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INTRODUCTION 
Standardized measures are required to adequately measure arm and prosthetic functioning in 
children with unilateral upper limb reduction deficiency (ULRD). A prerequisite for a test or 
questionnaire is that the instrument has to actually measure what it is supposed to measure, also 
referred to as validity.  
With respect to validity, functional tests and questionnaires that are able to measure arm or 
prosthetic functioning were selected according to the following criteria: (i) they had to be 
attractive for children aged 4 to 12, (ii) they had to represent bimanual activities and (iii) they 
had to score quality of movement (functional tests) and/or difficulty (questionnaires) [1]. 
According to these criteria, we selected two functional tests, the Assisting Hand Assessment 
(AHA) [2] and the Unilateral Below Elbow Test (UBET) [3, 4] and two questionnaires, the 
Prosthetic Upper extremity Functional Index (PUFI) [5, 6] and ABILHAND-Kids [7].  
In the present study we make a head-to-head comparison of these instruments to judge their 
clinical usefulness and to identify the best functional test and the best questionnaire for children 
with ULRD.  
 
METHOD 
Twenty children with ULRD between 4 and 12 years old (mean: 8.7 ± 2.9 years) participated in 
the study. Every child had three visits to the Erasmus Medical Centre in Rotterdam. Each visit, 
one test and one questionnaire was assessed. Repeated measurements for UBET and PUFI were 
performed in 10 children and for the AHA and ABILHAND-Kids in the other 10 children. Time 
interval between test and retest was two weeks (range: 11-18 days).  
 
Clinical usefulness of the instruments 
The usefulness of instruments is dependent on the validity, reliability and on the ability to detect 
important clinical changes. Regarding validity, we focused on convergent validity since a gold 
standard is lacking. Convergent validity refers to the consistency with the results of another 
measure that is believed to be assessing the same attribute. Convergent validity was investigated 
according to the hypotheses that sum scores of tests and questionnaires show significant (α < 
0.05) positive correlations with (1) the therapists global assessment of arm functioning with and 
without prostheses (as measured on a 10-point scale) and with (2) the other tests and 
questionnaires in case of difficulty and effectiveness of performance. To test the hypotheses, 
Spearman correlation (one-tailed) was used. 
 
Test-retest reliability provides information about the stability of persons’ responses over time in 
persons who truly remain unchanged. The Intraclass Correlation Coefficient (ICC) was 
calculated to quantify test-retest reliability. Reliability was considered excellent when values of 
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ICC exceed 0.75; values of ICC from 0.60 to 0.74 were evaluated as good, from 0.40 to 0.59 as 
moderate and less than 0.40 as poor. 
In addition, standard error of measurement (SEM) was calculated to quantify the amount of 
measurement error. SEMs were calculated in the instruments’ unit of measurement. For clinical 
use, the most relevant information is the magnitude of change between tests that is required to 
detect a real change, which is specified in the smallest detectable difference (SDD). SDDs at 
90% confidence level were calculated. For comparison between tests, SDDs were expressed as 
percentage of the total possible measurement range of the instrument. 
  
RESULTS 
Convergent validity 
For arm functioning without prostheses, no correlations were found between the therapist’s 
global assessment of arm functioning without prostheses and sum scores of instruments (table 1). 
Regarding arm functioning with prosthesis, the therapist’s global assessment correlated with the 
AHA (rs = .84; p = .01) and PUFI (rs = .66; p = .01). 
We found several inter-relationships between sum scores on different instruments (table 3). 
When assessed without the prostheses, the AHA correlated nearly significant with the PUFI (rs= 
.33; p = .08) and significant with the ABILHAND-Kids (rs= .44; p = .03). The ABILHAND-Kids 
also correlated with the UBET (rs= .53; p = .01) and PUFI (rs= .52; p = .01) assessed without 
prosthesis. With prosthesis, the AHA correlated significantly with the PUFI (rs= .79; p = .01) and 
there was a trend that the ABILHAND-Kids correlated with the UBET (rs= .51; p = .08).  
 

Without prosthesis  With prosthesis  
 AHA UBET PUFI ABILHAND  AHA UBET PUFI ABILHAND
1. Therapist’s   global  
assessment 

 n.s.  n.s.  n.s.  n.s.  .84*  n.s. .66* .n.s. 

2. other measures          
   - AHA  -  n.s. .33# .44*   -  n.s. .79*  n.s. 
   - UBET  n.s.  -  n.s. .53*   n.s.  -  n.s. .51#

   - PUFI .33#  n.s.  - .52*  .79*  n.s.  -  n.s. 
   - ABILHAND .44* .54* .52*  -   n.s. .51#  n.s.  - 

Table 1. Convergent validity of tests and questionnaires 
* p < 0.05 
# 0.05 < p < 0.08 

Test-retest reliability 
Ten children performed test and retest without prosthesis and 5 children performed test and retest 
with prosthesis. For the AHA, only 8 children performed tests and retests without prosthesis and 
4 with prosthesis. Excellent ICCs were found for each instrument, except for the PUFI with 
prosthesis, which had a good ICC (table 2). SEMs ranged from 1.5 to 12.9 and corresponding 
SDD90 ranged from 3.5 to 20.6. The SDD90/range ratio ranged from 0.10 to 0.21 (table 2). 
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Instrument Test Retest ICC SEM SDD90 SDD/range 
AHA without prosthesis 

with prosthesis   
62.6 ± 19.1 
36.3 ± 10.9 

57.3 ± 15.5 

Table 2. Test-retest reliability of functional tests and questionnaires. Mean values ± SD of test and retest, ICCs, 
SEMs, SDD90s and SDD/range ratios are presented of 10 children (5 users and 5 non-users).   

34.0 ± 23.3 
0.70 
0.94 

7.4 
5.4 

17.4 
12.5 

0.17 
0.13 

UBET without prosthesis  
with prosthesis  

29.6 ± 2.9 
23.4 ± 5.6 

29.6 ± 3.7 
26.2 ± 6.3 

0.80 
0.79 

1.5 
2.7 

3.5 
6.8 

0.10 
0.19 

PUFI without prosthesis 
with prosthesis  

78.8 ± 11.8 
47.4 ± 22.0 

78.3 ± 15.7 
50.8 ± 27.4 

0.88 
0.65 

4.9 
12.9 

11.4 
20.6 

0.11 
0.21 

ABILHAND-Kids  35.2 ± 6.1 36.3 ± 4.3 0.79 2.4 5.7 0.13 

 
DISCUSSION 
The therapists’ global assessment of functioning with prostheses correlated with the sum scores 
of the AHA and PUFI. Without prostheses no correlations were found. Probably the therapist is 
experienced to evaluate arm functioning of children wearing prostheses and was therefore more 
focused in scoring with prostheses. The AHA and PUFI correlated to each other both with and 
without prostheses. Overall, these results suggest that the AHA and PUFI seem most valid for 
assessing arm and prosthetic functioning in children with ULRD. 
 
Test-retest reliability was good to excellent for all instruments. Although all instruments were 
reliable, measurement errors were relatively high. To determine if measurement errors were 
small enough to be able to detect real clinical changes, SDDs were expressed as percentage of 
the total measurement range of the instrument. SDD90/range ratios varied between 0.10 and 0.21 
Instruments with SDD/range ratio between 0.10 and 0.13, i.e. the ABILHAND-Kids, PUFI 
without prosthesis, UBET without prosthesis and AHA with prosthesis, will be able to 
distinguish at least 8 steps on the total range of the instruments. Instruments with SDD/range 
ratio of 14 to 20% can distinguish 5 to 7 steps in the total measurement range.  
 
CONCLUSION 
All instruments are reliable to measure arm or prosthetic functioning. However, clinicians must 
be careful with conclusion about functional improvements since measurement errors of 
instruments are high. Preliminary judgments of our data suggest that all instruments are sensitive 
enough to detect real changes.    
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