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Abstract
Background: Osteoarthritis is the most prevalent rheumatic disease in the population and is characterized by
limitation of main functional activities of daily living, as the gait. Muscle strength is a variable that may be related to
performance in daily tasks.Therefore, we to analyze the gait pattern in individuals with knee osteoarthritis (KOA) and
to determine associations of gait variables with the level of muscle strength of knee extensors.
Methods: Sixty-seven female volunteers divided into 2 groups, a KOA group (KOAG, n = 36, 66.69 ± 7.69 years) and
control (n = 31, 63.68 ± 6.97 years), participated in the study. The volunteers walked on a 10-m platform at their
usual gait speed, using 2 pressure sensors positioned at the base of the hallux and calcaneus. The mean step time,
support and double support times, swing time and gait speed were calculated. The evaluation of the quadriceps
isometric torque was performed in an extensor chair, with hip and knee flexion at 90°. The procedure consisted of
three maximal contractions of knee extension. Peak torque was determined by the highest torque value obtained
after the onset of muscle contraction. For statistical analysis, one-way ANOVA and Pearson’s correlation were used,
with p < 0.05.
Results: The KOAG had a 54.76% longer support time, a 13% longer step time (p < 0.001), a 30% decrease in swing
time (p < 0.001) and a 10.7% decrease in gait speed (p = 0.001) compared with controls. The quadriceps isometric
torque was 34% (p = 0.001) lower in the KOAG. There was a correlation between kinematic variables and quadriceps
torque.
Conclusion: Weakness of the quadriceps muscle in women with KOA influences gait pattern, resulting in reduced
speed associated with a shorter swing time and longer support time.
Keywords: Kinematics, Torque, Falls

Background
Osteoarthritis (OA) is the most prevalent rheumatic disease in the population, characterized by progressive degeneration of cartilage and periarticular tissue, which
results in changes in joint mechanics and may result in
functional disability [1]. OA has a high incidence in the
population; at least 30% of men and women over 65 years
old have some radiographic alterations, and one-third of
them are symptomatic [2]. In addition, in the age group
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of over 75 years old, the incidence increases to 85% because the older the population, the greater the number
of individuals affected by the disease [3].
It is estimated that 4% of the Brazilian population has
OA in at least one joint [4]. In 37% of these cases, the
knee is the main affected region because in occupational
and leisure activities, it is exposed to maximal compressive loads that can exceed three times that produced by
the individual’s body weight during walking. This stress
favors high injury rates and cartilage degeneration, contributing to a greater incidence of OA in this joint [4].
Approximately 25% of individuals with knee osteoarthritis (KOA) cannot perform the main activities of daily
living due to pain, muscle weakness, reduced balance,
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proprioception deficits, reduced joint range of motion
and joint instability [5, 6]. Among the possible limitations caused by KOA, gait difficulty has great clinical
relevance because it is the most performed daily life activity and ensures functional independence [7].
The gait is a complex task and requires a perfect harmony of the sensory, motor and cognitive systems to
produce a stable, efficient and safe gait pattern [8]. Biomechanical gait pattern changes, such as reduction of
gait speed, step length and width, increase of the double
support phase time, shorter swing phase time and reduction of heel contact with the ground, among other parameters, can be observed through kinematic gait
analysis [8]. These gait pattern changes are often reported in the elderly, and the causes are multifactorial,
but the main factor related to gait performance is decreased muscular strength of the lower limbs [9].
In individuals with KOA, the reduction of the knee extensor strength has been noted as the main symptom of
the disease because there is a reduction of approximately
50–60% of quadriceps maximum torque in relation to
the young population, possibly resulting from atrophy by
disuse, secondary to joint pain and arthrogenic muscle
inhibition [10–12]. This loss of strength is more significant than that presented by the healthy population in
the same age group that reaches 30 to 40% of maximum
capacity [12]. The quadriceps weakness observed in this
population can decrease the shock absorption capacity
during walking, leading to accentuated symptoms and,
consequently, gait pattern alteration as a strategy to
minimize pain and maintain functionality [9, 13].
Previous studies have noted that the quadriceps is one
of the main muscle groups responsible for increasing
gait speed and has an important role in maintaining
functional mobility. Weakness of this muscle group may
be responsible for increased metabolic expenditure during functional activities, which limits the intensity and
duration of these tasks [14, 15]. Therefore, reduced ability to generate quadriceps strength, characteristic in patients with KOA, can negatively affect gait pattern, with
a greater probability of becoming dependent on daily
tasks, which leads to a decrease in quality of life and an
increase in public expenditures to care services for this
population [12, 13].
In this sense, gait analysis in patients with KOA
can help identify changes in the gait pattern caused
by the disease and, consequently, can help guide
treatment and prevention programs for functionality
loss in this population. The aim of the present study
was to analyze the gait patterns of healthy individuals
with KOA and to test for associations of gait variables with the strength level of the knee extensor
muscles. We hypothesize that individuals with KOA
will show decreased gait speed and swing time and
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longer step time in relation to controls and that these
modifications are associated with lower knee extensor
muscle strength in this population.

Methods
Subjects

Seventy-one female subjects, divided into a knee osteoarthritis group (KOAG) and a control group (CG), participated in this study. For the KOAG (n = 38, 66.4 ±
7.6 years), the individuals presented radiological diagnosis of tibiofemoral OA, confirmed according to the criteria of the American College of Rheumatology, and
with grades II-III, based on the radiological grading scale
of osteoarthritis described by Kellgren-Lawrence and
WOMAC [16] pain scores greater than 21. For the CG
(n = 31, 64.5 ± 7.1 years), the subjects had no history of
changes related to chronic-degenerative diseases in the
lower limbs. The sample size was determined by the
G*Power program and was based on data obtained from
pilot studies (effect = 0.85, power = 0.95, error α = 0.05,
sample N = 15).
The eligibility criteria for this study were as follows:
age between 50 and 75 years, able to walk without gait
devices and no other rheumatic diseases in the lower
limbs, patellofemoral osteoarthritis, total or partial knee
and/or hip arthroplasty, lesions in the lower limbs in the
6 months preceding the study or other diseases that
made it impossible to perform the tests.
The present study was approved by the local ethics
committee (n. 9032/2015), and obtained written informed consent from the patients for publication of data
and images.
Evaluation procedures

The procedures for data collection were performed on 2
days, with an interval of two to 7 days between the collection days [17]. On the first day, anamnesis was performed to characterize the sample according to the
anthropometric data and applying the WOMAC questionnaires to the KOAG. Subsequently, subjects were familiarized with isometric knee torque evaluation. On the
second day, the isometric muscle strength of the knee
and the gait were evaluated.
Gait evaluation

The gait evaluation was performed on a 14-m-long and
2-m-wide catwalk, with the first 2 m and the last 2 m of
the catwalk being disregarded for data analysis to avoid
possible influences from the gait acceleration and deceleration process [18, 19].
After being familiarized with the gait test, the volunteers were instructed, through verbal stimulation, to
walk on the catwalk at the speed they performed their
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between the familiarization and the beginning of the
data collection procedures to avoid fatiguing the evaluated muscle group.
The evaluation protocol consisted of 3 maximal voluntary isometric contractions for the movement of the
knee joint extension for a period of 5 s, with a 30-s
interval between each contraction [23]. The volunteers
were seated in the chair extensor with hip and knee at
90° flexion (0° of full extension). The trunk and the
contralateral lower limb were stabilized by belts. A loading cell (Noraxon®) was coupled to the extensor chair
lever for acquiring joint torque data. Figure 2 shows the
positioning of the volunteer. The volunteers were
instructed and encouraged to perform the movement as
strongly and as quickly as possible.
The calculation of knee extensor torque was calculated
from the following equation:
Knee extensor torque ¼ Force ðN Þ x Distance
 sen 90o

Data analysis

Cardoso, B.C et al. [24]for gait data analysis, 40 steps
and a 4th-order Butterworth filter with a cutoff frequency of 6 Hz were used. The mean step time (i.e., the

Fig. 1 Positioning of pressure sensors for gait analysis

daily activities [20, 21]. Five attempts to evaluate the gait
were performed.
FootSwitch (Noraxon®) pressure sensors positioned bilaterally on the calcaneus and at the hallux base were
used to determine gait phases, as shown in Fig. 1.
Evaluation of knee extensor torque

The evaluation of knee extensor torque was performed
on the affected lower limb for KOAG and on the dominant lower limb for the CG. Before the beginning of the
evaluation protocol, a familiarization with the equipment, consisting of 2 submaximal contractions and 2
maximal contractions of the muscle group to be evaluated, was performed [22]. There was a 5-min interval

Fig. 2 Positioning of the volunteer for evaluation of muscle torque
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time between the touch of the right calcaneus until the
same limb touched the ground again), support time (i.e.,
the time between the touch of the right calcaneus and
the touch of the hallux of the same limb), swing time
(i.e., the time between removal of the right hallux and
the next touch of the calcaneus of the same limb),
double support time and gait speed were calculated.
Muscle torque data were processed in routines developed in the Matlab environment (Mathworks®) using a
4th-order Butterworth filter with cutoff frequency of
15 Hz [25]. Torque data were normalized for the volunteers’ body mass. Peak torque was determined from the
highest torque value obtained after the onset of muscle
contraction.
Statistical analysis

For statistical analysis, the program PASW statistics
18.0® (SPSS) was used. After verifying the normality of
the data, one-way ANOVA for comparisons between the
groups and Pearson’s correlation were applied, considering p < 0.05.

Results
Table 1 presents the characteristics of the study participants. There were no differences between groups for anthropometric characteristics. Regarding the limb affected
by the disease, 32 volunteers presented diagnosis in the
dominant limb and 6 in the non-dominant limb.
The one-way ANOVA showed a significant difference
between the groups, with the KOAG presenting a
54.76% (p < 0.001) greater support time and a greater
step time (p < 0.001). In addition, the swing time and
the gait speed were 30% (p < 0.001) and 10.7% (p =
0.001) lower, respectively, than those of the control volunteers. The double support time in the KOAG was 33%
greater than the CG (p = 0.02), as shown in Table 2.
Regarding the muscle torque of knee extensors, the
KOAG presented a 34% (p = 0.001) reduction in peak
torque compared with healthy individuals.
Table 1 Sample characterization
KOAG (n = 38)

CG (n = 33)

P

Age (years)

66.49 ± 7.64

64.52 ± 7.12

0.36

Body weight (kg)

76.51 ± 14.77

67.42 ± 11.39

0.22

Table 2 Comparison of gait kinematic variables and quadriceps
strength in subjects with KOA and healthy subjects
KOA
Speed (m/s)

1.00 ± 0.13 1.12 ± 0.15

0.001

Support time (s)

0.65 ± 0.20 0.42 ± 0.10

< 0.001

Swing time (s)

0.42 ± 0.13 0.60 ± 0.13

< 0.001

Step time (s)

1.13 ± 0.12 1.00 ± 0.10

< 0.001

Knee extensor torque (Nm/kg) 0.96 ± 0.35 1.44 ± 0.42

There were correlations between the knee extensor
torque and the support time (r = − 0.552, p = 0.03), step
time (r = − 0.492, p = 0.017) and gait speed (r = 0.442, p
= 0.04), as shown in Table 3.

Discussion
The results of this study corroborate the initial hypotheses that individuals with KOA show impairments in all
gait kinematic parameters compared with healthy volunteers, and these biomechanical changes are correlated
with knee extensor weakness.
Changes in the movement patterns during gait occur
with advancing age and are well established in the literature. However, in individuals with KOA, these changes
are more pronounced and have a negative impact on the
independence level in performing daily tasks [9]. Muscle
pain and weakness are the main symptoms of the disease
associated with changes in the spatial-temporal gait parameters that aim to minimize pain and protect the knee
joint [9]. In the present study, women in the KOAG had
a 34% decrease in knee extensor strength compared with
the control. According to Park et al. [12], the muscle
strength deficit in KOA affects all lower limbs and is
more pronounced in the knee extensors, being 40%
lower in relation to individuals of the same age group
without KOA. Strength levels also showed a negative
correlation with support/step time, indicating that
muscle weakness results in gait temporal changes that
lead to reduced gait speed. These findings corroborate
studies by Resende et al. (2011) and Feber et al. (2016),
who observed that gait pattern changes are associated
with knee pain symptoms and weakness of the anterior
thigh muscles [10, 11, 26].

1.56 ± 0.06

1.55 ± 0.05

0.88

BMI (kg/m2)

31.01 ± 4.86

27.94 ± 4.58

0.96

Pain intensity (0–20)

8.87 ± 2.93

0.33 ± 0.56

< 0.001*

Stiffness (0–8)

3.08 ± 1.61

0

< 0.001*

Physical fitness (0–68)

30.70 ± 6.06

5.70 ± 2.33

< 0.001*

Torque

Total (0–96)

42.66 ± 8.61

6.04 ± 2.36

< 0.001*

Mean values ± standard deviation, KOAG knee osteoarthritis group, CG control
group, kg kilograms, m meters

0.001

Mean values ± standard deviations, m meters, s seconds, Nm/kg Newton
meters per kilogram

Height (m)

WOMAC questionnaire

Healthy subjects P

Table 3 Correlation between knee extensor torque and gait
variables
Support time

Step time

Swing time

Gait speed

R2

−0.552

− 0.492

− 0.318

0.442

P

0.003

0.017

0.08

0.04
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According to Ploutz-Snyder et al. [27] and Manini et
al. (2010), individuals with knee extensor torque values
below 1.5 Nm/kg are classified as having mobility limitations and difficulty in performing daily tasks due to less
capacity to generate force in the quadriceps [27, 28]. In
the present study, the volunteers with KOA showed extensor torque values that were 36% below the threshold
proposed by those authors, and the CG presented values
that were 4% below proposed values, which indicates
greater functionality impairment of these individuals observed through the score obtained in the WOMAC
questionnaire.
The muscles around the knee produce movement but
also provide stability and control the load imposed on
the joint; therefore, these muscles are related to the development and progression of KOA [12, 29, 30]. According to Kean et al. [31], maximal knee joint loads during
gait occur because of muscle weakness, especially of
knee extensors, which compromise the lower limb deceleration function before contact with the ground to reduce impact. Therefore, the strategy adopted by KOA
patients is to reduce gait speed.
According to Kaufman et al. [32], patients with KOA
tend to walk at slower speeds and with greater joint stiffness to avoid high external joint movements on the
joint, i.e., the gait speed reduction is a strategy to decrease the vertical component of the soil reaction force
imposed on the knee joint, reducing the functional demand in this joint. The lower usual gait speed observed
in the KOAG can be considered a compensatory response to reduce joint stress during movement.
The literature establishes an ideal value for gait speed
of 1.2–1.4 m/s to perform daily tasks, including street
crossing [33]. The women with KOA who participated
in the present study had an average speed below the
threshold value for what is considered safe, corroborating the findings of Tas et al. [34] and Gill et al. [35],
which point to this speed reduction in KOA as a risk
factor for future falls, functional decline and mortality in
this population.
Modifications in the gait kinematic pattern may also
justify the speed reduction observed in the KOAG.
The decrease in the swing time observed in the
KOAG (30% lower) is in agreement with Bennell et
al. (2013), who mentioned that the shorter swing time
is due to weakness of the knee extensor muscles,
which are not able to provide dynamic stability during the total weight placed over the limb at that gait
phase. However, the increases in support time, step
time and double support may be related to the possibility of generating a greater load distribution in the
healthy limb. However, this compensatory response
may contribute to joint wear and tear in the long
term. According to Resende et al. (2011), if

Page 5 of 6

individuals with KOA stayed in the support phase
longer, it is possible that the prolonged effect of a
minor overload would be close to the short effect of
an intense joint stress, i.e., the protective neuromuscular response may cause pain and joint damage.
Thus, when the strategy of the movement changes
due to pain or reduced capacity to stabilize a segment, joint overloads and early fatigue occur [13].
The limitations of this study are related to the approach involving only the knee extensor muscles, as this
muscular group is the most affected by the disease.
However, it is known that muscular weakness affects the
entire lower limb, and studies by Bennell et al. (2010)
and Amiri et al. [29] emphasize the importance of the
hip abductor muscles and plantar flexors, respectively, in
the gait pattern of individuals with KOA as a strategy to
compensate for the deficit of quadriceps strength. Therefore, future studies should include other muscle groups
of the lower limb to better understand the biomechanical gait changes in KOA.

Conclusion
There is a potential relationship between gait kinematic
variables and knee extensor strength, and the weakness
of the quadriceps muscle influences the gait pattern in
individuals with KOA. This relationship results in the reduction of gait speed, associated with greater support/
step time and shorter swing time. Given that KOA has
no cure and changes in gait are progressive and increase
as the degenerative disease progresses, this study aims to
contribute to directing physiotherapeutic interventions
in KOA treatment by identifying the relationships between knee extensor strength and gait kinematic variables. Thus, physiotherapy can develop strategies
focused on lower limb strength training, with a greater
emphasis on the quadriceps muscle, which is more compromised in this population, and on activities that aim at
gait training, seeking a better distribution of body weight
in both limbs and improvements of range of motion and
muscle recruitment, thereby improving the performance
of the individual during daily tasks and contributing to
slow down the progression of OA.
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