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SUMMARY 
Analysis of an isokinetic knee extension-flexion movement 
with  a  comparison  between  experimental  tests  and  a 
numerical  simulation  has  been  performed by   a   muscle-
skeletal  model   ;  the  purpose  has  been  validation  of  the 
numerical model with a comparison between the muscular 
experimental   activity  and  the  “activity”  output  of  a 
numerical  simulation during  an  isokinetic  knee  extension-
flexion  exercise;  isokinetic  provided  mechanical 
repeatability  (Cybex  350  CSMi  Medical  solution),  EMG 
PocketEMG  (BTS  Bioengineering)  provided  muscles 
performance  \activation   and  computer  simulation 
(AnyBody®  software  3.0)  the  capability  to  forecast  the 
output and functional performance of the presented model. 
Clinical  objectivity  in  consistently  increased  by  isokinetic 
testing devices whose validation is a major goal in clinical 
practice.

INTRODUCTION
It is not simple to create a numerical software model of the 
human  body  because  of  its  complexity.  AnyBody  is  a 
software  which  can  perform  complex  inverse  dynamic 
simulation and calculate a lot of quantities regarding muscle-
skeletal  system.  In  this  study  we  tried  to  evaluate  the 
precision of the results given by a leg model simulating an 
isokinetic  knee  extension-flexion  exercise.  This  kind  of 
movement  has  been  chosen  because  it’s  almost  one-
dimensional an the isokinetic machine ensures good control 
and repetitiveness.

MATERIALS AND METHODS
In  the  first  part  of  the  study  the  AnyBody  “Right  Leg” 
muscle-skeletal  model  by  AnyBody  Repository  6.3 
(Aalborg)  was  chosen  and  adapted  in  order  to  correctly 
simulate the isokinetic extension-flexion movement. First of 
all a correct constraints system was defined: the model was 
seated, the pelvis grounded to the fixed reference frame with 
hip and ankle locked: in this way the model had only one 
D.o.F.: knee extension flexion.At this time the general model 
is ready, but to make it work a cinematic driver and a force 
input  are  needed.  Both  of  them  derived  directly  by  the 
experimental  measures.  As  usual  the  AnyBody  general 
model  was  adapted  to  the  single  tester:  for  each  test  the 
model  was set  up with tester’s  characteristics:  body mass 
and height. The input text files of position and force driver 
were defined and the real time of the test was set. To create 
the  position  (cinematic)  driver,  the  measure  of  an 
electrogoniometer placed directly on tester’s knee (in lateral 
side) was used. The resistant force was defined by using the 

torque  output  (measured  by  Cybex  machine)  and  the 
moment arm. (F=T/b). In the model the resistance was given 
by a force perpendicular to the leg and placed near the ankle, 
where the Cybex anklet was actually placed.  The operation 
of scaling was made by using the “ScalingLengthMassFat” 
subroutine,  while  the optimisation algorithm used was the 
MinMaxSimple  the  muscle  SpecificMuscleTensionSpine 
was set at 90 N/cm2 with Leg index = 1.5. -  Dealing about 
muscle, the model could use a simple one-element muscle 
type  (only  a  contractile  element)  or  a  more  complex  but 
more  realistic  3-element  muscle  model  based  on  Hill’s 
studies, whose characteristics depend on fibre’s length and 
speed of contraction. The simulations were performed with 
both this kinds of muscle model.

EXPERIMENTAL TESTS
The isokinetic tests were executed on 5 male testers with no 
muscle skeletal pathologies, aged between 18 and 24.
Each test consisted on four isokinetic exercises at different 
nominal angular speed (60-120-180-240 deg/s). The outputs 
measured were:

 Cybex Angle arm displacement
 Cybex Resistant Torque (to create force driver)
 EMG activity of:

• Biceps Femoris, long Head(BFCL),
• Semimembranous (SM),
• Rectus Femoris (RF), 
• Vastus Medialis (VAM),
• Vastus Lateralis (VAL), 
• Gastrocnemius Medialis (GAM)

 Knee  angle  (measured  by  EGN),  to  create  the 
cinematic driver.

In  the   photo  are  displayed  the  Cybex Dinamometer  and 
EMG electrodes position there  are different  phases  of  the 
preparation of the testers ; in the graphs isokinetik example 
curves are displayed. 

Position of the tester

Also 4 isometric tests at different angles (0-30-60-90°) were 
performed  in  order  to  find  the  EMG Maximal  Voluntary 
Contraction  of  each  muscle  (MVC.).  All  the  exercises 
consisted  on  4  isokinetic  repetitions  (cycles)  of  the 
extension-flexion movement (only in 240 deg/s tests there 
were  10  repetitions),  but  for  the  comparative  analysis 
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between tests and software a “mean cycle” was created, and 
both EMG activity, angle and force data were mediated. This 
was possible  because  of  the  extreme repetitiveness  of  the 
exercise.   The  experimental  EMG results  were  elaborated 
with  Smart  Analyzer®  software  with  rectification, 
integration  with  mobile  window and low-pass  filtering  (5 
Hz).  The  resultant  signal  of  each  muscle  was  then 
normalized with respect  to the MVC value.  This software 
also made possible  a  good synchronization between EMG 
and  Cybex  data,  by  using  the  EGN signal.   After  that  a 
cinematic and a force driver of each exercise was created 
and a numerical simulation of each exercise was performed, 
with 1-element and 3-elements muscle model. At the end of 
all  the simulations data regarding analysed muscle activity 
and  force  were  recorded.  Then  the  activity  calculated  by 
AnyBody  was  compared  with  the  experimental  EMG 
activity. We have to remember that AnyBody’s activity and 
EMG activity of a muscle are not properly the same entities: 
the first one is a ratio between instant muscle force and the 
maximum strength of the muscle (which is constant in the 1-
element model and function of speed and length in the 3-
elements model), the second one, instead, is a ratio between 
electromiographic  instant  signal  and  the  MVC.  This 
comparison was made for  the “mean cycle”,  with time in 
abscissa and also in relation with the knee angle. The most 
synthetic and, thus, significant analysis is the second one.

isokinetik example curves 

Analysed  muscles  have  been  divided  into  two  groups: 
extensors (RF, VAL, VAM) and flexors (BFCL, SM, GAM) 
and in the same graph (one for each group) we can compare 
their  experimental  activity,  their  numerical-calculated 
activity and the torque performed respectively in extension 
and in flexion. All the quantities are expressed in relation 
with the knee angle.  For  better  explanation,  all  tester (2) 
results  are  presented.  In  the  figures  the  continuous  lines 
represent the experimental activity, while discontinuous ones 
represent  the  numerical  activity  ;  the  colour  identify  the 
muscle.  There  are  many  differences  among  the  exercises 
performed at different speeds and the results are in general 
better at  lower speed exercise,  where the numerical tracks 
are more similar to the real experimental one. Hence while in 
AnyBody  muscle  that  contribute  to  the  same  action  have 
similar or  almost  identical  activity such as VAM and Val 
and SM and BFCL, the experimental activity is often very 
different between these muscle as expected. In some cases 
values  are  quite  different,  while  the  trend  is  similar  (for 
example for VAL at 60 deg/s), in other cases the value in 
general  seem to be good but the trends are different.  (for 
example for GAM at 120 deg/s). In general the difference 
between numerical and experimental value is not influenced 
by exercise speed in  the  analysis  of  extension movement. 
Numerical  values  become  significant  smaller  than 
experimental ones increasing angular speed in flexion istead.

CONCLUSIONS
Objective quantification of  knee functionality  is  more and 
more needed in the clinical assessment of injuried patients 
and in the results analysis and interpretation. Biomechanical 
models can greatly help the validation of clinical assumption 
and  be  fundamental  base  of  future  indications.  Computer 
simulation can also open new interpretation capability and 
clinical tests and machine design. 
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