
8/15/13	  

1	  

M O V E M E N T  S Y S T E M S  

Ola Eriksrud 

Education:  
•  MSPT, University of Connecticut 

•  Manual therapy and Exercise Science (USA) 
•  Fellow of Applied Functional Science (FAFS), Gray Institute 

•  Functional Manual Reaction certification (FMR), Gray Institute 
Now:  

•  Assistant professor/PhD student, Norwegian School of Sport Science 
•  Physical therapist Olympiatoppen 

•  Lecturer: Fachhochschule Thim van der Laan, Oslo University College, Gateway College 
•  Co-founder of Athletic 1080Gründer FACT AS 

Previously:  

•  Adjunct faculty School of Allied Health University of Connecticut 
•  Physical therapist University of Connecticut 

 

On Stabi l i ty 

•  Principles – strategies – techniques 
•  Principles 
•  Trunk/core function 
•  Stability 
•  Dynamic Systems Approach 
•  Training 



8/15/13	  

2	  

The Functional Process 

Principles Strategies Techniques 

Human Function 

Your toe bone connected to your foot bone 
Your foot bone connected to your ankle bone 
Your ankle bone connected to your leg bone 
Your leg bone connected to your knee bone 

Your knee bone connected to your thigh bone 
Your thigh bone connected to your hip bone 
Your hip bone connected to your back bone 

Your back bone connected to your shoulder bone 
Your shoulder bone connected to your neck bone 

Your neck bone connected to your head bone 
I hear the word of the Lord.  

 

Human funct ion 

•  Three-dimensional 
•  Based upon principles from physics, physiology, psychology… 
•  Driven 
•  Actively subconscious 
•  Globally integrated and linked 
•  Seeking dynamic stability 
•  Variable 

•  Individual 
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Principles 

•  Gravity 
•  Ground reaction force 
•  Mass, momentum and energy 
•  3D space 
•  3D motion 
•  Chain reaction 
•  Drivers 
•  Subconscious reaction 
•  Path of least resistance 
•  Balance in motion 
•  Transformation 
•  Authentic 
•  Muscle function 
•  Nervous system 

Ver+cal	  ac+ons	  

Ski	  snow	  interac+on	  

Fore/a8	  ac+ons	  Rotatory	  ac+ons	  

Lateral	  ac+ons	  

Courtesy of R Reid 

Principles 

•  Gravity 
•  Ground reaction force 
•  Mass 
•  Momentum 
•  Energy 

GRAVITATIONAL 
FORCE

GRAVITATIONAL 
FORCE

AIR DRAG 
FORCE

AIR DRAG 
FORCE

SNOW REACTION 
FORCE

SNOW REACTION 
FORCE

Equation of Motion
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(Lüthi et al., 2005)

Courtesy of R Reid 



8/15/13	  

4	  

Principles 

•  3D Motion 
•  3D Space 
•  Chain reaction 
•  Drivers 
•  Subconscious reaction 
•  Path of least resistance 
•  Balance in motion 
•  Transformation 

Principles 

•  Muscle Function 
•  Authentic 
 

Trunk/Core Function 

1.  Stabilize the spine to maintain upright posture 
            (Bergmark, 1989; Crisco & Panjabi, 1991; Davey, 2002) 

2.  Create counterforces on the chain of force transmission to the 
base of support as a response to the forces accelrating the limbs 
in dynamic movements 

             (Aruin & Latash, 1995; Friedl, 1988; Hodges, 1999; McGill, 2003) 
3.  Regulation of abdominal pressure 
            (Cholewicki, 1999; Cresswell, 1994; Hodges, 2005) 

4.  Protect and support of the inner organs 
5.  Stiffen the spine to control motion of the thorax relative to the 

pelvis 
            (Granata, 2001; Hirashima, 2007; McGill, 2003) 

6.  Generate force and energy by rotating the thorax relative to the 
pelvis 

           (Buliban, 2001; Hirashima, 2007; Shaffer, 1993; Toyoshima, 1974) 
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Stabi l i ty 

•  The condition of being stable 
or in equilibrium and thus 
resistant to change 

•  The tendency to recover from 
perturbations 

•  Locomotor, or dynamic, 
stability is the ability of 
characteristic measurements 
(state variables such as 
velocities, angles and 
positions to return to a 
steady-state, periodic gait 
after a perturbation  

    ( F u l l ,  2 0 0 2 )  
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Trunk/Core Stabi l i ty 

•  The integration of the passive spinal column, active spinal muscles, 
and the neural control unit, which when combined maintains the 
intervertebral range of motion within a safe limit to enable activities 
to be carried out during daily living. 

        (Panjabi, 1992) 

•  The ability to control the position and motion of the trunk over the 
pelvis to allow optimum production, transfer and control of force and 
motion to the terminal segment in the integrated activity. 

        (Kiebler, 2006) 

 
•  The capacity of the body to maintain or resume a relative position 

(static) or trajectory (dynamic) of the trunk following perturbation.  
       (Zazulak, 2008) 

 

Trunk/Core 

Lumbopelvic-hip complex 
(Escamilla, R.F. 2010) 

•  Deep muscles 
–  Internal abdominal oblique 
–  Transversus abdominis 
–  Transversospinalis 
–  Quadratus lumborum 
–  Psoas major and minor 

•  Superficial muscles 
–  Rectus abdominis 
–  External abdominal oblique 
–  Erector spinae 
–  Latissimus dorsi 
–  Gluteus maximus and medius 
–  Hamstrings  
–  Rectus femoris 

 Netter. F, (2003) Atlas of human anatomy 
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Trunk/Core stabi l i ty 

Active 
•  Global 
•  Local 
Passive 
Neurological 

McGill, S. 2001  

levels of activation have a larger ‘‘margin of safety’’ than
those with less activation (Cholewicki and McGill, 1996).
However, it is important to point out that increased activa-
tion does not always produce a more robust spine as will be
shown later when discussing dynamic spine stability (Sec-
tion 5).

Unless the system is stable, there is no reason to discuss
its performance. All unstable systems perform poorly. For
a stable system, the steepness of the walls will determine
how well the system performs. Steeper walls, such as in
Fig. 3a, will keep the ball closer to the original undisturbed
position and produce a faster response (faster movement of
the ball).

4. Feedback control and stability

Given that the spine has similar characteristics to an
inverted pendulum, it can be shown to be unstable and
hence we assume that it will not behave ‘‘well’’. Therefore,
we want to control it in some fashion (1) to ensure that it is

stable, and (2) to improve its robustness and performance.
The principal approach for control is feedback. The infor-
mation concerning the output of the system is feedback and
used to modify the input (Fig. 4). In control parlance, the
isolated system is called the plant, and in this case, repre-
sents the spine. The logic by which the control input is gen-
erated from the output is the controller, and in this case, a
feedback controller. The plant (spine) together with the
controller (feedback control) is the overall system (spine
system). Simple and complex examples of feedback control
systems are shown in Fig. 4a and b respectively.

In Fig. 4a, the control input to the plant is proportional
to its output. This is indicated by the feedback gain
denoted by k. Feedback can be positive or negative. If posi-
tive, the system is unstable since the force is in the same
direction as the displacement. For stability, negative feed-
back is used so that the force is generated in the direction
to counteract the displacement. For the plant to return to
the undisturbed position or trajectory, the feedback must
tend to zero when the error between disturbed and undis-
turbed systems approaches zero. It is clear that this is
achieved using negative feedback as shown in Fig. 4a.

Fig. 4a shows the simplest form of feedback control. In
reality, the spine system is significantly more complex. As
shown in Fig. 4b, the feedback signals come from sensors
that convey information about the state of the entire sys-
tem. For instance, spinal position and velocity are likely
monitored by muscle spindles (Buxton and Peck, 1989;
Nitz and Peck, 1986) and other mechanoreceptors embed-
ded in the spinal tissue (Jiang et al., 1995; McLain, 1994;
Mendel et al., 1992; Roberts et al., 1995). These signals
are processed by the feedback controller, which in turn,
generates several control signals to be applied at the di!er-
ent segmental levels.

For a static condition, where the spine is maintaining an
upright posture, the input to the system will be zero. This
means that the forces acting on the system are balanced
producing zero net force. Consequently, if the spine is per-
turbed, the force applied to the system will only come from
feedback control, which helps restore the system to the
equilibrium position (Fig. 5a). For a dynamic condition,

Fig. 2. (a,b) Robustness to perturbation.

Robust for large 
changes in parameter

Robust for only small 
changes in parameter

Fig. 3. (a,b) Robustness to change in system’s parameters.
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Fig. 4. (a,b) Feedback control of a spine.

N. Peter Reeves et al. / Clinical Biomechanics 22 (2007) 266–274 269

Reeves, NP. 2007  

Dynamic Systems Approach 

•  From a dynamic systems perspective, variability of 
performance has been viewed as more functional, since 
a consistent outcome can be achieved by different 
patterns of joint relations owing to the dynamics of the 
joint biomechanical degrees of freedom (DOF) 

      (Davids, 2003) 

On Variabi l i ty 

Adapted from Newell, 1985	  

Performance 

Va
ria

bi
lit

y 
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Stability	  

Strength	  

Eccentric	  

Concentric	  

Isometric	  

Endurance	  

Sta+c	  

Dynamic	  

Power	  

Force	  

Velocity	  

Mobility	  

Ac+ve	  

Passive	  

Motor	  
Control	  

Feedback	  

Feed	  
Foreward	  

Variability	  

S+ffess	  

Ac+ve	  

Passive	  

Training 

•  1080 Vest 
–  Supported Innovation Norway 
–  Authentic 
–  3D external load 
–  Chain reaction 

Training 

Tweaks, influence or reactive variables – testing and training 
•  Plane of motion 
•  Joint 
•  Range 
•  Direction 
•  Repetitions 
•  Load 
•  Speed 
•  Surface 
•  Stability/points of contact 
•  Manual facilitation or control 
•  Feedback 
•  Tools and toys 


