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Test-Retest Reliability of Isokinetic Knee Extension

and Flexion
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ABSTRACT. Sole G, Hamrén J, Milosavljevic S, Nicholson H,
Sullivan SJ. Test-retest reliability of isokinetic knee extension
and flexion. Arch Phys Med Rehabil 2007;88:626-31.

Objective: To assess reliability of isokinetic peak torque and
work for knee flexion and extension.

Design: Single-group test-retest.

Setting: University laboratory.

Participants: Eleven men and 7 women (mean age, 21y).

Interventions: Not applicable.

Main Outcome Measure: Peak torque and work for con-
centric and eccentric knee extension and flexion were recorded
at 60°/s for 3 trials on 2 occasions. Intraclass correlation coef-
ficient model 3,1 (ICC; ), standard error (SE) of measure-
ments, and smallest real differences were calculated for the
maximum and for the mean peak torque and work of the 3
repetitions.

Results: Relative reliability was “very high” for peak torque
and work (ICC range, >.90). The SE measurements ranged
between 5% and 10% of the initial values for both peak torque
and work. The smallest change that indicates a real improve-
ment for a single subject (smallest real differences) ranged
from 12% to 25% for peak torque and work variables and from
25% to 30% for the peak torque ratios.

Conclusions: Isokinetic concentric and eccentric knee ex-
tensor and flexor strength variables are reliable when measured
by the same examiner in asymptomatic subjects.

Key Words: Exercise therapy; Knee injuries; Rehabilita-
tion; Reproducibility of results; Thigh; Treatment outcome.
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SOKINETIC DYNAMOMETRY IS A method commonly

used in the assessment of muscle performance and pathology,
both in research and in clinical practice.' To be clinically mean-
ingful, the assessment procedure must be reliable and sensitive
enough to assess whether a finding indicates impairment, and to
evaluate outcomes of therapeutic intervention. Values must be
defined so as to provide guidance in deciding whether an observed
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change on reassessment is within the boundaries of assessment
error or whether there has been a true change.

Most studies of the test-retest reliability of isokinetic knee
strength®”’ have reported only relative reliability, such as the
intraclass correlation coefficient (ICC). These statistics indicate
the degree of the relationship between 2 or more measures,®
but they do not provide clinical guidance for assessing real
changes.”'® Absolute reliability reflects the magnitude of the
differences between 2 measures.'' Examples of these statistics
are the standard error (SE) of measurement and the smallest
real difference.”'>'® To be clinically useful, an assessment
procedure must have a small measurement error to detect a real
change. A retest difference in a subject with a value smaller
than the SE of measurement is likely to be the result of
“measurement noise” and is unlikely to be detected reliably in
practice; a difference greater than the smallest real difference is
95% likely to be a real difference. A retest difference that lies
between the SE of measurement and smallest real difference is
less certain (between 68% and 95%), whether or not there is a
real difference.'" It has been suggested that the SE of measure-
ment can be used to indicate the limit for the smallest change
that indicates a real improvement for groups of subjects,
whereas for a single person, any retest measurement should
exceed the smallest real difference to indicate a real change.’

Previous reports'*'> have suggested “high” to “very high”
relative reliability for peak torque and work for the knee
extensors and flexors. Absolute reliability has been docu-
mented in only a few studies related to isokinetic parameters of
knee muscles.'®!” These studies determined the SE of mea-
surement for peak torque of knee flexors and extensor during
concentric reciprocal movements, ranging between 2.4 and
18.0Nm or 4.8% and 12.4% of the means.">"” The absolute
reliability of eccentric knee extensor and flexor contractions
has not been determined, thus the smallest change necessary to
indicate a real change is unknown.

Clinicians often use ratios of quadriceps and hamstring mus-
cle peak torques to determine risk of injury or whether an
athlete can safely return to a sport. Two ratios have been
described, namely, the conventional ratio (Hc:Qc), which cal-
culates the ratio between concentric hamstring peak torque to
concentric quadriceps peak torque, and the dynamic control
ratio (He:Qc), which calculates the ratio between eccentric ham-
string peak torque and concentric quadriceps peak torque."'® To
our knowledge, however, both the relative and the absolute
reliability of these ratios have not been determined.

Our objectives in this study were to determine the relative
and absolute test-retest reliability of: (1) peak torque and the
work for isokinetic concentric and eccentric knee extension and
for concentric and eccentric flexion in uninjured subjects, and
(2) of the Hc:Qc and He:Qc ratios.

METHODS

Subjects were included in the study if they participated in
elite, subelite, or recreational running-related sports at least
twice weekly and, at the time of testing, were participating
fully in their planned sports training and/or competition. Ex-
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clusion criteria included having sustained a lower limb, pelvic,
or back injury in the past 6 months that prevented them from
participating in their training for more than 1 week, or if they
had any neurologic or systemic disease affecting a lower limb.
They were asked not to do any strenuous exercise in the 48
hours preceding each testing day. Subjects underwent a mus-
culoskeletal screening examination before the study to confirm
their eligibility. All subjects read and signed an informed
consent document approved by the University of Otago Human
Ethics Committee.

Instrumentation

We used the Kinetic Communicator (KinCom) 500H isoki-
netic dynamometer and the KinCom system software® to de-
termine the peak torque and the work performed during the
knee extension and flexion movements. The dynamometer was
calibrated according to the manufacturer’s instructions before
the testing. The system reliability of the KinCom dynamometer
has been shown to be high, with ICCs of .99, .99, and .95 for
the functions of lever arm position, lever arm velocity, and
force measurement, respectively.'”

Procedures

The same test procedure was performed on 2 separate occa-
sions (day 1, day 2), 7 days apart. This time period between
tests was used in previous studies of the reliability of isokinetic
parameters.”® Furthermore, subject-linked variability is more likely
to be controlled if testing is conducted on the same weekday relative
to their respective sports programs. The tests were conducted during
the same time of the day in order to reduce the effect of diurnal
variation influences.

We tested only the dominant leg, defined as the preferred
kicking leg. Subjects were seated in a comfortable position
with the backrest angled at 100° to the seat. Self-adhesive
(Velcro) straps were placed across the thigh, the pelvis, and
chest to minimize body movements and to optimally isolate the
movement to the knee joint.'' Subjects folded their arms
across their chest and were not permitted to hold on to the
equipment during the test. The mechanical axis of the dyna-
mometer was aligned with the knee’s axis of rotation, with the
lateral femoral epicondyle used as the bony landmark. The shin
pad was placed 2cm above the medial malleoli and the length
of the lever arm was recorded. The weight of the leg was
recorded and gravity adjustment was made using the computer
software. The range of movement was from 0° (anatomic 0) to
85° of knee flexion.

Subjects performed 10 consecutive submaximal and 2 maximal
concentric and eccentric contractions as a specific warm-up and
also to become familiar with the movement. There was a 1-minute
break between the warm-up and the testing.

Three concentric and eccentric maximum knee extensions
were performed at 60°/s.>> Each concentric contraction was
followed by an eccentric contraction,?>?> with a 15-second rest
between the contractions.”>*® Subjects were instructed to ex-
tend the knee against the shin pad during concentric extensions
and to resist the lever during eccentric extension. The dyna-
mometer was then set for knee flexion and the same procedures
were followed during the specific warm-up and data collection.
Subjects were instructed to flex the knee during concentric
flexion and to resist the dynamometer during eccentric flexion.

To reduce examiner variability, the same investigator (GS)
conducted the tests for all subjects on both occasions. Subjects
were told to abort the test if they felt any discomfort or pain.
During the test, all subjects were given visual feedback from
the system’s monitor. They were also verbally encouraged by
the investigator to give their maximal effort.

Measures

Two variables were extracted for each of the direction (flex-
ion, extension) and contraction types (concentric, eccentric):
peak torque measured in newton meters, and work measured in
joules. The peak torque is the single highest torque output
recorded throughout the range of motion of each repetition.?’
Work is defined as the output of mechanical energy and is
represented by the area under the torque versus angular dis-
placement curve.?’ It is thus a “whole curve” parameter, rather
than a “peak” or “single-point” parameter.>® In addition to pre-
senting absolute measures of peak torque and work, these
variables were normalized to body weight (in kilograms); this
method has been used when comparing different groups of
subjects*?® and in determining outcomes of rehabilitation
regimens.*?

Statistical Analysis

From each set of 3 repetitions, we determined the means and
maxima of the variables for each participant. Mean peak torque
data were used to calculate the Hc:Qc and He:Qc. Group data
are presented as mean * standard deviation (SD). We used
paired ¢ tests to examine the differences between test and retest
values. The significance level was set at P equal to .05. Data
were analyzed using the ICC; ; with 95% confidence intervals
(CIs) to determine relative reliability across the 2 test sessions
for the respective movement directions and for the conven-
tional and functional ratios.

Absolute reliability was determined with the SE of measure-
ment and smallest real difference. These were calculated with the
following formulas:®'**° SE of measurement = SD +/(1—ICC),
where SD is the mean SD of day 1 and day 2 to represent total
measurement Variabilitys"S; and smallest real difference =
1.96X+/2X(SE of measurement). The SE of measurement
and smallest real difference were also expressed as a per-
centage of the group mean for both test sessions for each of
the variables.” '

We calculated differences between day 1 and day 2 for all
variables for each participant. The agreements between mea-
surements of day 1 and day 2 were verified qualitatively using
Blandband Altman plots.®" All statistics were performed using
SPSS.

RESULTS

Twenty healthy subjects (13 men, 7 women) volunteered for
this study. Two men (aged 22y and 35y) did not attend the
second session because of a soccer-related injury and a work
commitment, respectively, and were excluded from the study.
The mean age = SD for the 11 men was 20*1 years and for the
women it was 22+ 3 years. The mean body mass index = SD
for the men was 23.0+2.5kg/m> and for the women was
22.3+2.6kg/m> Two of the men were experienced in resis-
tance training but none of the subjects was familiar with
isokinetic dynamometry.

Table 1 shows the means and SDs of the peak torque and
work measures. There were statistically significant differences
(P<<.05) between the values of day 1 and day 2 for maximal
and mean peak torque and work of concentric extensor con-
tractions. Table 2 shows the ICC values and their 95% CIs for
all measurements. All peak torque and work measures had an
ICC greater than .90 and thus were classified as “very high,”
with the exception of work for the maximal concentric flexion
(ICC=.88).*

The ICC for Hc:Qc was “low,” but was “high” for the
He:Qc. The means *= SDs of the Hc:Qc on day 1 and day 2
were 62.84%*+9.15% and 62.52% £0.41%, respectively. For the
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Table 1: Summary of Isokinetic Peak Torque and Work at 60°/s on 2 Occasions (N=18)

Peak Torque (Nm)

Work (J)

Test Measurement Day 1 Mean *= SD

Day 2 Mean * SD P

Day 1 Mean = SD Day 2 Mean *= SD P

Concentric extensor contraction

Maximal* 121.39+30.53 132.11£31.45 .009 115.56+26.37 125.50+26.53 .005

Mean" 114.08+29.08 123.31+28.69 .004 110.53+26.50 119.08+27.46 .002
Concentric flexor contractions

Maximal* 77.39+20.62 81.28+21.91 .158 86.5+21.33 92.61+26.06 112

Mean" 71.18+18.82 76.71+20.03 .189 82.20+19.85 87.73+23.70 .056
Eccentric extensor contractions

Maximal* 182.28+50.25 181.06+43.35 .989 162.28+37.31 162.44+33.88 .988

Mean" 172.49+48.44 169.70+43.05 726 155.67+38.24 155.44+36.12 .944
Eccentric flexor contractions

Maximal* 94.44+26.25 94.00+27.43 .616 105.00+29.90 107.83+31.98 472

Mean® 86.77+23.56 88.98+27.87 .785 97.82+28.81 102.06+31.55 .250

*Maximum of 3 repetitions; Tmean of 3 repetitions.

He:Qc, means were 76.27%13.66 on day 1 and 72.37%13.51 on
day 2. The reliability statistics of these parameters are shown in
table 2.

Bland-Altman®' plots for mean peak torque of concentric
and eccentric extension and flexion contractions (fig 1) illus-
trated a random relationship between the individual differences
and the averages of the 2 testing sessions. The bias represents
the average difference between day 1 and day 2 for the sub-
jects, with a negative figure indicating that day 2 had a higher
value than day 1. There were similar findings for plots of work
(not illustrated here).

DISCUSSION

Our subjects formed a heterogeneous group with regard to sex,
experience with strength testing and training, and sports back-
grounds and were a reflection of patients most commonly seen by
clinicians at the community level. The men were generally stron-
ger than the women, as is apparent from the Bland-Altman plots
(see fig 1). No other systematic differences existed between the

sexes, however, thus we pooled the reliability statistics for the men
and the women.

Correlations from .50 to .69 have been described as being
“moderate,” those from .70 to .89 as being “high,” and from 0.9
and above as being “very high.”**> The ICC values for peak
torque that we found can thus be described as being “very
high” and in agreement with results of earlier studies with
healthy, uninjured subjects.®'® Phillips et al® found slightly
higher ICC values for the extensor and flexor maximal peak
torque of 3 contractions (.98 for both directions). Harding
et al'® also found high ICC values (.95) and lower SE of
measurement (2.40—5.46Nm) scores for peak torque when
test'n()g concentric knee flexion and extension. These 2 stud-
ies®1® used reciprocal movements, that is, concentric extension
followed by concentric flexion, and Harding'® used the average
score of 6 contractions as opposed to 3. The SEs of measure-
ment of the concentric contractions that we found were similar
to those found by Pincivero et al,'” ranging between 6% and
10% of the average scores.

Table 2: Reliability of Isokinetic Concentric and Eccentric Knee Measurements (N=18)

Peak Torque Work
SEM
Test Measurement ICC (95% ClI) (Nm) SEM% SRD (Nm) SRD% ICC(95% Cl) SEM (J) SEM SRD (J) SRD%

Concentric extension contractions
Maximal* .93(.81-.97) 8.21 6.48 22.75 17.95 .94(.83-.98) 6.50 539 18.01 14.94
Mean" .95(.85—-.98) 6.45 5.44 17.88 15.07 .96(.88—.98) 5.12 445 14.19 12.34
Concentric flexion contractions
Maximal* .93(.80-.97) 5.57 7.02 15.45 19.47 .88(.69-.96) 8.20 9.16 22.73 25.38
Mean" .94(.83—.98) 4.74 6.41 13.14 17.78 .91(.76—.97) 6,55 7.73 18.15 21.42
Eccentric extension contractions
Maximal* .93(.81-.97) 12.24 6.74 33.92 18.67 .95(.87—-.98) 7.87 484 21.81 13.43
Mean" .94(.85—-.98) 11.20 6.54 31.04 18.14 .96(.90—.98) 6.86 4.37 19.01 12.12
Eccentric flexion contractions
Maximal* .94(.85—-.98) 6.48 6.88 17.97 19.07 .94(.84-.98) 7.46 7.00 2.69 19.41
Mean" .92(.79-.97) 7.20 8.20 19.19 22.72 .93(.80-.97) 7.82 7.83 21.66 21.70
Hamstring to quadriceps peak torque ratios
Hc:Qc .43(.00—-.77) 6.91 11.02 19.15 3.55
He:Qc .73(.28—.90) 7.61 1.24 21.09 28.38

Abbreviations: SEM, standard error of measurement; SEM%, SEM as percentage of group average; SRD, smallest real difference; SRD%, SRD

as percentage of group average.
*Maximum of 3 repetitions; Tmean of 3 repetitions.
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Fig 1. The differences between day 1 and day 2 sessions plotted against the means of the 2 test sessions for the peak torque of the men ()
and the women (O): (A) concentric extensor contractions; (B) eccentric extensor contractions; (C) concentric flexor contractions; and (D)

eccentric flexor contractions.

When interpreting changes in variables on reassessment after
an intervention, clinicians must decide whether a true change
has occurred or whether the changes reflect measurement noise
or assessment error. If the change is less than the SE of
measurement (and percentage of SE of measurement), it is
most likely that the change reflects measurement noise and is
unlikely to be of clinical significance. Based on the percentage
of SE of measurement we found in this study, differences less
than 8% and 10% for peak torque and work, respectively,
should be considered to be measurement noise and most likely
to be meaningless. Alternatively, the magnitude of a retest
difference that is less than the SE of measurement and percent-
age of SE of measurement cannot be reliably determined. A
retest difference that lies between the SE of measurement and
smallest real difference is less certain (between 68% and 95%),
whether or not there is a real difference."' For concentric
extension, concentric flexion, and eccentric extension peak
torque differences between 8% and 20%, a clinical decision
about whether a real change has occurred would be needed,
taking into account all aspects of patient assessment (eg, prior
familiarity with testing procedures). For eccentric flexion peak
torque and all work measures, this would apply for differences
up to 25%. Based on the percentage of smallest real difference
in this study, a general guideline would be that a change of
15% to 20% is necessary for peak torque of concentric and
eccentric extension and concentric flexion, and up to 23% for

eccentric flexion peak torque to be 95% confident that there has
been real change. For work measures, this difference is 12% to
15% for concentric and eccentric extension, but is 19% to 25%
for concentric and eccentric flexion.

Reliability of eccentric flexion contractions has not been
previously reported and our findings indicate that these also
have a “very high” reliability for peak torque and work mea-
sures. There were no statistically significant differences for the
group means of eccentric extensor and flexor peak torque and
work between the 2 occasions. This differed from the differ-
ences found for peak torque and work for concentric extensor
contractions. Subjects often reported that they found the ec-
centric contractions more difficult to perform than the concen-
tric contractions in both movement directions. Eccentric con-
tractions thus may require more skill and motor control. The
increased group means of the variables for the concentric
extensor contractions may indicate a learning effect for these
among some of the subjects.

For both peak torque and work measures, the ICCs of mean
variables (ICC range, .91—.96) were slightly higher than for
the maximal variables (ICC range, .88—.95), with the excep-
tion of eccentric flexion contractions. There was a similar
pattern for SE of measurement and percentage of SE of mea-
surement, but these differences were very small. Because of the
small differences in reliability, clinicians and researchers can

Arch Phys Med Rehabil Vol 88, May 2007
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choose to use either the maximum score of a set of repetitions
or the mean of the set.

The reliability of the hamstring to quadriceps ratios has not,
to our knowledge, been reported elsewhere. In this group of
subjects, the Hc:Qc had “low” relative test-retest reliability
with an ICC of .43. For the He:Qc, the ICC of .73 can be
classified as “high” relative reliability. The 95% CIs for both
ratios, however, are wide and the smallest real differences
indicate that a difference of 28% and 30% for the He:Qc and
Hc:Qc, respectively, is needed to be 95% confident that there
has been a real change. Individual changes in extension and
flexion of individual subjects from day 1 to day 2 were not
equal, which would explain the low reliability of the ratios.
These ratios thus cannot be considered in isolation when the
outcomes of isokinetic tests of knee flexors and extensors in
people who are active in sports are assessed.

Reliability of measurement can be affected by instrument,
data processing, examiner and subject-linked variability, test
procedure, and protocol errors.' The reliability of the KinCom
operating system has been shown to be excellent, with ICCs of
.99 for force recorded at the strain gauge.'® When calibrated,
the accuracy of the force measuring system was within 3% of
an applied actual load.'® The KinCom 500H alignment of the
mechanical axis of the dynamometer to the knee is performed
manually and depends on visual placement of the seat relative
to the dynamometer. The precise placement is not documented
for subjects, thus it can affect intersession reliability. Variabil-
ity between sessions may be smaller than our findings for dyna-
mometers where placement is adjusted mechanically and where
this can be individually recorded.

To reduce examiner variability in this study, 1 experienced
examiner conducted all procedures and gave standardized in-
structions and verbal encouragement. Protocol-linked errors
were kept to a minimum by following standardized procedures
in regard to warm-up, stabilization, seating, and alignment of
the dynamometer and lever. Various factors can affect subject-
linked variability. It has been suggested that a ;prior familiar-
ization session may decrease learning effects.” In an earlier
study,3 however, lower ICCs than what we found were found
for eccentric and concentric knee contractions at 60°/s despite
a pretrial familiarization session. Further, an investigation on
the reliability of isokinetic isometric elbow flexion did not
show a decrease in variability on 5 consecutive days.*® In
clinical practice and in the screening of athletes, it is unlikely
that a familiarization session would be held because of time
commitments and financial costs. We thus made the decision
not to include an additional familiarization session before day 1.

Study Limitations

This study included only healthy, young adults who partic-
ipate in running-related sports at various levels. In a group of
men and women with hemiparesis after stroke, the percentage
of smallest real difference ranged from 26% to 33% for knee
extension and from 39% to 55% for concentric flexion.” Sim-
ilarly, variability is likely to be greater in subjects with mus-
culoskeletal injuries than in the subjects in this study.'” In the
absence of reports of absolute and relative reliability in subjects
with specific impairments, a decision about a minimal acceptable
level of change still must be based mainly on clinical reasoning.

CONCLUSIONS

With the Kin-Com 500H isokinetic dynamometer, the rela-
tive reliability for all knee flexion and extension variables at a
velocity of 60°/s was very high and was high for the He:Qc, but
low for the Hc:Qc. In uninjured subjects, the smallest change
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that can indicate a real improvement (smallest real difference)
ranges from 13 to 34Nm (15% —23%) for peak torque and from
14 to 23] (12%—25%) for work variables. The peak torque
ratios are less sensitive in detecting a real change, with the
smallest necessary change ranging from 25% to 30% of the
initial value.

References

1. Dvir Z. Isokinetics: muscle testing, interpretation and clinical
applications. 2nd ed. Edinburgh: Churchill Livingstone; 2004.

2. Wilhite MR, Cohen ER, Wilhite SC. Reliability of concentric and
eccentric measurements of quadriceps performance using the Kin-
Com dynamometer: the effect of testing order for three different
speeds. J Orthop Sports Phys Ther 1992;15:175-82.

3. Tredinnick TJ, Duncan PW. Reliability of measurements of con-
centric and eccentric isokinetic loading. Phys Ther 1988;68:656-9.

4. Kues JM, Rothstein JM, Lamb RL. Obtaining reliable measure-
ments of knee extensor torque produced during maximal voluntary
contractions: an experimental investigation. Phys Ther 1992;72:
492-501.

5. Eng JJ, Kim MC, Macintyre DL. Reliability of lower extremity
strength measures in persons with chronic stroke. Arch Phys Med
Rehabil 2002;83:322-8.

6. Phillips BA, Lo SK, Mastaglia FL. Isokinetic and isometric torque
values using a Kin-Com dynamometer in normal subjects aged
20-69 years. Isokinet Exerc Sci 2000;8:147-59.

7. Wessel J, Gray G, Luongo F, Isherwood L. Reliability of work
measurements recorded during concentric and eccentric contrac-
tions of the knee extensors in healthy subjects. Physiother Can
1989;41:250-3.

8. Dombholdt E. Rehabilitation research: principles and applications.
3rd ed. St Louis: Elsevier Saunders; 2005.

9. Flansbjer UB, Holmbick AM, Downham D, Lexell J. What
change in isokinetic knee muscle strength can be detected in men
and women with hemiparesis after stroke? Clin Rehabil 2005;19:
514-22.

10. Bland JM, Altman DG. Measurement error and correlation coef-
ficients. BMJ 1996;313:41-2.

11. Mckenna L, Cunningham J, Straker LM. Inter-tester reliability of
scapular position in junior elite swimmers. Phys Ther Sport 2004;
5:146-55.

12. Portney LG, Watkins MP. Foundations of clinical research: ap-
plications to practice. 2nd ed. Upper Saddle River: Prentice Hall
Health; 2000.

13. Beckerman H, Roebroeck ME, Lankhorst GJ, Becher JG, Be-
zemer PD, Verbeek AL. Smallest real difference, a link between
reproducibility and responsiveness. Qual Life Res 2001;10:571-8.

14. Nitschke JE. Reliability of isokinetic torque measurements: a
review of the literature. Aust J Physiother 1992;38:125-34.

15. Keating JL, Matyas TA. Unpredictable error in dynamometry
measurements: a quantitative analysis of the literature. Isokinet
Exerc Sci 1998;7:107-21.

16. Harding B, Black T, Bruulsema A, Maxwell B, Stratford P.
Reliability of a reciprocal test protocol performed on the kinetic
communicator: an isokinetic test of knee extensor and flexor
strength. J Orthop Sports Phys Ther 1999;10:218-23.

17. Pincivero DM, Lephart SM, Karunakara RA. Reliability and pre-
cision of isokinetic strength and muscular endurance for the quad-
riceps and hamstrings. Int J Sports Med 1997;18:113-7.

18. Aagaard P, Simonsen EB, Magnusson SP, Larsson B, Dyhre-
Poulsen P. A new concept for isokinetic hamstring: quadriceps
muscle strength ratio. Am J Sports Med 1998;26:231-7.

19. Farrell M, Richards JG. Analysis of the reliability and validity of
the kinetic communicator exercise device. Med Sci Sports Exerc
1986;18:44-9.



20.

21.

22.

23.

24.

25.

26.

217.

RELIABILITY OF ISOKINETIC KNEE MEASURES, Sole

Larsson B, Karlsson S, Eriksson M, Gerdle B. Test-retest reliabil-
ity of EMG and peak torque during repetitive maximum concen-
tric knee extensions. J Electromyogr Kinesiol 2003;13:281-7.
Hart DL, Stobbe TJ, Till CW, Plummer RW. Effect of trunk
stabilization on quadriceps femoris muscle torque. Phys Ther
1984,64:1375-80.

Kaminski TW, Wabbersen CV, Murphy RM. Concentric versus
enhanced eccentric hamstring strength training: clinical implica-
tions. J Athl Train 1998;33:216-21.

Jonhagen S, Nemeth G, Eriksson E. Hamstring injuries in sprint-
ers: the role of concentric and eccentric hamstring muscle strength
and flexibility. Am J Sports Med 1994;22:262-5.

Bennell K, Wajswelner H, Lew P, et al. Isokinetic strength testing
does not predict hamstring injury in Australian rules footballers.
Br J Sports Med 1998;32:309-14.

Brockett CL, Morgan DL, Proske U. Predicting hamstring strain
injury in elite athletes. Med Sci Sports Exerc 2004;36:379-87.
Stratford PW, Bruulsema A, Maxwell B, Black T, Harding B. The
effect of inter-trial rest interval on the assessment of isokinetic
thigh muscle torque. J Orthop Sports Phys Ther 1990;11:362-6.
Kannus P. Isokinetic evaluation of muscular performance: impli-
cations for muscle testing and rehabilitation. Int J Sports Med
1994;15:S11-8.

28

29.

30.

31.

32.

33.

631

. Wrigley T, Grant M. Isokinetic dynamometry. In: Zuluaga M,

Briggs C, Carlisle J, et al, editors. Sports physiotherapy: applied
science and practice. New York: Churchill Livingstone; 1995.
p 259-87.

Orchard JW, Marsden J, Lord S, Garlick D. Preseason hamstring
muscle weakness associated with hamstring muscle injury in
Australian footballers. Am J Sports Med 1997;25:81-5.

Dvir Z. How much is necessary to indicate a real improvement in
muscle function? A review of modern methods of reproducibility
analysis. Isokinet Exerc Sci 2003;11:49-52.

Bland JM, Altman DG. Statistical methods for assessing agree-
ment between two methods of clinical measurements. Lancet
1986;8476:307-10.

Munro BH, Visintainer MA, Page EB. Statistical methods for
health care research. Philadelphia: JB Lippincott; 1986.
Howatson G, Van Someren KA. The reproducibility of peak
isometric torque and electromyography activity in unfamiliarised
subjects using isokinetic dynamometry on repeated days. Isokinet
Exerc Sci 2005;13:103-9.

Suppliers

a. Chattecx Corp, 4717 Adams Rd, PO Box 489, Hixson, TN 37343.

b.

Version 10.1; SPSS Inc, 233 S Wacker Dr, 11th Fl, Chicago, IL
60606.

Arch Phys Med Rehabil Vol 88, May 2007



	Test-Retest Reliability of Isokinetic Knee Extension and Flexion
	METHODS
	Instrumentation
	Procedures
	Measures
	Statistical Analysis

	RESULTS
	DISCUSSION
	Study Limitations

	CONCLUSIONS
	References
	Suppliers


