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Bilateral CP

• >60% of all children with CP

– Spastic, dyskinetic, ataxic

• >60% have decreased hand function (MACS II-V) 

Novak 2014, Andersen et al., 2008; Arner et al., 2008; Himmelmann et al., 2006, Elvrum et al., 2014

MACS Instructional DVD
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Consequences for daily activities
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Images: http://www.macs.nu/: Manual Ability Classification System: MACS
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What is known about treatment?

• Children with unilateral CP

• Children with bilateral CP 

7

Novak, 2014 
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Unilateral CP

• Assisting Hand Assessment (AHA)

– Effective and spontaneous use of the 
affected hand in bimanual activities

– 18 months to 18 years

– Valid, reliable and responsive to change

Krumlinde-Sundholm & Eliasson, 2003, Krumlinde-Sundholm et al. 2007,
Holmefur & Krumlinde-Sundholm 2016
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Bilateral CP

• What assessments are 

available?

• A systematic review: 

– Outcome measures 

evaluating hand function 

in children with bilateral 

CP

Elvrum et al, 2016
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Included hand function measures

• 4 standardised tests

– Melbourne Assessment

– QUEST

– Peabody developmental fine motor scale

– Erhardt developmental prehension
assessment

Measure capacity, 

not actual performance
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Included hand function measures

• 1 parent-reported questionnaire

– Abilhand-kids

Age range 5-16 years

No information regarding 

actual use of the hands
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Results

Erhardt Peabody 2 QUEST

Melbourne 

Assessment

2

Abilhand-

kids

Reliability

Internal consistency Strong Strong

Intra-rater Limited

Inter-rater Unknown Moderate

Test–retest Limited Limited Moderate

Measurement error Limited

Validity

Content Strong Strong Strong Strong

Construct

Structural validity Strong Strong

Hypotheses testing Limited

Criterion

Responsiveness Limited

None assess actual bimanual performance



AIM:
-Measure effective 

use of both hands 

-Identify possible 

side differences

Adapt the AHA for 
children with bilateral CP



Adapt the AHA for 
children with bilateral CP

What did we 

need to do?
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Development of the BoHA

1. Test session development

2. Item generation

3. Investigation of measurement properties

–Rasch analysis



16

1. Test session development

• AHA test-kit 

– Toys elicit spontaneous, collaborative use of the hands

• Hypothesis:

– Bimanual performance could be observed using the AHA 
test kit also in children with bilateral CP, MACS level I-III
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1. Test session development

• BoHA test session

– Small-Kids AHA, 18 months – 5 years

– School-Kids AHA 6 years – 12 years

• To enable scoring of both hands

– Toys placed on both sides
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2. Item generation

• Generation of BoHA test items

– Modified AHA test items and created new items 

– Based on object-related hand and arm actions observed 
from BoHA video-recordings  
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3. Investigation of measurement properties 

• BoHA internal scale validity evaluated by Rasch
analysis

– 171 children with bilateral CP (18mo – 12y, MACS I-III)
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Rasch analysis

• Converts raw scores  into interval scale measures

• Range person ability measures from high to low 
ability and item difficulty measures from easy to 
more difficult items

– Identifies items that do no fit the scale

Bond & Fox, 2007



Suitable AHA items with no changes
Uni-

manual 
Bimanual

Rasch

analyses

1 Moves forearm  

2 Varies type of grasp  

3 Grip force regulation  

4 Readjusts grasp  

5 Orients objects  

Suitable AHA-items after adaptation

1 Initiates use  

2 Reaches  

3 Grasps  

4 Releases  

5 Moves fingers  

6 Manipulates  

7 Stabilizes objects  

Merged: Stabilizes by grasp & 

Stabilizes by weight or support

8 Coordinates  

9 Proceeds  

10 Flow in bimanual tasks  

Not suitable AHA-items

1 Moves upper arm 

Potentially new items

1 Postural control  

2 Quality of arm movements  

3 Speed of movements  

Items of less clinical relevance

1 Amount of use 

2 Holds 

3 Chooses assessed hand when closer 

Item generation

• 23 items trialled

• 18 items evaluated in 

Rasch analysis

• 16 items OK



Results: 16 BoHA test items

• Unimanual items
– Each hand separately

• Dominant (D: 11 items)
• Non-dominant (ND: 11 items)

• Bimanual items
– Performance of both hands 

together
• 5 items

Unimanual subscale
• Used to describe side differences

≥ 20%: Asymmetry

< 20%: Symmetry

BoHA sum score: 11+11+5 items
• Measure of bimanual performance

D ND

1 Initiates use

2 Speed of Movements

3 Reaches

4 Quality of arm movements

5 Quality of finger movements

6 Grasps

7 Stabilizes objects

8 Varies type of grasp

9 Releases

10 Grip force regulation

11 Manipulates

Each hand separately subscore

12 Readjusts grasp

13 Coordinates

14 Orients objects

15 Proceeds

16 Flow bimanual performance

BoHA Sum score (27-108)

D ND

1 Initiates use

2 Speed of Movements

3 Reaches

4 Quality of arm movements

5 Quality of finger movements

6 Grasps

7 Stabilizes objects

8 Varies type of grasp

9 Releases

10 Grip force regulation

11 Manipulates

Each hand separately subscore
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Results

– Symmetry <20%: n=116

– Asymmetry ≥20%: n=55
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Results: Rasch analysis

• Children with asymmetric and symmetric hand use 
– Treated as separate groups

– Two item hierarchy scales

• BoHA-Asymmetry scale

• BoHA-Symmetry scale
Separate into 6-7 different ability levels



Item difficulty hierarchies

BoHA-Asymmetry
ND Manipulates
ND Varies type of grasp
B Flow
ND Grip force regulation
B Readjusts grasp
ND Reaches
ND Grasps                 
B Coordinates 
ND Quality of finger movem
ND Releases               
B Proceeds              
ND Quality of arm movem
ND Stabilizes objects     
B Orients objects       
ND Initiates use          
ND Speed of Movements
D Manipulates             
D Grip force regulation   
D Varies type of grasp    
D Quality of finger movem
D Speed of Movements      
D Stabilizes objects      
D Grasps                  
D Quality of arm movem
D Releases                
D Reaches                 
D Initiates us

BoHA-Symmetry
ND Manipulates            
ND Grip force regulation  
D Manipulates             
D Grip force regulation   
B Proceeds              
B Flow                  
B Coordinates           
ND Stabilizes objects     
ND Quality of finger movem
ND Varies type of grasp   
B Readjusts grasp   
D Quality of finger movem
B Orients objects       
ND Quality of arm movem
ND Grasps                 
D Stabilizes objects      
D Varies type of grasp    
D Quality of arm movem
ND Speed of Movements     
D Speed of Movements      
ND Releases               
D Grasps                  
ND Reaches                
D Releases                
ND Initiates use          
D Reaches                 
D Initiates use

hard

easy



Item difficulty hierarchy

BoHA-Asymmetry
ND Manipulates
ND Varies type of grasp
B Flow
ND Grip force regulation
B Readjusts grasp
ND Reaches
ND Grasps                 
B Coordinates 
ND Quality of finger movem
ND Releases               
B Proceeds              
ND Quality of arm movem
ND Stabilizes objects     
B Orients objects       
ND Initiates use          
ND Speed of Movements     
D Manipulates             
D Grip force regulation   
D Varies type of grasp    
D Quality of finger movem
D Speed of Movements      
D Stabilizes objects      
D Grasps                  
D Quality of arm movem
D Releases                
D Reaches                 
D Initiates us

• Children’s ability measures can be 
matched to the item difficulty 
hierarchy

– Inform about which items that 
are close to the child’s ability 
level

• Possibly, the BoHA scales can 
identify the child’s next ability 
level to target treatment

hard

easy
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Results

• Possible to compare the BoHA versions

– BoHA unit

• Interval level logit based measure 

• Range from 0-100



Same score form for all children



Correlation between BoHA and MACS

rs= 0.74
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Correlation between the BoHA unit and age

r= 0.17
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Distribution of MACS levels
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Summing up…

• BoHA
– Valid measure of bimanual performance 

• Both for children with asymmetric and symmetric hand use

– Evaluate functional hand use and the effects of 
intervention

– May identify the child’s next ability level
• Possibly useful for treatment planning
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BoHA – further research

• Ongoing studies:
– Longitudinal development of hand function (Gunvor 

Klevberg, Oslo)
– External validity (Ann-Kristin Elvrum, Trondheim)
– Intervention study (Marina Brandao, Brazil)

• Future studies:
– Reliability
– Responsiveness
– BoHA for adolescents



Thank you!

Contact: ann-kristin.elvrum@ntnu.no


