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Conference participants

24 individuals

•12 reviewers

•9  discussants

International 

•7 countries

Multidisciplinary 

•Health care professionals

•Physicians

•Surgeons

•Therapists

•Orthotists  

•Research scientists 



The four orthotists of the apocalypse...



Process

Twelve participants asked to prepare and present review papers.

Topics included

• global health perspective

• definition and classification of cerebral palsy

• classification of gait

• physiotherapy

• occupational therapy

• medical management of cerebral palsy

• surgical management of cerebral palsy

• orthotic management of cerebral palsy 

Reviewers synthesise the best available published evidence

Full review papers included in report



Evidence tables



It was hard work....
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Literature search

Systematic literature search was conducted for relevant articles 

published between the date of the previous ISPO consensus 

conference report on cerebral palsy (1994) and April 2008. 



Search terms

“cerebral and pals* (palsy, palsies)

“hemiplegia”

“diplegia”

“orthos*” (orthoses, orthosis) 

“orthot*” (orthotic, orthotics)

“brace”

“AFO”



Databases

EMBASE (ovid), 

Science Direct

Social services abstracts

psychINFO

Medline (ovid)

APAIS Heath (informit)

AMI

Cinahl

PubMed

Recal

NHS Scotland e-library

Google Scholar



Inclusion/exclusion criteria

Papers were selected for review if they addressed the use of lower 

limb orthoses in cerebral palsy. 

Abstracts were rejected if their content was subsequently located in 

full research papers. 

Only English language papers were included 



Inclusion/exclusion criteria

Papers relating to adult onset pathology were rejected.

Papers relating to the direct application of hip orthoses were excluded 

(reviewed separately) 

74 papers selected for review



Evidence from the literature review

Effects on 

– Temporal and spatial parameters of gait

– Direct biomechanical effects

– Indirect biomechanical effects

– Tuning

– Metabolic and cardiopulmonary

– Muscle 

– Function and ability

– Users and parents perceptions of orthotic treatment 



Temporal and spatial parameters of 

gait – velocity 
Most studies report significant increase in velocity with AFO use 

(Huenaerts 2004, White,2002, Dursun 2002, Hayek 2007, Molenaers 2006, Van de Walle 2005, 

Thompson 2002, Balaban 2007, Romkes 2006, Brunner 1998, Van Gestel 2008, Desloovere 

2006, Abel 1998)

However, the majority of studies on diplegic subjects report little or no 

effect 

(Buckon 2004, Carlson 1997, Radtka 2005, Rethlefsen 1999, Carlson 1995, Lam 2005, 

Kornhaber 2006)

In some individuals, Botulinum Toxin A in conjunction with orthoses 

may bring about further improvements in velocity (Huenaerts 2004)



Temporal and spatial parameters of 

gait – cadence 
AFOs have been found to significantly reduce cadence 

(White 2002, Hayek 2007, Molenaers 2006, Kirkeide 1999, Thompson 2002, Romkes 2006,  

Brunner1998, Van Gestel 2008, Buckon 2001, Radtka 1997) 

As with velocity, the effects on diplegic subjects are equivocal, with 

two studies (Buckon 2004, Carlson 1997) reporting a reduction, and the 

majority reporting no effect 

(Hayek 2007, Abel 1998, Carlson 1997, Radtka 2005, Rethlefsen 1999, Smiley 2002, Carlson, 

1995, Lam 2005). 

Some suggestion that shoes alone can reduce cadence in hemiplegic 

subjects (Desloovere 2006), but not in mixed cohorts (De Groot 2006)

Botulinum Toxin A may further improve orthotic effects on cadence
(Huenaerts 2004)



Temporal and spatial parameters of 

gait – step length
AFO use has been demonstrated to increase step length 

(Huenaerts 2004, White 2002, Hayek 2007, Molenaers 2006, Thompson 2002, Romkes 2006, 

Brunner 1998, Van Gestel 2008, Desloovere 2006, Buckon 2001, Buckon 2004, Hobbs 2003, 

Romkes 2002)

Some of this effect may be due to the wearing of shoes (de Groot 2006)

which have been shown to increase step length without orthoses. 



Temporal and spatial parameters of 

gait – stride length
The majority of papers investigating the effect of AFOs on stride 

length reported an increase 

(White 2002, Dursun 2002, Hayek 2007, Balaban, 2007, Romkes 2006, Brunner 1998, Buckon 

2001, Abel 1998, Buckon 2004, Carlson1997, Radtka 2005, Lam 2005, Radtka 1998, Romkes 

2002, Desloovere 1999, Van Rooijen, 2006, Crenshaw 2000) 

The use of shoes alone can increase stride (de Groot 2006) 



Temporal and spatial parameters of 

gait – stride length
In some cases results using solid AFOs were not as good as AFOs 

that allowed dorsiflexion – this may indicate that the AFOs resisted 

tibial advancement at too early a stage in stance

Tuning very important for solid AFOs

“Solid” AFOs that were somewhat flexible produced results 

comparable to HAFOs or PLS 

(buckling undesirable as it compromises triplanar control)



Temporal and spatial parameters of 

gait – single and double support
The duration of single support  in hemiplegia & diplegia appears to be 

increased by AFO use 

(White 2002, Balaban 2007, Brunner 1998, Abel 1998)

The effect on double support is equivocal, with some papers reporting 

a beneficial decrease (Hayek 2007, Balaban 2007, Abel 1998) and others 

reporting an increase (Brunner 1998, Rethlefsen) or no effect (Romkes 2006)



Direct biomechanical effects of AFOs

Orthoses that restrict ankle joint motion reduce power generation and 

absorption at the ankle 

(Molenaers 2006, Balaban 2007, Desloovere 2006,  Buckon, 2001, Abel 1998, Buckon 2004, 

Radtka 2005, Rethlefsen 1999, Romkes  2002, Ounpuu 1996, Chambers 1999). 

Loss of power generation may be an acceptable compromise in order 

to optimise other parameters of gait. 

Solid AFOs may help increase the 2nd peak of the ground reaction 

force (GRF) in the propulsive phase of gait (Carlson 1997, Lam 2005).

Carbon fibre designs may improve power generation without 
sacrificing control of unacceptable ankle kinematics
(further research required to properly investigate this)



Direct biomechanical effects of AFOs

AFOs of different designs can improve ankle kinematics 

(Hayek 2007, Molenaers 2006, Kirkeide 1999, Thompson 2002, Balaban 2007, Romkes 2006, 

Brunner, 1998, Van Gestel 2008, Desloovere 2006, Buckon 2001, Abel 1998, Buckon 2004, 

Carlson 1997, Radtka 2005, Rethlefsen 1999, Smiley 2002, Lam 2005, Radtka 1997, 28-30, 

Crenshaw 2000, Ounpuu 1996, Hassani 2004, Hainsworth 1997, Lucareli 2007) 



Direct biomechanical effects of AFOs

Only one study investigated the effect of 

AFOs on foot alignment

Statistically significant improvements on 

X-ray (Westberry 2007) 

Corrections less than 100 clinically 
insignificant.......? 

Research is required into the effect of 

controlling foot alignment in the 

growing child, and progression to 

skeletal deformity.



Foot deformity

“what starts as “soft tissue” deformity  

(i.e. muscular or ligamentous) may 

progress to “skeletal” deformity 

especially in the growing child with 

open epiphyses”

ISPO, 1994

Heuter-Volkmann effect

Wolff’s Law



Indirect biomechanical effects of AFOs

AFOs have been shown to positively affect the kinetics and kinematics 

of the knee 

(Romkes 2006, Brunner 1998, Van Gestel 2008, Desloovere 2006, Buckon 2001, Abel 1998, 

Buckon 2004, Smiley 2002, Lam 2005, Romkes 2002, Desloovere 1999, Hassani 2004, 

Chambers 1999, Lucareli 2007, Lampe 2004, Jagadamma 2007, Farmer 1999) 

and the hip 

(Molenaers 2006, Brunner 1998, Van Gestel 2008, Abel 1998, Hobbs 2003, Desloovere 1999, 

Van Rooijen 2006, Crenshaw 2000, Hassani 2004) 

but not the pelvis 



Indirect biomechanical effects of AFOs

To achieve these effects, AFOs must influence ankle kinematics. The 

motion permitted by flexible or hinged AFOs, and the stiffness and 

alignment of solid AFOs are the critical factors if the GRF is to be 

successfully manipulated. 

Botulinum toxin may facilitate further improvements (Huenaerts 2004)

Tuning essential to optimise indirect biomechanical effects



Tuning AFOs 

Fine adjustment to optimise performance



Gait analysis - Normal

BW

(Meadows 1984)



Effects of pathology on gait

CP Gait Normal Gait

(Meadows 1984)



Diplegic
Barefoot

(Meadows 1984)

“Ben Lomonding”



Diplegic – AFO not tuned
Heel height excessive

(Meadows 1984)



Diplegic - Appropriately tuned AFO

(Meadows 1984)



Tuning AFOs 

There is emerging evidence that tuning AFOs can significantly 

improve gait and their effect at the proximal joints 

(Owen 2002, Stallard 2003, Butler 2007, Jagadamma 2007) 

To achieve benefit, they must be cast in a position that accommodates 

any gastrocnemius shortening, and must be appropriately stiff 
(Stallard 2003) 

If articulated, must block ankle motion at appropriate angles, so that 

the GRF vector can be successfully manipulated. 



Tuning AFOs 

Some angle of tibial inclination appears to be most appropriate 

regardless of whether the AFOs have been cast in a plantarflexion 

or dorsiflexion 

(Owen 2002, Jagadamma 2007, Van Gestel 2008)

Tuning may be difficult in the presence of ataxia and proximal 

contractures, which may need to be addressed prior to tuning 
(Molenaers 1999, Butler 2007) 

Footwear modifications can also be beneficial to optimise entrance to 

and exit from stance 

(Owen 2004, Nuzzo 1986) 



Posterior heel flare

Moves origin of GRF posteriorly

Encourages tibial progression in early stance

Nuzzo 1986



Point loading rockers

Delays exit from stance

Good place to start

– 80% along footwear

Owen, 2004



Independent walkers
(Courtesy of Elaine Owen)

Owen 2002

Optimising the alignment of the tibia



Independent walkers

Optimising the alignment of the tibia

Owen, 2004 (MSc thesis)



Independent walkers

Optimising the alignment of the tibia

Owen, 2004 (MSc thesis)



Independent walkers Owen, 2004 (MSc thesis)

Hips and Knees:

Loose       7-12° Inc

Hips And Knees:

Stiff      13 –15° Inc

Optimising the alignment of the tibia



Tuning ankle-foot orthoses   

(Meadows, 1984)

(Owen, 2002, 2004)

X

X



What difference does a 2° wedge make?

wedge  

20mm

11mm

3mm

5
0
0
 m

m



Metabolic and cardiopulmonary effects

The metabolic cost of walking (energy efficiency, PCI and O2 

consumption ) may be positively influenced by AFO use 

(Balaban 2007, Buckon 2001, Buckon 2004, Smiley 2002, Mossberg 1990, Maltais 2001) 

In some studies where walking speed was controlled, AFO use 

decreased oxygen consumption 

(Balaban 2007, Buckon 2004, Maltais 2001)

In others, oxygen consumption was unchanged, but self-selected 

walking speed increased 

(Buckon 2001, Buckon 2004) 



Effects of AFOs on Muscle 

Whether AFOs can maintain or increase muscle length and hence 

prevent or reduce deformity developing over time is also 

unclear. 

A minimum of six hours of immobilisation per day has been shown 

to change resistance to passive stretch and decrease tone in 

the soleus (Tardieu 1988). 

It is possible that use of solid AFOs for prolonged daily periods 

may also confer this effect



Effects of AFOs on Muscle 

It is unclear whether and how AFOs can influence phasic activity of 

lower limb muscles. 

The long term effects of AFOs on muscle strength are unknown. 



Effects on function and ability

No papers were identified relating to the sit-to-stand (STS) manoeuvre 

in hemiplegic subjects. 

In diplegic subjects, there is some evidence that AFOs can be 

beneficial (Wilson 1997, Haideri 1995, Park 2004) particularly in those whose 

performance without orthoses was more than one standard 

deviation slower than normal (Wilson 1997, Haideri 1995) 



Effects on function and ability

Dorsiflexion has been identified as the only consistent strategy for 

STS (Wilson 1997) 

However, the use of free dorsiflexion ankle joints in the presence of 

gastrocnemius shortening is contraindicated, and while improving 

STS, may be detrimental to walking performance.

Solid AFOs that prevent tibial inclination, i.e. that position the tibia too 

close to vertical may impede STS

The same solid AFOs tuned to a position of some tibial inclination to 

optimise gait may be more effective. 



Effects on function and ability

No evidence that AFO use impairs stair climbing

One study (Sienko-Thomas 2002) suggests that stair ambulation is not 

impaired by AFO use.  

There is some evidence that AFOs can improve standing balance 
(Farmer 1999, Wesdock 2003, Näslund 2005, Jesinkey 2005, Jones 2007) 



Effects on function and ability

Little evidence in support of AFO affecting sitting balance 

(Beals 2001) 

or upper limb function 

(Brunner 1998, Buckon 2004, Matthews 2000) 



Users/parents perceptions of treatment

While it is clearly important to ascertain the opinions of orthosis users 

and their carers on the value of AFO use, little evidence exists at 

present from a single study 

(Näslund 2003) 



Observations on the review

Generally low levels of evidence

Only 3 of the 74 papers reviewed were better than level 4

Only 18 of the 74 papers had more than 20 subjects

There were virtually no longitudinal studies

That’s the good news…..



Observations on the review

“If we knew what it was we were 

doing, it would not be called 

research, would it...?” 

Albert Einstein



Observations on the review

Many research papers failed to provide

• Detailed information on the subjects

• Detailed information on the intervention

Questions about the standard of orthotic intervention

• Fit

• Inappropriate prescription



Inadequate information on the subjects

In the worst cases, subjects are described as “children with CP” as 

if this was a homogeneous population...



Inadequate information on the subjects

Even the better studies often describe the subjects only as  having 

“hemiplegia” or “diplegia”

Differentiating between types (e.g. hemiplegia and diplegia) is only 

a start in visualising the subjects

More information is clearly needed. 



Inadequate information on the subjects

• We nee information on joint range of motion, contracture, 
muscle tone and spasticity

• We need to know whether dorsiflexion has been achieved with 
knee flexed or extended - many failed to clarify this

• Some studies positioned the ankle in more dorsiflexion than 
allowed by gastrocnemius, adversely affecting knee and hip 
kinetics and kinematics. 



Short gastrocnemius not accommodated

Normal



Short gastrocnemius not accommodated

Normal Dorsiflexed  

“Stealing” gastrocnemius from the knee

Too



Stealing Gastrocnemius from the knee



Short gastrocnemius accommodated

Normal Dorsiflexed Plantarflexed
Too



Short/spastic gastrocnemius accommodated 

Normal Dorsiflexed Plantarflexed Dorsiflexed again
Too



XX

Block dorsiflexion – short gastrocnemius



XX

Block dorsiflexion – short gastrocnemius



Contracture reduction – 8/12



Contracture reduction – 2/12

AFO + Baclofen

Hereditary spastic paraparesis



Detailed information on the subjects

Passive range of motion at all lower limb 
joints

– achieved with/without difficulty

– tested slow and fast to elicit effects 
of tone and spasticity 

Muscle length often ignored

Particular attention should be paid to the 
multi-joint muscles (gastrocnemius, 
hamstrings and rectus femoris) 



Detailed information on the subjects

Gastrocnemius characteristics perhaps most critical when 
designing AFOs

Information on the angle at which the orthosis is positioning the 
ankle joint, and how this relates to the length of the 
gastrocnemius 



Questionable prescription

Often no orthotist in the research team

Merely providing “technical input”

In some studies free dorsiflexion hinged AFOs were used in 
the presence of gastrocnemius contracture 

In these cases, dorsiflexion occurs at the expense of knee 
motion, adversely affecting knee and hip kinetics and 
kinematics. 



Free dorsiflexion joints – short 

gastrocnemius



Ankle dorsiflexion at 

the expense of full 

knee extension

Hip and knee 

extension moments 

impossible

XX

Free dorsiflexion joints – short 

gastrocnemius



Observations on the review

High tone and/or spasticity in gastrocnemius can have similar 
effect as a true contracture, but this not often reported

Proximal contractures (true or dynamic) also have a profound 
influence on outcomes, particularly if present in the biarticular 
muscles - not often reported



Detailed information on the intervention

Range of ankle joint motion (plantarflexion and/or dorsiflexion) 

being permitted in HAFOs and other flexible AFO designs, and 

how this relates to the length of the gastrocnemius 

Some “solid” AFOs deflected into dorsiflexion (and perhaps even 

plantarflexion)  with the same potential consequences

If “solid” AFOs are insufficiently rigid and are permitting motion, 

this must be stated and the amount of motion reported



AFO stiffness

24⁰ of inaccuracy...



Observations on the review

Generally, no attempt to 
quantify “fit” 

Information on complications 
and compliance rates is not 
routinely provided



Poor fit may be more common than we think

Low income country Industrialised country



Final recommendations 

Ambiguous orthotic terminology should be avoided 

Details of the orthosis being investigated should be comprehensive 

and explicit. 

Results on mixed groups of subjects (hemiplegia and diplegia) 

should be presented separately

Whether there has been a period of acclimatisation between tests 

must be made clear 

Whether the control group has been investigated with or without 

shoes must be made clear 



Conclusion 

If an appropriate level of detail on the intervention and the subject 

is routinely provided in future studies, and ambiguous 

terminology can be avoided, then research can be more 

effectively converted into clinical practice, to the benefit of all 

orthosis users.



Remember 

“Not everything that can be counted counts.... and not everything 

that counts can be counted....”

Albert Einstein 

http://quotes4all.net/quote_1007.html
http://quotes4all.net/authors/albert einstein/quotes.html


As a profession, we still have a long way 

to go....



Tack så mycket!
Email r.j.bowers@strath.ac.uk


