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Joint  Coordina t ion a nd  Muscle-Tendon 
Intera ct ion Differ Depending  on 
The Level of Jum ping  Perform a nce



Wha t  is  t he
Counte rm ove m e nt  jum p  (CMJ)?

This is 
countermove!

Propulsion 
Phase!



Wha t  is  t he
St re tc h -
shorte n ing  
cyc le  (SSC)?

St re tc h c ont ra c t ion Shorte n ing  c ont ra c t ion

SSC = Stretching contraction 
(p rop ulsion  p ha se ) following  a n  
shorten ing  (counte rm ovem ent  
p ha se ) cont ra ct ion  occurs.

(Fuka sh iro a nd  Kom i, 1987)

Muscle-tendon 
unit stretched

Shortening!



Com p a re d  to shorte n ing  cont ra c t ion  on ly…

Shortening contraction 
only

<
Stretch -shortening 

cycle (SSC)

Enhance muscle force/work
Greater jump height

“SSC effect”

(Bobbert and Casius , 2005, Cavagna et al., 1968)



How to m a xim ize  t he  SSC e ffe c t ?

Muscle

Tendon

More countermove

+
Tendon has elasticity!

Tendon stores and recoils 
elastic energy.

Inc rea sed  tend on  work

(Corm ie e t  a l., 20 0 9; McBrid e , 20 21; Sa lle s e t  a l., 20 11)

But, wha t it  the difference between good a nd poor jumpers?



Passive 
structure!

Consid e r t he  
inve rte b ra te  
a n im a ls’ 
jum p

“Ca ta p ult  m e c ha n ism ”
Passive st ructure  tha t  d e form s to store  e la st ic  

e ne rg y a nd  ra p id ly re coils  m a xim ize s the  force  a nd  
p owe r g e ne ra te d  b y the  m usc le

(Bennet -Cla rk, 1975)

But  hum a n  d o not  ha ve  th is 
p a ssive  st ructure . In ste a d …

Jump higher! X 100 
times

Like 
trigger!!!



Musc le - te nd on  
in te ra c t ion

the te nd on  ena b led  the  m usc le  to g ene ra te  
g rea te r force  a t  the  op t im a l fa sc ic le  le ng th  

sta te s a nd  a m p lifie d  the  p ower

(Fa rris e t  a l., 20 16; Ka wa ka m i e t  a l., 20 0 2; Rob e rt s a nd  Azizi, 20 11)

Shortening velocity 
increase -> muscle 

force decrease



De la ye d  
a nkle  onse t

Store  a nd  
re c oil e la s t ic  

e ne rg y

Join t  c oord ina t ion

(Farris, Dominic James, et al., 2016)

Ankle onset

Joint 
strategy



Altered joint coordination and increased MTU and 
te nd on  ve loc ity a fte r t ra in ing  

Coop e ra t ion  b e twe e n  join t  kine m a t ic s a nd  MTU 
inte ra c t ion  is  the  key to a  jum p  m e cha n ism

(Corm ie  e t  a l., 20 0 9; B. W. Hoffm a n  e t  a l., 20 22)

(Rob e rt son  e t  a l., 20 18)

The re fore , t h is  inve st ig a t ion  a im e d  to d e te rm ine  whe t he r 
t he  join t  c oord ina t ion  a nd  MTU in te ra c t ion  d iffe r b a se d  
on  t he  leve l of jum p  skill a nd  jum p  he ig ht  d uring  a  CMJ.

Purpose of this 
study!



Pa rt ic ip a nt s  a nd  ta sks
UG TG

Age 25.1 ± 1.5 ye a rs 25.1 ± 1.9 ye a rs

He ig ht  174.4 ± 5.9 cm 178.6 ± 3.5 cm

We ig ht 75.8 ± 10 .2 kg 78.1 ± 6.1 kg

Ma xim a l jum p  he ig ht < 50  cm  > 50  cm  

a  jum p  to 20 % of t he ir he ig ht  (CMJ20) 
a nd  t he  m a xim um  e ffort  jum p  (CMJMa x)



Met hod olog y
Joint kinematics & kinetics
3D motion capture cameras & Force plates 
Muscular modeling program ( Opensim 4.1)

Ultrasoun
d

(Arnold , Ha m ner, Se th , Milla rd , & De lp , 20 13, The len , Chum a nov, Best , Swa nson , & He id e rsche it , 20 0 5)

Architecture of 
Medial gastrocnemius
B-m od e  re a l t im e  ult ra sound



Repeated measures ANOVA A reliability method

to verify the effect of interaction between the 
group and the task ( p <.05)

intra -class correlation coefficients for days 
[ICC]

0.835–0.997 for CMJ 20

0.945 -0.998 for CMJ MAX

Sta t is t ic s



Jum p  
he ig ht  (cm )
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*TG vs UG reg a rd le ss of ta sks. † CMJ20 vs CMJMa x reg a rd le ss of g roup s. 

**TG vs UG in  CMJ20  or CMJMa x. ††TG or UG in  CMJ20  vs CMJMa x.

Ta sks CMJ 20 < CMJ MAX

CMJ 20 TG = UG

CMJ MAX TG > UG



Re sult s  (CMJ20 vs . CMJMAX)
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proximal joints
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† CMJ20 vs CMJMa x reg a rd le ss of g roup s.



Re sult s  (CMJ20 vs . CMJMAX)

-4

-3

-2

-1

0
CMJ 20 CMJ MAX

Rate of tendon length change (mm)

TG
UG†

Increased the rate of tendon 
length change after the peak 

MG tendon length† CMJ20 vs CMJMa x reg a rd le ss of g roup s.

Sub je ct  5 in TG
● CMJ 20
■ CMJ MAX

the rate of 
tendon length 

change!
Fa st  recoil



Use proximal joints and 
inc re a se d  join t s  ve loc ity

The  fa ste r re coil ve loc ity

Jum p stra tegy to 
enha nce jum p 
height  rega rdless 
of groups

CMJ 20 CMJ MAX

Elastic energy
Usage 

More 
countermove!

Increased tendon 
recoil!!



● TG Sub je ct  5
■ UG Sub je ct  5

No d iffe re nce  in  join t  kine m a t ic s a nd  kine t ic s
But , d iffe re nt  join t  coord ina t ion  wa s shown  in  TG

Ankle onset

Re sult s  
(TG vs. UG)

Delayed ankle joint 
onset!!



Re sult s  (TG vs. UG)
Less fascicle shortening 

velocity

Greater the rate of tendon 
length change after the peak 

MG tendon length
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*

the tendon enabled the muscle to generate greater force at the optimal fascicle length states and amplified the power
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Fast recoil



delayed a nkle  join t  exte nsion  
a nd  in sta n ta ne ous
re coile d  e la st ic  e ne rg y

They use d  jum p  st ra te g y like
a  ca ta p ult  m e cha n ism

The ca ta pult -like  
jum ping 
m echa nism  in 
higher jum ping 
group



Key points

Ta ke  hom e  Me ssa g e

As jum p  in te nsity inc re a se s , t he  kine m a t ic s  a nd  kine t ic s  of t he  lowe r ext re m ity 
e nha nc e a s  exp e c te d , re g a rd le ss  of jum p ing  skill leve l.

But , t he  h ig he r jum p ing  g roup  se e m s to ut ilize  t he  d yna m ic c a ta p ult - like  
m e c ha n ism  b e t te r.

Whe n  a na lyzing  jum p  p e rform a nc e , m usc le - te nd on  in te ra c t ion , in  a d d it ion  to 
join t  c oord ina t ion , should  b e  c onsid e re d a n  e sse nt ia l fa c tor.
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