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Abstract: Background Gait speed represents a functional predictor and an impairment severity
index in stroke survivors; gait analysis parameters are descriptors of walking strategies used to
compensate for the muscle impairment such as vaulting, circumduction and hip hiking. The aim of
this study was to assess if there is a relationship between the gait compensatory strategy and gait
speed of progression. Methods A sample of 30 patients with post-stroke hemiparesis was assessed
for gait compensatory patterns through gait analysis and videorecording. BMI, pain-VAS, Barthel
Index, Nottingham Extended ADL Scale, Motricity Index, lower limb muscles strength and aROMs
were also included in the assessment. Results In 19 patients it was possible to identify one or more
compensatory strategies; in 11 patients no specific gait pattern was found. The vaulting and hip
hiking combined gait strategy had an effect on gait speed. Gait speed was directly related to Barthel
Index, Nottingham Extended ADL Scale, Motricity Index of the paretic side and in particular with
quadriceps and iliopsoas strength and hip extension aROM. Gender, age and paretic side did not
influence gait speed. Conclusion Compensatory gait strategies influence gait speed but studies with
larger sample size are needed to better highlight their impact.

Keywords: chronic stroke; walking speed; compensatory strategies; gait analysis

1. Introduction

Stroke is a major public health issue worldwide [1], as it is the second leading cause of
death and the third leading cause of disability [2]. The mobility limitations resulting from a
stroke, due mostly to hemiparesis, have a significant impact on a patient’s independent
ambulation [1].

Several studies have shown the effectiveness of rehabilitation in the acute, post-acute
and chronic phases of stroke, as it improves walking speed, physical fitness and balance and
reduces the risk of falling, fractures and a further decline in mobility [3–5]. Furthermore,
in chronic stroke survivors, an adaptive physical activity (APA) program is also an effective
approach to maintain and improve activities of daily living and reduce falls and recourse to
rehabilitation services. Additionally, it makes it possible to perform the exercises at home,
which increases patient compliance and improves quality of life perception [6].

One of the primary goals in stroke rehabilitation is regaining locomotor ability. Change
in gait speed is the most commonly used parameter to evaluate patients because it is easy
to measure, cost effective and reliable. Moreover, it is a great functional walking status
predictor and an impairment severity index [7].

Spatiotemporal, kinematic and kinetic parameters, widely studied in the existing
literature, show a decreased cadence, prolonged swing duration on the paretic side, pro-
longed stance duration on the non-paretic side and step length asymmetry in post-stroke
patients [8]. Previous studies also support that gait asymmetry ratios are more sensitive
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outcome measures [9–11]. Furthermore, the inadequate propulsion force is correlated to an alter-
ation of the leg extension angle, knee flexion angle and foot dorsiflexion in the paretic side [12].

Strength deficit in the lower limbs appears to be one of the main factors slowing the
recovery of walking ability, strictly dependent on abnormal posture and stretching reflexes
and loss of voluntary movement resulting from paresis [13]. Hemiparesis leads to impaired
motion patterns, abnormal muscle activities and abnormal joint trajectories. Common fea-
tures are decreased peak hip flexion, peak knee flexion-extension and foot dorsiflexion [14],
which generally determine a problem with foot–floor clearance. Compensatory gait strate-
gies to enhance progression and foot-floor clearance, such as circumduction, hip hiking
and vaulting, have been described and recognized to increase energy expenditure [14–16]
(Figure 1).
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hiking, vaulting and circumduction.

All these gait patterns have some common features, but also some significant variations
in terms of group muscles weakness and spasticity. In the daily clinical practice, usually
hemiplegic or hemiparetic patients adopt one of these gait patterns, but it is not unusual to
find their combinations, with a prevalence of some features despite others in the activation
sequence of muscles and strategy of progression. Gait modification is part of all three plans
for movement of lower limbs. To attain a proper understanding, it is essential to focus on
each one.

Circumduction gait is an abnormal walking pattern in which a patient, to avoid hitting
the ground with the foot in order to achieve its adequate clearance, lifts and moves away
from the body the affected lower limb and takes it forward, performing a semi-circular
movement. It occurs during the swing phase on the affected side, the compensation
consisting in the activation of the leg abduction, and the principal muscles involved are
the glutei minimus and medius, assisted by the tensor fasciae latae and adductor muscles.
Circumduction is commonly seen in hemiplegic patients but could occur also in severe
knee osteoarthritis/arthrosis, peripheral nerve injuries with foot drop and hetero-metry of
lower limbs. In all these cases, the patient cannot produce a sufficient hip or knee flexion
or ankle dorsiflexion. In hemiplegic muscle weakness, spasticity and spastic synergistic
activation patterns interact and also affect the trunk and pelvis trajectories; we can observe
the mechanical consequences during the clinical evaluation as gait impairment [17].

As stated, hip hiking gait is a strategy used to compensate for the insufficient flexion
of the hip joint during the swing phase, as well as knee flexion and ankle dorsiflexion,
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thus shortening the paretic limb. To achieve forward progression of the lower limb, the
patient lifts the pelvis on the affected side more than in the normal walking pattern and in
the meantime he bends the trunk laterally on the opposite side. That movement is made
possible by the activation of paravertebral and lateral abdominal muscles, increasing the
trunk inclination and pelvic rotation. It is common to observe an associated posterior trunk
inclination at the beginning of the swing phase in this gait pattern, often at lower speed
and with the prevalence of weakness of the hamstring muscles. In the pure hip hiking gait,
there are no rotation or abduction movements of the hip joint, but the combination of this
pattern and the circumduction pattern is unusual [17].

The last is vaulting. In this case the patient rises up on his toe on the unaffected side to
achieve adequate foot–floor clearance of the paretic side during its swing phase to promote
the leg progression. In a normal gait, the moving forward/swinging leg becomes shorter to
allow this by keen flexion, hip flexion and ankle dorsiflexion. In an hemiparetic/hemiplegic
patient, due to spasticity and involuntary activation synergy, knee bending could not occur
and he could present a foot drop or an equinus foot (overactivation of triceps surae), so the
progression of the paretic limb is made possible by lengthening the contralateral. Overall,
the vaulting pattern is the most inefficient and expensive in terms of energy cost [17].

Depending on the group of muscles involved and the intensity of spasticity and
flaccidity, as already stated, post-stroke patients could perform combined walking strategies
but without specific patterns, unclassifiable and indescribable in terms of the known ones.

The aim of this study was to assess, in a sample of hemiparetic patients, whether these
compensatory patterns influence walking speed. The relationship between gait speed and
impairment and disability scores, selective muscle strength and range of motion of the
lower limb joints were also considered, in order to bring possible rehabilitation implications
to light.

2. Materials and Methods
2.1. Study Design

This is an observational, retrospective study carried out on a sample of patients with
post-stroke hemiplegia, examined by means of clinical-functional assessment and gait
analysis, according to the clinical practice.

2.2. Patient Sample

This study took place at AUSL 11 in the Tuscany Region of Italy on a sample of
chronic stroke patients with hemiplegia as the primary disability at a minimum follow-up
of 24 months.

The only inclusion criteria were that patients were able to walk independently and
without cognitive impairment. After stroke, all patients received a rehabilitation course
and, at the time of the study, they were included in an APA program.

2.3. Assessment

Each patient underwent a clinical evaluation where demographic parameters and
body mass index (BMI) were recorded and several scales were used: Visual Analogic
Scale (VAS) for pain, paretic side Motricity Index (MI), Barthel Index (BI) and Nottingham
Extended ADL Scale (NEAS).

To record the pain, a Visual Analogue Scale (VAS) was chosen as an instrument that
can measure a characteristic or attitude that ranges across a continuum of values [18]. The
assessment of pain in rehabilitation is one of the central clinical features, depending on its
correlation to the level of patients’ activities and limitations, and it is widely used as an
outcome target in both clinical practice and treatment efficacy [19]. The VAS for chronic
pain has demonstrated sensitivity to changes in pain assessed at different times and to the
variables that increase or decrease its intensity, presents a high test–retest reliability and
repeatability and finally shows a strong association with activities influenced by pain.
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To test the hemiparetic patients’ motor impairment, the Motricity Index (MI) was
selected for its feasible application [20]. MI is a brief measure of motor function and in
the literature was effective as predictor of mobility outcome poststroke [20]. It consists
of testing the muscle strength in upper and lower limbs. We used only the section for
the lower limb, representing the main focus of our study. The three movements checked
were hip flexion, knee extension and ankle dorsiflexion [20]. To graduate muscle force, the
Medical Research Council scale [21] was used, an ordinal six points scale (0 no movement
to 5 normal power), then the scores were converted to the corresponding motricity score
and summed and added, resulting in a total value ranging from 0 (complete paresis) to 100
(normal strength) [20]. MI has high reliability as measure of muscle strength, is simple to
apply and does not require special training or equipment [22].

The Barthel Index (BI) is a common scale used to quantify the poststroke patient’s
disability and impairment in ADL function [23–25]. The range scoring is from 0 to 100
(maximum disability to high independence) and each item assesses different features of
ADL such as bowel and bladder control, grooming, toilet use, feeding, dressing, chair/bed
transfers, walking, climbing stairs and bathing [26]. It represents a good outcome measure
for functional evaluation and is one of the most recommended measures, showing good
results in test–retest reliability [22,23,26].

The Nottingham Extended ADL scale (NEAS) is composed of four subsections with
defined subscales that evaluates poststroke patient’s mobility, household ability and leisure
activity [27]. NEAS is a measure of ADL that goes beyond basic self-care as BI [28]. The scale
has 22 items, each one having four possible answers representing the help needed during
the specific activity (from “not at all”—0 to “on my own”—3) [27]. The final score (range
0–66) represents an instant frame of disability level and values of 44 or higher indicate no
need for assistance in more complex self-care abilities [22]. NEAS was developed to best
assess poststroke patients’ ADL during the follow up after discharge from hospital [28,29].

The goniometric measurements of lower limb active range of motion (aROM) for hip
(flexion, extension, abduction, adduction), knee (flexion, extension) and ankle (dorsiflexion,
plantarflexion) joints was also performed. Lower limb muscular strength was measured for
the paretic and unaffected limb using a hand-held dynamometer (IMADA Muscle Force
Measurement Device). The iliopsoas was tested as hip flexor, the gluteus maximus as
hip extensor, the gluteus medius as hip abductor, the quadriceps as knee extensor, the
hamstring and semitendinosus as knee flexors and the tibialis anterior as ankle dorsiflexor.

In order to perform the gait assessment (spatio-temporal and kinematic parameters)
and identify the main compensatory gait strategies, three gait analysis acquisitions per
patient were recorded, applying IOR GAIT experimental protocol [30] using a stereopho-
togrammetric system for movement acquisition (Oxford Metrics VICON 612). The video
record was also checked. Compensatory gait patterns were identified using the kinematic
data for the lower limbs and checked via video recording by two expert gait analysts (MGB
and BN).

This system tracks several 10-mm-diameter spherical markers applied in specific
anatomical landmarks as follows: the anterior and posterior margin of the iliac spines, the
prominence of the great trochanter, the lateral femorus epicondyle, the head of the fibula, the
anterior border of the tibial tuberosity, the lateral malleolus, the Achilles tendon insertion on
the calcaneous, the dorsal margins of the first and fifth metatarsal heads [30]. According to
various international recommendations [31,32] and previous work by Cappozzo et al. [33],
anatomical reference frames for each body segment are defined. For each joint a stan-
dard coordinate system was adopted to define their movements as flexion/extension,
intra/extra-rotation and ab/adduction, except for the ankle, where a special terminology
is needed to define the movements as dorsi/plantarflexion, adduction/abduction and
inversion/eversion [30].
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2.4. Data Analysis

Continuous data were expressed as mean and standard deviation from the mean. To
test the normality of continuous variables, the Kolmogorov–Smirnov and Shapiro-Wilk
tests were performed. The Mann–Whitney test was used to assess whether gender has
any effect on gait speed and hemiparetic side (right/left). The correlation of the patients’
remaining data to gait speed values, taking into account their abnormal distribution, was
evaluated through Spearman rank correlation. However, due to the small number of
patients in each group, it was not possible to obtain a statistical analysis for correlation of
patient’s data within single groups of gait pattern.

Furthermore, for the same reason, in order to better evaluate the effects of gait patterns
on the speed of progression, a Wald Chi-Square test was carried out. All statistical analyses
were considered significant for p < 0.05 and were performed using SPSS v.19.0 (IBM Corp.,
Armonk, NY, USA).

3. Results

Of the 30 patients enrolled, 17 were men and 13 were women, with an average age of
69.7 ± 7.1 years and an average BMI of 28.8 ± 5.2 (Table 1).

Table 1. Sample characteristics.

Age 69.7 (SD 7.1)
Sex (M:F) 17:13
BMI 28.8 (SD 5.2)
Paretic side (R:L) 10:20

Compensatory gait strategy

2 Vaulting
5 Hip hiking
2 Circumduction
4 Vaulting + hip hiking
5 Vaulting + hip hiking + circumduction
11 Non classifiable

VAS 19.7 (SD 24.9)
BI 71.6 (SD 16.4)
MI paretic side 76.5 (SD 25.0)
NEAS 10.3 (SD 4.3)

The post-stroke sample presents hemiparesis as the primary disability (20 involving
the left side, 10 the right side), with an average Motricity Index for the paretic side of
76.5 ± 25.0. Functional evaluations of the activities of daily living showed an average BI
of 71.60 ± 16.4 and a NEAS of 10.3 ± 4.3. Evaluation of kinematic gait analysis data and
video recording made it possible to identify the following compensatory gait strategies:
vaulting in two patients; leg circumduction in two patients; hip hiking in five patients;
hip hiking and vaulting in four patients; hip hiking, vaulting and circumduction in five
patients; 11 patients had no specific compensatory gait strategy (non-classifiable); and one
patient was unable to perform gait analysis.

The average speed gait values are reported in Table 2.
Considering the small number of patients in each group, the gait strategy that allowed

for a faster gait speed was the circumduction pattern alone (58.9 cm/s ± 11.2). Patients
with a non-classifiable pattern showed the second fastest speed, although with higher
variance (51.5 cm/s ± 23.6).

The slower gait was that of the Hip hiking group (28.3 cm/s ± 14.8), close to the speed
of patients who used vaulting (30.4 cm/s ± 8.7).
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Table 2. Gait pattern.

Pattern N Patients Mean Speed cm/s SD
Vaulting 2 30.3 8.7
Hip hiking 5 28.3 14.8
Circumduction 2 58.9 11.2
Hip hiking + vaulting 4 43.2 9.9
Hip hiking + vaulting + circumduction 5 46.0 5.1
Non classifiable 11 51.5 23.6

However, when the Wald Chi-Square test was performed to evaluate the effects of gait
patterns on the speed of progression, only the vaulting and hip hiking gait strategy affected
gait speed (p = 0.003), while circumduction alone was not included in the model.

Gait speed was directly related to the Motricity Index of the paretic side (p = 0.024, Rho
0.4), as well as to the BI (Rho 0.7, p < 0.000) and the NEAS (Rho 0.6, p < 0.000). Gender, age
and paretic side (left or right hemiparesis) did not affect gait speed. The VAS did not relate
to speed. Furthermore, the selective muscular strength of the quadriceps of the paretic
side significantly and directly related to gait speed (Rho 0.6, p = 0.001) and there was a
slight direct correlation, with borderline statistical significance, between selective muscular
strength of the iliopsoas of the paretic side and speed while walking (Rho 0.4, p = 0.061).
No selective strength of other muscles on the paretic side was found to affect gait speed
(Table 3).

Table 3. Correlation with gait speed.

Joint aROM (n pts)
Hemiplegic Side Mean SD Spearman Rank Correlation (p)

Hip flexion (30) 106.3 10.1 Ns
Hip extension (19) 15.0 5.27 Rho 0.480, p = 0.03
Hip Abduction (30) 27.93 19.9 Ns
Hip Adduction (30) 15.1 5.5 Ns
Knee flexion (30) 121.5 18.7 Ns
Knee extension (20) −9.9 8.8 Ns
Dorsiflexion TT (28) 9.3 2.9 Ns
Plantarflexion TT (30) 29.3 10.9 Ns
Muscular Strength (n pts)
Hemiplegic side mean SD Spearman rank correlation (p)

Quadriceps (30) 72.4 31.3 Rho 0.604, p = 0.001
Ilio-psoas (29) 57.3 26.6 Rho 0.358, p = 0.061
Tibialis anterior (10) 25.5 13.3 Ns
Gluteus Maximus (15) 34.1 15.4 Ns
Gluteus Medius (22) 55.4 23.7 Ns
Biceps femoris (17) 32.4 17.2 Ns
Semitendinosus (20) 34.7 18.2 Ns

Paretic side hip extension aROM was directly correlated with gait speed (p = 0.037,
Rho 0.5). No other correlations between paretic side lower limb articular aROMs were
found. Gait speed was, as expected, correlated with stance time, stride length, cycle time
and cadence (Table 4).
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Table 4. Correlation between gait speed (cm/s) and time–distance parameters.

Mean SD Spearman Rank
Correlation

Stance time (% stride) Plegic
Unaffected

65.7
72.5

6.6
5.4

Rho −0.631, p < 0.000
Rho −0.865, p < 0.000

Stride lenght normalized (%h) 38.1 10.8 Rho 0.879, p < 0.000
Cycle time 1.5 0.4 Rho 0.568, p = 0.001
Cadence (stride/min) 42.6 10.7 Rho 0.561, p = 0.002

4. Discussion

The assessment of specific compensatory gait strategies as it relates to gait speed in
hemiparetic post-stroke patients is a relatively new feature in the literature. Several features
of stroke gait were assessed to understand their relationship to gait speed, with particular
interest in the presence of global, multi-joint, multi-planar abnormal patterns which would
strongly influence the impaired locomotor patterns post-stroke [16].

Gait speed reported in the current study is within the range of mean comfortable gait
speed reported for chronic stroke patients in literature, which reports a range between
0.23 m/s and 0.96 m/s [34]. The vaulting and hip hiking combination strategy showed
an impact on gait speed in the Wald Chi-Square test. If we look at speed in the single
groups, this pattern, however, does not have the highest speed value, but when associated
to circumduction the speed value increases. Circumduction alone, present in only two
patients, had in fact the highest speed value, but did not feature in the Wald Chi-Square
model, probably due to the small number of patients.

The lack of a precise gait pattern means a gait more similar to normal gait, since
both from gait analysis data and videorecording it was not possible to individuate major
specific compensations in any plane. Actually, this group of patients has a large variance
of gait speed ranging from 0.22 m/s to 1.07 m/s. Probably, other factors such as the
severity of paralysis in terms of spasticity/flaccidity, sensory problems or others should
have been considered.

According to Vive et al., Nascimento et al. and Patterson et al. [34–36], gender and
age did not have any effect on walking speed in hemiparesis or the paretic side. The
correlation we found between walking speed and severity of motor paralysis as measured
by the Motricity Index, confirms the literature findings, even if this is not the only factor
to affect speed, and biomechanical and neurological factors need to be considered [37].
Among neurological factors that affect walking speed, sensory disorder, muscular co-
contractions and spasticity, coordination and muscular weakness [35,37–42] are all involved.
In particular, in terms of the influence of selective muscle strength on the paretic side on
walking speed, we found a correlation between quadriceps strength as a knee extensor and a
slight correlation with the iliopsoas strength as a hip flexor. The implication of these muscles
for gait speed agrees with previous findings for hip flexors and quadriceps [42]. Among
other muscles of the lower limbs affecting gait speed, the literature also reports ankle
dorsiflexor, hip extensor, ankle plantar flexor and knee flexor strength [16,38,39,42–44],
not found in the current study. Unfortunately, the correlation of single muscle strength
with each gait pattern was not possible due to the small number of patients in each group.
Considering the muscles resulted related to gait speed in the present work (quadriceps and
ileopasoas), none are involved in the gait patterns highly related to speed, i.e., hip hiking
and vaulting.

Furthermore, measuring selective muscle strength in stroke patients is not an easy task
due to the presence of spasticity, co-contraction or synergies. This implies that, notwith-
standing the use of a dynamometer, the measure may not have been taken appropriately.
In addition to the hand-held dynamometer, other authors reported MMT (Manual Muscle
Test) and MST (Modified Sphygmomanometer Test) as measuring muscle strength systems.
They demonstrated proper strength assessment with optimal reliability, but reported the



Appl. Sci. 2023, 13, 934 8 of 11

same limitations in term of presence of muscle spastic impairment influencing evaluation.
In addition, in certain circumstances severe hemiparetic patients were unable to generate
sufficient isometric force and, in particular for MST, some post-stoke patients might be
stronger than the instrument’s reading capacity [13,35,38,41–43].

Only hip extension aROM on the paretic side was found to have a relationship to
gait speed. The previous literature neglects to consider hip extension directly, but only
abnormalities in pelvic tilt or reduced hip flexion were reported. Cruz et al. [16] found that
gait speed was positively associated with paretic hip extension strength in musculoskeletal
models and, in addition to the ankle plantar-flexors, contributes to the forward acceleration
of the trunk during walking. This finding is somewhat inconsistent with the finding of
a correlation between hip flexors and speed. The kinematics of all lower limb joints in
the sagittal plane and its relationship with spastic biarticular muscles should be studied
further.

Data from the current study confirms the findings of Chang et al. regarding the
correlation between BI and gait speed, even if they used the Modified Barthel Index with
sub-score (ambulation and stair climbing) [45]. There have been no previous studies
analyzing a patient’s functional capacities using the NEAS scale.

As regards spatio-temporal gait parameters, a systematic review conducted by Won-
setler et al. [9] analyzed the mechanisms of gait speed change post-stroke and the recovery
measures after physical therapy and showed how, in some studies, changes in spatiotem-
poral parameter results significantly correlated, as expected, with gait speed both for the
hemiparetic and unaffected side. Further studies compared hemiparetic and healthy sub-
jects’ gait speed (normal and slow), confirming significant differences in the step length
and duration of the double stance phase, the single-stance phase and the swing phase and
cadence at the slow speed [9]. The results of the current study are in good agreement with
these findings.

The assessment of gait speed in stroke survivors is of paramount relevance because it
is a valuable way to evaluate function and quality of life [46], and rehabilitation should
aim to reach the best gait speed performance to these patients. A recent Cochrane re-
view [6] highlighted how cardiorespiratory training alone or associated with resistance
training can significantly increase the maximum walking speed in post-stroke hemiparetic
patients. All the interventions analyzed, including specific gait-related training, resulted in
positive effects, reflecting the task-related nature of training specificity, strictly related to
measurements such as the BI. Patients in the current study were all included in an inpatient
rehabilitation program after the stroke, followed later by inclusion in an APA program
for managing residual chronic impairment. APA for stroke is a low-cost, feasible and
well-accepted intervention, showing gain or stabilization in terms of walking speed and
ADLs [47].

The current study has limitations. The small sample size of patients in each compen-
satory gait strategy group did not allow us to perform a statistical comparison directly with
muscle strength and ROM, thus justifying patient’s choice of one strategy over another from
a biomechanical point of view. Furthermore, the selection of the patterns, although shared
between two expert gait analysists, could have been biased by individual interpretation
of data, since it is very difficult to spot a single pattern with confidence. An inter-rater
repeatability study could be helpful in finding a systematic approach to compensatory
strategy in gait-based kinematic patterns. Additionally, measuring selective strength and
aROM in stroke patients is not easy due to their muscular impairment, so much so that, for
many patients, it was not possible to measure, shrinking the sample even further. Lastly,
several biomechanical and clinical features of stroke patients were not considered in the
current study, even though their role in influencing gait has been recognized [37]. Since the
main objective of this study was to explore the relationship between compensatory gait
pattern and gait speed, only kinematic impairment and muscular strength were considered.
Further studies should be carried out.
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5. Conclusions

This study was aimed at evaluating the relationship between gait pattern and gait
speed in chronic, post-stroke, hemiparetic patients. With the small sample of data for
each gait pattern (vaulting, circumduction, hip hiking) in the sample examined, it was not
possible to strongly determine the best pattern influencing speed. Vaulting and hip hiking
strategy for progression affected gait speed compared to other strategies. However, the
higher progression speed was observed in patients for whom a specific gait strategy using
the kinematic gait analysis data was not determined. A wider sample of hemiparetic stroke
patients should be analyzed in order to confirm the findings of this study.

In agreement with previous studies, a correlation between MI, BI and NEAS and
walking speed was found, with neither gender nor age making any difference. Our study
also confirmed the previously described relationship of the spatio-temporal parameters
with walking speed in hemiparetic patients, such as the direct correlation with swing
time, stride length, stride length normalized and cadence, and an inverse correlation with
stance time and cycle time. An inverse correlation of walking speed with severity of motor
paralysis, particularly the paretic side quadriceps and iliopsoas strength and hip extension,
was also found. Further studies based on a larger sample size are needed to better explore
these findings and, in particular, to understand which and how the presence or absence of
a walking compensatory strategy gives an advantage in terms of gait speed, which muscles
are involved and how rehabilitation programs could enhance the increase of gait speed.
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