
reflect routine telehealth practice in a typical home setting, limiting the external validity. Overall, due to the
absence of sensitivity analysis, the results of this study should be interpreted with caution as they may be
influenced by individual variances.

Taking these limitations into account, future research should include higher sample sizes to assess
these tests on different age and GMFCS level groups by incorporating test-retest and intra-rater reliability
to obtain a broader perspective on their use in telehealth.

Conclusion

In conclusion, the preliminary findings demonstrate that the TUG, LSU, FTSTS, and PBS can produce similar
results with the in-person assessment when performed remotely at home in children aged 6 to 12 years old
with CP. The incorporation of these functional tests into remote assessment holds greater significance,
emphasizing the opportunity of reaching more populations with limited access to in-person assessment due
to multiple reasons. However, the results of this pilot study should be treated consciously, as at an
individual level, there were some considerable variations. Clinicians wishing to implement these tests for
remote assessment at home, when in-person assessment is not achievable, may need to consider greater
standardization and provide training and facilitation to parents/caregivers. Future studies with larger
sample sizes are needed to ensure the accuracy of these results.
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