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Abstract 
 

Cerebral Palsy (CP) is a neurodevelopmental condition well recognised to begin at 

birth or early childhood and persisting through the lifespan. The condition has been defined 

as a group of permanent disorders impacting on the development of movement and postures 

in turn causing activity limitation. Impacts caused by CP are often accompanied by 

disturbances of sensation, perception, cognition, communication, and behaviour, by 

epilepsy and by secondary musculoskeletal problems.  

Physiotherapists are allied health professionals who assist patients with optimising 

their health and wellbeing outcomes, such as musculoskeletal problems. These outcomes 

are achieved through evidenced-based care whereby physiotherapists assess, diagnose, 

and treat a wide range of health conditions throughout the lifespan. One discipline in 

physiotherapy pertains to the provision of care to the paediatric population, whereby the 

physiotherapist can assist in optimising a child’s mobility and strength (for example, in 

children with CP), thereby reducing or even preventing other sequalae associated with their 

conditions (such as musculoskeletal discomfort and deformity). One treatment approach 

often take by physiotherapists is to prescribe lower limb orthoses, such as ankle-foot 

orthoses (AFOs). However, there is limited evidence on sensomotoric orthoses (SMotOs), 

which are used clinically in children with CP. As such, the research question underpinning 

this program of research was ‘Which lower limb orthoses are optimal for treating children 

with CP?’. Therefore, the aims of this program of research were to: investigate current lower 

limb assessment techniques, determine what lower limb orthoses were available for children 

with CP, determine the effects of these lower limb orthoses on the gait and gross motor skills 

of children with CP, and to determine if there are other, less commonly known, orthoses that 

improve gait and gross motor skills in children with CP. To answer the overriding research 

question and to achieve these aims, one narrative systematic review and six studies were 

undertaken. 

CP is described in depth throughout Chapter 1, further exploring the role of 

physiotherapy in paediatrics, specifically lower limb assessment and orthosis prescription. 

From assessment, physiotherapists are able to use their clinical reasoning and evidence-

based research to prescribe therapy or aids (such as lower limb orthoses) to support their 

therapy management and achieve patient goals. Studies 1 and 2 described, and further 

investigated, current lower limb alignment assessment techniques, with particular focus on 
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techniques to ascertain subtalar joint neutral and the use of this measure to prescribe 

orthoses to treat tibial torsion.  

Study 1 investigated the reliability of a lower limb alignment assessment technique. 

Fifteen adults and six children (n=21) were assessed in resting and neutral calcaneal stance 

position (RCSP and NCSP) through the Anterior Line Method by six allied health 

professionals. The allied health professionals were all familiar with the Anterior Line Method, 

with varying levels of experience from novice to expert. The results demonstrated that the 

RCSP appeared to be a more reliable measure than the NCSP across the ages. The findings 

of this study highlight that, the level of experience and familiarity of using the Anterior Line 

Method may influence reliability, as will measuring adult subjects as compared to children.  

Using the records of the experienced assessor, the effect of orthotics with gait plates 

on tibial torsion in children was investigated. Through Study 2 (located in Appendix C: Tibial 

Torsion in Children: A Retrospective Study), chart data were assessed to determine if 

changes in tibial torsion occurred due to time or effect of orthotics. There was a final yield of 

33 files for review. Within the reviewed charts, there were 23 male participants and 10 female 

participants (initial age = 2.5 -14 years). The mean period of time between initial assessment 

of RCSP and malleolar position (MP) and final assessment was 42.97 (± 41.41; range 3 – 

147) months. Significant changes in RCSP and MP were found. As time was not a significant 

factor in the changes of left or right RCSP or MP, changes were likely due to the intervention 

or other unknown factors. However, a significant determinant of the amount of change was 

the initial torsion score. The results demonstrated there are physical improvements in tibial 

torsion which may be of benefit to the typical child through a simple, non-invasive method 

of intervention.  

Due to the first two studies informing lower limb alignment assessment and orthoses 

in typical children only, these measures were therefore not considered appropriate for use 

in children with CP. The second study was relocated to Appendix C: Tibial Torsion in 

Children: A Retrospective Study, to maintain the total thesis journey, but so as to not 

interrupt the flow of the thesis. As such, further investigation into appropriate assessments 

and lower limb orthoses for children with CP was required to inform future studies.  

One primary focus of this thesis was lower limb orthoses, such AFOs and SMotOs, 

and their effect on functional movement in this specialised population. To inform this focus, 

a narrative systematic review (Chapter 3: Study 3) was conducted into lower limb orthoses 

and their effect on gait and gross motor skills (GMS) in children with CP. Seven studies, 

graded as of good to high quality (Kennelly’s grading system: 2011) informed the review. 
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The volume of evidence presented in the literature supported the use of AFOs as a device 

to improve gait and GMS in children with CP. However, there were inconsistencies in the 

agreement of design and in their use. A potential benefit of a clearer defining of AFO 

prescription within research studies was noted. In addition, given its lack, further research 

on the effect of SMotOs on gait and GMS in children with CP was identified as potentially 

being of value with regard to future orthoses prescription. Following the narrative systematic 

review, Chapters 4 – 7 presented further studies that explored AFOs and SMotOs and their 

impact on gait, GMS and quality of life in children with CP. 

From the literature, as reported in Chapter 3 and through further reading, there 

appeared to be several clinically viable outcome measures to inform on changes in gait, 

GMS and quality of life in children with CP. These outcome measures were the Gross Motor 

Function Measure (GMFM-88), Berg Balance Scale (BBS), Timed Up-and-Go (TUG), 

Edinburgh Visual Gait Score (EVGS) and Cerebral Palsy Quality of Life (CPQoL) and it was 

these outcome measures that were selected as outcome measures to inform Study 4, a pilot 

feasibility study (located in Chapter 4).  

The aim of the feasibility study was to determine the most effective and timely 

outcome measures of gait, GMS and quality of life in children with CP. Five outcome 

measures (GMFM-88, BBS, TUG, EVGS, CPQoL) were applied to six children with CP. A 

pre-determined minimum participation rate of 50% was set as the requirement for the 

outcome measure to be considered for future studies. Three outcome measures (GMFM-

88, BBS and EVGS) achieved 50% or more participation rate. 

Using the three predetermined outcome measures identified in Study 4 (Chapter 4), 

Studies 5 and 6 (Chapters 5 and 6) further investigated the effect of AFOs and SMotOs on 

GMS and gait in children with CP. Study 5 used the GMFM-88 and the BBS to determine 

the effect of SMotOs and AFOs on GMS in children with CP. Nine children (n=9: mean age= 

5.4 ± 3.2 years: range 3–13 years), who wore both orthoses, were recruited via convenience 

sampling. Participants wore two different types of AFOs, being hinged-AFOs (n=4) and solid-

AFOs (n=5). The GMFM-88 demonstrated medium positive change in three participants 

between orthoses. Sections D and E of the GMFM-88 demonstrated a 6% increase in score 

(SMotOs over AFOs). On average, participants scored significantly (A=0.002) higher on the 

GMFM-88 when wearing SMotOs compared to AFOs. There was no significant difference 

between BBS total scores when wearing SMotOs and AFOs (A=0.928). Using the GMFM-

88, an effective and significant benefit on GMS was seen when wearing SMotOs compared 

to wearing AFOs.  
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To inform on changes in gait, and as identified in Study 4 (Chapter 4), the EVGS was 

deemed to be a clinically relevant, timely and effective outcome measure of gait changes in 

children with CP. Therefore, the EVGS was used to inform on the effect of SMotO and AFO 

on gait in Study 6. Eleven participants were videoed walking 5m (any order) barefoot, in 

SMotOs, and in AFOs. Of the participants (mean age = 5.5 ± 2.9 years: range 3 – 13 years) 

two (n=2) were female and six (n=6) used assistive devices. Seven (n=7) could walk 

barefoot. Participants presented with spastic diplegia (n=4), spastic quadriplegia (n=6), and 

spastic dystonic quadriplegia (n=1). Gross Motor Functional Classification System levels 

ranged I - IV. Total EVGS for SMotOs (7.62) and AFOs (14.18) demonstrated improved gait 

when wearing SMotOs with no significant differences between barefoot and AFOs. The 

results suggested SMotOs may be a viable option to improve gait in this population.  

Along with the effect on gait and gross motor skills, a further interest was taken in 

how the orthoses affected the quality of life in children with CP. As the CPQoL did not meet 

the minimum participation rate (as per Study 4: Chapter 4), a specific quality of life 

questionnaire was created with the aim to identify key themes in relation to AFO and SMotO. 

A self-administered 24-item questionnaire was designed and consisted of two sections: 

section one related to AFOs and section two related to SMotOs. Study 7 (Chapter 7) 

employed a qualitative phenomenological approach to determine the effect of SMotO and 

AFO on quality of life. Participants were recruited via convenience sampling. Sixteen 

(69.57%) local and interstate families consented and returned the questionnaire. Of these, 

81.3% were prescribed solid-AFOs, 18.8% were prescribed hinged-AFOs and one child was 

prescribed a dynamic-AFO (supramalleolar). There were four key themes identified: 1) time, 

2) reason, 3) function, and 4) comfort and dislike. Half of the participants (50%) reported 

wearing both orthoses, 43.8% did not wear AFOs anymore and one wore AFOs only. The 

most common reason for AFO prescription was ‘alignment’ (43.8%). Six families (37.5%) 

were told the reason for AFOs being prescribed to their child was ‘because the child has 

CP.’ There were numerous functional improvements seen in both AFOs and SMotOs, such 

as walking and balance. When asked if their child was comfortable wearing their AFOs, 

43.8% reported a mix of comfortable and uncomfortable, and fifteen families (93.8%) disliked 

the restriction in movement from the AFOs. Ten families (62.5%) disliked the way the AFOs 

fit into shoes, and nine families (56.3%) disliked the bulkiness of the AFOs. With regard to 

SMotO, five families (31.3%) disliked the way they fit into shoes and seven families (43.8%) 

reported their child experienced pressure areas. Overall, the results trended towards a 

preference of wearing SMotOs for comfort, function, and in general, as preference to AFOs.  
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Having investigated both quantitative and qualitative data from the participants, to 

further create depth to the body of research presented, a case series was conducted with 

the specific focus to provide snapshots of the individual children with CP. Chapter 8 

presented a case study series aimed to enrich the volume of work presented in this thesis, 

and to provide a clinically relevant picture to physiotherapists working with children with CP.  

Overall, this program of research demonstrated the Anterior Line Method and gait 

plate orthoses may not be viable for children with CP and established that there is a 

significant positive effect on gait, gross motor skills, and quality of life in children with CP 

when they wear SMotOs when compared to AFOs. Clinically, SMotOs provide an alternate 

option for AFOs in children with CP and as such, with further research, could become a 

wider used orthoses in this population. Future research should include investigations into 

creating clinically applicable lower limb alignment assessment techniques, modifications to 

current AFOs and further expand evidence supporting the use of SMotO to improve gait, 

GMS and quality of life in children with CP. 
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As clinical physiotherapists, we need to objectively assess and look at the use and 

provision of orthoses in this population. The following chapters serve to provide theoretical 

and practical options, through research, to enhance paediatric physiotherapy evidence-

based practice in children with CP.  
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Thesis Structure 
 
 

The overarching aim of this program of research is to explore the assessment and 

prescription of lower limb orthoses in the paediatric cerebral palsy (CP) population and how 

these orthoses affect gait, gross motor skills and quality of life. This was addressed through 

six objectives over nine chapters. 

Chapter 1 provides background context to CP and the role of paediatric 

physiotherapy. This chapter describes the general outline of what CP is and implications for 

the lifestyle of a child. Chapter 1 includes a contextual description of how the project ideas 

evolved as well as an introduction to physiotherapy and the general areas a physiotherapist 

can specialise in, with particular focus on the role of a paediatric physiotherapist. 

Chapter 2 reviews the methods of lower limb assessment through a proof-of-concept 

experimental design study, focussing on the reliability of the Anterior Line Method. The 

Anterior Line Method has been used to assess subtalar joint neutral and prescribe orthotics 

in both the adult and paediatric population. The aim of the proof-of-concept design was to 

assess the reliability and applicability to a paediatric population. Due to lack of reliability, the 

Anterior Line Method was not implemented in further studies as originally planned. This 

study is followed by a review of lower limb alignment, specifically the concept of tibial torsion, 

assessment, measurements and treatment options, thus leading into a retrospective chart 

review (Appendix C) that investigates the effect of orthoses on tibial torsion in children over 

time.  

To further investigate lower limb orthoses, Chapter 3 reviews lower limb orthoses in 

general, with specific details surrounding ankle-foot orthoses (AFOs) and sensomotoric 

orthoses (SMotOs) in children with CP. This leads to a narrative systematic review of the 

effect of lower limb orthoses on gait and gross motor skills in children with CP.  

When assessing children with CP, there are several outcome measures that 

determine gross motor skills and gait. Chapter 4 presents a feasibility pilot study to evaluate 

the most timely and effective outcome measures to assess children with CP in two different 

types of orthoses (AFO and SMotO) in preparation for further in-depth investigation 

presented in the following two sibling chapters, Chapter 5 and Chapter 6.  

Chapter 5 presents a study investigating the effects of SMotOs and AFOs on gross 

motor skills in children with CP, through implementation of the selected timely and effective 

outcome measures as per Chapter 4.  
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To continue the theme of gross motor skills, Chapter 6 further refines gross motor 

skills to investigating the effects of SMotOs and AFOs on gait in children with CP. The effects 

on gait are found through the Edinburgh Visual Gait Score, as per Chapter 4’s outcome 

measure feasibility study. 

Further to support the in-depth examination of the effect of lower limb orthoses in 

children with CP, Chapter 7 presents a qualitative analysis investigating the effect of AFOs 

and SMotOs on quality of life for children with CP through a parent centred questionnaire. 

To describe the ‘bigger picture,’ Chapter 8 continues this theme by a case series presenting 

the effect of AFOs and SMotOs on quality of life, gait and gross motor skills in children with 

CP. 

Chapter 9 closes the studies and case series, summarising all study results, 

acknowledging the limitations of the thesis, and outlining the clinical relevance of findings. It 

concludes with recommendations for future research. Please see Figure 1 for overview of 

the body of research involved in this thesis. 



 xxviii 

 

+3<;,%&'(!7P;(P);G!-E!+,;!*(-5(#2!-E!(;&;#(',!*(;&;$+;=!)$!+,)&!+,;&)&!

122%-=3*%8

.7"24%,&'>
8;E;(;$';&

.7"24%,&?
Q,;&)&!/-$'>%&)-$

.7"24%,&@
1;$&-2-+-()'!7(+,-&;&0!@$A>;BC--+!7+,-&;&0!#$=!/,)>=(;$!G)+,!/;(;.(#>!F#>&HO!Q,;!D)55;(!F)'+%(;

.7"24%,&A
T%#>)+#+)P;!@$#>H&)&!-E!1;$&-2-+-()'!7(+,-&;&!a!@$A>;BC--+!7(+,-&;&!)$!/,)>=(;$!G)+,!/;(;.(#>!F#>&HO!@!

T%#>)+H!-E!U)E;!T%;&+)-$$#)(;

.7"24%,&B
:&)$5!+,;!<=)$.%(5,!3)&%#>!?#)+!1'-(;!+-!/-2*#(;!@$A>;BC--+!7(+,-&;&0!1;$&-()2-+-(!!7(+,-&;&!a!

D#(;E--+!?#)+!F#++;($!)$!/,)>=(;$!G)+,!/;(;.(#>!F#>&H!

.7"24%,&C&
<EE;'+!-E!1;$&-2-+-()'!7(+,-&;&!a!@$A>;BC--+!7(+,-&;&!-$!?(-&&!"-+-(!1A)>>&!)$!/,)>=(;$!G)+,!/;(;.(#>!

F#>&H!

.7"24%,&D&
C;#&).)>)+H!a!F)>-+!1+%=HO![$P;&+)5#+)$5!C;#&).)>)+H!-E!:&)$5!"%>+)*>;!7%+'-2;!";#&%(;&!)$!/,)>=(;$!G)+,!/F!

6,;$!6;#()$5!1;$&-2-+-()'!7(+,-&;&!P&9!@$A>;BC--+!7(+,-&;&

.7"24%,&E
7(+,-&;&0!?#)+!a!/,)>=(;$!G)+,!/;(;.(#>!F#>&HO!@!Z#((#+)P;!1H&+;2#+)'!8;P);G!

.7"24%,&0
@!F(--EB-EB/-$';*+!<^*;()2;$+#>!];&)5$O!U-G;(!U)2.!@>)5$2;$+!#$=!7(+,-&;&!)$!F#;=)#+()'!F-*%>#+)-$!

.7"24%,&'
D#'A5(-%$=!/-$+;^+!a![$+(-=%'+)-$!+-!/;(;.(#>!F#>&H!#$=!F,H&)-+,;(#*H



 xxix 

Research Aims & Hypotheses 
 
 

!
Of the current literature in the field of paediatric physiotherapy, no studies have investigated 

the effects of sensomotoric orthoses on gait, gross motor skills, and quality of life in children 

with CP. This thesis examined, in detail, clinical assessment techniques, usual outcome 

measures for gait and gross motor skills, and outlined commonly prescribed orthoses in 

children with CP. 

 

The overarching aim of this program of research was to answer the research question 

‘Which lower limb orthoses are optimal for treating children with CP?’ through exploring the 

assessment and prescription of orthoses in a paediatric population and how these affected 

gait, gross motor skills and quality of life in children with CP. Specific aims and hypotheses 

included: 
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1.0. Background Context and Introduction to Cerebral Palsy and 

Physiotherapy 
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Cerebral Palsy (CP) is a neurodevelopmental condition well recognised to begin at 

birth or early childhood and persisting through the lifespan and is the leading cause of 

physical disability in children (Paulson & Vargus-Adams, 2017; Rosenbaum, Paneth, 

Leviton, Goldstein, Bax, 2007). CP describes a group of permanent, non-progressive 

disorders affecting the development of movement and postures and causing activity 

limitation (Christovao et al., 2015; Ridgewell, Dobson, Bach, & Baker, 2010; Rosenbaum et 

al., 2007). The primary cause of CP is damage to the developing brain, which can cause 

secondary alterations in the locomotor apparatus (Romkes & Brunner, 2002) such as muscle 

spasticity.  

CP is the most common permanent physical disability in childhood (Paulson & 

Vargus-Adams, 2017)  with an incidence of 2.0 to 2.5 per 1000 live births. It is characterised 

by abnormal motor patterns and postures, with a variety of presentations (Graham & Selber, 

2003), such as spasticity, dystonia, muscle contractures, weakness and difficulty in co-

ordination, ultimately affecting control of movements (Paulson & Vargus-Adams, 2017). 

CP is often accompanied by disturbances of sensation, perception, cognition, 

communication, as well as eating and drinking, and behaviour, by epilepsy and by secondary 

musculoskeletal problems (Paulson & Vargus-Adams, 2017; Rosenbaum et al., 2007). 

78;8$ <0)0=#.)>&-.,$?&2/#&+*/&01$@<:)"2A$

According to the Cerebral Palsy Alliance, NSW (2020), there are three types of CP:  

• Y*4'1%A0#3%4: where all four limbs are affected, as well as muscles in the trunk, face 

and mouth often affected. 

• W%A0#3%4: where both legs are affected. 

• >#+%A0#3%4: where one arm and leg on the same side are affected. 

Quadriplegic CP can also be described as bilateral CP and hemiplegic CP can be described 

as unilateral CP (Cans et al., 2007). The description of the topographical CP description can 

be further added to by including motor type and severity. 

78B8$ 30/0#$<:)"2$06$9!$

These types are further classified into presentation (Cans et al., 2007) and can be further 

defined through following the classification tree (Figure 2):  
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• ?A4$-%): damage in the motor cortex affecting 70-80% of individuals (most common 

form), increased tone and spasticity with pathological reflexes.  

• W8$M%,#-%): damage in the basal ganglia affecting 6% of individuals, demonstrated by 

uncontrolled, involuntary, recurring movements with primitive reflex patters and 

varying muscle tone.  

• B-4N%)Z damage in the cerebellum affecting 6% of individuals and is characterised by 

shaky movements due to the loss of orderly muscle co-ordination, compromising 

balance and proprioception with a predominance of low tone. 

• :%N#': combination of the damages described above. Child is classified further 

according to the dominant clinical feature. 

 
+3<;,%&0O!/>#&&)E)'#+)-$!-E!/F!&%.B+H*;&!I/#$&!;+!#>90!XLLKJ!

 

78C8$ 4"%"#&/:$.1($9,.22&6&-./&01$

Generally, severity can be classified into mild, moderate and severe. To further identify 

the areas affected by severity, the effect of the child’s CP can be classified by four different 

systems (Paulson & Vargus-Adams, 2017).  
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• C1($$& :(-(1& =*,)-%(,& G04$$%/%)4-%(,& ?8$-#+& JC:=G?KZ classifies the child’s 

movements such as sitting, walking, and use of mobility devices. Most established 

and recognised of the functional classification systems (Paulson & Vargus-Adams, 

2017).  

• G(++*,%)4-%(,&=*,)-%(,&G04$$%/%)4-%(,&?8$-#+Z classifies the child’s communication 

according to effectiveness, into one category of five (Paulson & Vargus-Adams, 

2017).  

• :4,*40&B.%0%-8&G04$$%/%)4-%(,&?8$-#+Z classifies the child into one of five categories 

for fine motor and handling skills (Paulson & Vargus-Adams, 2017). 

• I4-%,3&4,'&W1%,M%,3&B.%0%-8&G04$$%/%)4-%(,&?8$-#+Z valid measure to assess eating and 

drinking ability for children with CP (3-years and older) (Paulson & Vargus-Adams, 

2017). 

This thesis will only refer to and use GMFCS levels as it is the most relevant to the 

content of the studies undertaken. All other classifications are with regard to communication, 

fine motor skills and feeding ability and therefore not relevant to orthoses and lower limb in 

children with CP. 

78D8$ E3F94$9,.22&6&-./&01$

The GMFCS describes the function of a child through self-initiated movement and the 

use of assistive mobility devices. It has a simple five-level grading system that is used to 

describe the function of the child with CP, starting at GMFCS-I being able to walk without 

limitations to GMFCS-V requiring full assistance in a wheelchair.   

The GMFCS is the most established and recognised of the functional classification 

measures in CP (Paulson & Vargus-Adams, 2017). It was developed in 1997 and found to 

be reliable (interrater reliability k=0.55 for below 2 years old and k=0.75 for those aged 2-12 

years) amongst 48 experts (Palisano et al., 1997). Following research to stratify typical 

motor function for children with CP, the authors concluded that a five-level classification 

system worked well to discriminate clinically meaningful distinctions in motor function. This 

classification system was originally designed for children with CP from 2–12 years of age 

(Palisano et al., 1997). The GMFCS was later expanded and revised in 2007 to include ages 

12–18, as well as to increase descriptors and differentiations for the levels based on the 

child’s age, while taking into account developmental milestones (Paulson & Vargus-Adams, 

2017). 
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GMFCS Levels based on the revised and expanded version (Paulson & Vargus-

Adams, 2017). 

• I - walk without limitations: 

o >2 years old: crawl on hands and knees, pull to stand, cruise along furniture 

and independent walking (between 18-24months)  

o 2-4 years: independent sitting and independent transitions to standing 

o 4-6 years: walk independently indoors and outdoors, climb stairs, begin to run 

and jump 

o 6-18 years: walking up and down curbs, ambulating in the community, climb 

stairs without railings and run and jump 

• II - walk with limitations: 

o >2 years old: sit with upper extremity support, crawl on tummy, may be able to 

pull to stand with support 

o 2-4 years: transitions into and out of sitting, sit without support (may need to 

use upper extremities), crawl on hands and knees, cruise with support and 

mobilise with device 

o 4-6 years: transition in and out of standing, walk short flat distances, climb 

stairs with railing, unable to run or jump 

o 6-18 years: walk in most terrains but has limitations distance or uneven 

surfaces, may use wheeled or handheld devices for long distances, climb 

stairs with raining, minimal or no running and jumping 

• III – walk with handheld device indoors, but wheeled device outdoors or longer 

distances: 

o >2 years old: roll and occasionally crawl on stomach, sit with some low back 

support 

o 2-4 years: ‘W’ sit on floor with some assistance to transition, crawl on stomach 

or crawl on hands and knees, may pull to stand and walk short distances with 

walker or gait trainer and some assistance for manoeuvring 

o 4-6 years: sit in a standard chair but may require extra support for upper limb 

use, walk with handheld device, climb stairs with assistance, wheeled mobility 

for longer distance 
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o 6-18 years: mobilise with handheld device indoors, wheeled mobility for 

distance, assistance to transition into sitting and standing, negotiates stairs 

with assistance 

• IV – limited self-mobility, usually transported in a wheelchair: 

o >2 years old: head control and can roll, require truncal support to sit 

o 2-4 years: sit with upper extremity support, assistance to transition into sitting, 

may require adaptive equipment for sitting or standing, some self-mobility 

possible through rolling or stomach crawling short distances without reciprocal 

leg movement 

o 4-6 years: require adaptive equipment to control trunk to allow sitting, 

assistance to transition between positions, may walk short distance with 

device and assistance, wheeled mobility for distances 

o 6-18 years: require adapted seating, assistance with transfers, utilise 

wheelchair with assistance in most settings, can have independent floor 

mobility with crawling or rolling, or may walk short distances with assistance 

• V – severe limitations  

o >2 years old: no independent head or trunk control, assistance to roll 

o 2-4 years: no independent movement, requires assistance for transport using 

manual mobility devices, require adapted equipment for sitting and standing 

but function is still limited, may be possible to become independent using 

power mobility 

o 4 onwards: abilities are stable with the need for complete assistance with 

transfers emerging after age 6 

78G8$ !>:2&0/>"#.):$.1($H0,"$06$!."(&./#&-$!>:2&0/>"#.):$$

The Australian Physiotherapy Association (APA), the governing body for 

physiotherapists, describes physiotherapists as&["%3"08&2*40%/%#'&"#40-"&A1(/#$$%(,40$&@"(9&

-"1(*3"&#7%'#,)#O.4$#'&A14)-%)#9&)4,&4$$#$$9&'%43,($#&4,'&-1#4-&+4,8&)(,'%-%(,$&1#04-%,3&

-(&"#40-"&4,'&A"8$%)40&'%$(1'#1$9&-"*$&0#4'%,3&-(&4,&%,)1#4$#&%,&+(.%0%-8&4,'&%+A1(7#&2*40%-8&

(/&0%/#F\&&&

There are many specialist areas of physiotherapy that a potential patient can access 

through both the public and private health care system. Alongside musculoskeletal or sports 

physiotherapy, other physiotherapy specialities, as described on the APA website (APA 

2017), include:  
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• Cardiorespiratory: prevents disease and rehabilitates those with diseases and 

injuries affecting the heart and lungs  

• Cancer, palliative care and lymphoedema: supports patients through managing or 

preventing fatigue, pain, muscle and joint stiffness, and deconditioning 

• Continence and women’s health: manage and prevents incontinence and pelvic floor 

dysfunction in men, women and children  

• Geriatric: promoting healthy and active ageing among older Australians  

• Neurology: promotes movement and quality of life in patients who have had severe 

brain or spinal cord damage from trauma, stroke, or neurological conditions  

• Orthopaedic: prevent or manage acute or chronic orthopaedic conditions  

 

One key area of physiotherapy, and the one that is relevant to this research, is paediatric 

physiotherapy, which can be accessed in the public, private or non-profit government 

sectors of health care. The APA (2013) describes paediatric physiotherapists as having ‘4,&

%,O'#A-"& M,(@0#'3#& (/& 400& 4$A#)-$& (/& '#7#0(A+#,-9& 4,'& "47#& -"#& )0%,%)40& 4$$#$$+#,-9&

1#4$(,%,3&4,'&%,-#17#,-%(,&$M%00$&/(1&.#$-&A14)-%)#&+4,43#+#,-&(/&4)*-#9&,(,O4)*-#9&0%/#0(,3&

4,'&0%/#&0%+%-%,3&)(,'%-%(,$.’  

Paediatric physiotherapists provide population-specific therapy or treatment for those 

aged between 0-18 years, by reducing or preventing the onset of secondary conditions by 

optimising mobility and strength or support a child’s development such as addressing 

milestone delays with sitting and walking or clumsiness (APA 2008). The physiotherapist 

supports the child through therapeutic handling, specific positioning, educating parents on 

how to perform this therapy at home through fun games aimed at strengthening and skill 

acquisition. Some children may require equipment to support them in achieving goals of 

physical development, such as walking frames, standing frames or orthoses. 

Physiotherapists play an important role in prescribing aids and equipment (APA 2006) to aid 

with movement, to create improved body alignment and to assist children to integrate this 

equipment use (APA 2008).  

Other physical measures available to physiotherapists include observational gait 

assessments, gross motor skills assessments, such as the Gross Motor Measure of 

Function (GMFM-88 or -66), Timed Up and Go (TUG), Berg Balance Scale (BBS) and other 

types of evaluation to fully understand the function of their client/patient. Evaluations can 

include lower limb alignment assessment, such as range of motion or position of lower limbs. 
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This is further outlined in Chapter 2, whereby it discusses accuracy and reliability as well as 

outlining gold standard assessments.  

Current evidence-based practice demonstrates the effectiveness of a multi-

disciplinary intervention. In a systematic review and pilot analysis, Craig (1999) notes that 

children with CP are now presenting with more severe and more complex problems, which 

necessitate multi-dimensional intervention. Such concept requires the ability to 

communicate and coordinate treatment with other allied health professionals. This ensures 

a holistic treatment and maximises the skillset of all health professionals involved in the 

treatment. Chan et al. (2010) highlights the benefits that such approach has for 

organisations, teams, patients and clinicians include reduction in hospitalisation, 

improvement in care coordination, better health outcomes and job satisfaction.  

Furthermore, Craig (1999) concluded her paper by reporting that ‘)0%#,-& )#,-1#'&

A14)-%)#9& %,-#1'%$)%A0%,418& -#4+@(1M& 4,'& #7%'#,)#O.4$#'& A14)-%)#& "47#& .#)(+#& /4+%0%41&

@(1'$& %,& -"#&7()4.*0418&(/& -"#&"#40-"&A1(/#$$%(,F&!"#14A8&4AA0%)4-%(,& %$&)(+A0#N9&4$& -"#&

1#7%#@& (/& 0%-#14-*1#& @%-"%,& -"%$& $-*'8& "4$& 1#%,/(1)#'F& E"8$%(-"#14A8& "4$& .##,& %,'%)4-#'&

-"1(*3"&-"%$&1#$#41)"&4$&4&)(1#&'%$)%A0%,#&%,&-"#&+4,43#+#,-&(/&)"%0'1#,&@%-"&4&'%$4.%0%-8&

$*)"&4$&)#1#.140&A40$89&+4M%,3&-"#&4AA0%)4-%(,&(/&$*)"&-"#(18&-(&A14)-%)#&4&,#)#$$%-8F\ 

78I8$ J1/"#%"1/&01$K$L#/>02"2$60#$9!$

CP is the main neurological referral within paediatric physiotherapy (Craig, 1999). In 

an editorial by Perat (2012), it is noted that although there is not one best treatment for all 

problems associated with CP, there is no doubt that if treatment starts early on, then better 

results will be achieved. This is further explained to include early detection assists with 

adequate intervention. Physically, in children with CP, neuromuscular impairments such as 

spasticity, reduced motor control and proprioception, can affect the typical, co-ordinated 

movement required for gait (Danino et al., 2015). Gibson (2013) noted that the achievement 

of independent walking is a major focus of rehabilitation for children with CP, and that the 

perspectives and experiences of parents and children regarding walking and walking 

therapies remain largely absent from professional debates. 

Motor impairment is the main manifestation in children with CP, with consequent 

alterations in the biomechanics of the body (Christovao et al., 2015). Ries (2017) describes 

spasticity as any motion of an agonist muscle being counteracted by the antagonist muscle 

as it is stretched. This elicits a spastic catch and is prohibitive to intentional movement. 



 9 

Spasticity and muscle stiffness have an adverse effect on the normal formation of the 

skeletal system and its growth, resulting in bony or alignment deformities.  

Along with physiotherapy intervention, lower extremity orthoses – such as ankle foot 

orthoses (AFOs) - are often used as a treatment to address the biomechanical limitations 

and joint alignment  (Bjornson, Schmale, Adamczyk-Foster, & McLaughlin, 2006), as well 

as to promote functional activities (Figueiredo, Ferreira, Moreira, Kirkwood, & Fetters, 2008) 

for children with CP. AFOs support normal joint alignment and mechanics, provide variable 

range of motion (ROM) when appropriate, and facilitate function (Brodke et al., 1989; 

Knutson & Clark, 1991; White, Jenkins, Neace, Tylkowski, & Walker, 2002). AFOs are 

further explored and extensively described in Chapter 3. 

AFOs, specifically, are employed within a paediatric physiotherapy approach for 

several treatment reasons, including stabilising the ankle / foot complex (Buckon, Jakobson-

Huston, Moor, Sussman, & Aiona, 2004), enabling a continuous Achilles / gastrocnemius 

stretch (Boyd, Pliatsios, Starr, Wolfe, & Graham, 2000), to obtain heel strike during gait 

(Carmick, 2013) and prevent contracture of the Achilles / gastrocnemius developing 

(Hainsworth, Harrison, Sheldon, & Roussounis, 2007; Morris, 2002). Along with joint 

alignment, other improvements that may be seen with the use of AFOs are maintaining ankle 

ROM, stability of the ankle joint (Buckon et al., 2004; Smith et al., 2009), prevent equinus 

positioning, improve walking efficiency (Rethlefsen, Kay, Dennis, Forstein, & Tolo, 1999), 

balance (Carmick, 2013), and to improve gait function (Westberry et al., 2007). Although, in 

contrary, Carmick (2013) reported when foot orthoses block a critical movement (i.e., ‘foot 

rockers’), children compensated the lack of forefoot rocker (as in AFOs) by internally rotating 

their legs, walking in equinus, and falling. Usually made by an orthotist, AFOs are comprised 

of polypropylene that cover the entire posterior calf and the mediolateral borders and sole 

of the foot, with straps across the anterior upper tibia and front of the ankle  (Radtka, Skinner, 

Dixon, & Johanson, 1997). Common styles, as reported by Wren et al. (2015) include solid-

AFOs (SAFO) and hinged-AFOs (HAFO) with dorsiflexion or plantarflexion stops, as well as 

posterior leaf spring (PLS) orthoses (Figure 3) and dynamic-AFOs (DAFOs: Figure 4). 

SAFOs restrict dorsiflexion or plantarflexion and usually have arch support and mediolateral 

control built in. HAFOs allow for dorsiflexion but limit plantarflexion, whereas PLS are used 

for compensating weak ankle dorsiflexors and have no mediolateral control1. 

 

 
!!C-(!2-(;!)$E-(2#+)-$!(;5#(=)$5!@C7&!*>;#&;!&;;!/,#*+;(!VO!@!1H&+;2#+)'!Z#((#+)P;!8;P);G9!



 10 

 

 
+3<;,%&E(&@$A>;!C--+!7(+,-&;&! B!4)$5;=! I#J0!F-&+;()-(!U;#E!1*()$5! I.J!#$=!1->)=! I'J ID%'A-$!;+!#>0! XLLN9!
/-2*#()&-$! -E! +,(;;! #$A>;BE--+! -(+,-&)&! '-$E)5%(#+)-$&! E-(! ',)>=(;$! G)+,! &*#&+)'! ,;2)*>;5)#9! 6)>;H! 7$>)$;!
U).(#(H9!/-*H()5,+!c!NWWWBXLXN!Y-,$!6)>;H!a!1-$&0![$'9!@>>!()5,+&!(;&;(P;=J9!!
!
!
 

 
 

+3<;,%&D(&]H$#2)'!@C7!I'#&'#=;=#E-9'-2`*(-=%'+&`'%&+-2B=#E-J!
 
 

Unlike AFOs, sensomotoric orthoses (SMotOs)2 provide a different approach to the 

management of gait and spasticity in children with CP. The SMotOs are created to activate 

and deactivate muscles by increasing or decreasing point specific pressure on 

musculotendinous structures in the foot. Jahrling (2001), the creator of the SMotOs, reported 

that the orthoses are fast-acting as they activate, deactivate and stabilise the foot and 

 
"!C)5%(;&!-E!1"-+7!#(;!*(-P)=;=!>#+;(!)$!+,)&!+,;&)&9!1;;!C)5%(;&!NN!a!NX!)$!/,#*+;(!_9!
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perform a ‘push and pull’ effect in the foot. The Golgi bodies (in the musculotendinous 

junctions of the tendons of the foot) are activated to relax or contract the targeted muscles 

by the pressure from the ‘bumps’ coinciding with the muscles (Jahrling, 2001). The theory 

lies in information being sent by afferent feedback and are thought to reduce the activity 

over over-active muscles through inhibition, and therefore facilitate an increase in the activity 

of weaker muscles (Ludwig, Quadflieg, & Koch, 2013). Ludwig, Kelm and Fröhlich (2016) 

investigated whether the activity of the peroneus longus muscle could be increased by the 

targeted use of a specially formed lateral pressure element in a sensomotoric insole. They 

found, in a laboratory-based randomised crossover design study using surface 

electromyography in 34 healthy participants, that in 27/34 participants an additional activity 

peak of the peroneus longus muscle was observed during the loading response phase and 

mid-stance phase. They concluded that the pressure point changes afferent information. 

Jahrling (2001) also suggested that the muscle memory will be forced to correct itself, 

which leads to long term correction in the foot alignment, posture and control. The SMotO 

is ideally ‘retraining’ the musculature to maintain the corrected length of muscle. In an article 

by Best (2005), about interdisciplinary teams getting children back on their feet with the use 

of surgery, physiotherapy and SMotOs, they noted that the basic philosophy is to let motion 

happen and to create the possibility to learn and automate correct, physiological motion 

sequences. This may or may not be possible with children with CP if higher order control  

inhibits the process.  

Clinically, the SMotO have been observed to have improved foot alignment, balance, 

control with walking and functional skills. Clients were prescribed SMotO as an additional 

orthosis to AFOs when functional movement was restricted in the AFO. SMotOs have also 

been prescribed for children who require more feedback from their feet (e.g., hypotonic or 

hypermobile), where wearing shoes alone has not been effective3.  

There is a lack of evidence examining the ‘sensorimotor response’ paradigm in a 

paediatric setting, as there are no randomized trials, minimal peer-reviewed papers in 

English and only a few small cross-sectional paediatric papers (Wegener et al., 2016). There 

was only one paper in English found that reported the use of SMotOs on in-toeing gait in 

children (with idiopathic in-toeing or clubfoot). This study found&SMotOs improved abnormal 

gait patterns of paediatric in-toeing gait by decreasing femoral internal rotation through the 

 
#!F>;#&;!(;E;(!+-!/,#*+;(&!S!a!_!E-(!E%(+,;(!.#'A5(-%$=!)$E-(2#+)-$!#$=!+,;!&+%=);&!(;>#+)$5!+-!1"-+7&9!
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end of the swing phase and the beginning of the stance phase and by decreasing tibial 

internal rotation during the stance phase (Mabuchi et al., 2012).  

The two types of orthoses could not be further apart in design or theory behind 

effectiveness. On one hand, the AFO can be a bulky orthosis, set to constrict movement 

around the ankle, (with one plane of movement allowed in designs with a hinge for 

dorsiflexion), creating the ankle to be a point of stability. Whereas on the other hand, the 

SMotO has the ability to fit into a typical or orthopaedic supportive shoe, with the design 

aimed to activate and create movement in the foot musculature. If muscle contributions are 

not able to overcome the musculature, returning to a more solid shoe may also be used to 

support idyllic foot position.  

78M8$ N*.,&/:$06$O&6"$

Increasingly, Quality of Life (QoL) is included as an outcome variable to evaluate the 

effectiveness of interventions for children with CP (Shelly et al., 2008). QoL could be affected 

by the reduction in functioning in the aforementioned activity domains, such as physical, 

intellectual, communication and socialisation.  

In a cross-sectional European study (Dickinson et al., 2007), the researchers found 

there were specific impairments that were associated with poorer QoL in children with CP. 

These were: children with poorer walking ability had poorer physical wellbeing; those with 

intellectual impairment had lower moods and emotions and less autonomy; and those with 

speech difficulty had poorer relationships with their parents. Another study that investigated 

QoL (Arnaud et al., 2008) found similar domains affected QoL; the severity of motor and 

intellectual impairment was associated strongly with poor parent reported QoL in the 

domains of physical well-being, autonomy, and social support, indicating that children with 

severe impairments are less able to create social time or to maintain relationships with other 

children. 

In support of improving QoL, strength training programmes were found to be effective 

and beneficial to young people with CP (McBurney, Taylor, Dodd, & Graham, 2003). It was 

noted that after 6 weeks of exercises (bilateral half squats, heel raises and step ups) the 

functional benefits included perception of strength, flexibility, posture, walking and the ability 

to negotiate steps had improved, as well as increase feelings of well-being and improved 

participation in school and leisure activities. This is supported by Martin, Baker and Harvey 

(2010) who, through a systematic review, determined that the evidence for strengthening 

the target muscles groups is stronger, and there is emerging evidence supporting functional 
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training. Therefore, a therapist could conclude that, as per reported domains of QoL, working 

towards improving the child’s strength, functional gross motor skills, gait and communication, 

will ultimately improve the child’s physical ability and QoL.  

The literature review above highlights the complexity of CP patients, particularly the 

paediatric population. While there are many assessment tools available and routinely 

adopted by physiotherapists and allied health professionals involved in the treatment of 

paediatric CP patients, there are other assessment tools where there is little evidence in 

literature to support their use, such as the Anterior Line Method (ALM). Similarly, SMotOs 

have often been prescribed as a clinically effective orthoses for CP-induced biomechanical 

alterations but have limited evidence regarding their effectiveness in improving gait and 

gross motor skills. Taken together, these gaps identified in the literature available warrant 

further investigation.  
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2.0. A Proof-of-Concept Experimental Design: Lower Limb 

Alignment & Orthoses in Paediatric Population  
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;878$ J1/#0(*-/&01$

Tibial torsion (TT) has been described as the twisting of the tibia about its longitudinal 

axis (Eyadah & Ivanova, 2011; Li & Leong, 1999; Liu, Kim, Dreup, & Mahadev, 2005; Milner 

& Soames, 1998; Patel, 2012). Torsion in the tibia is present throughout the lifetime, and a 

part of normal alignment that changes in the first few years of life (Staheli, Corbett, Wyss, & 

King, 1985). Torsion through the tibia is one of the factors thought to cause in-toeing 

(Mabuchi et al., 2012; Son et al., 2014) and out-toeing in children (Sass & Hassan, 2003), 

whereby the child’s foot turns to point excessively medially or laterally, respectively. 

Throughout the lower limb assessment, the physiotherapist may also uncover other 

alignment issues such as TT, which may be corrected by orthoses (Mabuchi et al., 2012; 

Uden & Kumar, 2012). Together, the physiotherapist and podiatrist can assess gait and 

discuss the best orthosis option for the child, along with a stretching or strengthening regime 

to complement the effect of the orthoses. 

The Anterior Line Method (ALM) is a method that is based on the Talonavicular 

Method. This technique of lower limb assessment has been used clinically by some 

therapists and podiatrists to assess underlying factors causing a client’s condition, such as 

TT. The ALM is reportedly used to determine subtalar joint neutral (STJN4) and TT through 

assessing malleolar position (MP) through palpation and visual markings demonstrating 

alignment (Najjarine & Kielt, 2008), and the basis for orthosis prescription. It needs to be 

noted that tibial torsion is not confined to a single level. There may be contributions from the 

pelvis, hip, knee and ankle / foot. To ensure tibial torsion is truly from the tibia, a thorough 

assessment to rule out other contributing factors will need to be undertaken. The following 

technique is used once this has been clarified and other torsional contributions eliminated. 

Najjarine claims that this approach creates a simple and visually effective method 

(Figures 5 to 8) of assessing STJN where both the patient and therapist are able to visualise 

the effect of correction by observing the lines of STJN and when calcaneal alignment is in a 

resting stance to a corrected ‘neutral’ stance position. Najjarine and Kielt (2008) also used 

this technique to assess the MP for diagnosis of TT (both internal and external). TT will be 

discussed in more detail further in the Appendix C: Tibial Torsion in Children: A 

Retrospective Study. Therefore, the aim of this chapter was to determine the reliability of the 

ALM across adults and paediatrics. 
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A search of the literature revealed that there does not appear to be any studies 

reporting on the ALM, its reliability or validity as an assessment tool for STJN in the 

paediatric population. Other than anecdotal evidence, this lack of research restricts the 

evidence available through which to compare the ALM with other conventional methods.  

To ensure assessment and subsequent treatments are worthwhile and progressing 

towards therapy goals, valid and reliable outcome measures should be used in a paediatric 

population (Evans, Rome, & Peet, 2012). Validity can be described as the accuracy of the 

means of measurement, and if that measurement is truly measuring the intended outcome 

intended (Golafshani, 2003) as well as referring to the strength of the tools’ outcomes 

(Sullivan, 2011). Reliability refers to the replicability or repeatability of results, and to what 

degree the measurement remains the same, the stability of the measurement over time, and 

the similarity of the measurements within a time period (Golafshani, 2003). 

On this basis, prior to considering the potential use of the ALM to inform this research, 

the reliability and appropriate use of the ALM to assess STJN needed to be established.  

;8;8$ O0'"#$O&5+$P22"225"1/Q$<00,2$.1($<"->1&R*"2$

There are a number of different assessment tools available to therapists who work 

within the paediatric population to assess the lower limb with the assessment tool selected 

dependant on the presentation or pathology. When assessing the lower limb in a paediatric 

population, therapists can approach the assessment process as they would an adult with a 

lower limb musculoskeletal complaint: e.g., observation, lower limb length discrepancy, foot 

+3<;,%&CO!8;&+)$5!'#>'#$;#>!&+#$';!*-&)+)-$!I8/1FJ!
#$=!$;%+(#>!'#>'#$;#>!&+#$';!*-&)+)-$!IZ/1FJ!
IZ#dd#()$;!a!e);>+0!XLLRJ 
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position, muscle control, gait, active range of motion (AROM) and passive range of motion 

(PROM) in all joints, and structural misalignments (Brukner & Khan, 2001). Commonly used 

assessment tools in paediatric population that have a specific focus on assessing degrees 

of spasticity include the Modified Ashworth Scale of Spasticity, Modified Tardieu Scale and 

PROM (Fosang, Galea, McCoy, Reddihough, & Story, 2003; Yam & Leung, 2006).  

Once a therapist has identified possible concerns through their use of dedicated 

assessment tools (for example, TT), they can progress to additional assessments, treatment 

and prescription. For results to be considered credible, assessment tools for measurement 

must be both valid and reliable, with the validity and reliability scientifically examined and 

reported (Sullivan, 2011). Reliability, defined as the consistency of measurements, can be 

assessed by the intra!class correlation coefficient (ICC) (Shrout & Fleiss, 1979).  

Smith-Oricchio and Harris (1990) note that a reliable measurement tool allows a 

clinician to make objective and quantifiable recommendations and assists the clinician to 

assess the intervention progress. Error in assessment may occur when a therapist is using 

an outcome measure that has not yet been assessed for reliability (or validated), as the 

measurement may not be accurate or replicable, which could lead to the flow on effect of 

poor prescription and negative outcomes for the client. For example, a valid and reliable tool 

that is used in the assessment of lower limb in paediatrics is the Foot Posture Index (FPI-6) 

(Evans, Rome, & Peet, 2012). The FPI-6 has demonstrated an intra-rater reliability as ‘good’ 

(intraclass correlation coefficient [ICC] = 0.93 - 0.94) and an inter-rater reliability as ‘largely 

good’ (ICC = 0.79) (Evans, Rome & Peet, 2012), whereas the ALM, another tool reportedly 

used in the paediatric clinical setting to assess lower limb alignment, does not appear to 

have any research stating its validity and reliability.  

Further details of STJN, and ALM assessment tools, are expanded upon in the 

following sections to provide context and background to the reliability study of ALM. STJN 

and its usual assessment tools will be outlined using current literature as a basis. Finally, 

the ALM will be explained as per its creator’s description, with specific focus on providing 

context for the subsequent reliability study.  

2.2.1. Subtalar Joint Neutral 

STJN motion has been described in many ways in the literature. Root, Orien, and 

Weed (1971) outlined STJN as the position where there is neither supination nor pronation 

in the foot. Similarly, Chen, Yu, Mei, Zhou, and Wang (2008) defined where they define 

neutral position of a joint as the congruous position between concave and convex surfaces. 

In contrast, Horner (2000) described the subtalar joint in a more methodical manner as 
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having a total range of motion (ROM) of 30°, 10° of inversion, and 20° eversion and 

comprises of three articulations between the talus and the calcaneus. STJN and foot position 

are widely used in the clinical setting as the baseline marker where treatment of lower limb 

dysfunctions (especially for clinicians involved in orthosis prescription, fabrication and 

management) require objective and reliable measurements (Sell, Verity, Worrell, Pease, & 

Wigglesworth, 1994). 

Many aspects of clinical assessment of the lower limb are underpinned by positioning 

and measuring STJN and STJN theory (Harradine, Gates & Bowen, 2018). However, 

evidence has demonstrated poor (<0.14-0.18) to moderate (0.61- 0.79) intra- and inter-

tester reliability for measurements based upon STJN (Harradine and Bevan, 2009; Jarvis, 

Nester, Jones, Williams & Bowden, 2012; Menz, 1995; Picciano, Rowlands, Worrell, 1993) 

which is especially relevant to any of the clinical lower limb assessments that rely on 

bisection lines. 

The two main methods of determining STJN are reported as goniometry and 

palpation (Hunter & Burnett, 2000; Van Gheluwe, Kirby, Roosen, & Phillips, 2002). Van 

Gheluwe et al. (2002) performed a reliability study using goniometers (legged gravity 

goniometer, protractor, and a non-legged gravity goniometer) with five raters (of varying 

years’ experience) assessing 30 subjects. This study found poor inter-rater reliability (ICC 

≤0.51) for NCSP, but for RCSP the ICC was 0.61 (left) and 0.62 (right). They note a high 

intra-rater reliability (ICC>0.8) but reported poor measurement accuracy of the clinical 

measurements commonly used, which led the authors to question the practical usefulness 

and the validity of these clinical measurements.  

Palpation is the most common method used to locate the neutral position of the 

subtalar joint (Hunter & Burnett, 2000; Pierrynowski & Smith, 1997), which has low to 

moderate reliability (ICC ranged from 0.25 to 0.60) in prone  (Smith-Oricchio & Harris, 1990). 

Other factors that have been reported to influence the measurements of STJN include joint 

ROM, false talar head, the presence of a forefoot valgus or varus (Hunter & Burnett, 2000) 

and if the assessment was in prone or weight-bearing (Smith-Oricchio & Harris, 1990). Menz 

(1995) notes that there are several factors influencing accuracy of assessment such as skin 

movement, pen marker thickness and practitioner dexterity. In addition to these factors, it 

has also been reported that assessing the paediatric population can affect measurement 

(Morrison & Ferrari, 2009), especially if there is low experience in assessing and treating 

paediatric populations.  
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Sell et al. (1994) agreed that foot and ankle evaluation relied on a proper assessment 

of the subtalar joint. The authors performed a reliability test between two techniques (weight-

bearing navicular height and calcaneal position) with an inclinometer on 30 volunteers (n=60) 

and discovered that their inter-rater reliability for calcaneal position ranged from 0.68 – 0.91 

(95% Confidence Interval [CI]), and navicular height 0.73 – 0.96 (95% CI), concluding that 

the weight-bearing measurement techniques are reliable and acceptable.  

;8B8$ J1/"#S$.1($J1/#.SH./"#$H",&.+&,&/:$06$/>"$P1/"#&0#$O&1"$3"/>0($$

2.3.1. Introduction 

STJN may be a position used by clinicians to align a patient’s foot to obtain a foot 

cast prior to fabrication of orthosis (Chen et al., 2008; Hunter & Burnett, 2000) and to obtain 

relevant lower limb measures (Hunter & Burnett, 2000). Considering this, there is no actual 

consensus on what STJN actually is with the position described in many ways in the 

literature. While Root, Orien, and Weed (1971) and Chen et al. (2008) employed similar 

definitions, the definition by Horner (2000) differs as STJN was noted to be 20° inversion 

and 10° eversion. Considering this, a lower limb assessment of STJN within the clinic setting 

generally relies upon talar head palpation method or talonavicular palpation method. 

The ALM includes both a physical and visual assessment, which clinicians claim can 

create more accuracy in determining STJN when compared to palpation alone, as it will not 

be confounded by the presence of a false talar head (Najjarine & Kielt, 2008, p. 24). Other 

lower limb assessments, such as the FPI-6 technique (although not used to determine 

STJN, is a valid and reliable tool to assess the foot posture), relies upon palpation and 

observation of anatomical markings, whereas the reference points applied to the dorsal 

surface during the ALM provides a visual reference point during assessment. 

However, with the aforementioned lack of any known measures of reliability, the need 

to ensure that the ALM can be measured reliably is paramount if it is to be used as an 

assessment tool to determine STJN. In addition, a determination of the reliability of this tool 

can be used to inform future validity studies.  

It was hypothesised that the ALM would be more reliable when implemented by more 

experienced assessors. As most of the assessors’ experience of the ALM, clinically, has 

been in the adult population, adults will be included in this study as a comparison point. On 

this basis, the aim of this study was to assess the intra- and inter-tester reliability when using 

the ALM (an anecdotal, non-researched method) through using a proof-of-concept 
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experimental design on both adults and children in order to determine if the ALM has 

practical potential in this population.*

2.3.2. Methods 

2.3.2.1. W#$%3,! 
Ethics approval was sought and approved through Bond University Human Research 

Ethics Committee (RO-1539). This proof-of-concept experimental design consisted of six 

assessors from four professions who performed a test / re-test on the left and right feet of 

21 subjects (6 children and 15 adults).  

2.3.2.2. D#)1*%-+#,-! 
A number of strategies were used to recruit subjects for data collection. Letters were 

sent to several allied health professionals who were known to use the ALM to draw their 

attention to the study. This letter offered information regarding the purpose of the study, and 

an offer to participate in assessing the participants. An information poster was displayed at 

the location of assessment which invited readers to inquire at reception about the study and 

for further information. All participants were required to have given informed consent prior 

to participating in the study and were given an explanatory statement and consent form to 

complete prior to data collection. 

2.3.2.3. E41-%)%A4,-$  

The inclusion criterion for this study was a healthy foot and ankle absent from any 

musculoskeletal injury. The exclusion criteria included: a) A history of triple arthrodesis, b) 

forefoot amputation, or any history of surgery that may alter the tibial crest or 2nd metatarsal, 

c) arthritic or hypo-mobile ankle joint, d) if the assessor was unable to locate the 2nd 

metatarsal, and e) the subject had a high infection risk, or skin allergy to testing material 

(whiteboard marker). It is important to note that supination or pronation was not an exclusion 

criterion and all patients with a supinated or pronated foot were included in the study. 

2.3.2.4. B$$#$$(1$! 
Of the six assessors, there were three podiatrists, one physiotherapist, one osteopath 

and one chiropractor, all of whom had undertaken the training course for ALM and utilised 

the ALM in their clinic for a minimum of one year. Assessors 1, 3 and 4 were podiatrists (A1, 

A3, A4), Assessor 2 (A2) was a physiotherapist, Assessor 5 (A5) was an osteopath, 

Assessor 6 (A6) was a chiropractor. A1 had the most experience with using the ALM (20 

years) and used it regularly on both and adult and paediatric population, whereas the other 

podiatrists, A3 and A4, had two- and six-years’ experience respectively. A2 worked with 
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children as a physiotherapist and had been using the ALM for three years. A5 and A6 had 

both used the ALM sporadically in their practice over the past year.  

Due to the study design, there was no chance of contamination of results and 

potential manipulation of results. All data were collected, collated and analysed by the 

researcher.  

2.3.2.5. E1(-()(0  

The lead researcher screened each participant prior to data collection to ensure 

eligibility against the inclusion criterion and exclusion criteria. Each subject was allocated a 

private room and number for randomisation. The subjects were randomly allocated to a 

number and rotated through the assessors by a randomized allocation system generated by 

a third party. The assessors then had an increased chance of ‘forgetting’ the previous 

measurements that had been taken on the first round of assessments.  

Blinding was used to reduce bias between the assessors. This was ensured by using 

removable markers that were wiped with an ‘Alco-wipe’ after each assessment has been 

performed by the assessor prior to the next allied health professional taking measurements.  

2.3.2.6. T*-)(+#&:#4$*1# 

The ALM was carried out twice by the six assessors, providing the values for the Resting 

Calcaneal Stance Position (RCSP) and the Neutral Calcaneal Stance Position (NCSP). The 

ALM was measured using the protocol described below with all bony landmarks located by 

palpation and marked by pen: 

1) Bony landmarks located by palpation are marked by a pen on the skin 

a. The depression on lateral side of talus head and anterior to malleolus (Figure 

6). 

The depression on medial side of the talus head and anterior to the medial malleolar 

(Figure 6).  

 

 

 

 

 

 

 
 

2) The centre of these two points is marked, giving the centre of the ankle. 
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3) The 2nd metatarsal head (dorsal surface) is joined to the centre point at the bisection 

of the talonavicular reference points by a dotted line.  

4) The apex of the anterior tibial crest (only concentrating on the lower one third of the 

tibia) is joined to the centre point of the ankle via a dotted line. 

5) The bisection of the calcaneus aligned and marked (Figure 7). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

When the lines on the anterior shin and dorsal aspect of the foot are matched to create a 

straight line, the rearfoot angle and bisection of the lower 1/3 and calcaneus align (Figure 

8). The calcaneal line is measured with a protractor giving an angle measurement of NCSP. 
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Subjects were asked to stand normally and the RCSP was measured using a 

protractor at the line of bisection of calcaneus and recorded (Figure 9).  

 

 

 

 

 

 

 

 

 

 

 

 

Assessors requested subjects to assist alignment by moving their ankle to create a 

straight line from the tibia and dorsal surface of the foot. Once the assessor was happy with 

the alignment, they measured the NCSP by using a protractor at the bisection of calcaneus 

line.  

Each assessor took two measurements per foot of the subject. The recording sheets 

were collected by the lead researcher and each assessor was given a new sheet for each 

re-measure, therefore ensuring the assessor was blinded to previous assessment 

measurements taken by the other assessors, as well as reducing the possibility of 

remembering their own previous measurements. RCSP and NCSP were recorded, and 

intra- and inter-rater reliability was assessed statistically using software program Statistical 

Package for Social Sciences (SPSS), using one-way analysis of variance (ANOVA), an ICC 

estimate based on mean squares (3,1), and the standard error of measurement (A<0.05). 

According to Munro (2004), the strength of an agreement is very low if the correlation ranged 

from 0 to 0.29, a low correlation if 0.30-0.49, a moderate correlation if 0.50-0.69, a high 

correlation if 0.70-0.89 and a very high correlation if 0.90-1.00.  
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2.3.3. Results 
 

2.3.3.1. E41-%)%A4,-&W#+(314A"%)$!!
Of the 21 participants, there were 15 adults (mean = 39.2 ± 13.87 years; range 24 years to 

65 years,) and six children (mean = 11.67±2.25 years; range 8 years to 14 years), meaning 

a total of n=42 feet (Table 3).  
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The intra-rater reliability for RCSP for all subjects (Table 4) ranged from moderate 

(0.51; 95% CI: 0.11 to 0.77) to very high (0.96; 95% CI: 0.93 to 0.98) across all six 

Assessors, and a low correlation (0.30; 95% CI: 0.12 to 0.64) to high correlation (0.86; 95% 

CI: 0.75 to 0.92) for the NCSP across Assessors. A6 demonstrated moderate intra-rater 

reliability for RCSP (0.51; 95% CI: 0.11 to 0.77) and showed poor intra-rater reliability for 

NCSP (0.30; 95% CI: 0.54 to 0.84) (Table 4). 
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A6 was ineligible for further in-depth assessment of the ALM when assessing the paediatric 

population due to their inexperience and lower reliability to ensure that this inexperience was 

not a factor for the ALM to be deemed unreliable. A5 was unable to attend the in-depth 



 25 

paediatric data collection session. Therefore, only A1, A2, A3 and A4 were compared (Table 

5).   
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Assessing the average of the two measures, the intra-rater agreement varied amongst 

assessors (A=0.011) in the adult population. Post Hoc analyses identified very high 

agreement between three of the assessors (A1, A2 and A3), and low agreement for NCSP 

(A=0.001) when A1 to A3 were compared with A4, which may be due to a data recording 

error as the raw numbers were markedly different (Table 5). The average RCSP when 

measured in children (one-way ANOVA) found to be insignificant (A=0.485), between A1 

through A4.  

2.3.4. Discussion 

The hypothesis that the ALM would be more reliable when implemented by more 

experienced assessors was confirmed. The results demonstrate that the RCSP appears to 

be more reliable to measure having a high mean overall result of 0.75 compared to a 

moderate mean overall results of 0.61 for NCSP across the ages. These results are 

surprising given there have been numerous investigations reporting poor reliability of NCSP 

and RCSP using bisection of the calcaneus line due to issues from pen thickness, skin 

movement to the frontal plane angle of the calcaneus is not true to the calcaneal bisection 

(Menz, 1995; Picciano, et al., 1993; Jarvis, 2013).  

The ALM uses both palpation and visual marking with a protractor, similar to the two 

main methods of determining STJN reported previously (Hunter & Burnett, 2000; Van 

Gheluwe et al., 2002). Sell et al.& (1994) performed a reliability study on two methods to 

assess STJN – navicular height and calcaneal position with an inclinometer and found that 

weightbearing measurements were reliable for clinic and research purposes. Using the ALM 

as a weightbearing measurement (as per protocol) may have contributed to the strong 

reliability of the two measurements and may only be indicated in a weight bearing 
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environment. The ALM study used static positions to assess STJN and, as such, is only one 

plane of movement. Considering this joint is triplanar and used in dynamic movements, this 

presents a problem when comparing static measurements to dynamic pathologies (Jarvis et 

al., 2017) and may not be clinically relevant. Jarvis et al. (2017) challenged the validity of 

the relationship between positional foot deformities (such as inverted subtalar joint in NCSP) 

and the foot kinematics during gait (such as rearfoot kinematics during midstance). They 

argue that the differences in forces applied to the foot in static versus forces and muscle 

contractions during dynamic movements bear little resemblance to each other. Jarvis et al. 

(2017) found that only 39% of feet passed through STJN during stance when assessed 

using three-dimensional gait analysis. Future studies could investigate the use of ALM in a 

more dynamic setting. 

The assessors report that this was an easy method of alignment to understand. 

However, there were limitations to its implementation. These included assessors potentially 

remembering previous results. Further throughout the data collection, the subjects reported 

that relaxing into RCSP was feeling harder to accomplish and recognise, as they had aligned 

their feet and ankles continuously. When assessors were collecting data from the children, 

they found that following the direction for alignment was attempted by all children, but the 

younger participants needed assistance to hold the position for measurement collection.!

The results show that the RCSP appears to be more reliable to measure than the 

NCSP. This may be due to factors such as the subjects being able to hold a resting position 

more easily than the corrected position or the assessors may not have aligned the 

landmarks correctly. Therefore, when the subject attempts to align markings, the NCSP 

could be subject to error. Another contributing factor to the increased reliability in the 

dynamic measurement could be the assessors professional handling experience, and 

therefore, ability to manipulate or direct the neutral alignment. The ALM’s reliability may also 

be limited by structural deformities or presence of other malalignment which could affect the 

visual and physical alignment for the ALM. 

The results indicate that the level of experience in using the ALM and the profession 

of an assessor, influences the reliability of measure. The highest reliability was A1 who had 

the most experience, followed by a younger podiatrist who practices the technique multiple 

times a day. The poorest reliability being from the chiropractor who has attended a single 

workshop and only occasionally uses the technique in his practice. Between the 

physiotherapist and podiatrists, the reliability was high for all measurements. This may be 

due to both professions having extended experience with children and lower limb 
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assessment. Due to the variability of individual results, it may be suggested that the 

feasibility of this method might be only suitable for clinicians with proper training and 

experience.   

Comparing the ALM against the FPI-6, it is noted that the FPI-6 uses a visual 

assessment of the lateral anatomical line of the ankle to determine pronation, whereas the 

ALM uses a visual cue from a line that has been drawn on anatomical landmarks, which 

may allow for error in the inexperienced assessor. Both have the element of visual 

alignment, but the ALM relies upon the subject being able to follow direction, balance in 

standing, and control the movement of their foot to create alignment. This assumption 

creates difficulty in reliability especially when applying this measurement to those with any 

motor or intellectual deficits that could affect the accuracy of instruction and response. 

Having a structured training protocol and recommended practice timeline would assist in 

eliminating the factor of inexperience in the quality of measurements. !

Finally, this study’s results showed that the ALM is more reliable when measuring 

adult subjects when compared to children across the six assessors of varying experience. 

Adults were included in this study as they were the population this technique was commonly 

used on in the clinical setting. They were also included to see if there was a difference in 

the reliability between adult and paediatric populations. Specifically, with the ALM being 

assessed by those less experienced, improved reliability may be due to adults being able to 

follow and co-ordinate directions better, or larger landmarks allow for easier palpation and 

thus creating more accurate alignment. !

The lower paediatric measurement reliability aligns with Morrison and Ferrari (2009) 

who noted that assessing a paediatric population affects reliability of measurements. Lower 

reliability was noted in the ALM when the assessors had less experience. Although, the most 

experience assessors were found to have a higher reliability regardless of subject, 

demonstrating that experience in the ALM and assessing children is a key factor in the 

reliability of this technique.*A need to research the ALM technique with a larger recruitment 

of children appears warranted. In particular, as all participants were healthy, further 

investigation within different populations, such as CP who may have reduced intellect, 

reduced body control and abnormal foot positioning, would greatly enhance the viability of 

this method to be used across a greater population and varying clinical settings. 

2.3.4.1. Limitations  
A limitation of this study was the small number of children participants, especially 

given the focus of this thesis. This was due to time constraints and a reduced number of 
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those who consented to participate. Another notable limitation of this study was that the 

validity of the ALM still needs to be established. Future research could include replication of 

the study using standing x-rays, which could serve as gold standard to determine validity. 

To then assess the reliability, a standardised photo, such as through a phone app could be 

used to compare the RCSP and NCSP measurements to the gold standard. This may then 

improve the overall reliability and improve the accuracy of ankle angle measurements and 

therefore provide a more reliable result. Due to the STJ being dynamic, and as the ALM is 

a static measure, the ALM would need to be validated for use in a dynamic setting. *

2.3.5. Conclusion!
The ALM was found to have poor reliability in a paediatric population, especially when 

used by an inexperienced assessor. Therefore, the findings of this study suggest that the 

use of the ALM in the assessment of children may not be recommended unless there is 

extensive experience by the assessor in both the ALM technique and in assessing the 

paediatric population. The level of experience and familiarity of using the ALM may influence 

reliability, as well as when measuring adult subjects compared to children.  

To assess across different populations, such as children with CP, the ALM would 

require an alternate version or modification as the participant requirements, expected 

response and control of lower limb may be affected, thus affecting the reliability and 

specificity of the ALM. Furthermore, this tool should be used with caution in children with CP 

due to factors that impact its reliability: factors such as poor comprehension of instructions, 

balance requirement in standing, inability of patient to consciously override muscles to 

create fine-tuned alignment, and CP related spasticity. 

 

Due to the limited reliability and the extra requirements needed )(*assess children 

with CP, the feasibility of using the ALM in this specific population was not idealV*!.*.97-W*)-%*

!01*Q3.*7("./2%,%2*9".9/)3G$%*3.*3"*(9)7(D%*D%3.9,% in the .9G.%X9%") research 3"2*Q3.*not 

implemented in further studies as originally planned,* when assessing children with CP.*

Further research would be required to investigate feasibility and reliability of this technique 

in a typical paediatric population, as well as in specialised population such as children with 

CP.  

 !
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3.0. Orthoses, Gait & Children with Cerebral Palsy: A Narrative 

Systematic Review 
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Lower extremity orthoses are often used to address the biomechanical limitations 

children have due to cerebral palsy. What are the various types of lower limb orthoses used 

to improve gait and gross motor skills? A search of eight online databases was performed 

between May and June 2019. Included studies were critically appraised. These studies were 

also classified for their level of evidence using the Oxford Centre for Evidence-Based 

Medicine Levels of Evidence classification system. Eight studies were assessed for 

methodological quality. Seven studies of good quality (67%-85%) were included in the 

qualitative synthesis. The levels of evidence ranged from Level 1b (Randomised Control 

Trial design) to Level 4 (quasi-experimental designs), with ranges of 15 – 38 participants 

and aged 21 months to 15 years. Overall, all orthoses demonstrated some level of 

improvement but orthoses using a more dynamic approach were found to be effective in 

improving gait and gross motor skills. Orthoses intervention using were found to be effective 

in improving gait and gross motor skills in children with cerebral palsy. There is a potential 

benefit to the clearer defining of ankle-foot orthoses prescription within research studies. 
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Cerebral palsy (CP) is a term used to describe a group of permanent, non-

progressive, disorders affecting the development of human movement and postures, caused 

early in life primarily by a brain injury or lesion (Danino et al., 2015). CP leads to physical 

activity limitations (Christovao et al., 2015; Ridgewell, Dobson, Bach, & Baker, 2010; 

Romkes & Brunner, 2002; Rosenbaum et al., 2007; Wingstrand, Hägglund, & Rodby-

Bousquet, 2014) through spasticity, muscle weakness, impaired postural control, and 

selective motor control (Wingstrand et al., 2014) and a common treatment is the use of lower 

limb orthoses (LLO) (Morris, 2002). 

The most common LLO is the ankle-foot orthoses (AFO) (Ries, Novacheck, & 

Schwartz, 2015). Common styles of AFOs (Wren et al., 2015), include solid-AFOs (SAFOs), 

hinged-AFOs (HAFOs) with dorsiflexion or plantarflexion stops, Posterior Leaf Spring (PLS) 

and dynamic-AFOs (DAFOs). The aims of AFO management in children with CP are to; 

correct and/or prevent deformity (joint alignment), provide a base of support, facilitate 

training of motor skills, and improve efficiency of walking (Bjornson et al., 2016; Bjornson, 

Schmale, Adamczyk-Foster, & McLaughlin, 2006; Brodke et al., 1989; Buckon, Jakobson-

Huston, Moor, Sussman, & Aiona, 2004; Figueiredo, Ferreira, Moreira, Kirkwood, & Fetters, 

2008; Knutson & Clark, 1991; Morris & Condie, 2009; Rethlefsen, Kay, Dennis, Forstein, & 

Tolo, 1999; Ries, Novacheck, & Schwartz, 2015; Romkes & Brunner, 2002; Smith et al., 

2009; Westberry et al., 2007; White, Jenkins, Neace, Tylkowski, & Walker, 2002; Wingstrand 

et al., 2014). AFOs also enable a continuous Achilles / gastrocnemius stretch (Boyd, 

Pliatsios, Starr, Wolfe, & Graham, 2000; Hainsworth, Harrison, Sheldon, & Roussounis, 

2007; Morris, 2002), position the foot for function (Brodke et al., 1989; Kane, Musselman, 

Manns, & Lanovaz, 2016; Knutson & Clark, 1991; White et al., 2002), and prevent pain 

(Westberry et al., 2007). AFOs comprise a polypropylene cast that covers the entire 

posterior and mediolateral borders of the calf, sole of the foot, with straps across the anterior 

upper tibia and front of the ankle (Radtka, Skinner, Dixon, & Johanson, 1997). 

Another LLO is the Postural Control Insole (PCI). PCIs were investigated by 

Christovao et al. (2015) in a randomized controlled trial. The researchers found PCIs led to 

an improvement in static balance and performance of the Timed Up-and-Go (TUG) in 

children with CP. Outcome measures are used to assess gross motor skills (GMS), such as 

the Gross Motor Function Measure (GMFM), Pediatric Evaluation of Disability Inventory 

(PEDI), Pediatric Outcomes Data Collection Instrument (PODCI), TUG, temporal-spatial gait 
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parameters and O2 cost of walking (Alotaibi, Toby, Kennedy, & Bavishi, 2014; Dhote, Khatri, 

& Ganvir, 2012; Oeffinger et al., 2004, 2007, 2008). 

However, there is no consensus as to which is the most effective type of LLO to 

improve both gait and GMS in children with CP. It was hypothesised that lower limb orthoses 

would improve alignment, cadence and balance. Therefore, this review aimed to identify and 

critically appraise studies investigating the use of LLOs in both gait and GMS in children with 

CP and synthesise their findings.  

B8B8$ 3"/>0(2$

The approach taken for this systematic review was based on the Preferred Reporting 

Items for Systematic Reviews and Meta-Analysis (PRISMA) statement (Moher, 2009), 

outlining a high-quality ordering of literature searches. The methods and eligibility criteria for 

included studies were detailed in advance in a protocol registered at The Centre of Reviews 

and Dissemination (CRD) at the University of York – PROSPERO (CRD42019137970) 

(CRD, 2009).  

The inclusion criteria for the purpose of this review were kept broad to minimise 

selection bias. Table 6 describes the eligibility criteria. The outcome measures selected 

were deemed by researchers to be the most clinically applicable, as well as being those 

validated for this population (Ko & Kim, 2013). The results of the search, screening and 

selection processes are documented using the PRISMA flow diagram (Figure 10) (Moher, 

2009).  
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Key search terms were entered into selected databases (CINAHL, SPORTDiscus, 

EMBASE, Web of Science, Scopus, ProQuest, PubMed and Cochrane Library) between 

May and June 2019 in order to capture research relevant to this review (see Table 7 for 

further information on search terms). The key search terms used, alone or in combination, 

were derived from previously known literature on this topic and from discussion with subject 

matter experts in this field. The parameters of the systematic review were designed to 

accommodate LLO with a particular focus on quality of gait and assessments used to 

evaluate GMS changes. 

! !
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3.3.1. Data Extraction and Methodological Quality Analysis 

The main author extracted all relevant information into a spreadsheet; type and level 

of CP, age of participants (any variables such as mobility aids etc), types of orthoses, 

comparator (control, placebo, other orthoses), types of outcome measures and results, and 

study design.  

The modified Downs and Black (Downs & Black, 1998) checklist was used to assess 

the methodological quality of the included. This methodological protocol employs a 27-

question checklist to assess 5 key areas of methodological quality; statistical power, internal 

validity (bias and confounding), external validity and reporting quality. For the purposes of 

this study, the scoring for Question 27 (reporting a power analysis) was modified to ‘0’ points 

for a ‘no’, or ‘1’ point if the authors did report their power analysis. This modified approach 

to the checklist has been used previously to limit subjectivity in scoring (Lyons, Radburn, 

Orr, & Pope, 2017). As such, the maximum possible raw score became 27, as opposed to 

the original maximum score of 32. 

The final score was then graded based upon the approach described by Kennelly 

(2011). Kennelly’s (2011) grades were categorized as ‘poor’, ‘fair’ and ‘good’, with the 

methodological quality rating determined by the scores assigned in the Downs and Black 

protocol. However, as the maximum score for this review was modified to 27 points, the 

Kennelly grades were modified and converted to percentages to accommodate the modified 

Downs and Black checklist total raw score. On this basis, the grading system applied was 

as follows: >61% was graded as ‘good’ quality, 45-61% as ‘fair’ quality, and <45% as ‘poor’ 

quality. This modification has been previously used in critical reviews (Lyons, et al., 2017) 

and formed the basis of the critical appraisal score (CAS) for this review. 

All studies were independently rated by 2 authors independently (CM, VS) using the 

Downs and Black protocol (Downs & Black, 1998) with the level of agreement between 

raters measured using a Kappa analysis of all raw scores (27 scores per paper) by the third 

author (RO). If there was a failure to reach consensus, final scores were moderated by the 

third author (RO). As the hierarchical system of classifying evidence is paramount to 

evidence-based medicine, the studies were also subjected to a ‘level of evidence’ grading 

using the Oxford Centre for Evidence-Based Medicine Levels of Evidence (EBMLE) 

classification system (Howick et al., 2011). 
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("cerebral palsy" OR (MH "Cerebral Palsy+")) 
AND ((MH "Pediatrics+") OR pediatric* OR 
paediatric* OR child OR children OR (MH 
"Child+")) AND (Sensorimotor* OR 
sensomotor* OR orthosis OR orthoses OR 
orthotic* OR brace* OR insole* OR (MH 
"Orthotic Devices+")) AND (foot OR feet OR 
ankle* OR (MH "Foot+") OR (MH "Ankle 
Joint+")) 

:LWK!T+$',$&
&

6)X1:6& ("cerebral palsy" OR 'Cerebral Palsy'/exp) 
AND ('Pediatrics'/exp OR pediatric* OR 
paediatric* OR child OR children OR 
'Child'/exp) AND (Sensorimotor* OR 
sensomotor* OR orthosis OR orthoses OR 
orthotic* OR brace* OR insole* OR 'Orthotic 
Devices'/exp) AND (foot OR feet OR ankle* 
OR 'Foot'/exp OR 'Ankle Joint'/exp) 
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("cerebral palsy" OR "Cerebral Palsy") AND 
(Pediatrics OR pediatric* OR paediatric* OR 
child OR children OR Child) AND 
(Sensorimotor* OR sensomotor* OR orthosis 
OR orthoses OR orthotic* OR brace* OR 
insole* OR "Orthotic Devices") AND (foot OR 
feet OR ankle* OR Foot OR "Ankle Joint") 
 

L&-Z,%$"& ("cerebral palsy") AND ("pediatric" OR 
"pediatrics" OR "paediatric" OR "paediatrics" 
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"orthoses" OR "orthotic" OR "orthotics" OR 
"brace" OR "braces" OR "insole" OR "insoles" 
OR ("sensorimotor*" AND "orthos*s") OR 
("sensorimotor*" AND "orthic*")) AND ("foot" 
OR "feet" OR "ankle*") AND ("gait") AND 
("gross motor") 
 

L,#)%0& ("cerebral palsy" OR "Cerebral Palsy"[Mesh]) 
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OR Foot[Mesh] OR "Ankle Joint"[Mesh]) 
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"brace" OR "braces" OR "insole" OR "insoles" 
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("gross motor") AND NOT INDEX(medline) 
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brace* OR insole* OR [mh "Orthotic Devices"]) 
AND (foot OR feet OR ankle* OR [mh Foot] 
OR [mh "Ankle Joint"]) 
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Eight studies (see Figure 10) met the eligibility criteria and were assessed for 

methodological quality through the modified Downs and Black (Downs & Black, 1998) 

checklist and graded according to Kennelly (Kennelly, 2011).  One paper (Russell & Gorter, 

2005) was removed after applying the modified Downs and Black checklist due to a less 

than acceptable rating (13/27), leaving  papers for final inclusion. 

The seven studies included three randomized controlled trials (Buckon et al., 2001, 

2004; Christovao et al., 2015), 2&quasi-experimental studies with pre-/post- design (Dalvand, 

Dehghan, Feizi, Hosseini, & Armirsalari, 2013; Smith et al., 2009;), and 2 randomised 

crossover trials (Bjornson, Schmale, Adamczyk-Foster, & McLaughlin, 2006; Zhang, Wang, 

Yang, & Zhao, 2009). An overview of the characteristics of each paper can be seen in Table 

8. How each study performed across the 5 key areas of the modified Downs and Black 

(Downs & Black, 1998) appraisal tool, final raw scores, final CAS based on the modified 

Kennelly  grading system (Kennelly, 2011), and EMBLE results are detailed in Table 9. The 

2 reviewers score of the papers was assessed for consistency. Cohen’s k was run to 

determine the level of agreement between the 2 reviewers. A tabulated summary of each 

study’s statistical analysis, results, strengths and limitations can be found in Table 10. There 

was a ‘strong’ (k=0.903, A<0.0005) level of agreement (Viera & Garrett, 2005) found 

between the 2 reviewing authors (CM, VS) scores. 

3.4.1. Demographics of the reviewed studies 

The final yield of papers (n=7) included four studies from the U.S.A. (Bjornson et al., 

2006; Buckon et al., 2001, 2004; Smith et al., 2009), and one each from Iran (Dalvand et al., 

2013), Brazil (Christovao et al., 2015) and China (Zhang et al., 2009).  

Participants included in these studies were from the public health sector (e.g. 

hospitals) with all seven reporting on children with spastic CP; five (Buckon et al., 2004 

Christovao et al., 2015; Smith et al., 2009; Zhang et al., 2009) out of seven studies reported 

on diplegia alone, and one (Buckon et al., 2001) on hemiplegia and one (Bjornson et al., 

2006) reported on mixed types of CP, with the children in the seven studies ranging in age 

from 1.9 years (Bjornson et al., 2006) to 15 (Buckon et al., 2001) years of age. Two studies 

(Bjornson et al., 2006; Dalvand et al., 2013) included children with Gross Motor Function 

Classification System (GMFCS) levels I to III, whereas there were three studies (Buckon et 

al., 2004; Christovao et al., 2015; Zhang et al., 2009) that only included children with GMFCS 
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I and II, and 1 that only included GMFCS I (Smith et al., 2009). There was only one study 

(Buckon et al., 2001) that did not disclose levels of GMFCS.  

There were two studies (Dalvand et al., 2013; Zhang et al., 2009) that implemented 

therapy. One (Dalvand et al., 2013) used occupational therapy (36 training sessions) as an 

additional intervention along with orthoses and the other (Zhang et al., 2009) utilised 

strength rehabilitation training. Only two studies (Christovao et al., 2015; Smith et al., 2009) 

used a control group. Smith et al. (2009) had neurotypical children as the control group and 

Christovao et al. (2015) used the same population as the intervention group.   

The size of the study groups ranged from 15 (Smith et al., 2009) to 38 (Zhang et al., 

2009) participants and the length of the studies from one day (Bjornson et al., 2006) to 10 

weeks (Smith et al., 2009) and three (Buckon et al., 2001; Dalvand et al., 2013; Zhang et 

al., 2009), four (Christovao et al., 2015) and 12 months (Buckon et al., 2004).  

3.4.2. Orthotic Types used in the reviewed studies 

Along with the length of orthotic use, the type of orthotics used differed between 

studies. DAFO were used in the study by Bjornson et al. (2006) whereas Smith et al. (2009) 

compared DAFO and HAFO. Dalvand et al. (2013) and Zhang et al. (2009) used HAFO and 

SAFO, whereas Buckon et al. (2001, 2004) used HAFO, SAFO and PLS in their comparative 

studies. PCIs were used by Christovao et al. (2015). 

3.4.3. GMFM 

All studies included used varying combinations of functional skill outcome measure 

and gait assessment. All studies included elements of the GMFM in their outcome measures. 

However, only one study (Christovao et al., 2015) utilized the GMFM-88 as their main 

outcome measure and did not find any significant changes in scores between intervention 

and placebo insole. The remaining&six studies used only sections "D" and "E" of GMFM-88 

to assess standing and walking.  

Three studies (Bjornson et al., 2006; Dalvand et al., 2013; Zhang et al., 2009) 

investigating DAFOs or HAFOs compared to SAFOs found significant changes in the GMFM. 

Bjornson et al. (2006) also used the GMFM-66 and notes percentage scores for all 

dimensions were significantly higher when the patients were wearing the DAFOS (A>0.001) 

compared to SAFOs. Zhang et al. (2009) found GMFM scores in HAFOs group patients 

were significantly better than those in SAFOs group after three months of treatment (A<0.01). 

Zhang et al. (2009) found that after wearing the ankle-foot orthosis, the scores of the two 

functional areas of the GMFM in the HAFOs group were significantly higher than those in 
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the SAFO group (A<0.05). The study by Dalvand et al. (2013) also found a significant 

difference when comparing HAFOs group with SAFOs (A<0.05) and the control groups 

(A<0.01) in improvement of gross motor function, but there was no significant difference 

between SAFOs group and the control group (A=0.631).   

Opposing this, Buckon et al. (2001) found gross motor function skills were not 

significantly altered in any of the AFO configurations and Buckon et al. (2004) noted that 

AFO use did not significantly improve skills within the standing dimension of the GMFM. 

Buckon et al. (2001) reported similar results as Buckon et al. (2004), that all AFO 

configurations significantly improved performance of the motor skills within the walking / 

running / jumping dimension of the GMFM compared with the barefoot condition (A<0.005) 

(Buckon et al., 2001), (A<0.002) (Buckon et al., 2004). 

Contrary to this, Smith et al. (2009) evaluated sections D&E and found that regardless 

of treatment, the children exhibited high GMFM scores, with no significant differences noted 

between HAFO and DAFO. 

3.4.4. Visual Gait Assessment 

There were no studies reporting on visual gait assessment to compare orthoses.  

3.4.5. Functional Ability 

Other functional outcome measures included PEDI (Buckon et al., 2001, 2004), 

Gross Motor Performance Measure (GMPMM) (Buckon et al., 2001, 2004),  Berg Balance 

Scale (BBS) (Christovao et al., 2015; Zhang et al., 2009;), Bruininks-Oseretsky Test of Motor 

Proficiency (BOTMP) (Buckon et al., 2004), TUG (Christovao et al., 2015) and the six-minute 

walk test (Christovao et al., 2015). 

Buckon et al. (2001) found that functional skills of the PEDI were significantly 

improved in all AFO configurations compared to barefoot (A<0.004) in those with hemiplegia, 

with no differences found among the three AFO configurations. When using the PEDI to 

assess those with diplegia, Buckon et al. (2004) reported that AFO use did not significantly 

improve mastery of functional motor skills or the level of independence.  

Buckon et al. (2001, 2004) both investigated quality of movement using the GMPM 

in their studies. The researchers noted that there was significant improvement in motor 

performance in (quality) those with hemiplegia (Buckon et al., 2001) when wearing HAFO 

and PLS more so than SAFO, but no significant gain in gross motor function, whereas in 

those with diplegia (Buckon et al., 2004) found significant gains in gross motor function, but 

not performance. Zhang et al. (2009) found that after three months of treatment 
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(rehabilitation and HAFOs intervention) BBS scores were significantly better than those in 

SAFO group (A<0.01). Christovao et al. (2015) did not find any difference in BBS when 

tested in PCI or control group placebo insoles. Buckon et al. (2004) found significant 

improvements in the BOTMP in all AFO configurations compared with barefoot in the upper 

limb coordination (A<0.003) and upper limb speed and dexterity (A<0.016) subtests. 

Christovao et al. (2015) noted that when the intragroup analysis was performed, significant 

differences were only found in the experimental group on the TUG when shoes with insoles 

were compared to shoes without insoles (A=0.021). There were also no differences noted in 

the six-minute walk test when comparing experimental group with barefoot or control group 

(Christovao et al., 2015). 

3.4.6. Gait Parameters 

Three studies (Buckon et al., 2001, 2004; Smith et al., 2009) used kinetic and 

kinematic gait outcome measures. Buckon et al. (2001, 2004) both measured gait, energy 

expenditure and functional motor skills between three different AFO designs, all of which 

were compared to a barefoot condition (except for energy expenditure which was compared 

with wearing shoes only). Smith et al. (2009) analysed gait metrics between barefoot and 

whilst wearing HAFO and DAFO.  

Stride (p<0.006) (Buckon et al., 2004) (A≤0.05) (Smith et al., 2009) and step length 

(A<0.005) (Buckon et al., 2004) were significantly increased (A=0.0001) (Buckon et al., 2001), 

and cadence was significantly decreased, (A<0.002) (Buckon et al., 2001) (A<0.005) 

(Buckon et al., 2004) in all three AFO configurations compared to barefoot. Smith et al. (2009) 

found a significant decrease (A≤0.05) towards normal cadence were seen when the HAFO 

and DAFO conditions were compared with barefoot conditions. They also noted kinematic 

changes were most prominent at the ankle during brace wear, with minimal changes found 

at the hip and knee. One paper (Buckon et al., 2004) reports self-selected walking velocity 

was unchanged in any of the AFO configurations compared to barefoot, however another 

paper (Buckon et al., 2001) showed significantly increased velocity in the three AFO 

configurations compared to the shoes only condition (A=0.0001).  

There were only two papers reporting on energy expenditure and oxygen 

consumption. One paper (Buckon et al., 2001) found during self-selected walking there were 

no significant differences among the four assessment conditions for oxygen consumption 

and energy cost, however another paper (Buckon et al., 2004) found energy cost was 

significantly decreased in self-selected and fast walking in all AFO configurations compared 

with shoes only (A<0.003).+They also noted the HAFO maximized ankle power generation 
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and improved the energy expenditure, whereas the PLS was the most effective in 

normalizing gait parameters. 

3.4.7. !Other Outcome Measures 

Four studies (Buckon et al., 2001, 2004; Smith et al, 2009; Zhang et al., 2009)  looked 

at ankle range of motion (ROM) and one assessed the Modified Ashworth Scale (MAS) 

(Zhang et al., 2009). One paper (Christovao et al., 2015) looked at static balance using force 

plate (Kistler, model 9286BA) and one study (Smith et al., 2009) looked at PODCI.  

Buckon et al. (2004) did not find any significant change in lower extremity ROM but 

Buckon et al. (2001) found that ankle dorsiflexion knee extension was significantly increased 

in the HAFO and the PLS compared to barefoot (A=0.003); however, no significant change 

was found in the SAFO. Zhang et al. (2009) found that after three months of treatment 

(rehabilitation and HAFOs intervention) the MAS and ROM were significantly better than 

those in SAFO group (A<0.01). Christovao et al. (2015) found significant differences were 

found only in the experimental group on anteroposterior sway with eyes closed (shoes 

without insoles vs. barefoot, A=0.050) when intragroup analysis was performed. Smith et al. 

(2009) found there was no significant difference in the PODCI among barefoot and all AFO 

conditions (A≤0.05).  
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