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ABSTRACT 

 

Brachial plexus Injury (BPI) occurs following trauma to the nerves as they exit the spinal cord 

in the neck. Dependent on the site and degree of the initial trauma, people with BPI display a 

board spectrum of ability to use their affected arm to perform day-to-day activities. BPI is a 

heterogeneous condition that has a significant impact on how the individuals use their arm.  

Some may only achieve simple stabilising or carrying tasks; others may undertake more 

complex movements that use the whole arm and hand. Historically, outcomes following adult 

traumatic BPI have been discussed in terms of impairments such as strength or range of 

motion. Despite evidence of good outcomes, people still report on-going dissatisfaction with 

the day-to-day use of their arm. 

Using the International Classification of Functioning Disability and Health (ICF) as a 

framework, a systematic review of the literature was undertaken to identify all patient-reported 

outcome measures that predominantly assessed activity. Two patient-reported outcome 

measures were identified, yet neither had been psychometrically evaluated for BPI. Further, 

they did not appear to include the range of activities required to assess the full spectrum of 

ability seen in adults with BPI, particularly for those with limited arm use. Seventeen additional 

outcome measures were identified that had been developed by experts solely for a research 

purpose, lending support for a new BPI outcome measure in the clinical setting.  

The studies contained in this thesis detail the development of a new patient-reported outcome 

measure, the Brachial Assessment Tool (BrAT) to assess activity following adult traumatic BPI. 

Using a qualitative approach based on the ICF comprehensive core set for hand conditions, 

522 activities were identified by 51 experts including 21 adults with BPI. These activities were 

reduced through an iterative process to identify the key activities that represent how people 

with BPI use their arm day-to-day. Based on the US Food and Drug Administration guidelines, 

a 51-item questionnaire was developed containing activities that were important to adults with 

BPI, were performed frequently, and appeared to represent the spectrum of ability for this 

population.  

The 51 items were psychometrically evaluated on a cohort of 106 adults with BPI. Six items 

were eliminated due to missing responses (> ~10%) and 10 for high inter-item correlations (> 

0.8). Content validity and unidimensionality were determined using Rasch analysis. Four items 

were eliminated due to local dependency. The final 31 items that comprise the BrAT formed 

three separate subscales that represented different aspects of upper limb use. A second order 

analysis supported a summed score of all 31 items. The activities were well targeted with no 

floor effect and a minimal ceiling effect.  There was no differential item functioning for age, self-

selected hand dominance or time post injury.  
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Further psychometric evaluation was undertaken based on the COSMIN checklist 

recommendations. The BrAT is reproducible with excellent test retest reliability (ICC [1.1] = 

0.90 – 0.97), high internal consistency (Cronbach alpha 0.90 - 0.98) and low measurement 

error (SEM range 3.1 - 8.8). The BrAT is suitable for both group and individual comparison. 

Standard error measurements and minimal detectable change scores were calculated for each 

subscale and the summed score. A priori hypotheses were constructed to investigate validity 

and responsiveness. Correlations with the Disabilities of the Arm, Shoulder and Hand (DASH) 

were as predicted (<0.5) indicating these outcome measures maybe evaluating different 

constructs. Correlations with the Upper Extremity Functional Index (UEFI) were large and did 

not support the hypotheses. The BrAT was more responsive than the DASH and UEFI, 

supporting all hypotheses. Using a known groups analysis, only the BrAT was able to 

discriminate between those who self-nominated they could use their hand, compared to those 

without use of their hand. Further, the BrAT effect size was larger when compared with the 

DASH and the UEFI, particularly for subscale 3 ’No hand items’. 

This thesis described the development and initial psychometric evaluation of the BrAT, the first 

unidimensional, targeted, 31-item patient-reported outcome measure designed specifically for 

adults with traumatic BPI. The BrAT is reproducible and more responsive that the DASH or 

UEFI. However, as an outcome measure of solely activity, we recommend it be used as part of 

a suite of measures that assess multiple domains that are frequently affected after BPI. The 

BrAT is an exciting new tool that will enhance our understanding of BPI and its impact on day-

to-day activities. 
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CHAPTER 1. INTRODUCTION 

 

 

1.1 Thesis overview 

 

The aim of this thesis is to develop a unidimensional patient-report outcome measure to assess 

activity following adult traumatic Brachial Plexus Injury (BPI). In recent years growing evidence 

indicates that the perceived loss of ability to use the affected limb has the greatest impact on 

the long-term outcome for people with BPI (Wellington, 2010; Franzblau, Shauver, & Chung, 

2014; Franzblau & Chung, 2015; Mancuso et al., 2015; Wilson, Chang, & Yang, 2016). 

However, this aspect of outcome (i.e. the day-to-day use of the arm) has received the least 

attention in regards to outcome measurement (Bengtson et al., 2008; Dy et al., 2015).  

Assessment of outcome is central to clinical practice to monitor progress and identify change, to 

compare the effectiveness and risks of intervention as well as to determine cost benefits. 

Patient-reported outcome measures are increasingly being used to measure outcome from the 

perspective of the individual (Timmins, 2008; McGrail, Bryan, & Jennifer, 2012; Valdes et al., 

2014). They assess the person’s perception of their ability to perform specified actions related 

to their own health (Dawson, Doll, Fitzpatrick, Jenkinson, & Carr, 2010; Davidson & Keating, 

2014). While a number of patient-reported outcome measures have been used to assess 

outcome following BPI, none have been developed nor psychometrically investigated for this 

population (Bengtson et al., 2008). Further, many of the existing measures used to assess BPI 

were developed for people who retain greater use of their arm than those with a BPI. As a 

consequence, it is unlikely that they contain items that reflect the heterogeneity of BPI or that 

they accurately measure how people with this condition use their affected arm day-to-day. 

Empirical evidence of the underlying constructs being assessed and the psychometric 

properties of an outcome measure are essential to ensure it is assessing what it intends to 

(Guyatt, Kirshner, & Jaeschke, 1992; FDA, 2009; Mokkink et al., 2010b). Further, rational 

conclusions cannot be drawn from outcome measures that have not been rigorously tested to 

ensure that they are reproducible, valid and responsive for a particular population as it is not 

known if the outcome measure will perform consistently with repeated use, nor that it is 

measuring what it is intended to measure (Streiner, 2008; Portney, 2009; De Vet, Terwee, 

Mokkink, & Knol, 2011; Packham & Macdermid, 2013). 
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The research contained in this thesis therefore has four aims:  

1. To systematically identify outcome measures used to evaluate day-to-day use of the 

arm following BPI and their psychometric properties 

2. To provide empirical evidence as to which day-to-day activities are representative of the 

range of ability of adults with BPI and are important for them to perform on a regular 

basis  

3. To develop a new patient–reported outcome measure to assess solely activities specific 

to adults with BPI using modern, robust statistical techniques  

4. To investigate additional preliminary psychometric properties of this new measure. 

Several research methods were used in a series of studies to explore these aims. These 

include a systematic review of the literature, a qualitative study using nominal groups and one-

to-one interviews to identify activities important to people with BPI, Rasch analysis to investigate 

the content validity and unidimensionality of the outcome measure developed and classic test 

theory principles to evaluate the psychometric properties of reproducibility, construct validity and 

responsiveness of this outcome measure. Work from this thesis has been published in high-

ranking journals (Chapters 3, 4 and 5). A further two manuscripts are currently under peer 

review (Chapter 6 and 7). Thus, this thesis is presented as a series of published manuscripts. 

The concept map in Figure 1.1 summarises the thesis plan. A summary of the research 

questions and methods used to answer these questions is outlined below. 

 

1.2 Research aims and methods 

 

1.2.1 Aim 1: To systematically identify outcome measures, and their psychometric properties, 

used to evaluate day-to-day use of the arm following BPI  

 

A number of outcome measures have been used to assess outcome following adult BPI. 

Bengtson et al. (2008) identified two patient-reported outcome measures: the Short Form 36 

(Ware & Sherbourne, 1992) and the Disability of the Arm Shoulder and Hand (DASH) (Hudak et 

al., 1996b). Both measures have been psychometrically evaluated for people with a variety of 

musculoskeletal injuries but not for adults with BPI. While Bengtson and colleagues (2008) 

recommended that these outcome measures be used for people with BPI, they did not 

investigate the underlying constructs they measure or their psychometric properties for this 

population. Further, potentially not all outcome measures were identified, as this paper did not 

follow a systematic approach to identifying outcome measures.  
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Figure 1.1 Concept map of thesis plan  

Key: BPI - Brachial Plexus Injury, UL – Upper limb, PROM – Patient-reported outcome measure, BrAT – Brachial 
Assessment Tool. SEM, Standard error of measurement, MDC, Minimal detectable change, LoA, Limits of agreement.  
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Outcome measures must be based on a conceptual framework that underpins the relationship 

between the items of a measure and the concepts measured (FDA, 2009). The conceptual 

framework used to underpin this thesis is the International Classification of Functioning 

Disability and Health (ICF) (WHO, 2001). The ICF was developed as a framework to classify the 

impact of injury on the individual in terms of impairments of structure and / or function, activity 

limitations or participation restriction. The ICF may be used to determine the constructs a 

measure is evaluating by classifying items to ICF categories in terms of body function, body 

systems, activity and participation. A systematic search of the literature, i.e. a systematic review  

was warranted to identify all patient-reported outcome measures used for people with BPI that 

apportion the majority of the overall score to day-to-day activity, based on the ICF definition of 

activity ‘execution of a task or action by an individual’ (WHO, 2001). In addition, the 

psychometric properties of reliability, validity and responsiveness for people with BPI were 

collated to evaluate if they are stable over repeated use, and are measuring what they purport 

to. Measures that are used for adults with BPI that have not been psychometrically evaluated 

for this population should be viewed with caution (De Vet et al., 2011). Chapter 3 is presented 

as the systematic review that was published in Archives of Physical Medicine and Rehabilitation 

in 2011. 

 

1.2.2 Aim 2: To provide empirical evidence as to which day-to-day activities are representative 

of the range of ability of adults with BPI and are important for them to perform on a regular basis  

 

Given the heterogeneity of BPI, people with this injury demonstrate a wide spectrum of ability to 

use their affected limb. To date there is no empirical evidence as to which day-to-day activities 

best reflect the spectrum of ability of this population, nor which activities are important for them 

to perform. Without this knowledge it is impossible to fully understand the impact of BPI on the 

individual or to develop an outcome measure that is representative of the population and the 

impact of the injury.    

A qualitative study using nominal groups and face-to-face interviews was used to identify the 

range of day-to-day activities that are restricted but important to adults following BPI (Jones & 

Hunter, 1995; Potter, Gordon, & Hamer, 2004). Activities identified by adults with BPI were 

compared with those described by clinical experts and activities contained in patient-reported 

outcome measures previously reported in the literature for this population. Chapter 4 reports 

this work in two parts: 

 Part 1 contains a paper published in the Journal of Rehabilitation Medicine in 2015, 

which identified activities that are important to people with BPI, and performed on 

regular basis 

 Part 2 reports on the selection of the activities from those identified in Part 1, to produce 

a set of activities that are representative of adults with BPI. These activities were 
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subjected to Rasch Analysis in Chapter 5 to develop the Brachial Assessment Tool 

(BrAT). 

 

1.2.3 Aim 3: To develop a new patient–reported outcome measure to assess solely activity 

specific to the abilities of adult BPI, using modern, robust statistical techniques  

 

A measure designed to assess one construct; in this case day-to-day activity; needs to be 

unidimensional, i.e. all the items relate to one underlying construct (Streiner, 2008; Portney, 

2009). The activities identified in Chapter 4, are important to people with BPI and cover a wide 

spectrum of day-to-day tasks. It is plausible that all the activities relate to one dimension and 

thus it may be assumed that they are measuring the same underlying construct. Statistical 

evaluation is however, required to support this hypothesis.  

Rasch analysis was used to develop a new patient-reported outcome measure called the 

Brachial Assessment Tool (BrAT) for adults with BPI, based on the activities identified in Chapter 

4. In recent years Rasch analysis has become the gold standard for the development of 

unidimensional outcome measures that assess one construct while retaining items that cover the 

full spectrum of ability (Streiner, 2008; Hobart & Cano, 2009). Chapter 5 is presented as a paper 

published in Archives of Physical Medicine and Rehabilitation in 2016. 

 

1.2.4 Aim 4: To investigate preliminary psychometric properties of the Brachial Assessment 

Tool 

 

When using an outcome measure, clinicians need to be able to interpret the outcome measures’ 

score. For example, over repeated assessments do scores change due to real change or is 

change over time related to measurement error (i.e. are they reproducible?). Outcome 

measures must also be valid and responsive to change when real change has occurred (i.e. 

either improvement or deterioration). The Brachial Assessment Tool developed in Chapter 5 

was subjected to further psychometric evaluation based on classic test theory. This is reported 

in Chapters 6 and 7. 

Based on Classic Test Theory (Streiner, 2008; Portney, 2009; De Vet et al., 2011) the 

psychometric property of reproducibility was assessed in Chapter 6. Reproducibility is 

comprised of two different but essential components, reliability and agreement (Streiner, 2008; 

Portney, 2009; Mokkink et al., 2010a; Mokkink et al., 2010c). Reliability addresses how stable a 

measure is over repeated use and how well people can be differentiated despite measurement 

error. Agreement is related to absolute measurement error, i.e. how close repeated measure 

scores are, expressed in the actual units of the measure. Agreement parameters assist in the 
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interpretation of change scores over time. A number of statistical parameters were assessed 

including test re-test reliability, internal consistency, the Standard Error of Measurement, 

Minimal Detectable Change and Bland Altman Limits of Agreement. Chapter 6 is presented as a 

paper, which has been submitted for publication in Archives of Physical Medicine and 

Rehabilitation in November 2016.  

The psychometric properties of construct validity and responsiveness were assessed in Chapter 

7 (Mokkink et al., 2010c; De Vet et al., 2011). Rasch analysis determined that the BrAT is a 

unidimensional, targeted patient-reported outcome measure that assesses one construct, 

activity, following adult BPI (Chapter 5). However, while these results provide strong evidence to 

the validity of the BrAT the underlying construct can only be inferred. Analysis of a new outcome 

measure is an ongoing iterative process where the new measure is evaluated against others 

believed to measure similar or dissimilar constructs. Through the use of challenging ‘a priori 

‘hypotheses based on knowledge of the underlying construct, it is possible to acquire evidence 

as to the underlying constructs that can then be tested (Streiner, 2008; Mokkink et al., 2010c; 

De Vet et al., 2011). Further, outcome measures need to detect change in proportion to the 

person’s actual change and remain stable if they have not changed i.e. to be responsive. 

Construct validity and responsiveness are related and considered by some to be the same 

measurement property (Streiner, 2008; De Vet et al., 2011). For this study, construct validity 

refers to the validity of a single score and responsiveness the validity of a change score. 

Chapter 7 is presented as a paper, which has been submitted for publication in Archives of 

Physical Medicine and Rehabilitation in November 2016. 
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1.3 Definitions 

 

The following are definitions of the key terms used in this thesis.  

 

Activity: ‘Execution of a task or action by an individual’ (WHO, 2001) 

Brachial Plexus: ‘ A complex network of nerves, which extends from the neck to the axilla and 

which supplies motor, sensory, and sympathetic fibers to the upper extremity’. (Johnson, Vekris, 

Zoubos, & Soucacos, 2006) 

Brachial Plexus Injury: ‘Trauma to the Brachial Plexus from the nerve roots to the cords, 

excluding peripheral nerves’ 

Capacity: ‘Individuals ability to execute a task or an action in a standardised environment’ 

(WHO, 2001)  

Clinimetric: ‘Quality of measurement in medical research and clinical practice including both quality 

of the measurement and quality of the performance of the measurement. Clinimetrics group of the 

VU university medical centre Amsterdam. (http:clinimetrics.nl) 

Evaluative: ‘Measure a person’s status over time and be responsive to change in that status 

(Guyatt, Walter, & Norman, 1987) 

Insensate: Lacking in sensation (Merriam Webster Dictionary) (https://www.merriam-

webster.com) 

Participation: ‘Performing roles in the domain of social functioning’ and  ‘include a combination 

of multiple activities that relate to a life role’ (WHO, 2001; Jette, Haley, & Kooyoomjian, 2003; 

Eyssen, Steultjens, Dekker, & Terwee, 2011) 

Performance: ‘Individual ability to execute a task or action in his or hers’ own day-to-day lived 

environment’ (WHO, 2001) 

Patient-reported outcome: ‘A report of the status of the patient’s (or person’s) health condition, 

health behaviour or experience with healthcare that comes directly from the patient without 

interpretation of the patient’s response by a clinician or anyone else’. (FDA, 2009)  

Patient-reported outcome measure: ‘An outcome measure that assesses a patient–reported 

outcome’ (FDA, 2009) 

Psychometric: Quantifiable attributes (e.g., validity, reliability) that relate to the statistical strength 

or weakness of a test or measurement (Turner, 2013)
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Traumatic Brachial Plexus injury: BPI that occurs as a result of trauma to the brachial plexus, i.e. 

from accidents including motor vehicle accidents, falls from a height or stabbings (Narakas, 

1985; Coene, 1993). For the purposes of this thesis all reference to BPI relates to injury arising 

from accidental causes unless otherwise explained. 

 

1.4 Chapter conclusion   

 

This chapter provided a synopsis of this thesis and outlined the research aims, and methods 

that have been used to address each of the four aims. The thesis structure was described and 

consists of a series of published papers and submitted manuscripts. Chapter 2 will provide a 

more detailed description of BPI, explore issues related to the assessment and outcome 

measurement of the upper limb, introduce the concept of patient-reported outcome measures 

and the theory of psychometric properties of outcome measures.  
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CHAPTER 2. BACKGROUND 

2.1 Introduction 

 

This chapter provides a detailed overview of Brachial Plexus Injury (BPI) and current 

management practices. Subsections of this chapter introduce the International Classification of 

Functioning, Disability and Heath (ICF) as a framework to assess the impact of BPI on the 

person and the issues related to evaluation of the upper limb. The role of assessment will be 

discussed, with particular reference to patient-reported outcome measures. This chapter also 

introduces the theory of psychometric properties of outcome measures. 

 

2.2 Anatomy of the Brachial Plexus 

 

The Brachial Plexus (BP) is a complex network of peripheral nerves that extends from the neck 

to the axilla (Johnson et al., 2006). The BP is usually formed from four cervical and one thoracic 

ventral primary rami C5 – T1 (Figure 2.1) and supplies motor, sensory and sympathetic nerve 

fibres to the arm and upper chest (Johnson et al., 2006). The ventral primary rami of C5-C8 and 

T1 exit from the vertebral foramina to become the ‘roots’ of the plexus (Figure 2.1). Three trunks 

are formed as the plexus runs outwards and downwards towards the arm. C5 and C6 unite to 

form the upper trunk, C7 becomes the middle trunk and C8-T1 unite to form the lower trunk in 

the supra-clavicular area (Johnson et al., 2006; Gregory, Cowey, Jones, Pickard, & Ford, 2009). 

As the trunks continue downwards and posteriorly under the clavicle, each splits into an anterior 

and posterior division. Typically, the anterior divisions supply the flexor components of the arm, 

while the posterior divisions supply the extensor components (Johnson et al., 2006). The three 

posterior divisions unite to form the posterior cord. The anterior divisions of the upper and 

middle trunk unite to form the lateral cord, while the lower trunk anterior division continues as 

the medial cord. The cords take their names from their relationship to the axillary artery passing 

posterior, laterally and medially to it as they continue outwards passing through the infra-

clavicular area. Finally, each cord divides into two terminal branches. The posterior cord 

becomes the axillary and radial nerves. The lateral cord becomes the musculocutaneous nerve 

and lateral root of the median nerve and the medial cord divides into the ulnar nerve and 

median root of the median nerve. Additional nerves arise along the length of the BP except the 

divisions (Gregory et al., 2009). Variations within the BP are uncommon, however they may 

occur. The most common variations are a prefixed BP with a nerve branch from C4 which may 

supply the scapular muscles, with minimal contribution from T1. A post-fixed BP contains a 
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nerve branch from T2 and has minimal C5 contribution (Johnson et al., 2006; Gregory et al., 

2009).  

 

 

 

Figure 2.1 Schematic of the brachial plexus  

© 2016. Elsevier Inc. All rights reserved. www.netterimages.com 

 

As a consequence of the complex anatomy of the BP, the muscles and skin of the arm, upper 

chest and scapular area may receive input from multiple nerve roots (Table 2.1). Trauma at 

different levels of plexus, i.e. Brachial Plexus Injury (BPI), will result in complex patterns of 

motor and sensory loss, potentially affecting the whole upper limb. Moreover, while some 

patterns of BPI are relatively common, for example, injury to the whole plexus or the upper or 

lower portions, no two people will present with identical movement loss based on the site and 

degree of the original trauma to the plexus. BPI is therefore an extremely heterogeneous 

condition and people with BPI experience marked and varied changes in their ability to use their 

arm to perform day-to-day activities.  
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Table 2.1 Muscles innervated by the Brachial Plexus  

Muscle Nerve root Nerve  Primary Action 

Rhomboids (C4) C5 Dorsal scapular Scapular retraction 

Deltoid C5, C6 Axillary Shoulder abd 

Supraspinatus C(5) C6  Suprascapular Early Shoulder abd 

Infraspinatus C(5) C6  Suprascapular Shoulder ext rot 

Serratus anterior C5 C6 C7 Long thoracic Winged scapular 

Clavicular pectoralis major C5 C6 C7 Lateral & medial pectoral Horizontal add at 900 degrees 

Sternal pectoralis major C6 C7 C8 T1 Medial pectoral Shoulder add 

Latissimus Dorsi C6 C7 C8 Thorocodorsal Shoulder ext and int tot 

Biceps / Brachialis C (5) C6 Musculocutaneous Elbow flexion 

Triceps C6 C7 C8 Radial Elbow exr 

Brachioradialis C(5) C6 Radial Elbow flex 

Supinator C(5) C6 Radial Forearm supination 

Pronator teres C6 C7 Median Pronate forearm flex elbow 

Flexor carpi radialis C6 C7 Median Wrist flexion & radial abd 

Extensor carpi radialis longus C8 T1 Radial  Wrist extension radial abd 

Extensor carpi radialis brevis C6 C7 C8 PIN Wrist extension radial abd 

Extensor carpi ulnaris C7 C8 PIN Wrist flexion ulnar add 

Extensor digitorum C7 C8 PIN Extend digits 

Extensor digiti minimi C7 C8 PIN Extends little finger 

Extensor indicis C7 C8 PIN  Extends index finger 

Pronator quadratus C7 C8 T1 AIN Pronate forearm 

Flexor carpi ulnaris C7 C8 T1 Ulnar  Flex and adducts wrist  

FDP C7 C8 T1 Median I, II Ulnar III, IV Flex distal IPJ 

FDS C7 C8 T1 Median  Flex proximal IPJ 

Abductor digiti minimi C8 T1 Ulnar Abducts little finger 

Interossei C8 T1 Deep branch Ulnar Abduct & add the digit  

Lumbricals C8 T1 Median I, II Ulnar III, IV Extends at proximal IPJ  

Flexor pollicis longus C7 C8 T1 AIN Flex IPJ thumb 

Extensor pollicis brevis C6 C7 PIN  Extends prox phalanx thumb 

Abductor pollicis longus C7 C8 PIN  Abducts thumb 

Extensor pollicis longus C7 C8 PIN  Extend terminal phalanx thumb 

Adductor pollicis C8 T1 Deep branch ulnar Approximate thumb to index finger 

Opponens pollicis C8 T1 Median Opposition thumb 

Flexor pollicis brevis C6 C7 C8 T1 Median Flex proximal phalanx thumb 

Abductor pollicis brevis C6 C7 C8 T1 Median Abd prox phalanx at MCP thumb 

Key. Abd, Abduction. Add, adduction. MCP, Metacarpal phalangeal joint. AIN Anterior Interosseous nerve, 
Ext external, FDP Flexor digitorum profundus, FDS Flexor Digitorum superficialis Flex, flexion. int internal, 
rot rotation, IPJ Inter phalangeal joint, PIN, posterior interosseous nerve, prox proximal.  
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2.3 Peripheral nerve anatomy  

 

The nerves that make up the BP are called peripheral nerves. All peripheral nerves are similar 

in structure. They contain thousands of individual nerve fibres or axons that may be efferent 

(motor) or afferent (sensory) in nature (Johnson et al., 2006). Each axon arises from a cell body. 

Motor axons arise from cell bodies within the anterior horn of the spinal cord. Dorsal and ventral 

rootlets leave the anterior horn, and merge to exit the through the vertebral foramen. As sensory 

fibres exit the foramen, they enlarge to form the dorsal root ganglion that contains the sensory 

cell bodies. A connective tissue layer called the endoneurium surrounds individual axons, both 

motor and sensory, as they exit the vertebral foramen. Discrete bundles of axons are formed 

and surrounded by a second connective tissue layer, called the perineurium, to form fascicules 

(Figure 2.2). These fascicles or bundles of axons are in turn surrounded by a third connective 

tissue layer, the epineurium, to from the complete peripheral nerve (Johnson et al., 2006; 

Gregory et al., 2009; Bonham & Greaves, 2011; Grinsell & Keating, 2014). An individual nerve 

exiting the BP may be comprised of purely motor axons that terminate in a motor end plate, 

purely sensory axons terminating in a sensory end organ or a combination of both motor and 

sensory axons.  

Injury to a nerve that occurs proximal to the cell body in the dorsal root ganglion is termed 

preganglionic. Nerves damaged at this level cannot regrow therefore natural recovery is not 

possible (Gregory et al., 2009; Mackinnon, 2015). Adults with BPI at this level often experience 

on-going severe intractable neuropathic pain that is not controlled by pain medication (Bertelli & 

Ghizoni, 2008; Zhou, Liu, Rui, Zhao, & Lao, 2016) and very limited use of the upper limb 

(Fischer, Elliott, Kozin, & Levin, 2013; Mancuso et al., 2015). Nerves that sustain 

postganglionic, or lower motor neurone injury have potential for recovery but this is dependent 

on the degree of initial trauma. 

 

Figure 2.2 Peripheral nerve anatomy. 

Printed with permission from Grinsell and Keating (2014). All rights reserved 
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2.4 Peripheral nerve injury 

 

2.4.1 Classification of peripheral nerve injury 

 

Classification of peripheral nerve injury (PNI) following trauma is directly related to the extent of 

the initial intraneural damage (Colbert & Mackinnon, 2008; Giuffre, Kakar, Bishop, Spinner, & 

Shin, 2010). The two most widely accepted classifications of nerve injury are those by Seddon 

(Seddon, 1943) and Sunderland (Sunderland, 1951). Seddon (1943) classified nerve damage 

into three broad categories termed neurapraxia, axonotmesis and neurotmesis (Table 2.2).  

Sunderland (1951) observed that recovery following axonotmesis was inconsistent and 

introduced a further two sub categories of axonotmesis defined by the degree of intraneural 

connective tissue damage (Table 2.2). Mackinnon (2015) more recently introduced a sixth 

category for nerves that demonstrated a mixture of Sunderland I to V injury and thus could not 

previously be categorised (Valdes et al., 2014; Mackinnon, 2015).  While these classifications 

systems are widely accepted, they are difficult to use in the clinical setting. Sunderland grade II 

to IV, for example, can only be confirmed intra-operatively through direct observation of the 

intraneural structures. Further, while two people may initially present with very similar movement 

loss after a nerve injury, the day-to-day use of their upper limb over time may be very different, 

as natural recovery may occur at varying rates. Accurate assessment of how adults with BPI 

use their upper limb is therefore essential to monitor change over time and to aid decision 

making in regards to surgical repair and rehabilitation 
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Table 2.2 Classification of nerve injury 

 

Seddon 
Classification 1,2 

Sunderland 
Classification 3 Microscopic changes Clinical findings Recovery rates 

Neurapraxia Grade I 
Conduction block only, no loss of 
nerve continuity or Wallerian 
degeneration 

Transient loss of motor and sensory 
function, may be complete or 
incomplete  

Complete spontaneous 
recovery, weeks  

Axonotmesis 

 

Grade II 
Interrupted axons, intact endoneurial 
sheath, results in distal Wallerian 
degeneration 

Complete loss of motor and sensory 
function, distal to injury 

Recovery generally occurs 
naturally with axon regrowth, 
weeks to months 

Grade III 

Transection of the axon and disrupted 
endoneurium, with intact perineurium, 
Wallerian degeneration, some 
retrograde degeneration 

Complete loss of motor and sensory 
function, distal to injury 

Recovery may occur naturally, 
but imperfect reinnervation of 
end organs leaves residual 
deficits. May require surgical 
repair 

Grade IV 
Interrupted fascicles, within intact 
epineurium, Wallerian degeneration 
including retrograde 

Complete loss of motor and sensory 
function, distal to injury 

Recovery rarely achieved by 
natural regrowth. Usually 
requires surgical repair 

Neurotmesis Grade V 
Complete disruption of nerve trunk, 
neuroma formation and retrograde 
degeneration 

Complete loss of motor and sensory 
function, distal to injury 

Negligible recovery due to 
separation of nerve fibres. 
Always requires surgical repair 

Mackinnon grade Grade VI 
Combination of normal nerve and 
grade 1-5 injury 

Combination of motor and sensory 
loss distal to injury 

Unknown - dependent on 
degree of intraneural injury 

References: 1 Seddon (1943), 2 Seddon (1954), 3 Sunderland (1951) 
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2.4.2 Classification of Brachial plexus injury 

 

While adults with BPI present with different movement loss dependent on the site and extent of 

the initial trauma, some common presentation patterns occur (Coene, 1993). Those with 

avulsion/rupture of C5/6 for example, are usually able to use their hand to hold and manipulate 

objects. However, they will be unable to move, hold or place the arm due to the loss of the 

nerve supply to the muscles of the shoulder and elbow, (Tables 2.1 and 2.3). This greatly limits 

the use of the hand (Bertelli & Ghizoni, 2013). Those with rupture of C5/6/7 will also lose the 

ability to use their triceps muscle, i.e. the ability to extend the elbow, and some also sustain 

weakness or loss of forearm pronators and wrist extensors (Bertelli & Ghizoni, 2013). As a 

consequence, they are unable to reach forward or away from the body to use the hand. A more 

uncommon form of adult BPI follows trauma to C8/T1 and results in the loss of ability to use the 

hand while retaining shoulder and elbow movements (Bertelli & Ghizoni, 2012).  

A number of methods to specifically classify BPI have been proposed (Leffert, 1974; Sedel, 

1982; Terzis, Vekris, & Soucacos, 1999; Chuang, 2008; Wehrli, Bonnard, & Anastakis, 2011).  

For the purposes of this thesis, the most frequently used clinical classification will be used 

(Table 2.3) as described by Wehrli et al (2011). Adults with a BPI are classified to a category 

through a combination of clinical examination, electrodiagnostic testing and imaging studies. 

Further, this classification corresponds most closely to the nerve repair options currently 

available. 

 

Table 2.3 Classification of BPI by injury level (1) 

Roots Key muscles affected Movement loss 

C5/6 
Deltoid, supraspinatus, infraspinatus, 
biceps, brachialis, brachioradialis 
pectoralis major clavicular head.   

Shoulder abduction, external rotation 
and forward flexion 

Elbow flexion 

C5/6/7 
As above plus triceps, wrist and finger 
extensors, supinator and pronator teres 

Shoulder and elbow as above 

Elbow extension 

Forearm pronation and supination. 

Wrist, finger and thumb extension  

C5/C8 
As above plus all finger and thumb 
flexors 

Shoulder, elbow, forearm and wrist as 
above  

Wrist flexion 

C8/T1 
Finger flexion, all intrinsic thenar and 
hypothenar muscles 

Finger and thumb flexion  

Intrinsic function 

C5 – T1 All above Flail limb 

Key: 1 Wehrli et al (2011)  
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2.4.3 Diagnosis of nerve injury 

Diagnosis of peripheral nerve and BPI remains an inexact science particularly for Sunderland 

grade III and IV injuries, which may or may not require surgical intervention (Table 2.2 and 

Table 2.4). Diagnosis usually results from a combination of the clinical presentation, and a 

variety of diagnostic tools. Diagnostic techniques include electro diagnostic studies (nerve 

conduction studies and electromyography) (Bergquist & Hammert, 2013; Limthongthang, 

Bachoura, Songcharoen, & Osterman, 2013) combined with nerve imaging including Computed 

Myelography, Magnetic Resonance Imaging and more rarely Ultrasound (Doi et al., 2002; 

Wang, Guo, Tang, Zhang, & Tang, 2010; O'Shea, Feinberg, & Wolfe, 2011; Silbermann-

Hoffman & Teboul, 2013; Tagliafico, Succio, Serafini, & Martinoli, 2013; Lapegue et al., 2014; 

Cejas, Rollán, Michelin, & Nogués, 2016; Wang et al., 2016). No one method is accepted as the 

gold standard and intraoperative findings also play an important role in the final surgical 

decision-making, particularly for Sunderland grade III and IV injuries where intraneural damage 

can be only observed microscopically. 

 

Table 2.4 Nerve injury diagnostic criteria  

Injury classification Diagnostic criteria 

Seddon (1,2) Sunderland (3) Electrodiagnostic assessment MRI findings 

Neurapraxia Grade 1 
Slowed conduction or conduction block 

Decreased amplitude proximal to distal 
No findings 

Axonotmesis 

 

Grade 11 

Absence of distal conduction 

SNAP amplitude decrease 

Fibrillation potentials 

T2 weighted images may 
detect fibrosis, neuroma, 
loss of continuity and pre 
or post ganglionic trauma 

Grade 111 

Absence of distal conduction 

SNAP amplitude decrease 

CMAP amplitude decrease 

MUAP increase 

Fibrillation potentials 

T2 weighted images may 
detect fibrosis, neuroma, 
loss of continuity and pre 
or post ganglionic trauma 

Grade 1V 

Absence of distal conduction 

SNAP amplitude decrease 

CMAP amplitude decrease 

MUAP increase 

Fibrillation potentials 

T2 weighted images may 
detect fibrosis, neuroma, 
loss of continuity and pre 
or post ganglionic trauma 

Neurotmesis Grade V 

Absence of distal conduction 

SNAP amplitude decrease 

CMAP amplitude decrease 

MUAP increase 

Fibrillation potentials 

T2 weighted images may 
detect fibrosis, neuroma, 
loss of continuity and pre 
or post ganglionic trauma 

Mackinnon Grade VI Multiple presentations Multiple presentations 

Reference: 1 Seddon (1943) 2, Seddon (1954), 3 Sunderland (1951), Key: MRI: Magnetic Resonance 
Imaging. SNAP: Sensory nerve action potentials. CMAP: Combined motor action potential. MUAP: Motor 
unit action potential 
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2.4.4 Nerve injury recovery 

 

Nerve damage following trauma occurs on a continuum from a simple conduction block at an 

axonal level caused by bruising or swelling around the nerve, to complete rupture and 

separation of nerve fibres (Mackinnon, 2015). A conduction block equates to neurapraxia or 

Sunderland classification 1 and 2. Prognosis tends to be excellent, requires limited or no 

surgical intervention and recovery usually occurs over 6 to 12 weeks (Table 2.2). Prognosis 

following more severe axonotmesis or Sunderland grade 3 and 4 injury is dependent on the 

degree of connective tissue damage. Following trauma to the axons, Wallerian degeneration or 

degradation occurs distal to the site of injury as the axon has been separated from its cell body. 

New axons sprout at the injury site and attempt to regrow across the lesion and link with the 

corresponding endoneurial tubes (Gregory et al., 2009). If axons find a corresponding 

endoneural tube, regrowth will occur and some recovery is possible, although this may be 

inconsistent. Following complete division of a nerve and separation of all intraneural structures 

(neurotmesis or Sunderland grade 5) Wallerian degeneration occurs distal to the injury. Natural 

recovery cannot occur as the axons have no conduit down which to regrow. Microsurgical repair 

to create neural conduits is required for potential recovery (Grinsell & Keating, 2014). 

 

2.4.5 Timeframe for recovery 

 

Axons regrow at a rate of approximately 1mm per day (Grinsell & Keating, 2014); therefore 

recovery times for an injury that occurs at some distance from the end organ will be prolonged. 

In the case of a BPI, regrowth of up to one meter may be required form the injury site to the end 

organ, which may take between two to three years. More importantly, reinnervation of the 

muscles is time dependent due to the limited survival of denervated motor end plates (Colbert & 

Mackinnon, 2008; Gregory et al., 2009).  After 12 to 18 months of motor end plate denervation, 

muscles undergo irreversible fibrosis and atrophy (Colbert & Mackinnon, 2008; Grinsell & 

Keating, 2014). Therefore early reinnervation is essential to optimise long-term outcome 

(Colbert & Mackinnon, 2008; Campbell, 2009; Gordon et al., 2009; Mackinnon, 2015). Sensory 

end organs appear to be less sensitive to denervation and the timeframe for reinnervation is yet 

to be determined. However, some return of protective sensation has been noted at more than 5 

years post injury or nerve repair. At present the mechanism for this remains unknown (Colbert & 

Mackinnon, 2008; Grinsell & Keating, 2014). 
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2.5 Aetiology of Brachial Plexus Injury 

 

While more than thirty different causes of BPI have been recognised (Narakas, 1985; Kim, 

Murovic, Tiel, & Kline, 2004) BPI most frequently occurs in young males following high velocity 

trauma, e.g. motor vehicle crashes, work injuries or a fall from a height (Figure 2.3) (Coene, 

1993; Asplund, Nilsson, Jacobsson, & Von Holst, 2009; Kaiser, Mencl, & Haninec, 2014).  

 

 

Figure 2.3 Mechanisms of brachial plexus lesions  

Printed with permission from Coene (1993). All rights reserved 

 

 

Trauma to the nerves of the BP occurs following forced widening of the distance between the 

neck and shoulder (Coene, 1993). This results in a traction force along the nerves (Figure 2.4, 

which may result in: 

 Pre-ganglionic avulsion or tearing of the nerve roots from the spinal cord. 

 Post-ganglionic rupture of individual nerves at various levels throughout the BP 

dependent on the degree and direction of the initial traction force. 

 Isolated damage to individual nerve infrastructure (Coene, 1993; Midha, 1997).  
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Figure 2.4 Schematic of nerve injuries 

Key: Transverse section of the cervical spine. Preganglionic Avulsion injury, the roots are torn from the 
spinal cord. A Post ganglionic stretch injury distal to the ganglion B Post ganglionic nerve rupture. 

Printed with permission form Gregory (2009). All rights reserved 

 

Despite the commonality of the original injury, BPI is an extremely heterogeneous condition and 

each presentation is unique based on the site of injury and extent of nerve damage within the 

BP (Giuffre et al., 2010). People with pre-ganglionic avulsion of all BP nerve roots will present 

with an insensate flail arm requiring them to wear a sling for support and to protect limb from on-

going trauma. As noted above (Section 2.2), this group often report unrelenting neuropathic 

pain (Bertelli & Ghizoni, 2008; Bertelli, Ghizoni, & Loure Iro Chaves, 2011; Zhou et al., 2016) 

and limited long-term use of the upper limb (Fischer et al., 2013; Franzblau & Chung, 2015; 

Mancuso et al., 2015). Direct nerve repair is not a viable option as the roots have been torn 

from the spinal cord and the nerve cannot regrow (Doi, 2008; Gregory et al., 2009; Chuang, 

2010). Some people with postganglionic trauma can regain normal to near normal day-to-day 

use of their arm, while others may only ever be able to use the arm as a passive stabiliser. This 

is based on the extent of the initial trauma to the plexus (Ahmed-Labib, Golan, & Jacques, 

2007; Krishnan, Martin, & Schackert, 2008).   
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2.6 Brachial plexus injury Epidemiology 

 

Approximately 5% of all motor vehicle crashes will involve some degree of peripheral nerve 

injury, (Noble, Munro, Prasad, & Midha, 1998) with 4% of all motor bike accidents resulting in 

trauma to the Brachial Plexus (Midha, 1997; Kaiser et al., 2014). There is little evidence as to 

the incidence of BPI worldwide although large case series have been published (Goldie & 

Coates, 1992; Kim, Cho, Tiel, & Kline, 2003; Terzis & Kostas, 2006). One possible reason for 

this is the way that BPI is classified. The international Classification of Diseases (ICD) is 

recognised as the standard diagnostic tool for epidemiology in health.  Developed by the world 

Health Organisation (WHO) it is used in over 100 countries to classify disease. BPI is classified 

as G540 ‘Brachial plexus disorders’ and encompasses all known causes of BPI for example 

Brachial Plexus Neuritis, or  tumours of the nerves of the brachial plexus or surrounding tissues. 

As a result it is difficult to obtain accurate data from large databases as to which BPIs are 

traumatic. The Alfred and Royal Melbourne Hospitals, the two level one-trauma centres in 

Melbourne, Australia currently admit 40 to 50 new BPIs per year in total. Based on this data, if 

these figures are extrapolated across Australia, a minimum of 100 new BPIs cases are being 

diagnosed each year. Transport accidents, specifically motorbike accidents, account for 

approximately 70% of all BPIs in the state of Victoria, Australia. Statistics released by the 

Australian Institute of Health and Welfare note that serious motorcycle injuries in Australia are 

increasing at an annual rate of 7.5% therefore the incidence of traumatic BPI is likely to rise 

over time (AIHW, 2011).  

Surgery and on-going rehabilitation continues for many months and years following BPI.  Most 

people undergo a number of reconstructive procedures (Ahmed-Labib et al., 2007). According 

to the Transport Accident Commission (a Victorian government organisation established to fund 

treatment and sickness benefits for people involved in transport accidents) the cost of treatment 

following an isolated BPI is approximately $110,000 per person. This rises to $400,000 over a 

three-year period, when accompanied by other serious injuries. While the incidence of BPI may 

be relatively low compared to other traumatic musculoskeletal injuries, given that BPI is usually 

sustained as a result of high velocity trauma with many experiencing significant additional 

injuries, societal costs are high (Kaiser & Haninec, 2012; Kaiser et al., 2014). For the purposes 

of this thesis all reference to BPI occurs as a result of direct trauma to the brachial plexus 

unless otherwise explained. 
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2.7 Management of Brachial Plexus Injury 

 

As previously discussed (Section 2.3.2) nerves only regrow when there is a direct connection 

between the two damaged ends. The primary goal of microsurgical nerve repair is to facilitate 

maximal reinnervation by providing a conduit through which axons can regrow (Grinsell & 

Keating, 2014). For all but a neurapraxia or Sunderland Grade 1 or 2 injuries (Table 2.2), 

surgical repair of the nerve maybe required to reconstruct the internal neural structure and 

provide a conduit for axon regrowth (Colbert & Mackinnon, 2008; Addas & Midha, 2009; Fox & 

MacKinnon, 2011; Mackinnon, 2015).  

 

2.7.1 Direct nerve repair 

 

Early attempts at repair following BPI involved simple direct suture of the severed nerve ends 

following dissection of the brachial plexus (Robotti, Longhi, Verna, & Bocchiotti, 1995). As 

microsurgery techniques have developed, repair can now be undertaken at the perineurium 

level with the potential for bundles of motor or sensory fascicles to be sutured together (Figure 

2.2). Where tension would occur at the coaptation or suture line due to loss of nerve tissue, 

interposition autologous nerve grafts are used with or without a vein graft (Birch, Dunkerton, 

Bonney, & Jamieson, 1988). However, due to the slow rate of nerve growth (Section 2.3.5) 

(Grinsell & Keating, 2014), motor end plate denervation and the resultant muscle atrophy may 

occur prior to reinnervation where repair occurs at some distance from the end organ. 

 

2.7.2 Nerve transfer  

 

While direct suture at the level of injury with or without interposition grafts remains common 

today, in recent years nerve transfers or neurotisation have been used more frequently (Oberlin 

et al., 1994; Shin, Spinner, & Bishop, 2004; Krishnan et al., 2008; Simpson, 2009; Garg, Merrell, 

Hillstrom, & Wolfe, 2011; Yang, Chang, & Chung, 2012). Nerve transfer converts a proximal 

injury to a distal one by transferring a redundant or expendable nerve donor that is in close 

proximity to the recipient (Figure 2.5). This decreases the time required for reinnervation and 

therefore potential for muscle atrophy (Oberlin et al., 1994; Grinsell & Keating, 2014).  

Intraplexal donors that originate from the same BP and supply muscles with a synergistic action 

to the now dennervated muscle i.e. the donor muscle performs a similar action to the recipient, 

are preferred for nerve transfer. For example, the first nerve transfer to be described for elbow 

flexion using an intraplexal donor is called the ‘Oberlin procedure’ (Oberlin et al., 1994). Several 
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fascicules of the ulnar nerve that supply flexor carpi ulnaris, a wrist flexor, are dissected and 

sutured to the musculocutaneous nerve, which supplies the biceps muscle. Once the 

transferred nerve has re-innervated the biceps, the person will begin to bend the elbow when 

they think of bending the wrist. This technique remains one of the most used and successful 

nerve transfer techniques today for people with C5/6 BPI (Garg et al., 2011). Figure 2.6 

provides a schematic of a spinal accessory nerve to the suprascapular nerve transfers. This 

technique involves the transfer of pat of the spinal accessory nerve that supplies trapezius to be 

transferred to the suprascapular nerve that supplies supraspinatus and infraspinatus. Therefore 

instead of shrugging the shoulder it becomes an external rotator of the arm.  

 

 

Figure 2.5 Schematic of nerve transfer 

© Natasha van Zyl. Reprinted with permission. All rights reserved 

 

 

A potential limitation to this approach is the significant time period required for cortical plasticity 

to take place with retraining to ‘reprogram’ the donor area of the brain to a new purpose 

(Malessy, Bakker, Dekker, Van Dijk, & Thomeer, 2003; Anastakis, Malessy, Chen, Davis, & 

Mikulis, 2008). For those with more severe BPI, including multiple pre-ganglionic nerve root 

avulsions and therefore limited availability of intraplexal donors, extraplexal donors may be 

used. Examples include the spinal accessory nerve for shoulder external rotation (Figure 2.6) 

(Terzis, Kostas, & Soucacos, 2006; Fox & MacKinnon, 2011), intercostal and/or the phrenic 

nerve for elbow flexion or extension (Krakauer & Wood, 1994; Liu, Lao, Gao, Gu, & Zhao, 

2014), or C7 transfer from the unaffected arm (Gu, 2007).  
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Figure 2.6 Schematic of spinal accessory nerve to suprascapular nerve  

Printed with permission from Fox and McKinnon (2011). All rights reserved 

 

 

2.7.3 Functioning Free muscle transfers  

 

For people with complete pre-ganglionic avulsion of all nerve roots from the spinal cord, direct 

nerve repair and intraplexal neurotisation is not a viable option. These individuals have no 

intraplexal donors and limited extraplexal options. A technique used by some surgeons for this 

group is functioning free muscle transfer (Doi, 1997; Doi, Kuwata, Muramatsu, Hottori, & Kawai, 

1999; Bishop, 2005; Chuang, 2010). Functioning free muscle transfers involves the transfer of 

one or two muscles, usually the gracilis muscle from the leg, which are then innervated by 

extraplexal nerve donors such as intercostal nerves or the spinal accessory nerve. When 

combined with extraplexal donors to triceps and shoulder rotators, functioning free muscle 

transfers have been shown to result in a stable shoulder, some elbow flexion and extension, 

and some limited pinch and grip (Doi et al., 1998; Fischer et al., 2013).  

 

2.7.4 Secondary operative procedures  

 

Secondary procedures may be required where there are on-going residual deficits or people 

present too late for direct nerve repair or nerve transfers. These include tendon transfers or joint 

fusion (Ahmed-Labib et al., 2007; Krishnan et al., 2008). For example, a person with finger 

flexion but no ability to move their thumb may undergo a fusion of the first carpometacarpal joint 

to permanently position the thumb in opposition. This facilitates a pinch grip (Vergara, Sancho-

Bru, Gracia-Ibáñez, & Pérez-González, 2014) 
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2.7.5 Surgical decision making 

 

Adults with BPI may invest many months and years of their life in repeated surgeries and on-

going rehabilitation (Frampton, 1986; Wellington, 2010; Kahn & Moore, 2016). Therefore 

determining the most appropriate surgical management is paramount. The growing consensus 

in the literature is to prioritise restoration of elbow flexion, followed by shoulder abduction and 

external rotation (Malessy & Thomeer, 1998; Merrell, Barrie, Katz, & Wolfe, 2001; Barrie, 

Steinmann, Shin, Spinner, & Bishop, 2004; Vekris et al., 2008). This intervention paradigm may 

be a reflection of the technical difficulties involved in reinnervation of the hand (Bertelli & 

Ghizoni, 2012). However, for people with C5/6, i.e. loss of shoulder and elbow movement these 

surgeries have undoubtedly improved long term outcome (Garg et al., 2011).  

Many new nerve transfer techniques have been trialled and an increasing body of evidence 

suggests that early microsurgical nerve reconstruction may improve outcomes for adults with 

BPI who demonstrate no spontaneous recovery at 3 to 6 months after injury (Merrell et al., 

2001; Ahmed-Labib et al., 2007; Colbert & Mackinnon, 2008; Fox & MacKinnon, 2011; Garg et 

al., 2011; Ali et al., 2015). However, to date there is no consensus as to which technique is the 

most effective for any given presentation (Garg et al., 2011; Yang et al., 2012) and there is a 

paucity of evidence as to which technique delivers the best long-term outcome for adults with a 

BPI (Merrell et al., 2001; Doi et al., 2008; Garg et al., 2011; Yang et al., 2012; Ali et al., 2015).   

Specialist BPI centres may use various combinations of techniques and differences have been 

noted based on geographical areas (Shin, 2006). Appendix 2A details a number of the 

commonly performed nerve transfers, together with the advantages and disadvantages of the 

techniques outlined above. Reasons for a poor long term outcome following BPI microsurgery 

are varied and may include:  

 Scarring at the site of injury (Grinsell & Keating, 2014) 

 Delayed time to surgery (Jivan, Kumar, Wiberg, & Kay, 2009) 

 Motor fibres growing to a sensory end organ and vice versa (Gregory et al., 2009; 

Grinsell & Keating, 2014) 

 Proximal injury necessitating an extended period of time for regrowth with subsequent 

endplate degeneration (Mackinnon, 2015) 

 Older age at time of injury (Hundepool, Ultee, Nijhuis, Houpt, & Hovius, 2015; 

Mackinnon, 2015) 

 Greater body mass index (Socolovsky, Martins, Di Masi, Bonilla, & Siqueira, 2014)  

 Tension at the coaptation or suture line (Mackinnon, 2015) 

 Medical comorbidities including diabetes, hypothyroidism and peripheral vascular 

disease (Mackinnon, 2015). 
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2.7.6 Rehabilitation following Brachial Plexus injury 

 

As with surgical management of brachial plexus injury, there is no empirical evidence as to 

which rehabilitation techniques are effective following BPI. A small number of authors have 

published postoperative protocols following nerve grafting or nerve transfer e.g. the length of 

time for immobilisation post-surgery (Chuang, 2005; Doi et al., 2008; Chuang, 2010; Davidge, 

Yee, Kahn, & Mackinnon, 2013). There are, however, no evidence-based guidelines and a lack 

of standardisation exists for all aspects of rehabilitation following BPI. Moreover, the majority of 

papers that present findings following nerve repair do not detail or even mention post-operative 

rehabilitation (Kahn & Moore, 2016).  

Those authors who provide an overview of rehabilitation following BPI use a generic therapy 

approach to managing swelling, range of motion, or pain based on clinical reasoning (Frampton, 

1988; Frampton, 1996; Kinlaw, 2005; Novak, 2008; Davidge et al., 2013; Novak & von der 

Heyde, 2013, 2015). For example, a recent paper described a relatively new approach called 

‘donor activation focused rehabilitation approach’ or DAFRA (Kahn & Moore, 2016). Based on a 

principal called ‘induction exercises’ first introduced by Chuang et al. in 2005 the authors 

outlined exercise regimes for use at different stages of recovery following nerve transfers. 

However, no comparison is made with other potential exercise regimes and no outcomes were 

reported.  Other literature reviews are based on the peripheral nerve injury literature as there is 

a greater body of evidence for rehabilitation in this area (Lundborg, 2000a; Rosen & Lundborg, 

2007; Miller, Chester, & Jerosch-Herold, 2012; Novak & von der Heyde, 2013). To the best of 

our knowledge no longitudinal study has been published that has statistically evaluated 

rehabilitation techniques following BPI. 

It is widely accepted that neural pathways are altered following nerve transfer and that the brain 

becomes ‘rewired’ (Malessy, Thomeer, & Van Gert Dijk, 1998; Lundborg, 2000b; Anastakis et 

al., 2008; Sokki, Bhat, & Devi, 2012; Yoshikawa, Hayashi, Tajiri, Satake, & Ohtomo, 2012). 

However, to date no literature has been published that compares possible rehabilitation 

techniques to enhance this process or improve long-term outcomes for either BPI or peripheral 

nerve injury. Without direct comparison of outcome based on the day-to-day use of the arm 

from the perspective of the injured individual it remains difficult to determine which technique 

may provide the better long-term outcome (Shin, 2006, 2014). Most adults with BPIs show 

improvement in strength and sometimes range of motion over time, but outcome is rarely 

discussed in terms of the direct impact on day-to-day use of the arm.  

The lack of agreement as to which approach offers the best outcome following surgery or 

rehabilitation may be due, in part, to the lack of outcome measures that accurately reflect adults 

with BPI. To date, no outcome measures have been developed specifically, nor existing ones 

evaluated, for adults with BPI. As a consequence, outcome measures that have been used may 
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not be reliable, valid or responsive for this condition and therefore not provide accurate 

information regarding recovery. It is not known whether outcome measures that are used 

contain items that are relevant or important to people with BPI. For example, the adult who 

undergoes a functioning free muscle transfer may only ever regain the ability to stabilise an 

object on a table, support the weight of their limb without requiring a sling, or carry an object 

over their forearm leaving their unaffected arm free to perform another task (Ahmed-Labib et al., 

2007; Dodakundi et al., 2013). For that individual, regaining these simple ‘low-level’ activities 

may greatly enhance their ability to perform day-to-day activities and quality of life (Franzblau & 

Chung, 2015; Mancuso et al., 2015; Gray, 2016). However, these simple activities are not 

routinely assessed by existing outcome measures (Ashford, Slade, Malaprade, & Turner-

Stokes, 2008). Conversely, the person who has had successful surgery and rehabilitation to 

repair a C5/6 lesion may be able to carry out many of the same ‘high level’ complex day-to-day 

activities as a person without a BPI, so these ‘low-level’ activities will be too simple for them. As 

a result of this heterogeneity, existing measures used to assess BPI may not reflect the real-life 

experience for a person with BPI, particularly for those with very limited but useful movement of 

their affected limb. By using outcome measures that are not truly reflective of the impact of BPI 

on people day-to-day, across the full spectrum of ability, it remains impossible to accurately 

compare different management techniques based on outcome for the individual. 

 

2.8 Assessment of outcome following BPI 

 

2.8.1 International Classification of Functioning, Disability and Health (ICF) 

 

To measure the effect of BPI on an individual requires targeted assessment of the disability and 

functioning that occurs following injury. A framework that has been widely used to report and 

evaluate disability and functioning is the International Classification of Functioning, Disability and 

Health (ICF) (WHO, 2001). Based on a biopsychosocial model the ICF identifies three levels of 

human functioning: 

1. Level of the body and body parts, i.e. body functions and body structures including body 

systems and anatomical parts of the body  

2. Level of the whole person i.e. activity or the execution of a task or action by an individual. 

Activity limitations are difficulties a person may have in executing activities 

3. Level of the whole person in a social context i.e. participation. Participation restrictions 

are problems an individual may experience in real-life situations (WHO, 2001).  

The ICF may be used as a classification system when qualifiers are used to determine the 

presence and severity of a problem in functioning. The qualification at a body function or 
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structure level is termed impairment. Two qualifiers are used to classify information about 

activity limitations and participation restrictions (WHO, 2001):  

 The ‘performance’ qualifier describes what a person does within their day-to-day lived 

environment, including the overall social context or lived experience.  Performance 

qualifiers reflect how the person manages in their own environment and allows the use 

of assistive devices or carers; therefore the performance qualifier reflects the barriers 

that influence day-to-day life 

 The ‘capacity’ qualifier describes the ability of a person to execute a task or action in a 

standardised environment, at one time point. This usually occurs outside their lived 

experience e.g. a clinic setting. People are not allowed to use assistive devices; 

capacity therefore identifies the highest level of function possible without environmental 

adaptation 

The gap between capacity and performance indicates barriers in the environment that may limit 

overall function (WHO, 2001). Functioning as defined by the ICF denotes the positive interaction 

between the individual and their environment; disability is the negative interaction in terms of 

impairments, activity limitations and participation restrictions. Using the ICF as a framework it is 

possible to gain a greater understanding of how BPI limits a person day-to-day by investigating 

the impact of impairments, activity limitation and participation restrictions.  

 

2.8.1.1 Body structure and function 

 

Historically, outcome measures used following BPI were designed to assess body function and 

structure or impairments, i.e. the magnitude of strength, sensation, range of motion, pain and 

mood (Bengtson et al., 2008; Dy et al., 2015). By far the most frequently used impairment 

measure is the British Medical Research Council grading system (BMRC) which assess 

strength (Seddon, 1954; Bengtson et al., 2008; Hill, Williams, & Bialocerkowski, 2011; Dy et al., 

2015). The BMRC is a 6-point ordinal scale (Table 2.5), originally designed to grade recovery 

from paralysis following polio or peripheral nerve injuries (Seddon, 1954). The BMRC is 

relatively simple, quick, and has been used worldwide by at least three generations of medical 

practitioners (MacAvoy & Green, 2007) 

A limitation of the BMRC is that it is an ordinal scale (Merbitz, Morris, & Grip, 1989) with 

unequal category widths; grade 0-3 being narrow and grade 4 broad (MacAvoy & Green, 2007; 

Vanhoutte et al., 2012).  MacAvoy (2007) found that 96% of the potential strength of the elbow 

flexors may be classified as grade 4 as it takes only 4% of the available biceps strength to flex 

the elbow or lift the weight of the forearm and hand against gravity with no resistance (BMRC 

grade 3). This inherently poses a number of issues for assessment of the BPI patient. If, for 

example, biceps regains grade 4, “active movement against gravity and some resistance” 
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following reanimation, the majority of authors would deem the outcome as excellent (Oberlin et 

al., 1994; Merrell et al., 2001; Garg et al., 2011; Yang et al., 2012; Ali et al., 2015). However, in 

practice, while the individual may have adequate strength to lift a fork for eating, they may be 

unable to lift heavier objects such as a saucepan or bag of shopping. While both may be 

important to the individual in terms of the everyday use of their arm, and therefore satisfaction 

with their overall outcome, the BMRC is unable to differentiate between these activities. 

Moreover, some authors deem a Grade 3 or above to be indicative of a successful outcome (Ali 

et al., 2015) despite the person only being able to move the arm against gravity but with no 

ability to lift, carry or manipulate objects. 

 

Table 2.5 British Medical Research Council Grading Scale (1) 

BMRC grade Definition 

0 No contraction 

1 Flicker or trace of contraction 

2 Active movement, with gravity eliminated 

3 Active movement, against gravity 

4 Active movement, against gravity and resistance 

5 Normal power 

Key: 1 Seddon (1954) 

 

A few authors have attempted to assess strength following BPI using quantitative methods, in 

particular hand held dynamometers (Tsai, Su, Hsiao, & Tu, 2014; Tsai, Tu, Hsiao, & Su, 2015). 

To use hand held dynamometers one must be able to generate greater than grade 3 strength. 

Tsai et al. (2015) investigated within session interrater reliability for 16 people with BPI. They 

report an ICC .86 - .91 for a single tester using a make test for elbow flexors, shoulder 

abductors and external rotation. They did not complete test retest reliability or compare the 

results with BMRC muscle grades, however they did report the standard error of measurement 

and minimal detectable change score for within session reliability (Tsai et al., 2015). Shahagholi 

et al. (2012) compared BMRC grades obtained by experienced BPI surgeons with an objective 

strength rating using a custom torque cell dynamometer or hand held dynamometer for 92 

people with BPI. They identified significant differences between manual muscle grades and the 

quantitative dynamometer results (p < 0.0001) with 50% of participants deemed to have a 

BMRC of 5/5 for elbow flexion strength while only attaining 42% of their age expected score 

when assessed quantitatively (Shahgholi et al., 2012). Similarly for elbow extension strength, 

half of those deemed to have full triceps strength using BMRC had only 62% of their age-
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matched values. Using hand held dynamometers to evaluate individual muscle strength 

quantitatively following BPI may offer greater objectivity than using BMRC. However, the results 

to date are limited with poor generalisability. Test retest evaluation in people with BPI over 

multiple sessions with multiple testers of varying experience has not yet been undertaken.  

From a statistical perspective, an ordinal scale such as the BMRC, also poses issues due to the 

lack of arithmetic properties that can be assigned to ordinal numbers (Merbitz et al., 1989; 

Wright & Linacre, 1989; Portney, 2009). While the BMRC does contain a zero – ‘no contraction’, 

each subsequent category is essentially a label that denotes a position within a distribution and 

therefore has no inherent arithmetic meaning (Portney, 2009). If a muscle is graded as 4 it is 

known to have greater strength than one graded as 3, however, it is not twice as strong 

(Shahgholi et al., 2012; Vanhoutte et al., 2012). Equally, the change in strength required to 

progress from grade 2 to 3 is not the same as the change required to progress from grade 3 to 

4.  Ordinal scores are not actual quantities and therefore may only be subjected to simple 

arithmetic operations such as calculating an average or documenting that change has occurred 

over time. The magnitude of change cannot be calculated and significant change may be 

unmeasurable, particularly when assigned to grade 4 or 5 (Shahgholi et al., 2012). As a 

consequence, it can be very difficult to compare one surgical or rehabilitation technique with 

another as authors record grade 4 outcomes while participants report large differences in their 

ability to use their limb (Franzblau et al., 2014; Franzblau & Chung, 2015; Mancuso et al., 

2015).  

 

2.9 Assessment of BPI outcome from the individual’s perspective 

 

Personal costs arising following adult traumatic BPI are multi-factorial and many people with 

BPI report limited satisfaction with their long-term outcome (Kretschmer et al., 2009; Franzblau 

& Chung, 2015; Mancuso et al., 2015; Wilson et al., 2016). They report a loss of earning 

capacity (Choi, Novak, Mackinnon, & Kline, 1997; Wellington, 2010; Mancuso et al., 2015) in 

addition to ongoing relationship issues, psychosocial distress and a decrease in their quality of 

life (Ahmed-Labib et al., 2007; Wellington, 2010; Franzblau et al., 2014; Shen & Wang, 2014; 

Mancuso et al., 2015; Wilson et al., 2016).  

While all these factors are important, increasing evidence is pointing to limitations in the use of 

the arm as having the greatest influence on how adults with BPI perceive their long-term 

outcome (Wellington, 2010; Franzblau et al., 2014; Shen & Wang, 2014; Mancuso et al., 2015). 

The upper limb is used to perform a multitude of tasks on a daily basis which may include 

stabilising, reaching, grasping and manipulating objects to perform basic life skills such as 

feeding, dressing, personal care, domestic chores, communication and work (Barreca et al., 
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2004). How each arm or hand is used varies for any given activity (Kilbreath & Heard, 2005). 

The dominant hand is used more often while the non-dominant arm and hand usually performs 

an orientation or stabilising role when the two limbs work collaboratively (Kimmerle, Mainwaring, 

& Borenstein, 2003).  

Activities may be bimanual or unimanual, with bimanual activities more frequently performed 

than unimanual (Kimmerle et al., 2003; Kilbreath & Heard, 2005). To perform bimanual activities 

the two upper limbs routinely adopt different roles: i) the arm and hands may work symmetrically 

e.g. carrying a tray or pushing an object, ii) the arm and hands may work asymmetrically but 

cooperatively e.g. pouring water from a jug to a glass, iii) the arm and hands may perform very 

separate diverse activities, e.g. holding a bag while opening a door (Kimmerle et al., 2003). As a 

consequence of the different roles undertaken by each limb, the impact of a BPI may vary if 

injury involves the dominant or non-dominant limb. For those with severe long-term disability, 

some may be forced to change their dominance over time, or live primarily with the use of only 

one arm and rely on compensatory techniques involving their teeth, legs or other parts of their 

body to stabilise objects (Wellington, 2010; Mancuso et al., 2015; Mancuso et al., 2016).  

People who experience partial or complete loss of use of a limb quickly become adept at using 

compensatory strategies with the unaffected limb (Frampton, 1986; Eggers & Mennen, 2001; 

Mancuso et al., 2016). Further, compensatory techniques may be taught early in the 

rehabilitation phase following BPI (Eggers & Mennen, 1997). For example, unilateral upper limb 

amputees report similar levels of disability to people with Dupuytren’s contracture, thumb 

osteoarthritis or finger amputation when assessed by the Disability of the Arm, Shoulder and 

Hand (DASH) (Ostlie, Franklin, Skjeldal, Skrondal, & Magnus, 2011; Baltzer, Novak, & McCabe, 

2014). By the very nature of these disparate conditions, greater disability would be expected in 

the amputee group. However, while the DASH is a patient-reported outcome measure that 

evaluates function and disability, it does not differentiate between the affected or unaffected 

limb (Hudak, Amadio, & Bombardier, 1996a). As a result, people with amputations become so 

proficient at using compensatory techniques, they rate themselves as being the same or less 

disabled as somebody with far less severe functional loss (Baltzer et al., 2014). While it is useful 

to know how people manage day-to-day by whatever strategies they normally use, results for 

change over time from outcome measures like the DASH cannot be attributable to an 

intervention directed specifically at the original injury (Hill, Bialocerkowski, & Williams, 2014; 

Mancuso et al., 2016). Moreover, it is biologically plausible that a person may make significant 

improvements on the DASH (variously reported as between 8 and 17/100 points (Kennedy, 

Beaton, Solway, McConnell, & Bombardier, 2011)) by learning to write, becoming adept at using 

a key or washing their hair with their premorbid non-dominant hand while their BPI limb 

remains.   
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To further investigate the influence of compensation on outcome as measured by the DASH, 

Mancuso et al. (2016) requested 23 adults with a complete BPI to complete the DASH in one of 

two ways;  

 providing an unqualified response using the ‘normal’ DASH instructions, reflecting their 

ability to use either arm as necessary, i.e. using compensation strategies where 

necessary 

 providing a qualified response reflecting their estimated ability to use their affected limb 

as they would have prior to injury, i.e. without the use of compensation strategies. 

A difference was found between the qualified and unqualified scores, with people reporting they 

would be unable to do 46% of the tasks when using their affected limb as they would have 

before the injury, i.e. by not using compensatory techniques, compared to only 18% when using 

any compensatory technique they chose. The authors also found a statistically significant 

difference in the two DASH scores when the injury was to the dominant or non-dominant limb 

regardless of which response strategy was used (unqualified p = .03 and qualified p = .02). 

These results demonstrated that even when using a measure not designed to assess solely the 

injured limb, by focusing people’s response directly to the affected limb, it is possible for them to 

differentiate between compensation strategies and actual limb use.  It is only by attributing 

responses directly to the affected limb will we gain a greater understanding of the long-term 

consequence of BPI and the potential benefits of therapeutic intervention to improve use of the 

affected limb. Mancuso’s project clearly highlights the incredible complexity of measuring the 

upper limb and how people’s perception of their own ability may change over time as they learn 

to live with their injury. 

 

2.9.1 Patient-reported outcome  

 

Outcome from the person’s perspective is increasingly being recognised as pivotal to 

understanding the impact of an injury on the individual and has a direct influence on the clinical 

decision-making process (Black, 2013; Rolfson et al., 2016). Patient–reported outcome reflects 

a change to a more patient centric model of health care delivery and provides information that is 

of value to the consumer (Rolfson et al., 2016) i.e. the adult with a BPI. Patient-reported 

outcome is defined by the USA Food and Drug Agency as:  

‘….. any report of the status of the patient’s (or person’s) health condition, health 

behaviour or experience with healthcare that comes directly from the patient without 

interpretation of the patient’s response by a clinician or anyone else’  (FDA, 2009). 

Large clinical trials now use patient-reported outcomes as the primary outcome to determine 

treatment effectiveness (FDA, 2009; MacDermid, 2014; Dang & Mendon, 2015; Rolfson et al., 
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2016). Some funding bodies even mandate their use; for example following lower limb joint 

replacement in the United Kingdom National Health Service (Dawson et al., 2010).  

Tools designed to assess a patient-reported outcome are called patient-reported outcome 

measures (FDA, 2009). Many have been designed to cover a wide range of aspects that directly 

impact on the individual from Health Related Quality of Life questionnaires (HRQOL) to 

questionnaires related to satisfaction or economic impact. Patient-reported outcome measures 

may be specific to one aspect of health, for example mood or behaviour, or multidimensional 

with a number of subscales designed to assess multiple aspects of health in one tool (Janssens 

et al., 2016). Further, patient-reported outcome measures may be condition-specific for use by 

one diagnostic group, or generic, for use by people with a wide range of diagnoses.  

The DASH is a patient-reported outcome measure that has been used to evaluate outcome 

following BPI (Bengtson et al., 2008; Dy et al., 2015). It is one of the most frequently used and 

psychometrically evaluated of all the patient-reported upper limb outcome measures following 

trauma and musculoskeletal injury (Smith, Calfee, Baumgarten, Brophy, & Wright, 2012; 

Dacombe, Amirfeyz, & Davis, 2016).  However, while designed to measure a single factor 

termed ‘symptoms and physical function’, the DASH has been shown to be multidimensional 

with multiple factors as it measures the ICF categories of impairments, activity limitations and 

participation restrictions (Drummond, Sampaio, Mancini, Kirkwood, & Stamm, 2007; Forget & 

Higgins, 2014).  

Further, a number of authors have reported multidimensionality within solely the activity items. 

For example, Franchignoni et al. (2010) identified two sets of activities they termed ‘shoulder 

range of motion’ and ‘manual functioning’  while Lehman et al (2011) identified two sets of 

activity items they termed gross motor, involving the whole arm, and fine motor . Scores 

resulting from multidimensional measures should be interpreted with caution as it is unclear 

which factors have led to the observed change (Strauss & Smith, 2009; Packham & Macdermid, 

2013). If the goal of assessment is to evaluate how a person may use their arm following 

surgery or therapy to improve use in day-to-day activities it is important that the measure is 

unidimensional, only assessing activities. The activities included in the outcome measure also 

need to be performed regularly, be important to the population being assessed while measuring 

the full range of ability of that population (Streiner, 2008; FDA, 2009; De Vet et al., 2011).  

Regardless of which tool is used, there are certain guiding principles and methodological 

standards that must be adhered to when selecting a patient-reported outcome measure. (FDA, 

2009; De Vet et al., 2011)  

These include: 

 A clear definition of the construct being measured  

 A clear definition of the conceptual framework that supported item generation.  
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 A clear definition of the population for whom the outcome measure is intended  

 A clear outline of the statistical analyses that under-pined the outcome measure 

development including a priori hypotheses were appropriate 

 A clear defined purpose of the measure, i.e. is it to discriminate between people at a 

single time point, to evaluate change over time or to predict outcome 

 A clear defined population for item identification, including input from people with the 

target diagnosis who exhibit a wide range of ability and experts in the field 

 A clear report of the psychometric properties of the outcome measure together with 

interpretation of scoring 

 A clear defined recall period that matches the intended purpose 

 Response options are consistent with the intended purpose and use 

 Clear instructions as to how to complete the outcome measure 

 Clear instructions as to how the measure should be delivered, e.g. paper based, 

computer assisted or telephone based 

 Clear instructions as to how the outcome measure is scored and how long scoring 

takes. 

 

2.9.2 Measurement properties 

 

Historically there has been some confusion around specific measurement properties of outcome 

measures and how they are defined (De Vet et al., 2011). For the purposes of this thesis the 

terminology developed by the COSMIN study will be used (Mokkink et al., 2010c, 2010b).  

 

2.9.2.1 Reproducibility 

 

Measures need to be reproducible. Reproducibility is comprised of two different but essential 

components, reliability and agreement. 

 Reliability is defined as  

‘the extent to which a measurement is consistent and free from error’ (Portney, 2009) 

page 77.  

In practice this means that the measure will produce the same results on different occasions in 

a sample that has not changed and is able to detect differences in people over time which is a 

result of true change not measurement error (Bialocerkowski & Bragge, 2008). Internal 

consistency reliability is a measure of the scales homogeneity, how interrelated the items are or 

how they ‘hang together’ (Portney, 2009; De Vet et al., 2011). Items need to correlate 
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moderately with each other and with the total score (Streiner, 2008). Items that correlate too 

highly may be measuring the same thing, contribute little to the overall result and potentially be 

redundant (Boyle, 1991). Internal consistency is not the same as unidimensionality. While a 

measure may have high internal consistency, i.e. all the items seem to ‘hang together’ and be 

measuring something similar, they may not be measuring a single underlying construct 

(Portney, 2009; De Vet et al., 2011). Reliability addresses two aspects of measurement over 

time: 

 How stable a measure is over repeated applications  

 How accurately people can be differentiated despite measurement error.  

Agreement is the degree to which scores are identical (De Vet, Terwee, Knol, & Bouter, 2006; 

Kottner et al., 2011). Agreement is related to absolute error and aids in the understanding and 

significance of obtained results over time (Kottner et al., 2011). Agreement statistics, e.g. the 

standard error of measurement, minimal detectable change or limits of agreement, are 

expressed in the actual units of the outcome measure (De Vet et al., 2006). In essence, 

reliability coefficients enable discrimination of people, while agreement parameters address how 

scores differ (De Vet et al., 2006; Kottner & Streiner, 2011). Moreover, while there may be a 

strong relationship between scores there may be only limited agreement.  

 

2.9.2.2 Validity 

 

While a measure may be reliable as outlined above, i.e. relatively free from error and able to 

discriminate between people, it may not be valid (Streiner, 2008; Portney, 2009; Hernaez, 

2015). Measurement validity is defined as: 

‘The extent to which an instrument measures what it is intended to measure’ (Portney, 

2009) page 97. 

For example, the box and block test is a reliable tool of unilateral gross manual dexterity. 

However, no inferences can be drawn from it as to how the person uses their arms to perform 

day-to-day tasks (Mathiowetz, Volland, Kashman, & Weber, 1985). When an outcome measure 

quantifies what is intended, i.e. it is valid, meaningful inferences can be drawn from the results 

obtained.  The COSMIN checklist defines three-measurement properties related to validity 

(Mokkink et al., 2010c) page 743 

 Content validity: ‘The degree to which the content of a patient-reported outcome 

instrument is an adequate reflection of the construct to be measured’ or how well the 

defined construct is assessed by the items within the measure 

 Construct validity: ‘The degree to which the scores of a patient-reported outcome 

instrument are consistent with hypotheses (for instance with regard to internal 
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relationships, relationships to scores of other instruments, or differences between 

relevant groups) based on the assumption that the patient-reported outcome instrument 

validly measures the construct to be measured’ and is based on the assumption that 

the measure assesses the defined construct 

 Criterion Validity: The degree to which the scores of a patient-reported outcome 

instrument are an adequate reflection of a ‘gold standard’. The COSMIN checklist 

recognises that no gold standard patient-reported outcome measure exists (Mokkink et 

al., 2010a) except when comparing a shortened version of an existing measure with the 

original.  

For the purposes of this thesis, two types of validity will be assessed: 

 Content validity to ensure all items are measuring one unidimensional construct that 

reflects the underlying construct i.e. activity of the upper limb following adult BPI using 

factor and Rasch analysis 

 Construct validity to compare the underlying construct assessed by the new measure 

with existing outcome measures that may assess similar or dissimilar constructs.  

Criterion validity will not be a focus of this thesis as no gold standard upper limb patient-

reported outcome measure currently exists. 

 

2.9.2.3 Responsiveness 

 

As mentioned in Section 1.1, outcome measurement is central to the clinical decision making 

process. Therefore measures need to be able to detect change over time i.e. they should be 

responsive (Guyatt et al., 1992; Portney, 2009; De Vet et al., 2011). Moreover, the score needs 

to change in proportion to the persons actual change, remain stable if they have not changed 

and be meaningful to all stakeholders (Portney, 2009).  The COSMIN panel define 

responsiveness as: 

‘The ability of an instrument to detect change over time in the construct to be measured’ 

(De Vet et al., 2011) page 202 

As with reliability, there is no consensus as to which measure best assesses responsiveness 

(De Vet et al., 2011). Responsiveness may be considered a separate psychometric property in 

its own right, or due to the longitudinal nature of the assessment it is considered by some to be 

part of the measurement validity (De Vet et al., 2011). For the purposes of this thesis, 

responsiveness will be managed as a separate measurement property in line with the COSMIN 

panel recommendations (Mokkink et al., 2010c).  
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2.10 Chapter conclusion 

 

BPI has been recognised for thousands of years (Robotti et al., 1995). However, it is only in 

recent years with the advent of microsurgery that the long-term outcome for people with BPI has 

begun to show improvement. Sterling Bunnell, recognised as the forefather of hand surgery, is 

reputed to have said: 

 ‘To someone who has nothing a little is a lot’ (Shin, 2006) page 1226. 

Never is this truer than for a person with BPI. Management of BPI has come a long way from 

shoulder arthrodesis, trans-humeral amputation and an ill-fitting prosthesis (Wilkinson, Birch, & 

Bonney, 1993; Maldonado, Kircher, Spinner, Bishop, & Shin, 2016). There are now multiple 

therapeutic options some of which appear to improve long-outcome based on the existing 

outcome measures, despite people with BPI still reporting poor use of their arm (Wellington, 

2010; Franzblau et al., 2014; Franzblau & Chung, 2015; Mancuso et al., 2015; Satbhai, Doi, 

Hattori, & Sakamoto, 2016). Without evidence-based outcome measures, developed using 

modern robust psychometric methods, clinicians are unable to determine if real change has 

occurred that is relevant to the individual.   

Existing evidence indicates that the impairment outcome measures currently used to assess 

adults with BPI may not quantify how adults with BPI use their arm to carry out day-to-day 

activities. Multidimensional patient-reported outcome measure such as the DASH may not be 

able to identify whether activity limitations are due to pain, limited use of the affected limb, or 

compensation strategies using the unaffected limb and other parts of the body such as the teeth 

or legs. However, there has been no systematic identification of outcome measures used to 

evaluate outcome following adult BPI and their psychometric properties. The next chapter seeks 

to address this gap and reproduces a published systematic review of patient-reported outcome 

measures used in the BPI literature. This aim of this review is to identify all patient-reported 

outcome measures that apportion the majority of their score to day-to-day activity and have 

been used to evaluate outcome following adult BPI.  
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CHAPTER 3 SYSTEMATIC REVIEW OF PATIENT-REPORTED OUTCOME MEASURES 

USED TO ASSESS ACTIVITY FOLLOWING ADULT BPI 

 

 

3.1 Chapter synopsis 

 

This chapter addresses the first aim of this thesis: ‘To systematically identify outcome 

measures, and their psychometric properties, used to evaluate day-to-day use of the arm 

following BPI’. The chapter reproduces a systematic review published in Archives of Physical 

Medicine and Rehabilitation (Hill et al., 2011). The review was conducted to identify patient-

reported outcome measures used to evaluate people with BPI in the published literature and 

to collate the known psychometric properties of those measures for BPI. 

 

Please note that the page, table, figure numbers and referencing style of the published 

papers presented in this chapter, as well as in chapters 4 and 5 have been edited so that they 

are consistent with the style of this thesis.   
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Objective: 

To identify upper limb questionnaires used in the BPI literature to assess activities and to 

evaluate their clinimetric properties  

Data sources; Study Selection; Data extraction: 

This systematic review was undertaken in 2 stages. In stage 1, ten electronic databases and 

one Internet journal were searched for quantitative studies (i.e. randomized controlled trials, 

comparative studies, case series, and case studies) that evaluated outcome following BPI, 

irrespective of their language or date of publication, from date of database inception to 

September 2010. All outcome instruments used were extracted, and classified using the 

International Classification of Functioning, Disability and Health framework. Questionnaires 

that apportioned greater than 50% of the total score to the assessment of activity were 

identified. In stage 2, four electronic databases were searched for papers that evaluated the 

clinimetric properties of all identified activity questionnaires. Two independent reviewers 

evaluated the methodological quality of the studies that evaluated the clinimetric properties of 

these questionnaires.  

Data synthesis: 

In stage 1, searching identified 4324 papers, of which 265 met the inclusion criteria. One 

hundred and three outcome measures were identified, the majority of which assess body 

function or body structure. Twenty-nine questionnaires assessed activity of the upper limb. 

Two questionnaires, the ABILHAND and DASH, met the inclusion criteria of attributing greater 

than 50% of the overall score to activity of the upper limb and the DASH had some published 

evidence of clinimetric properties in individuals with peripheral nerve injuries. Neither had 

been clinimetrically evaluated for BPI, nor met all quality criteria.   

Conclusion: 

Day-to-day activities of the upper limb are seldom evaluated following BPI. While attempts to 

measure activity have been made, no questionnaires have been clinimetrically evaluated for 

individuals with BPI. Assessment using a core set of items, relevant to all stakeholders, may 

assist in determining the long-term management of this devastating condition. 

 

 

Figure 3.1 Abstract from published paper: Clinimetric evaluation of questionnaires used to 

assess activity after traumatic Brachial Plexus Injury in adults: A systematic review (Hill et al., 

2011) 
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3.2 Introduction 

 

Brachial Plexus Injury (BPI) is unique in its complexity and no two patients may present with 

the same degree of activity loss, despite the commonality of initial injury (Giuffre et al., 2010). 

Most BPIs occur in young males (median age of 25 years) following motor bike accidents 

(Midha, 1997). Recovery is usually slow and costs associated with treatment may be 

considerable. In addition to the direct costs of surgery and rehabilitation, indirect costs include 

loss of income and productivity (Choi et al., 1997; Wellington, 2010) The increased burden on 

family and society may also be considerable and required not only for years but decades 

(Midha, 1997). Determining the most cost effective forms of management and monitoring 

treatment outcomes is therefore of importance to patients, healthcare professionals, hospital 

administrators, insurers and policy makers (Kirshner & Guyatt, 1985; Law & Letts, 1989; 

Lassere, 2006). 

A useful framework that can be used to classify the impact of an injury is the International 

Classification of Functioning Disability and Health (ICF) (WHO, 2001).  Injuries can affect 

body functions (the physiological function of body systems) and body structures (the 

anatomical parts of the body) and are termed impairments (WHO, 2001). In the context of a 

BPI, frequently occurring impairments include loss of active movement of the upper limb 

joints, weakness of the upper limb musculature, and alteration in upper limb sensation 

(Bengtson et al., 2008). Surgery typically focuses on nerve repair to restore motor function. 

Historically body function variables such as strength and range of movement, have been used 

by health care professionals to evaluate the effectiveness of treatment and to monitor patient 

outcomes (Merrell et al., 2001; Bengtson et al., 2008). 

In contrast, patients frequently determine the success of their management on the impact it 

has on their lifestyle; that is their involvement in a life situation (participation as defined by the 

ICF) (Bengtson et al., 2008). While participation is an important component of outcome, 

injuries associated with BPI (such as head injury and fractures) and pre-morbid occupation 

may impact on an individual’s ability to fulfil their role in society after BPI (Wellington, 2010).  

Patients also report that they gauge the effectiveness of their management based on their 

ability to perform day-to-day tasks (activity as defined by the ICF). However, there is a paucity 

of evidence of whether gains in upper limb movement and strength translate to improvements 

in day-to-day activities. Moreover, there is growing evidence that variables such as range of 

movement and strength cannot predict how an individual may use their arm and hand during 

the performance of day-to-day activities (Katz, 1994; Triffitt, 1998; Karnezis & Fragkiadakis, 

2002; Bialocerkowski, Grimmer, & Bain, 2003; Zimmerman, Kaye, Wilgis, Zimmerman, & 

Dubin, 2009). Currently, it is difficult to comprehensively evaluate the impact of a BPI on an 

individual, as there is no core set of outcome measures, which evaluate body function, body 
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structure, activities and participation for BPI. This study addresses one aspect of injury 

impact, which is deemed important by individuals with BPI, that is, the assessment of activity. 

According to the ICF, activity may be evaluated in two ways. Performance describes what an 

individual does in his or her own environment. This is assessed by a clinician observing a 

patient performing a task in their environment or by the patient reporting their level of 

performance on a questionnaire. In contrast, capacity describes an individual’s ability to 

execute a task or action in a standardized environment and is evaluated by a clinician 

observing a patient perform a task in a clinical environment. While a capacity measure 

provides an indication of inherent ability, it does not indicate whether these abilities are 

transferred into day-to-day tasks undertaken by patients (Young, Williams, Yoshida, 

Bombardier, & Wright, 1996; Jette, 2006; Michielsen, de Niet, Ribbers, Stam, & Bussman, 

2009). 

The primary focus of rehabilitation following BPI is often to improve upper limb function, 

according to the ICF category ‘activity’ (Wade, 2003). This necessitates the assessment of 

outcome in the patient’s everyday environment and from their perspective (Michener & 

Leggin, 2001; Kvien & Heiberg, 2003; Schoneveld, Wittink, & Takken, 2009; van de Ven-

Stevens, Munneke, Terwee, Spauwen, & van der Linde, 2009). Information regarding day-to-

day activity can most efficiently be captured by use of a patient-report outcome measure, i.e. 

a questionnaire (Beattie, 2001; Marshall, Haywood, & Fitzpatrick, 2006). Because BPIs 

potentially affect any part of the of the upper limb, questionnaires need to contain items that 

reflect the purpose of the arm and hand; that is to stabilize, reach, grasp and manipulate 

objects to perform basic life skills such as feeding, dressing, personal care, domestic chores, 

and communication (Barreca et al., 2004). Therefore, the focus of this systematic review was 

on questionnaires that evaluated the day-to-day performance of upper limb activities, from the 

perspective of the individual in their own environment. 

To provide accurate information regarding the effectiveness of rehabilitation interventions 

outcome measures must possess appropriate clinimetric properties. Specifically, they must 

have sound evidence of validity, reliability and responsiveness (De Vet, Terwee, & Bouter, 

2003; Terwee et al., 2007). These properties are population-specific and as such evidence 

must relate to individuals with BPIs (Beattie, 2001). Moreover, outcome measures also need 

to be feasible to use in the rehabilitation setting, with minimal administrative burden for the 

patient and clinician, i.e. be relatively quick to administer and simple to score (De Vet et al., 

2003). While a number of questionnaires have been used to assess outcome following BPI, it 

is not known which measures best evaluate activity from the patient’s perspective, or how 

robust their associated clinimetric properties are for individuals with this diagnosis. 
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 Therefore the aims of this systematic review were to:  

 1) Identify upper limb questionnaires that assess the ICF component of activity from 

the BPI literature 

 2) Evaluate the clinimetric properties of these questionnaires in context of BPI and 

peripheral nerve injury. 

 

3.3 Method 

 

This systematic review was undertaken in two stages. Stage 1 identified upper limb 

questionnaires that evaluate activity in the BPI literature, whereas Stage 2 identified and 

evaluated the clinimetric properties of these questionnaires.  

 

3.3.1 Stage 1 (Aim 1) 

 

3.3.1.1. Search strategy  

 

The search strategy was developed based on the recommendations by Dickersin (1994)  and 

search terms outlined by Bot et al. (Bot et al., 2004). Ten databases (Medline, EMBASE, 

CINAHL, Scopus, Web of Science, Proquest: Medical and Health Complete, Science Direct, 

Cochrane Library, Physiotherapy Evidence Database (PEDro) and Australian Digital Thesis 

(ADT) Program) and the Internet journal, Journal of Brachial Plexus and Peripheral Nerve 

Injury were searched for quantitative studies of outcome following BPI. Search terms were 

developed for each database. Where possible Medical Subject Headings (MeSH) were used 

and expanded to incorporate all relevant subheadings pertaining to BPI and outcomes. Key 

words were not used in the final search strategy, as preliminary searches found the 

combination of key words and MeSH substantially increased the number of hits without 

increasing the number of relevant papers. Table 3.1 outlines the search strategy developed 

for Medline. Additional strategies were developed for the other databases, which were 

dependent on their search capabilities. Search strategies were developed to exclude papers 

on Brachial Plexus Birth Palsy and brachial plexus anaesthesia. Reference lists from included 

articles were also checked for eligibility. Secondary searching, which involved hand searching 

of articles contained in reference lists of included articles was undertaken to identify additional 

papers which met the inclusion criteria (Dickersin, Scherer, & Lefebvre, 1994)  Full papers, 

abstracts and conference proceedings were included. No language or date limits were set, 

with databases searched from date of inception to September 2010. 
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Table 3.1 Database search strategy  

 

 Keyword 

1 exp “Brachial plexus” 

2 “Brachial plexus neuropathies” 

3 “Peripheral nerve injury” 

4 1 or 2 or 3 

5 “treatment outcome” 

6 “recovery of function” 

7 “follow up studies” 

8 “activities of daily living” 

9 “patient satisfaction” 

10 “questionnaire” 

11 “quality of life”, 

12 “pain” 

13 “range of movement, Articular” 

14 “sensation” 

15 “muscle strength” 

16 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 

17 4 AND 16 

18 “anesthesia” 

19 “nerve block” 

20 “child*” 

21 “infant” 

22 “birth injur*” 

23 18 or 19 or 20 or 21 or 22 

24 17 AND NOT 23 

Key: * truncation symbol 

 

3.3.1.2 Study selection 

 

Papers were included in this systematic review if they fulfilled the following criteria: (1) 

quantitative studies i.e. randomized controlled trials, comparative studies, case series and 

case studies that used one or more outcome measures to evaluate the effect of treatment on 

participants with BPI, (2) participants had a diagnosis of BPI confirmed by electrodiagnostic 

studies, MRI, myelogram, CT myelogram, or intra-operative findings, (3) participants were 

aged 13 years and over, or the sample had a mean age of 18 years at the time of injury. 

Papers were excluded if they: (1) evaluated Brachial Plexus Birth Palsy, (2) evaluated 

brachial plexus anesthesia. Following the removal of all duplicates, papers were initially 

screened for inclusion based on the title. Where eligibility was inconclusive the abstract was 

reviewed. Articles were reviewed in full when the inclusion criteria were fulfilled or when it was 

unclear if the inclusion criteria were met. Two reviewers independently identified and 

classified all outcome measures. In cases of disagreement a third reviewer was involved to 

reach consensus. 
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3.3.1.3 Data extraction 

 

All measures identified were classified according to the ICF categories of body structure, body 

function, activity or participation, using the linking rules established by Cieza et al. (Cieza et 

al., 2002; Cieza et al., 2005). Specifically, each item in each questionnaire was assigned an 

ICF category. Some day-to-day activities such as domestic tasks, household duties and 

caring for household objects theoretically could be classified as activities or participation. As 

recommended by the WHO, these tasks were considered as activities for this systematic 

review (WHO, 2001). The proportion of the total score of each questionnaire was then 

apportioned to body structure, body function, activity and participation. Questionnaires that 

assessed activity were included in this study if they assigned greater than 50% of their total 

score to items assessing upper limb activity. This percentage is the same as that used by van 

de Ven-Stevens when reviewing the assessment of activities in patients with hand injury (van 

de Ven-Stevens, Munneke, Spauwen, & van der Linde, 2007)  

 

3.3.2 Stage 2 (Aim 2) 

 

3.3.2.1 Search strategy and study selection 

 

To ascertain the clinimetric properties of the identified questionnaires that assess upper limb 

activity, four databases (Medline, CINAHL, EMBASE and Scopus) where searched using the 

name of the identified outcome instrument as the key term, together with the MeSH terms; 

“Outcome Assessment (Health Care)”, “Treatment Outcome”, “Psychometrics” and the key 

term “nerve injury”. Year limits were set from the date of first publication of each instrument, 

and language restricted to English. Hand searching was conducted of reference lists of 

included papers. 

In the absence of published clinimetric data, contact was attempted with the developers to 

gain further clinimetric information. Papers were included if they fulfilled the following criteria: 

(1) at least one of the identified activity questionnaires was included, (2) at least one 

clinimetric property was assessed, and (3) the study sample consisted of adults with BPI or 

peripheral nerve injury due to direct nerve trauma or indirect entrapment. Papers were 

excluded if participants had not undergone electromyography or nerve conduction studies to 

confirm peripheral nerve trauma (Campbell, 2008; Daube & Rubin, 2009). 
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3.3.2.2 Data extraction and synthesis  

 

The measurement properties of identified outcome instruments were assessed using the 

criteria developed by Terwee et al (2007). These criteria were designed for use in systematic 

reviews of health status questionnaires to detect shortcomings and gaps in the knowledge of 

measurement properties, and have been used in a number of published systematic reviews 

(Bot et al., 2004; Eechaute, Vaes, Van Aerschot, Asman, & Duquet, 2007; Schoneveld et al., 

2009; van de Ven-Stevens et al., 2009). In addition, the COSMIN checklist was also used to 

evaluate the methodological quality of the identified studies (Mokkink et al., 2010c, 2010b). 

This checklist was developed in a multidisciplinary international consensus study using the 

Delphi technique, and may be used to evaluate studies that report on the use of classic test 

theory or item response theory. Table 3.2 defines these measurement properties. Currently 

there is no criterion standard for the assessment of upper limb activity; therefore criterion 

validity was not assessed. Two reviewers independently rated the questionnaires identified 

against these criteria as (+) positive rating, sufficient information available and bias unlikely, 

(±) indeterminate rating, where available information unclear or method used was doubtful, (-) 

negative rating, sufficient information was available but the questionnaire did not meet the 

criteria. If no information was available, the criterion was marked with a 0. In cases of 

uncertainty or disagreement a third reviewer was involved to reach consensus. Kappa 

coefficients (and 95% confidence intervals) were calculated to assess the inter-observer 

reliability. 

 

Table 3.2 Definition of questionnaire measurement properties  

 

Measurement property Definition 

Content validity 
Extent to which the domain of interest is comprehensively sampled 

by the items  

Internal consistency 
Degree to which the items are correlated, thus measuring the same 

concept 

Construct validity 
Extent to which the scores on one instrument relate to another in a 

manner that is consistent with theoretically derived hypothesis 

Reliability The degree to which an instrument is free from measurement error  

Responsiveness 
The ability of an instrument to detect change over time in the 

construct to be measured 

Interpretability 
Degree of quantitative meaning that can be assigned to an 

instruments scores or change in scores 

Floor and ceiling effects 
Number of respondents who achieved the lowest or highest 

possible score 
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Figure 3.2 Flow diagram of outcome instruments through the study 

Key: BPBP: Brachial Plexus Birth Palsy, QOL: Quality of life, HRQOL: Health Related Quality of Life, VAS: Visual 
analogue scale, UL: upper limb, ASES: American Shoulder and Elbow Surgeons Standardized Shoulder Assessment 
form, CMS: Constant–Murley Score, DASH: Disability of the Arm, Shoulder and Hand, SSRS: Subjective Shoulder 
Rating Scale. 

 

 

 

Articles contained an outcome instrument 

n=265 

(Total number of instruments n = 103) 
Articles contained 

instruments that assess 
impairment only n=210  
30 body function instruments 
1 body structure instrument 

Articles contained an Activity/Participation 

instrument n=55  
Total Number of instruments n = 71 

2 Instruments not 

Patient-report outcome 
measure  

 46 Instruments not specific to the 

UL  

 2 QOL instruments  

 2 HRQOL instruments  

 1 Activity Check List 

 3 VAS of function  

 15 Satisfaction questionnaires 

 23 Return To Work 

23 Instruments specific to the UL  

   

  

18 Instruments specific to the UL with 

no identifiable psychometric evaluation  

5 Instruments specific to UL activity /participation 

with known psychometric evaluation: 
ABILHAND  
ASES  
CMS  
DASH  

 SSRS  

 

Excluded by title, abstract 
or duplicate n = 3988 

Full text retrieved:  n=338 

Additional articles 

retrieved via 
reference lists: 
n=43 

Excluded by exclusion criteria: n=73 
Review article: No outcome measure 
n=42 
BPBP patients included n=17 
Technical study: No outcome measure 
n=6 
Peripheral nerve only n=5 
Include tumors n=3 

 

Articles retrieved via database search 

n=4324 

2 Instruments with greater than 50% of total score 

attributed to activity 
 ABILHAND 

 DASH 
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3.4 Results of data synthesis 

 

Of the 4324 papers identified from the search strategy, 265 used an outcome measure to 

evaluate the effect of treatment following BPI. A flow diagram of articles and outcome 

measures identified in this search is shown in Figure 3.2. In total 103 different outcome 

measures were identified. Activity limitation was evaluated in 13% (n=33) of papers, 

impairment in 80% (n=210), return to work in 10% (n=25) and satisfaction in 5% (n=14).  

Twenty-nine questionnaires were identified that evaluated activity of the upper limb. Twenty of 

these questionnaires met the inclusion criteria of greater than 50% of their overall score being 

assigned to upper limb activity. The majority of the questionnaires (n=17) were designed by 

the author for a specific research purpose and did not have a specific name. The eighteenth 

questionnaire, the Evaluation of Function of the Flail Upper Limb (EFFUL) was designed as a 

clinical assessment tool (Eggers & Mennen, 1997, 2001). No published clinimetric properties 

on any type of population could be identified for any of these 18 questionnaires. The two 

remaining questionnaires were the ABILHAND (Penta, Thonnard, & Tesio, 1998) and the 

Disability of the Arm, Shoulder and Hand (DASH) (Hudak et al., 1996a). Excluded 

questionnaires and the reasons for exclusion are outlined in Table 3.3. 

 

3.4.1 Clinimetric properties of identified activity questionnaires 

 

The initial clinimetric properties of the DASH (Table 3.4) show it to be reliable (α = 0.96, ICC = 

0.96) with no floor and ceiling effects for a variety of upper limb conditions including carpal 

tunnel syndrome (Beaton et al., 2001) Aberg et al. (2007) indicated the DASH is able to 

discriminate between healthy volunteers and individuals with an isolated median nerve injury 

in a small sample size (n=15) (Aberg et al., 2007). Three articles demonstrated the DASH to 

be responsive to change following indirect peripheral nerve entrapment at the elbow 

(Zimmerman et al., 2009) and wrist (Gay, Amadio, & Johnson, 2003; Kotsis & Chung, 2005). 

Construct validity was demonstrated with moderate to high correlations between the DASH 

and disease specific questionnaire (the Brigham questionnaire, r = 0.92) for adults with carpal 

tunnel syndrome (Beaton et al., 2001). The DASH is also responsive to change, with a 

standard response mean of 0.92 - 1.40 for patients, including those with carpal tunnel 

syndrome, who indicated their problem was better or their ability to function had improved 

(Beaton et al., 2001) (Table 3.5). Table 3.6 provides a detailed summary of the feasibility of 

the ABILHAND and the DASH. 
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Table 3.3 Rational to exclude instruments  

 

Instrument 

Stage 1 Stage 2 

< 50% of total score 
attributable to UL 

activity 

Measure of 
capacity 

No published 
clinimetric properties 

Activity Checklist ✓   

ASES  ✓   

Constant-Murley Score ✓   

SF-36 ✓   

Sickness Impact profile ✓   

SSRS ✓   

WHOQOL-BREF ✓   

JTHF  ✓  

Valpar  ✓  

Author designed 
instrument (17 versions) 

  ✓ 

EFFUL   ✓ 

Key: ASES: American Shoulder and Elbow Surgeons Standardized Shoulder Assessment form, SF-36: 
The Medical Outcome Study (MOS) Short Form 36 item Health Survey, SSRS: Subjective Shoulder 
Rating Scale, WHOQOL-BREF: World Health Organization Quality of Life assessment form BREF, 
JTHF: Jebsen Taylor Hand function test EFFUL: Evaluation of Function of the flail upper limb. 

 

The original version of the ABILHAND was evaluated in individuals with rheumatoid arthritis 

(Penta et al., 1998). Subsequent studies have modified and added to the original item set for 

the assessment of stroke (Penta, Tesio, Arnould, Zancan, & Thonnard, 2001) systematic 

sclerosis (Vanthuyne et al., 2009) upper limb amputees (Burger, Franchignoni, Kotnik, & 

Giordano, 2009) and paediatrics (Arnould, Penta, Renders, & Thonnard, 2004). However, no 

evidence was found pertaining to peripheral nerve injuries. No evidence of clinimetric 

evaluation for BPI could be identified for either the ABILHAND or DASH.  

3.4.2 Overall quality 

 

The interrater reliability of the quality ratings was found to be excellent (kappa = 0.82, 95% 

confidence interval 0.60, 1.04) (Landis & Koch, 1977). Disagreement occurred in regard to 

content validity and was resolved by discussion. Overall, the original clinimetric properties of 

the DASH received the most positive ratings according to the Terwee criteria (Table 3.7). 

Indeterminate ratings only could be applied to evaluation of peripheral nerve injuries as 

information provided was unclear or methodology used was doubtful according to the Terwee 

criteria 

. 
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Table 3.4 Clinimetric properties - Reliability  

Questionnaire Population tested on 
Internal 

Consistency 
Test retest 
reliability 

Time frame 
till retest 

SEM SRM/ ES MDC 
Floor/Ceiling 

effect 

  
DASH 

 
n = 172 patients, including 
carpal tunnel release (1) 

 
n = 48 Pre and Post ulna 
nerve release at the elbow 
(2) 

 
n = 34 Pre and Post carpal 
tunnel release (3) 

 
n = 50 Pre and Post Carpal 
Tunnel release4 (4) 

 

 
Cronbach 

 = 0.96 (1) 
 

 
ICC = 0.96 (1) 

 

 
3 to 5 days (1) 

 

 
4.6 DASH 
points (1) 

 
SRM 0.78 ES 

0.59(1) 

 
SRM1.01 ES 

1.13 (2) 

 
 

SRM 0.7 (3) 

 
 

ES 0.74 (4) 

 
CI90 = 
10.7 (1) 
 

 
No (1) 

 
References: 1 (Beaton et al., 2001) 2 (Zimmerman et al., 2009) 3 (Gay et al., 2003) 4 (Kotsis & Chung, 2005) 
 
Key: UL Upper limb. SEM: standard error of measurement, SRM: Standard response mean, ES: Effect size, MDC: Minimal detectable change, MCID: Minimal clinically 
important difference, ICC: Interclass correlation coefficient, CI: confidence interval, DASH: Disabilities of Arm, Shoulder and Hand.  
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Table 3.5 Clinimetric properties - Validity  

Questionnaire 
Content validity Populations where measure was 

validated 
Construct validity 

Aim Item generation 

ABILHAND To measure high level manual 
ability in functionally independent 
individuals (1) 

Items from existing 
measures, and selected by 
author (1) 

n = 14, Stable hand following wrist 
arthrodesis for Rheumatoid arthritis (1) 
 

n = 112 patients with Rheumatoid 
arthritis (2) 

 

 

 

HAQ ρ= 0.784, p<0.001(2) 

 

DASH To measure symptoms and 
functional status of the upper limb (3) 

 

Items from existing 
measures, and expert 
opinion (3) 

n = 172 surgical patients, including 
carpal tunnel release (4) 

 

Brigham function r = 0.89. (no p values 
quoted) (4) 

 

   n = 48 Pre and Post ulna nerve 
release at the elbow (5) 

 

LK-S r = 0.79 (p<0.001) 

LK-F r =0.87 (p<0.001) 

Grip strength r = -0.53 (p<0.001) 

Pinch strength r = -0.49 (p<0.001) (5) 

   n = 34 Pre and Post carpal tunnel 
release (6) 

CTQ-S ρ = 0.76 

CTQ-F ρ = 0.91 

SF-36rp ρ = 0.46 

SF-36bp ρ = 0.43 (6) 

References: 1, Penta (1998) 2 (Durez (2007) 3 Beaton (2001). 4, Zimmerman (2009). 5, Gay (2003). 6 Kotsis (2005) 
 
Key: DASH: Disabilities of Arm, Shoulder and Hand, HAQ: Health Assessment questionnaire, SPADI: Shoulder pain and disability index, LK-S/CTQ-S: Brigham and Women’s 
Carpal Tunnel Questionnaire symptom score, LK-F/CTQ-S: Brigham and Women’s Carpal Tunnel Questionnaire function score, SF-36rp: The Medical Outcomes Study 36-
Item Short Form Health Survey role physical subscale, SF-36bp: The Medical Outcomes Study 36-Item Short Form Health Survey bodily pain subscale, ρ: Spearman’s Rho, r: 

Pearson’s Correlation Coefficient 
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Table 3.6 Clinimetric properties - Feasibility  

Questionnaire 
Method of 

administration 

Training 
required to 
administer 

Time to 
complete 
(minutes) 

Scoring 
Translated 
versions 

Availability 
within public 
domain, and 

costs 

Normative 
values 

DASH 
Patient 

administered 
Minimal 5 - 6 

27 of 30 must be 
completed. Formulae 
for scoring provided 

33 
languages 

Yes, Nil costs 
Y (1) 

 

Reference 1 Hunsaker (2002) 
Key: DASH: Disabilities of Arm Shoulder and Hand  
 
  

 

 

 

 

Table 3.7 Summary of measurement properties of the included questionnaires 

 

Outcome 
measure 

Content 
validity 

Internal 
Consistency 

Construct 
Validity 

Test-Retest 
reliability 

Responsiveness 
Floor and Ceiling 

effect 

ABILHAND†  ± ± ± ±  

DASH † + ± + + ± + 

DASH ‡ ±  ±  ± 
 

Key: † original clinimetric evidence, ‡: clinimetric evidence related to peripheral nerve injuries 
+ = positive rating; ± = indeterminate rating; - = poor rating; blank = no information available; according to the criteria by Terwee39  
DASH: Disability of the shoulder, arm and hand 
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3.5 Discussion  

 

Brachial Plexus Injury is unique and individuals form a very heterogeneous group that 

historically has been difficult to manage with poor quality of life, socioeconomic hardship and 

ongoing pain (Choi et al., 1997; Ahmed-Labib et al., 2007; Wellington, 2010). The lack of 

agreement on how to assess outcome following this devastating condition was borne out by the 

103 different outcome measures identified in this systematic review. A small proportion of these 

outcome measures (13%) evaluated upper limb activity. 

We identified two questionnaires that assign greater than 50% of the overall score to upper limb 

activity which have some published evidence of clinimetric properties. However neither 

questionnaire have been cross culturally evaluated for individuals diagnosed with BPI; moreover 

only the DASH has some published evidence of clinimetric properties in individuals with upper 

limb injuries (Table 3.7). In addition, a further 17 activity questionnaires and one clinical 

assessment tool specific to BPI were identified, none of which have been clinimetrically 

evaluated in this or any other population. It may be hypothesized that they were developed as 

no appropriate questionnaire to assess activity could be identified by the authors. However, to 

critically evaluate these measures, clinimetric properties need to be evaluated in individuals with 

BPI (Beattie, 2001). 

The DASH is one of the most extensively studied and used upper limb region specific 

measures, and been shown to be both an evaluative and discriminative questionnaire (Roy, 

Macdermid, & Woodhouse, 2009). The DASH was designed using Classic Test Theory as a 

unidimensional measure of upper limb disability, measuring symptoms and functional status to 

reflect the impact of a variety of musculoskeletal diseases and injuries on the upper extremity. It 

conceptualizes the upper limb as a single functional unit, requiring coordinated action of all the 

joints and musculature to be able to undertake day-to-day activities. This has clinical appeal for 

a condition such as BPI, which may affect day-to-day use of the whole upper limb. However, 

recent Rasch analysis of the DASH by Franchignoni et al. (2010) identified 3 underlying DASH 

constructs: manual functioning, shoulder range of motion and symptoms (Franchignoni et al., 

2010). This finding may support the initial construct of the DASH: a measurement of both 

symptoms and function. However, as only 54% of the overall score is apportioned to activity, 

improved outcome may not necessarily indicate improved activity of the upper limb.  

Developed as an upper limb specific questionnaire, the DASH would be expected to indicate 

disability in individuals with upper limb injuries. Dowrick et al. (2006) however, has questioned 

the validity of the DASH to measure solely the upper limb, concluding that the DASH may 

evaluate disability in patients with acute traumatic lower limb injuries in the absence of 

upper limb trauma (Dowrick, Gabbe, Williamson, & Cameron, 2006). This potentially raises an 
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issue for its use in the assessment of BPI, given the relatively high incidence of co-morbidities in 

the group (Midha, 1997). 

The ABILHAND was developed using Rasch analysis as a unidimensional task specific 

questionnaire to assess high level manual ability in functionally independent individuals with 

Rheumatoid arthritis following wrist fusion (Penta et al., 1998).  Its content validity therefore, 

may not be suitable for all individuals following a BPI, in particular those with limited or no use of 

their hand, or those in the early stages of rehabilitation. There is evidence regarding its 

clinimetric properties in a variety of upper limb conditions (Penta et al., 2001; Durez et al., 2007; 

Burger et al., 2009; Vanthuyne et al., 2009). However, none of these properties has been 

established in individuals with any type of peripheral nerve injury, including individuals with BPI. 

The ABILHAND and DASH were developed to assess different constructs. The ABILHAND 

assesses manual activity, while the DASH measures the impact of various conditions on 

disability of the upper limb. However, both questionnaires require individuals to respond based 

on their ability to perform the activity, regardless of the method or limb used. As a result, change 

in the score over time may be more indicative of an individual’s ability to compensate or adapt 

to their injury rather than reflect a change in day-to-day activity of the affected arm. This is 

particularly relevant in a condition such as BPI, where recovery is known to be slow, occurs 

over many months and possibly years, and individuals may become increasingly adapt at day-

to-day tasks using the unaffected limb (Eggers & Mennen, 2001; Davidson, 2004). 

Limitations 

This systematic review was the first undertaken to identify and quantify questionnaires that 

assess activity following traumatic BPI. A strength of this review is that a comprehensive and 

systematic search strategy was used which included 10 databases and 1 Internet journal. No 

time limits or language restrictions were set, and secondary hand searching of reference lists 

was undertaken. A limitation is that additional papers containing activity questionnaires may not 

have been identified, however this is unlikely given the search strategy used are based on the 

recommendations by Dickersin (1994). In addition, other questionnaires that measure activity 

may be used in the clinical setting to assess individuals with BPI, which have not been reported 

in the literature.  

 

3.6 Conclusion 

 

There is a large volume of literature that evaluates outcome following traumatic BPI, which is 

principally focused on measuring the impact of the injury on body function. This is despite the 

increasing body of evidence that measures of upper limb strength or range of motion may not 

predict the ability to undertake day-to-day activities. Despite identifying 29 questionnaires that 

measure activity of the upper limb (Aim 1 of this study), there is a paucity of evidence regarding 
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their clinimetric properties in individuals with BPI or other UL peripheral nerve injuries (Aim 2). 

The results of this systematic review highlight that currently there is no standardized method of 

comprehensively assessing individuals with BPI in terms of the impact of their injury on body 

function, body structure, activities and participation.  It could be argued that a comprehensive 

evaluation of these ICF categories with a core set of items may assist in determining 

rehabilitation programs that have the greatest relevance for these individuals. This is likely to 

increase patient satisfaction and may improve quality of life in this group, which are traditionally 

difficult to manage. 

 

3.7 Chapter conclusion 

This study addressed Aim 1 of this theses and reproduced a paper that was published in 

Archives of Physical Medicine and Rehabilitation in 2011 (Hill et al., 2011). It identified 19 

patient-reported outcome measures that have been used to evaluate predominantly activity 

following adult traumatic BPI. The majority (n=17) had only been used solely for research 

purposes and had no known psychometric properties. Two, the DASH and the ABILHAND, had 

evidence of psychometric properties for other upper limb diagnoses; however, neither had been 

evaluated for BPI. The DASH has some limited evidence of psychometric properties for 

peripheral nerve injury.   

Since this review, Dy et al. (2015) published a systematic review of outcome measures used to 

assess adult BPI including patient-reported outcome measures. No new patient-reported 

outcome measures were identified. The DASH continued to be the most frequently reported 

patient-reported outcome measure used in 4 of 88 papers. Further, the authors noted that the 

DASH still had not been psychometrically evaluated for this population.  

No outcome measure that assesses activity and has demonstrated adequate psychometric 

properties currently exists for adults with traumatic BPI. Therefore the primary aim of this thesis 

is to develop such an outcome measure.  Outcome measures must contain items that reflect the 

ability of the population they are designed to assess (De Vet et al., 2011; Mokkink, Prinsen, 

Bouter, de Vet, & Terwee, 2016). It is therefore important to determine which activities represent 

the ability of people with BPI that are important to them and frequently performed. The next 

chapter will describe two qualitative studies designed to generate activities that will inform the 

development of a new patient-reported outcome measure specific to adults with traumatic BPI 

called the Brachial Assessment Tool (BrAT) that will be described in Chapter 5. 
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CHAPTER 4 ITEM IDENTIFICATION, SELECTION AND DEVLOPMENT OF A 51-ITEM PATIENT-

REPORTED OUTCOME MEASURE 

 

 

4.1 Synopsis  

 

The results of the systematic review undertaken in Chapter 3 indicated that a new patient-reported 

outcome measure was needed that is specifically targeted to BPI. While a number of outcome 

measures were identified that attributed greater than 50% of the total score to the assessment of 

activity of the upper limb, none had been psychometrically evaluated for the BPI population (Hill et al., 

2011). Two had known psychometric properties for upper extremity disorders although in populations 

other than BPI (the DASH and the ABILHAND).  Experts in the field had developed 17 outcome 

measures solely for a research purpose supporting the need for a new outcome measure specific to 

BPI 

To develop a new outcome measure, measurement theory needs to be understood and utilised. Items 

contained in outcome measures need to be representative of the population to be assessed (Streiner, 

2008; De Vet et al., 2011). However, to determine which items to include it is important to first define 

the underlying concept that is being measured (Portney, 2009).  Once a concept has been defined it 

can then be assigned a value, which can be manipulated as a variable allowing relationships between 

concepts to be explored (Portney, 2009). Not all concepts however, are directly observable; they can 

only be inferred. For example, while we inherently understand that a wheelchair is a different type of 

chair to an office chair or armchair, other concepts such as pain or activity, are less tangible. Non-

observable concepts are termed constructs (Portney, 2009; De Vet et al., 2011) or traits (Tennant & 

Conaghan, 2007; Da Rocha, Chachamovich, de Almeida Fleck, & Tennant, 2013). To understand the 

relationship between non-observable constructs requires a theoretical model or framework. As 

discussed in Section 2.8.1, one framework increasingly being used in health is the International 

Classification of Functioning Disability and Health (ICF). Designed to provide a common language for 

the classification and consequences of health conditions the ICF describes how people function with 

their illness or disability (WHO, 2001).  

Based on a biopsychosocial model the ICF contains over 1,400 categories that group health and 

health related domains (WHO, 2001). To facilitate the description of function in day-to-day practice, 

core sets of ICF categories have been identified to reflect specific health conditions. The items 

identified in this chapter for inclusion in the new outcome measure were based on the ICF activity 

categories contained in the Comprehensive Core Set for Hand Conditions (CCS-HC) (Kus et al., 

2011; Rudolf et al., 2012). The CCS-HC was developed to provide an international standard to 
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measure and report function and disability of people with hand conditions. While designed specifically 

for hand conditions, this core set has been evaluated on people with a wide range of upper limb 

disorders, some involving the whole upper limb such as BPI (Hill, Williams, & Bialocerkowski, 2012; 

Kus, 2012). The hand does not work in isolation to the upper limb (Namdari et al., 2012; Aizawa et al., 

2013; Gates, Smurr Walters, Cowley, Wilken, & Resnik, 2016). To perform any given activity requires 

the shoulder girdle, shoulder, elbow, forearm and wrist to position and hold the hand in space. The 

use of the CCS-HC for the whole upper limb is further evidenced by the work of Forget and Higgins 

(2014) who linked a number of generic upper limb outcome measures, designed to measure 

musculoskeletal disorders affecting the whole upper limb, to the Brief Core Set for Hand Conditions 

(Forget & Higgins, 2014). 

 

4.1.2 Purpose of this chapter 

 

The studies in this chapter address the second research aim: ‘To provide empirical evidence as to 

which day-to-day activities are representative of the range of ability of adults with BPI and are 

important for them to perform on a regular basis’. The chapter has one aim: To develop a list of 

activities that are important to adults with BPI, are performed on a regular basis and cover the 

spectrum of ability seen in this population, as a precursor to developing a new outcome measure. 

These activities will be subjected to Rasch analysis (in Chapter 5) to finalise the items of the new 

Brachial Assessment Tool. 

This chapter is presented in 3 sections.  

 Section 1 sought to identify a range of activities that are important to people with BPI and 

cover the spectrum of ability in this population. Section 1 is a paper published in Journal of 

Rehabilitation Medicine in 2015  

 Section 2 reduced the 522 activities identified in Section 1 to the representative activities that 

are important to people with BPI, are regularly performed, and cover the spectrum of ability 

 Section 3 details the development of a 51-item patient-reported outcome measure, which was 

then subjected to Rasch analysis to finalise the items that are the Brachial Assessment Tool 

(BrAT) in Chapter 5 

 



79 



 

 
80 

 

 

4.2 Section 1: Activity identification 

 

 

 

Objective: To identify the range of activities limited following adult traumatic Brachial Plexus Injury 

(BPI) and triangulate these with existing patient-reported outcome measures (PROMs) identified from 

the literature. 

Design: A qualitative cross-sectional design 

Subjects: Adults with traumatic BPI and expert clinicians  

Methods: Using an ICF framework, participants identified day-to-day activities limited following 

traumatic BPI. Two independent reviewers classified all reported activities into the Comprehensive 

ICF Core Set of Hand Conditions (CCS-HC) activity domains. Reported activities were triangulated 

with PROMs identified from the BPI literature.  

Results: Fifty-one participants (21 adults with BPI, 30 expert clinicians) generated a total of 522 items. 

The inter-rater reliability for classification to CCS-HC domains was excellent (k = 0.94, 95% CI 0.92 – 

0.96).  Activities reported by patients and clinicians represented all 29 CCS-CH activity domains. Five 

activities (2%) could not be classified to any ICF domain. Fifteen CCS-HC activity domains were 

represented in the DASH and ABILHAND, two measures currently used in the BPI literature.  

Conclusions: Adults with a BPI report a range of activities that are limited following injury, and are 

under-represented in currently used PROMs. The activities reported in this study could be used to 

inform the development of a new BPI targeted questionnaire. 

 

 

Figure 4.1 Abstract from published paper: - ‘Do existing patient-reported outcome measures 

accurately reflect day-to-day arm use following adult traumatic brachial plexus injury?’ (Hill, Williams, 

Olver, & Bialocerkowski, 2015a) 
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4.2.1 Introduction 

 

Injury to the Brachial Plexus, which typically occurs in young males after motorbike accidents, ranges 

markedly in severity (Midha, 1997; Giuffre et al., 2010). People with a Brachial Plexus Injury (BPI) 

present with a very wide spectrum of disability and report on-going dissatisfaction with the day-to-day 

use of their arm (Wellington, 2010; Franzblau et al., 2014). Psychosocial adjustment issues are often 

reported together with poorer quality of life and an inability to return to pre-morbid work and leisure 

activities. Whilst some may regain almost full use of their arm, some may retain the use of their hand 

but are unable to move or place their arm rendering the hand virtually useless. Others may only use 

their arm as a passive stabilizer (Giuffre et al., 2010). Treatment for BPI is focused on improving the 

use of the affected limb. Individuals often undergo reconstructive surgeries and rehabilitation over 

many months or years, and the burden on family and society can be considerable (Midha, 1997; 

Ahmed-Labib et al., 2007; Wellington, 2010; Franzblau et al., 2014). Therefore, determining the most 

cost-effective form of treatment that results in the significant change over time that is important and 

meaningful to the injured person is paramount.   

There is an increasing body of evidence that advances in microsurgical techniques result in increased 

strength of individual muscles and therefore movement at individual joints (Ahmed-Labib et al., 2007; 

Garg et al., 2011). There is little evidence, however, that strength gains at a muscle level translate 

into better ability to use the arm to perform day-to-day tasks which require complex positioning and 

holding of multiple joints in space (van Meeteren, van Rijn, Selles, Roebroeck, & Stam, 2007; 

Michielsen et al., 2009). It is important to assess all factors that impact on outcome following 

traumatic BPI, including psychological response to injury, pain and quality of life. Multi-dimensional 

measures have been developed to assess factors that impact on outcome (Hudak et al., 1996b; 

Chung & Morris, 2013; Packham & Macdermid, 2013). For example the Disabilities of Arm, Shoulder 

and Hand (DASH) (Hudak et al., 1996b) is the most commonly used PROM following BPI (Hill et al., 

2011). Designed as a measure of physical function and symptoms, the DASH contains items that 

assess pain and sleep, both impairments, together with activity limitations and participation 

restrictions (Drummond et al., 2007). However, a multi-dimensional measure on its own cannot 

determine which factor is attributable for the measured change. Without uni-dimensional 

psychometrically robust measures that are specific to the injured limb, which contain items that reflect 

the underlying disorder, clinicians cannot be sure that any measured change has occurred as a direct 

result of therapeutic management.  

In complex conditions such as BPI, how the arm is used day-to-day is the key to long-term outcome 

and overall satisfaction (Wellington, 2010; Franzblau et al., 2014). Patient-reported outcome 

measures (i.e. questionnaires) are increasingly being used clinically to evaluate outcome from the 

perspective of the injured individual. However, a systematic review of BPI literature undertaken by the 

authors found questionnaires that assess activity, as defined by the ICF, are infrequently used to 

evaluate day-to-day arm use in this population (Hill et al., 2011). Most questionnaires identified (n = 
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18) were designed by the authors for a specific research or clinical purpose, with no psychometric 

data to enable their quality to be evaluated. The high prevalence of these site-specific questionnaires 

may reflect the lack of a BPI specific uni-dimensional targeted questionnaire that accurately measures 

day-to-day activity from the individual’s perspective.  

Two questionnaires with published psychometric data for people with upper limb disorders were 

identified in the BPI literature, (Hill et al., 2011) the ABILHAND (Penta et al., 1998) and the DASH 

(Hudak et al., 1996b). The DASH, as a measure of physical symptoms and disability, apportions 54% 

of the total score to items that assess activity. Other items address issues related to symptoms such 

as pain, sleeping and strength (Franchignoni et al., 2010; Lehman, Woodbury, & Velozo, 2011). As a 

consequence, it is entirely feasible that a person with traumatic BPI may meet the minimal clinically 

important difference for the DASH (>15 points) by reporting a decrease in pain intensity, sleeping 

better and increasing their social activities while experiencing no neurological improvement in their 

arm (Baltzer et al., 2014). Further, both the DASH and the ABILHAND evaluate performance 

regardless of how the activity is performed. Thus, for a unilateral arm injury such as BPI, improved 

scores over time may reflect an individual’s ability to compensate by using other parts of their body, 

and/or adapt to their injury by changing hand dominance in the absence of any physical recovery in 

the injured upper limb (UL).  

To date there is no empirical evidence as to which day-to-day activities are meaningful and relevant to 

this population as they regain use of their arm and whether these activities are reflected in the 

questionnaires currently being used to evaluate outcome. This study, therefore, addressed this gap by 

having two aims:  

1. To identify the range of day-to-day activities that are limited in adults following traumatic BPI 

using the ICF as a framework (Aim 1) 

2. To compare activities reported by adults with a traumatic BPI with those identified by: a) 

clinical experts b) items contained in site-specific questionnaires identified in the BPI literature 

c) items contained in the psychometrically evaluated questionnaires identified in the BPI 

literature (i.e. the DASH and ABILHAND) (Aim 2).  

 

4.2.2 Methods  

 

The study received full ethics approval from the University of Western Sydney, Australia (H8616) 

(Appendix 4A). All participants provided written informed consent. A cross-sectional design, using a 

qualitative deductive content analysis methodology, was used to address Aim 1.  
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4.2.1.1 Inclusion criteria 

Purposeful sampling with maximum variation was used to select information-rich participants based 

on their knowledge of traumatic BPI (Elo & Kyngas, 2008). Adults diagnosed with traumatic BPI who 

were managed in two treatment centres in Melbourne, Australia, were invited to participate. 

Participants were invited regardless of injury level, time post injury, or surgical intervention to ensure 

identification of the full range of activities undertaken by this demographic. BPI was confirmed by 

Electromyography, Magnetic Resonance Imaging, Computerized Tomography, Myelogram, intra-

operative or clinical findings.  

 

4.2.1.2 Exclusion criteria  

Participants were excluded if they had an isolated upper limb peripheral nerve lesion, concurrent 

traumatic brain injury (defined as a Glasgow coma score of ≤13 at the time of injury), were unable to 

undertake a medical examination or were unable to read and write treatment goals in English without 

an interpreter.  

A cross-section of clinical experts were recruited, based on their experience in managing both BPI 

and a variety of upper limb disorders. Given the relatively small numbers of therapists who have 

extensive experience in managing BPI, experts in related fields were also recruited, in particular 

neurological and trauma therapists. All had experience in the day-to-day treatment of adults with BPI.  

Experts recruited included physiotherapists, occupational therapists, (some of whom specialised in 

hand therapy), academics, plastic surgeons who performed brachial plexus reconstructions and 

rehabilitation physicians. All had a minimum of 5 years clinical experience. Participants were identified 

using multiple sources, including publically available websites, departmental heads of rehabilitation 

centres and universities in Victoria, Australia. Snowballing techniques were used to identify additional 

participants who met the inclusion criteria, irrespective of their geographical location of practice 

(Portney, 2009). 

 

4.2.1.3 Data collection  

All participants attended either a nominal group session (Jones & Hunter, 1995; Potter et al., 2004) or 

a one-to-one interview based on their personal preference or availability to attend a nominal group. 

Adults with a traumatic BPI and clinical experts did not attend the same nominal group session to 

maintain patient confidentiality and so responses were not influenced by the possible presence of 

their treating clinician. Participants were asked to answer the key question:  “Which activities best 

represent the key day-to-day use of the arm following brachial plexus injury?” They were provided 

with the specific examples listed in the ICF manual for each of the ICF domains: d430 - Lifting and 

carrying, d440 - Fine hand use, d445 - Hand and arm use, d510-d560 - Self-care, and d630-d649 - 

Household tasks, to inform item generation (WHO, 2001). For the purpose of this study, activity was 

defined as ‘discrete physical actions or tasks, undertaken by the individual’ (WHO, 2001). Participants 
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were requested to focus on activities that reflected the whole spectrum of regular day-to-day activities 

undertaken by the arm and hand.  Where possible each activity should consist of no more than one 

task, be relevant to adult males and females and unlikely to become redundant over time because of 

changes in technology. Each group session and individual interview was audio taped. Activities were 

transcribed into Microsoft Excel spread sheets (Excel Mac 2008) in real time. 

 

4.2.1.4 Data analyses  

Data analyses were based on deductive content analysis, which is the subjective interpretation of 

qualitative data through the systematic coding and identification of themes, based on an underlying 

framework (Elo & Kyngas, 2008). Data from patients and clinicians were analysed separately. The 

Comprehensive ICF Core Set for Hand Conditions (CCS-HC) underpinned analyses. (Kus et al., 

2011) It was designed to describe functioning and disability of patients with hand conditions and 

provides a standard of aspects that should be considered for assessment and reporting in individuals 

with hand and other upper limb conditions. The CCS-HC consists of 117 ICF domains deemed to be 

specific to the hand, of which 38 are specific to the ICF component of Activity and Participation (WHO, 

2001).  

After each nominal group session and interview, reported activities were reviewed by two independent 

researchers.  Following removal of all duplicates and similar activities were combined (e.g. turn a 

doorknob / turn a door handle), the remaining items were assigned to a CCS-HC activity domain 

based on Cieza et al.’s linking rules (Cieza et al., 2002; Cieza et al., 2005). For the purposes of this 

study, items were classified as either activity or participation, based on the definition used by Eyssen 

et al. (2011) and Jette et al 2003, i.e. combinations of multiple activities that relate to a life role are 

participation restrictions, activities are simple discrete tasks that can be carried out alone. Table 4.1 

outlines the 9 participation specific ICF domains as determined by the authors. All items assigned to 

these 9 domains were excluded from the analyses. In cases of disagreement, a third researcher 

resolved the discrepancy Kappa coefficients and 95% confidence intervals were calculated to assess 

the inter-rater reliability of classification of the items to the CCS-HC activity domains and were 

interpreted according to Landis and Koch, with moderate agreement > 0.60, substantial agreement  > 

= 0.61 – 0.8 and excellent agreement  > = 0.81 – 0.99 (Portney, 2009). Data collection continued until 

saturation occurred, that is when no new items were generated.  

All items contained within the 20 patient-reported outcome measures (18 site-specific and 2 two 

psychometrically evaluated questionnaires) identified in the systematic review of the BPI literature 

(Hill et al., 2011) were assigned to a CCS-HC activity domain by two independent researchers using 

the same methodology as described above. Where an item covered more than one activity 

classification was based on the meaningful concept within the item, e.g. ‘Make a bed’ is housework 

(d640) (Drummond et al., 2007). A descriptive comparison was then undertaken between CCS-HC 

domains reported by adults with traumatic BPI, clinical experts, the site-specific and psychometrically-

evaluated questionnaires identified in the BPI literature (Hill et al., 2011). 
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Table 4.1 Comprehensive ICF Core Set - Hand Conditions domains specific to participation 

ICF code CCS-HC domain* 

d230 Carrying out daily routine 

d470 Using transportation 

d570 Looking after ones health 

d620 Acquisition of goods and services 

d660 Assisting others 

d7 Interpersonal interactions and relationships 

d810-d850 Education 

d840-d859 Work and employment 

d920 Recreation and leisure 

Key: CCS-HC: Comprehensive ICF Core Set for Hand Conditions; * activities classified 
to these CCS-HC domains were excluded from this study 

 

4.2.3 Results 

 

Invitations were sent to 30 adults with traumatic BPI, 21 of whom participated in this study. Ninety 

percent of participants were males. The average age of participants was 38 years (range = 26 - 57 

years) and they were an average of 129 weeks post injury (range = 37 - 306 weeks). Participants 

represented a wide range of brachial plexus trauma, from loss of only the posterior cord to complete 

avulsion of C5 - T1. Those who declined to take part in this study had a similar range of clinical 

presentation; their average age was 32 years (range 20 – 56 years) and they were an average of 157 

weeks post injury (range = 68 to 246 weeks).  

Sixty-three invitations were sent to clinical experts, and thirty (22 females and eight males) 

participated in this study: 20 physiotherapists, eight occupational therapists, (four of whom were hand 

therapists), one plastic surgeon who regularly performs brachial plexus reconstruction surgery, and 

one rehabilitation physician. The mean age of the clinical experts was 37 years (range = 26 – 53 

years), and on average the experts had 12 years of experience in their chosen speciality field (range 

= 5 – 31 years). Half of the participants had post entry-level qualifications in their discipline. 

 

4.2.3.1 Aim 1: Reported activities 

 

Figure 4.2 demonstrates the flow of reported activities through the study. Adults with traumatic BPI 

identified 416 activities. Following the removal of duplicate items, items representing participation and 

similar activities were combined, 197 activities were classified into 28 of the 29 CCS-HC activity 
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Figure 4.2 Flow of activities through the project (Section 1) 

Key: DASH: Disabilities of the Arm, Shoulder and Hand; CCS-HC: Comprehensive Core Set for Hand Conditions 
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domains (Table 4.2). No activities were identified in the CCS-HC domain - d4403 releasing. Eleven 

items (2%) could not be classified into a CCS-HC activity domain (Table 4.3). Of these, half were 

classified into a non-CCS-HC ICF domain of ‘d335 producing nonverbal messages’ (i.e. conveying 

meaning by movements of the arm and hand and postures such as embracing to indicate affection). 

The remainder were unclassifiable by the ICF (Table 4.3).  

Expert clinicians identified 1,281 activities (Figure 4.2). After the removal of duplicates, participation 

items, and consolidation of similar items, 493 activities remained, which were assigned to all 29 CCS-

HC activity domains (Table 4.2). Expert clinicians identified all the items from the ICF domain d335 

(producing non-verbal messages) and the same unclassifiable items as adults with a traumatic BPI 

(Table 4.3). When the activities generated by adults with a traumatic BPI and clinical experts were 

combined 522 different items were identified, representing all CCS-HC domains. Adults with a 

traumatic BPI reported 19 additional items not identified by expert clinicians. The inter-rater reliability 

of the classification of the reported items to CCS-HC activity domains was excellent (k = 0.94, 95% CI 

0.92 – 0.96) (Portney, 2009). The independent researchers had 100% agreement on allocation of 19 

activities reported only by adults with a traumatic BPI (k = 1.0). 

 

4.2.3.2 Aim 2: Triangulation with existing questionnaires  

 

Items contained within the ABILHAND and DASH were classified into 14 of the CCS-HC activity 

domains (Table 4.2), and neither questionnaire contained activities, classified to domain ‘d335 - 

producing non-verbal messages’. Items contained in the 18 site-specific questionnaires were 

classified to 19 of the 29 CCS-HC activity domains (Table 4.2). They also contained four of the five 

unclassifiable items gained from adults with BPI (Table 4.3), but no items from d335. 
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Table 4.2 Comprehensive ICF Core set – Hand Condition activity domains  

ICF 
code 

CCS-HC domain Patient 
Expert 

clinician 
ABILHAND 

DASH 
PROM 

Literature 
Distal arm use, 
whole arm use 

d170 Writing * * * * Distal arm 

d3600 Using communication devices and techniques * *  * Whole arm 

d410 Changing basic body position * *   Whole arm 

d420 Transferring oneself * *   Whole arm 

d4300 Lifting and carrying objects * * * * Whole arm 

d4440 Picking up * * * * Distal arm 

d4401 Grasping * * * * Distal arm 

d4402 Manipulating * * * * Distal arm 

d4403 Releasing  *   Distal arm 

d4408 Fine hand use, other specified * *   Distal arm 

d4450 Pulling * *   Whole arm 

d4451 Pushing * * * * Whole arm 

d4452 Reaching * * * * Whole arm 

d4453 Turning or twisting the hands and arms * * * * Distal arm 

d4454 Throwing * *   Whole arm 

d4455 Catching * *   Whole arm 

d4458 Hand and arm use, other specified * *   Whole arm 

d455 Moving around * *   Whole arm 

d465 Moving around using equipment * *   Whole arm 

d475 Driving * *  * Whole arm 

d510 Washing oneself * * * * Whole arm 

d520 Caring for body parts * * * * Whole arm 

d530 Toileting * *  * Whole arm 

d540 Dressing * * * * Whole arm 

d550 Eating * *  * Whole arm 

d560 Drinking * *  * Whole arm 

d630 Preparing meals * * * * Whole arm 

d640 Doing housework * * * * Whole arm 

d650 Caring for household objects * * * * Whole arm 

 Total number of CCS-HC domains 28 29 14 19  

Key: CCS-HC: Comprehensive ICF Core Set Hand Conditions, ICF: International Classification of Functioning Disability and Health, DASH: Disability of the Arm, Shoulder and 

Hand, PROM Patient-reported Outcome measure identified in the BPI literature, with no known psychometric properties 
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Table 4.3 Identified activities unable to be assigned to a Comprehensive Core set – Hand Condition activity domain 

Activity ICF code ICF domain Patient 
Expert 

clinician 
ABILHAND DASH 

PROM 
Literature 

Maintain control of the affected arm so 
not required to wear a sling 

NA 
 

* *   * 

Stabilising an object with the affected arm 
to manipulate with the unaffected i.e. 
using the arm primarily as a paperweight 

NA 
 

* *   * 

Hold one object while doing another 
activity 

NA 
 

* *   * 

Holding an object between upper arm and 
chest (Brachiothoracic grasp) 

NA 
 

* *   * 

Roll over when sleeping without having to 
wake to move affected arm 

NA 
 

* *    

Gesticulate with your hands for 
communication 

d335 
Producing nonverbal 

messages 
* *    

Shake hands d335 
Producing nonverbal 

messages 
* *    

Hold hands d335 
Producing nonverbal 

messages 
* *    

Hug partner or children d335 
Producing nonverbal 

messages 
* *    

Waving to somebody d335 
Producing nonverbal 

messages 
* *    

Clapping d335 
Producing nonverbal 

messages 
* *    

Key: ICF: International Classification of Functioning Disability and Health, DASH: Disability of the Arm, Shoulder and Hand, PROM: Patient-reported outcome measure 

identified in the BPI literature, with no known psychometric properties 



 

 
90 

4.2.4 Discussion  

 

This study provides empirical evidence that traumatic BPI affects a wide variety of frequently 

undertaken day-to-day activities as evidenced by the large number of activities reported (n = 522) 

which were classified to all CCS-HC activity domains (n = 29). There was very close agreement 

between adults with a traumatic BPI and clinical experts. Fifteen of the twenty-nine CCS-HC domains 

(Table 4.2) were not represented in the psychometrically evaluated questionnaires currently used in 

the literature to evaluate this population (ABILHAND and DASH) (Hill et al., 2011). It is likely, 

therefore, that these measures do not fully represent the spectrum of day-to-day use of the arm 

demonstrated by this population (Portney, 2009). While the DASH is being increasingly used in BPI 

research, the results of this study suggest that the face and content validity may be compromised in 

this population.  Moreover, as a multi-dimensional questionnaire, the summed DASH score should be 

viewed with considerable caution as change could be related to a range of non-physical factors while 

people’s ability to actually use their limb day-to-day as a direct consequence of their clinical 

management remains very limited (Packham & Macdermid, 2013; Baltzer et al., 2014). 

BPI may affect the whole upper limb, which impacts all joints required to place and hold the hand for 

day-to-day use. While titled a ‘Hand Core Set’, the activities classified to CCS-HC domains require 

distal and whole arm use (Table 4.2) (Hill et al., 2012; Kus, 2012). However, adults with traumatic BPI 

and expert clinicians identified a small number of activities (n = 6) classified to an ICF domain (d335 – 

producing nonverbal messages) not included in the CCS-HC. The way we use our hands to interact 

with our environment is unique to each individual and influenced by beliefs, culture and expectations 

(Black, 2011). Adults with a traumatic BPI reported that not being able to communicate with family 

and friends using arm and hand gestures altered their opinion of themselves as individuals. It could 

be argued that these movements or gestures be defined as participation and therefore eliminated. 

However, participation is an abstract concept demonstrated at a community and society level that 

relates to a specific life role (Eyssen et al., 2011). In contrast, an activity is an observable 

phenomenon at an individual level (Dijkers, 2010). Given participants in this study described these 

tasks as discreet activities which impact on their sense of self, they were classified as activities. The 

importance of these activities has been reported by other authors and represents a key aspect of arm 

use that should be assessed following BPI (Wellington, 2010; Franzblau et al., 2014). Further, these 

items were not contained in the site-specific or psychometrically evaluated questionnaires and 

therefore represent an area that has not previously been assessed in this population. 

A small number of reported activities (n = 5) could not be classified to any ICF activity domain. All 

were identified by adults with a traumatic BPI, expert clinicians and were contained in the site-specific 

questionnaires identified in the BPI literature (Table 4.3) (Hill et al., 2011). These activities may be 

termed ‘low-level’, as they represent the simplest tasks undertaken by the arm, e.g., not constantly 

requiring a sling or rolling over in bed without waking to re-position the arm. As the growing 

consensus for reanimation following BPI is to first address the shoulder and elbow, (Merrell et al., 
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2001; Garg et al., 2011) these activities are some of the first that may be regained following 

reconstructive microsurgery. Thus they are important to assess. Indeed, for the individual with a flail 

limb, they may represent the only improvement in the use of their arm over time (Doi, 2008). None of 

the ‘low-level’ activities were contained in the psychometrically evaluated questionnaires identified in 

the BPI literature (Table 4.3). Without items at either end of the spectrum of ability, outcome 

measures cannot comprehensively evaluate the underlying construct. Floor or ceiling effects may 

occur, and important changes that have resulted following costly surgical and therapeutic intervention 

may not be identifiable. (Portney, 2009) These ‘low level’ activities are rarely, if ever, included in any 

patient-reported outcome measure. To the best of our knowledge only one new outcome measure, 

the Arm Activity Measure (ArmA) which was designed to measure active and passive function 

following stroke, includes items that address this level of ability (Ashford, Turner-Stokes, Siegert, & 

Slade, 2013b). 

 

Study Limitations  

 

A possible limitation of this study is the relatively small number of adults with traumatic BPI. However, 

those recruited had a wide cross section of BPI and time post injury, and represented most of the 

clinical presentations of this diagnosis. Although the ratio of males to females was 10:1, this ratio is 

consistent with the epidemiology of BPI (Midha, 1997; Kouyoumdjian, 2006). While the recruitment 

strategy targeted a diverse sample of expert clinicians, the sample size of professional groups was 

dissimilar, thus, the yield of reported items may have been influenced. However, this is unlikely given 

the large number of items generated, across all CCS-HC domains (Table 4.2) and the very close 

relationship between items identified by adults with a traumatic BPI and the expert clinicians. 

Recruitment of additional expert clinicians could have been extended outside Victoria, Australia, 

however as data collection continued to saturation it is unlikely that additional activities would have 

been identified.  

Two different methods of data collection were utilised, the group sessions and 1:1 interviews. While 

other methods of qualitative data collection could have been used, it was felt that these methods 

offered the greatest opportunity for activity generation due to the brainstorming effects of the nominal 

group technique, while acknowledging the geographical and time constraints of working clinicians 

(Fink, Kosecoff, Chassin, & Brook, 1984). In addition, the large yield reported would seem to indicate 

that this strategy was successful.  

The upper limb performs activities that are influenced by multiple factors including hand dominance 

and whether uni- or bimanual skills are required (Kimmerle et al., 2003; Kilbreath & Heard, 2005). BPI 

is a unilateral upper limb injury where dominance may be transferred and a wide variety of 

compensatory techniques used to carry out day–to-day tasks (Eggers & Mennen, 2001). However, as 

the aim of this project was to identify activities that may be limited following BPI, tasks were not 
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separated along these lines. Further work is required to determine the influence of hand dominance 

and other factors on performance following BPI. 

 

4.2.5 Conclusion 

 

Using the CCS-HC framework to compare multiple sets of information from a variety of sources, 

adults with traumatic BPIs and clinical experts identified a large number of activities that are limited 

following injury across all CCS-HC domains and levels of ability. The face and content validity of the 

ABILHAND and DASH appear to be compromised as neither contains activities that reflect the full 

spectrum of activities reported, in particular for those with very limited ability to use their arm. Thus, 

these measures may be not adequately measure change over time in this demographic. The day-to-

day activities generated in this study could be used to inform the development of a new patient-

reported questionnaire, specific to adult traumatic BPI, which can target all levels of ability. 

 

4.2.6 Synthesis of Section 1 

 

This study identified 522 day-to-day activities that were important to people with BPI. However, it was 

not feasible that all 522 could be contained in a new outcome measure. To select a set of activities 

that were representative of how people use their affected limb after BPI, a second qualitative project 

was undertaken which forms Section 2 of this chapter.  
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4.3 Section 2: Activity selection 

 

4.3.1 Introduction 

 

Section 1 of this chapter identified 522 activities that were seen as important to adults with 

traumatic BPI. To create the most comprehensive list of activities possible, participants were 

encouraged during Section 1, to identify all activities important to them. This led to a wide-

ranging and extensive list but also resulted in many activities related to the same construct. It 

is not feasible to assess 522 activities in one outcome measure. While each activity was 

important at an individual level, not all will be generalisable to the adult BPI population. 

Activities contained in outcome measures must be performed on a regular basis by the 

majority of responders and be representative of the condition being assessed (Streiner, 2008; 

FDA, 2009; De Vet et al., 2011). Further, an outcome measure needs to be feasible to use in 

a clinical setting, i.e. simple to complete and not time consuming, while containing items that 

are relevant to most if not all responders (Ashford et al., 2013b). The next stage in the 

process of developing the new outcome measure was to reduce the 522 activities identified in 

Section 1 of this chapter to a core set of activities that are representative of adults with 

traumatic BPI (Acquadro, Conway, Hareendran, & Aaronson, 2008; Streiner, 2008; FDA, 

2009; De Vet et al., 2011). 

 

Purpose of section 2 

 

The aim of Section 2 was to develop a representative set of activities that are important, 

cover the spectrum of ability, were regularly performed and were feasible for psychometric 

testing on adults with traumatic BPI 

 

4.3.2 Method  

 

Ethical approval for this study is found in Appendix 4A.  

The 522 activities generated in the study presented in Section 1, progressed through a three-

phase selection process. Two independent researchers (the student researcher and a clinical 

expert) classified the activities in Phase 1 and 2. Where consensus was not gained, a third 

independent person was consulted to resolve the disagreement. 
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4.3.2.1 Phase 1 

 

Each of the 522 activities was assessed to determine if they were broadly applicable to the 

BPI population. Activities were eliminated if they were:    

 Deemed to be gender-specific. For example, males are more associated with 

activities requiring tool use including hammers, screw drivers and power tools 

 Deemed to be hobby-specific, for example, fishing, looking after pets, sewing or 

drawing and therefore not applicable to the majority of adults with BPI 

 Deemed unlikely to be performed by the majority of the BPI population due to a lack 

of access to facilities. For example, not all people with BPI will have a dishwasher or 

washing machine to unload, or would barbecue their food, use a CD player, camera 

or memory stick, wind a wristwatch or strike a match 

 Deemed to be unlikely to transfer easily to other cultures to aid the transferability of 

the new outcome measure to other countries (Acquadro et al., 2008) 

 Deemed to be single-handed tasks that could be performed equally well with either 

limb for some people. For example, some people report ambidextrous skills such as 

writing with one hand while throwing with the other. As a consequence, these 

activities are not specific to one dominant limb and their influence on outcome is 

difficult to ascertain (Dragovic, 2004; Dragovic, Milenkovic, & Hammond, 2008).  

The items that remained were then subjected to Phase 2. 

 

4.3.2.2 Phase 2  

 

For any given activity, the role of each upper limb will change (Section 2.8) (Kimmerle et al., 

2003; Kilbreath & Heard, 2005). Moreover, each joint and muscle of the upper limb will work 

through a different range of movement requiring varying strengths (Fletcher-Smith, Walker, & 

Drummond, 2012; Namdari et al., 2012; Gates et al., 2016). The upper limb may work uni or 

bimanually and a variety of different grips may be used (Kimmerle et al., 2003; Vergara et al., 

2014). Activities that remained after Phase 2 were classified into a number of groups to 

ensure that a representative sample of all the upper limb roles and movement patterns were 

contained in the new outcome measure. Some activities were classified to more than one 

group: 

 Activities that are uni or bimanual i.e. usually performed by one or both upper limbs. 

 Activities that are usually performed by the dominant or non-dominant limb 

 Activities that are performed with or without hand use, i.e. how easy would it be to 

complete the activity using only compensatory techniques. For example, opening a 

bottle usually requires two hands. People with BPI may use their unaffected hand to 
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open the bottle while holding it between their legs, or between their chest and upper 

arm  

 Activities were analysed to determine the movement and grip patterns used, to 

ensure that the activities selected for the new outcome measure encompass the 

whole upper limb. For example, reaching out to a light switch requires shoulder, 

elbow and wrist movement while writing requires predominantly the hand while the 

forearm is supported 

 Activities that involved similar movement patterns but may be more associated with 

one gender. These activities were combined where possible to limit gender bias. For 

example, pushing a pram, shopping trolley or lawn mower all use similar shoulder 

elbow wrist and hand position, therefore, were combined into one item 

 Activities that required more detailed exploration. For example, driving was 

considered an important activity. To explore this further, participants were asked to 

identify specific driving skills that are affected by BPI.  

Activities were reduced using an iterative process (Figure 4.3). Where possible, activities 

were combined to retain a greater representative sample. Where groups of activities were 

similar, one activity was retained. Activities were retained if they: 

 Were nominated as important by at least one person with BPI, and greater than three 

clinical experts 

 Were representative of ICF activity categories (Section 2.7.1) 

 Represented unimanual and bimanual tasks (Section 2.8) 

 Represented dominant and non-dominant activities (Section 2.8) 

 Represented bimanual activities where the arms work symmetrically, asymmetrically 

or in diverse ways (Section 2.8) 

 Represented a range of activities that utilise a variety of upper limb movement 

patterns  

 Represented a variety of grips e.g. pinch grip or power grip or could be performed 

with no hand use 

 Were less likely to be performed using compensatory strategies. For example, 

drinking from a cup will usually be performed by the unaffected limb regardless of 

dominance or injury due to the ease of movement. 

Where there was a disagreement regarding which activity to retain for inclusion in the new 

outcome measure, preference was given to activities contained in patient-reported outcome 

measures which were developed solely for a research purpose (Section 3.4).  Experts in the 

field had identified these activities as important to this population. 

To inform the importance of activities, the number of times an activity was nominated in the 

nominal groups or face-to-face interviews (Section 4.2.1.3) was ascertained for: 

 People with BPI  
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 Clinical experts 

 Contained in a patient-reported outcome measure identified in the literature as 

designed solely for a research purpose (Section 3.4). 

 

4.3.2.4 Phase 3  

 

People with BPI who took part in the activity identification phase were invited to take part in 

the activity selection study. The inclusion and exclusion criteria were identical to those 

detailed in Section 1 of this chapter (Section 4.2.1.1 and 4.2.1.2).  Clinical experts were not 

recruited as only people with BPI can determine item importance, frequency and the 

spectrum of ability.  

Participants (people with BPI) were sent a questionnaire that requested them to rate the 

activities that remained after Phases 2. They were asked to rank the activities for importance 

on a 4-point scale from ‘very important’ to ‘not important’, and difficulty on a 5-point scale from 

‘unable to do’ to ‘easy to do’ based on their personal experience (Appendix 4I) (Marx, 

Bombardier, Hogg-Johnson, & Wright, 1999). In addition, they could assign the response ‘not 

applicable’ to any activity they did not do prior to their injury and add any new activities they 

felt were important.  

Following analysis of the results of this questionnaire a second questionnaire was sent to the 

participants to further explore the results, to enable feedback on selected items and to inform 

the finalisation of items for inclusion in the new outcome measure (Appendix 4J). Participants 

were asked to:  

 Rank similar items for importance and provide a rationale for their decision 

 Clarify the importance and difficulty of four items that had been combined or 

reworded from the first questionnaire 

 Record the frequency a selection of items were performed. Responses ranged from 

‘frequently throughout the day’ to a ‘few times a month’ to ‘never’.  To be retained an 

activity had to be performed at a minimum of a ‘few times a month’.  

Descriptive statistics were used to collate the data. Severity and importance rankings were 

determined based on the work by Marx et al. (1999). 

 

 

4.3.3 Results  
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At the end of Phase 1, 208 of the original 522 activities remained (Table 4.4, Figure 4.3).  

During Phase 2 a further 136 activities were eliminated (Figure 4.3). For example, a great 

many activities were assigned to the ICF category ‘lifting or carrying’ (d430) (Table 4.4). One 

group of similar activities from this category were ‘carrying a tray’, ‘carrying a pile of clothes’ 

‘carrying a wide object in front of you’ ‘carry a box’ or ‘carry a washing basket’. These are all 

similar bilateral activities. When performing these activities the upper arm is placed against 

the chest wall, elbows are flexed, forearms pronated and the palm is held flat with or without a 

hook grip around the edge of the object or the forearms are held in neutral with a hook grip 

around a handle. While there may be subtle differences between these activities, each 

requires a similar positioning of the upper limb and hand and, based on the weight of the 

object being lifted or carried, more or less strength. These activities were all retained during 

the item identification phase and point to the importance of this movement pattern in day-to-

day living. Not all of these activities, however, were able to be included in the new outcome 

measure. To reduce this group; three activities where combined ‘lift a tray, box and washing 

basket’ (Appendix 4K).   

Seventy-two activities remained after Phase 2, representing 19 ICF categories (Table 4.4). 

Four activities could not be classified to an ICF activity category. Three ICF activity categories 

that are not included in the CCS-HC were also retained. 

Fifteen people with BPI evaluated 63 activities for importance and difficultly in the round one 

questionnaire (Table 4.5). Two activities were eliminated ‘do up a bra’ and ‘tie a tie’. These 

activities had been retained till this stage as they were both deemed to be important to people 

with BPI particularly ‘do up bra’ for women. However, they are gender specific and could 

potentially lead to many nonresponses. Fourteen of the top 15 most important activities and 9 

of the 10 most difficult were retained (Table 4.5).  
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Figure 4.3 Flow of activities to obtain a representative sample for Rasch analysis 

 

 

 

 

Section 1: Item generation 

 People with BPI n = 21 

 Clinical experts n = 30 

Section 2: Phase 1 

 Independent researchers 
n = 2 

 

21 activities eliminated 

Section 2: Phase 2 

 Student researcher n =1 

 Clinical experts n = 2 

Section 2: Phase 3 

 Adults with BPI n = 15 

317 activities eliminated 

208 activities classified and sorted as 

 Uni or bimanual  

 Dominant or non-dominant 

 Key joint movements 

 Similarity of movement 

 By task e.g. driving 
Activities were eliminated to retain 
representative sample from each group  

Representative of people with BPI  
Activities eliminated if: 

 Likely to become redundant 

 Gender specific 

 Hobby specific 

 Not regularly performed 

 Culturally specific 

Activities generated (n = 522) 

51 items selected as representative of 
activities that assess activity following 

adult BPI 

72 Activities classified as  

 Important to adults with BPI 

 Difficult for people with BPI 

 Frequently performed by people 
with BPI 

 

136 activities eliminated 
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Table 4.4 Activity classifications by Comprehensive Core Set for Hand Conditions categories  

ICF activity category 
Activity 

item 
generation 

Activities 
remained after 

Phase   1  

Activities 
evaluated in 

Phase 2 

Activities 
retained for 

Rasch analysis 

Not classifiable to ICF activity 
category 

8 8 4 4 

* Writing d170 2 1 1 1 

* Communicating - producing (d330) 13 10 1 1 

* Communication devices d360 3 3 1 1 

Lifting and carrying d430 95 40 6 5 

Picking up d4400 8 6 1 1 

Grasping d4401 6 3 3 3 

Manipulating d4402 49 15 5 2 

Releasing d4403 1 1 0 0 

Pulling d4450 13 5 0 0 

Pushing d4451 27 7 3 3 

Reaching d4452 14 9 3 2 

Turning, twisting d4453 22 11 2 1 

Throwing d4454 2 0 0 0 

Catching d4455 1 0 0 0 

Transportation d470 4 1 0 0 

Driving d475 10 7 7 0 

Washing d510 14 11 3 3 

Caring body parts d520 32 11 7 3 

Toileting d530 4 2 2 2 

Dressing d540 46 25 13 10 

Eating d550 8 4 3 2 

Drinking d560 11 3 0 0 

Preparing meals d630 38 16 3 3 

Doing housework d640 50 9 4 4 

Caring for household d650 41 0 0 0 

Total 522 208 72 51 

* Not classified to a Comprehensive core set of hand conditions activity category 

 

The ranking of importance and difficulty in the first round questionnaire informed the items for 

the second round. For example, ‘Use a knife and fork’ or ‘Use a knife and fork to cut meat’ 

were scored the 7th and 8th most important activities in Round 1 (Table 4.4). Cutting meat was 

ranked more difficult (14th) as opposed to using a knife and fork alone which ranked 41st. As 

can be seen in Table 4.6, the two activities could not be separated by importance after Round 

2.  However, direct feedback from responders indicated that most participants could not cut 

meat, and some did not eat meat on a regular basis. Therefore the response rate for this item 

may be low so ‘Use a knife and fork to cut meat’ was eliminated.  
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Table 4.5 Activity ICF category, importance, difficulty and rational for selection to Rasch analysis 

Activity 
ICF 

category 
Importance Difficulty 

Retained for 
Rasch analysis 

Rational for retention/deletion 

Maintain control of your arm so you don’t need to wear a sling  NA 1 62 Y Important to people with BPI 

Carry an object using your affected arm so your other arm/hand is free to do another 
task, such as opening a door  

d430 2 39 Y Important to people with BPI 

Pull on a T-shirt  d540 3 57 Y Important to people with BPI 

Stabilize an object with your affected arm while you manipulate it with your other 
hand NA 

NA 4 43 Y Important to people with BPI 

Lift your affected arm to feed it through the sleeve of a shirt  d540 5 56 Y Important to people with BPI 

Put on a shirt  d540 6 60 N Important to people with BPI 

Use a knife and fork  d550 7 41 Y Important to people with BPI 

Use a knife and fork to cut meat  d550 8 14 N 
Less important than knife and fork 
round 2 feedback 

Do up buttons on a shirt d540 9 9 Y Important to people with BPI 

Roll over when sleeping without having to wake up to move your arm  NA 10 55 Y Important to people with BPI 

Use both arms/hands to lift a tray or box d430 11 28 Y Important to people with BPI 

Put on a pair of trousers  d540 12 54 Y Important to people with BPI 

Do up shoe laces d540 13 23 Y Important to people with BPI 

Do up the zip on a jacket including putting the 2 sides together  d540 14 16 Y Important to people with BPI 

Do up a belt buckle  d540 15 17 Y Important to people with BPI 

Wash both your hands at the same time  d510 16 53 Y Important to people with BPI 

Do up buttons on tight trousers  d540 17 10 Y Important to people with BPI 

Carry a shopping bag or briefcase  d430 18 59 Y Important to people with BPI 

Use your affected arm to wash your other armpit  d510 19 12 Y Important to people with BPI 

Pick up a small object with your fingers, e.g. a clothes peg, tablet or coin  d4400 20 37 Y Important to people with BPI 
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Activity: Continued 
ICF 

category 
Importance Difficulty 

Retained for 
Rasch analysis 

Rational for retention 

Put on your socks  d540 21 48 Y Important to people with BPI 

Open a food packet with 2 hands e.g. a packet of chips or cereal packet  d4401 22 38 Y Important to people with BPI 

Tuck your shirt in  d540 23 52 Y Important to people with BPI 

Wipe yourself after going to the toilet  d530 24 5 Y Most difficult to perform 

Push yourself up from a chair using both arms   d4451 25 36 Y 
Only pushing item that was 
generated by multiple people with 
BPI 

Put deodorant under both arms  d520 26 34 N Round 2 questionnaire feedback 

Type on a keyboard using 2 hands  d360 27 13 Y Most difficult to perform 

Carry a washing basket d430 28 51 N Bimanual symmetrical task 

Change the sheet on a bed  d640 29 32 Y 
Complicated upper limb activity for 
people with more ability 

Push a pram, shopping trolley or lawnmower  d4451 30 50 Y 
Requires coordination at shoulder 
elbow forearm and wrist but no 
hand  

Tie up a bag of rubbish and put it in a rubbish bin d640 31 42 Y Difficult to perform with one arm 

Hold an object between your upper arm and your chest wall  NA 32 58 Y Low level no hand task 

Open a previously opened bottle or jar with a screw top  d4453 33 31 Y Low level no hand task 

Stir food in a pot on a stove  d630 34 44 Y Asymmetric upper limb activity 

Peg clothes on the washing line  d640 35 11 Y Most difficult to perform 

Wash your hair  d520 36 25 N Least important of hair items 

Spread butter or jam on a piece of bread  d630 37 30 Y Asymmetric upper limb activity 

Raise your arm to reach a light switch  d4452 38 40 Y Requires arm elevation at shoulder 

Wash your face d510 39 33 Y 
Requires elbow flexion with forearm 
pronation 

Put toothpaste on a toothbrush  d4402 40 46 Y Asymmetric upper limb activity 

Tear toilet paper from a toilet roll  d530 41 47 Y Asymmetric upper limb activity 



 

 
102 

Activity: Continued 
ICF 

category 
Importance Difficulty 

Retained for 
Rasch analysis 

Rational for retention 

Chop up raw vegetables  d630 42 21 Y Performed frequently  

Eat a sandwich or other finger food with your affected hand d550 43 3 Y Most difficult to perform 

Remove the lid from a plastic box d4402 44 24 N Not frequently performed 

Write with a pen or pencil  d170 45 4 Y Most difficult to perform 

Remove the cap from a “child proof” medicine bottle  d4453 46 19 N 
Round 2 feedback not performed 
regularly  

Tie a tie  d540 47 7 N Gender specific 

Use a computer mouse  d4401 48 6 Y Most difficult to perform 

Hold your hand out to receive change  d4452 49 20 Y 
More difficult than reaching to open 
draw 

Reach forward and open a draw  d4452 50 45 N 
Less important round 2 
questionnaire 

Carry an object draped over your lower arm, e.g. an item of clothing  d430 51 61 Y Specific to affected limb 

Turn a knob e.g. a radio, washing machine or cooker d4401 52 35 Y 
Requires pinch grip together with 
pronation and supination of forearm.  

Turn a key in a lock d4402 53 8 Y Most difficult to perform 

Shake hands with somebody d330 54 29 Y 
Generated by majority in item 
generation phase 

Iron a shirt  d640 55 18 Y 
Asymmetric upper limb activity that 
is difficult to perform  

Text or use a mobile phone keypad  d4451 56 15 Y Most difficult to perform 

Put shampoo onto your hair from a bottle d520 57 26 N Least important of the 'hair' items 

Use your affected hand to cut your fingernails  d520 58 2 Y Most difficult to perform 

Open an envelope and remove a piece of paper  d4402 59 49 N Not important or difficult 

Style your hair or tie it in a ponytail  d520 60 22 Y 
Combined with brush or comb as 
only activity above the head  

Use your affected hand/arm to brush your teeth d520 61 1 Y Most difficult to perform 

Brush or comb your hair d520 62 27 Y 
Combined with brush or comb as 
only activity above the head  

Put on and do up a bra  d540 63 63 N Gender specific 
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Activity: Continued 
ICF 

category 
Importance Difficulty 

Retained for 
Rasch analysis 

Rational for retention 

Activities added to Round 2 questionnaire      

Lift a bag onto shelf at eye level d430   Y 
Important and difficult symmetric 
activity 

Steering with 2 hands, i.e. no spinner knob    N 
No one driving activity more 
important than another 

No adaptions for lights or indicators    N 
No one driving activity more 
important than another 

Using the hand break    N 
No one driving activity more 
important than another 

Changing gear    N 
No one driving activity more 
important than another 

Opening the door    N 
No one driving activity more 
important than another 

Turning the key to start the engine    N 
No one driving activity more 
important than another 

Putting on a seat belt     N 
No one driving activity more 
important than another 
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‘Remove the lid from a child proof bottle’ was compared with ‘Open a previously opened bottle or jar’. 

As can be seen from Table 4.6 the participants ranked opening a bottle or jar as more important than 

a medicine bottle. Feedback also indicated that while medicine bottles are difficult to open initially, 

once opened there is little difference to other bottles if not fully tightened and was less frequently 

performed of the two activities. For this reason ‘Remove the lid from a child proof bottle’ was 

eliminated. 

Table 4.6 Round 2 ranking of similar activities for importance 

Activity 
Importance rank 

1 2 3 4 5 6 

Use a knife and fork 5 6 

Use knife and fork to cut meat 6 5 

Open a previously opened bottle of jar 8 2 

Remove the lid from a child proof bottle 2 8 

Put deodorant under both arms 1 8 

Use your affected arm to wash your other armpit 9 1 

Unimanual activities 

Turn the knobs on a radio, washing machine or cooker 2 1 2 4 

Text or use a mobile phone keypad 2 4 1 1 1 

Pick up a small object with your fingers 2 4 1 1 1 

Use a computer mouse 2 2 2 2 1 

Brush your teeth 2 3 3 1 

Key: Importance was ranked from most important to least important. Each number represents one-person 

response. For example for item 1, 5 participants ranked ‘use a knife and fork’ as the most important, while 6 

ranked ‘use a knife and fork to cut meat’ 

The activities related to hair were ranked low for importance, however all were ranked in the mid-

range for difficulty (Table 4.5). Further, managing hair is one of the few activities that elevates the 

hand above head height and is difficult to perform single handled with the unaffected hand. Therefore 

a new item was constructed combining brush and comb with styling. This also made the activity less 

gender specific. The new combined activity was reported to be both important and difficult by 

participants in round 2 and was retained.  
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Put deodorant under both arms’ and ‘Use your affected arm to wash your other armpit’ while not the 

same movement are similar so were compared in Round 2. Participants reported they commonly 

used a compensatory technique to apply deodorant - using a spray deodorant can in their unaffected 

hand to apply deodorant to both arms. As with first round responses, ‘washing the contralateral 

armpit’ was deemed more important than applying deodorant (Table 4.6) and therefore was retained. 

Many participants identified driving as an important activity during the item identification phase. To 

break this complex task down, participants were asked to drill down to the specific driving activities 

that they felt were important. However, as can be seen in Table 4.7 no one activity was rated as more 

important than any other. As a consequence, driving was eliminated. Riding a motorbike, a very 

important activity to some adults with BPI, was eliminated as it is not undertaken by all. 

 

Table 4.7 Round 2 ranking of driving activities for importance 

Activity 
Importance rank 

1 2 3 4 5 6 7 

Steering with 2 hands, i.e. no spinner knob 2  1 2 2   

No adaption’s for lights or indicators  2  1 2  2 

Changing gear 2 1 2   1 1 

Using the hand brake 1 1  1  3 1 

Opening the door   2 1 2 1 1 

Turning the key to start the engine 1 1 1 2 1  1 

Putting on the seat belt 1 2 1  1 2  

I don't drive 3       

 

 

Five unimanual activities specific to the affected arm were also re-assessed. No one activity was 

deemed to be more important than another (Table 4.6) Therefore all activities were retained for Rasch 

analysis.  One additional activity ‘Use both arms to lift a bag onto a shelf at eye level’ was added at 

this stage based on feedback from participants. Four dominant specific unimanual tasks were 

retained, as well as ‘shaking hands’, an activity associated with the right hand. Fifteen other 

unimanual but not dominant specific activities were also retained, for example reaching out for 

change, and picking up small objects. Bimanual activities represented a range of symmetrical, 

asymmetrical and diverse use of both limbs. In addition, activities appeared to represent a range of 

difficulty from the simple low-level tasks that do not require hand use to more complicate multi-joint 

activities such as ironing, changing a bed sheet or working above head height.  
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4.3.4 Discussion 

 

Following an extensive three-phase iterative process, 51 activities were selected in this study to 

progress to Rasch analysis. These activities appear to be representative of the ability of adults with 

traumatic BPI (Table 4.4). They are important, cover a range of ability, and are frequently performed 

by people with BPI. A number of activities that were ranked the most important were also amongst the 

easiest to perform, and vice versa (Table 4.4). Moreover, none of the five most important activities, as 

ranked by people with a BPI, required no hand use. These results indicated that many people with 

BPI apportion the greatest significance to these simple low-level activities; indeed for some they may 

be the only day-to-day activities they regain.  

Twenty of the activities selected were unimanual tasks, five specific to the dominant limb and 15 

unimanual activities that could be performed by either the affected or unaffected arm. Dominant 

specific activities are particularly important for the person with injury to the dominant limb. However, 

for the person with injury to the non-dominant limb they are irrelevant. Given the importance of 

dominant activities to the person with injury to the same limb they were retained at this stage as the 

outcome measure developed in this project was designed to assess outcome following expensive and 

protracted surgery and rehabilitation to the affected limb, not how people compensate with their 

unaffected limb or various parts of their anatomy. The remaining 31 items were all bilateral activities 

representing symmetrical, asymmetrical and diverse use of the two limbs (Section 2.6.1).  

The five most difficult activities were all unimanual tasks and point to the significance of these in day-

to-day life, hence their retention to the next stage of this project. However, this does pose an issue 

particularly for those activities performed by the dominant limb, which may result in a high number of 

non-responses. Patient-reported outcome measures address this issue in a number of ways. The 

DASH, for example, while containing predominantly bimanual activities, includes the item ‘write’. The 

person with injury to their dominant limb may improve their ability to write over time, however, the 

person with injury to the non-dominant limb will not have an issue with writing and will always record 

the same score for this item. There is no way to ascertain this from the overall score, only by 

examination of each response. Moreover, the DASH asks people to respond to items regardless of 

the strategy used, i.e. it does not differentiate between the injured or non-injured limb or the use of 

compensatory activities. This may lead to issues when people respond to unimanual activities such as 

‘turning a key’, which may be performed by either limb. One person with a flail limb following complete 

BPI may answer ‘with great difficulty’ as they are unable to perform the task with their injured limb, 

while another person may respond ‘no difficulty’ as they can easily perform the task with their 

uninjured arm. Both responses are correct, as the question does not specify that they have to respond 

in relation to their affected or unaffected limb. If, over time, the person who responded ‘with great 

difficulty’ adopts compensatory techniques or changes their dominance, it is conceivable that they 

may respond ‘no difficulty’ on reassessment. This change would indicate significant improvement yet 

their affected upper limb may remain flail.  
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Other patient-reported outcome measures have adopted different strategies to resolve this issue. For 

example the ABILHAND only contains bimanual activities (Penta et al., 1998; Simone, Rota, Tesio, & 

Perucca, 2011; Arnould, VanDervelDe, Batcho, Penta, & Thonnard, 2012). However, this does then 

mean that many of the activities most important to people with BPI are not included. The Michigan 

Hand Questionnaire adopts a different approach by duplicating all the items for either the left or right 

limb (Chung, Pillsbury, Walters, & Hayward, 1998). As can be seen, there is no one accepted method 

to manage the complexities associated with unimanual versus bimanual and dominant versus non-

dominant activities. Section 3 of this chapter details how these issues were managed when designing 

the new outcome measure.  

One issue noted during this study was the problem of identifying activities that are more difficult but 

are also relevant to the majority of the population. Most of the more complex activities that involved 

overhead activities or required greater upper limb range of movement and or strength, were more 

likely to be related to hobbies or past times that are not relevant for the majority of adults with BPI 

community. They were therefore eliminated in Phase 1.  

 

4.3.5 Conclusion 

 

Section 2 of this chapter retained 51 of the 522 activities identified in Section 1 as being 

representative of people with BPI. They included activities that appear to target a wide range of ability, 

are important to people with BPI and are performed frequently. Some activities required no hand use 

such as stabilising an item or carrying an object over the forearm or between the upper arm and chest 

wall. Other activities required complex positioning of multiple joints to allow the hand to perform fine 

controlled movement such as picking up small objects. Others required the hand to be raised above 

the head height or to use a combination of movements and grips to perform more complicated skills 

such as changing a bed sheet.  
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4.4 Section 3: Development of a 51-item patient-reported outcome measure.  

 

4.4.1 Introduction 

 

Sections 1 and 2 of this chapter identified and then selected activities that are representative of 

how people with BPI use their affected arm. Of the 51 items that remained, 15 were unimanual 

activities that could be performed by either hand, five were dominant specific and 31 were 

bilateral activities. The new outcome measure, Brachial Assessment Tool (BrAT), was intended 

to be a performance based patient-reported outcome measure (Section 2.7.1) i.e. responders 

report what they can or cannot do, with their affected arm, from their perspective (WHO, 2001; 

De Vet et al., 2011). Higher scores indicate greater ability to perform activities. The 51 activities 

were formatted into a questionnaire based on the recommendations by The Food and Drug 

Administration in the United States of (FDA, 2009): 

 Instructions need to be clear and concise 

 The recall period needs to be a defined based on the intended purpose of the outcome 

measure. For example, if an item is likely to be performed infrequently (e.g. once a 

month) a recall period of a week would be inappropriate 

 Response options need to be consistent with the intended purpose and use 

 The wording of response options should provide a clear distinction between the choices 

that should be obvious to responders 

 Simple language must be used that can be understood by people over 12 years of age. 

 

Purpose of section 3 

The aim of Section 3 of this chapter was to construct an outcome measure that will be 

evaluated using Rasch analysis to formulate the Brachial Assessment Tool (BrAT) 

 

4.4.2 Instructions 

 

Instructions were kept very simple (Appendix 4K). To enhance the distinction between the 

unimanual and bimanual tasks, the questionnaire was constructed in two separate sections with 

each section having a unique set of instructions. People with BPI may use their unaffected limb 

to perform unimanual activities, even if this means changing their dominance (Section 2.8.1). 

However, the BrAT was designed to assess outcome following intervention to the affected limb, 

not the compensatory techniques used by adults with BPI. To draw attention to this and to 

ensure responders understood they were responding only as the activity related to their affected 

limb, the word ‘affected’ was added to each unimanual activity.   
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4.4.3 Recall period 

Anecdotally, the use of a recall period can be difficult for some people. If they have not 

performed an activity in a given time period some participants may be unsure how to respond. 

Different outcome measures use different techniques to manage this. For example, the DASH 

uses a recall period of a week or a ‘best estimate’ (Kennedy et al., 2011). The Upper Extremity 

Functional Index (Stratford, Binkley, & Stratford, 2001) does not provide any recall period asking 

only how much difficulty responders have with each activity. A similar approach was chosen for 

the BrAT. To ensure all people responded as they were using limb at the time of completion of 

the outcome measure, the wording ‘at the moment’ was added to the instructions. 

4.4.4 Item responses 

The BrAT was designed as a measure of performance, i.e. what people with BPI are actually 

doing (WHO, 2001). All responses were positively worded with no negative options (DeVellis, 

2003). A four point Likert scale was used with responses ranging from ‘Easy to do’ now to 

‘Cannot do now’ (Appendix 4K). The words ‘easy’ and ‘hard’ as opposed to different degrees of 

difficulty were selected to focus attention on achieving the activity, not on how difficult it was to 

perform. There may be an odd or even number of responses. An even number of responses 

forces responders to make a choice, while an odd number allows a neutral response. DeVilles 

(2003) suggests that neither format is superior to the other. Some responders may not like 

being forced to make a decision. However, if a participant choses a neutral response it may be 

unclear what they intended. Were they undecided on which option to choose, did they not 

understand the question or are they making a conscious decision not to answer? The decision 

on the number of responses is determined by the purpose of the outcome measure and the 

construct being assessed. The underlying construct of the BrAT is activity of the upper limb, as 

the responder perceives it at the time the assessment was performed. Therefore an even 

number of responses was selected to eliminate a neutral response (DeVellis, 2003).  

The 51 activities selected were performed regularly by the sample that took part in the activity 

identification and selection phases of this project.  The group that took part in this study appears 

to be representative of people with BPI, displaying a variety of injury levels, ages and time post 

injury (Section 4.3.2) However, these activities may not be representative of future populations. 

To ensure activities retained in the BrAT were also frequently performed by the cohort that were 

recruited to the Rasch analysis (Chapter 5), a fifth response option ‘never did with the affected 

limb’ was included. Further, people who had sustained injury to their non-dominant limb could 

use this option for activities specific to the dominant limb. 
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4.4.5 Feasibility 

The BrAT is intended to be a feasible patient-reported outcome measure for people with BPI. 

While it is acknowledged that 51 items spread over 3 pages is long for a questionnaire such as 

this, it was expected that this number may be reduced during the next stage of development. 

Some people with BPI are unable to write and are forced to use their non-dominant limb. To 

assist participants to accurately record their response, response boxes were somewhat larger 

than those normally seen in these types of outcome measures.     

A copy of the 51-item questionnaire is included in the Appendices (Appendix 4K). 

4.5 Chapter conclusion 

This chapter was presented in three sections. Section 1 provided empirical evidence of the 

activities that are important to adults with traumatic BPI. Of the 522 activities identified 51 

activities were selected as representative of the day-to-day ability of people adults with BPI.  

These activities are important, frequently performed and appear to cover the spectrum of ability 

of people with this condition. While they appear to be related to one dimension, activity of the 

upper limb, further evidence of content validity and unidimensionality is required. These 

measurement properties will be evaluated in Chapter 5, using Rasch analysis. 
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CHAPTER 5. EVALUATION OF INTERNAL CONSTRUCT VALIDITY AND 

UNIDIMENSIONALITY OF THE BRACHIAL ASSESSMENT TOOL  

5.1 Chapter synopsis 

The previous chapter reported studies that generated a set of day-to-day activities for the new 

outcome measure that are important to adults with traumatic BPI. They appeared to be 

related to activities of the upper limb as defined by the ICF (WHO, 2001) and reflected the 

heterogeneity of this population (Section 2.2). These activities were then formatted into a 

questionnaire that will be evaluated using Rasch analysis to determine the final set of items 

that will make up the Brachial Assessment Tool (BrAT). No empirical evidence exists 

however, that these activities are measuring the same construct, i.e. are unidimensional, and 

are able to discriminate between people with varying degrees of ability to use their arm 

following BPI.  

As discussed in Chapter 4 (Section 4.1), the basis of measurement is to define the underlying 

construct that is to be measured. These constructs can then be assigned a value, which can 

be manipulated as a variable allowing relationships between constructs to be explored 

(Portney, 2009). Unlike measurements such as height or weight that can be assigned a true 

number, a construct such as activity cannot be directly observed, only inferred (Streiner, 

2008; De Vet et al., 2011). There are two measurement theories that have been used to 

determine the relationship between items and are used to develop new outcome measures 

when the construct is not observable: classic test theory and item response theory. 

5.1.1 Classic Test Theory 

Historically, classic test theory has been used to develop new outcome measures.  While 

classic test theory has been used for over 100 years it relies on a number of critical but ‘weak’ 

assumptions (Hambleton & Slater, 1997; Hays, Morales, & Reise, 2000; Hobart & Cano, 

2009).  These assumptions include:  

 Error is uniform for all items and does not correlated to the true score (Bialocerkowski

& Bragge, 2008; McAllister, 2008; Streiner, 2008; Portney, 2009)

 Each item is given equal weighting when contributing to the overall score (Da Rocha

et al., 2013). For example carrying an object using a hook grip is given the same

weighting as changing a bed sheet or ironing a shirt both of which require movements

from all joints of the upper limb and varying degrees of strength in multiple muscles
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 Numerical scores derived from classic test theory developed outcome measures 

assume that ability improves proportionally across the scale, i.e. a person with a 

score of 20 will have twice as much ability as a person with a score of 10 (Tennant & 

Conaghan, 2007) 

 The ability level of the person and the difficulty of the activity cannot be separated 

(Hays et al., 2000; Da Rocha et al., 2013).  

If the assumptions are reasonable the conclusions will be reasonable and vice versa. Classic 

test theory is also sample dependent as the performance of the outcome measure is 

dependent on those that were assessed, and therefore on the overall ability of that group 

(Streiner, 2008; Hobart & Cano, 2009).  As a consequence, results based on one group 

cannot be inferred for another unless they display the same degree of the underlying 

construct.  

 

5.1.2 Item Response Theory  

 

In recent years modern psychometric approaches based on Item Response Theory have 

been adopted for the development of new measures, as they appear to offer some 

advantages over classic test theory (Rasch, 1960; Hays et al., 2000; Tennant & Conaghan, 

2007). Rasch analysis is a model-driven analysis where data are compared with the 

underlying model. Based on probability theory, Rasch analysis describes the association 

between a person’s underlying ability and the probability of performing an item, with the 

likelihood that if a person is able to successfully complete an item of average difficulty, then 

there is a high probability that all items below that item should also be affirmed as they are 

considered to be easier to perform.  

 

Unlike other item response theory models, if the data do not match the Rasch model, another 

model is not selected, and statistical information is used to revise the items (Bond & Fox, 

2007). Data are reviewed to establish why items do not fit the model and items may be 

altered by collapsing response options, deletion or creating subsets to measure different traits 

in order to achieve overall model fit (Hobart & Cano, 2009). Further, items can be investigated 

to determine whether they have equivalent meaning for different responders using differential 

item functioning. For example, do younger people respond differently to an item than older 

people, or males versus females?  

 

Unlike classic test theory that is based on ‘weak’ assumptions that are inferred (Hambleton & 

Slater, 1997; Hays et al., 2000; Hobart & Cano, 2009), item response theory is based on two 

‘hard’ assumptions (Streiner, 2008): 

a) Unidimensionality: all items measure only one ability or construct (also known as a 

trait) 



 

 
113 

b) Local independence: The probability of affirming one item positively is unrelated to 

answering positively to any other item for people with the same amount of the 

underlying trait, i.e. the response to one item is independent of the response to any 

other.  

If these two assumptions are met, a person’s performance can be predicated and the 

relationship can be described between a person’s ability and any item based on the ‘item 

characteristic curve’ (Streiner, 2008). The item characteristic curve describes the relationship 

between the underlying construct, usually referred to as the ‘trait’ in item response theory, 

and the probability of endorsing an item and is a fundamental unit in item response. The 

steeper the item characteristic curve the better an item is at discriminating between people, 

which is a key component of reliability. This information cannot be determined using classic 

test theory. 

 

5.1.3 Purpose of the chapter 

 

The purpose of this chapter was to investigate the activities selected in Chapter 4 with 

respect to their unidimensionality (i.e. they only measure one construct) and content validity 

(i.e. the activities appear to be an adequate reflection of the construct being measured) 

(Portney, 2009; Strauss & Smith, 2009; Mokkink et al., 2010c) and to determine the set of 

items that will make up the Brachial Assessment Tool. This addresses the third research aim: 

‘To develop a new patient–reported outcome measure to assess solely activity specific to 

adult BPI, using modern, robust statistical techniques’ 

 

 

This chapter reproduces a manuscript published in Archives of Physical Medicine and 

Rehabilitation (Hill et al., 2016).  
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Objective: To evaluate the internal construct validity and dimensionality of a new patient-

reported outcome measure for people with traumatic Brachial Plexus Injury (BPI) based on 

the International Classification of Functioning Disability and Health definition of activity.  

Design: Cross sectional study 

Setting: Out-patient clinics: Participants 

Adults (range 18-82) with a traumatic BPI (n = 106) 

Intervention: There were 106 people with BPI completed a 51 item 5-response questionnaire. 

Responses were analyzed in 4 phases: missing responses, item correlations, Exploratory 

Factor Analysis and Rasch analysis to evaluate the properties of fit to the Rasch model, 

threshold response, local dependency, dimensionality, differential item functioning and 

targeting.  

Main outcome measure: Not applicable as this study addresses the development of a new 

outcome measure.  

Results: Six items were deleted for missing responses, and 10 were deleted for high inter-

item correlations >.81. The remaining 35 items, while demonstrating fit to the Rasch model, 

showed evidence of local dependency and multidimensionality. Items were divided into three 

subscales, ‘Dressing and grooming’ (8 items); ‘Arm and Hand’ (17 items) and ‘No hand’ (6 

items). All 3 subscales demonstrated fit to the model with no local dependency, minimal 

disordered thresholds, no unidimensionality or differential item functioning for age, time post 

injury or self-selected dominance. Subscales were combined into 3 ‘testlets’ and 

demonstrated fit to the model, no misfit and unidimensionality allowing calculation of a 

summary score.   

Conclusion: This preliminary analysis supports the internal construct validity of the Brachial 

Assessment Tool, a unidimensional, targeted 4-response patient-reported outcome measure 

designed to solely assess activity after traumatic BPI regardless of level of injury, age at 

recruitment, premorbid limb dominance and time post injury. Further examination is required 

to determine test-retest reliability and responsiveness. 

 

 

Figure 5.1 Abstract from published paper: - Evaluation of internal construct validity and 

unidimensionality of the Brachial Assessment Tool (BrAT), a patient-reported outcome 

measure for Brachial Plexus Injury. (Hill et al., 2016) 
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5.2 Introduction 

 

Brachial Plexus Injury (BPI) typically occurs after severe trauma including motor vehicle 

accidents, work accidents or falls from a height. (Coene, 1993) The impact of BPI is 

dependent on the level and severity of the injury to the nerves within the plexus. In recent 

years a number of new microsurgical techniques and methods have been developed to repair 

injuries to the brachial plexus (Garg et al., 2011; Yang et al., 2012; Ali et al., 2015). 

Individuals may undergo repeated surgeries and ongoing rehabilitation over many months or 

years, therefore determining the most cost effective form of treatment and the impact of BPI 

on the individual and community is paramount.  

 

Historically, the primary focus of assessment has been to determine the change in status over 

time in terms of impairments, more specifically individual upper limb muscle strength, and 

active range of motion or sensation (Bengtson et al., 2008; Dy et al., 2015). Although it is 

important to measure the direct result of nerve repair to a specific muscle or reinnervation of a 

sensory nerve, assessment of impairment alone is unable to provide an understanding of how 

people with BPI use their limb to perform day-to-day activities (Bengtson et al., 2008; Hill et 

al., 2011; Dy et al., 2015). Further, a paucity of evidence exists which supports increases in 

strength or range of motion equating with better ability to use the arm and hand to perform 

day-to-day activities (Michielsen et al., 2009; Gates et al., 2016). 

 

In recent years there has been an increasing emphasis on the use of Patient-Reported 

Outcome Measures (PROM) to evaluate outcome over time from the perspective of the 

individual (Devlin & Appleby, 2010). The most commonly reported PROM for this 

demographic is the Disability of the Arm, Shoulder and Hand (DASH) (Hudak et al., 1996a; 

Hill et al., 2011). Designed as a measure of physical function and symptoms, the DASH has 

been shown to be multidimensional (Franchignoni et al., 2010; Lehman et al., 2011). 

Summed scores from multi-dimensional tools have been reported to be ambiguous and 

recommendations suggest that they be viewed with caution due to uncertainty regarding the 

dimensions being assessed (Hobart, Cano, Zajicek, & Thompson, 2007). In addition, the 

DASH does not attribute responses directly to the affected limb; rather answers are based on 

the ability to perform the task irrespective of the limb used. As a consequence, the DASH 

may be measuring compensatory techniques or strategies over time, not improvement in use 

of the affected limb.  

 

Empirical evidence of validity and reliability is required to ensure a measure is assessing what 

it intends to, is responsive to change, produces reproducible scores in a stable population 

and as free of error as possible (Streiner, 2008). In addition all items must relate to an 

underlying construct. The International Classification of Functioning, Disability and Health 

(ICF) is being increasingly used as a framework to define items that may reflect a specific 
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construct, (e.g. items that pertain solely to body functions, activity or participation). On a 

conceptual level, the new measure evaluated in this study was conceived as a PROM of 

solely upper limb activities based on the ICF definition of activity, an ‘execution of a task or 

action by an individual’. The purpose of this paper was to evaluate the internal construct 

validity and unidimensionality of a new PROM, designed specifically for BPI using the latest 

evidence based psychometric techniques.  

 

5.3 Methods 

 

This was a cross sectional study. Ethical approval was gained from three human resources 

committees, (Griffith University PES_12_13_HREC, Alfred Health 425/11, and Melbourne 

Health 2011.220). All participants provided signed informed consent prior to commencement 

of the study. 

 

5.3.1 Inclusion and exclusion criteria  

A convenience sample of people with a traumatic BPI was recruited from 5 centres in 

Australia. Participants were included if they had a diagnosis of traumatic BPI confirmed by 

magnetic resonance imaging, nerve conduction studies, intraoperative findings or clinical 

assessment, and were > 18 years of age at the time of recruitment. Participants were 

excluded if they were unable to provide informed consent, had a pre-existing upper limb 

condition that affected day-to-day activity, had evidence of spinal cord injury confirmed by 

magnetic resonance imaging, were non-weight bearing on the affected limb, or were 

diagnosed with brachial plexus birth palsy. 

 

5.3.2 Item generation 

 

The 51 items evaluated in this project were developed in a qualitative study (Hill et al., 2015a) 

using the 29 ICF Comprehensive Core set for Hand Conditions activity categories (Kus et al., 

2011). To reduce the generated 522 items, similar items were grouped by Comprehensive 

Core set for Hand Conditions category and task (e.g. open a medicine bottle, open a water 

bottle) and people with BPI rated both the importance and difficulty of each item. Items 

deemed to be less important were deleted in an iterative process designed to retain a spread 

of item importance and difficulty to people with BPI and a cross section of Comprehensive 

Core set for Hand Conditions categories. The 51 items retained were representative of 21 

Comprehensive Core set for Hand Conditions activity categories (Kus et al., 2011). 

 

 



 

 
118 

 

5.3.3 Data Collection 

 

All participants independently completed the 51-item 5-response PROM consisting of 2 

sections, on 1 occasion. Section 1 consisted of 20 unilateral day-to-day activities including 

activities that are dominant limb-specific (e.g. ‘Cleaning your teeth’ or ‘Doing your hair’) 

attributed to the affected arm only. Section 2 consisted of 31 day-to-day activities that 

required the use of both arms. Five category responses options were provided: ‘Easy to do 

now’, ‘A little hard to do now’, ‘Very hard to do now’, ‘Cannot do now’ and ‘Never did with 

affected arm / Never did this activity’. They were scored from 5 to 1, with higher scoring 

reflecting greater ability. The final category was included at this stage to allow identification of 

any items that were not routinely undertaken by all with this injury. Response to this category 

was managed as a missing response during data analyses.  

 

5.3.4 Data analyses 

 

Data were first entered into SPSS version 22 and analysed in four phases. Items that 

remained after phase 3 were assessed for unidimensionality and scaling properties using the 

RUMM 2030 partial credit model software (Andrich, Penta, & Sheridan, 2003). 

 

5.3.4.1 Phase 1 

 

Items with missing responses were removed. The response category ‘Never did with affected 

arm / Never did this activity’ was removed from all further analysis because this response did 

not inform actual day-to-day use of the limb. Items were rescored to 3 ‘Easy to do now’ to 0 

‘Cannot do now’. 

 

5.3.4.2 Phase 2 

 

Items that correlate highly with each other are repeatedly measuring the same construct. 

Although this may result in high internal consistency, it may artificially inflate reliability and 

lower the breadth of measurement. Items should be selected that load maximally to the 

underlying construct but exhibit low inter-item correlations (Boyle, 1991). Therefore, items 

with inter-item correlations (> 0.8) were eliminated in an iterative process using the following 

decision rules: (1) number of inter-item correlations >0.8, (2) importance and spread of 

difficulty to people with traumatic BPI, (3) clinically-based justification as determined by 

experts, 4) maintain the spread of Comprehensive Core set for Hand Conditions activity 

categories and (5) items with highest correlation values. 
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5.3.4.3 Phase 3 

 

Exploratory factor analysis was used to assess dimensionality and identify the presence of 

any subsets of items. Factorability of the data was assessed using the Kaiser-Meyer Olkin 

Measure of sampling adequacy and Bartlett’s Test of Sphericity.  

 

5.3.4.4 Phase 4 

 

The analysis followed the published criteria by Tennant and Conaghan (2007). Overall fit to 

the Rasch model was assessed with deviations from the model indicating problems with the 

tool and items.   

 

The following is a detailed description of the expectations of fit to the measurement model 

Summary fit including: 

Item fit 

Non-significant chi-square interaction fit statistic Bonferroni adjusted for number of items. This 

supports the required property of invariance across the trait and indicating the scale does not 

deviate from the model assumptions (Tennant & Conaghan, 2007). 

Fit residual: Mean of zero and standard deviation (SD) less than 1.5.  

This examines the summary level differences between the observed data and the model 

expectations for items and individuals (Pallant & Tennant, 2007). 

 

Item thresholds 

Item responses were investigated for disordered thresholds, which signify whether 

respondents are using the options consistently. The presence of disordered thresholds 

indicates respondents have difficulty discriminating between response options. This may be 

related to too many response options, or confusion in labeling options. 

 

Non-significant item and person fit residuals (SD ±2.5) 

This assesses differences between the observed data and the model expectations for items 

and individuals at an individual level.  

 

Local independency: Residual correlation matrix correlations >.2  

Local dependency requires that items show no pattern of association once the Rasch factor 

or underlying characteristic being measured has been removed. The presence of local 

dependency indicates that items may be measuring the same concept, which may artificially 

inflate the PSI indicating higher internal consistency than is actually present. Individual items 

that correlated with others above 0.2 were removed in an iterative process using the same 

decision rules as in Phase 2 while maintaining overall fit to the Rasch model (Kersten, White, 

& Tennant, 2014). 



 

 
120 

 

Unidimensionality 

Unidimensionality was assessed in a 2-stage process. First, Principal Component Analysis 

(PCA) of the residuals was used to identify all items that positively and negatively loaded onto 

the first component greater than 0.2. These 2 sets of items were then compared using a 

series of t tests. The scale was considered unidimensional if fewer than 5% of these tests 

were significantly different, or the lower bound of the confidence interval (CI) was below 5%. 

(Tennant & Pallant, 2006). 

Internal Consistency the Person Separation Index (PSI, range 0 - 1) 

The PSI reflects how items can distinguish between different levels of ability and therefore 

how many subgroups may be compared within the sample.  A PSI > 0.7 allows for group 

comparison, > 0.85 for clinical use based on the sample of responders examined (Fisher, 

1992). Where the distribution is considered normal, the PSI is equivalent to Cronbach’s alpha. 

 

Differential item function (DIF)  

DIF occurs when different groups within the sample respond in a different manner to an item 

despite having an equal level of construct being measured (Tennant & Pallant, 2007). We 

investigated whether there was evidence of DIF for age (< 40 years vs ≥ 40 years), BPI 

involving the pre injury self-selected dominant or non-dominant limb, and time post injury (124 

vs ≥124 months).  

 

Item Targeting 

Items were reviewed for targeting to the sample, i.e. the spread of item difficulty matching the 

ability of the sample 

 

Floor or ceiling effect  

A floor or ceiling effect is present if >15% of the participants reported a total score that was 

the minimum or maximum available  

 

 

Items were systematically evaluated and where data did not fit the model items were 

sequentially removed and data reanalyzed. Where items were removed, the same decision 

rules outlined above in Phase 2 were implemented. Sample size for Rasch analysis is 

influenced by scale targeting. A planned sample size of 108 participants provided accurate 

estimations of person and item locations within 0.5 logits (99% confidence interval) (Linacre, 

1994). 
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5.4 Results 

 

One hundred and six adults with a traumatic BPI were recruited.  Participants’ mean age was 

40 years (range 18-82 years) and the mean time post injury was 124 weeks (range 10 - 740 

weeks). Injury severity covered the full range of BPI presentation from pan plexus to those 

with partial brachial plexus lesions.  

 

5.4.1 Phase 1 

 

Six items were removed because of missing responses (approximately10%) because of 

dominance dependence leaving 45 items (Table 5.1).  

 

5.4.2 Phase 2 

 

Ten items were removed based on high (> 0.80) inter-item correlations, leaving 35 items 

(Table 5.1). Following removal of these 10 items, no item correlated with another > 0.81 

 

5.4.3 Phase 3 

 

The remaining 35 items were analyzed using exploratory factor analysis as the Kaiser-Meyer 

Olkin Measure of sampling adequacy was 0.941 and Bartlett’s Test of Sphericity was highly 

significant (p=0.001) indicating the factorability of the data file. Principal Component Analysis 

revealed 4 Eigen values greater than 1, suggesting a 4-factor solution, explaining 61%, 6.3%, 

4.5% and 3.3% of the variance respectively. The scree plot and parallel analysis identified a 

possible 2-factor solution with 2 components exceeding the corresponding criterion values for 

a randomly generated data matrix of 35 items. However, items loaded very strongly onto the 

first component (range 0.87 - 0.64), therefore all 35 items were uploaded to RUMM 2030 for 

analysis as a single data set. 
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Table 5.1 Rationale for item deletion 

 Item  Rational for removal 

Phase 1 Writing 25 missing responses 

 Iron a shirt 22 missing responses 

 Use computer mouse 21missing responses 

 Shake hands 18 missing responses 

 Wipe yourself after toilet 13 missing responses 

 Brush teeth 12 missing responses 

Phase 2 Texting (using a mobile phone) Correlates above 0.9 with nails, easier to perform than nails 

 Eat finger food Correlates with 3 items > 0.85 and least important to participants 

 Push up from chair Correlates with 13 items > 0.8 

 Turn a knob Correlates with 7 items > 0.8 

 Open a cereal packet Correlates with 4 items > 0.8 and least important to participants  

 Receive change  Correlates with 5 items > 0.8 and least important to participants 

 Chop raw vegetables Correlates with 3 items > 0.8 and least important to participants  

 Carry a bag Correlates with 3 items > 0.8 and least important to participants  

 Do your hair Correlates with 3 items > 0.8 and clinically based justification - not performed by all 

 Turn a Key Correlates with 8 items > 0.8 and least important to participants 

Phase 3  No items deleted  

Phase 4   

Subscale 1 Tear toilet paper from a toilet roll Less important to item spread and least important to participants 

Subscale 2 Cut nails Correlates with 2 items > 0.2 and least important of items 

 Carry a tray Correlates with shelf, easier task based on item map 

 Open a Jar Correlates with jam on bread, easier task, same CCS-HC category as others 

Key: CCS-HC, Comprehensive Core Set for hand Condition
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5.4.4 Phase 4 Rasch analysis 

 

Overall fit statistics for the 35 items revealed no deviation from the Rasch model (table 5.2 

analysis 1) with non-significant chi square (p = 0.03 Bonferroni adjusted), item and person fit 

residuals standard deviation close to 1, and a high Person Separation Index (PSI) of .96. One 

item (roll over while sleeping) was misfitting.  In total, three people were misfitting. Deletion of 

their data and subsequent reanalysis showed minimal change to overall model fit therefore all 

participants’ data were retained. Thirteen items displayed disordered thresholds despite 

overall fit statistics matching the Rasch model. Multiple items correlated with ≥ 1 items >0.2 

showing evidence of local dependency. Analysis of the PCA revealed multidimensionality with 

a set of items clustering into a similar group to that identified in exploratory factor analysis (i.e. 

all the dressing items plus two additional items). Given the identification of multi-

dimensionality that coincided with the EFA analysis the items were divided into subscales for 

further analyses. 

5.4.5 Subscale 1  

 

Subscale 1 consisted of 9 dressing and grooming items. Analysis of fit statistics showed good 

match to the Rasch model (Table 5.2, analysis 2), with no disordered thresholds.  One pair of 

items demonstrated local dependency, (put toothpaste on a toothbrush and tear toilet paper 

from a toilet roll). There was no evidence of multidimensionality. Due to the local dependency 

one item (tear toilet paper from toilet roll) was removed (Table 5.1). Following removal of this 

item, all fit statistics were satisfactory. Items were well targeted for those with limited use of 

their arm, however there was a ceiling effect for those with more ability to perform day-to-day 

activities (Figure 5.1).  

 

Overall fit statistics for the remaining 26 items revealed no deviation from the Rasch model 

(Table 5.2, analysis 4). However, twenty pairs of items correlated >0.2 showing evidence of 

local dependency, and analysis of the principal component analysis revealed 

multidimensionality.  Items clustered into two sets: those that require use of the whole arm 

and hand and those that require solely placement of the arm from the shoulder and elbow 

with no hand use (Table 5.3). The 26 items were therefore sub divided into two further 

subscales.  
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Table 5.2 Summary of fit statistics 

 

Action Analysis 
No. of  
items 

Item fit residual Person fit residual Item trait interaction Unidimensionality 
PSI 

Mean SD Mean SD Chi square (DF) p 95% CI 

Initial 1 35 -0.087 1.264 -0.121 1.335 93.430 (70) 0.030 19 - 27% .96 

Subtest 1: Dressing items         

Initial 2 9 0.109 1.048 0.304 1.260 26.399 (20) 0.090 1% - 9% .90 

Final 3 8 0.135 1.268 -0.284 1.187 27.688 (16) 0.030 1% - 7% .88 

Remaining 26 items          

Initial 4 26 -0.207 1.263 -0.116 1.124 75.241 (52) 0.020 13-22% .95 

Subtest 2: Whole arm and hand items        

Initial 5 20 -0.291 1.084 -0.206 1.027 58.584 (40) 0.030 7% - 10% .95 

Final 6 17 -0.243 1.138 -0.177 0.923 45.683 (34) 0.090 4% - 12% .94 

Subtest 3: No hand use items         

Initial 7 6 -0.152 0.762 -0.749 0.990 5.861 (12) 0.920 0 - 0% .80 

Summary scale          

Initial 8 31 -0.088 1.274 -0.115 1.27 86.841 (62) 0.020 14% - 23% .96 

Final 9 31 0.130 1.306 -0.365 0.915 3.262 (6) 0.770 1% to 9% .86 

Key: n: Number of items, SD: Standard deviation, DF: Degrees of freedom, PSI: Person Separation Index 

 



 

 
125 

 

A) Subscale 1: Dressing and grooming 

 

B) Subscale 2: Arm and hand  

 

 

C) Subscale 3: No hand  

 

D) Summary scale 

         

Figure 5.2 Target map for persons and item thresholds. 

 
Key: (A) Subscale 1: dressing and grooming items. (B) Subscale 2: arm and hand items. (C) Subscale 

3: no hand items. (D) Summary scale. The upper section of each panel shows the distribution for the 

participants. The lower section of each panel shows the distribution of the items. Abbreviation: Freq, 

frequency. 
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5.4.6 Subscale 2  

 

Subscale 2 consisted of 20 items that required placement of the arm and hand to perform 

activities. Analysis of fit statistics showed a good match to the Rasch model (Table 5.2, 

analysis 5). No items were misfitting, five items demonstrated disordered thresholds, 

however, the disorder was minor and did not affect the fit of the items or overall fit to the 

scale. Six pairs of items demonstrated local dependency. Three items were sequentially 

removed based on the phase 2 criteria while maintaining fit to the Rasch model (Table 5.1). 

The final 17-item solution for subscale 2 showed adequate fit to the model (Table 5.2 analysis 

6) with no evidence of dependency; multidimensionality or DIF.  Items were targeted across 

the spectrum of ability with no floor or ceiling effect (Figure 5.2). 

 

5.4.7 Subscale 3 

 

Subscale 3 consisted of six items that required no hand use, only stabilising and/or holding by 

the affected limb. Analysis of fit showed a good match to the Rasch model (Table 5.2 analysis 

7). No items or persons were misfitting. One pair of items (arm into sleeve and not wearing a 

sling) demonstrated some minor local dependency correlating at 0.214. There was no 

multidimensionality. The person separation index value was .80 indicating adequate internal 

consistency. Targeting was reasonable despite the small number of items (Figure 5.2) with a 

ceiling effect for those with greater ability to use their hand to perform day-to-day tasks. 

 

5.4.8 Summary scale 

 

Given the strong correlation between all the items, the 31 items that remained were further 

analysed to assess the suitability of summing the total score (Table 5.2 analysis 8). Although 

the overall data fitted the Rasch model, some evidence of multidimensionality remained.  To 

further investigate this, a second order analysis was performed. The items from each 

subscale were combined to create three ‘subtests’ (Gibbons et al., 2013) allowing Rasch to 

analyse fit for the summary scale by treating the three subtests as three single ‘super items’. 

The results (Table 5.2 analysis 9) showed good fit to the Rasch model with no local 

dependency, no dimensionality and no DIF. Figure 5.2 shows the 31 item 4-response option 

BrAT (total score 93, higher scores indicate greater ability) is well targeted across the sample. 

Individual item fit statistics for all 31 items are shown in table 5.3. 
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Table 5.3 Individual item fit statistics, item important and difficulty and subscale categorization 

Item Location SE FitResd ChiSq df Prob Imp Diff Subscale 

Put on a T shirt -2.40 0.19 -0.03 2.03 2 0.362 3 57 1 

Put on a pair of trousers -1.52 0.17 -0.76 2.77 2 0.250 12 54 1 

Put on socks -1.48 0.16 -0.02 1.86 2 0.395 21 48 1 

Put toothpaste on a toothbrush -0.81 0.14 1.38 2.15 2 0.341 40 46 1 

Maintain control of your affected arm so you don’t need to wear a sling -0.72 0.13 0.95 2.93 2 0.232 1 62 3 

Do up belt buckle -0.71 0.15 -0.71 0.16 2 0.922 15 17 1 

Tuck your shirt in -0.67 0.17 0.50 0.95 2 0.623 23 52 1 

Wash both hands at same time -0.55 0.13 -0.17 5.12 2 0.077 16 53 2 

Hold an object between your affected upper arm and your chest wall -0.42 0.14 0.39 1.24 2 0.538 32 58 3 

Push a pram, lawnmower or shopping trolley -0.35 0.14 0.01 1.07 2 0.695 30 50 2 

Hold an object draped over your affected forearm -0.33 0.13 1.40 5.36 2 0.069 51 61 3 

Stabilize an object with your affected arm while you manipulate it with your 

other hand 
-0.30 0.14 -0.75 1.07 2 0.585 4 43 3 

Do up shirt buttons -0.30 0.16 2.11 5.69 2 0.058 9 9 1 

Do up zip including putting ends together -0.30 0.15 -0.99 1.94 2 0.379 14 16 2 

Spread butter or jam on a piece of bread 0.00 0.15 -1.23 0.73 2 0.960 33 22 2 

Do up tight trouser buttons 0.09 0.15 1.34 1.05 2 0.591 17 10 1 

Lift your affected arm to feed it through the sleeve of a shirt 0.10 0.14 1.02 2.63 2 0.269 5 56 3 

Roll over when sleeping without having to wake to move your arm 0.10 0.13 2.43 3.15 2 0.207 10 55 3 
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Item Continued Location SE FitResd ChiSq df Prob Imp Diff Subscale 

Tie up a rubbish bag and put in bin 0.21 0.14 -1.63 1.24 2 0.005 31 42 2 

Do up shoe laces 0.48 0.14 -1.32 2.42 2 0.298 13 25 2 

Use a knife and fork 0.62 0.14 -0.56 6.36 2 0.210 7 41 2 

Carry an object only using your affected arm 0.65 0.15 -1.89 3.12 2 0.538 2 39 2 

Pick up a small object with the fingers of your affected arm 0.68 0.14 2.66 4.53 2 0.104 20 37 2 

Hold a pot of food with 1 hand and stir it with the other 0.69 0.14 -1.06 0.27 2 0.042 35 44 2 

Change the sheet on a bed 0.71 0.16 -2.01 10.68 2 0.873 29 32 2 

Wash your face with 2 hands 0.75 0.14 -1.33 2.64 2 0.267 39 33 2 

Peg clothes on the washing line 0.88 0.15 0.01 2.23 2 0.585 36 11 2 

Type on a keyboard, using 2 hands 0.89 0.15 0.80 0.08 2 0.023 27 13 2 

Turn on a light switch using only your affected arm 1.06 0.15 -1.29 7.57 2 0.327 38 40 2 

Use your affected hand to wash your other armpit 1.21 0.15 -1.05 1.55 2 0.460 19 21 2 

Use both arms to lift a box or bag onto a shelf at eye level 1.73 0.17 -0.90 2.26 2 0.323 - - 2 

Key: Subscale 1 Dressing and grooming items, Subscale 2 Whole arm and hand items, Subscale 3 No Hand items. SE: Standard error, FitResd: Fit residual, ChiSq: Chi 
Square, df: Degrees of freedom. Prob: Probability value. Imp: Importance of item as determined by people with BPI during item identification. Diff: Difficulty of item as 
determined by people with BP during item identification 
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Table 5.4 Comprehensive core set for hand conditions activity categories arranged by importance to people with BPI 

Item Category CCSHC activity 

Maintain control of your affected arm so you don’t need to wear a sling NA NA 

Carry an object only using your affected arm d430 Lifting and carrying 

Put on a T shirt d540 Dressing 

Stabilize an object with your affected arm while you manipulate it with your other hand NA NA 

Lift your affected arm to feed it through the sleeve of a shirt d540 Dressing 

Use a knife and fork d550 Eating 

Do up shirt buttons d540 Dressing 

Roll over when sleeping without having to wake to move your arm d410 Changing basic body position 

Put on a pair of trousers d540 Dressing 

Do up shoe laces d4402 Manipulating 

Do up zip including putting ends together d4402 Manipulating 

Do up belt buckle d540 Dressing 

Wash both hands at same time d520 Washing oneself 

Do up tight trouser buttons d540 Dressing 

Use your affected hand to wash your other armpit d510 Washing oneself 

Pick up a small object with the fingers of your affected arm, e.g. tablet or coin d4401 Pick up 

Put on socks d540 Dressing 

Tuck your shirt in d540 Dressing 

Type on a keyboard, using 2 hands d360 Using communication devices and techniques 

Change the sheet on a bed d640 Doing housework 

Push a pram, lawnmower or shopping trolley d4451 Pushing 

Tie up a rubbish bag and put in bin d640 Doing housework 
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Item continued Category CCSHC activity 

Hold an object between your affected upper arm and your chest wall, e.g. a book d430 Lifting and Carrying 

Spread butter or jam on a piece of bread d630 Preparing meal 

Hold a pot of food with 1 hand and stir it with the other d630 Preparing meal 

Peg clothes on the washing line d640 Doing housework 

Turn on a light switch using only your affected arm d445 Reaching 

Wash your face with 2 hands d520 Washing oneself 

Put toothpaste on a toothbrush d4401 Grasping 

Hold an object draped over your affected forearm, (e.g. a book) d430 Lifting and Carrying 

Use both arms to lift a box or bag onto a shelf at eye level d430 Lifting and carrying 

   

Items that involve the dominant limb only to be further evaluated   

Brush your teeth with your affected arm d520 Caring for body parts 

Write with a pen or pencil with your affected arm d170 Writing 

Use a computer mouse with your affected hand d360 Using communication devices and techniques 

Wipe yourself after going to the toilet with your affected arm d530 Toileting 

Shake hands with somebody d335 Producing nonverbal messages 

Key: CCSHC: Comprehensive core set for hand conditions.  

Subscale 1 in italics, Subscale 2 in normal font, Subscale 3 in bold.  
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Location   Persons   Items  
-------------------------------------------------------------------------------------------------------- 
6.0              |  

                 |  

                 |  

           ××××× |  

               × |  

5.0              |  

                 |  

            ×××× |  

                 |  

                 |  

4.0            × |  

                 |  

               × |  

               × |  

                 |  

3.0            × |  

             ××× |  

               × | 49.3   

                 | 50.3  35.3   

              ×× | 37.3   5.3   

2.0          ××× | 23.3  19.3   

              ×× | 12.3  22.3  25.3   

              ×× | 29.3  35.2  45.3  41.3  39.3   

             ××× | 26.3  40.3   

               × | 38.3   1.3  31.1   

1.0          ××× |  

            ×××× | 39.1  35.1   

            ×××× | 27.3  31.3  47.3   5.2  45.1  19.2  5.1  21.3  51.3 

           ××××× | 24.3  19.1  40.1   4.3   

            ×××× | 36.2  31.2  49.2  36.3  50.2  12.1   

0.0          ××× | 37.2  39.2   3.3  28.3   

             ××× | 29.2  12.2  30.3  40.2  51.1  3.1  29.1  51.2 

         ××××××× | 37.1  36.1  45.2  32.3  50.1  2.3   

        ×××××××× | 41.2  23.2   1.2   2.1  25.2   

             ××× | 47.2  30.2   4.1   1.1   

-1.0         ××× | 49.1  38.2  30.1  26.2   

        ×××××××× | 38.1  32.2  32.1   3.2  27.2  47.1   

         ××××××× | 22.2  25.1   4.2  41.1   

             ××× | 26.1   2.2  28.2   

           ××××× | 27.1  24.2   

-2.0             | 21.2   

                 |  

             ××× | 23.1   

                 | 22.1   

               × |  

-3.0             |  

                 | 28.1   

                 | 24.1   

               × |  

                 |  

-4.0             |  

                 |  

                 |  

                 |  

                 |  

-5.0             |  

                 |  

                 |  

                 |  

                 |  

-6.0             |  

                 | 21.1   

                 |  

                 |  

                 |  

-7.0             |  

 

Figure 5.3 Item map of person abilities and item difficulties for all 31 items 

Person ability measures are to the left of the scale. Item thresholds together with item numbers to the 
right (i.e. 21.1 means item 21 threshold 1). Higher scores indicate greater ability (-7.0 to 6.0) 
Key: × = 1 Person.  
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The person item map (Figure 5.3) shows the spread of item difficulty and person ability along 

a linear scale. The most difficult items required use of the whole arm and hand working above 

shoulder height for example ‘Peg clothes on a line’ or ‘place an object on a shelf above 

shoulder height’. The easiest items were all dressing activities. Items that were retained were 

classified to 13 CCS-HC activity categories (Table 5.4). 

 

5.5 Discussion 

 

The results of this preliminary validation of the psychometric properties of the 31-item BrAT 

suggests that it is a unidimensional, targeted 4-response PROM designed to assess activity 

following traumatic BPI regardless of level of injury, age at recruitment, premorbid limb 

dominance and time post injury. Items were selected for inclusion based on importance and 

difficulty to people with BPI and this has been supported by statistical analyses using Rasch 

analysis (Table 5.3). The mean person ability for the 31 items was .562 indicating that on 

average the person ability was matched to the item difficulty, however, there is a small ceiling 

effect (18%) for those with higher levels of ability. This is not unexpected given the very wide 

spectrum of ability of people with BPI. We envisage the BrAT being part of a suite of outcome 

measures that addresses a range of domains including higher-level function, quality of life, 

pain, impairments and participation. From a clinical perspective, a number of the items 

retained in the BrAT, primarily those that require minimal to no use of the hand, are not 

present in existing patient-reported outcome measures but appear to be reflective of the 

demographic who sustain near complete loss of arm use.  

 

While comprising 3 separate subscales, second order Rasch analysis empirically supports 

summing the scores across all 31 items. The presence of 3 separate subscales that address 

different aspects of upper limb use may offer some advantage in the clinical setting. People 

with a pan plexus injury could use subscale 3 (no hand items) with or without subscale 1 

(dressing and grooming items). Conversely someone with a C5/6/7 injury who maintains the 

ability to use their hand but minimal to no ability to place their limb in space could respond 

only to the Dressing and grooming plus the arm and hand subscales. Further analysis is 

ongoing to determine whether the responsiveness of each subscale, or combination of 

subscales, is more suited to people with different injury and ability levels.  

 

The results point to the complexity and diversity of the upper limb. Activities that are 

performed away from the body or require fine hand use seem to be a different dimension to 

those related to simple, commonly performed day-to-day tasks. This phenomenon has also 

been identified in a recent evaluation of existing scales (Franchignoni et al., 2010; Lehman et 

al., 2011; Arnould et al., 2012). 
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Similar to Vincent et al. we identified a subscale related to self-care; subscale 1 (dressing and 

grooming) (Vincent, MacDermid, King, & Grewal, 2015). It is unclear why these items are a 

separate subscale. They are all performed on a daily basis, usually from the day of injury, and 

most are reported as the easiest to perform (Figure 5.2) while being among the most 

important (Table 5.3). It maybe that participants have developed compensatory techniques 

that they do not use in other tasks; therefore their ability to perform these items is different to 

the others (Bialocerkowski & Grimmer, 2004). 

 

Study limitations 

 

A limitation of this study is the relatively small sample size; at the lower bounds of the 

minimum required for Rasch analysis. This means that the results may only be accurate 

estimations of person and item locations to within 0.5 logits. As a consequence, raw score to 

interval scale transformations have not been produced at this stage. In addition, due to the 

low prevalence of BPI in Australia, participants were recruited over an extended period of 

time from 5 centres across 2 states. Different surgeons and therapists with somewhat 

different approaches, managed participants; however, this has ensured that the people 

recruited to this project are representative of the heterogeneous BPI population.  

 

5.6 Conclusion 

 

The results of this study support the internal construct validity and dimensionality of the BrAT; 

a 31-item 4-response patient-reported outcome measure that assesses activity limitation in 

people with BPI. It is well targeted with no evidence of DIF for age, self-selected hand 

dominance or time post injury. The BrAT may be used equally well as three separate 

subscales or as a summed score. Further testing with participants from multiple sites is 

required to confirm these findings. In addition, further work is ongoing to evaluate test-retest 

reliability and the responsiveness of the BrAT for people with different levels of brachial 

plexus injury.  

 

 

Acknowledgments 

We thank Jaslyn Gibson, BSc(OT), Occupational Therapist, Perth, WA, Australia; David 

McCombe, MBBS, Victorian Hand Surgery Associates, Melbourne, VIC, Australia; and 

Melanie McCulloch, Re-wired Hand Therapy, Melbourne, VIC, Australia, for their valuable 

contribution to this project during the recruitment and data collection phase. 

 

 

 



 

 
134 

 

5.7 Chapter conclusion  

 

This chapter detailed the development of the BrAT. All activities undertaken by the dominant 

hand were eliminated in Phase 1 of this study, based on the number of missing responses. 

However, based on participant feedback during the item generation phase of this project 

these items are very important for people with injury to their dominant arm. Therefore further 

investigation of these items was warranted. Four activities were added to the BrAT (Appendix 

4K) however, response to these items are not included in the BrAT score. Additional 

evaluation is ongoing to determine whether these activities form a 5th subscale, solely for 

people with injury to the dominant limb.  

While Rasch analysis has provided evidence of the unidimensionality and construct validity of 

the BrAT, further examination of the psychometric properties of reproducibility, construct 

validity and responsiveness is required to enable interpretation of BrAT scores in a clinical 

setting.  Chapter 6 will evaluate the psychometric property of reproducibility i.e. people who 

are stable will obtain similar results from repeated assessment (Terwee et al., 2007). Chapter 

7 will evaluate the construct validity and responsiveness of the BrAT, i.e. to provide further 

evidence as to the construct underlying the BrAT and determine whether the BrAT is 

responsive to change over time where change has occurred.  
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CHAPTER 6. FURTHER EVALUATION OF THE BRACHIAL ASSESSMENT TOOL: 

REPRODUCIBILITY 

6.1 Chapter synopsis 

The previous chapters described the development of the BrAT. Based on an iterative process 

of item identification and reduction (Chapter 4), 51 items were reduced to the 31 item Brachial 

Assessment Tool each with 4 response options (Chapter 5). Rasch analysis provided support 

for the BrAT as a unidimensional tool that is appropriately valid for adults with traumatic BPI. 

The BrAT may be used as a single summed score or as 3 separate subscales: 

 Subscale 1: 8 ‘Dressing and grooming’ items

 Subscale 2: 17 ‘Whole arm and hand’ items

 Subscale 3: 6 ‘No hand’ items.

Further analyses were required to enable interpretation of the total BrAT and subscale scores 

in the clinical setting. This included investigation of the reproducibility of the BrAT. 

Reproducibility is comprised of two different but essential components: 

 Reliability which addresses how stable a measure is over repeated use and how well

people can be differentiated despite measurement error (Streiner, 2008; Portney,

2009; De Vet et al., 2011)

 Agreement which is related to absolute measurement error, i.e. how close repeated

measure scores are, expressed in the actual units of the measure. Agreement

parameters assist in the interpretation of change scores over time (Bland & Altman,

1986; Streiner, 2008; De Vet et al., 2011).

The purpose of this chapter is to investigate two parameters of reliability, (test retest reliability 

and internal consistency), and three parameters of agreement, (the standard error of 

measurement, minimal detectable change score and Bland Altman Limits of Agreement), to 

aid in the interpretation of BrAT scores in the clinical setting and to provide evidence to 

support the use of the BrAT for adults with traumatic BPI. 

This chapter as presented is a paper currently under peer review for publication in Archives of 

Physical Medicine and Rehabilitation Titled:  ‘Psychometric evaluation of the Brachial 

Assessment Tool. Part 1: Reproducibility. This paper was submitted on November 29th 2016 

and peer reviewed April 2017. 
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Objective: To evaluate reproducibility (reliability and agreement) of the Brachial Assessment Tool 

(BrAT) a new patient-reported outcome measure for people with traumatic Brachial Plexus Injury 

(BPI) 

Design: Prospective repeated measure design 

Setting: Outpatient clinics  

Participants: Adults with confirmed traumatic BPI  

Intervention: 43 people (age range 19-82) with BPI completed the 31-item 4-response BrAT twice, 2 

weeks apart. Results for the 3 subscales and summed score were compared at recruitment and 2 

weeks later. Recruitment and follow-up scores were used to determine reliability including systematic 

differences using paired t tests; test retest using Intraclass Correlation Coefficient (ICC 1,1) and 

internal consistency using Cronbach alpha. Agreement parameters included standard error of 

measurement, minimal detectable change and limits of agreement. 

Main outcome measure: The BrAT 

Results: Test retest reliability was excellent (ICC [1,1] = 0.90 – 0.97). Internal consistency was high 

(Cronbach alpha 0.90 - 0.98). Measurement error was relatively low (SEM range 3.1 - 8.8). A change 

of >4 for subscale 1, >6 for subscale 2, >4 for subscale 3 and >10 for the summed score is indicative 

of change over and above measurement error. Limits of agreement ranged from ± 4.4 (subscale 3) to 

± 11.61 (summed score). 

Conclusion: These findings support the use of the BrAT as a reproducible patient reported outcome 

measure for adults with traumatic BPI with evidence of appropriate reliability and agreement for both 

individual and group comparisons. Further psychometric testing is required to establish the construct 

validity and responsiveness of the BrAT. 

 

 

Figure 6.1 Abstract from paper under peer review titled: Psychometric evaluation of the Brachial 

Assessment Tool Part 1 Reproducibility. Submitted to Archives of Physical Medicine and 

Rehabilitation November 2016, peer reviewed April 2017 
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6.2 Introduction  

 

Traumatic Brachial Plexus Injury (BPI) is a serious condition that generally affects previously healthy 

younger people (Ahmed-Labib et al., 2007). People with BPI present with an extremely wide range of 

ability to use their arm based on the site and severity of the initial injury. They may undergo many 

months if not years of expensive and time-consuming surgery and ongoing therapy to reanimate their 

arm with varying degrees of success (Merrell et al., 2001; Garg et al., 2011; Yang et al., 2012; Ali et 

al., 2015). Measuring treatment effectiveness is central to clinical practice and forms the basis for all 

decision making. While a number of outcome measures have been used to assess how people use 

their affected limb on a day-to-day basis following BPI (Bengtson et al., 2008; Dy et al., 2015), none 

have been psychometrically developed or evaluated for this population (Hill et al., 2011). 

The Brachial Assessment Tool (BrAT) is a unidimensional 31-item four-response patient-reported 

outcome measure designed using Rasch analysis to assess solely activity following adult traumatic 

BPI (Hill et al., 2016) Items for inclusion in the BrAT were generated by experts in the field including 

people with BPI (Hill et al., 2015a) and were based on the definition of the International Classification 

of Functioning, Disability and Health definition of activity ‘execution of a task or action by the 

individual’ (WHO, 2001). The BrAT may be used as three separate subscales: i) eight ‘Dressing and 

grooming’ items, ii) 17 ‘Whole arm and hand’ items, iii) six ‘No hand’ items; or alternatively all 31-items 

may be added to produce a summed score.  

The BrAT was refined using Rasch analysis and has appropriate evidence supporting content validity 

and unidimensionality, i.e. all the items appear to be measuring the same underlying construct. In 

addition to these properties it is important that a measure used to evaluate outcome over time is 

reproducible, i.e. people who are stable will obtain similar results from repeated assessment (Terwee 

et al., 2007). Reproducibility is comprised of two different but essential components; reliability and 

agreement (Terwee et al., 2007; Kottner et al., 2011; Hernaez, 2015). Reliability addresses how 

stable a measure is over repeated use and how well people can be differentiated despite 

measurement error (Guyatt et al., 1992; Portney, 2009; De Vet et al., 2011). Measures of reliability 

include intra-rater and test re-test reliability defined as ‘the degree to which one rater can obtain the 

same rating on multiple occasions of measuring the same variable’ (Portney, 2009) and internal 

consistency or how interconnected items are (Streiner, 2008; Portney, 2009). Internal consistency is 

not the same as unidimensionality. While a measure may have high internal consistency, i.e. all the 

items seem to be related to each and measure something similar, they may not necessarily be 

measuring a single underlying construct (Portney, 2009; De Vet et al., 2011).  

Agreement is related to absolute measurement error, i.e. how close repeated measure scores are, 

expressed in the actual units of the measure. Agreement parameters assist in the interpretation of 

change scores over time (Mokkink et al., 2010c; Kottner & Streiner, 2011). Three agreement 

parameters are frequently examined; i) the Standard Error of Measurement (SEM), a measure of 

response stability, expressed in the same units as the original measure, (Streiner, 2008) ii) Minimal  
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Detectable Change (MDC), the smallest amount of change that can be considered above the 

threshold of error and is used to determine what score may reflect actual change, (Portney, 2009) and 

iii) Bland Altman plots which enable an analysis of the observed error, identification of any systematic 

differences and outliers by plotting the spread of the scores around zero (Bland & Altman, 1986; 

Portney, 2009).  For each participant the mean of their score is plotted on the x-axis, and the 

difference between scores on the y-axis. In an ideal situation all differences would equal zero, 

however, in the real world this is unlikely to occur where some degree of error will always occur 

(Giavarina, 2015). The limit of agreement (LoA) represents the range within which most differences 

lie, i.e. the magnitude of the error. Greater variability indicates larger error and data points that occur 

outside the LoA are likely to represent real difference between the two time points, not random error. 

In essence, reliability coefficients enable discrimination of people, while agreement addresses how 

scores differ. 

 

Aims and Hypotheses 

 

The purpose of this paper was to investigate the two parameters of reliability, (test retest reliability 

and internal consistency), and three parameters of agreement, SEM, MDC and Bland Altman Limits of 

Agreement (LoA)), to aid in the interpretation of BrAT scores in the clinical setting and to provide 

evidence to support the use of the BrAT for adults with traumatic BPI. A priori hypotheses were 

established. We expected (1) the BrAT will demonstrate high test retest reliability with an Intraclass 

Correlation Coefficient of >0.8, (2) the BrAT will demonstrate high internal consistency with a 

Cronbach alpha of ≥ 0.7 and (3) 95% of the Bland Altman limits of agreement scores (LoA) will fall 

within two standard deviations above and below the mean difference score.  

 

6.3 Method 

 

This project employed a multicentre, prospective repeated measure design. Ethical approval was 

gained from three Human Research and Ethics Committees, (Griffith University PES_12_13_HREC, 

Alfred Health 425/11, Melbourne Health 2011.220) and all participants provided signed informed 

consent prior to commencement of the project. 
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6.3.1 Participants 

 

Participants comprised a convenience sample recruited from the total cohort of 106 people with BPI 

who participated in the Rasch analysis arm of a previously reported study. Data were collected 

concurrently for this study and the total cohort (Hill et al., 2016). Participants were recruited to the 

reproducibility arm if they had a diagnosis of traumatic BPI confirmed by MRI, nerve conduction 

studies, intraoperative findings or clinical assessment, and were over 18 years of age at the time of 

recruitment. To ensure participants to this arm of the project remained stable during the assessment 

period only those greater than 12 weeks post injury, and who had not undergone surgery to reanimate 

the upper limb within the previous two years were invited to take part. Thus the function of their arm 

was likely to remain stable for the duration of this project as minimal recovery may be expected. 

Exclusion criteria included inability to provide informed consent, pre-existing upper limb conditions 

that affected day-to-day activity, evidence of spinal cord injury confirmed by MRI, or a diagnosis of 

brachial plexus birth injury (Hill et al., 2016). 

 

6.3.2 Data collection 

 

Once participants consented to participate, they were posted a copy of the 51- items used for the 

Rasch analysis for completion. Two weeks after its return, a second identical questionnaire was 

posted to them to complete. A 2-week period was selected to prevent recall bias while participants 

would not be expected to show any change in the day-to-day use of their arm (Streiner, 2008; 

Mokkink et al., 2010a). A five-point global change score was used as a reference criterion to 

determine whether participants felt they remained stable during the study period (Cleland, Childs, & 

Whitman, 2008; Mokkink et al., 2010b). Response options ranged from 1 – ‘Much less than last time’, 

2 – ‘A little less than last time, 3 ‘No change to last time’, 4 – A little better than last time5 – ‘Much 

better than last time’. BrAT item responses range from ‘0 - cannot do now’, ‘ 1 - very hard to do now’, 

‘2 – a little hard to do now’, to ‘3 - easy to do now’. The summed score for all 31 items is 93. The three 

subscales are: i) subscale 1 - 8 ‘Dressing and Grooming’ items, maximum score of 24, ii) subscale 2 - 

17 ‘Whole Arm and Hand’ items, maximum score of 51, and iii) subscale 3 - 6 ‘No Hand’ items, 

maximum score of 18.  

 

6.3.3 Data analyses 

 

All statistical analyses to address the ‘a priori’ hypotheses were undertaken using SPSS Statistics 

version 22.0. Sample size estimates were based on work by Zou et al 2012. With a sample of 41, for 

an ICC of 0.8 there is a 90% assurance of obtaining a 95% confidence interval with a precision of 
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0.15. To allow for non-completion 43 people were recruited. The COSMIN checklist informed the 

analyses undertaken in this study (Mokkink et al., 2010c). Descriptive statistics were used to describe 

the sample. Data were analysed separately for each of the three subscales and the summed score. 

Normality of the data was evaluated using visual inspection together with skewness and kurtosis 

statistics and checked for any missing responses. Data were first analysed for systematic error by 

comparing the mean change between the two data collection times using paired t tests (p = 0.05).  

Reliability analyses: Test retest reliability was assessed using a one-way repeated model analysis of 

variance Intraclass Correlation Coefficient (ICC 1.1) (Shrout & Fleiss, 1979; Rankin & Stokes, 1998) 

with 95% confidence intervals. An ICC of greater than .0.70 was considered an acceptable standard 

for good reliability (Terwee et al., 2007). Internal consistency was examined using Cronbach alpha. A 

0.80 – 0.95 score was considered an acceptable measure of internal consistency, with a reliability 

coefficient above 0.80 suitable for group comparisons and above 0.90 for individual comparisons 

(Nunnally & Bernstein, 1994; Terwee et al., 2007). 

 

Agreement analyses: The formulae to calculate the SEM was SD (√ 1 – ICC) (Streiner, 2008). Ninety 

five percent confidence intervals for the SEM were calculated based on observed score ± 1.96 x SEM. 

The MDC90 was calculated as 1.65 x SEM x √2, together with their 95% CIs. LoA were calculated as 

the mean difference ± the standard deviation of the mean difference multiplied by 1.96 (Bland & 

Altman, 1986). Heteroscedasticity was considered to be absent if the difference between time 1 and 

time 2 followed a non-linear relationship on visual examination (Atkinson & Nevill, 1998; De Vet, 

Bouter, Dick Bezemer, & Beurskens, 2001; Brehm, Scholtes, Dallmeijer, Twisk, & Harlaar, 2012). 

 

6.4 Results 

 

Forty-three participants, recruited from four outpatient clinics throughout Australia, completed the 

reproducibility study. No participants rated themselves as having much better use of their arm at time 

point 2 and none as having less use. Of the eight who felt they had better use of their arm, none 

changed by greater than 1SD. All data were retained for analyses. Table 6.1 outlines the 

demographic characteristics and demonstrates a wide spread of injury level consistent with the BPI 

population. Table 6.2 outlines the participant characteristics. There was a significant difference in time 

post injury between the reproducibility cohort and the Rasch only cohort (t = 3.13, p = 0.003) meaning 

that the reproducibility group was longer post injury and more likely to have reached stability in the 

ability to use their arm for day-to-day tasks. Visual inspection and skewness statistics confirmed a 

normal distribution (skewness range - 0.52 sub scale 1 time 1 to - 0.15 sub scale 3 time 1).  The 

results of the paired t tests showed no statistically significant differences between the scores for each 

of the subscales and summed scores indicating no systematic bias in the data (Table 6.3).  
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Table 6.1. Participant demographics  

Demographic  
n = 43 (%) 

Gender 
Male 38 (89) 

Female 5 (11) 

Injury level 

C5/6 12 (28) 

C5 - C7 5 (11) 

C5 - C8  15 (35) 

C8/T1  4 (9) 

Complete avulsion 7 (16) 

Mechanism of injury 

Motor Car 8 (18) 

Motor Bike  23 (53) 

Bicycle 2 (5) 

Pedestrian  0 (0) 

Work Injury  4 (9) 

Fall from height  3 (7) 

Sporting injury  3 (7) 

Gun shot  0 (0) 

Pre injury dominance 
Right 37 (86) 

Left  6 (14) 

Injured limb 
Right  23 (53) 

Left  20 (47) 

 

 

6.4.1 Reliability  

 

Test retest reliability was high, with ICCs ranging from 0.90 for subscale 3, to 0.97 for the summed 

score and subscale 2 (Table 6.4). These results supported hypothesis 1. Internal consistency was 

also high, ranging from a Cronbach alpha of 0.90 to 0.98 (Table 6.4). This result indicated that the 

three subscales and the summed score consisted of homogeneous sets of items that appear to be 

measuring a single construct. This supported hypothesis 2.  

 

 

 

 

 

Table 6.2. Participant characteristics  
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 Mean (SD) 

n 43 

Time post injury (weeks) 214 (166.15) 

Age at time of injury (years) 39 (16.54) 

Age at recruitment (years) 42 (16.12) 

Initial Summed BrAT (max 93) 48 (26.21) 

Initial Subscale 1(max 24) 16 (5.9) 

Initial Subscale 2 (max 51) 22 (16.7) 

Initial subscale 3 (max 18) 10 (5.7) 

Key: SD, standard deviation. Sig. significant difference at p<.05 

 

 

Table 6.3. Paired differences between time point 1 and time point 2  

 Mean diff T1 / T2 SD 95% CI t value Sig. (2-tailed) 

Summed items -.86 6.00 -2.70 - .972 -.95 .349 

Sub scale 1 .70 2.97 -.22 – 1.61 1.54 .131 

Sub scale 2 -.93 4.13 -2.20 - .34 -1.48 .147 

Sub scale 3 -.62 2.34 .39 - -1.41 -1.62 .112 

Key: T1, time point 1, T2 time point 2. SD, standard deviation; CI, confidence interval.  

 

 

6.4.2 Agreement parameters 

 

The SEM scores ranged from 1.6 to 4.5 (Table 4). The MDC90 ranged from 3.7 for subscale 3 to 10.3 

for the summed score (Table 4). Bland Altman plots are presented in Figure 1. Data were evenly 

distributed above and below the mean for all sub scales and the summed score, indicating no 

systematic differences for any data set and no evidence of heteroscedasticity. No plot demonstrated 

more than 3 data points greater than two SDs away from the mean difference for any of the subsets 

or the summed score. This supported hypothesis 3. 
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Subscale 1 Dressing and Grooming (8 items) Subscale 2 Whole arm and hand (17 items) 

  

Subscale 3 No hand (6 items) Summed score (31 items) 

 
 

Figure 6.1. Bland Altmen plots. The solid line represents the mean difference score. The dashed lines 

represent the 95% upper and lower limits of agreeemnt (2 standard deviations above and below the 

mean difference)  
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Table 6.4. Reliability and agreement of the Brachial Assessment Tool 

 

Raw scores 
ICC  

(1,1) 

ICC  

95% CI  

Cronbach 
alpha 

SEM 
SEM 

95% CI 
MDC90 

MDC90   

95% CI  
LoA  

(+/-) 

Summed items .97 .95 - .98 .98 4.5 ± 8.8 10.3 ±16.9 11.6 

Sub scale 1 .91 .86 - .95 .92 1.8 ± 3.5 4.1 ± 6.7 5.8 

Sub scale 2 .97 .95 - .98 .97 2.8 ± 5.5 6.5 ± 10.7 8.0 

Sub scale 3 .90 .84 - .94 .90 1.6 ± 3.1 3.7 ± 6.1 4.9 

Key: ICC intra-class correlation coefficient. CI confidence interval. LoA, limits of agreement. SEM, standard error of the measurement. MDC90  minimal detectable change 
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6.5 Discussion 

 

The Brachial assessment Tool is a new patient-reported outcome measure developed to assess 

activity following adult traumatic BPI. The results of this study support the psychometric 

properties of test-retest reliability, internal consistency and agreement parameters of the BrAT 

indicating it is a reliable outcome measure for this group. All results were within the boundaries 

of the a priori hypotheses and provide preliminary evidence to support to the use of the BrAT in 

the clinical setting as either a series of subscales or as a single summed score.  

Test retest values were high (ICC range 0.90 to 0.97 for the 4 results), sufficient for both 

individual and group level comparisons for all three subscales and the summed score (Streiner, 

2008; Portney, 2009). The Cronbach Alpha values were also high (0.90 to 0.98), pointing to the 

internal consistency or inter-relatedness of the items. One issue with the Cronbach Alpha is that 

it is not a measure of unidimensionality, only a measure of interrelatedness of the items. These 

results do not imply that the item sets are unidimensional, only that the items appear to be 

measuring one concept. However, these results lend further credence to the previous Rasch 

analysis of the BrAT that established the unidimensionality of both the total score and the 3 

subscales (Hill et al., 2016) indicating that the items are measuring a single construct called 

activity of the upper limb following adult traumatic BPI.  

The SEM and MDC90 scores provide evidence of absolute reliability and aid in the 

interpretation of individual scores in the clinical setting. For example, a change of greater than 4 

for subscale 3 or greater than 10 for the summed score (31 items) may indicate that real change 

has occurred. While the amount of change is relatively large (approximately 10% of the score 

for the total score and subscale 2) it compares favourably with other patient-reported outcome 

measures for upper limb conditions. For example, the DASH is the most widely used patient-

reported outcome measure for BPI (Hill et al., 2011; Dy et al., 2015) although it has not been 

psychometrically evaluated for this population so direct comparisons are not possible. However, 

the MDC score for the DASH is variously reported as between 10 and 17 for a variety of upper 

extremity diagnostic conditions (Beaton et al., 2001).  

BPI is a very heterogeneous condition, which results in high within group variability. Some 

people present with almost no use of their arm while others may have almost full use.  However, 

high within group variability is also known to result in a lower ICC, which leads to a higher SEM 

and MDC scores (Rosengren & Brodin, 2013). For this study the ICC was used as the reliability 

coefficient to determine the SEM and therefore the MDC scores. The ICC is considered by 

some to be a more accurate way to express measurement error as it takes into account any 

systematic difference between the data collection points, yet may have resulted in a higher SEM 

and therefore MDC scores (Wyrwich, Tierney, & Wolinsky, 1999; De Vet et al., 2006). Additional 

testing is required to confirm these findings in larger cohorts. Further, while SEM and MDC are 
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measures of observed change that occurred as a result of error or true change in a stable 

population, these results do not indicate if the observed change is clinically important or 

meaningful to adults with a BPI (Mokkink et al., 2010a). 

Agreement statistics such as SEM, MDC and LoA express error in the actual BrAT 

measurement units.  The use of these statistics relies on the assumption of heteroscedasticity 

where the observed difference between scores at the two time points does not change with 

increasing mean values. (Atkinson & Nevill, 1998) Absolute statistics cannot be used where the 

observed variance is dependent of the variable mean or heteroscedastic. Visual inspection of 

the Bland Altman plots did not reveal any evidence of increasing error as mean increased with 

values evenly distributed for all 3 subscales and the summed score across all scores (Figure 1) 

(Brehm et al., 2012). Therefore the assumption of homoscedasticity was not violated.  

Limitations 

This was not a stand-alone study as participants were recruited from a larger study that sought 

to determine the most appropriate set of items for inclusion in the BrAT (Hill et al., 2016). 

Participants recruited to the reproducibility arm were similar to the Rasch only group in all but 

time post injury. This would be expected given the inclusion criteria prioritised people to this 

study who were unlikely to change during the assessment period and therefore were more likely 

to be more chronic in their injury presentation. Both cohorts appear to be representative of the 

heterogeneous BPI population with a range of injury mechanism and presentation; further 

recruitment from four clinics throughout Australia lends support to the generalizability of these 

results (Table 1). While it is feasible that participants’ level of ability may have altered during the 

assessment period, the use of a global rating of change score ensured analyses were 

undertaken on the data provided by people who perceived that the level of activity remained 

stable during the assessment period  

6.6 Conclusion 

The BrAT demonstrated reproducibility with high test retest reliability, internal consistency and 

agreement parameters for each of the three subscales and the summed score. Reliability on its 

own, while fundamental to the ability of a measure to evaluate outcome over time, cannot be 

used to justify an outcome measure’s use, as a measure may be reliable but not necessarily 

valid (Streiner, 2008; Portney, 2009). Further testing is required to establish the construct 

validity and responsiveness of the BrAT. 
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6.7 Chapter conclusion 

 

This chapter contained the results of a study that evaluated the psychometric property of 

reproducibility and found that the BrAT demonstrated acceptable reliability and agreement. The 

BrAT is a reproducible outcome measure with high test-retest reliability and high internal 

consistency. In addition, the calculation of standard error of measurement and minimal 

detectable change scores allow clinicians to determine when real change has occurred, over 

and above measurement error. The results of this study concur with the findings in Chapter 5 

where high person separation index scores also indicated that the BrAT is suitable for both 

individual and group comparisons (Table 5.2). 

 

While the content validity and unidimensionality of the BrAT have been established through 

Rasch analysis together with reliability and agreement parameters based on classic test theory, 

further investigation of construct validity and responsiveness is required. This will be addressed 

in Chapter 7.  
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CHAPTER 7 FURTHER EVALUATION OF THE BRACHIAL ASSESSMENT TOOL: 

CONSTRUCT VALIDITY AND RESPONSIVENESS 

 

 

7.1 Chapter synopsis 

 

The previous chapter described the reproducibility of the BrAT. While a measure may be 

reproducible, i.e. it is relatively free from error and is able to discriminate between people, it 

may not be valid or responsive (Streiner, 2008; Portney, 2009; Hernaez, 2015). For example, 

the box and block test is a reliable tool of unilateral gross manual dexterity (Desrosiers, 

Bravo, Hébert, Dutil, & Mercier, 1994) however, no inferences can be drawn from it as to how 

the person may use their upper limbs when performing day-to-day tasks. When a tool 

measures what is intended, i.e. it is valid, meaningful inferences can be drawn from the 

results obtained. In addition, outcome measures need to be responsive, i.e. scores need to 

change in proportion to the person’s actual change, remain stable if they have not changed 

and be meaningful to all stakeholders (Portney, 2009). This chapter will evaluate the 

psychometric properties of construct validity and responsiveness, using classic test theory to 

assist clinicians in interpreting change scores over time. 

 

 

 

This chapter as presented is a paper currently under peer review for publication in Archives of 

Physical Medicine and Rehabilitation titled. Preliminary psychometric evaluation of the 

Brachial Assessment Tool. Part 2: Construct validity and responsiveness’. This paper was 

submitted on November 29th 2016 and peer reviewed April 2017. 
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Objective: To evaluate construct validity and responsiveness of the Brachial Assessment Tool 

(BrAT), a new patient-reported outcome measure for people with traumatic Brachial Plexus 

Injury (BPI) and to compare it to the Disability of the Arm, Shoulder and Hand (DASH) and the 

Upper Extremity Functional Index (UEFI) 

Design: Cross sectional study 

Setting: Outpatient clinics  

Participants: Adults with confirmed traumatic BPI  

Intervention: 29 people (aged 20 – 69 years) with BPI completed the BrAT three times over an 

18-month period together with sixteen DASH activity items and the UEFI. Evaluations were

undertaken of construct validity, known groups validity, one-way repeated ANOVA and effect 

size. 

Main outcome measures: The BrAT, DASH, UEFI 

Results: The BrAT demonstrated a moderate to low correlation with the DASH activity items (< 

0.07) and a large correlation with the UEFI (> 0.07). According to known groups validity only the 

BrAT was able to discriminate between people who stated they could use their hand versus 

those who were unable to use their hand to perform activities. All measures indicated a 

significant effect for time with the exception of BrAT subscale 1. The effect size was highest for 

the BrAT but lower than expected (BrAT 0.52 – 0.40. DASH 0.15. UEFI 0.36).  

Conclusion: These findings support the BrAT as a valid and responsive patient-reported 

outcome measure for adults with traumatic BPI. The BrAT activity items appear to be more 

targeted than the DASH or UEFI particularly for people with more severe BPI. The BrAT also 

appears to be measuring a different activity construct to the DASH and the UEFI. Further work 

is required to confirm these results with larger sample sizes 

Figure 7.1 Abstract from paper under peer review titled: Preliminary psychometric evaluation of 

the Brachial Assessment Tool Part 2 Construct validity and Responsiveness. Submitted to 

Archives of Physical Medicine and Rehabilitation November 2016, peer reviewed April 2017 
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7.2 Introduction 

People with Brachial Plexus Injuries (BPI) demonstrate a wide spectrum of ability to use their 

arm to perform day-to-day activities. In recent years, microsurgical options have improved the 

outcome for people with this serious injury. For example, following nerve grafts, nerve 

transfers or functioning free muscle transfers a person with a complete BPI may be able to 

stabilise or carry objects with the affected limb, freeing up the unaffected limb to perform 

more complex activities (Seal & Stevanovic, 2011; Dodakundi et al., 2013) while a person 

with a C5/6 injury may regain near normal use of their affected limb (Ahmed-Labib et al., 

2007). This degree of heterogeneity means that assessment of outcome is complex for this 

population. Outcome measures must contain a wide range of items that reflect the abilities of 

all with a BPI.  

Patient-reported outcome measures are increasingly being recognised as pivotal to 

understanding the impact of an injury on the individual and to have a direct influence on the 

clinical decision-making process (Black, 2013; Rolfson et al., 2016). While a few patient-

reported outcome measures have been used to evaluate function following (BPI), most do not 

contain items that assess people with very limited or no hand function (Ashford et al., 2008; 

Ashford, Slade, & Turner-Stokes, 2013a). Further, none of the outcome measures used in the 

BPI literature have been psychometrically evaluated for this population (Bengtson et al., 

2008; Hill et al., 2011; Dy et al., 2015). The Brachial Assessment Tool (BrAT) is a new 

unidimensional, targeted, 31-item patient-reported outcome measure. Based on the 

International Classification of Functioning Disability and Health (ICF) definition of activity 

‘execution of a task or action by an individual’, (WHO, 2001) the BrAT was developed using 

Rasch analysis to assess day-to-day activity specific to adults with traumatic BPI (Hill et al., 

2015a; Hill et al., 2016). While content validity and unidimensionality have been established 

(Hill et al., 2016) evaluation of additional psychometric properties is required to aid 

interpretation of the BrAT. 

Construct validity is an on-going iterative process that assesses how well a measure provides 

expected scores based on knowledge of the underlying construct (De Vet et al., 2011). A 

priori hypotheses are formulated on the relationship between measures that may or may not 

be similar, that are then tested (De Vet et al., 2011). There is no gold standard outcome 

measure for the assessment of day-to-day arm use (De Vet et al., 2011). However, the 

Disability of the Arm Shoulder and Hand (DASH) (Hudak et al., 1996a) is the most frequently 

used patient-reported outcome measure following BPI, therefore comparison of the DASH to 

the BrAT is warranted (Bengtson et al., 2008; Hill et al., 2011; Dy et al., 2015). The DASH 

contains 30 items and is known to be multidimensional, (Franchignoni, Giordano, & Ferriero, 

2011; Lehman et al., 2011) with only 16 specific to activity as defined by the ICF (Drummond 

et al., 2007; Hill et al., 2011; Hill et al., 2015a). These 16 items have been shown to contain 

two further dimensions, variously reported as ‘gross motor activities’ and ‘fine motor activities’ 
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(Lehman et al., 2011) or ‘shoulder range of motion’ and ‘manual functioning’ (Franchignoni et 

al., 2011). Moreover, the DASH is not limb specific with respondents able to answer 

irrespective of the strategy they use to complete the activities, including compensatory 

mechanisms or altering dominance (Kachooei, Moradi, Janssen, & Ring, 2015; Mancuso et 

al., 2016). It is likely, therefore, that the DASH is measuring a different aspect of day-to-day 

arm use to the BrAT.  

The Upper Extremity Functional Index (UEFI) is a generic 20-item patient-reported outcome 

measure designed to assess upper extremity function in people with musculoskeletal 

disorders. It is thus appropriate for use in conditions that involve the whole upper limb 

(Stratford et al., 2001). All but two of the 20 items (items 1 and 2) are specific to activity as 

defined by the ICF and therefore may assess a similar construct to the BrAT and responses 

are attributed to the affected limb (Stratford et al., 2001; Forget & Higgins, 2014). 

In addition to ensuring an outcome measure is assessing what is intended (construct validity), 

outcome measures also need to be responsive (Portney, 2009; De Vet et al., 2011),  i.e.  the 

outcome measure must be able to detect change over time in the construct measured 

(Mokkink et al., 2010c). Construct validity and responsiveness are related and considered by 

some to be the same measurement property (De Vet et al., 2011). For this study, construct 

validity refers to the validity of a single score and responsiveness refers to the validity of a 

change score (Mokkink et al., 2010c).  

The purpose of this study was to investigate the preliminary construct validity and 

responsiveness of the BrAT. A series of a priori hypotheses were established related to the 

direction of the outcome measures used and the constructs measured: (i) Activities contained 

in the three questionnaires are dissimilar. We therefore expected a low to moderate negative 

association, less than 0.7, with the DASH activity items and a large association greater than 

0.7 with the UEFI (Munro, 2000) (ii) based on known groups validity, participants who 

indicated they are able to use their affected hand will have higher scores than those who 

indicate they are unable to use their affected hand for all outcome measures, (iii) all 

measures will demonstrate a significant effect for time as measured by a one way repeated 

ANOVA i.e., activity will increase over time, (iv) the BRAT will have a moderate to large effect 

size of  > 0.5, for those participants who self-report improved hand use in activity, and (v) the 

BrAT will have a greater effect size than the DASH or UEFI (Cohen, 1988). 

 

7.3 Method 

 

This project employed a multicentre, prospective repeated measure design. Ethical approval 

was gained from three Human Research and Ethics Committees, (Griffith University 

PES_12_13_HREC, Alfred Health 425/11, Melbourne Health 2011.220) and all participants 

provided signed informed consent prior to commencement of the project. The construct 
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validity and responsiveness analyses were informed by the COSMIN checklist 

recommendations (Mokkink et al., 2010c). 

 

7.3.1 Participants 

 

Participants comprised a convenience sample recruited from the total cohort of 106 people 

with BPI who participated in the Rasch analysis arm of a previously reported project. Data 

were collected concurrently (Hill et al., 2016). Participants were consecutively recruited to this 

project if they had a diagnosis of traumatic BPI confirmed by MRI, nerve conduction studies, 

clinical assessment or intraoperative findings, and were over 18 years of age. In addition, 

they had to have undergone microsurgery to reanimate the upper limb within the previous two 

years. Thus, it was biologically plausible that their ability to use their arm could improve over 

the course of the study. Exclusion criteria included a diagnosis of brachial plexus birth injury, 

pre-existing upper limb conditions, inability to provide informed consent or evidence of spinal 

cord injury confirmed by MRI (Hill et al., 2016). 

 

7.3.2 Data collection 

 

Once participants consented, they were posted a copy of the BrAT together with the DASH 

(Hudak et al., 1996a) and the UEFI (Stratford et al., 2001) at recruitment, and again at 9 and 

18 months. A global perceived use score (GPUS) was completed at 9 and 18 months. 

Outcome measures were reordered at each time point to decrease recall bias (Polit, 2014).  

 

7.3.3 Measures 

Two outcome measures were compared with the BrAT. The DASH was selected as the most 

frequently used outcome measure in BPI (Hill et al., 2011; Dy et al., 2015). The UEFI was 

selected as an outcome measure that may assess a similar construct to the BrAT based on 

the included items and it attributes response to the affected limb (Forget & Higgins, 2014). 

The five-point GPUS was used as a reference criterion to anchor arm use as perceived by 

people with BPI during the evaluation period (Cleland et al., 2008; Mokkink et al., 2010b). 

Response options ranged from 1 – ‘Much less than last time’, 2 – ‘A little less than last time, 3 

‘No change to last time’, 4 – A little better than last time5 – ‘Much better than last time’. Table 

7.1 outlines the key measurement properties of the four measures. 
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Table 7.1 Outcome measure properties 

Measure 
Number 
of items 

Score 
range Response option 

Attributed to 
affected 

limb Interpretation Reliable for BPI Valid for BPI 

BrAT summed 
score 

31 0 - 93 
5 point Likert scale (0  
'Cannot do now' to 5 

'Easy to do now') 
Y 

Higher score = 
more ability 

ICC .97, α .98  

SEM 4.5, MDC90 10.3 
PSI .86  (7) 

Local independence  
No DIF for age, TPI or 

hand dominance 

BrAT subscale 1 8 0 - 24 
5 point Likert scale (0  
'Cannot do now' to 5 

'Easy to do now') 
Y 

Higher score = 
more ability 

ICC .91, α .92 

SEM 1.8, MDC90 4.1 
PSI .88 (7) 

Local independence  
No DIF for age, TPI or 

hand dominance 

BrAT subscale 2 17 0 - 51 
5 point Likert scale (0  
'Cannot do now' to 5 

'Easy to do now') 
Y 

Higher score = 
more ability 

ICC .97, α .97 

SEM 2.8, MDC90 6.5 
PSI .94 (7) 

Local independence  
No DIF for age, TPI or 

hand dominance 

BrAT subscale 3 6 0 - 18 
5 point Likert scale (0  
'Cannot do now' to 5 

'Easy to do now') 
Y 

Higher score = 
more ability 

ICC .90, α .90 

SEM 1.6, MDC90 3.7 
PSI .80 (7) 

Local independence  
No DIF for age, TPI or 

hand dominance 

DASH activity  16 16 - 80 
5 point Likert scale (1 'No 

difficulty' to 5 'Unable') 
N 

Higher score = 
more disability 

Not reported Not reported 

UEFI 20 0 - 80 

5 point Likert scale (0  
'Extreme difficulty or 

unable to perform activity' 
to 4 'No difficulty') 

Y 
Higher score = 

more ability 
Not reported Not reported 

GPUS 5 1 - 5 

5 point Likert scale (1 
‘Much less use than last 
time to 3 ‘ No change in 
use’ to 5 ‘Much better 

use than last time’ 

Y NA NA NA 

Key: BrAT: brachial assessment tool. ICC: intraclass correlation coefficient, α, cronbach alpha. SEM standard error of measurement. PSI: person separation index. MDC, 

minimal detectable change. PSI person separation index. DASH disability of the arm shoulder and hand. UEFI: upper extremity functional index. GPUS: global perceived use 
scale. 
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7.3.4 Data analyses 

 

All statistical analyses to address the a priori hypotheses were undertaken using SPSS 

version 22a. Descriptive statistics were generated to describe the sample. Data were 

analysed separately for each of the three BrAT subscales and the summed score (Hill et al., 

2016). Normality of the data was evaluated using visual inspection together with skewness 

and kurtosis statistics. Construct validity was evaluated using Pearson correlations to test the 

association between the BrAT scores with the DASH activity items and the UEFI at three time 

points (recruitment, 9 and 18 months). Correlations coefficients were categorised as high if > 

0.70, moderate between 0.51 and 0.70 and low below 0.50 (Munro, 2000). Floor and ceiling 

effects were considered present if ≥15% of participants scored the lowest or highest scores 

(Terwee et al., 2007). 

Known groups or discriminant validity was assessed using independent t tests to establish 

whether score differences were similar for those who self-reported they could use their 

affected hand versus those who self-reported they could not use their affected hand to do any 

activity at the time of assessment (De Vet et al., 2011). Responsiveness was assessed using 

one-way repeated measures ANOVAs for all measures to compare the scores on each 

outcome measure at recruitment, 9 and 18 months later for participants who stated their arm 

use had improved or deteriorated on the GPUS. In addition, the effect sizes or the magnitude 

of change was calculated by dividing the mean of change in the score during the time period 

by the standard deviation of the baseline score (Cohen, 1988). The effect size was 

considered small if less than 0.20, moderate if greater than 0.50 and large if greater than 0.80 

(Cohen, 1988).  

 

7.4 Results 

 

Twenty-nine participants, recruited from three outpatient clinics in Melbourne, Australia, 

commenced this study. Twenty-five completed all assessments at 9 months and twenty-eight 

at 18 months. There were no missing data for the BrAT or the UEFI. Seven DASH 

questionnaires were returned with up to 3 missing items, therefore results were inputted 

based on the DASH scoring manual. Table 7.2 outlines the participants demographics. 

Skewness statistics confirmed a normal distribution (range .811 for the BrAT subscale 1 at 

recruitment to -0.07 for the UEFI at 18 months. 
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Table 7.2. Participant demographics 

Demographic n = 29 (%) 

Gender 
Male 29 (100) 

Female 0 (0) 

Injury level 

C5/6 6 (21) 

C5 - C7 4 (13) 

C5 - C8 11 (38) 

C8/T1 2 (7) 

Complete avulsion 6 (21) 

Mechanism of 
injury 

Motor car 3 (10) 

Motor bike 15 (52) 

Bicycle 5 (17) 

Pedestrian 0 (0) 

Work injury 1 (3) 

Fall from height 2 (7) 

Sporting injury 2 (7) 

Gun shot 1 (3) 

Pre injury 
dominance 

Right 23 (79) 

Left 6 (21) 

Injured limb 
Right 13 (45) 

Left 16 (55) 

7.4.1 Validity 

There was no floor effect or ceiling effect for the total score and sub scales 1 and 2. Subscale 

3 may be susceptible to a small ceiling effect (Table 7.3). The DASH activity scores showed 

greater disability at 9 months than at recruitment or 18 months (Table 3). The correlations 

between the BrAT scores and DASH activity items at recruitment and 18 months were 

moderate (- < 0.7) indicating they were assessing a different construct, supporting hypothesis 

1. In contrast correlations between the BrAT and UEFI were large (> 0.7) and greater than

expected, indicating they were measuring similar constructs, which did not support hypothesis 

1. Based on known groups validity, all BrAT scores discriminated between people who self-

reported hand use (with the exception of subscale 1 at 9 and 18 months) indicating the BrAT 

activities are targeted to this population, confirming hypothesis 2 for the total score and 

subscales 2 and 3 and lending support to hypothesis 2 for subscale 1 (Table 7.4). The DASH 

did not discriminate between the two groups at any time point. The UEFI only discriminated 

between the groups at recruitment (Table 7.4) indicating the items contained in these 

outcome measures may not be targeted to people with BPI. 
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Table 7.3 Mean, SD, floor and ceiling effects and pearson correlations between measures 

Floor effect Ceiling effect Correlations 

Recruitment Mean SD n % n % DASH UEFI 

BrAT Summed score 41.76 25.82 0 0 0 0 -0.55 0.78 

BrAT Subscale 1 14.62 5.70 0 0 2 7 -0.58 0.67 

BrAT Subscale 2 18.17 15.85 0 0 1 3 -0.48 0.76 

BrAT Subscale 3 8.97 5.85 3 10 1 3 -0.57 0.76 

DASH activity items 44.83 23.63 0 0 1 3 -0.76

UEFI 34.9 21.41 0 0 1 3 

9 months 

BrAT Summed score 46.20 24.92 0 0 1 3 -0.73 0.78 

BrAT Subscale 1 14.84 5.81 0 0 2 7 -0.79 0.64 

BrAT Subscale 2 21.08 15.43 0 0 1 4 -0.62 0.76 

BrAT Subscale 3 10.28 5.58 2 8 4 14 -0.70 0.60 

DASH activity items 45.40 23.31 0 0 0 0 -0.62

UEFI 37.48 20.23 0 0 1 3 

18 months 

BrAT Summed score 51.93 24.99 0 0 0 0 -0.62 0.81 

BrAT Subscale 1 16.68 5.55 0 0 3 10 -0.69 0.63 

BrAT Subscale 2 23.89 16.08 0 0 1 4 -0.52 0.78 

BrAT Subscale 3 11.36 5.50 1 4 2 7 -0.61 0.73 

DASH activity items 41.07 21.71 0 0 0 0 -0.85

UEFI 43.29 20.26 0 0 1 3 

Key SD standard deviation. DASH, disabilities of the arm shoulder and hand activity items. UEFI, upper extremity functional index 
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Table 7.4 Known group validity based on perceived hand use 

 

  BrAT summed BrAT subscale 1 BrAT subscale 2 BrAT subscale 3 DASH activity UEFI 

 n Diff (SD) Sig. Diff (SD) Sig. Diff (SD) Sig. Diff (SD) Sig. Diff (SD) Sig. Diff (SD) Sig. 

Initial  
         

    

Able use 
hand 

1
9 

51.21 
(26.15) 

0.01 

16.26 
(5.46) 

0.03 

24.06 
(15.99) 

0.01 

10.37 
(6.06) 

0.05 

38.32 
(14.28) 

0.17 

40.68 
(20.40) 

0.04 
Unable use 

hand 
1
0 

23.8 
(12.63) 

11.50 
(4.99) 

6.00 (4.32) 
6.30 

(4.59) 
47.10 

(18.59) 
23.90 

(19.73) 

9 months 
         

    

Able use 
hand 

1
9 

51.95 
(24.84) 

0.04 

15.26 
(5.85) 

0.53 

25.05 
(15.60) 

0.01 

11.63 
(4.98) 

0.03 

41.79 
(17.13) 

0.54 

40.37 
(19.93) 

0.21 
Unable use 

hand 
6 

28.00 
(15.27) 

13.50 
(6.025) 

8.50 (4.04) 
6.00 

(6.03) 
46.83 

(18.51) 
28.33 

(20.09) 

18 months 
         

    

Able use 
hand 

2
3 

56.26 
(24.85) 

0.05 

17.30 
(5.56) 

0.21 

26.61 
(16.33) 

0.01 

12.35 
(5.30) 

0.04 

37.04 
(15.16) 

0.45 

44.61 
(22.00) 

0.20 
Unable use 

hand 
5 

32.00 
(14.62) 

13.80 
(4.97) 

11.40 
(6.43) 

6.80 
(4.32) 

42.60 
(11.04) 

37.20 
(7.26) 

Key: Diff. difference SD standard deviation. Sig, significant (p<0.05) independent t tests 
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7.4.2 Responsiveness 

 

Change, as measured by one-way repeated measures ANOVAs, indicated a significant effect 

for time for all outcome measures with the exception of BrAT subscale one (dressing and 

grooming items) (Table 7.5) supporting hypothesis 3. Only subscale 3 (no hand items) achieved 

an effect size greater than 0.5 indicating the magnitude of change over time was small for all the 

outcome measures. Hypothesis 4, that effect sizes would be greater than .05 was not supported 

(Table 7.6). The magnitude of change as measured by the effect size was larger for the BrAT 

than the DASH and the UEFI, indicating the BrAT is more responsive to change and supporting 

hypothesis 5. 

 

 

Table 7.5 Repeated measure ANOVA over time (18 months) 

 

Wilks 
Lambda F  (df, error) Sig PTA 

Time v BrAT summed 0.35 5.96 2, 22 0.01 0.35 

Time v BrAT subscale 1 0.83 2.34 2, 22 0.12 0.18 

Time v BrAT subscale 2 0.61 6.98 2, 22 0.01 0.39 

Time v BrAT subscale 3 0.71 4.53 2, 22 0.02 0.29 

Time v DASH activity 0.77 3.21 2, 22 0.06 0.23 

Time v UEFI 0.75 3.71 2, 22 0.04 0.25 

Key: Sig significance. PTA, partial eta squared 

 

 

Table 7.6 Effect size  

 Effect size 

BrAT Summed score 0.43 

BrAT Subscale 1 0.40 

BrAT Subscale 2 0.40 

BrAT Subscale 3 0.52 

DASH activity 0.15 

UEFI 0.36 
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7.5 Discussion 

 

This study presents preliminary psychometric evaluation of the construct validity and 

responsiveness of the BrAT, a new patient-reported outcome measure for the assessment of 

activity following adult traumatic BPI. As hypothesised, the BrAT had a moderate negative 

correlation (< -0.7) with the DASH activity items at recruitment and the 18-month time point 

indicating they are assessing different aspects of upper limb use (Drummond et al., 2007).  One 

reason for the higher correlation found between the BrAT and the UEFI compared to the BrAT 

and the DASH may be the way people respond to the three outcome measures. The BrAT and 

the UEFI are limb specific, with responses attributed directly to the affected limb. In contrast, the 

DASH does not differentiate between the two limbs, with responses based on the ability to 

perform the activity regardless of which hand, arm or part of the body is used, i.e. people can 

use a variety of compensatory techniques. Mancuso et al. (2016) investigated the influence of 

compensation on outcome as measured by the DASH for people with BPI (Mancuso et al., 

2016). Participants were requested to respond to the DASH in one of two ways - unqualified 

responses (usual instructions) and qualified instructions (using the affected limb as they would 

have before their injury, i.e. without compensatory techniques). A difference was found between 

the two scores, with people reporting they would be unable to do 46% of the tasks when not 

using compensatory techniques, compared to only 18% when using compensatory techniques. 

It is clear from Mancos’s study that people can differentiate between compensatory techniques 

and use of the affected limb following BPI. Compensatory techniques are very important to 

people with BPI. However, we would argue that to fully assess day-to-day use of the affected 

limb, it is important that responses are related directly to the affected limb if we are to measure 

the impact of surgery and ongoing rehabilitation. The results of this study, in particular the 

inability of the DASH to discriminate between those who could use their affected hand and 

those who could not, lends further support to this argument.  

It is unclear why the DASH score increased at the 9-month time point, i.e. participants described 

themselves as more disabled than at recruitment. One possibility is that at nine-months 

participants may not be showing much improvement post injury and they view themselves as 

less able to use their affected limb. It is clear from the literature that people with BPI experience 

a wide range of emotional states including depression and anxiety linked to their arm use 

(Wellington, 2010; Franzblau et al., 2014; Franzblau & Chung, 2015; Mancuso et al., 2015; 

Gray, 2016; Wilson et al., 2016). More work in this area is required to explain what may be 

occurring, particularly in the period before people can expect some recovery post-surgery.    

Using a known groups comparison, only the BrAT was able to differentiate between those 

participants who stated they were able to use their affected hand to perform any activities and 

those who could not, for all but subscale 1. This result may be a reflection of the types of 

activities included in the BrAT. The BrAT subscale 3 (no hand items) includes activities such as 

stabilising and carrying objects against the chest wall or over the forearm. For people with 
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complete plexus injury these simple, low-level activities may be the only ones that improve over 

time. However, these ‘no hand activities’ are not contained in the DASH or UEFI. It is vital that 

outcome measures contain a range of activities that cover the spectrum of ability of the target 

group (Hill et al., 2015a; Hill et al., 2016). The BrAT has been shown to be well targeted to 

people with BPI with a range of activities for all ability levels (Hill et al., 2016). Moreover, as can 

be seen in Table 7.3, the BrAT subscale 3 is susceptible to a ceiling effect, so may be more 

suited to people with less use of their limb e.g. those with a complete avulsion injury.  

The BrAT scores demonstrated the greatest magnitude of change. This may reflect the 

targeting of the BrAT towards people with less ability to use their affected limb. However, effect 

size is known to be influenced by the heterogeneity of a population, as it is highly dependent on 

the standard deviation (De Vet et al., 2011). Base line standard deviations were high. While this 

demonstrates a heterogeneous group it may have influenced the overall effect size.  

The eight items that comprise subscale 1 (dressing and grooming) demonstrated the greatest 

disparity with the a priori hypotheses. These activities are performed on a daily basis usually 

from the day of injury and are some of the most important for people with BPI (Hill et al., 2015a). 

As a consequence, people with BPI may use compensatory skills that are not used to perform 

other items. On-going evaluation is required to determine the relationship of these activities to 

the others. 

 

Limitations 

 

 A limitation of this preliminary study is the relatively small sample size. However, participants 

were drawn from a larger cohort (n=106) involved in the development of the BrAT that used 

Rasch analysis that established content validity and unidimensionality. Results from this study 

may now be used to enable power calculations to further investigate the responsiveness of the 

BrAT. To the best of our knowledge this is one of only two studies that have used only the 

DASH activity items to evaluate construct validity (Ashford et al., 2013b). We acknowledge that 

the DASH is not designed to be used in this way; however, the retained DASH activity items 

more closely matched the day-to-day activity assessed by the BrAT and the UEFI. Further, the 

DASH is recognised as a multidimensional outcome measure (Franchignoni et al., 2010; 

Lehman et al., 2011). It is difficult to interpret DASH results, as scores from multidimensional 

outcome measures should not be totalled (Franchignoni et al., 2011; Lehman et al., 2011). 

Change over time as measured by the DASH may be attributable to improved day-to-day use of 

the arm, but could also be related to decreased pain, improved mood or greater ability to 

participate in society. Concentrating only on the activity items eliminated the influence of these 

additional constructs. Further investigation of the minimal important change scores for the four 

BrAT scores is required and the results of this study need to be confirmed in a larger cohort 

from multiple centres. 
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7.6 Conclusion 

This preliminary study appears to indicate that the BrAT is a valid and responsive patient-

reported outcome measure for people with BPI. The BrAT appears to measure different 

activities to the DASH activity items and the UEFI and better represent the BPI population, 

particularly those with limited use of their arm. These results support the use of the BrAT for 

people with BPI, however on-going investigation is required to confirm these findings with larger 

sample sizes. As a unidimensional measure solely of activity, it is recommended that the BrAT 

be used as part of a suit of outcome measures that evaluate BPI from multiple perspectives. 
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7.7 Chapter conclusion. 

This chapter contained the results of a study that evaluated the psychometric properties of 

construct validity and responsiveness. The results confirmed the a priori hypotheses supporting 

the use of the BrAT for adults with traumatic BPI. The BrAT was more responsive than the 

DASH, the most frequently used patient-reported outcome measure in BPI. There were no floor 

or ceiling effects detected, and the BrAT appeared to be more targeted to people with less 

ability to use their arm. 

This completes the development and preliminary psychometric of the BrAT. The next chapter 

will draw the results of this thesis together by reviewing the key findings, clinical implications, 

limitations and future directions of study of the BrAT.  
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CHAPTER 8 GENERAL DISCUSSION 

8.1 Overview of the main themes to emerge from this project 

The main propose of this thesis was to develop a new patient-reported outcome measure to 

assess solely activity following adult traumatic BPI. A series of studies (Figure 1.1) were 

undertaken to achieve this aim. The first study, which addressed research aim 1 (Section 1.3) 

systematically identified and reviewed existing patient-reported outcome measures used to 

assess activity following adult traumatic BPI. Two patient-reported outcome measures (the 

DASH and the ABILHAND) were identified which had some known psychometric properties for 

some upper limb musculoskeletal disorders although not for adults with BPI. Moreover, they did 

not appear to contain the spread of items required to assess adults with BPI. A further 17 

outcome measures were identified that had been developed solely for a research purpose. 

None had been psychometrically evaluated for adults with BPI. As a result of this systematic 

review, no psychometrically sound outcome measure that evaluated the full spectrum of ability 

for adults with BPI could be identified, thus the process to develop such an outcome measure 

was commenced.  

The first step in the development of an outcome measure is to determine the items it should 

contain. Since there was no empirical evidence regarding activities that represent how adults 

with BPI use their upper limb the aim of study 2, to address research aim 2, was to provide 

empirical evidence as to which activities are important, frequently performed and cover the 

spectrum of ability of adults with BPI. A qualitative study involving experts in the field, including 

adults with BPI, identified 522 activities. Following an iterative process of activity reduction, 51 

items were identified that appeared to represent the day-to-day ability of people with BPI. To 

address research aim 3, these 51-items were formatted into a new outcome measure that was 

subsequently evaluated and refined using Rasch analysis. This process resulted in a new 

targeted, unidimensional 31-item 4-response patient-reported outcome measure called the 

Brachial Assessment Tool (BrAT). The final research aim of this project (aim 4) investigated the 

reproducibility; construct validity and responsiveness of the BrAT, based on cl.  

The BrAT was reformatted as a 31-item patient-reported outcome measure at the completion of 

the psychometric evaluation (Appendix 5L). The three subscales were separated, and items in 

each subscale were included based on item difficulty as determined by the Rasch analysis. The 

first item in each subscale is the easiest to perform progressing to the most difficult. This will 

provide clinicians with a visual representation of change in activity over time as it would be 

expected that as adults with a BPI improve their ability to perform activities their scores will 

increase with a progression across the page.  
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This chapter will discuss the main themes that have emerged during this project and explore 

how the BrAT is recommended to be used in clinical practice. This chapter is presented in four 

sections. The first section recaps the research aims and key findings. The second section 

covers the clinical implications of the BrAT. The third deals with the challenges encountered 

during this project, while the final section discusses future directions and conclusions. 

8.2 Main findings in relation to the four research questions 

8.2.1 Research aim 1: To systematically identify outcome measures used to evaluate day-to-

day use of the arm following BPI and their psychometric properties 

A systematic review of the Brachial Plexus literature was undertaken to address the first 

research aim and was published in Archives of Physical Medicine and Rehabilitation (Hill et al., 

2011). As expected, a large number of outcome measures were identified, 103 in total. Of 

these, only two patient-reported outcome measures, the DASH and the ABILIHAND, had some 

known psychometric properties for upper limb disorders (other than BPI) and apportioned 

greater than 50% of their total score to activity. Moreover, neither appeared to contain activities 

that reflect the full spectrum of activities undertaken by adults with BPI, particularly for those 

with very limited ability to use their arm. A further 17 patient-reported outcome measures were 

identified that had been designed solely for a specific research purpose to assess adults with 

BPI with no evidence of their psychometric properties. Therefore, it is unknown whether they 

were reliable, valid or responsive for this population. 

The results of study 1 were confirmed in a systematic review of BPI outcome measures 

published subsequent to the review that forms part of this thesis (Dy et al., 2015). While Dy et al 

(2015) identified fewer papers (88 in total, compared with the 265 identified in Chapter 3), their 

findings concurred with those reported in this thesis. Moreover, they did not identify any new 

outcome measures that assessed activity for people with BPI. The patient-reported outcome 

measures identified by Dy and colleagues had still not been psychometrically evaluated for 

adults with BPI in the intervening period (4 years). Dy and colleagues also reported that 

measures of function or disability were not routinely reported across all years, becoming more 

common in papers published since 2006. Their results indicated a growing awareness of the 

need to assess outcome from more than an impairment standpoint and lent further support for 

the Brachial Assessment Tool, an outcome measure designed specifically for people with BPI.  
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Main findings of this study were: 

 No patient-reported outcome measure existed that assessed outcome following adult 

traumatic BPI and which have known evidence of appropriate reliability, validity or 

responsiveness for this population 

 Two patient-reported outcome measures, with known psychometric properties for some 

upper limb disorders, had been used to assess activity in adults following BPI 

 The DASH, the most frequently used outcome measure, contained a number of items 

that were not related to activity as defined by the ICF, confirming it is a multidimensional 

tool  

 Seventeen outcome measures were identified which were developed solely for a BPI 

research purpose, which indicated that experts in the BPI field were unable to identify 

an outcome measure that adequately assessed this condition.    

 

8.2.2 Research aim 2: To provide empirical evidence as to which day-to-day activities are 

representative of the range of ability of adults with BPI and are important for them to perform on 

a regular basis  

 

Prior to this project, there was no empirical evidence as to which activities represent the abilities 

of adults with BPI, which are important to perform on a regular basis, and which cover the 

spectrum of ability of this heterogeneous group. Chapter 4 presented two qualitative studies. 

The first part of this chapter reproduced a paper published in the Journal of Rehabilitation 

Medicine (Hill et al., 2015a). Fifty-one experts in BPI, including 21 adults with a BPI, identified a 

total of 522 activities based on the Comprehensive Core Set for Hand Conditions activity 

categories (Kus et al., 2011; Rudolf et al., 2012). Adults with BPI identified activities that were 

classified to 28 of the 29 activity categories contained in the CCS-HC, while experts identified 

activities that were classified to all 29 categories.  

Main findings of this study were: 

 The five most important activities identified by adults with BPI were all low-level tasks 

that do not require hand use. These activities were also identified as amongst the 

easiest to perform 

 Five of the most difficult activities identified by adults with BPI were unimanual tasks.  

Four of the five were also activities generally performed by the dominant hand 

 Fifteen unimanual activities were not dominant specific and could be performed by 

either limb 

 Bimanual activities included symmetrical, asymmetrical and diverse tasks replicating 

the roles performed by each limb during day-to-day activities 

 Movement patterns to perform these activities included all upper limb joints 
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8.2.3 Research aim 3: To develop a new patient–reported outcome measure to assess solely 

activities specific to the abilities of adults with BPI using modern, robust statistical techniques  

 

The 522 activities identified in Study 2 were subsequently reduced through an iterative process 

to 51 items that represent the day-to-day ability of adults with BPI. These 51-items were 

formatted into a patient-reported outcome measure based on the guidelines developed by the 

US Food and Drug Administration (FDA, 2009). They were further evaluated using factor and 

Rasch analysis (Chapter 5) to determine the final set of items that would become the Brachial 

Assessment Tool (BrAT). Principal component analysis identified a possible 4-factor solution, 

with the first factor accounting for 61% of the variance, and the majority of the activities loading 

strongly onto the first component. Rasch analysis confirmed the presence of three subscales, 

measuring different aspects of upper limb use on a day-to-day basis. Second order analyses, 

which combined each subscale into three super items or ‘testlets’, found a good fit to the Rasch 

model with no local dependency. The results of this study were published in Archive of Physical 

Medicine and Rehabilitation (Hill et al., 2016). 

Main findings of this study were: 

 The BrAT is a unidimensional outcome measure of activity for people with BPI  

 The BrAT may be used equally well as three separate subscales or a total summed 

score  

 The BrAT is targeted to all levels of ability with items that cross the range of difficulty, 

however, it may be better targeted to those with less use of their arm   

 There was a minimal ceiling effect for people with greater ability but no floor effect 

 The BrAT is appropriate for individual and group assessment  

 There was no differential item functioning for age, self-selected dominance or time post 

injury, i.e. people in these groups responded equally to the activities  

 The BrAT contained 31 items which can be classified to 17 ICF activity categories, with 

14 included in the Comprehensive Core Set for Hand Conditions. Four activities could 

not be classified to ICF activity categories. 

   

8.2.4 Research aim 4: To investigate additional preliminary psychometric properties of the new 

measure. 

 

Further analysis of the psychometric properties of the BrAT was undertaken carried out using 

classic test theory principals. Two papers are currently under review for publication in Archive of 

Physical Medicine and Rehabilitation.   
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The main findings of these studies were:  

 The BrAT is a reproducible outcome measure with high-test retest reliability, high 

internal consistency, and excellent agreement parameters.  

 The standard error of measurement and the minimal detectable change scores were 

calculated for each subscale and the summed score to assist clinicians and researchers 

to interpret BrAT scores.  

 The BrAT is more responsive to change than the DASH or the Upper Extremity 

Functional Index 

 While the BrAT effect size was moderate it is greater for all BrAT subscales and the 

total score compared to the DASH or the Upper Extremity Functional Index 

 The BrAT was the only outcome measure able to discriminate between people who said 

they could use their hand to perform activities and those who said they could not. The 

DASH and the Upper Extremity Functional Index were unable to do this. 

 

8.3 Clinical implications 

 

Assessment of outcome is central to clinical practice, to monitor patient progress and to identify 

change, to compare the effectiveness and risks of interventions, as well as to determine cost 

benefits. Despite the commonality of the injury, BPI is an extremely heterogeneous condition 

and each presentation is unique based on the site of injury and extent of nerve damage within 

the Brachial Plexus (Giuffre et al., 2010). Further, while two people may initially present with 

very similar movement loss after injury, the day-to-day use of their upper limb over time may be 

very different, as natural recovery may occur at varying rates. Without a sound method to 

evaluate outcome from the perspective of the injured individual it remains difficult to determine 

what constitutes a good long-term outcome following BPI (Shin, 2006, 2014). Most adults with 

BPIs show improvement in strength and sometimes range of motion over time, however, 

outcome is rarely discussed in terms of the direct impact on day-to-day use of the arm (Garg et 

al., 2011; Yang et al., 2012). The BrAT is the first outcome measure to address this gap as well 

as being the first outcome measure that has been developed, and psychometrically evaluated to 

assess adults following traumatic BPI. The need for such an outcome measure is evidenced by 

the many key specialist centres BPI across the world (six centres in Australia, three in the USA 

and six in Europe) that will commence using the BrAT in 2017 as a standard outcome measure 

for adults with BPI. Further, the papers that form part of this thesis have been published in high-

quality journals with the earlier papers being cited a number of times (Table 8.1).  

Activities that comprise the BrAT were identified using current evidence-based guidelines (FDA, 

2009). Experts including adults with BPI identified the activities that span a wide spectrum of 

ability, targeting all levels of day-to-day use of the upper limb. The BrAT is particularly suited to 

those with limited use of their upper limb; Subscale 3, for example, comprises only activities that 
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do not require hand use. This aspect of upper limb use has not been assessed previously in a 

standard and systematic manner, despite these activities representing the only improvement 

some adults with complete plexus injury may attain (Doi et al., 1998; Doi et al., 1999; Barrie et 

al., 2004). These ‘low-level’, simple, activities were also contained in the outcome measures 

developed for a specific research purpose thus supporting the rationale for inclusion in the BrAT 

(Table 4.3). The DASH, the most frequently used patient-reported outcome measure in BPI (Hill 

et al., 2011; Dy et al., 2015) does not contain activities that are able to assess this level of ability 

(Table 4.3). This lack of targeting to adults with BPI across the whole spectrum of ability was 

confirmed by the results detailed in Chapter 7. It was found that the DASH is not responsive to 

change over time in adults with traumatic BPI (Table 7.7). Further, unlike the BrAT the DASH 

was unable to differentiate between those participants who stated they were able to use their 

affected hand to perform any activities and those who could not (Tables 7.6). 

The unidimensional nature of the BrAT, and the hierarchical probability based ordering of the 

activities, will assist clinicians in goal setting and treatment planning. For any given activity, the 

upper limb performs a wide variety of unimanual and bimanual roles.  All adults with BPI will use 

compensatory techniques involving the teeth, legs or other parts of their body to stabilise or 

manipulate objects immediately following injury and in the early stages of muscle reinnervation 

and cortical plasticity or ‘brain rewiring’ (Section 2.6.2) as they allow quicker or easier task 

completion (Mancuso et al., 2016). Moreover, compensatory techniques may be taught early in 

the rehabilitation phase following BPI (Eggers & Mennen, 1997). For adults with complete BPI 

some may be forced to change their dominance, or live primarily with the use of only one arm 

and rely on compensatory techniques long-term (Wellington, 2010; Mancuso et al., 2015; 

Mancuso et al., 2016). Over time, as recovery occurs adults begin to relearn movement 

patterns, separating the donor movement from the recipient as movement patterns are re-

established. To assist in understanding how the upper limb is used to perform activities 

responses in the BrAT are attributed directly to the affected arm. This allows clinicians to obtain 

a more accurate indication of the direct impact of BPI and the effect of interventions, as it is less 

likely to be affected by compensatory techniques. Further, as all the activities relate to the one 

construct, analysis of individual items may provide evidence of recovery over time. Given the 

hierarchical nature of the BrAT, if an individual is performing an activity that is deemed to be 

harder to perform than others, clinicians can break the tasks down into smaller components to 

practise separate movement patterns, thus encouraging greater use of the upper limb as 

improvement occurs. By using the BrAT to identify which activities an individual is achieving the 

clinician can assist in translating new movement patterns into performing other activities. 
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Table 8.1. Ranking and impact factor of journals 

Paper 
Date 

published 
Journal Impact factor and ranking (2015) 

Number of 
citations 

Evaluation of internal construct validity and unidimensionality of the 
Brachial Assessment Tool, A patient-reported outcome measure for 
Brachial Plexus Injury. 

2016 
Archives of Physical Medicine 
and Rehabilitation 

Impact factor = 3.045 

Ranked 4/64 in ISI Web of science for 
‘Rehabilitation’ 

0 

Do existing patient-reported activity outcome measures accurately 
reflect day-to-day arm use following adult traumatic brachial plexus 
injury 

2015 
Journal of Rehabilitation 
Medicine 

Impact factor = 1.595 

Ranked 25/64 in ISI Web of science 
for ‘Rehabilitation’ 

3 

Clinimetric Evaluation of Questionnaires Used to Assess Activity 
After Traumatic Brachial Plexus Injury in Adults: A Systematic 
Review. 

2011 
Archives of Physical Medicine 
and Rehabilitation 

Impact factor = 3.045 

Ranked 4/64 in ISI Web of science for 
‘Rehabilitation’  

15 

Letter to the editor re ‘Compensation by the uninjured arm after 
Brachial Plexus Injury 

2016 Hand - - 

Validation of the comprehensive core set for hand conditions 
following adult traumatic brachial plexus injury 

2015 Physiotherapy 

Impact factor = 1.814 

Ranked 18/64 in ISI Web of science 
for ‘Rehabilitation’  

- 

Opinion piece - Do patient-reported outcome measures capture 
actual upper limb recovery? 

2015 
International Journal of 
Therapy and Rehabilitation 

- - 

Letter to the editor re: Outcome reporting for brachial plexus 
reconstruction 

2015 Journal of Hand Surgery 
Impact factor = 1.640 

Ranked 31/74 in ISI Web of science 
for ‘Orthopedics‘ 

- 

Letter to the editor re "Validation of the brief international 
classification of functioning, disability, and health (ICF) core set for 
hand conditions" 

2012 Journal of Hand Therapy 

Impact factor = 1.770 

Ranked 29/74 in ISI Web of science 
for ‘Orthopedics’  

-
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Accurate assessment of how adults with BPI use their upper limb is essential to monitor change 

and aid decision-making. Funding bodies increasingly mandate the use of patient-reported 

outcome measures to justify payment for ongoing surgeries and rehabilitation (Dawson et al., 

2010). Recovery from BPI can be slow so ensuring rehabilitation is effective is essential. Thus, 

outcome measures used must be responsive to change where change has occurred. The BrAT 

was responsive to change, particularly for those with less ability to use their hand and continued 

to show change up to 18 months post recruitment. Neither the DASH nor the UEFI was as 

responsive to change as the BrAT. Moreover, the DASH scores indicated adults with BPI 

deteriorated between recruitment and the 9-month time point. Based on the DASH results 

funding bodies could interpret this to mean that the adult with BPI was no longer benefiting from 

rehabilitation and cease ongoing payment for treatment. Conversely, this result can be 

explained by the DASH being less responsive to detect ‘real’ change over time compared with 

other outcome measures, such as the BrAT.   

The BrAT has been designed as an outcome measure for use in an outpatient setting to more 

closely replicate the way the upper limb is used in day-to-day life. As many of the activities will 

not be performed while in a hospital or rehabilitation setting, it is recommended that baseline 

data be collected once the adult with BPI has been discharged home. The most appropriate 

time interval between assessments has yet to be established. However, it is recommended that 

assessments be undertaken as soon as signs of reinnervation occurs and at three monthly 

intervals thereafter. Further, clinicians may choose to use an individual subscale, combination of 

subscales or the full BrAT, as all were equally valid and reliable, and demonstrated similar 

responsiveness to change.  

8.3.1 Feasibility 

As a patient-reported outcome measure, it is feasible to use the BrAT in the clinical setting or it 

may be complete by people at home. Clinicians and adults with BPI have reported that the 

instructions are simple and appear to be easily understood. Participants who also completed the 

DASH reported that instructions for the BrAT are less confusing. By attributing responses 

directly to the affected limb, participants understood the difference between actual use of their 

arm and the compensatory techniques they may employ, and responded accordingly. They 

reported that while they responded to the DASH based on how they performed the activity, they 

responded to the BrAT based on how they used their affected limb.  

The time to complete the BrAT was not calculated as the participants in this project completed 

the 51-item questionnaire that was subsequently reduced to the 31-items that constitute the 

BrAT. Initial feedback from participants and clinicians indicated that the BrAT takes three to five 

minutes to complete and score; ensuring the burden on responders and clinicians is minimal. 
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This time frame is comparable with other patient-reported outcome measures such as the 

DASH and UEFI (Stratford et al., 2001; Kennedy et al., 2011). 

 

8.4 Challenges and limitations 

 

The limitations for each study have been discussed within each chapter. The information in this 

section therefore relates to the whole project. As discussed in Section 2.5, BPI is an uncommon 

injury and is primarily sustained by young males following high velocity trauma. Some of the 40 

to 50 new BPI diagnoses per year in Melbourne, Australia, therefore did not fit the inclusion 

criteria for this project due to additional traumatic injuries to the upper limb or head injuries 

sustained at the time of injury (Kaiser & Haninec, 2012; Kaiser, Waldauf, & Haninec, 2012; 

Kaiser et al., 2014). This made recruitment and data collection over multiple time periods 

challenging. To recruit sufficient participant numbers to perform Rasch analysis it was 

necessary to recruit adults with a BPI from a number of sites across Australia. Data from these 

participants was then used to develop and refine the BrAT and to subsequently evaluate its 

psychometric properties. The participants in this project sustained a broad cross section of 

injuries to the brachial plexus and had undergone a wide variety of reconstructive procedures. 

Being recruited from a number of specialist BPI centres across the southern states of Australia, 

participants were also managed by different surgeons and therapists. The ratio of males to 

females was 10:1 and is representative of the BPI population (Midha, 1997; Kouyoumdjian, 

2006). Despite there only being one cohort, participants in this project reflected the wider BPI 

community, adding to the generalisability of the results to other specialist centres that manage 

adults with BPI.  

The number of participants was at the lower bounds of the minimum required for Rasch analysis 

(Linacre, 1994). Results therefore, may only be accurate estimations of person and item 

locations to within 0.5 logits, and raw score to interval scale transformations were not produced. 

However, all the results to date support the BrAT as a targeted, unidimensional measure of 

activity following adult BPI that is more responsive than outcome measures that have been 

used previously for this population. Additional work is ongoing to confirm these results and to 

generate Rasch derived scores from a new cohort of adults with BPI. 

 

8.5 Future directions 

 

This project has provided the first empirical evidence of the activities that represented how 

adults with BPI use their upper limb on a day-to-day basis, and as such may be able to guide 

future research into this condition. For example, while further statistical analyses should be 
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undertaken to determine whether the BrAT possess adequate prognostic ability, it may be 

possible to provide adults with a BPI a more accurate indication of the expected level of day-to-

day ability, based on an equivalent level of injury. This information could also assist in informing 

consent prior to surgical reconstruction of the brachial plexus as well as comparing different 

surgical paradigms. Grafting or repair at the level of the plexus may result in greater innervation 

of the upper limb muscles, for example, given the complex branching of the plexus (Section 2.2, 

Figure 2.1). This could lead to improved day-to-day use of the upper limb. Moreover, cortical 

rewiring is not required as the muscles are still innervated by the same nerve supply, however 

this needs to be offset by the time frame for recovery due to the slow nature of nerve regrowth 

and therefore the potential for muscle atrophy. Nerve transfers usually only target one muscle 

and regrowth is quicker, however, cortical retraining is required (Section 2.6.2, Appendix 2A)). 

At present comparing the effectiveness of grafting or nerve transfer is difficult. Outcomes are 

generally reported in terms of a British Medical Research Council grades, with most studies 

reporting grade 3 to 4 strength in individual muscles post intervention for both grafting and 

nerve transfers (Garg et al., 2011; Yang et al., 2012; Yang, Chang, & Chung, 2015). While 

improvement above grade 3 may be seen as a good result for an individual muscle this cannot 

be extrapolated to greater use of the limb (Bialocerkowski et al., 2003; Farzad et al., 2015). The 

BrAT may, for the first time, allow different surgical and therapeutic techniques to be compared 

based on how the adult with BPI actually uses their arm to perform day-to-day activities.  

It is unclear why the dressing and grooming activities represented a separate BrAT subscale 

despite many of the activities using similar movement patterns to some those in other BrAT 

subscales. As most activities in Subscale 1 are performed on a daily basis from the day of 

injury, it is possible that people with a BPI become more adept at them and use a different set of 

techniques compared with other activities in Subscale 2. Further analysis is required to confirm 

these finding in other BPI cohorts.  

The unimanual activities performed by the dominant limb (such as ‘writing’ or ‘brushing teeth’ 

Section 5.4.1.) were eliminated early due to a sample that contained limited numbers of 

participants with injury to their dominant limb and therefore a low response rate to these items. 

This means that activities, which are performed by the dominant limb, were not subjected to 

Rasch analysis. However, these same activities were reported as four of the five most difficult to 

perform during the item selection phase for the BrAT (Table 4.5). They were also identified 

frequently during the item identification phase by both adults with BPI and experts in the field, 

thus indicating the importance people with BPI place on these activities. These activities also 

appear to be important to assess, as BPI is predominantly a unimanual injury. At present four of 

these activities are included in the BrAT, but due to confounding factors, such as the dominance 

of the injury, they do not contribute to the overall BrAT score (Appendix 5L). Further evaluation 

of these items will be undertaken to determine whether they represent an additional subscale 

solely for adults with injury to the dominant limb.   
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8.6 Conclusion 

 

The BrAT is new unidimensional targeted patient-reported outcome measure designed to 

assess solely activity following adult traumatic BPI. Development of the BrAT followed an 

ethical, systematic and rigorous process, which was based on existing frameworks and 

guidelines. The criteria and methodological standards, which were reported in Section 2.8.1, 

have been adhered to. The International Classification of Functioning Disability and Health was 

used as both a framework to analyse existing outcome measures to evaluate adults with BPI, 

and provided the definition of activity on which the underlying construct of the BrAT was based 

(WHO, 2001). The ICF based Comprehensive Core Set for Hand Conditions, designed to 

describe functioning and disability in people with hand conditions, was used as a framework to 

identify activities for inclusion in the BrAT. Existing guidelines for the development of new 

outcome measures developed by the US Food and Drug administration were used to underpin 

identification of potential activities and for formatting of the BrAT (FDA, 2009). The BrAT has 

been developed using Rasch analysis, the current gold standard in outcome measure 

development to determine content validity and unidimensionality. The COSMIN checklist 

(Appendix 5K) was used to inform the statistical methods and measurement properties 

evaluated (Mokkink et al., 2010c, 2010b; De Vet et al., 2011). The preliminary psychometric 

properties (reproducibility, validity and responsiveness) have been determined based on 

classical test theory. As a unidimensional measure of solely activity, it is recommended that the 

BrAT not be used in isolation but as part of a suite of outcome measures that address multiple 

domains including pain and other impairments as well as quality of life (Dy et al., 2015; Hill, 

Williams, Olver, & Bialocerkowski, 2015b). 

The development of the BrAT has made a significant new contribution to the assessment of 

adults with traumatic BPI. It appears to be a robust outcome measure that is more responsive to 

change than the DASH, the most frequently used outcome measure for this condition. The BrAT 

offers exciting new prospects in the management of this condition and it is anticipated that it will 

become the measure of choice over time, as it better reflects the actual impact of BPI on the 

individual day-to-day. One participant in this study wrote on the bottom of his BrAT ‘Since the 

last survey I paid a lot more attention to the day-to-day activities that I perform’. The full scope 

of use of the BrAT has yet to be explored, however, if it can focus attention on achievement in 

day-to-day activities this may aid self-monitoring of outcome and maintain hope and compliance 

with treatment for both clinicians and adults with BPI. Analysis of the performance of a new 

outcome measure is an ongoing iterative process. While still early in this phase, the BrAT is an 

innovative new outcome measure that will assist clinicians and researchers to further develop 

their understanding of BPI from the perspective of the individual.  
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Appendix 2A Frequently used nerve transfers and grafts 

Action Lost 
 Intraplexal 

Donor nerve 
Extraplexal 
donor nerve 

Donor Muscle Recipient Nerve Recipient muscle Pros Cons 

Shoulder 
Abduction 

Lateral head 
triceps branch 

 Lateral head 
triceps 

Axillary n Deltoid 
Short distance for 

regrowth 
Poor synergistic action 

Shoulder 
external rotation 

 
Spinal accessory 

or CN X1 
Trapezius Suprascapular n Infraspinatus 

Minimal donor 
morbidity 

Requires cortical plasticity 
Poor outcomes 

C5 nerve graft 
 No donor 

morbidity 
Existing nerve Existing muscle No donor morbidity Possible muscle atrophy 

Elbow flexion 

Median n 
 

FDS, FCR, FPL Musculocutaneous n Brachialis Short distance for 
regrowth, consistent 

results, good 
synergistic action 

Requires cortical plasticity 

Ulnar n  FCU Musculocutaneous n Biceps 

Elbow Ext  ICN Intercostal Radial Triceps Few other options 
Poor power generation Poor 

synergistic action 

Opening fingers 
to release 

objects 
Supinator n 

 

Supinator Posterior interosseous n Extensor digitorum 

Short distance for 
regrowth, consistent 

results, good 
synergistic action 

Requires cortical plasticity 

Grasping, finger  
& thumb flexion 

Extensor carpi 
radialis brevis 

 Extensor carpi 
radialis brevis 

Anterior interosseous n FDP 
Short distance for 

regrowth, consistent 
results, good 

synergistic action 

Requires cortical plasticity 

Brachialis  Brachialis Anterior interosseous n FDP 

Flail limb 

 Contralateral C7 
No specific 

donor morbidity 
Multiple nerves have 

been trailed 
Multiple muscle 

targeted 
Few other nerve 
transfer option  

Weakness contralateral 
limb, with loss of sensation. 
Significant cortical plasticity 
Technically difficult surgery 

Grafting at BP 
Level 

 
No donor 
morbidity 

Existing plexus Unknown 
Few other nerve 
transfer option 

Muscle atrophy, poor 
outcomes 

Based on work by Fox et al (2011) and Yang et al (2015) 
Key: CN XI Eleventh cranial nerve, n, nerve. FDS, Flexor digitorun profundus, Flexor carpi radilais, FPL, Flexor pollicis longus, FCU, Flexor carpi ulnaris 
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Appendix 4B Letter of invite to item identification for people with BPI 

Dear 

I am a PhD student enrolled at the University of Western Sydney, investigating the 

assessment of traumatic adult Brachial Plexus injuries. I am supervised by Associate 

Professor Andrea Bialocerkowski, School of Biomedical and Health Sciences, University of 

Western Sydney, and Dr Gavin Williams, Epworth HealthCare Melbourne.  We are looking at 

developing a new patient-report outcome measure to assess the functional outcome of adults 

with this devastating condition, and would be very grateful if you could assist us to identify 

daily activities that people with brachial plexus injuries frequently report as being difficult to 

perform.  

Please find attached a letter of invitation and information sheet detailing the purpose of the 

study and its participation requirements. We envisage the total time commitment to be 

approximately 3 hours over a 3 to 4 month period.  

Thank you for your time and consideration of this request. 

Yours Sincerely 

Bridget Hill PhD candidate, Physiotherapist 

Tel: 03 9426 8704 

Associate Professor Andrea Bialocerkowski: A.Bialocerkowski@uws.edu.au 

Tel: 02 4620 3774 

Dr Gavin Williams: gavin.williams@epworth.org.au 

Tel: 03 9426 8704 

mailto:A.Bialocerkowski@uws.edu.au
mailto:gavin.williams@epworth.org.au
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Appendix 4C Letter of invite for item identification for clinicians 

 

 

 

Dear  

I am a PhD student enrolled at the University of Western Sydney, investigating the 

assessment of traumatic adult Brachial Plexus injuries. I am supervised by Associate 

Professor Andrea Bialocerkowski, School of Biomedical and Health Sciences, University of 

Western Sydney, and Dr Gavin Williams, Epworth HealthCare Melbourne.  We are looking at 

developing a new patient-report outcome measure to assess the functional outcome of adults 

with this devastating condition, and would be very grateful if you have staff that can assist us 

to identify daily activities that people with brachial plexus injuries frequently report as being 

difficult to perform. While we are aware you may not treat many BPIs at your institution, we 

are seeking input from therapists with a background in using upper limb measures for the 

assessment of conditions such as stroke, amputation, spinal cord injury, peripheral nerve 

injury, arthritis and musculoskeletal injuries.  

Please find attached a letter of invitation and information sheet detailing the purpose of the 

study and its participation requirements.  We would be most grateful if you could forward 

these documents to staff members that have experience in the above-mentioned areas. We 

envisage the total time commitment to be approximately 3 hours over a 3 to 4 month period.  

Thank you for your time and consideration of this request. 

Yours Sincerely 

 

Bridget Hill PhD candidate, Physiotherapist 

Tel: 03 9426 8704 

Associate Professor Andrea Bialocerkowski: A.Bialocerkowski@uws.edu.au 

Tel: 02 46203774 

Dr Gavin Williams: gavin.williams@epworth.org.au 

Tel 03 9426 8727

mailto:A.Bialocerkowski@uws.edu.au
mailto:gavin.williams@epworth.org.au
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Appendix 4D Participant information form for item identification and selection  
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Appendix 4E Participant consent form for item identification and selection 
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Appendix 4F Letter of acceptance for item identification and selection 

 

 

 

I         (Print full name) 

  

 Q 1. Participation 

    I am willing to participate in this project (go to question 2) 

   I am not willing to participate in this study (Thank you for considering being involved) 

 

Q 2. Item generation 

   I am able to complete a telephone interview at a time that is mutually convenient. 

 Please provide contact phone number  

 

Q 3. Item consensus 

   I would prefer to receive the questionnaires by email 

 Please provide email address   

 

   I would prefer to receive the questionnaires by mail 

 Please provide postal address   

 

 

 

Signature       Date 
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Appendix 4G Section 1: Moderator instructions for nominal group sessions 

Instructions for Nominal Group Technique sessions with patients 

Prior to commencing the group session I will outline the project thank them for coming, 

answer any questions about the project and ensure participants sign the consent form. 

The facilitator role is to: 

 Explain the purpose of the session

 Ensure the nominal group technique is adhered to

 Engage all participants in the process equally

Purpose of the session  

Standardised introduction: 

“This session is designed to generate a list of day-to-day activities of the arm that reflect how 

you use it following your brachial plexus injury. We know that advances in microsurgical 

technique have improved the strength and range of motion of the arm following BPI, but we 

don’t know how this is translated into improved use in day-to-day activities. You will have 

undergone a variety of surgical and other techniques to enhance the activity of your arm. 

However this session is not about the result of this in terms of strength or range of movement.  

We want to know which activities are the most important ones to you in using your arm every 

day. In particular we want to get a record of how the activities have changed over time as 

your arm has changed.  We will not be discussing different surgical techniques, or offering 

you any opinions as to your outcome or future treatment. If you have any queries after 

speaking with other people here tonight, please discuss them with either your surgeon or 

therapist. 

The session will be taped to ensure all the information you give is recorded accurately. 

However once the ideas have been written up, the tape will be destroyed. No names will be 

included in the transcript. 

Summing up: 

Therefore we want to generate a list of the key activities that may be included in a new 

patient-report outcome measure. This measure will be used to assess the arm over time. The 

key question we want to try and answer is: 

“Which activities best represent the key day-to-day use of the arm following brachial 

plexus injury.” 
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Guidelines for item generation: group session 

In front of you are 6 pieces of paper headed  

 Lifting and handling 

 Fine hand use 

 Gross Hand and arm use 

 Self-Care 

 Household tasks  

 Miscellaneous 

At the top of each page are some examples of activities that relate to this heading. We want 

you to write down on each piece of paper any activities you think are important for you to be 

able to perform. Come up with as many ideas as you like. If you think of something that 

doesn’t seem to fit, check the other headings first, if it still doesn’t fit put it on the final sheet 

titled miscellaneous. There are no bad ideas, nothing will be excluded at this stage, and we 

want every possible suggestion. We would rather you mention an idea now than keep it to 

yourself. Don’t worry if your activities use 1 or 2 hands, at this stage we wont differentiate 

between them. 

Key points to think about are:  

 Cover the whole range of activities undertaken by the arm, from very simple tasks to 

more difficult ones  

 Single activities only (e.g. pick up a glass and drink is 2 activities) 

 Relevant to males and females  

 Unlikely to become redundant over time (e.g. putting a video in a cassette machine) 

We will start with the first piece of paper: carrying and handling. You will have about 5 

minutes to think of ideas that relate to this heading. Write down all the activities you can think 

of that may relate to this, but don’t discuss them with anybody yet.  

To pull your ideas together we are going to use the nominal group technique, which gives all 

of you the opportunity to put forward your ideas and no 1 person to dominate.  After 

everybody has completed their lists we will go around one by one and write down an activity 

from your list. We won’t discuss ideas until we have exhausted all your lists. As the lists are 

shared you may think of others that you can add to yours. Once we have exhausted all your 

ideas we can discuss or clarify any of the activities or think of other ideas as a group. We will 

then do the same thing for each of the other headings.  

If your finding it hard to think of anything, one thing that some find useful is to go through a 

typical day from getting up to going to bed. Think about all the things you have to do during 

that time, with your arm, and use that to generate ideas. 

Follow up 

At completion of the meeting the facilitator will explain the next stage of the selection process: 
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“Thank you very much for helping us tonight. 

“You may have met some other people here tonight who have had a different outcome to 

yourself following their brachial plexus injury, and some may find this difficult. While we 

cannot discuss the individual treatment you have had, if you feel upset by anything you have 

seen tonight please speak with Bridget at the completion of the session, or you can contact 

her later using the details provided on your information sheet. 

Once we have finished generating activities from a number of groups and interviews, we need 

to gain consensus as to which should form the basis of the new instrument. To do this we will 

format the ideas into a questionnaire, which will be emailed or posted to you. We will ask you 

to rate the importance of the activities to BPI injury. We expect it will take up to 30 minutes to 

complete a questionnaire, and we may need up to 3 rounds to gain consensus as to which 

activities should be included in the final questionnaire. The questionnaires can be emailed or 

mailed to you”  

Which activities best represent the key day-to-day use of the arm following brachial 

plexus injury / or other upper extremity activities? 

Definition of activity: “execution of a task or action by the individual” 

 Cover the whole range of activities undertaken by the arm, from very simple tasks to

more difficult ones

 Single activities only (e.g. pick up a glass and drinking is 2 activities)

 Relevant to males and females

 Unlikely to become redundant over time (e.g. putting a video in a cassette machine)

 Include anything you like, all activities are important, nothing will be left out at this

stage

 If you have an activity that doesn’t fit a category don’t worry just document it at the

moment

Lifting and carrying 

Lifting an object eg a glass 

Carrying a bag, ie moving from one place to another 

Fine hand use 

Using the fingers and hand to pick up a small object eg a pencil, or coin 

Grasping a door knob  

Hand and arm use 

Pushing, pulling, reaching, turning or twisting an object 

Throwing or catching 

Using tools 

Self care 

Washing / drying yourself 

Applying skin creams 
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 Teeth cleaning 

 Hair care 

 Toileting 

 Dressing 

 Eating / Drinking includes pouring liquids 

Household tasks 

 Preparing meals 

 Washing and drying clothes 

 Household cleaning 

Disposing of garbage  

Maintenance of household and personal objects, includes clothes, domestic appliances, 

vehicles, plants/garden and animals 

Miscellaneous 

 Ideas that don’t fit another category 
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Appendix 4H Section 1: Instructions for 1:1 interviews 

 

This purpose of the interview is to generate a list of activities that reflect how you use your arm 

following brachial plexus injury. We know that advances in microsurgical technique have 

improved the strength and range of motion of the arm following BPI, but we don’t know how this 

is translated into improved use in day-to-day activities. You may have undergone a variety of 

surgical and other techniques to enhance the activity of your arm. However this interview is not 

about the result of this in terms of strength or range of movement.  We want to know which 

activities are the most important ones to you in using your arm every day. In particular we 

want to get a record of how the activities have changed over time as your arm has changed.  

So don’t just include things you do now, but try and remember the key ones you did as your 

arm has changed. We will not be discussing different surgical techniques, or offering you any 

opinions as to your outcome or future treatment.  

In Summary we want to generate a list of the key activities that may be included in a new 

patient-report outcome measure. This measure will be used to assess the arm over time. The 

question we want to try and answer is: 

“Which activities best represent the key day-to-day use of the arm following brachial 

plexus injury.” 

Definition of activity: “execution of a task or action by the individual” ie anything you use your 

arm for. 

To give you some time to think of ideas we have included some examples of the things we are 
looking for under 6 headings (see below) 

 Lifting and handling 

 Fine hand use 

 Gross Hand and arm use 

 Self-Care 

 Household tasks  

 Miscellaneous 

We would like you to write down under each heading any activities you think are important for 

you to be able to perform. Come up with as many ideas as you like. If you think of something 

that doesn’t seem to fit, check the other headings first, if it still doesn’t fit put it under 

miscellaneous. There are no bad ideas, nothing will be excluded at this stage, we want every 

possible suggestion. We would rather you mention an idea now than keep it to yourself. Don’t 

worry if your activities use 1 or 2 hands, at this stage we wont differentiate between them, but 

in the interview I may clarify how you do the activity. 

Key points to think about are:  

 Cover the whole range of activities undertaken by the arm, from very simple tasks to 

more difficult ones 
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 Think about how you use your whole arm, not just the hand, eg are there key activities

you do when you use your affected arm to stabilize the object, while your other arm

undertakes the task

 Single activities only (e.g. pick up a glass and drink is 2 activities, making a sandwich is

a few tasks)

 Relevant to males and females

 Unlikely to become redundant over time (e.g. putting a video in a cassette machine)

If your finding it hard to think of anything, one thing that some find useful is to go through a 

typical day from getting up to going to bed. Think about all the things you have to do during that 

time with your arm, and use that to generate ideas. 
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Appendix 4.I Section 2: Questionnaire 1 

Please find below a list of activities that has been drawn from the group session or interview you recently completed to make a list of activities for a new 

questionnaire to assess activity following BPI. We now need to refine this list to the most important activities adults with a BPI perform regularly, for those with 

very little use of their arm through to those with very good use of their arm.  

If you can’t currently use your arm we would still encourage you to complete this questionnaire, as all your ideas are very valuable to us. 

The first few questions are about you and your arm injury. To put an x in a box, click in the box to highlight it, and type x on your keyboard. The box will be 

replaced by an x. For some computers you may need to double click the box and follow the instructions in the dialog box. If you make a mistake please delete 

the box entirely or use the undo button on toolbar and put an x in the correct box 

Q1. Which arm did you injure Left Right 

Q2. Which arm did you write with before your injury Left Right 

Q3. Are you  Male Female 

Q4. How old are you …….. 

Q5. Are you currently working Yes No 

Q6. Can you use your hand at the moment to do some day-to-day things      Yes No 

Q7 What was the date of your injury… 
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Below is a list of day-to-day activities. We would like you to rate each activity for its importance to you at the moment, and how hard it is for you to perform 
with your affected arm. 

1. Please rate the importance as:

N/A: Not applicable if you did not do this activity before your injury. If you tick N/A you do not need to rate the difficulty, just go to the next activity 

Very important  

Moderately important 

Minimal important 

Not important 

2. Please rate how difficult it is for you to perform each activity as:

Unable to do: means you cannot do any of the activity with your affected arm, so you have somebody else to do it for you, or you have to use other parts of 
your body e.g. teeth, legs, head or your other arm to compensate 

Extremely difficult to do: means you do a part of the activity with your affected arm, but it mainly supports/assists your non-injured arm 

Moderately difficult to do: means you can do the activity with the injured arm, but you find it very frustrating, or it takes a long time to complete 

Little difficult to do: You can do the activity, but it takes a bit longer, you may drop the object, its clumsy to perform 

Easy to do: means you perform the activity with your affected arm in a similar way to how it was before your BPI 

For example, you might feel that carrying a shopping bag with your affected arm is very important to you, so put an x in the box under Very important but it 
may not be difficult to perform, so put an x in the box under Easy to do.  

Or you may have never carried a shopping bag before your injury, so tick N/A, and move to the next activity. 
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Can you…. 

 

Q1 
Stabilize an object with your affected arm while you manipulate it with your other hand, for example holding a jar to open or stabilize paper 
to write 

 
N/A 

Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
 

Unable to 
do 

Extremely 
difficult to do 

Moderately difficult 
to do 

Little difficult 
to do 

Easy to 
do 

 
     

 
     

 
Q2 Carry an object using your affected arm so your other arm/hand is free to do another task, such as opening a door 

 
N/A 

Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
 

Unable to 
do 

Extremely 
difficult to do 

Moderately difficult 
to do 

Little difficult 
to do 

Easy to 
do 

      
 

     

 
Q3 Hold an object between your upper arm and your chest wall, for example a newspaper, book or article of clothing 

 
N/A 

Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
 

Unable to 
do 

Extremely 
difficult to do 

Moderately difficult 
to do 

Little difficult 
to do 

Easy to 
do 

 
     

 
     

 
Q4 Maintain control of your arm so you don’t need to wear a sling 

 N/A 

Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
 

Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

      
 

     
 
Q5 Roll over when sleeping without having to wake up to move your arm 

 
N/A 

Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
 

Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 
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Q6 Hold your hand out to receive change 

N/A 
Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

Q7 Push yourself up from a chair using both arms 

N/A 
Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

Q8 Use both arms/hands to lift a tray or box 

N/A 
Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

Q9 Carry a shopping bag or briefcase 

N/A 

Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

Q10 Raise your arm to reach a light switch 

N/A 
Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

Q11 Shake hands with somebody 

N/A 
Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to 
do 

Little difficult to do 
Easy to 
do 
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Q12 Reach forward and open a draw 

N/A 
Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to 
do 

Little difficult to do 
Easy to 
do 

Q13 
Carry an object draped over your lower arm, e.g. an item of clothing 

N/A 
Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to 
do 

Little difficult to do 
Easy to 
do 

Q14 Wash your face 

N/A 

Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to 
do 

Little difficult to do 
Easy to 
do 

Q15 Wash your hair 

N/A 
Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to 
do 

Little difficult to do 
Easy to 
do 

Q16 Put shampoo onto your hair from a bottle 

N/A 
Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to 
do 

Little difficult to do 
Easy to 
do 



218 

Q17 Wash both your hands at the same time 

N/A 
Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

Q18 
Use your affected arm to wash your other armpit 

N/A 
Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

Q19 Put deodorant under both arms 

N/A 

Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

Q20 Use your affected hand/arm to brush your teeth 

N/A 
Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

Q21 Put toothpaste on a toothbrush 

N/A 
Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

Q22 Wipe yourself after going to the toilet 

N/A 
Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 
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Q23 
Tear toilet paper from a toilet roll 

N/A 
Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

Q24 Pick up a small object with your fingers, eg a clothes peg, tablet or coin 

N/A 

Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

Q25 Turn a knob e.g. a radio, washing machine or cooker 

N/A 
Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

Q26 Text or use a mobile phone keypad 

N/A 
Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

Q27 Turn a key in a lock 

N/A 
Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

Q28 
Write with a pen or pencil 
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N/A 
Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

Q29 Type on a keyboard using 2 hands 

N/A 

Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

Q30 Use a computer mouse 

N/A 
Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

Q31 Open an envelope and remove a piece of paper 

N/A 
Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

Q32 Brush or comb your hair 

N/A 
Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

Q33 
Style your hair or tie it in a ponytail 

N/A 
Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 
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Q34 Use your affected hand to cut your fingernails 

N/A 

Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

Q35 Do up buttons on a shirt 

N/A 
Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

Q36 Do up buttons on tight trousers 

N/A 
Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

Q37 Do up the zip on a jacket including putting the 2 sides together 

N/A 
Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

Q38 
Do up a belt buckle 

N/A 
Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

Q39 Put on a pair of trousers 

N/A 

Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 
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Q40 Lift your affected arm to feed it through the sleeve of a shirt 

N/A 
Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

Q41 Put on a shirt 

N/A 
Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

Q42 Put on and do up a bra 

N/A 
Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

Q43 
Tuck your shirt in 

N/A 
Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

Q44 Pull on a T-shirt 

N/A 

Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

Q45 Tie a tie 
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N/A 

Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
 

Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

 
     

 
     

 
Q46 

 
Do up shoe laces 

 
N/A 

Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
 

Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

 
     

 
     

 
Q46 Put on your socks 

 
N/A 

Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
 

Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

      
 

     

 
Q48  

Use a knife and fork 

 
N/A 

Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
 

Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

 
     

 
     

 
Q49 Use a knife and fork to cut meat 

 N/A 

Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
 

Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

      
 

     
 
Q50 Chop up raw vegetables 

 
N/A 

Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
 

Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 
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Q51 

 
Spread butter or jam on a piece of bread 

 
N/A 

Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
 

Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

 
     

 
     

 
Q52 Eat a sandwich or other finger food with your affected hand 

 
N/A 

Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
 

Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

      
 

     

 
Q53  

Open a previously opened bottle or jar with a screw top 

 
N/A 

Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
 

Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

 
     

 
     

 
Q54 Remove the cap from a “child proof” medicine bottle 

 N/A 

Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
 

Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

      
 

     
 
Q55 Remove the lid from a plastic box 

 
N/A 

Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
 

Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

 
     

 
     

 
Q56 

 
Open a food packet with 2 hands e.g. a packet of chips or cereal packet 

 
N/A 

Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
 

Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 
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Q57 Stir food in a pot on a stove 

 
N/A 

Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
 

Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

      
 

     

 
Q58 

Peg clothes on the washing line 

 
N/A 

Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
 

Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

 
     

 
     

 
Q59 Carry a washing basket 

 N/A 

Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
 

Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

      
 

     
 
Q60 

 
Tie up a bag of rubbish and put it in a rubbish bin 

 
N/A 

Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
 

Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

 
     

 
     

 
 
Q61 

 
Change the sheet on a bed 

 N/A 

Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
 

Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

      
 

     
 
Q62 Iron a shirt 
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N/A 
Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

Q63 Push a pram, shopping trolley or lawnmower 

N/A 

Very 
important 

Moderately 
important 

Minimally 
important 

Not important 
Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult to 
do 

Easy to 
do 

Q64: Can you think of 1 or 2 additional activities that are not on this list, which would be undertaken by most adults with a BPI, and should be included in the 

new questionnaire? 

Q65: Is there any activity in this list that you don’t understand?  If so what do you think it may means and what was confusing about it? 

Thank you for taking the time to complete this survey. All your information is extremely valuable to us, as the new questionnaire is specific to adults with a 

BPI, and without your input we may not find the correct activities. 

If you have any queries please email me at 16890901@student.uws.edu.au 

Once we have collated all the responses we may contact you again to further clarify some of these activities. 

Thanks again 

Bridget Hill  

mailto:16890901@student.uws.edu.au
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Appendix 4J Section 2: Questionnaire 2 

Thank you for completing the questionnaire we sent you that asked you to rate the 

importance and difficulty of a number of activities to you. We have collated all the results; 

however some activities produced very similar numbers. To help us decide which ones to 

retain we would like you tell us whether some activities you do using your affected arm are 

more important to you than others. 

Please rank the importance of items in each question by putting a number in each box; the 

most important is always ranked 1. To enter a number, left click over the box and type in 1, 2, 

3 etc. If you make a mistake please use the ‘undo’ button on your task bar, to repeat each 

step.  

For example, if you think that drawing is the most important activity you do with your affected 

arm, put 1 in that box, followed by writing 2 and painting 3. Below is a box for you to type your 

reasons for making this decision. (To type, click within it and type in your answer) 

Q Writing  2 

Drawing  1 

Painting  3 

Please outline your reasons for ranking the activities this way: 

I really enjoy drawing cartoons, I only write sometimes 
as I use a computer and never paint 

Below are 9 questions that we need you to clarify: 

Q1 Put on a shirt 

Pull on a T-shirt  

Lift your affected arm to put a shirt on 

Please outline your reasons for ranking the activities this way: 
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Q2 Use a knife and fork      

 Use a knife and fork to cut meat     
 
Please outline your reasons for ranking the activities this way:  
 

 

 

Q3  Wash your hair      

 Put shampoo onto your hair from a bottle  

 Wash your face with 2 hands    
 
Please outline your reasons for ranking the activities this way:  
 

 

 

Q4 Raise your arm to flick on a light switch    

 Turn a key in a lock      

 Shake hands with somebody     

 Reach forward to open a draw     
 
Please outline your reasons for ranking the activities this way: 
  

 

 

Q5  Open a previously opened bottle or jar with a screw top   

 Remove the cap from a “child proof” medicine bottle   
 
Please outline your reasons for ranking the activities this way 
:  

 

 

Q6 Turn the knobs on a radio, washing machine or cooker    

 Text or use a mobile phone keypad      

 Pick up a small object with your fingers, eg tablet or coin    

 Use a computer mouse         

 Brush your teeth        

 Never did with affected arm       
 
Please outline your reasons for ranking the activities this way:  



229 

Q7 Put deodorant under both arms  

Use your affected arm to wash your other armpit 

Please outline your reasons for ranking the activities this way: 

Q8 Reach forward to open a draw  

Hold your hand out to receive change 

Please outline your reasons for ranking the activities this way: 

Q9 We had a number of suggestions to include driving as an activity. However this is a very 
complex task. Please rank the importance to you of the following aspects of driving from 1 to 
If you don’t drive please check the lowest box only by typing an x rather than a number 

Steering with 2 hands, i.e. no spinner knob 

No adaptions for lights or indicators 

Changing gear  

Using the hand break 

Opening the door 

Turning the key to start the engine 

Putting on a seat belt  

I don’t drive 

Please outline your reasons for ranking the activities this way: 
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In response to your previous answers we have reworded or combined some activities and 
added one new one. Please could you rate the 4 activities below as you did in the last 
questionnaire. I.e.  

1. Please rate the importance as:  

N/A: Not applicable if you did not do this activity before your injury. If you tick N/A you do not 
need to rate the difficulty, just go to the next activity 

Very important  

 Moderately important 

 Minimal important 

 Not important 

 

2. Please rate how difficult it is for you to perform each activity as: 

Unable to do: means you cannot do any of the activity with your affected arm, so you have 
somebody else to do it for you, or you have to use other parts of your body e.g. teeth, legs, 
head or your other arm to compensate 

Extremely difficult to do: means you do a part of the activity with your affected arm, but it 
mainly supports/assists your non-injured arm 

Moderately difficult to do: means you can do the activity with the injured arm, but you find it 
very frustrating, or it takes a long time to complete  

Little difficult to do: You can do the activity, but it takes a bit longer, you may drop the 
object, its clumsy to perform 

Easy to do: means you perform the activity with your affected arm in a similar way to how it 
was before your BPI 
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Can you…. 
 

Q1 Brush, comb or style your hair 

 
N/A 

Very 
important 

Moderately 
important 

Minimally 
important 

Not 
important  

Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult 
to do 

Easy to 
do 

            

Q2 Use both arms to lift an object, for example a tray, box or washing basket 

 
N/A 

Very 
important 

Moderately 
important 

Minimally 
important 

Not 
important  

Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult 
to do 

Easy to 
do 

            

Q3 Use both arms to lift a box or bag over your head onto a shelf 

 
N/A 

Very 
important 

Moderately 
important 

Minimally 
important 

Not 
important  

Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult 
to do 

Easy to 
do 

            
 

Q4 Hold a pot with one hand while you stir it with the other 

 
N/A 

Very 
important 

Moderately 
important 

Minimally 
important 

Not 
important  

Unable to 
do 

Extremely 
difficult to do 

Moderately 
difficult to do 

Little difficult 
to do 

Easy to 
do 
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The activities we include in the final measure must not only be important, but also carried out 

regularly. Therefore, we would like you to indicate how often you would do the following 19 

activities using your affected arm by clicking the box under the appropriate heading. 

Q1. Hold your hand out to receive change 

Frequently 
throughout 
the day 

Twice a day Daily 
A few times a 
week 

A few times a 
month 

Never 

Q2. Raise your arm to flick on a light switch 

Frequently 
throughout 
the day 

Twice a day Daily 
A few times a 
week 

A few times a 
month 

Never 

Q3. Shake hands with somebody 

Frequently 
throughout 
the day 

Twice a day Daily 
A few times a 
week 

A few times a 
month 

Never 

Q4. Reach forward to open a draw 

Frequently 
throughout 
the day 

Twice a day Daily 
A few times a 
week 

A few times a 
month 

Never 

Q5. Carry an item of clothing draped over your lower arm 

Frequently 
throughout 
the day 

Twice a day Daily 
A few times a 
week 

A few times a 
month 

Never 

Q6. Wash your face with 2 hands 

Frequently 
throughout 
the day 

Twice a day Daily 
A few times a 
week 

A few times a 
month 

Never 

Q7. Turn the knobs on a radio, washing machine or cooker 

Frequently 
throughout 
the day 

Twice a day Daily 
A few times a 
week 

A few times a 
month 

Never 

Q8. Text or use a mobile phone keypad 

Frequently 
throughout 
the day 

Twice a day Daily 
A few times a 
week 

A few times a 
month 

Never 
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Q9 Turn a key in a lock 

Frequently 
throughout 
the day 

Twice a day Daily 
A few times a 
week 

A few times a 
month 

Never 

Q10. Write with a pen or pencil 

Frequently 
throughout 
the day 

Twice a day Daily 
A few times a 
week 

A few times a 
month 

Never 

Q11. Use a computer mouse 

Frequently 
throughout 
the day 

Twice a day Daily 
A few times a 
week 

A few times a 
month 

Never 

Q12. Open an envelope and remove a piece of paper 

Frequently 
throughout 
the day 

Twice a day Daily 
A few times a 
week 

A few times a 
month 

Never 

Q13. Tie a tie 

Frequently 
throughout 
the day 

Twice a day Daily 
A few times a 
week 

A few times a 
month 

Never 

Q14. Chop up raw vegetables 

Frequently 
throughout 
the day 

Twice a day Daily 
A few times a 
week 

A few times a 
month 

Never 

Q15. Spread butter or jam on a piece of bread 

Frequently 
throughout 
the day 

Twice a day Daily 
A few times a 
week 

A few times a 
month 

Never 

Q16. Eat a sandwich or other finger food with your affected hand 

Frequently 
throughout 
the day 

Twice a day Daily 
A few times a 
week 

A few times a 
month 

Never 

Q17. Remove the cap from a “child proof” medicine bottle 

Frequently 
throughout 
the day 

Twice a day Daily 
A few times a 
week 

A few times a 
month 

Never 
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Q18. Remove the lid from a plastic box  

Frequently 
throughout 
the day 

Twice a day Daily 
A few times a 
week 

A few times a 
month 

Never 

      
 
Q19. Iron a shirt  

Frequently 
throughout 
the day 

Twice a day Daily 
A few times a 
week 

A few times a 
month 

Never 

      

 

Thank you so much for taking the time to complete these questions. All your information is 
invaluable to us. If you have any queries please don’t hesitate to call me 03 9426 8703, or 
send me an email 16890901@studentuws.edu.au 

 

Bridget

mailto:16890901@studentuws.edu.au
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Appendix 4K The 51-item questionnaire used for Rasch analysis 

 

The Brachial Assessment Tool (BRAT) 
 
The BRAT has 2 sections. Please read each set of instructions carefully and provide an answer for all activities by placing an x in the box below the 
appropriate response 
 
Section 1: Using only your affected arm / hand how easy or hard is it for you to perform these day-to-day activities, at the moment.  
 

 Activity 
Easy to do 
now 

A little hard 
to do now 

Very hard to 
do now 

Cannot do 
now 

Never did with 
affected arm  

1 Lift your affected arm to feed it through the sleeve of a shirt      

2 
Maintain control of your affected arm so you don’t need to wear 
a sling  

     

3 
Hold an object draped over your affected forearm, e.g. an article 
of clothing  

     

4 
Hold an object between your affected upper arm and your chest 
wall, for example a newspaper, book or article of clothing  

     

5 Use your affected hand to wash your other armpit      

6 Use your affected hand to cut the fingernails of your other hand      

7 Brush, comb or style your hair with your affected arm      

8 Brush your teeth with your affected arm      

9 Wipe yourself after going to the toilet with your affected arm      

10 Carry a shopping bag or briefcase with your affected hand      

11 Eat food with your affected hand / fingers e.g. sandwich      

12 
Pick up a small object with the fingers of your affected arm, eg a 
clothes peg, tablet or coin  
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 Activity 
Easy to do 
now 

A little hard 
to do now 

Very hard to 
do now 

Cannot do 
now 

Never did with 
affected arm  

13 Text or use a mobile phone keypad with your affected hand      

14 Write with a pen or pencil with your affected arm      

15 Use a computer mouse with your affected hand      

16 
Turn the knobs on a radio, washing machine or cooker with your 
affected hand 

     

17 Hold your affected hand out to receive change      

18 Turn a key in a lock with your affected arm      

19 Raise your affected arm to turn on a light switch      

20 Shake hands with somebody      

 
Section 2: Using both your arms / hands, how easy or hard is it for you to perform these day-to-day activities at the moment? 
 

 Activity 
Easy to do 
now 

A little hard 
to do now 

Very hard to 
do now 

Cannot do 
now 

Never did 
this activity 

21 Put on a T shirt      

22 Tuck your shirt in      

23 Do up shirt buttons      

24 Put on a pair of trousers      

25 Do up tight trouser buttons      

26 Do up zip including put together      

27 Do up belt buckle      
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Section 2: Using both your arms / hands, how easy or hard is it for you to perform these day-to-day activities at the moment? 
 

 Activity 
Easy to do 
now 

A little hard 
to do now 

Very hard to 
do now 

Cannot do 
now 

Never did 
this activity 

28 Put on socks      

29 Do up shoe laces      

30 Wash both hands at same time      

31 Wash your face with 2 hands      

32 Put toothpaste on a toothbrush      

33 Tear toilet paper from a toilet roll      

34 
Use both arms to lift an object, e.g. a tray, box or washing 
basket 

     

35 Use both arms to lift a box or bag onto a shelf at eye level      

36 
Roll over when sleeping without having to wake up to move your 
arm 

     

37 
Carry an object using your affected arm so your other arm/hand 
is free to do another task 

     

38 
Stabilize an object with your affected arm while you manipulate it 
with your other hand, for example holding paper to write 

     

39 Type on a keyboard, using 2 hands      

40 Use a knife and fork       

41 Spread butter or jam on a piece of bread      

42 Open a cereal packet with 2 hands      

43 Open a previously opened jar      
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Section 2: Using both your arms / hands, how easy or hard is it for you to perform these day-to-day activities at the moment? 

Activity 
Easy to do 
now 

A little hard 
to do now 

Very hard to 
do now 

Cannot do 
now 

Never did 
this activity 

44 Chop and/or peel raw vegetables 

45 Hold a pot of food with 1 hand and stir it with the other 

46 Push yourself up from a chair using both arms 

47 Push a pram, lawnmower or shopping trolley 

48 Iron a shirt 

49 Change the sheet on a bed 

50 Peg clothes on the washing line 

51 Tie up a rubbish bag and put in bin 
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Appendix 5A Ethics approval for psychometric evaluation, UWS 

Locked Bag 1797 

Penrith NSW 2751 Australia 

Associate Professor Andrea Bialocerkowski, 

School Science and Health 

30 January 2012 

Dear Andrea, 

I wish to formally advise you that the Human Research Ethics Committee has approved your 

research proposal H9366  “Psychometric evaluation of the Brachial Assessment Tool (BRAT) 

for assessment of activity following adult traumatic Brachial Plexus Injury“, until 15 July 2015 

with the provision of a progress report annually and a final report on completion. 

Please quote the project number and title as indicated above on all correspondence related to 

this project. 

This protocol covers the following researchers:  

Scott Ferris, Andrea Bialocerkowski, Gavin Williams, Julie Pallant, Bridget Hill. 

Yours sincerely 

Dr Anne Abraham  

Chair, UWS Human Research Ethics Committee 
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Appendix 5B Ethics approval for psychometric evaluation Griffith University 

GRIFFITH UNIVERSITY HUMAN RESEARCH ETHICS COMMITTEE 

09-Apr-2013

Dear APro Bialocerkowski 

I write further to the additional information provided in relation to the conditional approval 

granted to your application for ethical clearance for your project "PR: Psychometric evaluation 

of the Brachial Assessment Tool (BRAT) for assessment of activity following Brachial Plexus 

Injury" (GU Ref No: PES/12/13/HREC). 

This is to confirm receipt of the remaining required information, assurances or amendments to 

this protocol. 

Consequently, I reconfirm my earlier advice that you are authorised to immediately 

commence this research on this basis. 

The standard conditions of approval attached to our previous correspondence about this 

protocol continue to apply. 

Regards 

Ms Kristie Westerlaken 

Policy Officer 

Office for Research 

Bray Centre, Nathan Campus 
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Appendix 5C Letter of invite for Rasch analysis and psychometric evaluation 

Psychometric evaluation of the Brachial Assessment Tool (BRAT) for assessment of activity 

following adult traumatic Brachial Plexus Injury 

Dear 

The research project outlined in this letter and accompanying information sheet, is being 

undertaken by a PhD student from Griffith University who works as a physiotherapist at 

Epworth Rehabilitation in Richmond, Melbourne. I endorse this project and encourage you to 

participate in this research.  However, your involvement is entirely voluntary and will not 

impact on the care that is provided to you. I will not be informed as to whether you agree to 

take part or not and your decision will not affect our clinical relationship. In order to complete 

this project Bridget Hill requires access to your medical file and contact details; which I will 

provide. If you do not wish her do have this information, please do not consent to taking part 

in this project. 

In recent years we have seen advances in microsurgery that have resulted in improvement in 

strength and range of movement for people with Brachial Plexus Injury (BPI). However we are 

seeking more detailed information as to how this may affect your ability to actually use your 

arm in day-to-day activities. The aim of this study is to test a new questionnaire that 

measures the day-to-day impact of BPI, which has been designed based on ideas from 

people with a BPI. Such a measure may allow clinicians to develop more targeted surgery 

and rehabilitation programs, and hopefully improve long-term outcomes for people with BPI. 

You are being invited to assist in the clinical testing of this new questionnaire, as your opinion 

as someone who has a BPI in very important. 

The project involves completing a series of questionnaires. Dependent on the time since your 

injury and ongoing surgery we may request you to complete 1, 2, or 3 sets of questionnaires 

over an 18-month period. The questionnaires include the new Brachial Assessment Tool 

(BRAT) and two others designed to measure day-to-day activity of the upper limb injuries, as 

well a few questions about you. It is envisaged the total time commitment will be less than 3 

hours spread over the 18-month period.   



242 

Please read the attached information sheet, which outlines all the details regarding this 

project.  

We are aware that some of you may not be able to use your arm at the time of testing and so 

may not be able to write to complete the questionnaires. Your responses to these 

questionnaires are very important to us and could potentially alter the research direction. If 

you agree to participate in this research, assistance will be provided to you to complete the 

questionnaires.  

If you have any further queries after reading the information sheet please do not hesitate to 

contact the researchers. Their contact details are contained in the participation information 

sheet, which is attached to this letter.  

If you wish to in participate in this study, please sign the consent form attached, and return to 

Bridget Hill in the enclosed envelope. Bridget will contact you shortly to commence data 

collection. 

Thank you for considering participating in this project, which I believe is important for 

continued improvement in outcomes for patients with brachial plexus injury. 

Yours sincerely 

Scott Ferris 

Plastic and Reconstructive Surgeon 

The conduct of this research involves the collection, access and/or use of your identified 

personal information. The information collected is confidential and will not be disclosed to 

third parties without your consent, except to meet government, legal or other regulatory 

authority requirements. Your anonymity will be at all times safeguarded. For further 

information consult the University’s Privacy Plan at http://www.griffith.edu.au/about-

griffith/plans-publications/griffith-university-privacy-plan or contact the Manager, Research 

Ethics, research-ethics@griffith.edu.au telephone (07) 3735 4375 

http://www.griffith.edu.au/about-griffith/plans-publications/griffith-university-privacy-plan
http://www.griffith.edu.au/about-griffith/plans-publications/griffith-university-privacy-plan
mailto:research-ethics@griffith.edu.au
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Appendix 5D Participant information sheet psychometric evaluation 

Participant Information Form 

Psychometric evaluation of the Brachial Assessment tool (BRAT) for assessment of 

activity following Adult traumatic Brachial Plexus Injury 

Principal Researcher: Bridget Hill 

Associate researcher: Mr Scott Ferris 

Associate researcher: Associate Professor Andrea Bialocerkowski 

Associate researcher: Dr Gavin Williams 

Associate researcher: Associate Professor Julie Pallant 

Associate researcher: Dr Leanne Bissett 

1. Introduction

You are invited to take part in this research project to test a new questionnaire that assesses 

how you use your arm day-to-day following Brachial Plexus Injury (BPI). Your details were 

obtained through Mr. Ferris. Please read this information carefully. Ask questions about 

anything that you don’t understand or want to know more about. If you decide you want to 

take part in the research project, you will be asked to sign the consent form. By signing it you 

are telling us that you: 

 Understand what you have read

 Consent to take part in this research

 Consent to the use of your personal and health information as described

You will be given a copy of this Participant Information and Consent Form to keep. 

2. What is the purpose of this research project?

We reviewed the BPI literature and found that none of the existing measures can fully assess 

day-to-day activity of the arm following BPI. Accurate assessment of outcome is important to 

be able to measure effectiveness of treatments. We therefore developed a new questionnaire 

called the Brachial Assessment Tool (BRAT). To test the statistical properties of the BRAT we 

are recruiting 100 to 150 people who have a brachial Plexus injury. 25 are expected to be 

recruited through Mr. Ferris.  

The results of this research will be used by Bridget Hill to obtain a PhD through Griffith 

University under the supervision of Associate Professor Andrea Bialocerkowski, Dr Gavin 

Williams, and Dr Julie Pallant. The research has been partly funded by the Epworth Monash 

Rehabilitation Medicine unit. 

3. What does participation in this research project involve?

The project involves you completing some questionnaires 1, 2 or 3 times, over an 18 month 

period, dependent on the length of time since your injury and surgeries. The questionnaires 
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may be filled in by post, by telephone or on line via email, which ever is the most convenient 

to you. We envisage it will take a maximum of an hour to complete all questionnaires at each 

stage. Consent to take part in this project includes confirmation you allow Bridget Hill access 

to your medical file and your contact details. If you do not wish her to have this information 

please do not consent to this project.  

If you are unable to sign your name due to your BPI you may give verbal consent, which will 

be audio taped prior to the first data collection. A witness will sign the consent form on your 

behalf (please see attached form). You will not be paid for your participation in this research. 

4. What are the possible benefits?

It is unlikely that you will receive any benefits from being involved in this study; however, your 

involvement may help to improve treatment for people with BPI in the future. 

5. What are the possible risks?

We do not anticipate that there will be any risks. The researchers will at no at time discuss or 

offer an opinion as to your treatment regime. If you experience discomfort in discussing your 

outcome as a consequence of this project, counseling can be arranged by Emily Toner 

Psychologist at Epworth healthcare, telephone number (03) 9426 8702. 

6. Do I have to take part in this research project?

Participation in any research project is voluntary. If you do not wish to take part, you do not 

have to. If you decide to take part and later change your mind, you are free to withdraw from 

the project at a later stage. If you decide to withdraw, please notify Bridget Hill (tel 03 9415 

5696). If you decide to withdraw from the project, the researchers would like to keep the 

personal and health information about you that has been collected for this project. This is to 

help us make sure that the results of the research can be reported properly. If you do not 

want us to do this, please tell us when you withdraw from the research project. Your decision 

whether to take part or not, or to take part and then withdraw, will not affect your relationship 

with Mr. Ferris or your therapists.  

7. What will happen to information about me?

Any information obtained for the purpose of this research project that can identify you will be 

treated as confidential and stored securely.  Identifiable information is only retained to ensure 

we can contact you at the various phases of this project. It will be disclosed only with your 

permission, or in compliance with the Law. All data for statistical analysis are pooled and de-

identified. Consent is for this project only, and information will not be used for further 

research. A report may be submitted for publication or results presented at conferences, but 

individual participants will not be identifiable in such a report.  

8. Can I access research information kept about me?

In accordance with relevant Australian and/or Victorian privacy and other relevant laws, you 

have the right to access the information collected and stored by the researchers about you.  

Please contact one of the researchers named at the end of this document if you would like to 

access your information. 

Further, in accordance with regulatory guidelines, the information collected in this research 

project will be kept for at least 7 years  

9. Is this research project approved?

The ethical aspects of this research project have been approved by the ethics committees of 

Griffith University, the Alfred Hospital, and the Royal Melbourne Hospital, Melbourne. 
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This project will be carried out according to the National Statement on Ethical Conduct in 

Human Research (2007) produced by the National Health and Medical Research Council of 

Australia. This statement has been developed to protect the interests of people who agree to 

participate in human research studies. 

10. Who can I contact?

The person you may need to contact will depend on the nature of your query. Therefore, 

please note the following: 

If you want any further information concerning this project you can contact the principal 

researcher Mr. Scott Ferris on telephone number: (03) 9928 6565 or the research coordinator 

Bridget Hill telephone number (03) 9415 5696 

11. Privacy statement

The conduct of this research involves the collection, access and/or use of your identified 

personal information. The information collected is confidential and will not be disclosed to 

third parties without your consent, except to meet government, legal or other regulatory 

authority requirements. Your anonymity will be at all times safeguarded. For further 

information consult the University’s Privacy Plan at http://www.griffith.edu.au/about-

griffith/plans-publications/griffith-university-privacy-plan or contact the Manager, Research 

Ethics, research-ethics@griffith.edu.au telephone (07) 3735 4375. 

http://www.griffith.edu.au/about-griffith/plans-publications/griffith-university-privacy-plan
http://www.griffith.edu.au/about-griffith/plans-publications/griffith-university-privacy-plan
mailto:research-ethics@griffith.edu.au
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Appendix 5E Consent form for psychometric evaluation 

Project title: Psychometric evaluation of the Brachial Assessment Tool (BRAT) for 

assessment of activity following adult traumatic Brachial Plexus Injury 

I ,…………………………, consent to participate in the research project titled: Psychometric 

evaluation of the Brachial Assessment Tool (BRAT) for assessment of activity following adult 

traumatic Brachial  Plexus Injury. 

I acknowledge that: 

I have read the participant information sheet and have been given the opportunity to discuss 

the information and my involvement in the project with the researcher/s. 

The procedures required for the project and the time (up to 4 hours in total) have been 

explained to me, and any questions I have about the project have been answered to my 

satisfaction. 

I consent to Bridget Hill having access to my contact details and medical file. 

I understand that my involvement is confidential and that the information gained during the 

study may be published but no information about me will be used in any way that reveals my 

identity. 

I understand that I can withdraw from the study at any time, without affecting my relationship 

with the researcher/s now or in the future. 

Signed: …………………….. 

Name (please print): ………………………. Date: ……………………… 

I am unable to write and have therefore given verbal consent, which has been audio taped 

Signed by witness: ………………….. Date: ……………………… 

Name and address of witness: ………………………………………………………….. 

…………………………………………………………………………………………… 
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Relationship of witness to participant: …………………… 

Please return completed form in reply paid envelope to: Bridget Hill, Physiotherapy 

Department, Epworth HealthCare, 89 Bridge Rd Richmond 3121 

This study has been approved by Griffith University 

The Approval number is: PES/12/13/HREC 

The conduct of this research involves the collection, access and/or use of your identified 

personal information. The information collected is confidential and will not be disclosed to 

third parties without your consent, except to meet government, legal or other regulatory 

authority requirements. Your anonymity will be at all times safeguarded. For further 

information consult the University’s Privacy Plan at http://www.griffith.edu.au/about-

griffith/plans-publications/griffith-university-privacy-plan or contact the Manager, Research 

http://www.griffith.edu.au/about-griffith/plans-publications/griffith-university-privacy-plan
http://www.griffith.edu.au/about-griffith/plans-publications/griffith-university-privacy-plan
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Appendix 5F Demographics at recruitment psychometric evaluation 

 

 

 

Psychometric evaluation of the BRAT: Demographic data A 

 

1. Name:  …………………………………………… 

2. Address:  …………………………………………… 

  …………………………………………… 

  …………………………………………… 

3. Mobile Telephone …………………………………………… 

4. Email address:  …………………………………………… 

5. Date of birth:  …………………………………………… 

6. Date of injury:  …………………………………………… 

7. What is your highest level of education:   

Primary school     

 Secondary school    

 Tertiary (University or TAFE etc)  

8a. Which hand did you write with before your accident:  

 Right   Left   

8b. Which hand did you throw a ball with before your accident:  

 Right   Left   

 

9. Can you currently use your hand to do any day-to-day activities: 

  Yes  No  

 

10. What is the current weight bearing status of your affected arm? 

No weight bearing allowed   

Partial or ‘cup of tea’ weight bearing  

Full weight bearing     

 Do not know     
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11. What was/is your work status:

Prior to the accident: Currently: 

Full time employment Full time employment 

Part time employment Part time employment 

Apprentice Apprentice 

Casual employment Casual employment 

Unemployed Unemployed 

Student  Student  

Home duties Home duties 

Receiving pension  Receiving pension  

Other (Please specify) Other (Please specify) 

……………………………… ……………………………… 

If you were working what was your occupation If working what is your occupation 

……………………………… ……………………………… 

Signature ………………….. 

Date ………………………. 
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Appendix 5G Demographics at 9 and 18 months  

 

 

 

Psychometric evaluation of the BRAT: Demographic data B 

 

1. Name:  …………………………………………… 

2. Address:  …………………………………………… 

  …………………………………………… 

  …………………………………………… 

3. Mobile Telephone …………………………………………… 

4. Email address:  …………………………………………… 

5. Date of birth:  …………………………………………… 

6. Date of injury:  …………………………………………… 

7. Can you currently use your hand to do or assist with any day-to-day activities 

  Yes  No  

8. What your current work status:  

Full time employment     Unemployed   

Part time employment     Student     

Apprentice      Casual employment  

Home duties      Receiving pension   

Other (Please specify)  ……………………………… 

 

9. If you are working now what is your occupation: 

 ………………………………………………… 

 

10 Have you undergone any surgery to your arm since you last completed this questionnaire?  

No  

Yes    (please specify including date and type of surgery) 

………………………………………………………………………………………… 

………………………………………………………………………………………… 
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………………………………………………………………………………………… 

………………………………………………………………………………………… 

 

11. What is the current weight bearing status of your affected arm? 

No weight bearing allowed   

Partial or ‘cup of tea’ weight bearing  

Full weight bearing     

 Do not know     

12. Have you undergone any surgery for other injuries you may have sustained at the same 

time as your BPI, since you last completed this questionnaire? 

No  

Yes   (please specify including date and type of surgery)  

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

13. Have you sustained any other injuries since you last completed this questionnaire?  

No   

Yes   (please specify including date and type of surgery, if applicable)  

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

 

 

Signature:……………………….. 

Date:  …………………………. 
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Appendix 5H The Disability of the Arm, Shoulder and Hand (DASH) 
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255 

 

Appendix 5I The Upper Extremity Functional index (UEFI) 
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Appendix 5J The Global Perceived Use Score (GPUS) 

 

 

Global perceived use score 

 

Overall we need to know if you are using your hand/arm more, less or the same as you could 

since the last time you completed these questionnaires. Please think about all the things that 

may have changed in this time, for example:  

 Using both arms/hands together to do more tasks 

 Being able to move your arm away to reach objects 

 You can do activities faster than before 

 Better control with your fingers to hold small objects 

 Stabilize or hold an object with your affected arm rather than other parts of your 

body 

 Dropping things less often  

 Carrying things in day-to-day life 

 

Please choose one of the following options: 

Overall, since I last completed these questionnaires, I use my hand/arm to carry out day-to-

day activities: 

 

5 Much better than last time   

4 A little better than last time   

3 No change to last time    

2 A little less than last time   

1 Much less than last time   
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Appendix 5K COSMIN checklist 
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Appendix 5L The Brachial Assessment Tool (BrAT) 

We are interested to know how you are using your arm/hand to do the activities listed below.  

Please provide an answer for all activities by circling the number under the appropriate response. Your clinician will 

explain which items to answer. 

Subscale 1: Dressing items 

 Activity 
Cannot 

do now 

Very hard 

to do now 

A little hard 

to do now 

Easy to 

do now 

1 Use both arms to put on a T-shirt 0 1 2 3 

2 Use both arms to put on a pair of trousers 0 1 2 3 

3 Use both hands to put on socks 0 1 2 3 

4 Use both hands to put toothpaste on a toothbrush 0 1 2 3 

5 Use both hands to do up belt buckle 0 1 2 3 

6 Tuck your shirt in using your affected hand 0 1 2 3 

7 Use both hands to do up shirt buttons  0 1 2 3 

8 Use both hands to do up tight trouser buttons e.g. jeans 0 1 2 3 

Column Totals:   
  

Subscale 1 Total 
 

      

Subscale 2: Arm and hand items 

 Activity 
Cannot 

do now 

Very hard 

to do now 

A little hard 

to do now 

Easy to 

do now 

9 Wash both hands at same time 0 1 2 3 

10 
Use both hands to push a pram, lawnmower or shopping 

trolley 
0 1 2 3 

11 Use both hands to do up zip including putting ends together  0 1 2 3 

12 Use both hands to spread butter or jam on a piece of bread  0 1 2 3 

13 Use both hands to tie up a rubbish bag and put in the bin 0 1 2 3 

14 Use both hands to tie up shoe laces 0 1 2 3 

15 Use a knife and fork at the same time 0 1 2 3 

16 
Carry an object only using your affected arm so your other 

arm/hand is free to do another task 
0 1 2 3 

17 
Pick up a small object with the fingers of your affected hand 

eg a tablet, coin or pen 
0 1 2 3 

18 Hold a pot of food with 1 hand and stir it with the other 0 1 2 3 

19 Use both arms/hands to change the sheet on a bed 0 1 2 3 

20 Use both hands to wash your face  0 1 2 3 

21 Use both arms to peg clothes on the washing line  0 1 2 3 

22 Use both hands to type on a keyboard 0 1 2 3 

23 Turn on a light switch using only your affected arm 0 1 2 3 

24 Use your affected hand to wash your other armpit 0 1 2 3 

25 Use both arms to lift a box or bag onto a shelf at eye level 0 1 2 3 

Column Totals:   
  

Subscale 2 Total 
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Subscale 3: No hand items 

 Activity 
Cannot 

do now 

Very hard 

to do now 

A little hard 

to do now 

Easy to 

do now 

26 
Maintain control of your affected arm so you don’t need to 

wear a sling  
0 1 2 3 

27 
Hold an object between your affected upper arm and your 

chest wall, e.g. a book  
0 1 2 3 

28 
Hold an object draped over your affected forearm, e.g. an 

article of clothing 
0 1 2 3 

29 
Stabilize an object with your affected arm while you 

manipulate it with your other hand 
0 1 2 3 

30 Lift your affected arm to put it through the sleeve of a shirt 0 1 2 3 

31 
Roll over when sleeping without having to wake to move 

your affected arm 
0 1 2 3 

Column Totals: 
 

 
 

 

Subscale 3 Total  

 

Clinician. Scores can be generated as one summed total or 3 separate subscales:  

Subscale 1 Dressing items:   Sum column totals items 1 – 8:   __/24 

Subscale 2 Arm and hand items:  Sum column totals items 9 – 25:  __/51 

Subscale 3 No hand items:   Sum column totals items 26 – 31:  __/18 

 

Summed score:    Sum all column totals for a raw score:  __/93 

 

Complete this section only if you injured your writing arm (DO NOT ADD to summed score) 

Using only your affected arm / hand how easy or hard is it for you to perform these day-to-day activities.  

 

Activity 
Cannot 

do now 

Very hard 

to do now 

A little hard 

to do now 

Easy to 

do now 

Brush your teeth with your affected arm 0 1 2 3 

Write with a pen or pencil with your affected arm 0 1 2 3 

Use a computer mouse with your affected hand 0 1 2 3 

Wipe yourself after going to the toilet with your affected arm 0 1 2 3 

Column Totals: 
 

 
 

 

 

The BrAT is freely available for use; however, to enable ongoing evaluation we request that you please notify 
Bridget Hill at bridget.hill@epworth.org.au if you are using this tool so that dissemination and uptake can be tracked.  
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