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Abstract

Introduction. Children with diplegia have considerably larger hip flexion excursion during the gait cycle than normal develop-
ing children. There have been few studies that look at the effect of ankle loading on gait in children with hemiparesis, but none
that look at the effect of ankle loading on hip flexion angles during gait in children with diplegia, to our knowledge. The purpose
of the study is to evaluate the effect of using a weight around the ankle on the degree of hip flexion excursion in children with
diplegia.

Methods. Fifty children with spastic diplegia were assigned into 2 groups at random (A, B). Both groups received the same
prescribed exercise program with gait training for group A and gait training while using a weight around the ankle for group B.
Treatment was conducted for 1 hour 3 sessions/week for 3 successive months. Two-dimensional (2D) gait analysis was used
to evaluate hip excursion throughout the gait cycle before and after the 3 months of therapy.

Results. Mixed design MANOVA was used to study the effect within each group and between the 2 groups. A comparison of
both groups after treatment demonstrated a significant decrease in right and left hip flexion excursion in the initial swing, mid-swing,
terminal swing, initial contact, mid-stance, and pre-swing (p > 0.01). There was no significant difference in loading response
between groups after treatment (p = 0.3).

Conclusions. Using weight around the ankle during gait helped to decrease the degree of excessive hip flexion excursion

during gait in children with diplegia.
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Introduction

Cerebral palsy (CP) is a collection of persistent defects of
posture and mobility that cause activity restriction and are
caused by nonprogressive problems in the developing foetus
or newborn brain [1]. Neurologic system damage usually
leads to impaired motor control, late onset of walking, and an
irregular walking pattern [2].

Description of walking disorders in CP divides the gait
cycle into swing and stance phases to achieve the functional
goals of load tolerance, one-limb support, and limb progres-
sion [3, 4] The sagittal plane kinematics-based categorisation
for children with spastic cerebral palsy identified that appar-
ent equines, true equines, crouch gait, and jumping gait were
recognised as the four major groups [5, 6].

According to the ankle, knee, pelvis, hip posture through-
out stance, Rodda et al. established 5 forms of gait in spastic
diplegic individuals, ranging from true equines to crouch gait,
that includes fewer equines and more hip and knee flexion
[7]. Among the most widespread walking patterns in mobile
children with CP is the crouch gait [8]. Regardless of the posi-
tion of the ankle joints during stance, persistent knee flexion
during locomotion is sometimes referred to as a crouch gait.
The calf is long and feeble during crouch gait, whereas the
hamstrings and iliopsoas are dominant and spastic or tight.
The ultimate gait pattern is greatly influenced by muscle weak-
ening. Children may exhibit crouch gait as a result of weak-
ness or as a result of tightened hamstrings and hip flexors
pulling them into a crouch gait. Most children’s general gait
patterns are influenced by weakness and contracture [9]. In
the crouch gait, there is an inefficient plantar flexion-knee ex-

tension pair. The direction of the ground reaction force when
walking in a crouch gait is behind the knee [7].

Various studies have examined weight loading on the
lower limbs in adults. According to two studies, weighting the
ankle during walking with an amount equal to 1% of the body
weight has a positive influence on the gait characteristics
[10, 11]. The study by Hwang et al. [12] suggested that add-
ing load during gait can be useful in the walking capabilities
of symptom-free people. Another study, this time by Park et al.
[13], discovered that gait training with a sandbag weighing
3-5% of body weight attached to the ankle improves hemi-
plegic stroke patients’ balance ability.

Few studies were found to study the effect of load around
the ankle on gait in children with hemiparetic CP. A study by
Siméo et al. [14] examined the effects of gait training with
various loadings on gait kinematic parameters using a case
report on three children. Immediately following training, Simao
et al. [14] noticed higher joint angles in the knee and hip and
better propulsion during the swing phase, particularly with
a 60% loading of the weight of the lower limb. Another study
by Siméo et al. [15], applied to 20 children, concluded that
gait training while adding weights to the lower limbs helped
to enhance the clearance of the foot during the swing phase.
A study by EI-Negmy et al. [16] on 30 hemiparetic children
assessed the effect of using 0.5 kg weight attached to the
ankle of the hemiparetic side during gait training. The study
found that the muscle strength of the ankle dorsiflexors was
increased significantly and the dorsiflexion angle on initial
contact was decreased significantly.

Children with spastic diplegia had considerably larger an-
gles of the left and right pelvic and hip joints in the swing and
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stance phases than normally developing children. The angles
of the hip were considerably different between the two sides
[171.

To our knowledge, there have been few studies that look
at the effect of ankle loading on gait in children with hemipa-
resis, but none that look at the effect of ankle loading on hip
flexion angles during gait in children with diplegia. It was hy-
pothesised that there is no effect of using a weight around the
ankle on the degree of hip flexion excursion in children with
spastic diplegia. So, this study aimed to evaluate the effect of
using a weight around the ankle on the degree of hip flexion
excursion in children with spastic diplegia.

Subjects and methods
Study design

It is a randomised controlled trial. The randomisation and
assessment were done by two independent physical therapy
experts. The study was conducted from August to October
2022. The children were chosen, and the study was carried
out at the Faculty of Physical Therapy’s paediatric outpatient
clinic.

Randomisation

Fifty children were divided randomly using a computer
program (computer-generated random numbers in each
group according to a predetermined ratio of 1:1) into two
groups (A and B). Figure 1 represents the participants’ flow
diagram of the study.

Participants

Sixty children with spastic diplegic CP were assessed, five
of them did not match the requirements for inclusion, and an
additional five kids chose not to participate. The fifty children
with diplegic CP who were included were between the ages
of 7 and 10, able to follow simple basic commands, and iden-

tified with gait abnormalities described as level Il on the Gross
Motor Function Classification System (GMFCS) [18]. Exclu-
sion criteria included severe visual or auditory problems, lower
limb orthopaedic surgery or injection of BOTOX within 6 months
preceding the start of the study, and uncontrolled seizures.

Children were chosen from the paediatric outpatient clinic
of the Faculty of Physical Therapy. Before the therapy began,
the purpose and methods were conveyed to the parents. Be-
fore enrolling, each parent completed a consent form.

Outcome measures

The primary outcome measure in this study was to assess
the hip flexion excursion (excursion is the range of movement
regularly repeated in the performance of a function [19])
during the stance and swing phases of gait.

Using a digital video camera, two-dimensional (2D) gait
analysis was done to assess hip flexion excursion during
walking from the sagittal plane before and after therapy.

As a method of assessment, 2D gait analysis may pro-
vide a reliable and cost-effective method of gait assessment
that may be used in a variety of care settings. Measuring joint
angles utilising 2D motion analysis software has been demon-
strated to be substantially connected to goniometric meas-
ures [20-22]. Although 3D motion capture is the ‘gold
standard’ for capturing and analysing kinematics, a study by
Schurr et al. [23] found that 2D video analysis may be a more
practical, affordable, and portable option for kinematic as-
sessment and found that there were moderate to strong re-
lationships between 2D video camera and 3D motion capture
analyses at all joints in the sagittal plane despite the lack of
precision to capture rotations.

Measurement procedure

Adhesive skin markers were placed on the skin at specific
locations (lateral malleolus, tibial tuberosity, and greater tro-
chanter for the right and left side). The angle of hip flexion
excursion was determined as the angle between a vertical
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Excluded (n = 10)

A

* Did not meet inclusion criteria (n = 5)
¢ Declined to participate (n = 5)
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Received classical gait training

Group B (n = 25)
Received gait training using
weight around both ankles

( Analysis j

\ 4

A\ 4

Analysed using two-dimensional
gait analysis (n = 25)

Analysed using two-dimensional
gait analysis (n = 25)

Figure 1. Flow diagram of the study
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line from the greater trochanter of the femur perpendicular to
the ground and the line passing from the greater trochanter
to the lateral epicondyle of the femur. The children were in-
structed to walk down a 2-metre-long and 1-metre-wide walk-
ing path without a predetermined velocity. A digital video cam-
era (Sony Cyber-Shot full HD 1080, 8.1 MEGA PIXELS) was
held by a tripod stand placed in the middle point at a height of
1 m off the ground lateral to the walkway at a distance 2.4 m
from the assessed child (to cover the whole walking path) to
record from the sagittal plane, perpendicular to the centre of
the pathway, and at the hip level. The Tracker software was
used to assess hip flexion excursion during the swing and
stance phases of the gait cycle [24]. At maximum hip flexion,
a still image was produced in the sagittal planes. Using the
retroreflective markers, the clinician calculated the joint peak
hip flexion angle and measured the joint angles at the hip on
each still image. Hip flexion was measured as the angle
formed by the femur and a vertical line perpendicular to the
ground, with the greater trochanter serving as the fulcrum.

Intervention

This research comprised fifty children with spastic diple-
gic CP. The participants were assigned to two groups at ran-
dom (A and B groups). Both groups underwent the prescribed
exercise program for diplegic children with classical gait
training for group A and gait training using a weight around
the ankle with 5% of body weight attached at 5 cm above the
ankle of the left and right lower extremities for group B [13].
Treatment was conducted for 1 hour/day, 3 sessions/week for
3 successive months of treatment.

Prescribed physical therapy exercise program
for both groups

Flexibility exercises were performed for the ankle plantar
flexors, knee, and hip flexors of both lower limbs as well as
balance exercises during standing and walking, and progres-
sive resistance training for the hip extensors, knee extensors,
and ankle dorsiflexors. Gait training exercises (walking for-
wards, backwards and sideways, walking on a stepper, walk-
ing across different obstacles comprising different sizes of
rolls, wedges, and blocks) were also performed.

Statistical analysis

Data were analysed through the statistical package for
social science (SPSS) version 25 for Windows (IBM SPSS,
Chicago, IL, USA). The level of significance for all statistical
tests was set at p < 0.05. The unpaired t-test and the chi-
squared test were used to compare the characteristics of the
subjects between groups. The Shapiro—Wilk test was used to
determine if the data had a normal distribution. The homo-
geneity between groups was examined using Levene’s test
for homogeneity of variances. To examine effects within and
across groups, a mixed-design MANOVA was conducted.
Following multiple comparisons, post-hoc testing employing
the Bonferroni correction was conducted.

Results
Subject characteristics
Table 1 shows the subject characteristics of the 2 groups.

The Age, height, weight, BMI, and sex distribution did not sig-
nificantly differ between the 2 groups (p > 0.05).

Table 1. Basic characteristics of participants

Subject Group A Group B value
characteristics mean £ SD mean + SD p
Age (years) 6.18 £ 1.17 5.98 + 1.09 0.53
Weight (kg) 19.42+3.64 | 19.14+3.74 0.79
Height (cm) 1146 £9.16 |112.62 +9.47 0.45
BMI (kg/m2) 14.68 + 1.26 15.03 +1.89 0.45
Sex [n (%)]

males 16 (64) 12 (48)

0.25
females 9 (36) 13 (52)

BMI — body mass index

Effect of treatment on degree of hip flexion
excursion during the gait cycle

Mixed MANOVA showed that there was a significant in-
teraction between treatment and time (F = 4.38, p = 0.001).
There was a significant main effect of time (F = 13.88, p =
0.001). There was no significant main effect of treatment (F =
1.36, p = 0.22).

The mean hip flexion excursion in the stance phase for
both groups is shown in Table 2 before and after therapy.
Table 3 shows the mean hip flexion excursion during the
swing phase for both groups before and after treatment.

Discussion

This study aimed to evaluate the effect of using a weight
around the ankle on the degree of hip flexion excursion in
children with spastic diplegia. Normally, the hip flexes nearly
up to 20 degrees at the start of heel contact, then decreases
to 15 degrees in the loading response. By mid-stance, the hip
is in a neutral position and begins to hyperextend for about
10 to 20 degrees during the remainder of the stance phase.
During the swing phase, the hips revert to a maximum flexion
pattern of 20 to 30 degrees. During the gait cycle, the hip
flexes and extends once, with the limit of flexion occurring
in the middle of the swing phase and the limit of extension
occurring before the end of the stance phase. A maximum
hip flexion of 30—35 degrees occurs in the late swing phase,
around 85% of the way through the gait cycle; a maximum
extension of about 10 degrees occurs near toe-off, around
50% of the way through the gait cycle. Hip ligaments help to
stabilise the joint in extension [3, 25].

Children with spastic diplegia had considerably larger an-
gles of the left and right pelvic and hip joints in the swing and
stance phases than normally developing children. The angles
of the hip are considerably different between the two sides [17].

The comparison between the 2 groups after treatment
demonstrated a significant decrease in right and left hip flex-
ion excursion in initial contact, mid-stance, pre-swing, initial
swing, mid-swing, and terminal swing (p > 0.01).

The addition of weight around the ankle might promote
proprioceptive sense in the lower limb. Children with CP have
defective proprioception, most likely due to lesions in the cen-
tral nervous system that impair all proprioceptive inputs to
the cortex coming from the joints, Golgi tendon organs, and
muscle spindles, as well as skin sensory afferents [26]. Neu-
romuscular impairments that associate with CP, such as in-
creased muscle tone, muscle weakness or imbalance, and
abnormal biomechanical alignment, leads to distorted pro-
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Table 2. Mean hip flexion excursion (in degrees) in stance phase
pre- and post-treatment for both groups

Table 3. Mean hip flexion excursion (in degrees) in swing phase
pre- and post-treatment for both groups

Lt — left, Rt — right, * significant

Group A Group B ) ) Group A Group B
SIEED (PSR mean + SD mean + SD RET Sl iese mean + SD mean + SD (A
Rt Initial contact Rt Initial swing
pre-treatment | 31.69+6.51 | 29.88+7.15 0.35 pre-treatment 21.7+353 | 20.34+518 | 0.28
post-treatment | 28.29 +4.82 | 25.29 +3.57 0.01 post-treatment | 19.64 + 3.9 16.1+2.84 | 0.001*
p = 0.001* p =0.001" p = 0.002* p = 0.001*
Lt Initial contact Lt Initial swing
pre-treatment 30.68 +7.58 | 30.29 +7.55 0.85 pre-treatment 21.37 £6.54 | 20.82 +6.56 0.76
post-treatment | 28.43 +5.55 | 24.88 + 4.05 0.01* post-treatment | 19.17£5.14 | 15.58 +4.1 0.009*
p=0.001* p =0.001* p =0.02 p =0.001*
Rt loading response Rt Mid-swing
pre-treatment 29.42 +5.32 28.1£7.42 0.47 pre-treatment 35.86 + 7.71 33.47 £ 8.25 0.29
post-treatment 26.82 + 6.59 2524+ 3.8 0.3 Post-treatment | 31.42 + 5.84 27.59 + 4.39 0.01*
p =0.008" p =0.004* p=0.001* p=0.001"
Lt loading response Lt Mid-swing
pre-treatment | 27.93+6.55 | 27.8+7.48 0.94 pre-treatment | 35.92+7.41 | 3362+834 | 03
post-reatment | 25.84+4.81 | 24.5+3.53 0.3 post-treatment | 33.04 +6.22 | 27.83+5.03 | 0.002*
p=0.01* p = 0.001* p = 0.002* p=0001"
Rt Mid-stance Rt Terminal swing
pre-treatment | 13.33+8.42 | 11.19£10.7 | 043 pre-treatment | 325+522 | 31984607 | 075
posttreatment | 1168711 | 582x7.3 | 0003 post-treatment | 30.87 +4.07 | 26.67+3.42 | 0.001*
=0.07 =0.001*
P P p=0.02" p=0.001*
Lt Mid-stance . )
Lt Terminal swing
pre-treatment 13.41 £8.79 | 12.17 +£10.23 0.64
pre-treatment 32.96 £ 5.01 3225+ 7.41 0.69
post-treatment 11.86 + 7.49 5.02+6.7 0.001*
post-treatment 30.1 +4.31 26.91 +2.98 0.004*
p=0.14 p =0.001*
p =0.001* p =0.001*
Rt Terminal stance - —
Lt — left, Rt — right, * significant
pre-treatment 13.43 + 3.55 12.14 + 8.94 0.5
post-treatment | 10.97 +3.91 | -0.56 + 8.67 0.001* prioceptive input and inhibits joint-position sense over time
N [26, 27], which affects the muscle-joint relationship [28] and
p=0.04 p = 0.001 disrupts muscle spindle sensitivity [29]. These problems may
Lt Terminal stance result in making children with CP rely on vision as a compen-
satory technique for joint-position sense-required activities,
pre-treatment 14.16 £ 4.78 1212+ 7.9 0.27 such as gait [30].
post-treatment | 11.27 +5.49 | -0.35 +8.27 0.001* McLaughlin et al. detected passive sagittal plane move-
X N ments of the big toe and knee and reported that diplegia is
p =0.01 p = 0.001 associated with proprioception abnormalities [31]. Damiano
RT Pre-swing et al. [32] found that children with better lower limb proprio-
ception had less postural sway, indicating a relationship be-
pre-treatment 16.82+6.4 | 14.85+9.73 04 tween sensory and motor performance in the lower extremities.
post-treatment 15.1 + 5.81 9.4 +4.96 0.001* Ibrahim et al. [33] concluded that adding weight to the lower
N extremity in the form of using anti-gravity shoes helped to im-
p=0.08 p = 0.001 prove the proprioceptive and vestibular sense in the lower
Lt Pre-swing limbs, which leads to improving the child’s balance and de-
creases the angles of the lower extremities’ joints in the
pre-treatment 16.84 + 8.58 15 +8.82 0.45 stance phase.
post-treatment | 15.22 + 8.03 8.92 + 4.01 0.001* Improvements in hip joint kinematics may be attributed
to probable mechanical and neuromuscular adaptations as
p=0.07 p =0.001*

a strategy for locomotor adaptation to loading [34, 35]. Sim&o
et al. [14] studied the efficiency of loading a lower extremity
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during gait and found that children with diplegia modified
lower extremity joint kinematics as an immediate response
to loading. Also, Lam et al. [36] found that loading legs dur-
ing training on a treadmill enhanced functional ambulation.
Previous studies found that training with leg weights may
improve gait kinematics to near-normal levels [36—40]. Leg
loading enhances the flexor muscular activity of the lower ex-
tremity muscles [34, 35, 41, 42]. Also, alternative flexion and
extension while using weights around the ankle during gait
may result in improving lower extremity strength and sen-
sorimotor function. This comes in agreement with a study by
El-Saeed [43], who studied the effect of using of bicycle er-
gometer on improving quadriceps muscle torque.

Limitations

This study is limited by its use of 2D gait analysis rather than
3D gait analysis, which may result in parallax error, though
it is more prominent in rotational angles than sagittal plane
angles, which are what was measured in this study. In addi-
tion, there were no follow-up results to assess the retention of
the outcomes and no sample size estimation. It is suggested
that further research be conducted to explore the effect of
weight loading during gait on lower limb strength and proprio-
ception, and assessing muscle strength would help more in
clarifying the effect of the weight loading on the power of the
extensor muscles.

Conclusions

Using weight around the ankle during gait helped to de-
crease the degree of excessive hip flexion excursion in chil-
dren with diplegic CP.

Acknowledgements
The authors are grateful to the children and their parents
for participating in this study.

Ethical approval

The research related to human use complied with all the
relevant national regulations and institutional policies, fol-
lowed the tenets of the Declaration of Helsinki, and was ap-
proved by the research ethical committee board of the Faculty
of Physical Therapy, Cairo University (approval No.: P.T.REC/
012/003863). The clinical trial was registered at clinical tri-
als.gov with the number NCT05579535.

Informed consent
Informed consent has been obtained from all individuals
included in this study.

Disclosure statement
No author has any financial interest or received any finan-
cial benefit from this research.

Conflict of interest
The authors state no conflict of interest.

Funding
This research received no external funding.

References

[1] Bax M, Goldstein M, Rosenbaum P, Leviton A, Paneth N,
Dan B, Jacobsson B, Damiano D; Executive Committee
for the Definition of Cerebral Palsy. Proposed definition
and classification of cerebral palsy. Dev Med Child Neu-
rol.2005;47(8):571-76;doi:10.1017/s001216220500112x.

(2]

(3]
(4]

(5]

(6]

(7]

(8]

9]

(10]

(1]

(12]

(13]

(14]

(15]

(6]

(17]

(18]

Bell KJ, Ounpuu S, DeLuca PA, Romness MJ. Natural
progression of gait in children with cerebral palsy. J
Pediatr Orthop. 2002;22(5):677-82.

Perry J, Burnfield JM (eds.). Gait analysis: normal and
pathological function. J Sports Sci Med. 2010;9(2):353.
Sutherland DH, Davids JR. Common gait abnormali-
ties of the knee in cerebral palsy. Clin Orthop Relat Res.
1993;288:139-47.

Rodda J, Graham HK. Classification of gait patterns in
spastic hemiplegia and spastic diplegia: a basis for
a management algorithm. Eur J Neurol. England. 2001;
8(Suppl5):98—-108;doi: 10.1046/j.1468-1331.2001.000
42 X.

Kanashvili B, Miller F, Church C, Lennon N, Howard JJ,
Henley JD, Niiler T, Sees JP, Rogers KJ, Shrader MW.
The change in sagittal plane gait patterns from childhood
to maturity in bilateral cerebral palsy. Gait Posture. 2021;
90:154-60; doi: 10.1016/j.gaitpost.2021.08.022.
Rodda JM, Graham HK, Carson L, Galea MP, Wolfe R.
Sagittal gait patterns in spastic diplegia. J Bone Joint
Surg Br. 2004;86(2):251-58; doi: 10.1302/0301-620x.
86b2.13878.

Wren TAL, Rethlefsen S, Kay RM. Prevalence of specific
gait abnormalities in children with cerebral palsy: influ-
ence of cerebral palsy subtype, age, and previous sur-
gery. J Pediatr Orthop. 2005;25(1):79-83; doi: 10.1097/
00004694-200501000-00018.

Damiano DL, Dodd K, Taylor NF. Should we be testing
and training muscle strength in cerebral palsy?. Dev Med
Child Neurol. 2002;44(1):68-72; doi: 10.1017/s001216
2201001682.

Lee S-K. Effect of weight loads applied to the ankle on
walking factors of a stroke patient. PNF Mov. 2018;16(2):
179-85.

Lee S-K, Jung J-M, Lee S-Y. Gluteus medius muscle
activation on stance phase according to various vertical
load. J Back Musculoskelet Rehabil. 2013;26(2):159-61;
doi: 10.3233/BMR-2012-00361.

Hwang J-W, Lee S-K, Park J-S, Ahn S-H, Lee K-J, Lee
S-J. The effects of ankle weight loading on the walking
factors of adults without symptoms. J Exerc Rehabil.
2017;13(4):425-29; doi: 10.12965/jer.1734954.477.
Park JH, Hwangbo G, Kim JS. The effect of treadmill-
based incremental leg weight loading training on the
balance of stroke patients. J Phys Ther Sci. 2014;26(2):
235-37; doi: 10.1589/jpts.26.235.

Sim&o CR, Galvdo ERVP, Fonseca DO da S, Bezerra
DA, Andrade AC de, Lindquist ARR. Effects of adding
load to the gait of children with cerebral palsy: a three-
case report. Fisioter Pesqui. 2014;21:67—-73; doi: 10.1590/
1809-2950/470210114.

Siméo CR, Regalado ICR, Spaniol AP, Fonseca DOS,
Ribeiro T de S, Lindquist AR. Immediate effects of a sin-
gle treadmill session with additional ankle loading on gait
in children with hemiparetic cerebral palsy. NeuroRe-
habilitation. 2019;44:9-17; doi: 10.3233/NRE-182516.
EI-Negmy EH, Ahmed HI HA. Effect of ankle weight dur-
ing gait training on dorsiflexors strength in hemiparetic
children. Med J Cairo Univ. 2019;87(6):3619-24.

Kim CJ, Kim YM, Kim DD. Comparison of children with
joint angles in spastic diplegia with those of normal
children. J Phys Ther Sci. 2014;26(9):1475-79; doi:
10.1589/jpts.26.1475.

Palisano R, Rosenbaum P, Walter S, Russell D, Wood E,
Galuppi B. Development and reliability of a system to
classify gross motor function in children with cerebral


https://doi.org/10.1590/1809-2950/470210114
https://doi.org/10.1590/1809-2950/470210114

N.M. lbrahim, M.E. Abbass

Physiother Quart 2024, 32(2) Effect of weight around ankle on decreasing hip flexion excursion during gait in children with diplegia

palsy. Dev Med Child Neurol. 1997;39(4):214-23; doi:
10.1111/j.1469-8749.1997.tb07414 x.

[19] Keane M, O’Toole MT. Encyclopedia & Dictionary of Med-
icine, Nursing and Allied Health. Elsevier eBook on Vi-
talSource, 7" ed. Saunders; 2003.

[20] Paul SS, Lester ME, Foreman KB, Dibble LE. Validity and
reliability of two-dimensional motion analysis for quan-
tifying postural deficits in adults with and without neu-
rological impairment. Anat Rec. 2016;299(9):1165-73;
doi.org/10.1002/ar.23385.

[21] Michelini A, Eshraghi A, Andrysek J. Two-dimensional
video gait analysis: a systematic review of reliability, valid-
ity, and best practice considerations. Prosthet Orthot
Int.2020;44:245-62;d0i:10.1177/0309364620921290.

[22] Pantzar-Castilla E, Cereatti A, Figari G, Valeri N, Paolini
G, Della Croce U, Magnuson A, Riad J. Knee joint sagittal
plane movement in cerebral palsy: a comparative study
of 2- dimensional markerless video and 3-dimensional
gait analysis. Acta Orthop. 2018;89(6):656-61; doi:
10.1080/17453674.2018.1525195

[23] Schurr SA, Marshall AN, Resch JE, Saliba SA. Two-di-
mensional video analysis is comparable to 3D motion
capture in lower extremity movement assessment. Int
J Sports Phys Ther. 2017;12(2):163-72.

[24] Deltombe T, Detrembleur C, Gruwez G. Comparison of
Tracker 2-D video software and Vicon 3-D system in knee
and ankle gait kinematic analysis of spastic patients. Ann
Phys Rehabil Med. 2017;60(Suppl):e51; doi: 10.1016/].
rehab.2017.07.103.

[25] Dutton M. Dutton’s Orthopaedic. Examination, Evalu-
ation, and Intervention. 6" ed. New York: McGraw Hill,
Medical; 2023.

[26] Fridén J, Lieber RL. Spastic muscle cells are shorter and
stifferthannormalcells. Muscle Nerve.2003;27(2):157—
64; doi: 10.1002/mus.10247.

[27] O’Dwyer NJ, Ada L, Neilson PD. Spasticity and muscle
contracture following stroke. Brain. 1996;119(Pt 5):1737—
49; doi: 10.1093/brain/119.5.1737.

[28] Lieber RL, Fridén J. Spasticity causes a fundamental re-
arrangement of muscle-joint interaction. Muscle Nerve.
2002;25(2):265-70; doi: 10.1002/mus.10036.

[29] Dietz V. Proprioception and locomotor disorders. Nat Rev
Neurosci. 2002;3(10):781-90; doi: 10.1038/nrn939.

[80] Jones KE, Wessberg J, Vallbo A. Proprioceptive feed-
back is reduced during adaptation to a visuomotor trans-
formation: preliminary findings. Neuroreport. 2001;12:
4029-33; doi: 10.1097/00001756-200112210-00035.

[31] McLaughlin JF, Felix SD, Nowbar S, Ferrel A, Bjornson K,
Hays RM. Lower extremity sensory function in children
with cerebral palsy. Pediatr Rehabil. 2005;8:45-52; doi:
10.1080/13638490400011181.

[32]

(33]

[34]

[35]

(36]

[37]

(38]

(39]

[40]

[41]

[42]

(43]

Damiano DL, Wingert JR, Stanley CJ, Curatalo L. Con-
tribution of hip joint proprioception to static and dynamic
balance in cerebral palsy: a case control study. J Neu-
roeng Rehabil. 2013;10:57; doi: 10.1186/1743-0003-
10-57.

Ibrahim N, Attia R, Shoukry K. Effect of antigravity moon
shoes on gait cycle in children with diplegic cerebral
palsy. Physiother Quart. 2022;30(3):7-12; doi: 10.5114/
pq.2022.116446.

Lam T, Wolstenholme C, Yang JF. How do infants adapt
to loading of the limb during the swing phase of step-
ping?. J Neurophysiol. 2003;89(4):1920-28; doi: 10.1152/
jn.01030.2002.

Lam T, Anderschitz M, Dietz V. Contribution of feedback
and feedforward strategies to locomotor adaptations.
J Neurophysiol. 2006;95(2):766-73, doi: 10.1152/jn.00
473.2005.

Lam T, Luttmann K, Houldin A, Chan C. Treadmill-based
locomotor training with leg weights to enhance func-
tional ambulation in people with chronic stroke: a pilot
study. J Neurol Phys Ther. 2009;33(3):129-35; doi:
10.1097/NPT.0b013e3181b57deb5.

Chrysagis N, A. Koumantakis G, Theotokatos G, Skor-
dilis E. The effects of a strengthening program on walk-
ing and stair-climbing ability of adolescents and young
adults with cerebral palsy: a randomized controlled trial.
Hum Mov. 2022;23(4):148-55; doi: 10.5114/hm.2022.
111177.

Dubo HI, Peat M, Winter DA, Quanbury AO, Hobson DA,
Steinke T, Reimer G. Electromyographic temporal analy-
sis of gait: normal human locomotion. Arch Phys Med
Rehabil. 1976;57:415-420.

Peat M, Dubo HI, Winter DA, Quanbury AO, Steinke T,
Grahame R. Electromyographic temporal analysis of
gait: hemiplegic locomotion. Arch Phys Med Rehabil.
1976;57(9):421-25.

Patterson SL, Rodgers MM, Macko RF, Forrester LW.
Effect of treadmill exercise training on spatial and tem-
poral gait parameters in subjects with chronic stroke:
apreliminary report. J Rehabil Res Dev. 2008;45(2):221—
28; doi: 10.1682/jrrd.2007.02.0024.

Garrett M, Luckwill RG. Role of reflex responses of knee
musculature during the swing phase of walking in man.
Eur J Appl Physiol Occup Physiol. 1983;52(1):36-41;
doi: 10.1007/BF00429022.

Ghori GM, Luckwill RG. Pattern of reflex responses in
lower limb muscles to a resistance in walking man. Eur
J Appl Physiol Occup Physiol. 1989;58(8):852-57; doi:
10.1007/BF02332218.

El-Saeed T. Motor-based priming: isokinetic outcomes
of aerobic exercise in children with spastic diplegia.
Physiother Quart. 2022;30(2):64—8; doi: 10.5114/pq.2021.
108672.

Copyright: © 2024 Wroclaw University of Health and Sport Sciences. This is an Open Access journal distributed under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND) (https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode), allowing
third parties to download and share its works but not commercially purposes or to create derivative works.

53


https://doi.org/10.1016/j.rehab.2017.07.103
https://doi.org/10.1016/j.rehab.2017.07.103

