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Abstract
Thepresentstudycomparestheeffectivenessofisokinetic
and Isotonicexercisesonmaximumpowerofquadriceps
in 45 healthy youngmales.The subjectswere randomly
assigned into three groups (n=15): Group A- Isokinetic
group,GroupB-Isotonicgroup,GroupC-Controlgroup.
Maximumpower of quadriceps at velocities of 2200/sec,
1600/sec1000/secand400/secwastestedtwicewithagap
of4weeksusing isokineticdynamometer.The isokinetic
protocolconsistedofonesetoftenrepetitionsatvelocities
of2200/sec,1600/sec,1000/sec,and400/seceachwhile,the
Isotonic protocol included three sets of 10 repetitions at
50%10RM,75%10RMand100%10RM.Eachexercise
protocolwasperformedthriceaweekforfourweekswith1
minuterestinterval.Thesubjectsinthecontrolgroupwere
notprescribedanykindofexercise training.Paired t-test
showedsignificantchangesat2200/sec(t=7.15,p<0.001),
1600/sec (t=7.54, p<0.001), 1000/sec (t=9.24, p<0.001)
and 400/sec (t=7.59, p<0.001) in GroupA, also at 2200/
sec (t=8.56, p<0.001), 1600/sec (t=8.80, p<0.001), 1000/

sec (t=10.11, p<0.001) and400/sec (t=10.50,p<0.001) in
GroupBandnon-significantchangesinGroupC.Post-test
OnewayANOVArevealedsignificantchangesat2200/sec
(F= 10.85, p<0.001), 1600/sec (F=16.96, p<0.001), 1000/
sec (F=14.60, p<0.001) and 400/sec (F=14.00, p<0.001).
Isotonic exercises were found to be more effective than
Isokinetic exercises in increasing themaximumpowerat
highvelocity.

Introduction
The musculature around the knee especially quadriceps
is important in the prevention of injuries, as well as in
the enhancement of the knee function. Isokinetic aswell
as isotonic exercises are commonly used methods of
developing quadriceps muscle strength in both sports
medicine and rehabilitation (1,2-4). During Isotonic
contractions, the neuromuscular system has to overcome
an initial resistance (constant throughout themovement)
tomove the lever arm (5).On theotherhand, Isokinetic
contractions provide muscle training throughout the
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rangeofmotionofthejointatapre-set,constantspeedof
contractionswith a constantly accommodating resistance
(6).
There is an ample volume of literature regarding the
comparisonofbothisotonicaswellasisokineticstrength
training programs on quadriceps muscle peak torque
development (7-10). However, muscle power production
has not often been the focus of attention in the previous
literature.
Indeed, there is a scarcity of evidence regarding the
comparison of the effect of open chain and specific
trainingregimen typesof isokineticand isotonicexercise
programs on themaximumpower of quadricepsmuscle.
Therelationshipbetweenjointtorqueandangularvelocity
isusedtoquantifydynamicstrength;similartotheforce-
velocityrelationshipinisolatedmusclesincemanydecades
(11).Theabilitytoperformadynamictaskoftendepends
onbothtorqueproductionandthespeedofcontraction,the
product of which is power (12). Therefore performance
duringdynamicmusclecontractionscanbeexaminedby
measuringpower across a rangeof velocitieswhich also
depictsworkperformedperunitoftime.
Themaximumpoweroutputofquadricepsisanimportant
factor affecting performance in sprint and power sports.
Henceforth, thepresentstudywasundertakentoevaluate
the comparative effectiveness of isokinetic and isotonic
strengthtrainingprogramsonquadricepsmaximumpower
inordertofindthemostappropriatemethodofdeveloping
maximum muscle power output amongst healthy young
males. It was hypothesized that both strength training
methods will enhance the quadriceps maximum power
after4weeks.However,anyofthetwoexercisesmaybe
betterthantheother.

Materials and Methods
Samples
Sixty healthy young males of 19-25 years age group
were randomly taken from Maharishi Markendeshwar
University,Mullana.Outof sixty, onlyfiftyone subjects
met the inclusion criteria of having normal Body mass
Index (BMI) value i.e. 18.5 - 24.9 kg/m2. Out of these
fiftyonesubjects, sixwere removedas theymatched the
exclusioncriteriaofeitherhavinghistoryorevidenceof
Lowerextremitymusculoskeletal,neurologicalproblems,
cardio-vascular, respiratory or major systemic disorders,
insufficient strength to complete base line testing or
participationinanytypeofvigorousorrecreationalactivity,
aerobicorweighttrainingprogramduring6monthsperiod
prior to the study. The remaining forty five (N) were
familiarizedwiththeexperimentalprotocolandinformed

about the possible risks and benefits involved with the
studybothverballyandinwritingbeforeobtainingwritten
consent.ThestudywasapprovedbyInstitutionalMedical
EthicsCommittee.

Instrumentation
Easytech Genu 3 Isokinetic dynamometer, manufactured
byBiomed-Inc,NewDelhiwasusedforbothassessment
of maximum power (Newton-meter) as well as for
isokinetic strength training. Quadriceps strengthening
table, manufactured by Biomed-Inc, New Delhi was
used for isotonic strength training. A static lower limb
bicycle ergometer was used for warm-up prior to each
assessmentandtrainingsession.Aweighingmachineand
ananthropometricrodwereusedtomeasurebodyweight
andheightrespectively.

Procedure
Fortyfivesubjectswererandomlyassignedinto3groupsof
15subjectseach(n=15):GroupA-Isokineticgroup,Group
B-Isotonicgroup,GroupC-Controlgroup.Allsubjects
weretestedonedaybeforeandonedayafterafourweek
exerciseprotocolusingisokineticdynamometeratvelocity
of 2200/sec, 1600/sec, 1000/sec and 400/sec to evaluate
maximumpowerofquadriceps.Ageneralbodywarm-up
of5minuteseasystationarycyclingfollowedby5minutes
restintervalwasincludedbeforeeachtesting.

GroupA(Isokineticgroup)
Subjects were asked to do general body warm-up of 5
minuteseasystationarycyclingfollowedby5minutesrest
intervalbeforeexercise.
Isokineticprotocol:
Speed(Deg/sec)22016010040
Reps10101010
Sets1111
Rest-1minutebetweeneachset
Duration-3daysaweekfor4weeks

GroupB(Isotonicgroup)
Eachsubjectwasaskedtodogeneralbodywarm-upof5
minuteseasystationarycyclingfollowedby5minutesrest
intervalbeforeeachexercisesession.1RMwasestimated
usingBrzynckiequation(13)-
1RM=WeightliftedduringnRM/(1.0278-.0278(n))
10RMwas determined through 75% of the 1RM (14).
Eachexercise sessionwasperformed three timesaweek
forfourweekswith1minuterestbetweeneachset.
Isotonicprotocol:
10repetitionswith50%10RM
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10repetitionswith75%10RM
10repetitionswith100%10RM

GroupC(Controlgroup)
Thesubjectsinthecontrolgroupweretestedtwicewiththe
gapof4weeks.

Statistical Analysis
All data are presented as themean ± standard deviation
(SD)andstandarderror(SE).Thedatawereanalyzedfor
statisticalsignificancebyusingthestatisticalpackagefor
social sciences (SPSS 16.0) software. Paired student’s
t’ test, one wayANOVA and post hoc multiple Scheffe
analysiswasdone.
Results
The comparison of maximum power values at 2200/sec
(F=0.73, p>0.05), 1600/sec (F=0.01, p>0.05), 1000/sec
(F=1.99,p>0.05)and400/sec(F=0.17,p>0.05)atbaseline

withonewayANOVAshowedstatisticallynonsignificant
differences in all the groups (Table 1).After 4weeks of
isokineticstrengthtraining,pairedt-testshowedsignificant
changes at 2200/sec (t=7.15, p<0.001), 1600/sec (t=7.54,
p<0.001),1000/sec(t=9.24,p<0.001)and400/sec(t=7.59,
p<0.001)inIsokineticgroup(Figure1,Table2).Isotonic

strengthtrainingalsoyieldedsignificantresultsat2200/sec
(t=8.56, p<0.001), 1600/sec (t=8.80, p<0.001), 1000/sec
(t=10.11,p<0.001)and400/sec(t=10.50,p<0.001)(Figure
2,Table3).Ontheotherhand,statisticallynon-significant
changeswereobservedat2200/sec(t=2.04,p>0.05),1600/
sec (t=0.67, p>0.05), 1000/sec (t=0.76, p>0.05) and 400/
sec(t=1.81,p>0.05)incontrolgroup(Figure3,Table4).
One wayANOVA at post training revealed statistically
significantchangesat2200/sec(F=10.85,p<0.001),1600/
sec(F=16.96,p<0.001),1000/sec(F=14.60,p<0.001)and
400/sec (F=14.00, p<0.001) (Table 5). Post hocmultiple
Scheffe analysis showed maximum power of isotonic
grouptobehigherthanisokineticgroup.Thecontrolgroup
showedleastmaximumpowervaluesatposttesting.
Discussion
The findings from the present study suggest that both
Isokinetic and Isotonic strength training programs
improvedthemaximumpowerofquadriceps.Ontheother

hand,thenon-experimentalcontrolgroupdidnotyieldany
significantchangesonintra-groupcomparison.
Aspreviouslystated,thereisasubstantialdatabasesince
decadesrelevanttoeffectsofbothtypesofstrengthtrainings
on various muscle groups throughout the body (15-18).
Though,bothisokineticandisotoniccontractionspresent

Table 1: One way ANOVA at pre test between all the groups

Variable Sum of Squares df Mean Square F
2200/sec Between groups 1191.24 2 595.62 0.73 NS

Within groups 34317.87 42 817,09

Total 35509.11 44

1600/sec Between groups 38.18 2 19.09 0.01 NS

Within groups 81890.27 42 1949.77

Total 81928.44 44

1000/sec Between groups 4911.24 2 2455.62 1.99 NS

Within groups 51887.33 42 1235.41

Total 56798.58 44

400/sec Between groups 956.58 2 478.29 0.17 NS

Within groups 121439.33 42 2891.41

Total 122395.91 44
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differentbiomechanicalcharacteristics.Nonetheless,both
loadtheneuromuscularsystem(19).Specificchangeson
torque-angle and torque-velocity relationship may be
inducedwithbothisotonicandisokineticstrengthtraining
(5).Anincreaseinnumberandfrequencyoffiringmotor
units has been observed after isotonic and isokinetic
strengthtraining(15).
Furthermore,isotonicgrouprevealedhighestpowervalue
onpost-training,followedbyisokineticandcontrolgroup

respectively.Similarresultshavealsobeendocumentedin
thepastbyfewresearchers(8,10,19).
Theremaybemanyunderlyingfactorsresponsibleforsuch
findings. GreaterMotor unit activation per unit of work
performedwithisotonicexerciseascomparedtoisokinetic
exercisesmaybeoneofthereasonsforbetterimprovement
with isotonic strength training (10). Greater strength
improvement with isotonic training than with isokinetic
trainingonmaximumpowerofkneemusculaturehasbeen
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Figure1:IntragroupcomparisonofmaximumpowerfrompretoposttraininginIsokineticGroup

Table 2: Paired t-test for Isokinetic Group  (** Highly Significant)

Variable Mean Std. dev. Std. error t-value

Pre   2200/sec 186.33 23.60 6.09

Post 2200/sec 247.27 36.26 9.36 -7.15 **

Pre  1600/sec 266.07 48.49 12.52

Post 1600/sec 327.20 52.31 13.51 -7.54 **

Pre  1000/sec 340.6 35.90 9.27

Post 1000/sec 417.93 52.15 13.47 -9.24 **

Pre   400/sec 474.53 52.46 13.55

Post  400/sec 548.47 55.82 14.41 -7.59 **
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observedonisometrictestsat100,300,500,700and900of
kneeflexion(8).
Isotonicexercisesaretheclosestformofexercisetonormal
movement that is they are close to functionalmovement
(20).So,itwouldnotbesurprisingtofindthattheseexercises
increasemusclestrengthatdoublethespeedof isometric
andisokineticexercisesintheuntrainedpopulation.
Anotherimportantexplanationforlowermaximumpower
values following isokinetic strength trainingmay be that
it provides constantly accommodating resistance rather

than maximal resistance during the exercise because the
resistanceprovidedbytheisokineticdynamometermatches
theforceexertedontheattachmentarmbytheuserthrough
therangeofmotionofanexercise(21).
Moreover, Isokinetic exercise involves three phases of
movement;acceleration,constantvelocity,anddeceleration.
The acceleration phase, rate of velocity development,
representsthebeginningpartofthemotionandisperformed
without resistance. Constant velocity phase follows the
acceleration phase of movement and corresponds to
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Figure2:IntragroupcomparisonofmaximumpowerfrompretoposttraininginIsotonicGroup.

Table3:Pairedt-testforIsotonicGroup(**HighlySignificant)

Variable Mean Std.dev. Std.error t-value

Pre   2200/sec 197.93 30.34 7.83 

Post 2200/sec 275.27 54.07 13.96 -8.56**

Pre  1600/sec 265.40 39.94 10.31

Post 1600/sec 363.60 41.57 10.73 -8.8**

Pre  1000/sec 357.40 42.17 10.89

Post 1000/sec 451 36.62 9.46 -10.11**

Pre   400/sec 484.60 45.94 11.86

Post  400/sec 589.73 42.33 10.93 -10.5**
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the matching between mechanically imposed velocity
and subject’s movement. The third phase of motion,
decelerationphaserepresentsslowingdownofthedevice
priortocontactingtheendstop(22).Bydefinition,onlythe
constantvelocityportionofrangeofmotionrepresentsload
range(23).Thus,maximumloadingoftheneuromuscular
systemataconstantvelocitymayoccuronlyduringsecond
phaseoftheisokineticexerciseswhenmaximumpoweris

produced.
Another important factor is co-activation of hamstring
muscleduring isokinetickneeextensionwhichmayhave
ledtoweakerwork:repititionratiowithisokineticstrength
training. Co-activation of hamstring muscle during
isokinetickneeextensionexerciseshavebeenreportedin
theliterature(5,24,25).
Although lesser improvement occurred with isokinetic
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Figure3:IntragroupcomparisonofmaximumpowerfrompretoposttraininginControlGroup.

Table 4: Paired t-test for Control Group  (Non  Significant)

Variable Mean Std. dev. Std. error t-value

Pre   2200/sec 196.40 31.20 8.06  

Post 2200/sec 205.93 28.40 7.33 2.04 NS 

Pre  1600/sec 263.87 43.62 11.26

Post 1600/sec 266.67 43.57 11.25 -0.67 NS 

Pre  1000/sec 365.80 25.28 6.53

Post 1000/sec 369.93 32.55 8.40 -0.76 NS 

Pre   400/sec 484.00 61.74 15.94

Post  400/sec 489.53 56.97 14.71 -1.81 NS 
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as compared to isotonic strength training, nonetheless, a
significant improvement inmaximum power outputwith
isokinetic strength training was also observed. Velocity-
spectrumtrainingadvocateshaveclaimedthatbothtype-I
andtype-IIfibersmayberecruitedandtrainedbyvarying
thevelocityofmovementover thecourseof time(7,26).
Theenhancementofmusclepoweroutputbyhighvelocity
traininghasalsobeendocumented(27).
Conclusions and Practical Applications
Thefindingsofthisstudycanbesummarizedasfollows:
both isokinetic and isotonic exercises are effective in
increasingthequadricepsmusclepower.Thus,considering
the above findings, both isotonic and isokinetic strength
trainingshouldbeusedinordertoenhancestrengthindices
and possibly in competition results in sprint and power
sports requiring more quadriceps strength. However,
Isotonic exercises are more effective than the Isokinetic
exercisesinincreasingthemaximumpower.Futurestudies
needtofocusonotherfactorssuchasdifferentvelocities,
repetitions, durationof training aswell as examining the
interaction of fatigue and velocity spectrum training on
larger sample size . Being an easily understandable and
applicablemethod,werecommendhealthprofessionalsto
addopenchainisotonictraininginrehabilitationprogram
followinginjury.
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