THREE DIMENSIONAL GAIT ANALYSIS OF EXERCISE
REHABILITATION AND MUSCLE TENSION

ANALISE TRIDIMENSIONAL DE MARCHA DE EXERCICIOS DE REABILITAGAO E TENSAO MUSCULAR Ornns AmmcLs

. , ; ARTIGO ORIGINAL
ANALISIS TRIDIMENSIONAL DE MARCHA DE EJERCICIOS DE REHABILITACION Y TENSION MUSCULAR ARTicuLo ORIGINAL
Haojie Dong' ABSTRACT

(Physical Education Professional) ) ] ) ) ] ) ] i ]
Introduction: Timely assessment and correction of post-stroke hemiplegia gait, to improve walking abil-

1. Faculty of Physical Education, ity, has become an urgent problem for patients with hemiplegia. Objective: In order to improve the effect of
Henan University of Science And exercise rehabilitation and tensile strength testing, a three-dimensional gait analysis method was proposed.
Technology, Luoyang, Methods: The kinematics, dynamics, ground reaction force and surface EMG of lower limbs were measured by
Henan, China. VICON (Nexus 1.8.5), a three-dimensional gait analysis system, and Noraxon, a wireless surface EMG, while 13

healthy subjects walked. The intra-group correlation coefficient (ICC) and standard error of measurement (SEM)
were used to compare the relative and absolute reliability of the two test results. Results: the re-testability ICC
was 78~0.96, the standard error SEM% of kinematics parameters was 4.18~15.6, and the SEM% of dynamic
parameters was 3.31~21.82.The SEM% of ground reaction force was 1.70~16.67, and the SEM% of surface EMG
signal was 8.00~11.11. Conclusions: 3D gait analysis can improve the effect of exercise rehabilitation and tensile
strength testing, and has good retesting reliability. Level of evidence II; Therapeutic studies - investigation
of treatment results.
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RESUMO

Introdugdo: A avaliagdo e correcdo oportunas da marcha hemiplégica pos-derrame para a recuperagéo da
habilidade de caminhar tem se tornado um problema premente para pacientes com hemiplegia. Objetivo: Um
método de andlise tridimensional de marcha foi proposto para melhorar o efeito de exercicios de reabilitagéo
e de testes de for¢a tensil. Métodos: A cinemdtica, dindmica, for¢a de reagdo ao solo e EMG de superficie de
membros inferiores foram medidos por VICON (Nexus 1.8.5), um sistema de andlise tridimensional de marcha,
e Noraxon, um EMG de superficie sem fio enquanto 13 individuos sauddveis caminhavam. O coeficiente de
correlagdo intragrupo (CCl) e erro padrdo de medida (EPM) foram utilizados para comparar a confiabilidade
relativa e absoluta dos dois resultados de testes. Resultados: A retestagem ICC foi de 78~0.96, o erro padréo
SEM% de parametros cinemdticos foi de 4.18~15.6, e o SEM% de parametros dindmicos foi de 3.31~21.82. O
SEM% de forga de rea¢do ao solo foi de 1.70~16.67, e o SEM% do sinal EMG de superficie foi de 8.00~11.11.
Conclusées: A andlise 3D de marcha pode melhorar o efeito de exercicios de reabilitacdo e testes de forca tensil,
além de ter boa confiabilidade de retestagem. Nivel de evidéncia Il; estudos terapéuticos - investiga¢do
de resultados de tratamento.

Descritores: Imageamento tridimensional; Esportes; Reabilitagéo.

RESUMEN

Introduccién: La evaluacidn y correccion oportunas de la marcha hemipléjica posderrame para la recuper-
acién de la habilidad de caminar ha se convertido en un problema apremiante para pacientes con hemiplejia.
Objetivo: Un método de andilisis tridimensional de la marcha se propuso para mejorar el efecto de ejercicios de
rehabilitacion y de pruebas de fuerza tensil. Métodos: La cinemdtica, dindmica, fuerza de reaccion del suelo y
EMG de superficie de miembros inferiores se midieron por VICON (Nexus 1.8.5), un sistema de andlisis tridimen-
sional de marcha, y Noraxon, un EMG de superficie inaldmbrico mientras 13 individuos saludables marchaban.
El coeficiente de correlacidn intragrupo (CCI) y error estdndar de medida (EEM) fueron utilizados para comparar
la confiabilidad relativa y absoluta de dos resultados de pruebas. Resultados: La reprueba CCl fue de 78~0.96, el
error estdndar EEM% de pardmetros cinemdticos fue de 4.18~15.6, y el EEM% de pardmetros dindmicos fue de
3.31~21.82. El EEM% de fuerza de reaccion del suelo fue de 1.70~16.67, y el EEM% de la sefial EMG de superficie
fue de 8.00~11.11. Conclusiones: El andlisis 3D de marcha puede mejorar el efecto de ejercicios de rehabilitacion
y pruebas de fuerza tensil, ademds de tener buena confiabilidad de reprueba. Nivel de evidencia II; Estudios
terapéuticos - investigacion de resultados de tratamiento.

Descriptores: Imagenologia tridimensional; Deportes; Rehabilitacion.
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INTRODUCTION

The research and application of gait analysis has been developing
since the beginning of photography in the late 19th century, and has a
history of more than 100 years. However, it only takes more than 10 years
for the gait analysis to enter the clinical application stage. Gait analysis
refers to the rehabilitation evaluation, training and treatment process, the
objective and quantitative evaluation of human walking function, fully
reflects the patient’s rehabilitation function, for traumatic brain injury, the
central and peripheral nervous system injury and joint damage to deve-
lop rehabilitation treatment and evaluation of rehabilitation in patients
with curative effect, operation program and provides objective to assess
postoperative curative effect, etc. Objective of clinical gait analysis: (1)
Quantitative analysis of various gait indexes, such as stride length, stride
frequency, gait speed, time phase and period, standing phase moment,
joint Angle, etc, to provide objective data for clinical and scientific research.!

Assess the problems in gait, abnormal gait pattern and the improve-
ment degree of lower limb muscle tension and muscle strength before
and after rehabilitation treatment, and make rehabilitation treatment
and training plan. (3) Evaluate the rehabilitation effect, and compare the
gait before and after custom-made braces and orthoses to determine
the suitability of braces or orthoses and their use value. The method of
three-dimensional gait analysis is applied to the field of rehabilitation
medicine, and according to the kinematics parameters, biomechanics
parameters and the changes of skeletal muscle electromyography
activity parameters, it is feasible to objectively and realtime select the
rehabilitation treatment method and evaluate the curative effect?

METHOD
Selecting Objects

From September 2017 to November 2017, a total of 13 patient
volunteers from Shanghai University of Traditional Chinese Medicine,
postgraduate students and staff of Shuguang Hospital affiliated to
Shanghai University of Traditional Chinese Medicine were selected as
the research objects. There were 11 males and 2 females, with an average
age of (27.64 + 2.98) years, an average height of (174.18 + 8.84) cm, and
an average weight of (73.36 + 14.55) kg. All subjects were tested after
signing the informed consent form. Inclusion criteria: age 18 ~ 40; He
recovered within the last 3 months; No neuromuscular disease affecting
gait; Able to take the initiative to complete the test with clear awareness.
Exclusion criteria: patients with other neuromusculoskeletal disorders that
can cause gait abnormalities; Reluctant to actively cooperate with testers.

Methods

Five groups of dynamic Clusters were placed on the bilateral thighs,
the outer edge of the calf, and the back of the pelvis. Bilateral tibialis
anterior muscle, peroneus externalis muscle, peroneus internus muscle,
vastus externus muscle, vastus internus muscle, biceps femoris (long head)
and semitendinosus muscle were selected as the lower limb muscles.
Experimental data collection: Before the biomechanical test, the subjects
recorded their height, weight, age, gender and other basic information.
Then, 44 passive cursors were placed on the bone markers of the subjects
according to the CAST mode, the 14 groups of surface EMG electrodes
were placed at the corresponding positions, and the subjects were asked
to build a Static Model by standing in an anatomical position. Then the
subjects were asked to do 5 to 15 walking adaptation exercises, adjust the
starting point of the corresponding walking test to ensure that when the
subject passes through the force measuring table area in a natural walking
state, one side foot can only contact one force measuring table at a time
(two side feet shall not contact the same force measuring table at the same
time, or one side foot shall not fully contact the force measuring table).*
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RESULTS

In this study, ICC was used to study the relative reliability of re-
peated tests, and the results showed that the step speed repeatability
(ICC: 0.93) and absolute reliability (SEM% : 2.27) were good. (Table 1)
The maximum motion Angle and moment of hip joint, knee joint and
ankle jointin sagittal plane and coronal plane showed good repeatability
(ICC: 0.78~0.95) and absolute reliability (SEM% : 4.18~21.82). (Table 2
and 3) The repeatability (ICC: 0.91-0.95) and absolute reliability (SEM%:
1.70-16.67) of the ground reaction force in the vertical direction, the
inside direction and the front and back direction are good. (Table 4)
The peak amplitude of surface EMG of the femoris externalis, femoris
internus, semitendinosus, biceps femoris (long), tibialis anterior muscle,
peroneal muscle and peroneal muscle also showed good repeatability
(ICC: 0.88-0.96) and absolute reliability (SEM%: 8.00-11.11).5 (Table 5)

Clinical gait analysis will provide a strong basis for the key factors of
gait abnormality in patients with injury, thus assisting in clinical diagnosis
and treatment. Specific application scope includes: (1) Identifying the
abnormal gait: three-dimensional gait analysis can accurately determine
the rule of abnormal gait, dyskinesia of key joints and muscles, pedestrian
barriers and the relationship between trunk and arm movements, walking
assisted with the value of efficiency and safety of walking and walking
way, etc, to determine the clinical diagnosis and treatment of provide
the scientific basis. (2) Evaluation of treatment effect: 3D gait analysis is
the best tool to evaluate the rehabilitation and clinical treatment effect of
walking function of patients with sports injury, which has an irreplaceable

Table 1. Test results of time and space parameters.

Time space| The first Weight ICC SEM SEM (%)
parameter | test (m/s) [measurement (m/s)| (95%IC) [ (m/s) ?
Pace 1.3240.12 1.3040.12 093 0.03 227

Table 2. Test results of kinematics parameters.

jo-li-:: An:gl(;n:: ::le The ﬁ:St me:Z::'gerr:ent Icc SE°M SEM
full gait cycle test () () E5A9) 8 6
Angle of hip flexion 27.75£6.61 26.52+6.22 091 213 | 785
Hip extension Angle | -13.33+4.64 -14.35+4.46 0.84 1.84 | 1329
Adg;f;tigje_o?n'lgle 7772256 | 8972270 088 | 092 | 1099
Hip abduction Angle | -7.62+3.17 -6.11+£2.92 092 088 | 12.83
Knee flexion Angle 58.3+4.8 60.746.1 0.80 249 | 418
Knee valgus Angle -44242.13 -391£1.72 0.90 061 | 146
Knee varus Angle 6.47+3.58 7.71£4.79 093 111 ] 156
Ankle dorsiflexion Angle| 10.96+3.10 1343+2.87 0.86 116 | 951
p‘antéffﬁiig”;ngle 119694785 | -1596£791 | 085 | 307 | 1675
Ankle varus Angle 9.14+£3.27 10.49£3.39 0.80 1.50 | 15.28
Ankle valgus Angle -3.93+2.35 -3.16+2.38 0.95 053 | 149

Table 3. Dynamic parameter test results.

Maximum moment in [The first test me;Aslzlrgerr:ent ICC SEM | SEM
the supporting phase | (NM/kg) (NM/kg) (95%IC) | (NM/kg) | (%)
Hip extension moment | 0.96+0.24 091+0.24 0.86 0.04 |4.28
Adductive torque | 07018 | 078017 | 084 | 018 |2182
of hip joint
Knee flexion moment | 0.55+0.24 0.52+0.21 0.86 0.07 8.79
Adductive torque | 38,010 | 03720.11 078 | 002 |533
of knee joint
Ankle dorsal 1474012 | 155016 | 089 | 005 |[331
extension moment
Ankle valgus moment | 0.17+0.09 0.16+0.09 0.86 003 {1818
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Table 4. Ground reaction force test results.

Wrvaction mabe. | Thefirst || SRSV ] e | SEM | o
W %l W
supporting phase s () (BW) (R | ()
Ground reaction |\ 10 h00 | 1174007 | 093 | 002 | 170
force (vertical)
Ground reaction 1 s 505 | 0.06£001 091 | 001 | 1667
force (inside)
Ground reaction | 15 04| 0195004 | 096 | 001 | 526
(propulsion)
Ground reaction | > hoa | 0212003 | 095 | 001 | 465
(obstruction)

Table 5. Surface EMG test results.

Peak muscle Weight
contractions in U3 ! measurement oS SEM (mV) | SEM (%)
. test (mV) (95%IC)
the gait cycle (mV)
shares outside | 11009 | 0104004 088 001 952
the muscle
Shares in muscle | 0.09+0.02 0.094+0.02 0.90 0.01 11.11
Half tendons 0.13+£0.04 0.12+0.04 0.89 0.01 8.00
Femoral biceps | 0.09+0.04 0.09+0.04 0.88 0.01 1.1
Pretibial muscle | 0.21+0.10 0.18+0.09 0.96 0.02 10.26
PRILWIthin 15340007 | 0222007 093 002 8.89
the muscle
Phil.Outside | 50012 | 0242010 092 002 8.00
the muscle

role. In particular, it should be emphasized that the goal of gait training
should be to make the patient walk with the least effort and the most
safe, not just to be close to the normal person in appearance. Excessive
pursuit of ‘normal gait”at the expense of walking efficiency and safety is
unscientific, and is also a clinical misunderstanding of walking function
training for patients with sports injuries.”®

DISCUSSION

In addition to kinematics, dynamics and ground reaction forces, the
EMG signals of lower limb muscles in this study also had good repeatability
(ICC0.88-0.96), which was not only related to the use of low-pass filtering
cutoff frequency (20Hz) of a higher frequency forfiltering in this study, but

also related to the use of wireless surface EMG. In previous studies, wired
surface EMG was used, and longer data conduction lines would hinder
the walking of the subjects to some extent, which might affect the final
results.’ However, wireless surface EMG minimized the errors caused by
the instrument as much as possible, so it had better repeatability. Previous
studies have shown that if SEM% < 15% is acceptable, in this study, ki-
nematics, dynamics, ground reaction force, SEM% of surface EMG signal
(1.709%-21.82%), except for hip joint adductive moment (21.82%), The
valvus moment (18.18%) and the medial direction of ground reaction force
(16.67%) of the ankle joint were slightly higher than the reference range,
and the rest were within the standard range. Therefore, it is suggested
that 3D gait analysis combined with EMG can be used to evaluate the
biomechanics of lower limbs during human walking.'®™

CONCLUSION

This paper presents a new method for 3D gait analysis. The specific
content of this method was to use VICON (Nexus 1.8.5) three-dimensional
gaitanalysis system and Noraxon wireless surface EMG to test the kinemat-
ics, dynamics, ground reaction forces of lower limbs and the retestability of
surface EMG signals in the walking process of 13 healthy people. Intra-group
correlation coefficient (ICC) and standard error of measurement (SEM) were
used to compare the relative and absolute reliability of the two test results.
Through the experimental observation of the walking process, the pace,
lower limb kinematics, dynamics, ground reaction force and surface EMG
signal all have good retestability ICC0.78~0.96, the kinematics parameter
measurement standard error SEM% is 4.18~15.6, the dynamics parameter
SEM9% is 3.31~21.82. The SEM% of ground reaction force is 1.70~16.67,
and the SEM% of surface EMG signal is 800~11.11. It is proved that 3D
gait analysis can improve the effect of exercise rehabilitation and tensile
strength test, and has good retestment reliability.
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