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3D kinematic analysis of patients’ gait before and after
unilateral total hip replacement
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Purpose: The purpose of the study was to describe changes in the kinematic parameters in the patients’ gait after total hip replacement.
Methods: Research group of men in the end stage of osteoarthritis indicated to the THR (n = 10; age 54.1 ± 7.5 years; weight 92.2 ± 9.6 kg;
height 179.7 ± 5.9 cm). All participants underwent a total of three measurements: before surgery, 3 and 6 months after the surgery. Using
the 3D kinematic analysis system, the patients’ gait was recorded during each measurement session and kinematic analysis was carried
out. The parameters that were monitored included the sagittal range of motion while walking in the ankle, the knee and the hip joints of
the operated and the unoperated limb, and the range in the hip joint’s frontal plane, the rotation of pelvis in the frontal and transverse
planes, as well as the speed of walking and the walking step length. Results: Significant increases were found in sagittal range of motion
in the operated hip joint, sagittal range of motion in the ankle joint on the unoperated side and in the walking step length of the unoper-
ated limb. Conclusions: During walking after a THR, the sagittal range of motion in the ankle of the unoperated limb increases. Also, the
range of motion in the sagittal plane on the operated joint increases, which is related to the lengthening of the step of the unoperated
lower limb.
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1. Introduction

Endoprostheses of weight-bearing joints currently
rank among the most widely performed surgical pro-
cedures in orthopaedic practice [7]. The number of
surgical interventions has been increasing mainly
because of the development of civilization and life-
style diseases. Unhealthy eating habits, insufficient
joint loading or, conversely, excessive joint loading as
a result of obesity or inappropriate sporting activity,
injury and longer use of the joint with the continuing
increase in average life expectancy – these are the
factors contributing to the degenerative processes in
the joint and its consequent arthrosis. About 60% of
the population between the ages of 55 and 64 and as
many as 90% between 75 and 84 years of age suffer
from arthrosis [11].

A large number of studies comparing the kine-
matic parameters of healthy persons’ gait with the gait
of patients with advanced arthrosis report significant
differences in the walking mechanics between the two
groups. In general, patients suffering from arthrosis
were observed to walk more slowly [5], with smaller
step lengths [16] and a longer relative time of the
double limb stance [5]. Differences were found in
frontal and sagittal range of motion (ROM) in the hip
joints [5] and in the ankle joints [16] or in rotations of
the pelvis and trunk in the transverse plane [21].

Problems and pains in the hip joint can lead to
a considerable loss of a person’s mobility and self-
reliance [7]. Treatment can include the use of pharma-
ceuticals and conservative interventions, however in
many cases the best solution is total hip replacement
(THR) [12]. In majority of the cases, the operation
brings subjective improvement in the patient’s state
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and quality of life [8], [15]. However, the gait biome-
chanics of patients after THR and that of healthy peo-
ple still considerably differs in hips and knees ROM
[2] and its loading [1], [19], in moments of force [4]
and activity of the hip muscles [9] or in rotations of
the pelvis [10], [18].

The success rate of the treatment of patients for
whom THR is indicated depends on many factors
concerning the operation itself [3], [10], [17], the
post-operative care and the general condition of the
patient [2], [14].

The purpose of the work was to evaluate the de-
velopment of changes in the kinematic parameters of
the patients’ gait after THR and identifying the possi-
ble linkage between these changes. As a consequence
of the gait pattern improvement we generally expect:
i) increased ranges of motion in hips, knees and ankles,
ii) longer steps,
iii) reduced pelvis rotations in the post-surgery process.

2. Materials and methods

Participants

Participants in our study were randomly selected
from among patients suffering from osteoarthrosis at
stages III–IV according to the Kellgren–Lawrence
classification, without any signs of dysplasia, operated
at the First Department of Orthopaedic Surgery at the
Saint Anna’s Faculty Hospital (FNuSA), Brno, Czech
Republic. All the participants were properly ac-
quainted with the aim of the research, its methods and
measuring procedures, and they consequently gave
their informed consent in writing, as approved by the
Ethical Committee of FNuSA. The inclusion criteria
were unilateral primary osteoarthrosis without other
orthopedic complications in the area of lower limbs
and the spine, age between 40 and 65 years and par-
ticipation in all three measurement sessions. In order
to ensure the homogeneity of the treatment group,
individuals were selected by the same orthopedist
based on an examination of X-ray images. From a
total of 32 patients 10 males met these criteria. Their
age range was 54.1 ± 7.5 years, their average weight –
92.2 ± 9.6 kg, average height – 179.7 ± 5.9 cm and
average BMI – 28.6 ± 3.2 kg/m2. These patients un-
derwent the hip joint surgery between October 2016
and September 2017. The surgery was conducted with
the patients in the supine position using the Watson–
Jones anterolateral approach involving a disinsertion
of the gluteus medius muscle and gluteus minimus
muscle from the greater trochanter. On average, the pa-

cle from the greater trochanter. On average, the pa-
tients were transferred to the department of rehabilita-
tion 8 days after the operation, where they were given
intensive post-operative care for a further 14 days.
The operation was according to needs followed by
circa 6–8 weeks long post-operative regime of partial
weight-bearing on crutches. After two months, the
patients, depending on their tolerance levels, gradually
discarded the crutches. All the patients had a non-
cemented artificial joint implanted, and their post-
operative history was without complications.

Experimental procedures and instruments

Gait analysis was conducted three times: 20 days
before the surgery, and 3 and 6 months after the sur-
gery. The schedule of measurement sessions was set
according to the orthopaedic check-ups with the phy-
sician. Measurements were taken in the Biomotor
Laboratory of the Faculty of Sports Studies, Masaryk
University in Brno in an area scanned by eight cam-
eras of the Simi Motion system (Simi Reality Motion
Systems GmbH, Unterschleissheim, Germany) (Fig.
1). Reflexive markers were placed at specific points
on the patients’ both lower limbs (the first metatarsal,
outer ankle, the proximal head of the fibula and the
greater trochanter of the thigh bone). Three trials were
recorded at each measurement session, with each trial
consisting of three gait cycles (strides), with only the
last of the three trials being used for analysis, the first
two trials were performed to get used to the move-
ment in the laboratory conditions. Measurements were
analysed using Simi Motion software, in which a 3D
model of the patients’ gait was created and then used
to obtain the following parameters: the sagittal ranges
of motion during walking in the ankle, knee and hip
joints of both the operated and the unoperated limbs,
the range of motion in the hip joints in the frontal
plane, the rotation of the pelvis in the frontal and
transverse planes, and the speed of walking and the
length of steps.

Statistical analysis

Given the rather small number of participants (the
sample size was not calculated as we included all the
participants who met the inclusion criteria), we chose
the Wilcoxon paired test for the statistical analysis,
which demonstrated statistically significant changes
with a coefficient of p < 0.05. Data were described by
mean, standard deviation, median and range. Further-
more, the changes in the individual parameters were
compared using nonparametric Spearman correlation
coefficients with the purpose of identifying relation-



3D kinematic analysis of patients’ gait before and after unilateral total hip replacement 167

ships. The results were considered statistically signifi-
cant at the level of p < 0.05. Analyses were performed
using IBM SPSS Statistics 25.0.0 (IBM Corporation,
2017).

3. Results

Table 1 shows the measured data as averaged val-
ues, the standard deviation, median, range and the
coefficient of statistical significance of changes com-
pared with the initial values.

As can be seen in Fig. 2, the sagittal ROM in the
affected hip during walking gradually increased after
the surgery. Three months after the surgery the ROM
was bigger in eight patients, and six months after the
surgery the ROM had improved in nine patients.
These changes were interpreted as statistically signifi-
cant ( p = 0.047 and 0.007, respectively). The devel-
opment of the sagittal range in the uninvolved hip, in
both knees and in the ankle joint on the operated side
varied among the patients and none of the changes in
these areas was statistically significant. The ankle
joint ROM on the uninvolved side was increased in
eight patients in both measurement sessions after the
operation. These increases were assessed as statisti-
cally significant with p = 0.022 and 0.028, respec-
tively.

A gradual increase in step length was found in the
unoperated limb of seven and eight patients in the first

and the second follow-ups, respectively (Fig. 3). The
step lengthening in the healthy limb over six months
post-surgery was statistically significant ( p = 0.047).
Changes in the step length in the operated limb be-
tween measurement sessions were largely inconsistent
and without statistical significance.

Changes in the rest of the measured parameters
lacked any statistical significance, however some of
the indicated tendencies might be interesting: the ab-
duction-adduction range of the hip joint increased in
the course of 6 months after the surgery on the oper-
ated side in seven patients and decreased on the un-
operated side in eight patients (Fig. 4). However, the
differences were so small that they were not statisti-
cally significant.

The rotation of the pelvis in the frontal plane, i.e.
the vertical movement of the hips, decreased in 7 cases
within the first three months after surgery, yet in the
following three months it increased in the same num-
ber of patients (Fig. 4) and none of the changes was
statistically significant.

The rotation of the pelvis in the transverse plane,
that is, the horizontal movement of the hips, increased
slightly in 7 patients six months after surgery (Fig. 4);
however, the changes are small and the changes have
no statistical significance.

Measurements showed that walking speed of 7
patients six months after the operation increased
slightly (Fig. 4), but, according to the Wilcoxon
test, the increases in our study were not statistically
significant.

Fig. 1. Research data were collected using 3D kinematic analysis
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Fig. 2. Changes of hips and ankles sagital motion ranges

Fig. 3. Changes of knee motion ranges and step lengths

Fig. 4. Changes of hips and pelvis motion ranges and gait speed

The fact that one of the most marked changes was
the increase in the sagittal range of motion in the op-
erated hip joint and the increased step length in the
healthy limb suggests that there is a mutual relation-
ship between these changes and also a relationship
with other increasing parameter values. The correla-
tion coefficient (Table 2) between the increase in the
sagittal range of motion in the operated hip and the
increase in the step length in the unoperated limb is (r
= 0.8; p = 0.008). The same correlation coefficient
was found between increases in the sagittal ROM in
the operated and the unoperated hip joints (r = 0.8; p
= 0.011). With the increasing range in the knee joint,
the step length in that limb increased, and the correla-
tion coefficients for the unoperated and the operated
lower limbs were (r = 0.7; p = 0.038) and (r = 0.6; p =
0.098), respectively. The increase in ankle ROM on

Table 1. Changes of Selected Parameters from Baseline

Baseline 1st follow-up 2nd follow-up
Variables Mean (SD) Median

(min; max) Mean (SD) Median
(min; max)

p Mean (SD) Median
(min; max)

p

Operated hip sagittal
range 25.10 (5.11) 26.1 (14.4; 30.6) 27.82 (4.82) 28.0 (20.0; 34.1) 0.047 30.03 (3.02) 30.0 (24.5; 33.9) 0.007

Healthy hip sagittal
range 32.11 (4.85) 34.5 (25.2; 37.5) 30.44 (5.00) 31.9 (23.1; 38.1) 0.059 31.54 (3.47) 32.2 (26.5; 37.1) 0.575

Operated knee range 53.03 (4.70) 52.9 (46.7; 61.0) 53.29 (6.34) 54.0 (43.1; 62.6) 0.721 54.53 (7.64) 57.4 (38.3; 62.2) 0.445
Healthy knee range 56.92 (5.93) 57.8 (41.3; 62.0) 57.53 (4.88) 58.3 (48.6; 64.0) 0.878 57.22 (5.63) 57.8 (47.1; 65.6) 0.959
Operated ankle range 24.48 (4.11) 23.9 (20.3; 31.1) 24.35 (3.36) 24.7 (19.4; 28.6) 0.799 24.65 (5.22) 23.7 (18.9; 34.6) 0.959
Healthy ankle range 24.30 (4.37) 24.8 (15.9; 31.9) 27.15 (3.85) 27.7 (18.5; 33.1) 0.022 27.37 (5.16) 27.0 (19.9; 35.8) 0.028
Operated hip range
in frontal plane 7.76 (2.33) 7.2 (5.2; 13.0) 7.32 (2.48) 7.1 (4.2; 11.2) 0.959 8.61 (2.19) 8.7 (5.7; 12.7) 0.203

Healthy hip range
in frontal plane 9.61 (1.90) 9.8 (6.4; 11.9) 8.47 (1.33) 8.4 (6.4; 10.7) 0.169 9.25 (1.71) 9.5 (5.7; 11.2) 0.285

Step length operated 60.99 (5.99) 58.3 (54.7; 72.5) 57.68 (7.14) 57.6 (45.9; 67.6) 0.333 59.77 (4.60) 58.3 (55.6; 69.5) 0.799
Step length healthy 56.03 (5.23) 53.7 (50.2; 66.3) 60.49 (5.71) 59.3 (48.6; 68.2) 0.093 61.07 (5.62) 61.2 (48.7; 67.9) 0.047
Hip rotation in frontal
plane 4.48 (0.81) 4.2 (3.6; 6.0) 4.06 (1.33) 4.0 (2.1; 7.0) 0.285 4.92 (1.76) 4.9 (2.8; 9.0) 0.646

Hip rotation
in transversal plane 14.75 (5.63) 14.8 (6.9; 22.0) 14.83 (5.89) 15.1 (4.4; 22.0) 0.878 14.42 (4.25) 13.8 (7.1; 20.0) 0.508

Velocity [km/h] 3.57 (0.39) 3.5 (2.9; 4.2) 3.61 (0.44) 3.6 (2.9; 4.6) 0.878 3.83 (0.47) 3.7 (3.3; 4.8) 0.059

Data are described by mean, standard deviation, median and range, statistical significance of change from baseline was tested by
Wilcoxon paired test.
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the operated side can also positively affect the step
length of the unoperated limb (r = 0.8; p = 0.011). The
hip rotations in the frontal plane are also connected to
the range of motion at the ankle on the operated side:
the greater the range of motion at the ankle, the
greater the vertical movements of the hips (r = 0.8;
p = 0.011). The hips rotation in the transverse plane
seems to be indirectly proportional to the range of the
sagittal movement in the hips (r = –0.7; p = 0.038) in
the unoperated hip and (r = –0.5; p = 0.150) in the
operated hip.

4. Discussion

In agreement with results of other studies [14],
[20], we found the gradual increase of the sagittal
range of motion in the operated hip joint. Given the
fact that the hip range of motion in the sagittal plane
during walking in people with arthrosis of the hip is
smaller than it is in healthy people [13], [16], the in-
crease in range is an undoubted success of THR. The
indicated increase in the abduction-adduction range of
the operated hip in the majority of our patients is in
agreement with the study by Zeni et al. [20] and, in
view of the generally decreased range in comparison
with healthy people [2], indicates a positive change.

Regarding the sagittal ROM in the unoperated
hip, one study reported a lower ROM in arthritic
patients in comparison with the control group [5],
while another study reported a greater range in pa-
tients with arthrosis, probably compensating for the
insufficient sagittal ROM in the hip joint with arthro-
sis [10]. Our analysis, which found a positive corre-
lation in sagittal range changes between the operated
and the unoperated hips, agrees more closely with
the measurements made by Ornetti et al. [16], where
a post-surgery increase in the unoperated hip ROM
would have been expected in parallel with an in-
crease of the ROM in the operated hip. Apart from
these diverse pieces of information concerning the
ROM before the operation, the reference studies [1],
[2], [6] [9], [16], [19], [20] make no mention of any
statistically significant changes in this parameter
after the operation, and no statistically significant
changes were discovered in our research, either.
Beaulieu et al. [1] drew attention to the fact that ad-
duction in the contralateral hip of the THR patients
in the frontal plane is reduced compared with the
healthy group, and we, too, predominantly recorded
a decrease in the abduction-adduction range in the
majority of our patients.

While the sagittal range of the contralateral knee
in patients with arthrosis was greater before the op-
eration [10], decreased ranges of motion in both knees

Table 2. Correlation matrix of variables

Variables [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13]
Operated hip sagital
range change 1

Unoperated hip sagital
range change 0.758* 1

Operated knee range
change 0.127 –0.212 1

Unoperated knee range
change 0.442 0.491 0.491 1

Operated ankle range
change 0.503 0.224 0.612 0.576 1

Unoperated ankle range
change 0.273 0.067 0.285 0.600 0.430 1

Operated hip range
in frontal plane change 0.018 –0.103 –0.200 0.042 –0.285 0.115 1

Unoperated hip range
in frontal plane change –0.370 –0.236 –0.455 –0.321 –0.212 –0.394 0.467 1

Step length operated
change 0.358 –0.236 0.552 0.164 0.382 0.224 0.382 -0.055 1

Step length unoperated
change 0.782** 0.430 0.576 0.661* 0.758* 0.479 0.103 –0.321 0.503 1

Hip rotation in frontal
plane change 0.321 0.055 0.394 0.418 0.758* 0.612 –0.224 –0.042 0.224 0.612 1

Hip rotation in transversal
plane change –0.491 –0.661* 0.079 –0.200 –0.055 –0.006 0.103 0.321 0.406 –0.430 –0.067 1

Speed change 0.515 0.091 0.685* 0.321 0.358 0.164 0.127 –0.321 0.721* 0.685* 0.309 –0.164 1

* p < 0.05, ** p < 0.01.
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were found after THR compared to healthy peers [9].
In the context of post-surgical improvements, we ex-
pected gradual increases in the ROM in the knees.
Although the average values obtained in our research
indicate such a tendency, no improvements found in
our or any other reference studies [1], [2], [6], [19],
[20] were statistically significant.

In comparison with the control group, Ornetti [16]
discovered increased dorsal flexion in both limbs of the
patients who had undergone unilateral hip replacement
surgery. The significantly increased range in the sagittal
plane in the ankle joint on the unoperated side, which
we found in our patients during both post-operative
measurement sessions, is thus in agreement with the
aforementioned study.

The step length in people with arthrosis was shorter
both before and after the operation than in the healthy
control group [5], [16]. The gradual step lengthening
in patients we anticipated as a result of the surgical
intervention was confirmed in our research on the
unoperated limb. According to the correlation coeffi-
cients from our analysis, the step length in the unoper-
ated limb is affected by the sagittal ranges of the hip
and ankle joints on the operated side, and the range of
motion of the knee joint on the unoperated side. The
increase in range of the contralateral joints bearing
weight during the swing phase certainly prolongs the
duration of this phase, thanks to which the step can be
longer. The increase in the ipsilateral knee ROM in-
creases the possible spatial component of gait cycle
achievable during the swing phase. The same relation-
ship between the knee ROM and the step length was
recorded in the operated limb.

The rotation of the pelvis in the frontal plane was
greater in patients with arthrosis [21], but reference
studies [2], [6] [9], [16], [20] make no mention of the
state after THR. The decrease of rotations, which was
tentatively suggested in our study during the first fol-
low-up measurement, ought to have been a good
sign, however, further development in this direction
was not overly positive. Correlation analysis links
the rotation of the pelvis in the frontal plane with the
range of motion in the ankle joint on the operated
side, i.e., the transfer of the vertical motion of the
ankle up to the hip level. However, no clear postop-
erative changes either in the ankles or in the rotation
of the pelvis emerged from the studies [1], [2], [6]
[9], [16], [19]–[21], so we are unable to verify ade-
quately this relationship.

The rotation of the hips in the transverse plane in
patients who had undergone lateral approach THR
was increased in comparison with healthy people [10],
and even during the second measurement session after

the operation we observed moderate increase in the
majority of patients. However, the carried out correla-
tion analysis links the rotation of the hips in the trans-
verse plane in indirect proportion to the range of sagittal
motion in the hips. So the decreased range in the hips is
compensated for by the greater forward-backward mo-
tion of the hips and, conversely, with greater sagittal
range in the hip, as was discovered during our re-
search, the rotations of the pelvis in the transverse
plane ought to decrease.

In patients with arthrosis [21] and in patients who
had undergone THR [2] a reduced walking speed was
discovered. After the operation an increase in speed
was recorded [20], which is in accordance with the
indicated trend in our patients.

5. Conclusions

Although research has revealed significant differ-
ences in kinematic parameters of gait in patients who
had undergone THR from the gait of their healthy
peers one year [6] or even 10 years [2] post-surgery,
the positive effect of the operation on the quality of
the patient’s life and on their gait pattern is indisputable.
From the kinematic point of view, to which our study
was devoted, we found that after the surgery the sagittal
range of motion in the affected hip joint in particular was
corrected. This was accompanied by a lengthening of
the step and increase in the sagittal range of motion in
the ankle both in the unoperated limb. In our research,
we have also pointed to several interesting connec-
tions between changes of the parameters at various
places in the lower limbs, such as direct proportion
between the range of motion in the sagittal plane on
the operated joint and length of the step of the unoper-
ated lower limb and other less statistically significant
relations, but it should be verified on a larger sample
of subjects. Knowledge of these changes and relation-
ships might be useful in the rehabilitation period of
the patients after THR.

Study limitations

The most important limitation lies clearly in the low num-
ber of participants who met the inclusion criteria. That is why
there were so little of significant results and also the statistical
significance in such a small group is quite weak. Also, meas-
urement after a longer period after the surgery would provide
interesting data. This might be an inducement for a further
larger study.
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