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ABSTRACT
Introduction: Viscosupplementation and strength training are proposed interventions in the treatment of knee 

osteoarthritis. Objective: To describe the isokinetic response in women with knee osteoarthritis who underwent both 
interventions. Methods: A double-blind, randomized clinical trial involving thirty women diagnosed with grade II and 
III bilateral knee osteoarthritis using the radiological criteria of Kellgren & Lawrence. The subjects were randomized into 
three groups of ten patients each: one group was submitted to viscosupplementation and strength training (VST), 
another was submitted to strength training (ST) only, and a third to viscosupplementation (VS) only. All evaluations 
followed the study phases defined as pre-procedure (PRE); after 48 hours of VS (POS-VS); after 12 weeks of training 
(POS T); and after eight weeks of detraining (POS D). Intra-articular knee infiltrations were performed with a single 
dose of Hylan GF-20 and isokinetic dynamometry to determine the maximum torque in knee extension and flexion. 
Pain was measured by the visual analogue scale (VAS). Results: The interventions promoted improvements in the 
isokinetic response in all three groups and in both muscle groups, with advantage for the extensor group. A significant 
difference was noticed in the isokinetic response of the trained groups when compared only to the viscosupplemen-
ted group (p<0.005), and the VST group showed better isokinetic response compared to the ST group. Conclusion: 
Combined treatment with viscosupplementation and strength training, and treatment with strength training only, 
presented better results in terms of isokinetic response and pain reduction than viscosupplementation alone. 
Level of evidence I; Therapeutic studies-Investigating the results of treatment. 
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RESUMO
Introdução: Viscossuplementação e treinamento de força são intervenções propostas no tratamento da osteoartrite de 

joelho. Objetivo: Descrever a resposta isocinética em mulheres com osteoartrite de joelho submetidas a ambas intervenções. 
Métodos: Ensaio clínico duplo-cego e randomizado envolvendo 30 mulheres com diagnóstico de osteoartrite bilateral de 
joelho de graus II e III utilizando os critérios radiológicos de Kellgren & Lawrence. Elas foram randomizadas em três grupos de 
dez pacientes cada: um grupo foi submetido à viscossuplementação e ao treinamento de força (VTF), o outro submetido ao 
treinamento de força (TF) e o terceiro grupo foi submetido apenas à viscossuplementação (VS). Todas as avaliações seguiram 
as fases do estudo definidas como pré-procedimento (PRE); após 48 horas da VS (POS-VS); após 12 semanas de treinamento 
(POS T) e após oito semanas de destreinamento (POS D). Foram realizadas infiltrações intra-articulares de joelho com uma 
dose única de Hilano GF-20 e dinamometria isocinética para determinar o torque máximo em extensão e em flexão do joelho. 
A dor foi medida através da escala visual analógica (EVA). Resultados: As intervenções promoveram melhorias na resposta 
isocinética em todos os três grupos e em ambos grupos musculares, com vantagem para o grupo extensor. Observou-se 
uma diferença significativa na resposta isocinética dos grupos treinados quando comparados ao grupo somente viscossu-
plementado (p<0,005), além disso o grupo VTF apresentou melhor resposta isocinética quando comparado ao grupo TF. 
Conclusão: O tratamento combinado de viscossuplementação e treinamento de força e o tratamento com o treinamento 
de força apenas apresentaram melhores resultados na resposta isocinética e na redução da dor do que o tratamento apenas 
com viscossuplementação. Nível de evidência I; Estudos terapêuticos–Investigação dos resultados do tratamento. 

Descritores: Treinamento de força; Viscossuplementação; Osteoartrite do joelho.

RESUMEN
Introducción: Viscosuplementación y entrenamiento de fuerza son intervenciones propuestas en el tratamiento 

de osteoartritis de rodilla. Objetivo: Describir la respuesta isocinética en mujeres con osteoartritis de rodilla sometidas a 
ambas intervenciones. Métodos: Ensayo clínico doble ciego y aleatorizado que involucró a 30 mujeres con diagnóstico 
de osteoartritis bilateral de rodilla de grados II y III utilizando los criterios radiológicos de Kellgren y Lawrence. Ellas fueron 
aleatorizadas en tres grupos con diez pacientes cada uno: un grupo fue sometido a viscosuplementación y al entrenamiento 
de fuerza (VEF), el otro sometido al entrenamiento de fuerza (EF) y el tercer grupo sometido sólo a la viscosuplementación 
(VS). Todas las evaluaciones siguieron las fases del estudio definidas como pre-procedimiento (PRE); después de 48 horas 
de la VS (POS-VS); después de 12 semanas de entrenamiento (POS E) y después de ocho semanas de desentrenamiento 
(POS D). Fueron realizadas infiltraciones intraarticulares de rodilla con una dosis única de Hilano GF-20 y dinamometría 
isocinética para determinar el torque máximo en extensión y en flexión de rodilla. El dolor fue medido a través de la escala 
visual analógica (EVA) Resultados: Las intervenciones promovieron mejoras en la respuesta isocinética en los tres grupos y 
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INTRODUCTION
Osteoarthritis (OA) is currently considered a clinical syndrome de-

rived from the unbalance between the formation and destruction of 
cartilage, which involves multiple systemic, genetic, inflammatory, and 
mechanical factors with the active participation of the synovia, the 
cartilage, and of the subchondral bone resulting in the so-called joint 
insufficiency.1-3 Occours loss of muscular strength, functionality, stability, 
and joint amplitude changing the balance.3,4 Among the phenotypes, 
knee osteoarthritis (KOA) is the most manifested by the accumulation 
of loads, which the joint is required to support significantly increasing 
its demand4 by decreasing the torque in the concentric and eccentric 
quadriceps and hamstrings forces.5-7 The indication of exercise in KOA 
patients is no longer discussed and should be recommended as a 
non-pharmacological option for disease management and control.8-10 
However, there is still a discussion about the existence of a really effective 
intervention for the treatment of KOA.11 As a pharmacological proposal, 
viscosuppplementation (VIS) is an effective pain relief procedure with 
sustainable effect, good tolerability, safety and efficacy. Therefore, it is 
indicated in the failure of other therapies or as a non-surgical option.12-16 
Its use is indicated for the treatment of grade II and III KOA (11) and 
approved by different clinical trials.15,16

In Brazil, there are very few studies considering the effects of ST in the 
treatment of KOA17,18 becoming even scarcer when seeking to measure 
them with isokinetic response.6  It seems there are no studies that compare 
them with VIS effects. In this study, the isokinetic response is evaluated in 
both flexors and extensors of female knees with bilateral KOA level II and III19,20 

underwent only VIS, only ST, and both procedures.

METHODS
Thirty sedentary women, without performing any kind of exercises 

for a minimum period of six months, were evaluated at the Laboratório 
de Pesquisas Neuromusculares do Instituto Nacional de Traumato Or-
topedia (PNEURO / INTO). 

They were followed at the rheumatology service of the Hospital 
Universitário Clementino Fraga Filho da Universidade Federal do Rio de 
Janeiro (HUCFF/UFRJ) with clinical and radiological diagnosis of grade 
II and III KOA19,20 with pain self-report by the Visual Scale. Analog (VAS) 
equal to or greater than 6 and Body Mass Index (BMI) below 39. Patients 
with psychiatric disorders that make it difficult to understand the study, 
under 40 years of age, who had comorbidities or cardiovascular risk 
to exercise, changes in joint morphology or biomechanics, already 
submitted or eligible for any surgical procedure. Patients with any 
avian protein-related hypersensitivity were also excluded. Regarding 
losses, the lack of more than one of the evaluations was considered 
as total and, partially, the lack of one of the evaluations.

The study was approved by the HUCFF/UFRJ Research Ethics 
Committee, under opinion No. 41376814.3.0000.5257 and the Brazil-
ian Registry of Clinical Trials - RBR-4zx26w. All participants signed an 
informed consent form.

en ambos grupos musculares, con ventaja para el grupo extensor. Se observó una significativa diferencia en la respuesta 
isocinética de los grupos entrenados cuando comparados solamente al grupo viscosuplementado (p<0,005), además el 
grupo VEF presentó mejor respuesta isocinética cuando comparado al grupo EF. Conclusión: El tratamiento combinado de 
viscosuplementación y entrenamiento de fuerza y el tratamiento con entrenamiento de fuerza sólo presentaron mejores 
resultados en la respuesta isocinética y en la reducción del dolor que el tratamiento con sólo viscosuplementación. Nivel 
de evidencia I; Estudios terapéuticos-Investigación de los resultados del tratamiento.

Descriptores: Entrenamiento de fuerza; Viscosuplementación; Osteoartritis de la rodilla. 
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They were randomized into three groups: group 1 = underwent VIS 
and ST (VST); group 2 = underwent ST only (ST) and group 3 = underwent 
VIS (VS) only. The study collaborators, isokinetic evaluator and physical 
educator were masked in relation to randomizations.

ST sessions were held at the Centro de Treinamento de Força 
do Centro Ortopédico Reumatológico e Fisiátrico (CTF-CORF). The 
training load was prescribed according to the results obtained in 
the 10-RM test performed until voluntary concentric muscle failure, 
with a three-minute interval between sets.21,22 Participants were in-
structed individually on the technique of performing each exercise. 
None of them completed the 10-RM test. Thus, the minimum load 
of the extension and flexor chair equipments was used as the initial 
load for all participants was 5 kg (PRE), performing the exercises in a 
slow and controlled manner, with three seconds for the concentric 
phase and three seconds for the eccentric phase of the movement. 
The training was performed during twelve weeks with sessions su-
pervised and monitored by the same Physical Educator, according 
to the following periodization: two sets of ten repetitions, three 
times a week, with an initial load of 5 kg, ending a volume of 300 kg 
weekly.21,22 The loads were reevaluated every four weeks, individually 
modifying the training volume according to the achieved load,21,22 
until completing twelve weeks of training (POS T). After this period, 
the training sessions were interrupted for eight weeks (POST D). 
Evaluations followed the pre-procedure (PRE) phases of the study: 
48 hours after VIS (POS-VS), after 12 weeks of training (POS T) and 
finally after eight weeks of detraining (POS D).

The studies of isokenetic dynamometry of the three groups hap-
pened at PNEURO/INTO in order to determine the maximum extension 
and flexion torques of the knee, in phases PRE, POS-VS, POS T, and POS 
D. To evaluate muscle strength an isokinetic dynamometer - CSMI, 
model HUMAC NORM – was used. Subjects sat with the lateral femoral 
condyle aligned with the axis of rotation of the machine and the ankle 
attached to the stem component, knee attachment was strapped on 
using velcro. To determine maximum voluntary strength, isokinetic 
concentric-concentric knee flexion and extension tests within the veloc-
ity protocol of 60º/s in five repetitions were used. The highest instant 
torque found was considered the peak torque and used for the analysis.23 
Before testing procedure, all patients performed warm-up exercise in a 
cycloergometer (5 min., 60 watts). 

Intra-articular knee injections using HGF-20 or VIS were used in 
all patients. The VST and VS groups were viscosupplemented after 
first isokinetic evaluation, while ST group, after the conclusion of the 
study. The viscosupplementation injections were assisted by ultra-
sound. The VIS was a single dose of 6ml /48 mg with 6.000.000 kDa 
of HGF-20 in each knee.15 After infiltrations, patients were instructed 
to rest for 48 hours.12-16

A single examiner applied a specific instrument, Visual Analo-
gue Scale (VAS), to assess perceived pain in the PRÉ, PÓS-VS, PÓS T 
e PÓS D phases.
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Statistical analysis
Statistical Package for Social Sciences (SPSS) version 20.0 software was 

used and one-way ANOVA and two-way ANOVA analyzes were performed 
for repeated measures to identify intragroup differences between the 
moments. A significance level of 5% (p <0.05) was considered.

RESULTS
Of 96 patients eligible for the clinical trial, 46 patients did not meet 

the initial inclusion criteria. Twenty additional patients refused to par-
ticipate. Of the 30 participants included in the research, 20 had grade 
II osteoarthritis and 10 had grade III osteoarthritis. Two partial losses 
occurred in the detraining phase (POS D).

Demographic data show a higher mean age and BMI in the VS group, 
with equivalent KOA degrees of severity (50%). The second lowest mean 
age and BMI were found in the ST group with 80% of the lowest cases of 
KOA (n = 8). The VST group had the lowest mean age among the three 
groups, with a BMI average higher than the ST group and lower than the 
VS group and 70% of the cases of lower KOA severity (n = 7). (Table 1)

In order to evaluate the existence of a mutual relationship between age 
and radiological severity of the sample, Pearson’s correlation coefficient was 
used. In the sample, there was a positive correlation between the level of 
radiological severity and age, neither perfect (<1) nor diffuse (> 0). (Table 2)

Both ST and VIS proved to be efficient in the treatment of KOA, 
regardless of its degree. There was a reduction in pain and an increase 
in isokinetic response when comparing the values of the PRE period to 
those of the POST T period without reversal of the effect and those of 
the POST D period in the three groups. (Table 3)

There was no difference between interventions for most outcomes 
studied, however with exceptions: (1) trained groups had better isokinetic 
results compared to VS group, (2) VST group, although without signifi-
cant difference, had better isokinetic response than ST group (Table 3) 
and (3) there was interaction between momentum and intervention 
confirming the visco-antalgic effect in the POST-VS and sustained, in 
the POST T and POST D periods. These patients, even without training, 
showed evolution of isokinetic response. (Table 3)

DISCUSSION
Analyzing results, in relation to the average age and percentage of the 

degree of severity of the disease, it was observed: in the VS group, higher 
average and percentage equivalence; in the ST group, the second lowest 
average and lowest percentage and, in the VST group, the lowest average 
and percentage (Table 1). Thus, it was expected to find, in the initial isokinetic 
response, the highest peak torque in the VST group, then in the ST group 
and the lowest in the VS group. It is noteworthy that these groups were 
obtained after randomization and before evaluations, which could have 
been performed after the initial isokinetic evaluation and formed equiva-
lent groups, considering the triad: peak torque, age and disease severity. 
However, a selection bias would be configured; Therefore, it was decided 
to use objective instruments, thus ensuring neutrality in the moments of 
evaluation and training. As predicted, peak torque at PRE moment was 
reduced when compared to POS-VS, POS T, and POS D moments. 

Table 1. Demographic and Clinical Characteristics of participants in different intervention study groups.

Viscosupplementation + Training (n=10) Training (n=10) Viscosupplementation (n=10) p-value
Age (years) 61.90 ± 7.23 64.00 ± 8.82 67.80 ± 9.31 NA
Height (cm) 160.70 ± 6.55 159.60 ± 6.90 157.00 ± 3.94 NA

Body weight (kg) 78.42 ± 11.93 74.72 ± 13.7 82.43 ± 10.23 NA
BMI (kg/m2) 30.41 ± 4.68 29.58 ± 4.00 33.45 ± 4.12 NA

Osteoarthritis L II 7 8 5 NA
Osteoarthritis L III 3 2 5 NA

NA = not applicable.

Table 2. Correlation Age x Disease severity.

Groups Age
Radiological

Correlation Agreement
Level II Level III

VSST 61.90 ± 7.23 7 3 r = 0.35 Light
ST 64.00 ± 8.82 8 2 r = - 0.12 Poor
VS 67.80 ± 9.1 5 5 r = 0.55 Moderate

Pearson correlation: positive (r = 1); negative (r = -1); diffuse or not linear (r = 0); without agreeement (r < 0).

Table 3. Outcome.

Pre Pos VS Pos T Pos D P-value
Extension isokinetic response (average ± DP) Peak torque (Nm. kg-1).

VSST+ VS 0.92 ± 0.33 0.96 ± 0.33 NA NA 0.367*
VSST 1.08 ± 0.38 NA 1.17 ± 0.44 1.14 ± 0.40 p < 0.05**

SF 1.05 ± 0.24 NA 1.16 ± 0.23 1.14 ± 0.15 p < 0.05**
VS** 0.76 ± 0.16 NA 0.77 ± 0.12 0.73 ± 0.14 NA

Flexion isokinetic response (average ± DP) Peak torque (Nm. kg-1).
VSST/VS 0.60 ± 0.23 0.66 ± 0.23 NA NA 0.125*

VSST 0.71 ± 0.28 NA 0.81 ± 0.29 0.79 ± 0.26 p < 0.05**
SF 0.69 ± 0.13 NA 0.73 ± 0.19 0.78 ± 0.15 p < 0.05**

VS** 0.50 ± 0.11 NA 0.57 ± 0.14 0.53 ± 0.16 NA
EVA (average ± DP)

VSST + VS 7.45 ± 1.19 3.80 ± 0.83 NA NA < 0.001
VSST 7.1 ± 0.88 NA 1.8 ± 0.79 1.9 ± 0.88 < 0.001

ST 6.5 ± 0.71 NA 2.0 ± 1.25 2.4 ± 1.43 < 0.001
VS 7.8 ± 1.40 NA 1.5 ± 1.18 1.60 ± 1.26 < 0.001

NA-not applicable; **Significantly different over vs signif; *Not significantly different.

Analysis between groups shows that peak torque is higher and 
equivalent in VST and ST groups and much lower in the VS group, pro-
bably due to the higher age group of the VS group and the percentage 
distribution of severity levels among the three groups. This probability 
is supported by the positive correlation found between age and radio-
logical severity of the sample, which shows slight correlation in the VST 
group, poor correlation in the ST group and moderate correlation in the 
VS group (Table 2). In this regard, the use of the isokinetic dynamometer 
enables rapid and reliable quantification of muscle function, analyzing 
dinapenia between groups and quantifying torque, power and work.23

Age and radiological classification are known to account for isokinetic and 
isometric torque differences in KOA.5,6,7 There is a greater reduction in extensor 
torque than flexor torque, and muscle strength is generally associated with 
pain level and radiological severity, especially in patients over 51 years old.24

These results are similar to those found in this paper, in the analy-
sis of the isokinetic response of the PRE moment. However, there is a 
higher mean isokinetic strength of knee extensors than flexors, in the 
four moments and in the three groups. 

This difference is attributed to the absence in this work of a control 
group. It is noteworthy that in these studies there is as a common limita-
tion only the observation of the acute effect of isokinetic force, in a single 
moment. In contrast, this study compared it at four different times and 
after two different interventions. This way, both short- and long-term 
benefits were effectively shown in the isokinetic response with mainte-
nance of these benefits after the detraining period (Table 1), being similar 
to the results found by Gentil et al.25 and by Correa et al.26 These authors 
evaluated elderly and sedentary, without joint disease, but the present 
study evaluated women with an average age above 61 years and with 
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KOA, which indicates relevance to the results obtained. Few studies have 
evaluated the effect of both VIS and ST on the isokinetic response. Miltner 
et al.27 concluded that patients treated with sodium hyaluronate have a 
higher peak extensor and flexor torque, which reduces resting pain and 
improved joint function. Diracoglu   et al.28 concluded that VIS promoted 
short-term increase in isokinetic muscle strength with improvement in 
patients’ functional conditions. These two studies confirm the improve-
ment promoted by VIS in the acute isokinetic response. For this reason, in 
this study, three interventions were compared at four times with different 
attributes, before and after a treatment phase, with a single dose of VIS 
(15), with an association of VIS and ST and only with ST. The results indicate 
benefits in both acute and chronic effects, which, although without statis-
tical differences, show a slight increase in peak torque at POST T, remaining 
at POST D, with some reduction compared to POS T and still greater than 
the PRE moment, both in flexor and extensor strength, in both groups, 
with a significant advantage for the VST over the VS group. This suggests 
a possible benefit from the association of interventions (Table 3). As for 
the direct effect of VIS on the PRE and Post-VS moments measured by VAS, 
a significant difference is observed when compared to the PRE moment 
(Table 3), confirming results found in a large number of previous studies that 
evaluated the pain response reported in patients undergoing VIS (12-16), 
which is its greatest benefit. It should be remembered that, in the selection 
of research participants, only those with VAS ≥ 6, value defined as for PRE 
phase, were admitted. In the POST-VS phase, all patients indicated VAS ≤ 
5 (Table 3), defining that VIS is effective in reducing pain, both immediate 
and long term, because its analgesic effect was significantly different from 
POST and POS D in the viscosupplemented groups. (Table 3)

The present study becomes relevant as it also evaluates the effects 
of ST when comparing the VS with the VST and ST groups and presents 
significant differences in flexor and extensor peak torque in relation to 

the PRE phase in the trained groups. (Table 3) This clarifies the differential 
that ST provides: although not statistically significant, it shows equiva-
lence between the VST and ST groups at the POST time in the extensor 
isokinetic response and a better result at the same time in the flexor 
isokinetic response in the VST than in the ST group (Table 3). However, 
it was observed an equivalent maintenance of the gains obtained by 
these two groups in the POST D phase, both in extensor torque and flexor 
torque (Table 3), confirming what has already been discussed about de-
training. Analyzing the pain referred by the ST group, it is observed that 
training also promotes pain reduction with maintenance of the benefits 
obtained, but less than that observed in the groups submitted to VIS, 
but not less efficient (Table 3). It should be taken into account the fact 
that in the VST group were the patients with the highest radiological 
severity and the lowest average age (Table 1). Therefore, the hypothesis 
that the association would be more effective than each intervention 
alone was not confirmed. Though the results suggest a greater benefit 
from the association of interventions: VIS reducing pain and improving 
function12-16 and ST providing better mechanical efficiency, pain reduction 
and anti-inflammatory action,10,29,30 with sustained effect after detraining.

CONCLUSION
This study supports the idea that the intervention in muscle strength 

promoted by its training continues to be an excellent non-pharmaco-
logical therapeutic option for the treatment of knee osteoarthritis, as 
it proves to be superior to viscosupplementation alone. Moreover, the 
treatment of knee osteoarthritis in relation to the isokinetic response 
should not be based solely on viscosupplementation. Further studies 
may show the possibility of generalizing these recommendations.

All authors declare no potential conflict of interest related to this article
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