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INTRODUCTION

Researchers who study the knee joint use torque, 

work, and power as units of measurement for com-

parisons between groups of individuals or different in-

terventions. Studies examining the influence of using 

different types of grafts(1), graft fixation techniques(2), 

rehabilitation protocols(3), and differences between 
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ABSTRACT

Objectives: The aim of this study was to evaluate the re-

liability and validity of a modified isometric dynamometer 

(MID) in performance deficits of the knee extensor and fle-

xor muscles in normal individuals and in those with ACL 

reconstructions. Methods: Sixty male subjects were invited 

to participate of the study, being divided into three groups 

with 20 subjects each: control group (GC), group of indi-

viduals with ACL reconstruction with patellar tendon graft 

(GTP, and group of individuals with ACL reconstruction with 

hamstrings graft (GTF). All individuals performed isometric 

tests in the MID, muscular strength deficits collected were 

subsequently compared to the tests performed on the Biodex 

System 3 operating in the isometric and isokinetic mode 

at speeds of 60º/s and 180o/s. Intraclass ICC correlation 

calculations were done in order to assess MID reliability, 

specificity, sensitivity and Kappa’s consistency coefficient 

calculations, respectively, for assessing the MID’s validity 

in detecting muscular deficits and intra- and intergroup com-

parisons when performing the four strength tests using the 

ANOVA method. Results: The modified isometric dynamo-

meter (MID) showed excellent reliability and good validity in 

the assessment of the performance of the knee extensor and 

flexor muscles groups. In the comparison between groups, 

the GTP showed significantly greater deficits as compared 

to the GTF and GC groups. Conclusion: Isometric dynamo-

meters connected to mechanotherapy equipments could be 

an alternative option to collect data concerning performance 

deficits of the extensor and flexor muscles groups of the knee 

in subjects with ACL reconstruction.

Keywords - Knee, Anterior cruciate ligament; Protocols; 

Retrospective studies

the sexes(4) in muscle and functional performance in 

patients undergoing surgery provide reliable data that 

support the development of rehabilitation protocols by 

clinicians of the field.

Experts in the field have much interest in assessing 

the performance of the extensor and flexor muscles of 
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to the type of methodology used to assess and collect 

data related to muscle performance. However, there 

is a need to develop equipment that can use a system 

for patient stabilization, joint angle settings to collect 

data on significant muscle deficits, allowing for tar-

geted intervention that could be easily reproduced in 

different clinical and research centers. This requires 

evaluating the validity and reliability criteria between 

deficits in isometric and isokinetic muscle performan-

ce collected using different types of dynamometers.

The objectives of this study were to evaluate the 

intraobserver reliability of a modified isometric dy-

namometry (MID) device and its validity for classi-

fying performance deficits of the extensor and flexor 

muscle groups of the knee in normal subjects and 

patients who underwent ACL reconstruction using 

examination with the Biodex System 3 dynamometer 

as a reference.

METHODS

Three groups, involving a total of 60 male volun-

teers aged between 18 and 40 years, were recruited 

through verbal invitation by telephone. The first, 

called the control group (CG) consisted of 20 volun-

teers with no history of knee injury who participate in 

amateur sports. The second, called the patellar tendon 

group (PTG) was formed by 20 volunteers who under-

went ACL reconstruction with a patellar tendon auto-

graft. The third group consisted of 20 volunteers who 

underwent ACL reconstruction with flexor tendons 

(semitendinosus and gracilis) autografts; this group 

was called the flexor tendons group (FTG). All of 

the volunteers from the PTG and the FTG underwent 

surgery performed by the orthopedic surgeons of the 

Knee Surgery Group at the Hospital Municipal Celso 

Pierro, Pontifícia Universidade Católica de Campinas. 

The general characteristics of the three groups of par-

ticipants and the details of the postoperative status of 

the PTG and the FTG are described in Table 1.

The inclusion criteria for the CG were the absence 

of a previous history of knee injury of any nature, 

absence of neuromuscular disorders, differences in 

ligament laxity between knees < 3 mm assessed by 

the KT 1000. The inclusion criteria for the FTG and 

the PTG were six postoperative months completed, 

absence of inflammatory signs, normal gait, absence 

of neuromuscular disorders, and no complaints of in-

stability in the activities of daily living. Exclusion
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the knee because the literature provides benchmarks 

for the progression of the phases of postoperative re-

habilitation for ACL reconstruction surgery, allowing 

patients to start running, agility training, and to return 

to competitive sports based on the deficits found in 

the injured knee compared to the contralateral knee(5).

The assessment of muscle deficits in athletes in the 

pre-season favors preventive interventions through 

the correction of deficits of the knee extensors and 

flexors or the restoration of the agonist-antagonist 

balance(6). Among the tests and equipment developed 

for the evaluation of muscle performance in the knee 

extensors and flexors, computerized isokinetic dyna-

mometers are considered the gold standard(7).

However, isokinetic dynamometers are inacces-

sible to most physiotherapists in Brazil due to its 

high cost, the fact there are no domestic manufac-

turers, and because they require considerable space 

for installation.

These factors make it difficult for clinicians and 

laboratory researchers to have access to the muscle 

performance of knee extensors and flexors in any kind 

of disease. An alternative to this problem would be to 

use isometric tests that could reproduce the deficits 

found in tests performed on computerized isokinetic 

dynamometers. Various authors have used a handheld 

isometric dynamometer model(8-10).

This device is a digital dynamometer that can be 

used to measure isometric torque at various joints 

performing manual strength tests. It has shown good 

intraobserver reliability for evaluation of the shoul-

der rotators in normal subjects(11), good correlation 

with isokinetic dynamometers in the assessment of 

the muscle strength of shoulder rotators in patients 

with neurological sequelae(12), and good agreement in 

the evaluation of the knee extensors in geriatric pa-

tients(13). However, to evaluate the lower limb muscle 

performance of physically active individuals, the di-

gital dynamometer has many disadvantages, because 

the patient is not stabilized and a strong examiner is 

needed to maintain the joint angle to be tested during 

the examination. These two factors have led to re-

ports of poor reliability in the evaluation of powerful 

muscle groups like the quadriceps(14) and poor corre-

lation has been observed between the manual digital 

dynamometer and computerized isokinetic dynamo-

meters in the assessment of patients with a postope-

rative knee status(15). These findings may be related 
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Figure 1 – (A) Kratos® analog traction dynamometer. (B) Mecha-
notherapy equipment adapted to accommodate the Kratos® analog 
dynamometer in the rear portion of the device.

criteria for all groups were: history of bilateral liga-

ment injuries, prior knee ligament reconstruction sur-

gery of any kind, fractures of any kind in the lower 

limbs, combined ligament ruptures, advanced osteo-

arthritis in the tibiofemoral or patellofemoral joints 

with evident deviation of the joint axis.

All volunteers received detailed written instruc-

tions describing how the test would be conducted and 

signed an informed consent form agreeing to partici-

pate. The project was approved by the Ethics Commit-

tee of the Hospital das Clínicas, School of Medicine, 

Ribeirão Preto – Universidade de São Paulo, record 

number 2977/2007.

The subjective Lysholm(16) evaluation was used 

to functionally characterize the sample. This scale is 

widely used and has been validated for the Portuguese 

language(17). The Tegner scale(18) was used to assess 

the sports level of volunteers in the three groups.

The KT 1000 arthrometer (MEDmetric, San Di-

ego, CA) was used to assess all groups. In the CG, 

the equipment assessed the inclusion and exclusion 

criteria of the study participants. In the PTG and the 

FTG, the KT 1000 was used to determine the clinical 

stability of the operated knee.

Initially, all participants underwent a clinical 

evaluation. In the clinical evaluation, in addition to 

the collection of anthropometric data, the volunteer 

underwent some parts of the physical examination, 

which included assessment of the passive range 

of motion (ROM), thigh girth, and completing the 

Lysholm and Tegner questionnaire.

After clinical evaluation, volunteers underwent ar-

thrometric KT 1000 examination, through the manual 

maximum test (MMT). Three MMTs were performed 

and the highest value was recorded on the clinical 

evaluation form. In the PTG and the FTG, the unin-

jured knee was always tested first, and in the control 

group, the non-dominant knee.

After the completion of the MMT, all volunteers 

performed a five minute warm-up on a stationary 

bicycle, followed by three 30-second series of tra-

ditional stretches for the quadriceps and hamstrings.

To collect data on the functional performance of 

the participants, we developed a modified isometric 

dynamometry (MID) device. This device is designed 

to collect the torque of the knee extensor and flexor 

through isometric contractions.

To make quantification of the deficits in muscle 

performance of the participants involved possible, 

we used two Kratos® Model LDC (Kratos Indus-

trial Equipment Ltda.) analog traction dynamom-

eters (Figure 1a). The traction dynamometers are 

made of cast aluminum housing, have a capacity to 

100kgf, offering 2% accuracy of the read point, and 

are supplied with a calibration certificate tracked 

by the Brazilian Calibration Network (RBC, Rede 

Brasileira de Calibração). The traction dynamome-

ters were installed in the back of the mechanotherapy 

unit, where the weights were originally allocated 

(Figure 1b).

The equipment was calibrated prior to each evalu-

ation of extensor and flexor muscle isometric torque 

performance. Calibration was done using a 5kg 

weight, placed first on a Filizola® digital scale for 

confirmation of the weight and then connected to two 

Kratos® dynamometers to confirm the load. The torso, 

hip, and thigh of the subjects were stabilized with

Table 1 – General characteristics of the volunteers distributed into 

the three groups analyzed: CG, PTG, and FTG.

Variables CG PTG FTG

Sample (N) 20 20 20

Age (years) 24.95 (±5.18) 32.6 (±7.76) 27.55 (±6.88)

Height (cm) 175.1 (±7.35) 176.2 (±8.48) 179.5 (±8.99)

Weight (kg) 75.8 (±8.7) 85.5 (±14.3) 79.9 (±8.7)

Girth* 0.8 (±0.6) 1.42 (±1.1) 1.35 (±1.3)

Tegner scale 5.5 6.2 6.7

PO time (months) ********************** 8.5 (±5.45) 8.5 (±4.00)

Supervised rehabilitation ********************** 10/20 15/20

Home rehabilitation ********************** 10/20 5/20

Legend: CG = control group; PTG = patellar tendon group; FTG = flexor tendons group.
*Girth demonstrating differences between the thighs in values collected 15 cm from the superior 
end of the patella.
Source: FMRP-USP



217

Rev Bras Ortop. 2009;44(3):214-24

Velcro straps (Figure 2a). The distal resistance support 

or tibial support was placed two fingers above the 

lateral malleolus. The volunteers were instructed to 

crossed their arms over their chest to isolate the knee 

extensor moment. After correctly positioning the 

volunteer in the MID device the knee was positioned 

at 60° of flexion. For the evaluation of the isometric 

flexor torque, the patient was positioned prone and 

Velcro belts were placed to stabilize the pelvis to 

avoid compensation. After correctly positioning the 

volunteer, the knee was positioned at 30° of flexion. 

The patient was instructed to slowly flex the knee 

from a resting position of approximately 0° until 

it created tension in the steel cable blocking the 

continuation of the movement. When the blocking 

 !"#$%&%'&%$(#&)%#%*!+,!&-.#!&#&)%#/!&0%1&2"#"0$%#,"%$#

the goniometer to measure the knee angle (Figure 2b). 

After the correct positioning of volunteers, they were 

familiarized with the procedure. First, the patient was 

told that after the verbal command «prepare,» he was 

to slowly extend (to assess the extension torque) or 

flex (to assess the flexion torque) the knee to once 

again create tension in the steel cable; after verifying 

that the extension movement was blocked, the volunteer 

was asked to exert maximum knee extension force 

for five seconds under the constant verbal command 

of the examiner. Familiarization was repeated, in 

which the participant exerted 100% of his voluntary 

force, followed by three maximal voluntary isometric 

contractions (MVIC) lasting five seconds, and 90-second 

intervals between repetitions. The examination was 

started with the non-dominant leg in the CG and the 

contralateral leg in the PTG and the FTG. All kgf 

values were recorded, ignoring only the value for the

familiarization trial.

To validate the MID in the evaluation of muscular 

performance, the same volunteers underwent 

the second stage of testing the knee extensor and 

flexor torque after a one-week interval using the 

computerized isokinetic dynamometer (Biodex Multi-

Joint System 3 Pro) belonging to the Orthopedics 

and Traumatology Assessment and Intervention 

Laboratory (LAIOT, Laboratório de Avaliação e 

Intervenção em Ortopedia e Traumatologia) of 

the Post-Graduate Course in Physical Therapy, 

Universidade Federal de São Carlos (UFScar), 

previously configured using software to operate 

specifically in the isometric and isokinetic modes.

Before starting the tests, isometric and isokinetic 

tests were randomized by lottery.

After calibrating the equipment, the volunteers 

performed a warm-up on an ergometric bicycle for 

five minutes and quadriceps and hamstring stretches. 

After warming up, the patients were positioned in 

the seat of the isokinetic dynamometer and stabilized 

in the torso, pelvis, and hip by restraining straps in 

order to avoid compensation during the examination 

(Figure 2c).

For the assessment of the isometric extension tor-

que, the knee was positioned at 60° of flexion. After 

Figure 2 – (A) Positioning of the volunteers in the modified isometric dynamometer (MID) to collect isometric extension torque data. (B) Posi-

tioning of volunteers in the MID to collect isometric flexion torque data. (C) Positioning of volunteers in the Biodex System 3 to collect the flexor 

and extensor isometric and isokinetic torque data.
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positioning the knee, the patient was instructed to 

perform MVIC of knee extension for five seconds 

with intervals of 90 seconds between contractions. 

The first attempt was performed to familiarize the vo-

lunteer, followed by three MVIC. For the evaluation 

of the flexor torque, the knee was positioned at 30° 

of flexion. After positioning the knee, the volunteers 

performed MVIC of knee flexion for five seconds 

with intervals of 90 seconds between contractions, 

following the same protocol used for obtaining the 

isometric extension torque. To evaluate the isokinetic 

torque, a protocol was developed with two speeds, 

60°/s and 180°/s. At 60°/s, the volunteers performed 

two sets of five movements of knee extension and fle-

xion, and at 180°/s, two sets of five and 15 repetitions. 

At both speeds, the volunteers performed movements 

between the angles of 0 and 90 degrees as quickly and 

as strongly as possible, with intervals of 90 seconds 

between sets. The first series was used to familiarize 

the patient with the isokinetic test.

For all tests, the examination was initiated with the 

non-dominant leg in the CG and the contralateral leg 

in the PTG and the FTG.

STATISTICAL ANALYSIS

Intraobserver reliability assessment

The MID intraobserver reliability was performed 

before beginning the isometric and isokinetic tests.

Nine volunteers without knee injuries were ver-

bally invited to participate in the study. The nine 

volunteers underwent the full protocol to assess the 

isometric flexion and extension torque of the knee 

previously described in this paper. The test protocol 

was repeated within 24 hours after the end of the first 

test sequence. The difference from the normal test 

is that an independent examiner was responsible for 

kgf data collection; the main examiner was unable to 

see the results in the first and second test sequence. 

The interday ICC was calculated between the highest 

value obtained in the flexor and extension torque be-

tween the first and second sequences of tests. To study 

the intraobserver test-retest reliability of the MID, we 

used the ICC intraclass correlation coefficient for the 

interday variation of the measures.

The MID device does not have an interface 

with a computer and, consequently, with specific 

software for the calculation of deficits. Therefore, the 

isometric torque data were recorded in the volunteers 

evaluation forms and then calculated using the 

following equation:

Deficit = 
non-dominant side 

dominant side
 (x 100) (– 100)

GC

Deficit = 
injured knee 

contralateral knee
 (x 100) (– 100)

PTG and FTG

Validity of the MID in the evaluation of muscle 

performance of the knee extensors and flexors

Analysis of variance (ANOVA) for repeated mea-

sures was used to compare the measurements within 

each group, that is, to compare the same individual 

within each group performing the isometric test in 

the MID, the isometric test in the Biodex System 3, 

the isokinetic test at 60°/s and 180°/s in the Biodex 

System 3 for the group of the knee extensors and fle-

xors, in order to analyze whether there are differences 

among the four types of tests.

The second method for analyzing the validity was 

the calculation of the sensitivity and specificity of the 

MID to detect significant deficits or deficits within 

normal parameters. Significant deficits were defined as 

differences > 15% between the knees and normal defi-

'0&"# %.%#&)-"%# 0&)#*!+,%"#3#456(19). The sensitivity 

criterion demonstrates how sensitive a positive test is 

to detecting disease or, in the present study, significant 

muscular deficit defined as a > 15% difference between 

knees(20). The specificity criterion shows how specific 

a negative test is to detecting any disease or, in the 

/.%"%1&# "&,$7(# $%80'0&"# 01# &)%#1-.9!+# .!1:%3#456(20). 

The MID was compared with the three tests performed 

in the Biodex System 3 in the isometric and isokinetic 

mode at the speeds of 60°/s and 180°/s, considering 

such tests as the gold standard.

Kappa agreement was also calculated between the 

MID and the three types of strength tests on the Biodex 

System 3 performed by the three groups of volunteers. 

The classification of the degree of agreement betwe-

en the tests was based on the value of Kappa, being: 

(excellent agreement: > 0.75), (moderate-strong corre-
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lation: r = 0.40 to 0.75), (poor agreement: < 0.40)(21). 

For the analysis of Kappa agreement, the three groups 

were condensed into just one group of 60 subjects and 

the MID compared with the isometric Biodex, MID x 

isokinetic Biodex at 60°/s and MID x isokinetic Bio-

dex at 180°/s. The analysis was performed for both 

muscle groups (extensors and flexors).

Intergroup comparison of the isometric torque 

of knee extensors and flexors

Analysis of variance (ANOVA) with the Bonfer-

roni post hoc test with the value of p < 0.05 was used 

for an intergroup comparison for CG, PTG, and FTG 

for the isometric and isokinetic tests, arthrometry, and 

the Lysholm questionnaire.

RESULTS

Table 1 shows the characteristics of the three 

groups in the related items of age, weight, height, fle-

xion and extension ROM, thigh girth, level of sports 

participation through the Tegner scale(18), time after 

surgery, and type of rehabilitation used after surgery 

in the PTG and the FTG. The absence of significant 

differences in flexion and extension ROM and pos-

toperative ligament laxity can also be observed in 

Tables 1 and 2, reflecting proper surgical technique 

in both groups.

In Table 2 we can see the difference between CG, 

PTG and FTG in relation to ligament laxity and the 

Lysholm questionnaire. In the evaluation of ligament 

laxity using the KT 1000, a significantly lower di-

fference in the amount of anterior tibial translation 

between the knees was observed in the CG compa-

red with PTG and FTG (p < 0.05), but in the three 

groups the average ligament laxity was within normal 

limits, under 3 mm. There was no significant diffe-

rence between the PTG and the FTG. In the Lysholm 

questionnaire used to characterize the sample, both 

groups showed lower values than the control group, 

however, the PTG showed significantly lower score 

compared to the FTG (p < 0.05).

Intraobserver test-retest reliability in the MID

The MID has demonstrated excellent intraobserver 

test-retest reliability in a 24-hour interval, reaching an 

ICC value of 0.95, 95% CI (0.87 to 0.98) for the ex-

tension torque and ICC values of 0.95, 95 % (0.87 to 

0.98) for the flexor torque (Table 3). A Student’s t-test 

Table 2 – Intergroup comparison of ligament laxity values between 
the knees using the KT 1000 and the Lysholm questionnaire 
using analysis of variance ANOVA with Bonferroni post hoc test

(p < 0.05).

Test

Control 
group
N = 20

(SD)
PTG 

N = 20
(SD)

FTG 
N = 20

(SD)

Lysholm 
questionnaire

100* .0 87.4** 12.9 93.8 6.14

KT 1000 (mm) 0.7† .49 2.94 2.26 2.89 1.98

Legend: CG = control group, PTG = patellar tendon group, FTG = flexor tendons group
* CG with significantly higher scores than those of the PTG and the FTG (p < 0.001)
** PTG with significantly lower scores than those of the FTG (p < 0.001)
† CG with values of the difference in anterior tibial translation between knees significantly lower 
than those of the PTG and the FTG (p < 0.001)
Source: FMRP-USP

was also performed to analyze the interday difference 

of the average of the knee extensor and flexor torque. 

The results showed no significant interday differences 

for knee flexor and extensor torque (Table 3).

Table 3 – Intraobserver reliability test, test-retest ICC for evaluation 

of interday knee extensor and flexor deficit collected in nine normal 

subjects (18 knees) with a 24-hour interval in the modified isometric 

dynamometer (MID).

N
Muscle 
group

1st test 
mean 

2nd test 
mean 

Interday 
ICC2,1 95% CI 

9 individuals 
(18 knees)

Extensor 49.7 ± 10.7 49.8 ± 11.6 0.95 (0.87–0.98)

9 individuals 
(18 knees)

Flexor 18.9 ± 5.41 19.06 ± 5.12 0.95 (0.87–0.98)

Source: FMRP-USP

Intragroup and intergroup comparisons of the 

extension torque deficit 

When the intragroup comparison is made, there 

were no significant differences in mean extension tor-

que deficits in the four test methods in the CG and the 

FTG (Table 4). The mean values of the extension tor-

que deficits in the PTG were significantly higher in the 

isometric test performed in the MID and the isokinetic 

test at 60°/s in the Biodex System 3, compared with 

isometric test and isokinetic test at 180°/s, both per-

formed in the Biodex System 3 (p < 0.001) (Table 4).

When the intergroup comparison is made, the va-

lues of the deficit in extension torque were significan-

tly lower in the CG in the four types of tests compared 

with the PTG and the FTG (p < 0.001) (Table 4).

The FTG showed significantly lower extension tor-

que deficits compared with the PTG in the isometric 
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Test Sensitivity 95% CI Specificity 95% CI 

MID x BIET (CG) 50% (1.3-98.7%) 100% (81.5-98.7%)

MID x B60ET (CG) 0% (0.0-97.5%) 95% (74-97.5%)

MID x B180ET (CG) 0% (0.0-97.5%) 94.7% (74-99.9%)

MID x BIET (PTG) 88.9% (65.3-98.6%) 50% (1.3-98.7%)

MID x B60ET (PTG) 89.5% (66.9-98.7%) 100% (2.5-100%)

MID x B180ET (PTG) 86.7% (59.6-98.3%) 20% (1.0-71.7%)

MID x BIET (FTG) 88.9% (51.7-99.7%) 72.7% (39.1-94%)

MID x B60ET (FTG) 77.8% (40-97.2%) 63.6% (30.8-89.1%)

MID x B180ET (FTG) 66.7% (29.9-92.5%) 54.6% (23.4-83.3%)

MID x BIFLEXT (CG) 0% (0.0-97.5%) 84.2% (60.4-96.6%)

MID x B60FLEXT (CG) 0% (0.0-97.5%) 84.2% (60.4-96.6%)

MID x B180FLEXT (CG) 0% (0.0-97.5%) 85% (60.4-96.6%)

MID x BIFLEXT (PTG) 33% (1-90.6%) 100% (80.5-100%)

MID x B60FLEXT (PTG) 50% (1.3-98.7%) 100% (81.5-100%)

MID x B180FLEXT (PTG) 50% (1.3-98.7%) 100% (81.5-100%)

MID x BIFLEXT (FTG) 66.7% (9.4-99.2%) 58.8% (33-81.6%)

MID x B60FLEXT (FTG) 60% (14.7-94.7%) 60% (32.2-83.7%)

MID x B180FLEXT (FTG) 83.3% (35.9-99.6%) 71.4% (41.9-91.6%)

Table 5 – The sensitivity and specificity of the modified isome-

tric dynamometer (MID) in detecting subjects in the control group 

(CG), patellar tendon group (PTG), and flexor tendons group 

(FTG) with significant deficits > 15% or without < 15% of the knee 

flexor and extensor torque using the isometric test and isokinetic 

test performed in Biodex System 3 as the gold standard. 

Legend: MID = modified isometric dynamometer test, BIET = Biodex isometric extensor torque, 
B60ET = Biodex isokinetic 60°/s extensor torque, B180ET = Biodex isokinetic 180°/s extensor 
torque, BIFLEXT = Biodex isometric flexor torque, B60FLEXT = Biodex isokinetic 60°/s flexor 
torque, B180FLEXT = Biodex isokinetic 180°/s flexor torque

Source: FMRP-USP

test performed in the MID and in the isokinetic test at 

60°/s using the Biodex System 3 (p < 0.001), with no 

differences observed between the PTG and the FTG 

in the isometric test and isokinetic test at 180°/s, both 

performed in the Biodex System 3 (Table 4).

MID sensitivity and specificity in the evaluation 

of extension torque deficits

In the CG, sensitivity values from 0% to 50% and 

specificity values between 94.7% and 100% were ob-

served in comparisons of the tests conducted in the 

MID, using isometric and isokinetic testing at 60°/s 

and 180°/s performed in the Biodex System 3 as the 

gold standard (Table 5). In the PTG, sensitivity values 

of 86.7% to 89.5% and specificity values of 20% to 

100% were observed (Table 5). In the FTG, values 

between 66.7% and 88.9% sensitivity and 54.6% to 

72.7% specificity were detected (Table 5).

MID sensitivity and specificity in the evaluation 

of flexion torque deficits

In the CG, values of 0% sensitivity and 84.2% to 

85% specificity were observed when comparing the 

test conducted in the MID, using the isometric test 

Test
CG 

N = 20
(SD)

PTG 

N = 20
(SD)

FTG 

N = 20
(SD)

MID (extensors) 6.81* (4.59) 32.11 (15.24) 18.69** (18.90)

Isometric Biodex 

(extensors)
8.15* (4.63) 25.45 (11.65) 18.23 (15.42)

Isokinetic 60o/s 

(extensors)
7.71* (4.21) 32.30 (14.30) 18.70** (17.79)

Isokinetic 180o/s 

(extensores)
5.85* (3.89) 22.63 (10.51) 15.83 (13.26)

MID (flexors) 8.27 (7.27) –1.42*** (13.96) 8.38 (16.34)

Isometric Biodex 

(flexors)
6.28 (5.44) 4.64 (9.84) 8.90 (7.25)

Isokinetic 60o/s 

(flexors)
5.05 (5.13) 4.00 (12.22) 8.99 (10.01)

Isokinetic 180o/s 

(flexors)
6.09 (3.85) 2.51 (13.49) 7.20 (9.85)

Table 4 – Intergroup comparison of extensor and flexor torque defi-

cits collected in the modified isometric dynamometer (MID), isome-

tric Biodex, isokinetic at 60°/s and 180°/s. ANOVA with Bonferroni 

post hoc test.

Legend: CG = control group, PTG = patellar tendon group, FTG group = flexor tendons group
* Control group with a significantly lower extensor torque deficit than the PTG and the FTG
(p < 0.001)
** FTG with a significantly lower extensor torque deficit than the PTG (p < 0.001)
*** PTG with a significantly lower flexor torque deficit than the CG and the FTG (p < 0.001)

Source: FMRP-USP

Intragroup and intergroup comparisons of the 

flexion torque deficit

In the intragroup analysis, only the PTG showed 

significantly lower deficit values in the isometric tes-

ting performed in the MID compared with the other 

test modalities, the Biodex isometric test, the Bio-

dex isokinetic test at 60°/s, and the Biodex isokinetic 

test at 180°/s (p < 0.001) (Table 5). In the intergroup 

analysis, the PTG demonstrated a significantly lo-

wer deficit than that of the CG and the FTG only in 

the isometric testing performed in the MID, showing 

negative values, indicating that the average flexor 

torque developed by the injured limb was higher or 

overlapped the values of the contralateral healthy limb 

(p < 0.001) (Table 4).
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DISCUSSION

The first objective of this study was to analyze the 

intraobserver test-retest reliability of the MID. The 

results showed excellent intraobserver reliability in 

the assessment of knee extension and flexion torque 

in healthy subjects with an ICC of 0.95 for the knee 

extensors and flexors.

These intraclass correlation coefficient values are 

very similar to those of studies using different dyna-

mometers to assess muscle performance in different 

joints and individuals(8-10).

Another objective was to directly examine whether 

the deficit data collected in the MID equipment would 

be similar to the deficits found in the Biodex System 

3 operating in the isometric and isokinetic mode. To 

do so, sensitivity and specificity tests were used and 

agreement between measures was calculated using 

the Kappa coefficient. These methods were used due 

to their frequent use in epidemiology, mainly for tes-

ting methods and diagnostic techniques(20,21). With 

the main objective of using isometric and isokinetic 

dynamometers to quantify and define imbalances and 

abnormalities of the musculoskeletal system, it would 

be ideal to investigate the agreement between two 

devices to provide similar data.

The results showed that the MID demonstrated 

good to high specificity in the evaluation of the knee 

extensors and flexors in the CG compared with the 

isometric test and isokinetic test in the Biodex System 

3, with high specificity in the evaluation of the knee 

extensors and flexors compared with the isokinetic 

test at 60°/s. In the PTG, the MID showed moderate 

specificity values in the evaluation of the knee exten-

sors and flexors, however, it showed good sensitivity 

in the evaluation of the knee extensor in the PTG. In 

the FTG, good sensitivity was observed in the eva-

luation of extensors compared with isometric testing 

with the Biodex System 3; there was moderate sensi-

tivity in comparison with the other tests, with values 

between 66.7% and 77.8%. In the assessment of the 

knee flexor in the FTG, the MID demonstrated good 

sensitivity when compared with isokinetic testing at 

180°/s. In comparison with the other tests, the sensi-

tivity values were moderate, between 60% and 67%. 

Studies that compared the two methods of measuring 

muscle deficits using the sensitivity and specificity 

criteria were not found in the literature.

In evaluating the Kappa agreement coefficient, 

Test Kappa p 95% CI 

MID x Biodex iso (extensors) 0.73 < 0.001 (0.48-0.98)

MID x Biodex 60o/s (extensors) 0.70 < 0.001 (0.44-0.95)

MID x Biodex 180o/s (extensors) 0.46 < 0.001 (0.21-0.71)

Biodex iso x Biodex 60o/s (extensors) 0.63 < 0.001 (0.38-0.88)

Biodex iso x Biodex 180o/s (extensors) 0.56 < 0.001 (0.31- 0.81)

Biodex 60º/s x Biodex 180o/s (extensors) 0.55 < 0.001 (0.30-0.81)

MID x Biodex iso (flexors) 0.25 0.037 (0.01-0.50)

MID x Biodex iso (flexors) 0.25 0.037 (0.01-0.50)

MID x Biodex 60o/s (flexors) 0.17 < 0.148 (-0.06-0.41)

MID x Biodex 180o/s (flexors) 0.48 < 0.001 (0.24-0.72)

Biodex iso x Biodex 60o/s (flexors) 0.46 < 0.001 (0.21-0.71)

Biodex iso x Biodex 180o/s (flexors) 0.56 < 0.001 (0.31-0.82)

Biodex 60º/s x Biodex 180o/s (flexors) 0.42 = 0.001 (0.17-0.67)

Legend: MID = modified isometric dynamometer – Biodex iso = isometric testing performed on 
the Biodex System 3 dynamometer – Biodex 60°/s = isokinetic test performed at 60°/s in the 
Biodex System 3 dynamometer – Biodex 180°/s = isokinetic test performed at 180°/s in the 
Biodex System 3 dynamometer 

Source: FMRP-USP

Table 6 – Analysis of intertest agreement using the Kappa me-

thod for the flexor and extensor torque deficits of all groups

(N = 60).

and isokinetic test at 60°/s and 180°/s performed in 

the Biodex System 3 as the gold standard (Table 5). 

Values of 33% to 50% sensitivity and 100% specifici-

ty were observed in the PTG group (Table 5). Values 

between 60% and 83.3% sensitivity and 58.8% to 

71.4% specificity were detected in the FTG (Table 5).

Analysis of intertest agreement using the Kappa 

method for all groups (N = 60).

In the analysis of agreement of the extension 

torque comparing the MID with the three tests in 

the Biodex System 3, the Kappa values remained 

between 0.46 and 0.73, showing moderate to strong 

agreement (Table 6). When the comparison was made 

only between the three tests in the Biodex System 3, 

the Kappa values remained between 0.55 and 0.63, 

achieving the same classification (Table 6).

In the analysis of agreement between the flexor tor-

que tests, Kappa values remained between 0.17 and 

0.48, showing significant agreement in the comparison 

between isometric MID testing and the isokinetic test at 

180°/s (k = 0.48, p < 0.001) (Table 6). When the compa-

rison was made only between the three Biodex System 

3 tests, the Kappa values remained between 0.42 and 

0.56, showing moderate to strong agreement (Table 6).
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moderate to strong agreement values were demons-

trated (k = 0.43 to 0.73, p < 0.001) between the MID 

and the isometric and isokinetic tests performed in the 

Biodex System 3 to evaluate extension torque.

These agreement values are similar to those found 

by Martin et al. (k = 0.69, p < 0.001), who used the 

Kappa coefficient to compare manual digital dynamo-

meter and the Biodex System 3 using only isometric 

contractions in elderly subjects(13).

In the evaluation of the flexor torque, the Kappa 

index of agreement showed moderate to strong values 

only in the comparison of the MID with isokinetic 

testing at 180°/s and poor agreement when the MID 

was compared with the Biodex System 3 isometric 

and isokinetic tests.

Some authors believe that the Kappa coefficient does 

not always show a fair result, because it presents low va-

lues even if there is high correlation between trials(21,22).

Björklund et al. studied the agreement in the perfor-

mance assessment of knee injuries in athletes between 

two physical therapists. In one of the tests, the Kappa 

coefficient showed moderate-strong consistency of 

agreement (k = 0.54), although the agreement between 

the two therapists was 85%(22). In this study, we ob-

served the same behavior in the evaluation of flexor 

torque in the FTG, comparing the MID with isometric 

test and isokinetic test at 60°/s in the Biodex; Kappa 

values were low (0.17 to 0.25), but the two devices 

equally rated the presence or absence of deficits in 

76% and 78% of 60 individuals, respectively.

In the intergroup analysis, greater extension torque 

deficits were found in the PTG compared to the FTG 

on all four tests; however, the p-value was statistically 

significant in only two tests: the isometric MID (32.11 

± 15.24) and the isokinetic at 60°/s (32.30 ± 14.30). 

These results are similar to those of studies that de-

monstrated greater extension torque deficits in patients 

with a patellar tendon graft(23,24). The mean values of 

the deficits found in the PTG and the FTG are similar 

to those found in studies that analyzed the extension 

torque deficits six to seven months after surgery, with 

mean deficit values between 24.6% and 37% for pa-

tellar tendon graft techniques and between 21.6% and 

26% for flexor tendons graft techniques(25,26).

It can be observed in the analysis of intergroup 

flexor torque that, in general, the FTG showed mean 

deficits greater than that of the PTG in all four tests; 

however, the p value was statistically significant only 

in the test performed in the MID (8.38 ± 16.34 vs. 

-1.42 ± 13.96, respectively). The mean values of defi-

cits found in the PTG and the FTG are similar to those 

of studies that examined the flexor torque deficits in 

the postoperative period, with an average deficit be-

tween -1 and 6% for patellar tendon graft techniques 

and between 3% and 10% for flexor tendons graft 

techniques(26-28). There were no differences between 

the CG and the FTG on all tests.

When we look at the FTG in more detail, 45% 

(9/20) of the subjects in the FTG showed significant 

deficits (> 15%) in the test conducted in the MID. 

When the test was performed on the Biodex System 

3 dynamometer in the isometric mode and isokinetic 

mode at 60°/s and 180°/s, the percentage of individu-

als with significant deficits is reduced to 15% (3/20), 

20% (4/20), and 25% (5/20), respectively. These fin-

dings demonstrate that the analysis of the flexor tor-

que in the prone position can more intensely challenge 

the individual and that deficits may be more evident.

The variations in the evaluation of flexor torque 

in the FTG found in the study can be related to the 

positioning of volunteers. As can be seen in Figure 

2b, volunteers are placed in the prone position and 

stabilized at the level of the pelvic girdle to assess 

the knee flexor group in the MID.

In the isokinetic dynamometer, subjects are placed 

in a seated position with chest and pelvic stabilization. 

A correction for gravity is performed to measure the 

final torque values (Figure 2c). In the MID there is 

no correction for gravity for the data collected. To 

achieve maximal isometric contraction, the volunteers 

make the contraction against gravity and against the 

weight of the lever arm (Figure 2c). In the Biodex 

System 3, the direction of the isokinetic or isome-

tric tension is in the same direction as gravity, so the 

values may vary between modalities and equipment 

even if the angle for the positioning of the knee at 30° 

for the isometric flexion torque test is standardized. 

Variations of the values collected are not restricted 

only to the MID; in the tests performed only in the 

Biodex System 3, especially the collection of the fle-

xor torque data, the values of agreement provided by 

the Kappa coefficient are between 0.42 and 0.56, that 

is, moderate to strong agreement values (Table 1). The 

agreement between the deficits found between the two 

isokinetic speeds, 60°/s and 180°/s, was moderate to 

strong (k = 0.42, p < 0.001), but less than the values of 
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agreement found between the MID and the isokinetic 

test at 180º/s (k = 0.48, p < 0.001). These results are 

consistent with studies that investigated the reliability 

of isokinetic dynamometers that observed excellent 

test-retest reliability for peak torque assessment per-

formed on the same equipment(29), but with variability 

occurring even in comparisons between two isokinetic 

dynamometers from different manufacturers(30).

In the evaluation of ligament laxity between groups, 

the CG showed lower differences in laxity between 

knees compared with the FTG and the PTG; however 

the average values of both groups were within normal 

limits (3 mm)(31). In the evaluation using the Lysholm 

scale, the mean scores of the PTG and the FTG were 

within a range of values similar to those found by 

other studies, ranging between 85 and 95 points for 

the patellar tendon graft and between 86 and 92 for 

the flexor tendons graft(32,33).

As the present study aimed to assess the validity 

of the MID within the three groups of subjects, con-

clusions about the differences between the types of 

surgical techniques related to muscle performance are 

limited due to the retrospective format of the study.

The MID was designed because of the difficulty 

of accessing computerized isokinetic dynamometers. 

The adaptation of load cells or analog dynamometers 

in weight lifting equipment used in this study may be 

a low-cost alternative for assessing muscle deficits in 

the lower limbs, especially in the knee joint, as long as 

the evaluators follow strict protocols for data collection. 

All of the criteria related to techniques for the accurate 

assessment of muscle strength and power recommended 

by the American Society of Sports Physiology were 

followed in this study to analyze the reliability and vali-

dity of the MID, including standardization of warm-ups, 

familiarization, joint angle, duration of contractions, 

verbal commands, rest interval, number of repetitions, 

positioning, and stabilization of the volunteer(34).

This study demonstrated that despite the biome-

chanical differences between isometric and isokine-

tic tests, both can provide similar values of muscle 

strength deficits.

Sapega defines muscle strength as the ability to 

generate active muscle tension, independent of the 

specific condition in which this tension is being me-

asured (slow or rapid contraction, contractions in a 

state of shortening or lengthening); he concludes that 

no special testing mode (isometric, isotonic, or isoki-

netic) is considered the best or most valid for measu-

ring muscle strength(35).

Sapega’s assertion reflects, in a sense, the aban-

donment of isometric tests in the 1970s due to the 

creation and consequently large-scale use of isokinetic 

dynamometers in the U.S.(35). Recently there has been 

a great increase in studies once again using isometric 

tests for the evaluation of the knee in different groups 

of patients, diseases, and interventions(36,37). However, 

all these studies have used the isometric mode on the 

isokinetic equipment, which continues to make it an 

expensive and inaccessible option.

CONCLUSIONS

This study therefore demonstrated that adapting an 

analog isometric dynamometer by connecting it to a 

weight lifting equipment is easy to reproduce, with the 

possibility of obtaining data with high intraobserver 

test-retest reliability and considerable validity in the 

detection of muscle deficits in healthy subjects and 

individuals who underwent ACL reconstruction. The 

variability found between isometric tests was smaller 

than that found with isokinetic tests in the evaluation 

of the knee extension torque. The evaluation of iso-

metric flexion torque in the prone position may reveal 

higher flexor torque deficits than the sitting position.

1. Lephart SM, Kocher MS, Harner CD, Fu FH. Quadriceps strength and functional 

capacity after anterior cruciate ligament reconstruction. Patellar tendon autograft 

versus allograft. Am J Sports Med. 1993;21(5):738-43.

2. Harilainen  A,  Sandelin J,  Jansson  KA. Cross-pin femoral fixation versus 

metal interference screw fixation in anterior cruciate ligament reconstruction 

with hamstring tendons: results of a controlled prospective randomized study 

with 2-year follow-up. Arthroscopy. 2005;21(1):25-33.

3. Grant JA, Mohtadi NG, Maitland ME, Zernicke RF. Comparison of home ver-

sus physical therapy-supervised rehabilitation programs after anterior cru-

ciate ligament reconstruction: a randomized clinical trial. Am J Sports Med. 

2005;33(9):1288-97. 

4. Gobbi A, Domzalski M, Pascual J. Comparison of anterior cruciate ligament 

reconstruction in male and female athletes using the patellar tendon and ha-

mstring autografts. Knee Surg Sports Traumatol Arthrosc. 2004;12(6):534-9.

5. Myer GD, Paterno MV, Ford KR, Quatman CE, Hewett TE. Rehabilitation after 

anterior cruciate ligament reconstruction: criteria-based progression through the 

return-to-sport phase. J Orthop Sports Phys Ther. 2006;36(6):385-402.

6. Magalhães J, Oliveira J, Ascensão A, Soares J. Concentric quadriceps and 

hamstrings isokinetic strength in volleyball and soccer players. J Sports Med 

Phys Fitness. 2004;44(2):119-25.

7. Dvir Z. Isocinética: Avaliações musculares, interpretações e aplicações clinicas. 

São Paulo: Manole; 2002. p.101-28. 

8. Trudelle-Jackson E, Jackson AW, Frankowski CM, Long KM, Meske NB. Interde-

vice reliability and validity assessment of the Nicholas hand held dynamometer. 

J Orthop Sports Phys Ther. 1994;20(6):301-6.

9. Roy MA, Doherty TJ. Reliability of hand-held dynamometry in assessment of knee 

REFERENCES

RELIABILITY AND VALIDITY OF A MODIFIED ISOMETRIC DYNAMOMETER IN THE ASSESSMENT OF MUSCULAR 

PERFORMANCE IN INDIVIDUALS WITH ANTERIOR CRUCIATE LIGAMENT RECONSTRUCTION



224

Rev Bras Ortop. 2009;44(3):214-24

extensor strength after hip fracture. Am J Phys Med Rehabil. 2004;83(11):813-8.

10. Visser J, Mans E, de Visser M, Van der Berg-Vos Franssen H, de Jong JM. 

et al. Comparison of maximal voluntary isometric contraction and hand held 

dynamometry in measuring  muscle strength of patients with progressive lower 

motor neuron syndrome. Neuromuscul Disord. 2003;13(9):744-50.

11. Kolber MJ, Beekhuizen K, Cheng MS, Fiebert IM.  The reliability of hand-held 

dynamometry in measuring isometric strength of the shoulder internal and 

external rotator musculature using a stabilization device. Physiother Theory 

Pract. 2007;23(2):119-24.

12. May LA, Burnham RS, Steadward RD. Assessment  of isokinetic and hand 

held dynamometer measures of shoulder rotator strength among individuals 

with spinal cord injury. Arch Phys Med Rehabil. 1997;78(3):251-5.

13. Martin HJ, Yule V, Syddall HE, Dennison EM, Cooper C, Aihie Sayer A. Is 

hand-held dynamometry useful for the measurement of quadriceps strength 

in older people? A comparison with the gold standard Biodex dynamometry. 

Gerontology.  2006;52(3):154-9.

14. Bohannon RW. Hand-held compared with isokinetic dynamometry for measu-

rement of static knee extension torque (parallel reliability of dynamometers). 

Clin Phys Physiol Meas. 1990;11(3):217-22. 

15. Reinking Mf, Bockrath-Pugliese K, Worrell T, Kegerreis Rl, Miller-Sayers K, Farr 

J. Assessment of quadriceps muscle performance by hand-held, isometric, and 

isokinetic dynamometry in patients with knee dysfunction. J Orthop Sports Phys 

Ther. 1996;24(3):154-9.

16. Lysholm J, Gilquist J. Evaluation of knee ligament surgery results with special 

emphasis on use of a scoring Scale. Am J Sports Med. 1982;10(3):150-54.

17. Peccin MS, Ciconelli R, Cohen M. Specific questionnaire for knee symptoms - 

the “Lysholm Knee Scoring Scale”: translation and validation into Portuguese. 

Acta Ortop Bras. 2006;14(5):268-72.

18. Tegner Y, Lysholm J. Rating systems in the evaluation of knee ligament injuries. 

Clin Orthop Relat Res. 1985;(198):43-9.

19. Kvist J. Reabilitation following anterior cruciate ligament injury current recom-

mendation for sports participation. Sports Med. 2004;34(4):269-80.

20. Karam FC, Silva JLB, Fridman MW, Abreu A, Arbor M, Abreu M, et al. A res-

sonância magnética para o diagnóstico das lesões condrais, meniscais e dos 

ligamentos cruzados do joelho. Radiol Bras. 2007;40(3):179-82.

21. Godinho GG, Freitas JMA, França FO, Lopes AA, Milazzo AJ, Zotto CD. Efi-

ciência dos métodos de avaliação clínico (teste de O’Brien) e de imagem 

(artroressonância magnética) no diagnóstico das lesões SLAP no ombro. Rev 

Bras  Ortop. 2006;41(11/12):461-6.

22. Björklund K, Sköld C, Andersson L, Dalén N. Reliability of a criterion-based 

test of athletes with knee injuries; where the physiotherapist and the patient 

independently and simultaneously assess the patient’s performance. Knee Surg 

Sports Traumatol Arthrosc. 2006;14(2):165-75.

23. Moisala AS, Järvelä T, Kannus P, Järvinen M. Muscle Strength Evaluations after 

ACL Reconstruction.  Int J Sports Med. 2007;28(10):868-72.

24. de Jong SN, van Caspel DR, van Haeff MJ, Saris DB. Functional assessment 

and muscle strength before and after reconstruction of chronic anterior cruciate 

ligament lesions.  Arthroscopy. 2007;23(1):21-8.

25. Heijne A, Werner S. Early versus late start of open kinetic chain quadriceps 

exercises after ACL reconstruction with patellar tendon or hamstring grafts: a 

prospective randomized outcome study . Knee Surg Sports Traumatol  Arthrosc. 

2007;15(4):402-14.

26. Jansson  KA, Linko E, Sandelin J, Harilainen A. A prospective randomized study 

of patellar versus hamstring tendon autografts for anterior cruciate ligament 

reconstruction. Am J Sports Med. 2003;31(1):12-8. 

27. Aune AK, Holm I, Risberg MA, Jensen HK, Steen H. Four-strand hamstring 

tendon autograft compared with patellar tendon-bone autograft for anterior 

cruciate ligament reconstruction. A randomized study with two-year follow-up.  

Am J Sports Med. 2001;29(6):722-8. 

28. Anderson JL, Lamb SE, Barker KL, Davies S, Dodd CA, Beard DJ. Changes in 

muscle torque following anterior cruciate ligament reconstruction: acomparison 

between hamstrings and patella tendon graft procedures on 45 patients. Acta 

Orthop Scand. 2002;73(5):546-52. 

29. Aitkens S, Lord J, Bernauer E, McCrory M. Analysis of the Validity of the lido 

digital isokinetic system. Phys Ther. 1987;67(4):756 -60.

30. Thompson  MC, Shingleton LG, kegerreis ST. Comparisons of values generated 

during testing of the knee using the Cybex II plus® and Biodex Model B-2000® 

isokinetic dynamometers. J Orthop Sports Phys Ther. 1989;11(2):108-15.

31. Barber-Westin SD, Noyes FR, Heckmann TP, Shaffer BL. The effect of exer-

cise and rehabilitation on anterior-posterior knee displacements after anterior 

cruciate ligament autograft reconstruction. Am J Sports Med. 1999;27(1):84-93. 

32. Ejerhed L, Kartus J, Sernert N, Kohler K, Karlsson J. Patellar tendon or se-

mitendinosus tendon autografts for anterior cruciate ligament reconstruction? 

A prospective randomized study with a two-year follow-up. Am J Sports Med. 

2003;31(1):19-25.

33. Shaieb MD, Kan DM, Chang SK, Marumoto JM, Richardson AB.Mark . A pros-

pective randomized comparison of patellar tendon versus semitendinosus and 

gracilis tendon autografts for anterior cruciate ligament reconstruction. Am J 

Sports Med. 2002; 30(2):214-20.

34. Brown LE, Weir JP. Asep procedures recommendation i: accurate assessment 

of muscular strength and power. J Exp. Phys. 2001;4(1):1-21. 

35. Sapega AA. Muscle performance evaluation in orthopaedic practice. J Bone 

Joint Surg Am. 1990;72(10):1562-74.

36. Holder-Powell HM, Di Matteo G, Rutherford OM. Do knee injuries have long-

-term consequences for isometric and dynamic muscle strength. Eur J Appl 

Physiol. 2001; 85(3-4):310-16.

37. Fitzgerald GK, Piva SR, Irrgang JJ, Bouzubar F, Starz TW. Quadriceps acti-

vation failure as a moderator of the relationship between quadriceps strength 

and physical function in individuals with knee osteoarthritis. Arthritis Rheum. 

2004;51(1):40-8.


	RELIABILITY AND VALIDITY OF A MODIFIED ISOMETRIC DYNAMOMETER IN THE ASSESSMENT OF MUSCULAR PERFORMANCE IN INDIVIDUALS WITH ANTERIOR CRUCIATE LIGAMENT RECONSTRUCTION
	ABSTRACT
	INTRODUCTION
	METHODS
	STATISTICAL ANALYSIS
	Intraobserver reliability assessment
	Validity of the MID in the evaluation of muscle performance of the knee extensors and flexors
	Intergroup comparison of the isometric torque of knee extensors and flexors

	RESULTS
	Intraobserver test-retest reliability in the MID
	Intragroup and intergroup comparisons of the extension torque deficit
	Intragroup and intergroup comparisons of the flexion torque deficit
	MID sensitivity and specificity in the evaluation of extension torque deficits
	MID sensitivity and specificity in the evaluation of flexion torque deficits

	DISCUSSION
	CONCLUSIONS
	REFERENCES


