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ABSTRACT

Objective: To correlate muscule performance, body com-
position, pain and joint function in elderly people with go-
narthrosis. Method: 21 elderly patients were submitted to 
bioelectrical impedance analysis, dynamometry associated 
with electromyographic (EMG) evaluation of isometric knee 
extension, in addition to pain assessment by the Numeric Pain 
Intensity Scale and  function assessment, by the Western On-
tario and McMaster Universities (WOMAC) Osteoarthritis (OA) 
questionnaire. Correlations were checked by the Pearson’s 
correlation coefficient. Results: The sample characteristics 
were mean age 67.36 ± 4.21 years old, body fat percenta-
ge 40.57±6.15%, total WOMAC score 43.27 ± 16.32%, and 

maximum strength 19.95 ± 6.99 kgF. Pain during movement 
showed a statistical association with WOMAC physical acti-
vity domain (r = 0.47) and its general score (r = 0.51); pain 
intensity at night presented association with WOMAC stiffness 
domain (r = 0.55), in addition to the negative correlation with 
the slope values of the Medium Frequency of the EMG signal
(r = - 0.57). Conclusion: pain intensity is correlated to functio-
nal incapacity  in elderly people with knee OA and to a greater 
expression of fatigue in EMG signal. Levels of Evidence III, 
Study of non consecutive patients
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INTRODUCTION

In recent decades, there has been a significant increase in 
life expectancy of people in developed and underdeveloped 
countries. Kurek et al.1 found that the number of elderly people 
increases in a greater proportion in relation to people who are 
born, making the aging process be considered an important 
issue by the government and the society in many countries. 
As men age, their overall health state undergoes several trans-
formations, including an increased risk of developing chronic 
diseases (hypertension, diabetes mellitus, heart diseases), 
musculoskeletal dysfunctions, decline in sexual potency, de-
cline in organic capacity, among others.2

Among the diseases that affect joint function in the elderly, 
osteoarthritis (OA), degenerative disease also known as osteo-
arthritis, is the one that most affects the locomotor system.3 It 
is estimated that 4% of the Brazilian elderly population has OA, 
being the knee joint the second most affected by the disease, 
with 37% of cases.4 Knee OA presents as clinical symptoms: 
bone deformities, pain, stiffness, decrease or loss of joint func-
tion, decreased muscle mass, strength and resistance, conse-
quently leading to limitations in daily life activities.3

Among the clinical characteristics mentioned above, the de-

crease in strength and occurrence of early muscle fatigue, 
especially of the knee extensor muscles, is the second most 
frequent complaint reported by older adults with a diagnosis 
of gonarthrosis, only behind pain complaint.3 However, the 
existence of a relationship between these symptoms is not 
yet fully established.
A recent study correlated the performance of flexors and ex-
tensors knee muscles on an isokinetic dynamometer and the 
pain, stiffness and function domains of the Western Ontario 
McMaster Universities Osteoarthritis Index Questionnaire (WO-
MAC) in a cross-sectional study in elderly women with OA knee. 
The study concluded that lower muscle strength and resistance 
and the presence of imbalance of the knee muscles correlated 
negatively with all WOMAC domains.5 However, there were no 
other studies to corroborate this finding, even when assessing 
other types of muscle contraction, as isotonic or isometric, 
which are most commonly used in daily life activities. Moreo-
ver, it is necessary to know the levels of muscular strength and 
resistance, as well as quantifying the symptom pain (both at 
movement and at rest) and functionality in patients with OA. 
There are few studies that present these data and correlate 
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muscle behavior with subjective variables of pain and function.
Thus, this study aimed to quantify the isometric muscle perfor-
mance, body composition, levels of pain and function in older 
adults with knee OA, besides verifying the existence of asso-
ciation between objective strength measurements and muscle 
fatigue with the subjective variables of pain and joint function.

MATERIALS AND METHODS

This is a cross-sectional study, conducted at the Laboratory 
of Human Movement Analysis at Centro Universitário Augusto 
Motta (UNISUAM, RJ) in elderly patients diagnosed with unilat-
eral or bilateral gonarthrosis. The recruitment of volunteers for 
this research was conducted at the screening session of the 
Centro Municipal de Reabilitação do Engenho de Dentro, RJ, 
by verbal communication invitations to participate in research, 
between July and October 2012. The protocol was approved 
by the Ethics Committee of Institutional Research (CAAE: 
03105612.5.0000.5235) and all patients signed an informed 
consent before joining the study. All evaluations were performed 
on the same day. The patient underwent a physical examina-
tion to obtain information on its clinical and general condition. 
Range of motion for knee flexion and extension (manual goni-
ometer CARCI, São Paulo, Brazil) and the degree of manual 
muscle strength of the compromised lower limb using the crite-
ria of Kendall et al.6 were measured. In cases of bilateral OA, we 
analyzed the knee that had the higher pain intensity. Then the 
functional WOMAC questionnaire was applied and the follow-
ing measurements were performed: anthropometry, total and 
segmental bioelectrical impedance of the lower limbs, strength 
and resistance to muscle fatigue, as it will be detailed further.

Participants

Participated in the study seniors who met the following inclu-
sion	criteria:	age≥60	years;	literate	of	both	genders;	released	
by medical staff for physical therapy, with a confirmed medi-
cal diagnosis of uni- and/or bilateral knee osteoarthritis  level 
one and two according to clinical and radiographic criteria of 
the American College of Rheumatology,3 range of motion for 
knee flexion of at least 90° and knee extension with a maximum 
reduction of 10°, confirmed by goniometric evaluation (CARCI, 
São Paulo, Brazil), strength of quadriceps and ischiotibials from 
grade three in the classification of hand force table; 6 indepen-
dent ambulation; intensity of referred pain from zero to four in 
numerical pain scale (zero = no pain and four = light pain)3 at 
the day of assessment; who agreed to participate voluntarily in 
the study and who had not participated in any building muscle 
program for in the last six months. Volunteers, who had hyper-
tension, and/or uncontrolled heart disease, diabetes mellitus, 
neurological diseases, used a pacemaker, or dysfunctions in 
other joints of the body that could hamper the achievement of 
physical exercise, were excluded from the study.

Anthropometric measurements

Anthropometric measurements included total body mass (TBM; kg), 
height (m) and lower limb length. In order to measure the height 
and MCT analog scale (0.1 kg) with a coupled (0,005 m) stadio-
meter (R110, Welmy, Santa Bárbara do Oeste, São Paulo, Brazil) 
was used. To check the length of the lower limbs, a measurement 
tape (Terrazul, Cambuci, São Paulo, Brazil) was used, positioned 

between the anatomical points anterior superior iliac spine and 
lower edge of the malleolus tibial.7

Body composition

To assess the body composition the tetrapolar bioelectrical im-
pedance method was used through the BIA 310e bioimpedance 
analyzer (Biodynamics - Seattle, Washington, USA), which pro-
duces an alternating electric current at a frequency of 50 kHz, 
imperceptible to humans. This analysis was performed on two 
approaches: the total body and segmental limb. For total body 
bioimpedance, electrodes were placed in regions of the dorsum 
of the right hand and foot8 and for segment evaluation the same 
electrodes  were placed bilaterally in regions of the anterior supe-
rior iliac spine and medial malleolus.7 In order to measure fat-free 
mass, the equation of Kyle et al.8 was used: -4.104 + 0.518.E2/R 
+ 0.231 x TBM + 0.130.Xc + 4.229.sex, where H = height (cm), 
R	=	resistance	(Ω),	TBM	=	total	body	mass	(kg),	Xc	=	reactance	
(Ω)	and	sex=0	for	women	and	1	for	men.	For	the	estimation	of	
lean mass segment, the ratio of the square of the length and 
strength of the lower limb (lenghth2/R) which, in a previous study, 
correlated with the local lean mass.7

Strength and Muscle Fatigue

The test of strength and resistance to muscle fatigue was as-
sociated with the use of three features: fitness station EMK 
1500 (Kenkorp, São Paulo, Brazil), a EMG -810 surface elec-
tromyograph (EMG system of Brazil LTDA , São Paulo , Brazil), 
and a DIN_TRO traction dynamometer ( EMG System do Brazil 
LTDA , São Paulo, Brazil). For the strength test, the patient was 
asked to perform, with the knee at 90°, three maximal isometric 
knee extensions for five seconds with 30 seconds rest between 
each attempt. The maximum value reached (MVIC - maximal 
voluntary isometric contraction) was chosen, and from this re-
sult, it has been selected 50 % of this burden as a target for the 
reported conduct an isometric contraction of the knee for one 
minute. To assist the patient in achieving the assessed level of 
force required, a visual monitoring unit showing a blue band 
with the plus and minus margin of 10 % of the calculated value 
was made through a computer monitor. The analysis of muscle 
fatigue was performed by surface electromyography (EMG). 
The electrodes were placed over the medial vastus muscle of 
the lower limb that had a greater commitment by osteoarthritis 
following the recommendations of the SENIAM group.9 The 
distance between the electrodes was 20 mm, and the reference 
electrode was placed over the contralateral medial malleolus. 
Active differential electrodes (20x gain) were used to collect 
EMG signals from surface electrodes for the A/D converter. The 
sampling frequency was 1000 Hz and the signals were ampli-
fied with a 2000x gain. We applied a Butterworth bandpass 
filter (2nd order, bidirectional) frequency band between 5 and 
450Hz. The analysis of the collected signal during one minute 
isometric contraction was performed immediately after. The 
calculated parameters were: Root Mean Square, RMS), related 
to the number of active motor units (signal amplitude) and me-
dian frequency (MF), related to the shots of the action potential 
of fiber contraction. Using linear regression lines were fitted 
to the RMS and MF values throughout the isometric contrac-
tion plateau (60 seconds). The angular coefficients of the fitted 
lines were named slope RMS and slope MF, respectively. The 
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signals were stored and analyzed by the SuiteMYO software 
(PhD² Consultoria e Sistemas Ltda, RJ, Brazil). After completion 
of the protocol, the level of perceived exertion using the Borg 
scale was evaluated.

Functionality of Lower Limbs

In this study the WOMAC questionnaire (Western Ontario and 
McMaster Universities Osteoarthritis Index), validated for Portu-
guese (Brazil) language by Fernandes was used.10 This instru-
ment was employed to assess pain, joint stiffness and physical 
activity in patients with osteoarthritis of the knee and hip, con-
sisting of 24 questions. The areas receive points ranging from 
0 to 20 (pain), 0 to 8 (stiffness) and 0 to 68 (physical activity). 
For the analysis it was verified the percentage score for each 
domain and for the total instrument.5,10 The higher the score, 
the worse the evaluation of the participant. Also a numerical 
scale was used, ranging from 0 to 10, to assess pain intensity. 
The volunteer was questioned on pain during daily movements 
at rest and at night, with a focus in the last 72 hours, and the 
perception of pain at the time of evaluation.

Statistical Analysis

Data distribution was checked by the Kolmogorov-Smirnov test. 
As the main variables were normally distributed, parametric 
approaches for analyzes were selected. Data were presented 
as mean ± standard deviation, and the association between 
variables was represented by the Pearson correlation coefficient 
(r), associated with the value of p. All analyzes and graphs were 
performed using the software SPSS (version 13.0), considering 
significant	 the	 analyzes	with	p-values	≤0.05.	 It	was	defined	
as a strong positive correlation p values between 0.70 to 1.0; 
moderate, 0.30 to 0.70; weak between 0 and 0.30; and a strong 
negative correlation p values between -0.70 to -1; moderate, 
0.30 to -0.70; and  weak 0 to -0,30.11

A sample of 20 volunteers was estimated for a minimal associa-
tion with the 0.54 significance level (α) of 5% and power (β) of 
80%. The sample size was estimated from an algebraic imple-
mentation that calculates the minimum correlation coefficient 
to reject the null hypothesis in each sample size.12

RESULTS

The study sample consisted of 21 elderly patients, 18 of them 
were women, mean age 67.36 ± 4.21 years old. (Table 1) The 
subjects’ body composition and muscle performance in maxi-
mal strength and fatigue resistance test are shown in Table 2.
The pain, stiffness and physical activity WOMAC domains 
showed average values of 43.40 ± 16.50, 45.45 ± 26.03 and 
42.90 ± 18.02%, respectively. The overall average score was 
43.27 ± 16.32%. Regarding the numerical pain scale, patients 
reported an average value of 5.57 ± 2.60 for pain on movement, 
2.81 ± 2.52 for nocturnal pain, and 1.66 ± 2.78 for pain at rest.
Moderate associations were found for the numerical scale for 
pain motion and physical activity domain, and overall WOMAC 
score. (Table 3) The values assigned to the numerical scale of 
nocturnal pain showed moderate correlation with the WOMAC 
domain stiffness, in addition to negative correlation with slope 
values of median frequency, associated with fatigue. (Table 3)
Another significant result was the identification of moder-
ate correlations between age and the WOMAC domain pain

(r = 0.46, p = 0.03), and WOMAC total score (r = 0.41, p = 0.05). 
In addition to these associations, a moderate correlation between 
lean mass and MVIC (p = 0.04 r = 0.48) was observed.
Regarding total WOMAC score, weak correlations were found 
with the MVIC values, the RMS Slope and MF Slope. (Table 3)

Table 1. Characteristics of the sample.

Variable Mean ± St. Dev.

Total Body  Mass (kg) 75.19 ± 14.67

Right Knee* (%) 61.90

Bilateral compromise (%) 80.99

Height (m) 1.52 ± 0.57

BMI (kg/m2) 32.36 ± 5.98

Time with osteoarthrosis (months) 101.68 ± 121.25

AOM of knee flexion (degrees) 113.55 ± 12.13

AOM of knee extension (degrees) 171.95 ± 6.70

St.Dev: Standard deviation; BMI: Body Mass index; AoM: Arc of Motion;* Prevalence of unilateral 
right arthrosis + bilateral with concentrated pain in the right limb. 

Table 2. Body composition and muscle performance of the participants.

Variable Mean ± St. Dev.

Lean mass (kg) 43.02 ± 8.16

Fat mass (kg) 29.64 ± 7.45

Relative fat (%) 40.57 ± 6.15

Length2/ResR (cm2/Ω) 27.42 ± 4.08

Length2/ResL (cm2/Ω) 27.03 ± 4.69

Slope RMS 0.631 ± .558

Slope MF -0.446 ± .476

MVIC (kgF) 19.95 ± 6.98

St. Dev: Standard deviation; Length2/ResR: Ratio between square length and the resistance of the 
right lower limb; Length2/ResL: Ratio between square length and the resistance of the left lower limb; 
RMS: Root mean square; MF: Median Frequency; MVIC : Maximum voluntary isometric contraction .

DISCUSSION

The patients studied presented mean arc of motion for knee 
flexion (113.55°) and extension (171.95°)  below the reference 
values cited by Charro et al.13 (140° and 180°, respectively). 
The mean BMI found (32.36 kg/m2) classifies the sample as 
Obesity grade 1.14 The average degree of relative fat of the 
sample is smaller than the median found by Mainenti et al.15 in 
a sample of physically active elderly people (40.6 vs. 44.3), but 
still considered an obese sample, according to the classification 
adopted by Deurenberg et al.16 >35 % for women and >25 % 
for men, regardless the age.
The average value of the MVIC for the knee extension movement 
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found in this study ( 19,95 kgF) is close to those found by Becker 
et al.17 in non-operated knees of patients with osteoarthritis 
(14,52 kgF), but substantially higher than those observed by 
Pap et al.18 in patients with osteoarthritis symptoms for over 60 
months (7.84 kgF). The average slope value for RMS (0.631) 
and MF (-0.446) staked out a more intense process of fatigue 
than the one presented by Gonçalves and Silva19 (0.21 and 
-0.09, respectively), in a sample of young adults (mean age 
19.7 years old). The authors did not find papers that performed 
this same kind of analysis in the elderly. Regarding the domains 
of the WOMAC questionnaire, the average values of this study 
(43.27%) were similar to those found by Fernandes10 (41.54%) 
in individuals aged 40-80 years old, and by Santos et al.5 
(46.64%), in patients with osteoarthritis of the lower limbs above 
65 years of age.
Foley et al.20 conducted a cross-sectional study of elderly men 
and women, mean age 62.5 ± 7.4 years. To evaluate the risk of 
falls in elderly a short review of the physiological profile (Prince 
of Wales Medical Research Institute) was used. The results in 
this study showed a significant association between pain and 
functional capacity as predictive risk factor for falls in the elderly.
The fact that the data show no association between muscle 
performance and total WOMAC score can be explained based 

on the type of contraction frequently used in daily life of the 
elderly. There is a much greater use of isotonic rather than iso-
metric contractions, which was evaluated in this study. However, 
the small sample size may have also influenced this analysis.
Santos et al.5 evaluated 80 elderly patients (71.2 ± 5.3 years) 
with clinical diagnosis of knee OA and found an inverse correla-
tion between all domains of the WOMAC and isokinetic muscle 
strength of knee extensors and flexors, suggesting that the indi-
viduals evaluated had reduced muscle strength and a negative 
impact in the areas of pain, stiffness and mainly joint function.
A moderate negative correlation between nocturnal pain 
and slope of the median frequency of muscle EMG activity
(r = -0.57) in the present study highlights that pain can influence 
the inhibition of efferent firings to the muscle fibers , since it is 
known that the median frequency is related to the firing rate 
of action potential in the muscle and the rate of reduction of 
shots (with consequent reduction in the median frequency) is 
associated with fatigue.21 The coefficient found presents su-
fficient value12 to reject the null hypothesis of no correlation, 
considering the 21 participants and the standards of reliability 
and power previously mentioned in this study. For this sample 
size, the minimum coefficient would be 0.53.12

The musculoskeletal system is one of the most affected by 
aging, especially with the development of degenerative disea-
ses that compromise their functional capacity, and hence the 
quality of life. This statement explains the correlation found 
in this study between age, pain and general domain of the 
WOMAC score.
By correlating lean mass and maximal voluntary isometric 
contraction it has been observed that the higher the lean mass, 
the better muscle performance , corroborating the study by 
Orsatti et al.,22 who found in 52 sedentary women, aged between 
40 and 70 years , the same relationship between lean body 
mass and muscle strength. Carmeli et al.23 showed a strong 
correlation between the status pre-sarcopenia and sarcopenia. 
They also claim that the change in quadriceps muscle strength 
is a measure related to muscle age and it is strongly associated 
with physical and functional decline.
The present study has some limitations, such as small sample 
size and the performance only of isometric contractions in as-
sessing muscle performance. However, the analysis of muscle 
fatigue by the behavior of the root mean square and median 
frequency of the myoelectric signal in the elderly is still quite 
scarce in the literature, highlighting the findings of this study 
and encouraging further research in this area.

CONCLUSION

Mean values of the sample point to a group with high body 
fat, high expression of fatigue and functionality of lower limbs 
similar to published studies. The objective measurements of 
muscle strength and fatigue were not associated with subjec-
tive variables of joint function (WOMAC), but with those related 
to pain in patients with osteoarthritis of the knee. Moreover, 
the values   assigned to this scale and some domains of the 
WOMAC also correlated positively. Pain intensity is correlated 
with functional disability of older individuals with knee OA and a 
more significant event of signs of fatigue, checked the behavior 
of the median frequency of the EMG signal.

Table 3. Pearson’s correlation for the analysis performed.

Variables r (Pearson's)

PNS movement and stiffness WOMAC 0,34

PNS movement and PA WOMAC* 0,47

PNS movement and WOMAC overall* 0,51

PNS movement and CIVM 0,01

PNS movement and RMS slope* -0,54

PNS movement and MF slope 0,26

PNS night time and stiffness WOMAC* 0,56

PNS night time and MF WOMAC 0,14

PNS night time and WOMAC overall 0,27

PNS night time and MVIC -0,06

PNS night time and  RMS slope 0,31

PNS night time and  MF*slope -0,57

Stiffness WOMAC and MVIC -0,04

Stiffness WOMAC AND slope RMS 0,13

Stiffness WOMAC and MF slope -0,19

PA WOMAC AND MVIC 0,16

PA WOMAC and RMS slope 0,02

PA WOMAC and MF slope 0,10

WOMAC overall and MVIC 0,13

WOMAC overall and RMS slope -0,01

WOMAC overall and MF slope 0,09

*	p	≤	0,05;	PNS: Pain numeric scale; WOMAC: Western Ontario and McMaster Universities Osteo-
arthritis Questionnaire; PA: Physical Activity; MVIC: Maximum voluntary isometric contraction; RMS: 
Root mean square; MF: Median frequency
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