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Abstract 
Introduction: gait analysis of a subject with total hip replacement is de-
scribed. Objective: instrumental gait analysis of a subject 12 years after the 
total hip arthroplasty. Materials and Methods: in a movement analysis la-
boratory, locomotion studies were carried out at freely chosen walking speed 
by a 64-year-old subject, obtaining kinematic, kinetic and surface electro-
myographic data in time and space. All measurements were assessments by 
applying walking protocols on a straight surface of 8 m long. Results: abnor-
mal slight activations of semitendinosus and tibialis anterior muscles, of the 
left limb, were observed throughout the gait cycle, no spatiotemporal para-
meters far from normal values were detected. Conclusions: it was possible to 
obtain an exhaustive analysis of the parameters associated with the gait of a 
subject after 12 years of total hip arthroplasty.  
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1. Introduction 

Total hip arthroplasty (THA) is an excellent procedure for preserving gait when 
alternative solutions are not feasible [1]. However, it is important for both med-
ical staff and patients to understand the quantitative biomechanical changes that 
occur after replacement procedures [2] [3]. To analyze and understand the ki-
netics and kinematics of these changes, motion analysis is useful [4] [5]. 

The indication for THA is based on disabling symptoms and underlying dis-
ease, most often related to osteoarthritis of the hip that causes an alteration in 
normal kinematic patterns mainly due to pain [5] [6] [7]. 
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At present, there are difficulties in accessing quantitative information related 
to gait in subjects with THA in the region, but there are reports with qualitative 
results focused on the observational clinical evaluation of gait and the use of 
clinical scales [8] [9]. 

This work focuses on complementing these results with the quantitative anal-
ysis of gait in a gait analysis laboratory of the Universidad Tecnológica Sur Oeste 
(UTEC-SO). 

2. Materials and Methods 

Case report 
Cross-sectional single case study of a 64-year-old male, height 1.76 m, weight 

75 kg; he was diagnosed with osteoarthritis of the hip at the age of 32. He un-
derwent recession and prosthesis placement in both hip joints 12 and a half 
years prior to this study. He has an extensive history of performing. He is cur-
rently engaged in non-intensive physical activity, so his physical condition is 
good. He does not suffer from any other chronic pathology. 

In all stages of the study we proceeded in accordance with the international 
recommendations on clinical research (Declaration of Helsinki of the World 
Medical Association, as stipulated in its latest amendment). Authors have 
checked with UTEC to make sure the study was complying with the specific re-
quirements of the institution. Institutional review board explicitly approved any 
doubtful aspects of the study.  

Measurements and procedures 
Eighteen repetitions were performed for each of the following protocols for 

gait analysis: 
 6-meter straight line gait, 
 6-minute walk in circles, 
 5-minute walk on a walking treadmill, (Figure 1). 
 

 
Figure 1. Treadmill walking test. 
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Gait was evaluated with instrumental technologies of the BTS Bioengineering® 
digital ecosystem which allow an objective analysis of gait from spatiotemporal 
kinematic, kinetic and muscle electrical activity recordings (surface electromyo-
graphy EMGS). The applied BTS Bioengineering® system consists of a wireless 
inertial sensor (G-WALK®), eight wireless cells for surface electromyography 
measurement (FREEEMG 1000®), four digital force platforms for dynamic gait 
analysis (BTS P-6000) and a video graphic system with passive markers and 
eight infrared cameras (SMART DX®) [10]. 

The study parameters consisted of the following gait assessment indexes ob-
tained with the BTS® ecosystem: G-Walk ®  
 Gait cycle quality index (GQI): indicates the subject’s ability to subdivide 

the gait cycle performed by each limb into the correct proportions of stance 
(60%) and swing (40%). 

 Global symmetry index: evaluates whether both right and left limbs globally 
perform the respective gait cycle symmetrically in terms of the duration of 
the stance and swing phases. 

 Symmetry index (SI): represents the patient’s ability to accelerate the center 
of mass in a similar manner during the right and left gait cycle. A score equal 
to 100 represents a completely symmetrical gait. 

 Propulsion index (PI): describes the (propulsion symmetry) ability of the 
patient to fully accept (transfer) the body weight to the leg after the decelera-
tion phase and to push the center of mass forward on the contra lateral leg 
(deceleration phase). 

Those obtained with the BTS® ecosystem: SMART DX®. 
 Gait profile score (GSP): is calculated as the Euclidean distance between the 

kinematic gait parameters and their corresponding normalized values for the 
entire gait cycle. Values greater than 7 indicate gait compromise. 

 Gait deviation index (GDI): greater than 100 indicates a subject whose gait 
characteristics are statistically indistinguishable from the gait of the control 
group. A value greater than 100 indicates a normal subject. 

Statistical analysis 
SMART capture, SMART tracker and SMART analyzer softwares from the 

BTS Bioengineering® ecosystem were used for quantitative gait analysis. 

3. Results 

The study of the subject’s gait characteristics is initially presented by analyzing 
the spatio-temporal graphs obtained (Figure 2). 

The stance phase time of both limbs is below normal, which is also noted in 
the swing phase and stride time. The stride length of both limbs is above normal, 
which in turn is verified in the average velocity graph. 

For the gait assessment indexes (Figure 3), a GSI in accordance with normal 
is observed together with an SI below normal. The mean GQI of the right limb is 
within the range of normal, while for the left limb it is below the range of nor-
mal. The propulsion of the left limb is lower than the right. The gait profile score  
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Figure 2. Box plot graphs of spatial temporal parameters measured for gait cycle on right and left legs. 
 

 

Figure 3. Box plot graphs of gait evaluation indexes measured for gait cycle on right and 
left legs. 
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is below the pathologic level for both limbs but the gait deviation index is below 
the normal level indicating a pathologic range. 

It is important to analyze the trunk inclinations (Figure 4) especially because 
it is where significant variations are seen, which influence and trigger compensa-
tions in gait, it is in the hip obliquity graph where asymmetry is noted. 

In the analysis of the kinetic parameters, no considerable deviations from 
normal behavior were observed (Figure 5). A slight deviation of the flex-
ion-extension moment of the knee of the left leg at the beginning of the support 
is observed. The hip movements demonstrate an irregular movement pattern. 
This occurs during the beginning of the stance phase and the middle of the 
swing phase. 

The muscular work in the lower body represented by means of the average ac-
tivation profiles in the antagonistic pairs of the thigh and calf shows inconsis-
tencies in the activation times with respect to those shown by the control group 
for the macha cycle, see (Figure 6). In normal conditions the tibialis anterior 
acts during the toe-off phase and also in the braking of the foot on the ground. 
In the left limb the tibialis anterior presents an anomalous muscular activation 
during the whole cycle. In the analysis of the activity of the gastrocnemius mus-
cle, a quasi-biphasic activation was observed in both limbs that does not respond 
to the normal pattern (monophasic), associated with half of the stance phase 
shown in the normal activation interval of this muscle acquired in a group of 
healthy subjects matched in gender and age range. In the analysis of the muscle 
activity corresponding to the thigh, it was observed that the contraction of the 
rectus femoris at the instant corresponding to the initial contact of the heel with 
the floor prevents knee flexion.  

In the case of the subject, a tendency to activation is seen that corresponds to 
normal behavior in the two extremities. The muscles of the back of the thigh act 
in phases very similar to the anterior muscles, but their activity starts and ends a 
little earlier. They ensure deceleration during leg extension and control knee ro-
tation. It is precisely in the muscle activity of the patient’s semitendinosus  
 

 

Figure 4. Representation of hip obliquity in its frontal plane (a), inclination in its sagittal plane (b), rotation in its transverse plane 
(c) of the right and left lower extremities, (green and red continuous line respectively). Those representations are compared with 
respect to the mean values (shading) of a control group with the same age range (0 to 64 years) as the patient, during a 100% nor-
malized gait cycle. 
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Figure 5. Representation of the angular displacements of the hip (a), knee (b), ankle (c), moment of force of the hip (d), knee (e), 
ankle (f) and mechanic power on areas: antero-posterior (g), medial-lateral (h) and vertical (i) in the sagittal plane of the right 
(continuous green line) and left (continuous red line) lower extremities. Those representations are compared with respect to the 
mean values (shading) of a control group with the same age range (0 to 64 years) as the patient, during a 100% normalized gait 
cycle. 

 
where a greater deviation from the normal activation pattern is observed, with a 
spastic contractile tendency being observed throughout the entire cycle. In the 
right semitendinosus, activation was observed starting at 60% of the gait cycle, 
dropping at approximately 85% and returning to normal activation. In the left 
semitendinosus, a markedly abnormal activation was observed throughout the 
gait cycle, particularly in the middle of the stance phase. 

4. Discussion 

While studies that have evaluated and described gait patterns in patients after 
THA have been published, this study focuses on describing variations in gait 
patterns due to prolonged use of prostheses in both hips 12 years after implantation.  
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Figure 6. The electromyography profiles of: tibialis anterior (a), gastrocnemius lateralis (b), rectus femoris (c), semitendinosus 
(d). On the right column the data for the left lower extremity and vice versa. Presented in ascending order, during a normalized 
100% run cycle. Contrasted the mean muscle activity corresponding to a control group (shaded) with the same age range (0 to 64 
years) as the patient, and the mean muscle activity (continuous line) of the patient for each of the specified muscles in the figure. 

 
For this purpose, studies were performed under laboratory conditions and 

specific methods for instrumental measurement were applied. The evaluation 
and analysis of gait deviations were performed by contrasting the variables with 
those obtained in a group of normal subjects, analogous in gender and age 
range. The kinematic patterns of the patient’s gait did not differ significantly 
from those observed in the control group; however, abnormal behavior of the 
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muscular activity and kinetic variables was observed during the stance phase of 
the foot. The correspondence of the spatiotemporal parameters with the normal-
ity intervals of the control group reflects the good quality of the surgical re-
placement procedure and of the post-operative rehabilitation, added to the good 
quality of life of the patient throughout the 12 years, with the systematic practice 
of low-intensity physical exercise. The patient’s average gait speed exceeds the 
one shown by the control group. In contrast, previous reports showed that pa-
tients with CTA had reduced gait velocity during the early postoperative period. 
The normal kinematics observed is reflected in the PPM value, which is below 
the pathologic value (left PPM = 5.7 < 7 and right PPM = 4.7 < 7), the left PPM 
is closer to the pathologic value. This proves that the kinematic behavior shows a 
slight tendency to asymmetry between the left and right limbs. Small variations 
from the normal hip flexion-extension behavior are observed in the study, re-
sulting in a slightly anomalous lateral trunk tilt (Figure 4). This observed beha-
vior resembles the one obtained by other authors who have reported that gait ef-
ficiency decreases, with an increase in lateral trunk displacement after THA [11]. 
Analyzing the variations in the hip, knee and ankle joints, a tendency to normal 
behavior can be observed with an abnormal behavior observed in the knee in the 
initial stance phase (Figure 5(b)), where the left knee flexes unequally to the 
right during heel contact. The behavior of the force moments corresponds to the 
normal pattern with a small asymmetry between both limbs, which supports the 
small deviation of the trunk to the left side. The analysis of the parameters shows 
the possible manifestation of a compensation mechanism towards that side al-
most imperceptible to the naked eye. The patient unconsciously masks its ma-
nifestation, stereotyping a normal gait, when observed, so that it is not evident. 
The asymmetry observed above in the left limb is reflected in the tibialis anterior 
muscle activity, where there is an absence of biphasic activity. Muscle activity at 
this level is found to be spastic, with a prevalence to sustained dorsiflexion. The 
gastrocnemius presents an abnormal premature activation in the initial phase of 
foot stance in both limbs, which corroborates the asymmetries obtained in the 
kinematic measurements, see Figure 6. In the case of the left semitendinosus, 
there is a premature activity in the mid stance phase, related to the increase in 
flexion of the left knee in the same phase. This behavior was found in a particu-
lar way for the subject under study and reinforces the asymmetry of the gait to-
wards the left side, which as a whole represents a reduced action of the hip ab-
ductors and a weak or deficient control of the trunk during the transfer of the 
body weight of that limb, which confirm the findings of previous studies [12]. 

5. Conclusion 

With the study carried out, it was possible to obtain a comprehensive analysis of 
the gait of a subject after 12 years of THA. For the first time, quantitative infor-
mation on gait in hip arthroplasty in the national context is supplemented, thus 
contributing to future research. The use of the method lays the foundations for 
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the objective characterization of surgical and rehabilitation procedures in CTA 
through the study of pre-operative and post-operative cases, as well as, of a bet-
ter design and planning of patients’ lifestyles that positively influence the exten-
sion of hip prosthesis working cycles. 
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