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Introduction. Osteoarthritis is a disease characterized by progressive wear and tear of the joint, with the knee being the most
a�ected region. �ese patients have reduced mobility and mobility, among other symptoms. �us, it is necessary to know the
variables that in�uence the ability to walk. Objective. To analyze how much the gait capacity, in the performance of the six-minute
walk test, can be in�uenced by the maximum isometric strength of the quadriceps or by kinesiophobia in women with knee
osteoarthritis.Materials andMethods.�is is a cross-sectional study with a sample of 49 women diagnosed with osteoarthritis.�e
evaluation was carried out in a single moment. Variables studied isometric quadriceps strength, level of fear of movement
(kinesiophobia), and ability to walk. Simple linear regression analyzes were performed, with gait ability as the dependent variable
and maximum isometric strength and kinesiophobia as independent. Data were presented with mean and standard deviation and
were analyzed by the SPSS Statistic 22.0 software, considering p< 0.05 as signi�cant. Results. �e maximum isometric strength
presents a signi�cant di�erence, directly interfering with the gait ability; as kinesiophobia does not show a statistically signi�cant
di�erence, it does not directly interfere with the ability to walk. Conclusion. Maximal quadriceps isometric strength directly
interferes with gait ability in women with knee osteoarthritis, thus suggesting the inclusion of this strategy in treatment programs
for this population.

1. Introduction

Knee osteoarthritis is characterized by progressive wear or
degeneration of anatomical structures, especially the menisci
and cartilage, being the main cause of pain and locomotor
disability worldwide [1].

Epidemiologically, it has a higher incidence in the
population over 75 years of age, in addition to a�ecting
mainly women, with about 50% of these people showing
symptoms such as loss of strength and muscle mass,
morning joint sti�ness, bone crackling, pain, and mainly
reduced gait ability, which can be in�uenced by several
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factors, in addition to radiographic clinical signs, narrowing
intraarticular space, osteophytes, subchondral bone sclero-
sis, and cystic formations [2].

)is disease is classified by Ahlback (1968) [3] and
modified by Keyes and Goodfellow (1992) [4] in five degrees:
degree 1, those with reduced joint space; grade 2, those that
present space obliteration; grade 3, those with wear of the
tibial plateau <5mm; grade 4, with wear of the tibial plateau
between 5mm and 10mm; and grade 5, those with severe
subluxation of the tibiofemoral joint; however, in many
cases, the symptoms are not directly related to the degree
observed in the X-ray examination. )e symptoms are be-
lieved to have a strong association with genetic, environ-
mental, and age factors; the knee joint being more prone to
its appearance due to the great overload imposed on this
structure daily [1].

Some factors can influence the onset or progression of
OA, such as inflammatory processes located in the affected
joint or even systemic inflammation factors that, in the long
term, negatively interfere with global muscle strength [5].
Mechanical factors interact in an important way in the onset
and progression of OA, such as the reduction in muscle
volume, in the anatomical cross-sectional area, and in the
length of the muscle fascicles. However, joint changes are
directly related to joint geometry and load distribution. )e
mechanical misalignment of the tibia and femur causes the
overload on to be incorrectly distributed in the joint, re-
ducing the density of the articular cartilage and causing a
decrease in the intraarticular space. All these changes led to a
reduction in the performance of activities of daily living and
simple tasks such as walking; these conclusions were reached
by Frason [6].

)erefore, it is necessary to understand the main factors
that cause the reduction of gait capacity, thus reducing the
mobility and independence of these individuals. In this
context, the six-minute walk test, used to assess aerobic
capacity, can also be interpreted as an assessment of gait
capacity for individuals with musculoskeletal changes in the
lower limbs. )is test may be related to changes in physical
function, as a greater distance covered will mean a better
capacity [7]. In this patient profile, some variables can in-
fluence gait performance and two stand out, muscle strength
and kinesiophobia, the fear of performing the movement.

Among these variables, it is already known that muscle
strength undergoes an important reduction in people who
develop OA. Of the different characteristics that strength
presents, in this profile of patients, maximum isometric
strength is the one that suffers the most negative influence
[8]. Both the extensor and flexor muscles are important
shock absorbers that help to stabilize the joint, yet the dy-
namic stability of the knee joint is dependent onmaintaining
the muscle strength of these muscles [9]. In the context of
knee osteoarthritis, the extensor muscles play a more sta-
bilizing role [10]. Studies demonstrate that quadriceps
weakness has been associated with knee osteoarthritis on
radiographic examinations without a history of knee pain
and that decreased quadriceps muscle strength was clearly
associated with increased disability in people with osteo-
arthritis [11].

In addition to this symptom, environmental factors and
people can interfere with other symptoms of patients with
knee osteoarthritis, such as kinesiophobia. )is can be de-
fined as excessive, irrational, and debilitating fear of
movement and physical activity, which results in feelings of
vulnerability to pain or fear of recurrence injury [12]. )us,
there is a need to assess this interference from fear of
movement associated with pathological processes; for this, it
is necessary to use clinical assessment tools to verify fear
related to pain, and it can help to reduce the factors pre-
viously mentioned by Vitsarut [13]. To assess fear when
moving, Kori [14] developed the original Tampa Scale for
Kinesiophobia (TSK), of 17 items from a pain-related
questionnaire to measure fear of moving in patients with
chronic pain, which was adapted for several languages such
as Portuguese [13]. )us, the Tampa Scale of Kinesiophobia
(TSK) was formed.

)e possible direct relationship of these variables with
gait ability is necessary for a better adaptation of the re-
habilitation process of these individuals. )erefore, this
project is justified by the need to analyze the existence of
correlation between these variables, to be added to the
service protocols for improving these variables.

Understanding the importance of these variables for
individuals with knee osteoarthritis, the aim of this study
was to analyze the influence of kinesiophobia and maximal
isometric muscle strength of the quadriceps on the per-
formance of the six-minute walk test in patients with knee
osteoarthritis.

2. Materials and Methods

2.1. Study Design. )is is a cross-sectional study, where gait
ability, isometric quadriceps strength, and kinesiophobia
were evaluated in women with knee osteoarthritis.

)is project has already been approved by the Ethics
Committee in Research with Human Beings of the Federal
University of Sergipe (UFS) (CAAE no.: 64810117.0.
0000.5546, approval no.: 1.961.364).

2.2. Participants. )e sample consisted of 49 women, the
amount of the sample being for convenience, among those
followed by the Orthopedics and Traumatology Outpatient
Clinic of the University Hospital of the Federal University of
Sergipe (UFS), with clinical diagnosis of knee osteoarthritis,
between grades 2 and 4, according to Ahlback [3, 4], without
surgical indication, performed by an orthopedist. )ose
individuals who accepted to participate voluntarily signed
the free and informed consent term according to the norms
expressed in the resolution 466 of the national health
council.

)e inclusion criteria were women, age between 30 and
80 years, who have pain above 3, on a scale of 0–10, pre-
served cognitive functions, and availability to carry out the
program.

)e exclusion or discontinuation criteria were those who
did not agree with informed consent, who performed pre-
vious surgical procedures on the knee or current indication
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for it, did not perform the assessment or the protocol, and
those who felt pain in any segment other than knee pain.

2.3. Study Design

2.3.1. Evaluation. Initially, the participants were evaluated
by the orthopedist to verify their eligibility to research.
Subsequently, the participants filled out the evaluation form,
containing their epidemiological and sociodemographic
data, and accepted to participate, agreeing with the free and
informed consent form. Subsequently, the evaluation pro-
tocol was performed.

2.3.2. Studied Variables. Aerobic and gait capacity: per-
formed through the six-minute walk test (6MWT), it is a
simple test and easy to apply, where you can observe some
factors that influence the gait of patients. )is form of as-
sessment has validity and good reliability in patients with
cardiorespiratory changes and can be applied and also has
good validity and reliability in patients with chronic changes,
including elderly women with knee osteoarthritis [15–17].
Its performance takes place in a corridor marked every 1
meter, totaling 30meters in length, the individual walked the
path, being instructed to maintain the maximum speed, as
constant as possible, for 6 minutes, performing the greatest
number of turns in the corridor. Until the end of times, the
individual was instructed to verbalize the discomfort, as well
as the possibility of interrupting the test at any time. At the
end, the number of meters walked by each subject was
recorded [15].

Kinesiophobia: assessed using the Tampa Scale for
Kinesiophobia (TKS), patients’ fear of movement was in-
vestigated. )e Tampa scale has been used in different
populations with chronic disorders, such as low back pain,
and it can transpose reliability and validity, with adequate
internal consistency, to investigation in other joints such as
the knee [17].)e scale consists of 17 items that address pain
and the intensity of symptoms, scores range from 1 to 4, the
maximum obtained is 68 points, and the minimum is 17
points. According to the scale score, 1 point “strongly
disagree,” 2 points “partially disagree,” 3 points “partially
agree,” and 4 points “strongly agree.” Higher scores indi-
cated greater kinesiophobia [18, 19].

Isometric quadriceps muscle strength: it was performed
using a load cell, connected to the signal analysis device.)is
form of assessment is considered the gold standard for
assessing maximal isometric strength. Its validity and reli-
ability have already occurred for alterations in the knee joint;
in addition, the protocol for performing the test and its
positioning were also included in the validity and reliability
assessments [20]. For this study, version 1.8.1 of the
Chronoiump Boscosystem (Force Sensor Kit, Spain) was
used and placed on an extension chair commonly used for
strengthening exercises, where the individual sits, with knees
at 90° and hips at 110°, thus ensuring the highest torque of
the evaluated muscle (quadriceps), where the individual was
asked to perform as much force as possible for the knee
extension movement, holding for 10 seconds.

2.4. StatisticalAnalysis. )e data were presented using mean
and standard deviation. For normality analysis, the Sha-
piro–Wilk test was used. In the context of knee osteoar-
thritis, the extensor muscles play a more stabilizing role. For
the variable dynamometry, the values found in the right and
left lower limbs were summed. A partial correlation test was
also performed, considering age as a covariate. Simple linear
regression analysis was performed with kinesiophobia as the
dependent variable and dynamometry as an independent
variable. Statistical analyzes were performed using the SPSS
Statistic 22.0 software, with p values considered significant
when less than 0.05.

3. Results

A total of 49 women diagnosed with knee osteoarthritis
participated in the research. Table 1 provides the charac-
terization of the sample, where the importance achieved by
the normality test is also demonstrated or evaluated, thus
demonstrating the homogeneity of the population, since
there was no difference in the characterization variables.

Table 2 provides the values found in the evaluation of
kinesiophobia and maximum isometric strength of quad-
riceps through the dynamometer, presented by mean and
standard deviation.

Table 3 provides the values found in the analysis of
simple linear regression. For this analysis, walking ability
was taken as a dependent variable, assessed through the six-
minute walk test, and as independent variables kinesi-
ophobia and maximum isometric strength of quadriceps.

As can be seen, the independent variable kinesiophobia
did not present a significant statistic, showing that it does not
directly affect walking ability, different from the maximum
isometric force that showed a significant difference, dem-
onstrating that there is a direct interference in the gait
capacity.

)e R2 must be interpreted as a percentage showing that
various variables can interfere with the ax capacity, the
maximum isometric strength represents 27%, and as the beta
value of the independent variable was given positively, it
represents that the relationship is direct, that is, how much
the greater the isometric force, the greater the walking
capacity.

4. Discussion

)e present study aimed to verify if there is a relationship
between gait ability, kinesiophobia, and maximal isometric
strength, and its data showed a direct relationship between
the variables maximal isometric strength (MIS) of the
quadriceps (p � 0.01∗) and ability to gait in women with
knee osteoarthritis (R2 � 0.27). )is can be seen through the
significance values found when a linear regression is per-
formed between the maximum isometric strength score and
walking capacity. )ese results can help decision making in
clinical practice in order to generate greater stimuli to gain
independence and gait ability, in addition to serving as a
guide for future studies that influence these variables. We
indicate as a limitation of the study the sample size, which,
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even being a homogeneous sample, would have a greater
representation with more women included.

Knee osteoarthritis can negatively influence the ability to
walk through some changes, for example, mechanical
changes in the lower limbs. Inmoments of gait, especially the
stance phase, when there is a reaction force to the ground,
the leg can make an excessive adduction movement,
inhibiting some musculatures and causing pain [21]. Other
changes in March seen in people with knee OA include
reduced walking speed, shortened stride length, reduced
pelvic rotation, and lateral trunk tilt; these were cited by Van
der Esch, 2011 [22].

A study mentions that the decrease in quadriceps
strength is around 30–50% in individuals with OA, when
compared to healthy individuals within the same age group
[23]. )ey also suggest an imbalance of muscle strength
between flexors and extensors, and in general, the decrease
in quadriceps strength occurs more sharply than that of the
hamstrings. )is imbalance of forces can cause functional
changes that accelerate joint degeneration and/or cause
functional disability [24].

)e six-minute walk test, in addition to assessing aerobic
capacity, can also be interpreted as an assessment of gait
capacity for individuals who have musculoskeletal changes
in the lower limbs; this test can be related to changes in
physical function, since the greater the distance traveled, the
better its capacity, according to Duarte (2013) [7].

In addition to the quadriceps ratio, it is observed that the
lateral inclination reduces the demand on the hip abductor
muscles, potentially leading to the weakening of the ab-
ductor over time.)e gluteus medius is the main abductor of
the hip and a large portion of this muscle acts in the frontal
plane to stabilize the pelvis and lower leg during march. An
increase in lateral trunk tilt is often used by participants to
relieve the medial knee [24]. In this context, the under-
standing of strength reduction, especially isometric, can
generate benefits for these patients, in association with other
exercise treatment protocols [25].

)e aforementioned theoretical framework corroborates
the findings of the present study, as women who presented
greater quadriceps isometric muscle strength obtained a
better score in the six-minute walk test, thus showing better
gait capacity, proving that the direct relationship between
the variables is clinically effective [26]. In addition to the
inclusion of strength training, as previously suggested, other
treatment modalities can be associated as an adjunct in the
treatment of these patients, such as the use of orthoses and
electrotherapeutic means [27, 28].

Kinesiophobia is a poorly adaptive strategy that leads to
avoiding physical activity because of fear related to pain [14].
)e experience of pain can create a vicious cycle in which
there are cognitive and behavioral disorders in an amplified
way. )e present study demonstrated that the values of gait
ability and kinesiophobia are inversely proportional, since
the value of B1 was negative, but did not present a statis-
tically significant value (p � 0.39), demonstrating that this
interference was not related to gait strong.

Doury-Panchout et al. in 2015 reported in their studies
with knee osteoarthritis patients that the distance covered in
meters during the six-minute walk test was significantly
greater for patients without kinesiophobia than patients with
kinesiophobia [29]. )is does not corroborate with the
statistical findings of our study, where a negative B1 value
(B1 � -2.18) was shown, explaining that the relationship is
not direct, so it is recommended to carry out more studies
with good rigor, methodologically associating these variables
to examine this relationship more adequately. In addition,
they confirmed that avoiding activities increases disability
and can increase the risk of medical complications, such as
obesity and diabetes [30, 31].

5. Conclusions

In summary, the study showed that isometric quadriceps
strength directly interferes with the gait ability of women
with knee osteoarthritis. Simple regression indicated that the
independent variable kinesiophobia did not present sig-
nificant statistics, showing that it does not directly interfere
with gait ability; different from the maximum isometric
strength, there was a significant difference, directly inter-
fering with the gait ability.)is finding can be used as a basis
to guide the treatment of women with hip osteoarthritis, for
which we suggest the inclusion or intensification of the
strengthening of the knee extensor muscles, especially in an
isometric way, with the purpose of improving one of the

Table 1: Sample characterization.

Variables Mean (SD) P

Age (years) 58.49 (9.43) 0.23
Weight (kg) 78.93 (13.26) 0.76
Height (m) 1.55 (0.07) 0.24
BMI (Kg/m2) 32.6 (6.33) 0.48
)e data are presented in mean and standard deviation and the p values are
representing the values of the normality test: Shapiro-Wilk. SD, standard
deviation (n� 49).

Table 2: Result of the evaluation of kinesiophobia and maximum
isometric strength.

Variables Mean (SD)
Walking capacity 338.12 (98.64)
Kinesiophobia 48.46 (5.67)
Maximum isometric force 37.32 (18.26)
SD, standard deviation.

Table 3: Result of the simple linear regression analysis of the
evaluation of kinesiophobia with MIS.

Dependent
variable

Independent
variable R2 B0 B1 P

Walking
capacity Kinesiophobia 0.16 443.74 −2.18 0.39

MIS 0.27 266.42 1.92 0.01∗

A partial correlation with age was performed as a covariate. MIS, maximum
isometric force; B0, beta of the constant; B1, beta of the independent
variable. ∗Significance p< 0.05.

4 Pain Research and Management



largest complaints of this population, the ability to move, to
walk.
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artrose: uma revisão sistemática,” Fisioterapia emMovimento,
vol. 26, no. 1, pp. 193–202, 2013.

[12] R. J. Smeets, J. W. Vlaeyen, A. D. Kester, and J. A. Knottnerus,
“Reduction of pain catastrophizing mediates the outcome of
both physical and cognitive-behavioral treatment in chronic
low back pain,”@e Journal of Pain, vol. 7, no. 4, pp. 261–271,
2006.

[13] P. Areeudomwong and V. Buttagat, “Reliability and validity of
the cross-culturally adapted )ai version of the Tampa Scale
for Kinesiophobia in knee osteoarthritis patients,” Malaysian
Journal of Medical Sciences, vol. 24, no. 2, pp. 61–67, 2017.

[14] S. H. K. Kori, A New View of Chronic Pain Behavior,
pp. 35–43, Pain Manage, 1990.

[15] Am J Respir Crit Care Med, “ATS. Committee On proficiency
standards for clinical pulmonary function laboratories: ATS
statement: guidelines for the six-minute walk test,” American
Journal of Respiratory and Critical Care Medicine, vol. 166,
pp. 111–117, 2002.

[16] M. Gomes-Neto, A. D. Araujo, I. D. A. Junqueira, D. Oliveira,
A. Brasileiro, and F. L. Arcanjo, “Estudo comparativo da
capacidade funcional e qualidade de vida entre idosos com
osteoartrite de joelho obesos e não obesos,” Revista Brasileira
de Reumatologia, vol. 56, no. 2, pp. 126–130, 2016.

[17] V. R. Resqueti, G. WdS. Oliveira, M. E. Dourado Junior,
A. Dd Andrade, P. Casan, and G. AdF Fregonezi, “Con-
fiabilidade do teste da caminhada de seis minutos em
pacientes com miastenia gravis generalizada,” Fisioterapia e
Pesquisa, vol. 16, no. 3, pp. 223–228, 2009.

[18] F. B. Siqueira, L. F. Teixeira-Salmela, and L. d. C. Magalhães,
“Análise das propriedades psicométricas da versão brasileira
da escala tampa de cinesiofobia,” Acta Ortopédica Brasileira,
vol. 15, no. 1, pp. 19–24, 2007.

[19] J. W. Vlaeyen, A. M. Kole-Snijders, R. G. Boeren, and
H. van Eek, “Fear of movement/(re)injury in chronic low back
pain and its relation to behavioral performance,” Pain, vol. 62,
no. 3, pp. 363–372, 1995.

[20] R. A. de Vasconcelos, D. Bevilaqua-Grossi, A. C. Shimano
et al., “Reliability and validity of a modified isometric dy-
namometer in the assessment of muscular performance in
individuals with anterior cruciate ligament reconstruction,”
Revista Brasileira de Ortopedia (English Edition), vol. 44, no. 3,
pp. 214–224, 2009.

[21] L. E. )orp, M. A. Wimmer, K. C. Foucher, D. R. Sumner,
N. Shakoor, and J. A. Block, “)e biomechanical effects of
focused muscle training on medial knee loads in OA of the

Pain Research and Management 5



knee: a pilot, proof of concept study,” Journal of Musculo-
skeletal and Neuronal Interactions, vol. 10, pp. 166–173, 2010.

[22] M. van der Esch, M. P. Steultjens, J. Harlaar,
J. C. van den Noort, D. L. Knol, and J. Dekker, “Lateral trunk
motion and knee pain in osteoarthritis of the knee: a cross-
sectional study,” BMC Musculoskeletal Disorders, vol. 12,
no. 1, p. 141, 2011.

[23] N. M. Fisher, D. R. Pendergast, G. E. Gresham, and E. Calkins,
“Muscle rehabilitation: its effect on muscular and functional
performance of patients with knee osteoarthritis,” Clinical
Journal of Sport Medicine, vol. 1, no. 4, pp. 269–374, 1991.

[24] K. L. Bennell and R. S. Hinman, “A review of the clinical
evidence for exercise in osteoarthritis of the hip and knee,”
Journal of Science andMedicine in Sport, vol. 14, no. 1, pp. 4–9,
2011.

[25] K. R. Vincent and H. K. Vincent, “Resistance exercise for knee
osteoarthritis,” PM&R, vol. 4, no. 5 Suppl, pp. 45–52, 2012.

[26] S. D. Gill, N. A. de Morton, and H Mc Burney, “An inves-
tigation of the validity of six measures of physical function in
people awaiting joint replacement surgery of the hip or knee,”
Clinical Rehabilitation, vol. 26, no. 10, pp. 945–951, 2012.

[27] T. Cudejko, M. van der Esch, J. Schrijvers et al., “)e im-
mediate effect of a soft knee brace on dynamic knee instability
in persons with knee osteoarthritis,” Rheumatology, vol. 57,
no. 10, pp. 1735–1742, 2018.

[28] J. J. Cherian, B. Kapadia, A. Bhave et al., “Use of transcuta-
neous electrical nerve stimulation device in early osteoar-
thritis of the knee,” Journal of Knee Surgery, vol. 28, no. 04,
pp. 321–328, 2014.

[29] F. Doury-Panchout, J. C. Metivier, and B. Fouquet, “Kine-
siophobia negatively influences recovery of joint function
following total knee arthroplasty,” European Journal of
Physical and Rehabilitation Medicine, vol. 51, no. 2,
pp. 155–161, 2015.

[30] S. I. L. Melo, J. A. Zeni, and L. Snyder-Mackler, “Assessment
of muscular strength of knee flexors and extensors in indi-
viduals with and without osteoarthritis,” Brazilian Journal of
Kinanthropometry and Human Performance, vol. 10, no. 4,
pp. 335–340, 2008.

[31] P. Majumder, S. Mazumder, M. Chakraborty,
S. G. Chowdhury, S. Karmakar, and P. K. Haldar, “Preclinical
evaluation of Kali Haldi (Curcuma caesia): a promising herb
to treat type-2 diabetes,”Oriental Pharmacy and Experimental
Medicine, vol. 17, no. 2, pp. 161–169, 2017.

6 Pain Research and Management


