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GOALS AT THE END

This workshop will cover:

- Knowledge about postural control framework

- Design target goals. ICF-CY categories influenced by    

fluidmechanics constraints.

- Knowledge and experience dynamic trunk stability in all 

directions (from medio-lateral to multidirectional) 

- Thinking about randomized learning principles involve 

- Halliwick handling techniques to achieve the best safety-

challenge ratio 



THEORY



PRACTICE



BACKGROUND

• Trunk is very active in water. Colado 09, 08. Bressel 12. 

Berger 07.

• Main body structure category to be treated in 

pediatrics in water. Güeita 13.

1. Facilitate arm activity to develop (upper) 

trunk control. von Hofsten&Woollacott 89

2. Core Stability/Dynamic Trunk Stability allows 

activities, so…Develop arm/hand function 

itself. Reach-to-Grasp Movements in water. Lack 

of support in aquatic…



PRE-REQUISITES

- Normal Age from 4 months. Mental age to reach.

- Adequate trunk control is not neccesary  to sit on land or even

to walk

- There is good cognition and the children can understand, 

imitate a bit and concentrate

- Mouth control is good 

- Pictograms

-75% = reaching to grab (food and bring it back to the mouth)

-25% =supporting / equilibrium reaction / gesticulation: signs, 

symbols, copying / clapping or rubbing hands



INTRO .DEFINITIONS

Kandel 2000.

Shumway-Cook&Woollacott 2007.

TRUNK TRANSPORT



POSTURAL CONTROL

• Every action or movement we make is embedded within a 
framework of postural support 

(Gahery & Massion, 1981; Reed, 1989).

• Forward movement of the arm during a reach, typically 
prompts a forward displacement in the body’s center of 
gravity that, if not offset, will destabilize the body and 
undermine the reaching act itself 

(Bernstein, 1967).

Children first rely on reactive postural control to maintain balance during 
movement and only gradually establish prospective control. 



The postural stability is 
ensured by:

• Anticipatory postural 
adjustments (pAPAs)

• Peripheral elasticity

• Muscle reflexes

• Preprogrammed postural 
corrections * (aAPAs)

• voluntary corrections

LINES OF ACTION TO STIMULUS 

DURING REACH-TO-GRASP

Latash, M. Motor Control. Motor sinergies. 2008. 



Latash, M. Motor Control. Motor sinergies. 2008.



• Voluntary movements of a limb are preceded 

and accompanied by Anticipatory Postural 

Adjustments (APAs) that prepare the body for 

the expected disturbance of the center of 

mass that will be produced by that 

movement.

• APA as a counter-perturbation in static=Halliwick RC or BS

• APA as perturbation during gait

(Bouisset and Zattara 1981; Horak and Macpherson 1996; Massion 1992

Bouisset 2008). 



ANTICIPATION & ADAPTATION 

PROCESS ON LAND/IN WATER

• The postural adjustments that precede the movement, often by more than 
100 ms: preparatory APAs (pAPAs). 

• The postural responses that occur during the movement and that serve to 
stabilize the body or body segment during the execution of the movement 
itself: accompanying APAs (aAPAs)= Synchronous Postural Adjustment 
(ergonomic studies)

These postural responses are also anticipatory in nature   because they 
occur before there is any possibility of feedback from the movement itself 
influencing the response. 

• Both regulated by brain stem reticular formation 

Gahery (1987) (Massion 1992 ) Schepens&Drew 2004

Bouisset 2008



Aimola 2011

onset of COP velocity prior to arm 

movement onset (1), the first peak 

COP velocity (2), and the first 

minimum in COP velocity occurring

after object lift (3).



INFANT FORWARD REACH 

RESEARCH

Infants 9 m of age, show activation of the postural muscles of 

trunk in advance of most reaching movements. 

(von Hofsten&Woollacott 1989)

Infant on the thigh of parent. Toy on the end of a wood rod was 

moved toward the infant

EMG responses of postural muscles show, Trunk Extensor (TE) 

and arm muscle anterior deltoid (AD)

TE is activated in advance of the AD



Shumway-Cook&Woollacott 2007

?



ANTICIPATION & ADAPTATION. 

Preparatory Anticipatory Postural 

Adjustments (pAPAs)
On land In water

Early activation of gastrocnemius 

before biceps to ensure postural 

stability

Shumway-Cook&Woollacott 

2007

Early activation of Quadriceps (a) 

/ hamstrings (b) and Trunk 

extensor in both, to ensure 

postural stability before anterior 

deltoid to reach

No references in children in 

water. No EMG…so..

(a) (b)



aAPA´S (ACCOMPANYING ANTICIPATORY 

POSTURAL ADJUSTMENTS )

Early:

-trunk 

-Hamstrings/quadriceps

Later:

•quadratus lumborum

during reach

•Limbs of Contralateral 

side

•Head

No references in water



REACH

• Transport to the object

• Depending position, functional reach distance, 

radius, base of support, aAPA´s, etc.

• In water, more time and distance to plan, 

move and correct



KIND OF GRASP

• Closed-grasp. • Hold-grasp



COMPONENTS (reach&grasp).

Pre-requisits for doing reach&grasp:



ELEMENTARY COMPONENTS. 

POSTURAL 

CONTROL

POSTURAL 

CONTROL



MUSCULOSKELETAL 

COMPONENTS



NEURONAL COMPONENTS



KINEMATIC FEATURES ACCORDING TASK AND 

ENVIRONMENT. OBJECT ALLOCATION

The act of reaching and 

grasping an object is made 
using two forms of selection (2 

different Areas in brain):

Perception

Action

VISION

Eye-head-trunk

Coordination

Shumway-Cook&Woollacott 12



KINEMATIC FEATURES ACCORDING TASK AND 

ENVIRONMENT

2 visual uses:

Larry Weiskrantz (Visual cortical model).



PROBLEMS

• 1. Hypertonia: Static Or Dynamic.

• 2. Stiffness: (Thixotropy)

• 3. Weakness

• 4. Shortening 

• 5. Hypotonia

• 6. Coordination problem



HALLIWICK REACH-TO-GRASP ACTIVITIES

d1 CHAPTER 1 LEARNING AND APPLYING 

KNOWLEDGE 

Problem, Decisions, Attention…

d2 CHAPTER 2 GENERAL TASKS AND 

DEMANDS 

Single task, multiple task.

d3 CHAPTER 3 COMMUNICATION

Non verbal messages

d4 CHAPTER 4 MOBILITY

Fine hand use

d9 CHAPTER 9 COMMUNITY, SOCIAL AND 

CIVIC LIFE 

Play, games



ASSESSMENT. Items being tested

The influence of postural control on motility and hand function in a group of ‘high risk’ preterm infants at 1 
year of age.  Samsoma, G. Early Human Development  2000

Posture in supine

Sitting unsupported

Equilibrium during sitting

Shoulder retraction during sitting

Hyperextension when in sitting position

Rotation during sitting

Straightening of the back muscles during 

ventral suspension

Posture in supine

Sitting unsupported

Equilibrium during sitting

Radial palmair grasp

Scissor grasp

Pincer grasp

Handle two objects

Abnormal hand/arm movements

Hand function and Postural Control



ASSESSMENT





ASSESSMENT



• PEDIATRIC BALANCE SCALE





WOTA 1, 2

+ All the Halliwick Control Rotation Items with reach 

intention



MOTOR LEARNING

•• 1. REPETITION1. REPETITION

•• 2. ACTIVE PARTICIPATION2. ACTIVE PARTICIPATION

•• 3. ALLOWING MISTAKES/SOLUTIONS 3. ALLOWING MISTAKES/SOLUTIONS 

•• 4. POSTURAL CONTROL 4. POSTURAL CONTROL 

•• 5. MEMORY5. MEMORY

•• 6. INTRINSIC AND EXTRINSIC 6. INTRINSIC AND EXTRINSIC 

FEEDBACKFEEDBACK



LEARNING

• Explicit (declarative)- medial temporal lobe, sensory 
cortex and hippocampus.
– Based on knowledge of the movement: therapist explains 

and guides. FNP, Perfetti, Bobath ... Internal focus of 
attention

– Could you feel the extension of elbow?

• Implicit (Nondeclarative)-Reflex, amygdala, 
Cerebellum, premotor cortex, striatum
– Focus is on the result of the movement, not specified mov 

Spend quality. Therapist designs the environment (here 
Halliwick and CIMT). External focus of attention.

– Could you grasp the toy?

Kandel 2000



INSTRUCTIONS FOR MOTOR LEARNING: 

DIFFERENTIAL EFFECTS OF INTERNAL VERSUS 

EXTERNAL FOCUS OF ATTENTION

- External focus of attention (motion effects) are more effective than 
internal focus (focus on the movement themselves) 

• Enhancing motor learning through external-focus instructions and feedback. Human 
Movement Science (1999)

- The external focus group demonstrated more effective learning than the 
internal focus group, as evidenced by more accurate tosses on the transfer 
test.

Instructions that induce an external focus of attention can enhance motor 
learning in children with IDs. 

- An external focus of attention enhances motor learning in children with intellectual 
disabilities. J Intellect Disabil Res. 2012 

Wulf G, 99-12



• Humans can learn without 
sensory feed back 

• New movements are 
learned, based on a scheme

• Practicing under different 
conditions for the same 
purpose (taking different 
types of glass, + / - filled, 
positions ...) Improves 
pattern …repeat without 
repetition. 

CONCLUSIONS
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