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Abstract

Introduction: The incidence of knee injuries is very high in young adults. Anterior cruciate ligament (ACL) 
rupture is the most frequent of them. The isokinetic dynamometry evaluation determines the function-
al patterns of strength and muscle balance. Objective: To compare the isokinetic hamstring/quadriceps 
peak torque and work ratios of young adults after surgical reconstruction of the anterior cruciate ligament. 
Methods: We selected 33 medical records filed by the Isokinetic laboratory of the Physiotherapy Clinic 
of the Catholic University of Paraná (PUCPR), which belonged to patients who had undergone isokinetic 
assessment  at the request of a physiotherapist or physician in Curitiba, Paraná. The tabulated data were: 
Hamstring/Quadriceps peak torque and work ratios of all injured and non-injured limbs at an angular ve-
locity of 60°/s. Data were processed by the statistical software LHstat. Inferential statistics was used in 
order to apply the comparison test between means (unpaired t-test) with a confidence interval of 95%. 
Results: The average flexion-extension ratio of the non-involved limb was lower than the involved limb both 
for peak torque (peak torque ratio of the non-involved limb: 56.1%; peak torque ratio of the involved limb: 
66.3%; difference: 10.2%) and work (work ratio of the non-involved limb: 60.1%; work ratio of involved 
limb: 66.1%; difference: 6%). Conclusion: The average flexion/extension ratio found was adequate for both 
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limbs and variables, however, the subjects presented a greater number of muscle asymmetries in the in-
volved limb than in the non-involved limb.

 [P]

Keywords: Isokinetic. Knee. Anterior cruciate ligament (ACL). 
[B]

Resumo 

Introdução: A incidência de lesões de joelho em adultos jovens é muito alta, sendo a ruptura do ligamento cru-
zado anterior (LCA) a mais frequente. A avaliação por Dinamometria Isocinética determina o padrão funcional 
de força e equilíbrio muscular. Objetivos: Comparar a relação das variáveis isocinéticas torque e trabalho de 
flexores e extensores do joelho em adultos jovens após a reconstrução cirúrgica do ligamento cruzado anterior. 
Metodologia: Foram selecionados 33 prontuários arquivados pelo laboratório de Isocinética da Clínica de 
Fisioterapia da Pontifícia Universidade Católica do Paraná (PUCPR), de pacientes que realizaram a avaliação 
isocinética a pedido de fisioterapeutas e de médicos da cidade de Curitiba (PR). Os dados tabulados foram: re-
lação flexora/extensora de pico de torque e trabalho em todos os membros lesionados e não-lesionados a uma 
velocidade angular de 60°/s. Os dados foram tratados pelo software de estatística LHstat. A estatística inferen-
cial foi empregada para aplicar o teste de comparação entre médias (Teste t não pareado) com um intervalo 
de confiança de 95%. Resultados: A média da relação flexo-extensora é menor no membro não envolvido 
tanto no pico de torque (relação pico de torque do membro não envolvido 56,1% e relação do pico de torque 
do membro envolvido 66,3%, apresentando diferença de 10,2%) quanto no trabalho (relação do trabalho no 
membro não envolvido 60,1% e relação do trabalho do membro envolvido 66,1% apresentando diferença de 
6%). Conclusão: A média encontrada da relação flexo-extensora foi adequada para ambos os membros e vari-
áveis, no entanto os indivíduos apresentaram assimetrias musculares em maior número no membro envolvido 
do que no membro não envolvido. [K]

Palavras-chave: Isocinética. Joelho. Ligamento cruzado anterior (LCA).

Introduction

The incidence of knee injuries is very high in 
young adults and reaches approximately 70% in 
sports practice. Anterior cruciate ligament (ACL) 
disruption is the most frequent of these injuries and 
males are usually more affected by it. However, the 
incidence in females is increasing every year (1, 2, 3).

The ACL is responsible for about 85% of the an-
terior stabilization of the knee joint. The signs and 
symptoms that indicate its rupture include: joint 
stroke, cracking, missteps, pain and difficulty in per-
forming some daily life activities. Nevertheless, some 
individuals do not report symptoms and are classified 
as adapted to the injury. Surgery candidates usually 
present motor impairments and have the intention 
of returning to sport (4, 5).

Among the surgical reconstruction procedures 
available, the most common grafts are derived from 
the patellar tendon, the tendon of the semitendi-
nosus muscle, cadavers (allograft), or are synthetic 

grafts. Morbidity of the site the graft is acquired from, 
muscle weakness associated with initial injury and 
the surgical procedure itself are factors that may in-
terfere with postoperative recovery (6, 7). In injured 
knees, the hamstrings act as ACL synergists and help 
reduce the incidence of new ligament injuries (8). 
Even if the knee presents stability and good range of 
motion, the ultimate goal of surgical reconstruction 
cannot be achieved without the recovery of muscle 
strength (8, 9).

The interest in assessing muscle performance 
of the knee extensors and flexors is due to the fact 
that they are reference values for the isokinetic and 
functional recovery progression and the return to 
sports (10, 11). Isokinetic dynamometry is a reliable 
method of determining the functional pattern of mus-
cle strength and balance. In this context, isokinetic 
variables such as peak torque, work, and power are 
important. The application of these variables in the 
balance relationship between flexors and extensors 
(FLEX/EXT) of the knee has been identified as an 
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and one maximum contraction for familiarization 
and recruitment of motor units. An angular velocity 
of 60°/s was measured in concentric mode and the 
patient performed three maximum repetitions.

The tabulated data were: Hamstring/Quadriceps 
peak torque and work ratios in all injured and unin-
jured limbs at an angular velocity of 60°/s. The post-
operative time period and the side involved were also 
assessed. The Body Mass Index (BMI) of the entire 
sample was calculated  as body weight divided by 
height squared (kg/m2). Data were then processed 
by the statistical software LHstat and presented 
though descriptive statistics, graphs and tables. The 
inferential statistics was used in order to apply the 
comparison test between means (unpaired t-test) 
with a confidence interval of 95%.

Peak torque ratios between 49.9% and 69.9% 
were considered to be normal or appropriate (both 
for peak torque and work). Values above 69.9% 
and below 49.9% were considered to be abnormal 
or inadequate.

Results

The average body weight was 78.6 ± 7.58 kg (mini-
mum of 60 kg and maximum of 90 kg). The average 
height was 1.78 ± 0.06 m (minimum of 1.63 m and 
maximum of 1.91 m). The BMI average was 24.76 ± 
2.20 kg/m2 (minimum of 20.76 kg/m2 and maximum 
of 29.41 kg/m2). We found that 22 subjects had a 
healthy BMI (normal range between 18.5 and 24.9 
kg/m2) and 11 subjects were above the recommend-
ed weight (25 to 29.9 kg/m2). 

Regarding the anatomic distribution of the inju-
ry, among the 33 cases selected, 15 cases (45.45%) 
had injured the nondominant limb and 18 (54.55%) 
had injured the dominant limb. Most of the subjects 
(60.61%) were evaluated after 4-5 months (60.61%) 
and 39.39% were assessed after 6-8.

Table 1 shows the descriptive statistical findings of 
the following variables: hamstring/quadriceps peak 
torque ratio in the non-involved limb (PTRNI); ham-
string/quadriceps peak torque ratio in the involved 
limb (PTRI); quadriceps-to-hamstring work ratio in 
the non-involved limb (WRNI) and quadriceps-to-
hamstring work ratio in the involved limb (WRI). 

The PTRNI obtained approximately 75.8% of the 
sample with values between 49.9% to 69.9%. The 
PTRI obtained approximately 60.6% of the sample 

important tool to evaluate the functional ability of 
joints and to calculate indices of injury risk (12, 13).

Thus, the aim of this study was to compare the 
isokinetic hamstring/quadriceps peak torque and 
work ratios.

Materials and methods

This is an applied study. We used a quantitative 
descriptive approach  and the research design was 
ex-post facto  and documental (14).

Data collection was performed in August 2010. 
We collected data from October 2007 to June 2010, 
through the selection of 33 medical records archived 
by the Isokinetic laboratory of the Physiotherapy Clinic 
of the Catholic University of Paraná (PUCPR) which 
met inclusion and exclusion criteria. Inclusion crite-
ria were: male gender; age between 20 and 30 years; 
postoperative (PO) ACL reconstruction with semiten-
dinosus graft and Isokinetic assessment performed 
4-8 months after surgery. Exclusion criteria were: a 
bilateral knee injury; musculoskeletal and joint disor-
ders of the knees; systemic and neurological diseases.

All of the selected records belonged to patients 
who had undergone isokinetic assessment at the re-
quest of a physiotherapist or physician in the city 
of Curitiba. There was, therefore, no prior contact 
with any recovery stage. Individuals undergoing the 
isokinetic testing were previously assessed through 
the use of a physical therapy record, on which per-
sonal data, height (estimated by use of stadiometer), 
body weight (assessed by scale), clinical diagnosis, 
and other data were recorded. After this first contact 
was made, patients performed a 5-minute warm-up 
on a cycle ergometer with 5Kpm load.

This was followed by the isokinetic assessment, 
which was performed by using the Cybex isokinetic 
dynamometer (model Norm 700). All assessments 
were performed by only one experienced review-
er. The non-involved member was tested first. The 
patient was sitting down when the measurement 
was taken and all parameters recommended by the 
manufacturer were followed: slightly reclined trunk; 
properly stabilized trunk, thigh and legs; axis of ro-
tation of the lever arm was properly aligned to the 
lateral femoral condyle. Range of motion in the knee 
was 100° of flexion to 0° of extension. The procedure 
was fully explained to the patient, who performed a 
specific warming-up, two submaximal contractions 
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necessary that its variables follow the normal dis-
tribution, because, regardless of the distribution of 
these variables, their average will be close enough to 
the normal distribution in order to allow for the use 
of the t-test (15).

Table 2 shows the distribution of normal and ab-
normal cases among the variables, both in absolute 
value and in percentage. We found a greater ham-
strings weakness values in the non-involved lower 
limb for the peak torque variable. However, for all 
other variables, quadriceps weakness values were 
higher, even though the sample was constituted by 
subjects who had undergone ACL reconstruction us-
ing a graft of the semitendinosus muscle.

Table 3 shows the distribution of cases of quad-
riceps-to-hamstring peak torque and work ratios, 
according to postoperative months and in absolute 
number and percentage.

Regarding the peak torque, we observed that 14 
subjects had muscle balance and 19 subjects still 
presented alterations in this aspect, both bilaterally 
and unilaterally. With regards to work, 20 subjects 
showed balance, while 13 subjects showed altera-
tions from normality.

According to the data from Table 3, there are more 
individuals with muscle dysfunction or deficit in the 
involved limb than in the non-involved limb, inde-
pendent of the month considered. However, the study 
also found changes in muscle strength in both limbs.

Data crossing of BMI data with standard values 
for the agonist-antagonist ratio (49.9% to 69.9%) 
resulted in the formation of two groups: normal 
BMI and overweight BMI. 15.2% of the sample had 
normal BMI and balance of the agonist-antagonist 
ratio, 27.3% of the sample showed weakness of the 
extensor muscles, 21.2% showed weakness of the 
flexor muscles, and only 3% showed weakness of 
both agonists and antagonists. 

with values between 49.9% to 69.9%. The average 
PTRNI was 56.1%, and the average PTRI was 66.3%. 
Thus, the difference between members was 10.2%, 
considered statistically significant (p < 0.05). The 
average comparison test was performed with paired 
data and a normal distribution of sample means at a 
significance level of 5%. Student's t value was < 1% 
error. Thus, PTRI is higher than PTRNI.

The WRNI obtained approximately 81.8%, with 
values between 49.9% and 69.9%. However, the WRI 
obtained about 69.7% of the sample, with values 
between 49.9% and 69.9%. The average WRNI was 
60.1%, and the average WRI was 66.1%. Thus, the 
difference between limbs was 6%, considered statis-
tically significant (p < 0.05). The average comparison 
test was also performed with paired data and a nor-
mal distribution of sample means at a significance 
level of 5%. Student's t value was < 2% error. Thus, 
WRI is higher than WRNI

Tests of normality and homoscedasticity were 
performed for the analysis of the variables (PTRNI, 
PTRI, WRI and WRNI). The Shapiro-Wilk normal-
ity test accepts the hypothesis of normal distribu-
tion. A significance level of 5% or 0.05 was used. If 
the p-value is below 0.05, the hypothesis of normality 
for the variable analyzed is rejected. The PTRNI and 
WRNI variables had p-values > 0.05; which denotes a 
normal distribution. The PTRI and WRI variables, on 
the other hand, had p-values < 0.05; which denotes an 
abnormal distribution. This change is due to the high 
value of standard deviation associated with these 
variables, which are related to the injured knee.

The homoscedasticity test supports the hypoth-
esis of uniform variance of distribution is also based 
on the p-value and has a significance level of 0.05. 
All of the analyzed variables analyzed showed val-
ues > 0.05; which indicates the homogeneity of the 
sample. With a sample of 33 individuals, it is not 

Table 1 - Comparison of the hamstring/quadriceps peak torque ratio: descriptive statistical findings

Variable
Peak torque Work

Non-involved limb Involved limb Non-involved limb Involved limb

Minimum 41.8% 36.5% 46.3% 36.9%

Maximum 70.4% 129.5% 75.3% 127.9%

Average 56.1 ± 7.4% 66.3 ± 18% 60.1 ± 7.4% 66.1 ± 17.1%

Source: Research data. 
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Table 2 - Distribution of cases among the variables (absolute value and percentage)

Variable
Normal* Abnormal**

(Quantity) Higher Lower Total %

PTRNI 25 75.8% 1 7 8 24.2%

PTRI 20 60.6% 9 4 13 39.4%

WRNI 27 81.8% 4 2 6 18.2%

WRI 23 69.7% 8 2 10 30.3%

Note: PTRNI = hamstring/quadriceps peak torque ratio of the non-involved limb; PTRI = hamstring/quadriceps peak torque ratio of the 

involved limb; WRNI = quadriceps-to-hamstring work ratio of the non-involved limb; WRI = quadriceps-to-hamstring work ratio of 

the involved limb; *Normal = PTRNI and PTRI are between 49.9 and 69.9%; **Abnormal = Higher than 69.9% and Lower than 49.9%.

Source: Research data.

Table 3 - Distribution of cases among the variables (absolute value and percentage)

Peak torque Work

Time 
(months)

Normal
*

 n (%)

Abnormal
** Time 

(months)

Normal 
*

 n (%)

Abnormal
**

I NI
None 

***
% I NI

None 
***

%

4 5 (15.2%) 5 1 2 24.2 4 8 (24.2%) 2 2 1 15.2

5 3 (09.1%) 2 1 1 12.1 5 5 (15.2%) 2 0 0 06.0

6 à 8 6 (18.2%) 4 2 1 21.2 6 à 8 7 (21.2%) 4 1 1 18.2

Total 14 (42.5%) 11 4 4 57.5 Total 20 (60.6%) 8 3 2 39.4

Note: I = involved limb; NI = non-involved limb; *Normal = NI and I are between 49.9 and 69.9%; **Abnormal = NI and I are lower than 

49.9% and/or higher than 69.9%; *** None = none of the lower limbs has any values between 49.9 and 69.9%.

Source: Research data.

21.2% of the sample had overweight BMI and 
shoed balance of agonist-antagonist ratio, 9.1% 
showed weakness of extensor muscles and 3% 
showed weakness of the hamstrings.

Discussion

The isokinetic assessment has been used in recent 
decades as a method to determine the functional pat-
tern of muscular strength and balance through the 
analysis of the following variables: peak torque and 
agonist-antagonist balance ratio. The angular velocity 
of 60°/s is widely used to evaluate the maximum joint 
moment given in torque, basically for two reasons: 

the first is that, the smaller the angular velocity the 
larger the torque; the second is because at this speed 
there will hardly be fatigue, obviously respecting the 
maximum number of 3 repetitions. In the present 
study, we used the flexor/extensor (FLX/EXT) ratio 
as an assessment parameter, because it is an indica-
tor of normality with regard to the balance between 
the function of the extensors and flexors of the knee. 
There is a 50-70% oscillation in the flexor/extensor 
ratio of the healthy knee joint (12, 16, 17, 18, 19).

Normally, muscle imbalances in the knee are 
assessed using the conventional ratio (concentric 
hamstrings/concentric quadriceps). Values between 
0.5 and 0.7 are considered normal. FLX/EXT ratio 
around 60%, at an angular velocity of 60°/s , had 
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during which time the recovery of muscle function 
is expected, physical evaluation revealed a deficit in 
muscle strength (11, 26, 27, 28, 29, 30, 31).

In a survey, eleven amateur-level athletes (29) 
were evaluated months after ACL reconstruction us-
ing patellar tendon autogtraft. Its results show that 
the FLX/EXT ratio is lower on the involved side. On 
the other hand, the assessment of twenty-eight ath-
letes who had ACL laxity or not (31), could not detect 
significant differences in FLX/EXT ratios between the 
two groups. This evidences that ACL laxity does not 
affect knee joint muscle balance. Another study evalu-
ated 6 patients in the preoperative and postoperative 
period on two occasions (31): after 4 months and 
one year. An imbalance in the FLX/EXT relationship 
after ACL reconstruction was found, especially in the 
period of 4 months after surgery (21, 29, 31, 32). Our 
study found a higher FLX/EXT ratio on the injured 
limb, when compared to the non-injured side. This 
suggests a deficit of the extensor muscles. Our results 
show a higher FLX/EXT ratio on the reconstructed 
knee both in the peak torque (10 % deficit between 
limbs) and in work (6.3 % deficit between limbs).

A muscle-ligament reflex prevents excessive 
Anterior Tibial Translation (ATT). It promotes the 
inhibition of the quadriceps and the activation of 
the hamstring, which act as a dynamic agonist of 
the ACL in injured individuals (27). However, there 
is a significant difference in the agonist/antagonist 
relation, due to the quadriceps deficit and a little loss 
of strength of hamstrings, promoting an imbalance 
in the relationship. During the postoperative recov-
ery the readjustment of the FLX/EXT relationship is 
sought. However, an excessive development of quad-
riceps strength contributes to a decreased antagonist 
coactivation of the hamstrings and favors ligament 
rupture, due to the decrease in the stabilizing forces 
of this joint (8, 18, 22, 27, 32, 33).

Muscle imbalances detected by the FLX/EXT ratio 
are associated with a higher incidence of injury in 
athletes. The current literature shows evidence that 
the muscle coactivation that takes place in the knee 
would serve to protect and stabilize the joint during 
powerful muscle contractions. Moreover, it would be 
responsible for distributing pressure across the joint 
and minimizing fatigue and joint damage (24, 34).

Among soccer and futsal players (35), the FLX/
EXT ratio at 60°/s had an average of 54.7%. The au-
thors suggested that the ideal ratio for football play-
ers was 65%. Other studies (36), found a FLX/EXT of 

good acceptability; there is, however, no consensus 
on the desired normative value. Nevertheless, the 
use of the conventional ratio alone has limitations 
since it represents a situation that is absent during 
the execution of functional movements. Therefore, 
the functional ratio (eccentric flexor peak torque/ 
extensor concentric peak torque ) is currently used 
for this evaluation. Changes in this ratio predispose to 
injury in the knee joint and strains in the hamstring 
muscles (17, 19, 20, 21, 22, 23). In the present study 
we could confirm average values of 50 to 70% for 
the agonist-antagonist ratio within 4 to 8 months of 
postoperative reavaluation in the absolute majority 
of the sample.

Quadriceps muscle atrophy, instability and pain 
are clinical complaints that may be explained by defi-
cits in muscle performance after the recovery process 
(20, 24, 25).

The loss of muscle strength is associated with pro-
prioceptive loss, thus, one should be cautious when 
using the non-injured side as a normal parameter for 
the injured side, because the injured side can influ-
ence the contralateral side (4, 17).

Studies in subjects with ACL disruption show that 
return to function at pre-injury level is dependent 
on the knee extensor strength and that return to a 
functional level is positively correlated with muscle 
strength assessments. The FLX/EXT ratio  in healthy 
individuals reaches between 50% and 60% and the 
increase in FLX/EXT is probably due to a extensor 
muscle strength deficit (10).

Loss of muscle strength in the postoperative ACL 
reconstruction population has been frequently docu-
mented because it is a limiting factor for the return 
to physical activities. Isokinetic assessment allows 
more precise measurements and has a major im-
pact on clinical decision making. Among the tests 
and equipments developed for evaluation of muscle 
performance of the knee extensors and flexors, com-
puterized isokinetic dynamometers are considered 
gold standard. Values obtained in the isokinetic test 
are, in theory, more realistic in relation to maximum 
muscle functional capacity. Some studies have indi-
cated higher knee extensor peak torque values for the 
non-involved limb than for the involved limb. They 
allege that the recovery of the extensor mechanism 
is slow and difficult. After ACL rupture, it is possible 
to identify a greater weakness of quadriceps than 
hamstrings (26). In another study, it was shown 
that, even after five years of ACL reconstruction (26), 
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smaller part presented asymmetries. Regarding the 
measuring variables (peak torque and work), indi-
viduals presented a great number of  muscle deficits 
in the involved limb than in the non-involved limb.

Therefore, we suggest the need to promote great-
er attention to the functional recovery of muscle 
strength of the limb involved by the lesion, yet with-
out forgetting the importance of maintaining muscle 
strength and balance of the contralateral limb, both 
in bilateral balance and FLX/EXT ratio.
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