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Background: Understanding the links between gait disorders, impairments, and activity limitations is
essential for correctly interpreting the instrumented gait analysis. We aimed to evaluate the relationships
between spatiotemporal parameters and clinical outcomes in children with bilateral spastic cerebral
palsy, and find out whether spatiotemporal parameters provide clinical information regarding gait
pattern and walking.
Methods: Data from 19 children with bilateral spastic cerebral palsy (nine males, ten females, 9.6 + 2.8
years old) were collected retrospectively. All children underwent an instrumented gait analysis and a
standardized clinical assessment. Seven spatiotemporal parameters were calculated: non-dimensional
cadence, stride length, step width, gait speed, first double support, single support, and time of toe off.
Clinical outcomes included measures of two different components of the International Classification of
Functioning, Disability and Health - Children and Youth version: body functions and structures (spas-
ticity, contractures and range of motion, and deformities), and activities and participation (gross motor
function, and walking capacity). Pearson correlation, ANOVA, Student’s t, Mann—Whitney U, and Kruskal
—Wallis tests were used to analyze relationships. Spatiotemporal parameters related to clinical outcomes
of body functions and structures were interpreted as outcome measures of gait pattern, while those
related to clinical outcomes of activities and participation were interpreted as outcome measures of
walking.
Results: Non-dimensional cadence, stride length, and gait speed showed relationships (p < 0.05) with hip
flexors spasticity and hindfoot deformity, ankle plantar flexors spasticity, and hindfoot deformity,
respectively. All spatiotemporal parameters except non-dimensional cadence showed correlation
(p < 0.05) with gross motor function and walking capacity.
Conclusions: Spatiotemporal parameters provide clinical information regarding both gait pattern and
walking.
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1. Introduction

Cerebral palsy (CP) is the most common cause of chronic
childhood motor disability with a prevalence of above 2 per 1000
live births [1]. CP describes a group of permanent disorders
affecting movement and posture that are attributed to non-
progressive lesions in the developing fetal or infant brain [2].
Spasticity is often the dominant motor disorder [3], along with loss
of selective motor control and impaired balance [4]. Secondary
musculoskeletal problems like muscle contractures, muscle weak-
ness, bony deformities and joint instability appear as a conse-
quence of growth and development of the musculoskeletal system
[4]. Their interaction, occurring at multiple levels, affects the
quality and efficiency of gait and other aspects of motor function
[4], contributing to activity limitation and participation restriction.

The Instrumented Gait Analysis (IGA) allows a precise and
rigorous quantification of gait characteristics, through the use of
objective data (including spatiotemporal (ST), kinematic, kinetic
and surface electromyography (sEMG) data) that cannot be
appreciated visually or measured during a static physical exami-
nation [5]. The IGA is often used in the assessment of ambulatory
children with CP, for multiple purposes including the identification
and understanding of gait disorders, the refinement of clinical
decision-making, and the evaluation and understanding of the ef-
fects of treatments on gait disorders [4—6]. However, the reliability,
validity and clinical utility of the IGA have not been well established
yet [4,7]. One of the disadvantages of the IGA is the large amount of
data collected and analyzed, which makes it a complicated in-
strument to use and difficult to interpret [8]. Understanding the
links between gait disorders and clinical impairments, that is, be-
tween gait parameters and clinical outcomes, is essential for
correctly interpreting the IGA [6].

The International Classification of Functioning, Disability and
Health: Children and Youth version (ICF-CY) provides a universal
framework for defining and classifying functioning and disability in
children worldwide, so it can help to standardize the selection of
outcome measures in children with CP [9]. The ICF-CY covers the
functioning and disability through four different components (body
functions (b) and structures (s), activities and participation (d),
environmental factors (e), and personal factors), using 1685 cate-
gories [10]. Spasticity, muscle weakness, contractures and range of
motion, and deformities can be assessed as body functions and
structures (muscle tone functions (b735), muscle power functions
(b730), mobility of joint functions (b710), and structure of lower
extremity (s750)), and gross motor function as activities and
participation (mobility (d4)) [9,11]. On the other hand, there are
two categories of the ICF-CY related to gait: gait pattern functions
(b770) at body functions an structures level, and walking (d450) at
activities and participation level [ 10]. According to these categories,
two different types of outcome measures used to assess gait have
been distinguished: outcome measures of gait pattern, and
outcome measures of walking [7]. For the activities and participa-
tion component, two constructs are available in the ICF-CY: ca-
pacity (executing tasks in a standard environment), and
performance (executing tasks in the current environment) (10).
Therefore, we can also distinguish between outcome measures of
walking capacity, and outcome measures of walking performance.

ST parameters are the gait parameters most frequently used in
the assessment of children with bilateral spastic CP [12]. ST pa-
rameters provide information about the spatial and temporal
characteristics of gait, based on the gait cycle, such as gait speed (m/
s), cadence (steps/min), stride time (s), stride length (m), and single
support (% of gait cycle) [6]. Gait parameters, including ST param-
eters, are considered the gold standard in CP gait classification
systems [13], used as outcome measures of gait pattern. On the
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other hand, Gage et al. [14] suggested that ST parameters may
provide information regarding functional walking. The objective of
the present study is to evaluate the relationship between seven
different ST parameters (cadence, stride length, step width, gait
speed, first double support, single support, and time of toe off (TO))
used as outcome measures in children with bilateral spastic CP [12],
and different types of clinical outcomes (including measures of
body functions and structures, and activities and participation). Our
hypotheses are: 1) ST parameters are related to clinical outcomes at
body functions and structures level; and 2) ST parameters are
related to clinical outcomes at activities and participation level. We
aimed to find out whether ST parameters provide clinical infor-
mation regarding both gait pattern and walking.

2. Materials and methods

Data were collected retrospectively from a previous study.

2.1. Participants

The potentially eligible participants were children with a diag-
nosis of bilateral spastic or mixed CP, age between 4 and 14 years,
Gross Motor Function Classification System (GMFCS) levels I to III,
and ability to carry out simple verbal instructions. No child had
surgery within the previous 12 months, botulinum neurotoxin A
injections within the previous 4 months, moderate or severe pain,
severe visual impairment, or lower limb asymmetry above 3% of the
height. Exclusion criteria were: 1) disability to walk 4 m indepen-
dently without assistive devices; and 2) unavailability to process at
least six gait cycles (three right and three left). The study was
approved by the institutional Research Ethics Committee, and
parents gave written informed consent for participating in the
study.

2.2. Instrumented gait analysis

Each child walked barefoot, without orthosis or assistive de-
vices, at self-selected speed on a 7-m walkway. A minimum of three
trials were collected. Two reflective markers (0.015 m radius) were
placed on each foot (right and left), one on the posterior end of the
calcaneus (heel marker) and the other on the second metatarsal
head (toe marker), according to the foot markers placement of the
Plug-in-Gait model [15]. Three-dimensional marker coordinates
were measured using a six infrared cameras system (SMART-D, BTS
Bioengineering, Milan, Italy). Data were recorded at a sample fre-
quency of 140 Hz, and filtered using a fourth order low pass But-
terworth filter with a cutoff frequency of 6 Hz. Additionally, lateral
and frontal views of feet motion were video recorded.

Gait events (foot strike (FS) and TO) were objectively detected
using an adaptation of Ghoussayni's algorithm for children with CP
[16]. For each child, six gait cycles (three right and three left) were
selected. For each gait cycle, seven ST parameters were computed:
1) cadence (steps/min) was calculated dividing 120 by stride time,
considering stride time (s) as the time difference between two
consecutive FS of the same foot [17] (Eq. (1)); 2) stride length (m)
was computed as the distance between the heel marker at two
consecutive FS of the same foot [17]; 3) step width (m) was
computed as the medio-lateral distance between the heel markers
(right and left) at two consecutive FS; 4) gait speed (m/s) was
calculated as stride speed, dividing stride length by stride time [17];
5) first double support (% of the gait cycle) was computed as the
time difference between initial FS and opposite TO, normalized to
stride time; 6) single support (%) was calculated as the time dif-
ference between opposite TO and opposite FS, normalized to stride
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time; and 7) time of TO (%) was computed as the time difference
between initial FS and TO, normalized to stride time (Fig. 1).

steps,  1cycle 2steps 60s
Cadence( min ) " stride time(s) ~ 1 cycle T min
120

~ stride time(s) ()

For each ST parameter, the mean value corresponding to the six
gait cycles was calculated. Cadence was normalized (non-dimen-
sional (ND) normalization) to leg length [18], due to its statistically
significant correlation with relevant factors such as age, weight,
and leg length (Table 1).

2.3. Clinical assessment

Children were physically examined (including measures of
spasticity, contractures and passive range of motion (pROM), and
deformities), and functionally assessed (including measures of
gross motor function, and specifically walking capacity) by a
physical therapist.

Spasticity was measured bilaterally in hip flexors, hip adductors,
knee flexors, knee extensors, and ankle plantar flexors, using the
Modified Ashworth Scale. Contractures and pROM measures
included bilateral hip flexors contracture, hip abduction, hip rota-
tions (internal and external), knee flexors contracture, and ankle
plantar flexors contracture. Hip flexors contracture was evaluated
using two methods: 1) as rectus femoris contracture (presence),
using the Duncan—Ely test [14]; and 2) as hip flexors contracture
(presence), using the Thomas test [19]. Hip abduction (degrees) was
measured in supine, both with knee and hip flexed and extended
[20]. Hip rotations (degrees) were measured in prone, with knee
flexed to 90° [19]. Knee flexors contracture was evaluated as
hamstring contracture (degrees), using the bilateral popliteal angle
[14]. Ankle plantar flexors contracture (degrees) was evaluated
using the Silverskiold Test [14]. Deformities were evaluated bilat-
erally, including: 1) femoral anteversion (degrees) in prone, with
the knee flexed to 90° [14]; 2) patella alta (presence) in supine, with
the knee extended [14]; 3) tibio-femoral angle (degrees) in supine;
4) tibial torsion, using the measurement of the bi-malleolar axis
(degrees) [14]; 5) hindfoot (neutral, varus or valgus) both in prone
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(unloaded) and standing (loaded) [14,19]; 6) arch of the foot
(normal, high or low) in standing [14]; 7) flat foot (presence), using
the Root test [14]; 8) forefoot (neutral, abduction or adduction) in
prone [14,19]; and 9) toe (normal, hallux valgus or claw) in supine
[19]. The mean value of right and left sides (for quantitative clinical
outcomes), and the most affected side (for qualitative clinical out-
comes) were considered to take into account the interrelationship
of the two sides [21] and its effect on overall gait disorders.

Gross motor function was evaluated using the Gross Motor
Function Measure 66 (GMFM-66, score), and walking capacity was
evaluated using the dimension E (walking, running and jumping) of
the GMFM-88 (%).

2.4. Statistical analysis

The sample size was calculated considering the correlation co-
efficients obtained between gait speed and the GMFM (dimension E
or total score) in previous studies [22,23]. With a correlation co-
efficient of 0.66, accepting an alpha risk of 0.05 and a beta risk of 0.2
in a two-sided test, and anticipating a drop-out rate of 0% (for being
a retrospective study), the minimum sample size needed was 16.
The normality distribution of ST parameters was tested with the
Shapiro—Wilk test. Difference of means tests for both normal dis-
tribution independent samples (ANOVA and Student’s t) and non-
normal distribution independent samples (Mann—Whitney U and
Kruskal—Wallis) were used to analyze the statistical significance of
differences between independent samples of ST parameters in
relation to qualitative clinical outcomes. Pearson correlation co-
efficients were used to evaluate the correlation between ST pa-
rameters and quantitative clinical outcomes. A p-value lower than
0.05 was considered. The Statistical Package for the Social Sciences
(SPSS v.26) was used.

3. Results

Twenty-two potentially eligible participants were identified.
Three children were excluded (Fig. 2). Nineteen children (nine
males and ten females) with a diagnosis of bilateral spastic CP, a
mean age of 9.6 + 2.8 years, and GMFCS levels I to IIl were included

FS Opposite Stride time (s)

FDS (%) Single support (%)

Time of TO (%)

Opposite [TO FS
TO FS

000°

&

Step width (m)

1

Stride length (m)

é

Fig. 1. Graphical representation of spatiotemporal parameters. FS, foot strike; TO, toe off; FDS, first double support.
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Table 1
Correlation coefficients between spatiotemporal parameters and relevant factors.

Relevant factors Spatiotemporal parameters

Cadence ND Stride Step Gait
(steps/min) cadence length (m) width (m) speed (m/s)
Age (y) —0.725%* —-0.408 0.209 0.205 -0.141
Weight (kg) —0.553* -0.247 0.307 -0.108 0.011
Leg length (m)  —0.767** -0.439 0.228 0.110 -0.136

ND, non-dimensional. *p < 0.05; **p < 0.01; ***p < 0.001.

in the present study (Table 2). Mean and standard deviation of ST
parameters, grouped by GMFCS, are shown in Table 3.

All ST parameters, except ND cadence, showed statistically sig-
nificant (p < 0.05) correlations with the GMFM-66 and the GMFM-
88-E, at activities and participation level. Higher gross motor
function and higher walking capacity were related to longer stride
length, shorter step width, higher gait speed, shorter first double
support, longer single support, and shorter time of TO (Table 4).

Some ST parameters showed relationships with some clinical
outcomes at body functions and structures level. Statistically sig-
nificant differences between independent samples of ND cadence
in relation to hip flexors spasticity and hindfoot deformity were
found (Table 5). Higher ND cadence was related to lower hip flexors
spasticity and varus in prone. Statistically significant differences
between independent samples of stride length in relation to ankle
plantar flexors spasticity were found (Table 5). Longer stride length
was related to lower ankle plantar flexors spasticity. Statistically
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significant differences between independent samples of gait speed
in relation to hindfoot deformity were found (Table 5). Slower gait
speed was related to valgus in standing. No relationship was found
between ST parameters and contractures and pROM outcomes.

4. Discussion

Nineteen children with bilateral spastic CP, from 4 to 14 years of
age, and with different GMFCS levels were assessed with IGA and
clinical assessment. The relationships between ST parameters and
clinical outcomes were studied in order to understand the links
between gait disorders, impairments and activity limitations, and
thus improve the clinical interpretation of ST parameters (as
outcome measures of gait pattern and/or walking). We considered
that gait parameters related to impairments (at body functions and
structures level) provide clinical information regarding gait
pattern, while gait parameters related to activity limitations (at
activities and participation level) provide clinical information
regarding walking (Fig. 2).

The main findings of the present study were the statistically
significant (p < 0.01) correlations between the GMFM (total score
and/or dimension E), and six of the seven ST parameters (stride
length, step width, gait speed, first double support, single support
and time of TO), which confirm the link of ST parameters with gross
motor function, and specifically with walking capacity. On the other
hand, we found some statistically significant (p < 0.05) relation-
ships between ST parameters and clinical outcomes at body func-
tions and structures level: 1) spasticity: we found that ND cadence

‘ Potentially eligible ]

(n=22)

Excluded for

Meeting EC 1 (n=1)

‘ Confirmed eligible ’

(n=21)

Excluded for

Meeting EC 2 (n=2)

[Included in the studyJ

(n=19)

Gait analysis

Clinical assessment

SR

Spatiotemporal

Pearson correlation
—1 Student's t, Mann-Whitney U
ANOVA, Kruskal-Wallis

Body functions and
structures:

parameters:
* ND cadence
» Stride length

Relationship?
Yes

« Spasticity
» Contractures/pROM
» Deformities

+ Step width
* Gait speed el
« First double al
support pattern Activities
+ Single support oM and participation:
» Time of TO . -
—-| Pearson correlation . gm:zm_gg_lz

Relationship?
Yes

Fig. 2. Study flow diagram. EC, exclusion criteria; ND, non-dimensional; TO, toe off; pROM, passive range of motion; GMFM-66, Gross Motor Function Measure 66; GMFM-88-E,
Gross Motor Function Measure 88 dimension E (walking, running, jumping); OM, outcome measure.

4
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Table 2

Participants’ characteristics.
ID Sex CP type  GMFCS, level  Age,y  Weight,kg  Height, m Leg length, m PT, HPW  BoNT-A  Surgery  Orthosis  Assistive device
1 Male Mixed 111 6.3 174 1.10 0.55 1.50 Yes No Yes No
2 Female  Spastic Il 9.4 225 1.30 0.66 0.75 Yes No Yes No
3 Male Spastic I 9.9 34.9 132 0.70 1.00 Yes Yes Yes Crutches
4 Female  Spastic 11 121 41.5 1.47 0.74 3.50 Yes Yes Yes Crutches
5 Male Spastic Il 7.9 26.8 132 0.66 2.00 Yes Yes Yes No
6 Female Spastic Il 8.1 46.2 1.25 0.65 2.50 Yes Yes No Walker
7 Male Spastic 1 121 50.2 1.57 0.82 1.00 Yes No No No
8 Female Spastic Il 8.8 24.2 1.25 0.63 0.00 Yes No Yes No
9 Female  Mixed il 133 39.9 1.54 0.79 1.50 No No No Wheelchair
10 Female  Mixed 1 11.5 28.5 1.32 0.71 1.00 No No No Walker
11 Male Mixed I 12.7 39.7 1.57 0.85 0.50 Yes Yes No No
12 Female Spastic I 13.2 54 154 0.81 1.00 Yes No No No
13 Male Spastic Il 12.8 334 1.45 0.77 1.00 Yes Yes No No
14 Female Spastic I 49 213 1.09 0.53 2.00 Yes Yes Yes No
15  Male Spastic Il 83 29.9 1.31 0.69 1.50 Yes No Yes No
16 Female  Mixed Il 12.5 34.4 1.44 0.76 0.50 No No No No
17  Male Spastic i 6.5 19.1 1.05 0.55 1.00 Yes No Yes Crutches
18 Female  Spastic Il 6.9 18.1 1.10 0.56 2.00 No No Yes No
19 Male Spastic Il 5.8 27.9 1.20 0.61 2.00 No No Yes No

ID, identification; CP, cerebral palsy; GMFCS, Gross Motor Functional Classification System; PT, physical therapy; HPW, hours per week; BoNT-A, botulinum neurotoxin A.

Table 3
Spatiotemporal parameters (mean and standard deviation), grouped by GMFCS.
Spatiotemporal parameters GMECS Total (n = 19)
Level I (n = 2) Level Il (n = 11) Level Il (n = 6)
Mean SD Mean SD Mean SD Mean SD
Cadence (steps/min) 130.20 27.80 115.94 19.90 124.34 20.24 120.09 20.12
ND cadence 0.28 0.02 0.25 0.04 0.26 0.03 0.26 0.03
Stride length (m) 1.00 0.18 0.86 0.22 0.65 0.18 0.81 0.23
Step width (m) 0.10 0.02 0.11 0.05 0.15 0.07 0.12 0.05
Gait speed (m/s) 1.07 0.04 0.84 0.25 0.67 0.23 0.81 0.25
First double support (%) 8.55 2.00 12.28 6.54 16.18 4.99 13.12 6.06
Single support (%) 41.69 2.19 38.11 6.31 34.67 4.67 37.40 5.77
Time of toe off (%) 58.47 244 62.21 6.37 65.88 4.47 62.98 5.82

GMEFCS, Gross Motor Functional Classification System; SD, standard deviation; ND, non-dimensional.

Table 4
Significant correlation coefficients between spatiotemporal parameters and quantitative clinical outcomes.

Clinical outcomes Spatiotemporal parameters

ND cadence Stride length (m) Step width (m) Gait speed (m/s) First double support (%) Single support (%) Time of toe off (%)

GMFM-66 (score) - 0.776%* —0.586** 0.683** —0.581** 0.549* —0.568*
GMFM-88-E (%) - 0.756%** —0.639** 0.715%* —0.616** 0.584+* —0.610%*

ND, non-dimensional; GMFM-66, Gross Motor Function Measure 66; GMFM-88-E, Gross Motor Function Measure 88 dimension E (walking, running, jumping). *p < 0.05;
**p < 0.01; ***p < 0.001.

Table 5

Significant relationships between spatiotemporal parameters and qualitative clinical outcomes.
Clinical outcomes Significant ANOVA statistic Significant Kruskal—Wallis statistic

ND cadence Stride Step Gait First double Single Time of
length (m) width (m) speed (m/s) support (%) support (%) toe off (%)

Hip flexors spasticity (score) 6.157** - - - — - -
Ankle plantar flexors spasticity (score) — 3.713* — — — — —
Hindfoot deformity — unloaded (type) 7.177* - - - - - -
Hindfoot deformity — loaded (type) — — — 6.912* — — —

ND, non-dimensional. *p < 0.05; **p < 0.01; ***p < 0.001.

and stride length were related to hip flexors and ankle plantar Some limitations should be considered when interpreting the
flexors spasticity, respectively; 2) deformities: we found that ND results of this study: 1) relationships between ST parameters and
cadence and gait speed were related to hindfoot deformity; and 3) other impairments such as muscle weakness were not studied; 2)
contractures and pROM: we did not find any relationship with ST relationships between ST parameters and walking performance
parameters. were not studied; and 3) relationships between ST parameters and
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activity limitations and participation restrictions beyond mobility
(self-care, domestic life, interpersonal interactions and relation-
ships, major life areas, and community, social and civil life) were
not studied.

Previous studies had reported relationships between ST pa-
rameters and clinical outcomes in children with CP [20,22—-28].
However, most of them only studied cadence, stride length and/or
gait speed [22,24—27], and specific types of clinical outcomes at
body functions and structures level, or activities and participation
level [23—25,27,28]. Regarding walking capacity, two studies
[22,28] had already found correlations between the GMFM-88-E
and stride length, gait speed and/or step width. Sullivan et al.
[22] also reported correlation between the GMFM-88-E and
cadence, which was not found in our study. Regarding gross motor
function, Damiano and Abel [23] had already found correlations
between the GMFM (total score) and stride length, gait speed,
double support and single support. They [23] also reported corre-
lation between the GMFM (total score) and cadence, which was not
found in our study. Regarding spasticity, Desloovere et al. [20] did
not find our relationships, but they found that cadence was related
to knee flexors spasticity, and that stride length, gait speed and
time of TO were related to hip flexors and hip adductors spasticity.
Ross and Engsberg [26] reported correlations between stride
length, and ankle plantar flexors, knee flexors and hip adductors
aggregate spasticity. Regarding deformities, Desloovere et al. [20]
found statistically significant correlation between time of TO and
femoral anteversion, which was not found in our study. Hosl et al.
[27] found that gait speed and stride length were significantly
related to patella alta, which was not found in our study. Regarding
contractures and pROM, Desloovere et al. [20] reported various
correlations between ST parameters (cadence, stride length, gait
speed, and time of TO), and clinical outcomes (hip flexors
contracture, hip abduction, knee flexors contracture, and ankle
plantar flexors contracture), which were not found in our study.
Discrepancies in the results may be due to different causes such as
heterogeneity in sample characteristics, ST parameter calculation
methods, clinical outcomes, and statistical methods [29].

The selection of an appropriate outcome measure depends on
many factors, for example the psychometric properties [9]. Inter-
pretability (the degree to which qualitative meaning, that is, clinical
or commonly understood connotations, can be assigned to an in-
strument's quantitative scores or change in scores) should also be
considered when selecting outcome measures [30]. Clinicians and
researchers need to consider what areas of functioning, disability
and health they want to study [9]. Current outcome measures in the
field of CP primarily focus on assessing neuromusculoskeletal and
movement-related functions (b7) (including gait pattern), and
mobility (d4) (including walking) [9]. The findings of the present
study (relationships between cadence, stride length and gait speed,
and impairments such as spasticity and deformities) support the
clinical use of determined ST parameters as outcome measures of
gait pattern. On the other hand, our findings (correlations between
all ST parameters except cadence, and the GMFM) also support the
use of determined ST parameters as outcome measures of walking.
This contribution is clinically relevant since the main goal of most
interventions is to improve gross motor function [26]. Moreover,
walking is part of the brief ICF Core Set for children and youth with
CP [11].

The present study proposes a methodology for clinically inter-
preting gait parameters as outcome measures of gait pattern and/or
walking, based on their relationship to different types of clinical
outcomes (body functions and structures, and activities and
participation). This methodology was applied to ST parameters, but
it can also be applied to other types of gait parameters (e.g., kine-
matic, kinetic and sEMG data). Having a set of gait parameters
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related to impairments, activity limitations, and/or participation
restrictions will improve the three main clinical applications of the
IGA in the assessment of children with bilateral spastic cerebral
palsy: 1) the identification and understanding of gait disorders; 2)
the clinical decision making; and 3) the evaluation and under-
standing of treatment effects. On the other hand, having a set of
objective outcome measures of walking will allow the development
of new measurement systems for the assessment of walking, not
only in the clinical environment (walking capacity) but also in the
daily life environment (walking performance). Therefore, the IGA
can help clinicians to move towards evidence-based practice.

In conclusion, ST parameters are linked with gross motor
function, and specifically with walking capacity, at activities and
participation level. ST parameters are also linked with impairments
such as spasticity and deformities, at body functions and structures
level. The IGA yields outcome measures able to objectively assess
the two gait categories of the ICF-CY: gait pattern and walking.
Further research should be conducted to understand the links be-
tween other types of gait parameters (kinematic, kinetic and sSEMG
data), impairments, and activity limitations, using the ICF-CY.
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