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SUMMARY 

 

Introduction:  Torticollis is a clinical sign of asymmetric neck posture.  In 

infancy, the most common causes are muscular in nature and can be classified 

as Congenital Muscular Torticollis or Postural Torticollis.  Assessment of neck 

function is essential for diagnosis and management of torticollis.  A systematic 

review demonstrated a paucity of reliable and valid measurement tools, in 

particular for the assessment of postural side-flexion (head tilt) and active neck 

rotation, in the upright position.  Furthermore, most physiotherapists commonly 

use visual estimation in clinical practice, which has not been adequately tested 

for reliability in this population. 

Aims and objectives:  This study aimed to examine the reliability of visual 

estimation for the assessment of head tilt and active neck rotation in the upright 

position, on infants with torticollis by physiotherapists.  A further aim was to 

examine the impact of the physiotherapists’ clinical experience on their 

reliability.   

Methods:  This was an observational (reliability) study, which involved the 

recruitment of 31 infants and 26 physiotherapists.  Videos were taken of the 

infants’ head position in the frontal plane (anterior view) and active neck rotation 

(lateral view).  Using a secure online portal, they were observed and rated by 

the physiotherapists on two occasions, at least one week apart. Inter-rater and 

intra-rater reliability was calculated using the intra-class correlation coefficient 

(ICC) and Standard Error of Measurement (SEM). The relationship between 

physiotherapists’ clinical experience (using three different criteria) and intra-

rater reliability was analysed using a Pearson product-moment correlation 

coefficient.  

Results:  Overall, inter-rater reliability was good (mean ICC: 0.68 ± 0.20, 0.13 - 

0.98; mean SEM: 5.1° ± 2.1°, 1-12°).  Rotation videos had better reliability 

(mean ICC: 0.79 ± 0.14), in comparison to head tilt videos (mean ICC: 0.58 ± 

0.20).  Intra-rater reliability was excellent (mean ICC: 0.85 ± 0.09, 0.55 to 0.94) 

for both head tilt (mean ICC: 0.84 ± 0.08) and rotation (mean ICC: 0.85 ± 0.09).  

There was no correlation between intra-rater reliability and clinical experience. 
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Conclusions and implications:  Visual estimation has excellent intra-rater 

reliability and good inter-rater reliability in the assessment of head tilt and active 

neck rotation in the upright position for infants with torticollis.  In both cases, 

assessment of rotation was more reliable than that of head tilt.  Using an ICC 

value of ≥0.7 for a test to be clinically acceptable, inter-rater reliability of head 

tilt was found to be unacceptable.  There was a wide variation in reliability and 

no correlation was found between reliability and clinical experience.  Therefore, 

it is recommended that physiotherapists test their own reliability if possible, and 

that  an alternative tool for the assessment of head tilt be explored.  
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CHAPTER 1 INTRODUCTION AND LITERATURE REVIEW 
 

1.0 Introduction  

This chapter intends to review the literature relating to the condition of torticollis 

of infancy, including: definition and classification; aetiology and risk factors; 

physical structures involved; incidence; clinical presentation; associated 

conditions; differential diagnosis; assessment and management.  The 

measurement property, reliability, will also be discussed in this chapter. 

1.1 Definition and classification of torticollis 

Torticollis (Latin = twisted neck) is a clinical sign of asymmetric neck posture 

which may be the result of a variety of underlying disorders. It usually presents 

with the head side-flexed (tilted) to the ipsi-lateral side and rotated to the contra-

lateral side.  As many as 80 different entities have been described as potential 

causes for torticollis (Kiwak, 1984), but in infancy the most common causes are 

muscular in nature. 

Some authors have suggested that muscular torticollis in infancy falls within a 

spectrum of cervical muscular pathology, ranging from mild imbalance to severe 

contracture (Golden et al., 1999, Rogers et al., 2009);  Van Vlimmeren et al. 

(2004) described torticollis as part of the range of features constituting 

‘asymmetry of infancy’ – a diagnosis expressing abnormal shape of body parts 

or unequal posture and movements. 

Three categories of muscular torticollis in infancy have been described, in 

reverse order of severity (Cheng et al., 2001b, Cheng et al., 2000):  

 Sternomastoid tumour - in which there is a fibrotic lump or tumour in the 

sternocleidomastoid (SCM) muscle 

 Muscular torticollis - in which there is a thickening of the SCM but no tumour 

 Postural torticollis - in which there is the posture of torticollis but no 

thickening or tumour of the SCM 
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A further proposal for caterogisation (Van Vlimmeren et al., 2006) is with the 

first two categories above combined, so with two remaining categories as 

follows: 

 Congenital Muscular Torticollis (CMT) - which presents in the neonatal 

period, with shortening of the SCM ± fibrotic mass  

 Postural Torticollis (PT) - which usually presents at a later stage than 

CMT, without morphological changes in the SCM, following persistent 

positional preference of the head 

This latter classification, using the two main terms of CMT and PT, will be used 

in this thesis. 

Throughout the literature, a difficulty arises regarding the differences in criteria 

used to define torticollis.  A number of authors have used a difference in 

cervical spine (CSp) range of motion (ROM) of >15° (Cheng et al., 2001b, 

Stellwagen et al., 2008, Aarnivala et al., 2014, Rogers et al., 2009) whereas 

others have used a difference of >10° (de Chalain and Park, 2005)  and some 

do not specify (Chen et al., 2005, Peitsch et al., 2002, Golden et al., 1999, 

Hutchison et al., 2004).  Such differences in classification should be considered 

when interpreting the literature. 

Torticollis can be considered to be part of the spectrum of generalised 

preferential positioning, described as Asymmetry of Infancy – also known as 

‘Moulded Baby Syndrome’, ‘Seven Sign Syndrome’, ‘Turned Head-Adducted 

Hip-Truncal Curvature’ Syndrome or ‘Infantile Postural Asymmetry’ (Van 

Vlimmeren et al., 2006; Philippi et al., 2006; Nuysink et al., 2008).  This 

presentation may have multiple functional and morphological manifestations, 

which may be focally accentuated – so that infants with only a single apparent 

sign of asymmetry, such as torticollis, may actually be found to have a much 

more generalised asymmetry upon further investigation (Philippi et al., 2006).  

Thus, the  European Academy of Paediatrics recommends that all new-borns 

receive an overall ‘head to toe’ assessment for any abnormalities or 

asymmetries (Tenore and Levene, 2011).  
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1.2 Aetiology and risk factors 

1.2.1 Aetiology of Congenital Muscular Torticollis  

Congenital Muscular Torticollis results from an insult to the SCM muscle, which 

may result in a fibrotic lump or ‘pseudo-tumour’ in the muscle. The cause of the 

insult is not fully understood.  A suggested hypothesis  is  trauma at birth 

leading to muscle trauma/haematoma, but more recently it is thought to be a 

result of venous occlusion caused by intra-uterine constraint – extreme CSp 

flexion, rotation and side-flexion - which leads to ischaemia and then fibrosis of 

the muscle, similar to a compartment syndrome (Davids et al., 1992, 

Cooperman, 1997, Cheng et al., 2000, Wei et al., 2001).  The ‘pseudo-tumour’ 

tends to present at 2-3 weeks of life and usually starts to resolve from four 

months, but may leave non-contractile tissue (Wei et al., 2001), which may 

present as a tight fibrous band (Cheng et al., 2000). Shortening of the SCM 

muscle causes the head to side-flex to the ipsilateral side and rotate to the 

contralateral side (Figure 1.1). Congenital Muscular Torticollis can also be 

referred to as pseudo-tumour of infancy or fibromatosis-colli of infancy. 

 

Figure 1.1 Congenital Muscular Torticollis  

 

Histologically, the mass comprises myoblasts, fibroblasts, myofibroblasts and 

mesenchyme-like cells that usually mature and differentiate (Kuo et al., 2014).  

The typical ultrasound (US) appearance of the tumour is that of focal or diffuse 

enlargement of the SCM, elliptical in shape, which may appear homogenous or 

heterogeneous, and will normally demonstrate increased reflectivity (Skelton 



 

16 
 

and Howlett, 2014).  Magnetic Resonance Imaging (MRI) showed the affected 

SCM to have a diameter 2-4 times greater than the opposite side (Davids et al., 

1992).  Hong et al. (2013) reviewed the US images of 84 infants referred with 

torticollis and found that 91.5% had thickening of the sternal head and 53.2% 

had thickening of the clavicular head of the SCM muscle.   

Cheng et al. (2000) studied 1086 cases of infants seen in a specialist torticollis 

clinic.  Using the aforementioned triad classification, they were divided into 

sternomastoid tumour (47.2%); muscular torticollis (30.6%); and postural 

torticollis (22.1%).  In those with a tumour, it was in the lower third of the SCM in 

35%; in the middle third of the SCM in 40.4%; in the upper third of the SCM in 

11.9%; and over the whole muscle in 12.6%.  The size of the tumour ranged 

from <1cm (26.3%) to 4cm in diameter, with over 70% being >2cm.  

 

1.2.2 Aetiology of Postural Torticollis  

Postural Torticollis results from asymmetry of the cervical musculature, without 

any morphological changes, but secondary to asymmetric positioning and use.  

Foetuses have been shown to have a lateralised preference (mostly right sided) 

from 38 weeks’ gestation (Ververs et al., 1994).  This head preference may be 

initiated pre-natally, but it persists post-natally (Philippi et al., 2006, Konishi et 

al., 1986) and is further exacerbated by the infant spending an excessive 

amount of time in supine (Van Vlimmeren et al., 2006, Aarnivala et al., 2016).  

In supine, a neonate’s head will rest in a rotated position, due to its shape and 

lack of sufficient muscle control to keep it in midline.  Neonates also have an 

asymmetric tonic neck reflex (ATNR) during the first three months of life, which 

causes asymmetric body posture (Bly, 1994). Leung et al. (2016) assessed 94 

healthy neonates for head position whilst awake and in supine, and found that 

at three weeks they spent 19% of their time with head midline, which increased 

to 46% of their time by nine weeks. Infants do not develop adequate head 

control in supine to hold their head consistently in midline until 12 weeks 

(Geerdink et al., 1994) therefore their head will turn to one side, more likely their 

preferential side.  Infants with a persistent positional and movement preference, 

even without any morphological changes in the SCM, may develop a PT, which 
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then leads to a muscular imbalance, and the condition is perpetuated – “The 

appearance of morphological asymmetries is only a matter of time; any long-

standing functional asymmetry will eventually result in a deformity” (van 

Vlimmeren et al., 2004, p.188).  

 

1.2.2.1 Plagiocephaly 

Plagiocephaly (Greek for oblique head) is a condition which has been strongly 

associated with CSp asymmetric positioning and use.  It is defined as flattening 

of one side of the skull due to external pressure applied in utero, at birth or post-

natally (Persing et al., 2003).  Plagiocephaly can either be a cause or result of 

torticollis.  In itself it does not limit CSp ROM but the asymmetrical 

movement/positioning it causes may lead to reduced active and then passive 

CSp ROM (Kaplan et al., 2013) which may in turn lead to persistence and 

exacerbation of the plagiocephaly (de Chalain and Park, 2005, Aarnivala et al., 

2016). 

Plagiocephaly can also be referred to as positional plagiocephaly, posterior 

plagiocephaly,  occipital plagiocephaly, deformational plagiocephaly or non-

synostotic plagiocephaly. The typical plagiocephalic skull deformity is shaped as 

a parallelogram (Figure 1.2).  In addition to the unilateral flattening of the 

occipital area there may be ipsilateral frontal /parietal bossing, ipsilateral 

anterior ear displacement and facial asymmetry (Laughlin et al., 2011, Argenta, 

2004). 

 

Figure 1.2 Typical plagiocephalic deformity 

Ipsilateral 

frontal bossing 

Ipsilateral 

anterior ear 

displacement 

Unilateral 

occipital 

flattening 
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Plagiocephaly is not a recent condition but an increase in its incidence over the 

past two decades has been linked to the increase in time that infants spend in 

supine.  A view that is generally held in the literature (Laughlin et al., 2011) is 

that this increase is linked to the introduction of the American Academy of 

Pediatrics Task Force on Infant Positioning and Sudden Infant Death 

Syndrome’s ‘Back to Sleep’ guidelines for prevention of cot death in 1992 

(Pediatrics, 1992).   

Based on a systematic review (n=17 studies), Bialocerkowski et al. (2008) 

reported that the incidence of plagiocephaly was age dependent, and may be 

as high as 22.1% at seven weeks of age and as low as 3.3% at two years, 

tending to peak within the first six months of life.  There was a wide variation in 

prevalence rates, due to differences in definition and assessment procedures, 

but it appeared to have increased from 0.3% pre 1992 to 3-48% post 1992 

(Persing et al., 2003, Hutchison et al., 2004).  More recent studies of incidence 

have also varied, again using different methodologies, from 0.03% of 1001 new-

borns (Rubio et al., 2009) to 7.7% of 155 new-borns (Aarnivala et al., 2014) to 

61% of 102 new-borns (Stellwagen et al., 2008). 

Bialocerkowski et al. (2005) proposed that infants may have an asymmetric 

skull shape at birth, but that this is thought to normalise in the early post-natal 

period; plagiocephaly should refer therefore to infants aged over six weeks with 

an altered skull shape. A prospective longitudinal cohort study of skull 

deformation in a healthy population from birth (n=380) showed that by five years 

of age (n=248), 80% of children had normal head shapes, 19% mild 

plagiocephaly and only 1% had moderate-severe plagiocephaly (van Vlimmeren 

et al., 2017).   

Regarding risk factors associated with plagiocephaly, the systematic review by 

Bialocerkowski et al. (2008), and a subsequent systematic review (n=22 

studies) by De Bock et al. (2017) indicated evidence to support associations 

with: assisted delivery; first born; male sex and cumulative exposure to supine 

positioning.  Bialocerkowski et al. (2008) reported that “neck problems” were 

consistently associated with plagiocephaly.  However, the authors discussed 

that they were variably defined, either by parental report or clinical assessment, 
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and that a standardised definition and method of assessment were required to 

confirm the relationship.    

Craniosynostosis  

Regarding plagiocephaly, the typical parallelogram shape should be 

distinguished from the trapezoid shape due to craniosynostosis (Figure 1.3).  

Craniosynostosis involves premature fusing of one or more cranial sutures, 

leading to abnormal cranial shape.  Synostosis of the lambdoid suture is the 

form which results in plagiocephaly, but  in which there is flattening of both the 

occipital and fontal regions on the same side; the affected ear is displaced 

posteriorly/inferiorly; and the posterior basal skull is tilted with the mastoid 

process unusually prominent (Persing et al., 2003, Laughlin et al., 2011). 

 

 

 

Figure 1.3 Differences between positional and synostotic plagiocephaly     

(permission from www.cincinattichildrens.org) 

 

Craniosynostosis is rare - in a 2.5 year prospective study of 115 infants 

presenting with plagiocephaly at a specialist cranio-facial centre, only one was 

found to have craniosynostosis (Mulliken et al., 1999) but in an atypical skull 

pattern or moderate-severe deformity, skull radiographs or computerised 

tomography (CT) scan may be indicated as surgery is almost always required 

for craniosynostosis (Persing et al., 2003).  
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1.2.3  Risk factors associated with CMT and PT 

The influence of a constrained intra-uterine environment on the development of 

torticollis is apparent in the high correlation with primiparity, breech 

presentation, oligohydramnious and multiple gestation pregnancies (Cheng et 

al., 1999).  There is also high co-existence with other orthopaedic conditions 

associated with intra-uterine constraint, such as developmental dysplasia of the 

hips (von Heideken et al., 2006). 

Males are more affected – this is due to having larger heads, longer bodies and 

less oestrogen, therefore being less flexible (Peitsch et al., 2002, Mulliken et al., 

1999). 

Cheng et al. (2000) found that  infants in the more severe sterno-mastoid 

tumour group had higher incidences of breech presentation (19.5%) and difficult 

labour (56%). Whereas, when assessing asymmetries of healthy new-borns, 

Stellwagan et al. (2008) reported that the presence of torticollis was not related 

to the type of delivery or any particular head presentation, but was associated 

with a maternal recall of the foetus being ‘stuck’ in a particular position for ≥6 

weeks. 

Chen et al. (2005) analysed 40 cases of CMT (out of 1021 new-borns) and 

found significant correlation with birth body length, maternal perineal trauma 

and primiparity.  They found that an increase of 1cm body length conferred an 

extra 88% risk; perineal trauma a four-fold greater risk; and primiparity a six-fold 

greater risk of CMT. 

Bielski et al. (2006) investigated the orthopaedic implications of multiple 

gestation pregnancies with triplets (n=261).  They surveyed 13 orthopaedic 

conditions and found that torticollis was the only one that had a higher incidence 

than in singletons.   

Conversely to the association between torticollis and intra-uterine constraint, 

there is also an association between torticollis and prematurity (Konishsi et 

al.,1986; Van Vlimmeren et al., 2006; Rogers et al., 2009; Hautopp et al., 2014) 

but this is likely to be due to positioning, weaker head control and limited 

movement.  
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1.2.3.1 Relationship between torticollis and plagiocephaly 

It is not clear from the literature whether torticollis exists first, contributing 

towards plagiocephaly, or vice versa. 

Some authors propose that a positional preference/postural torticollis exists 

first, which then leads to development of plagiocephaly (Wei et al., 2001, 

Rogers et al., 2009).  Whereas others propose the opposite causation 

(Aarnivala et al., 2015, de Chalain and Park, 2005). 

Whichever comes first, a high co-existence has been found:   

The incidence of infants with plagiocephaly also having torticollis has been 

found to be 76% of 83 infants (Golden et al., 1999); 72% of 107 infants 

(Hutchinson et al., 2009); 97% of 202 infants (Rogers et al., 2009); and 93% of 

109 infants (Murgia et al., 2016).  Disparities are considered  to be due to 

inconsistently applied definitions of torticollis (Pivar and Scheuerele, 2006).  

Regarding infants with torticollis also having plagiocephaly, Chen et al. (2005) 

used ultrasound to diagnose CMT in healthy new-borns (n=1021) and found 

that of the 40 infants (3.92%) diagnosed with CMT, there was a significant 

correlation with plagiocephaly (OR22.3; 95% CI, 7.01–70.95). Taking the 

sample as a whole, 32.5% of those with CMT had plagiocephaly, compared to 

only 1.7% of those unaffected by CMT.  Rubio et al. (2008) examined healthy 

new-borns (n=1001) for asymmetry and found that of the 74 with head 

preference, 21 were associated with reduced passive CSp rotation and 23 were 

associated with plagiocephaly.  Wei et al. (2001) divided 170 infants with CMT 

into two categories of under and over six weeks of age.  They diagnosed 

plagiocephaly in 39.5% of the younger and 63.6% of the older infants indicating 

an increase with age. 

Whichever exists first, authors appear to agree that a cycle can develop, with 

each condition causing the other to worsen (de Chalain and Park, 2005, Losee 

et al., 2007). Aarnivala et al. (2015, p. 429) stated that “positional preference, 

cervical imbalance and cranial flattening synergistically influence and worsen 

each other and these patterns account for the development of most causes of 

cervical imbalance and plagiocephaly in early infancy”. 
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In summary, torticollis can either be a cause or a result of plagiocephaly, and 

vice versa.   

 

1.3 Physical structures of the infant cervical spine 

The CSp extends from the base of the skull to the thoracic region and consists 

of the seven cervical vertebrae (C1-C7) and their associated soft-tissue 

components.  Vertebrae begin to develop from the 4th week of the embryonic 

period, with chondrification appearing from the 6th week – but ossification is 

generally not completed until the 3rd – 6th year of life (Staheli, 2006).  The atlas 

and axis have a unique pattern of ossification, which may not be completed until 

the 13th year of life (Kim, 2008).  As well as changing in size and composition as 

growth occurs, the general shape of the vertebrae and orientation of the facets 

differ throughout childhood, to allow for increased mobility. 

The SCM muscle is the primary muscle involved in torticollis, although the 

upper trapezius and scalene muscles may also be affected (Karmel-Ross and 

Leppy, 1997, Oleszek et al., 2005, Peterson-Kendall et al., 2005).  The SCM 

has two origins - a sternal head and a clavicular head - and is inserted into the 

mastoid process (Figure 1.4). 

 

Figure 1.4 Muscles of the neck 
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The details of the muscles involved in torticollis are described in Table 1.1 

(reproduced from Peterson-Kendall et al., 2005 p.148). 

 

Table 1.1 Muscles involved in torticollis 

Muscle Origin Insertion Actions on CSp 

Sternocleido-

mastoid  

Sternum  

Clavicle 

Mastoid 

process 

Side-flexion 

Rotation (opposite) 

Flexion  

Extension 

Scalenus 

anterior 

3rd- 6th CSp vertebrae 1st rib Side-flexion 

Rotation (opposite) 

Flexion  

Scalenus 

medius 

2nd- 7th CSp vertebrae 1st rib Side-flexion 

Rotation (opposite) 

Scalenus 

posterior 

5th- 7th CSp vertebrae 2nd rib  Side-flexion 

Rotation (opposite) 

Trapezius 

(upper) 

Occipit 

7th CSp vertebrae 

Clavicle  

Scapula 

Side-flexion 

Rotation (opposite) 

Extension  

 

Regarding the normal range of motion of the CSp, only the movements of 

rotation and side-flexion will be discussed, as they are the movements primarily 

affected by torticollis.   

Öhman and Beckung (2008) determined reference values for passive ROM in 

healthy infants (n=38, aged up to 10 months) and found the mean rotation to be 

110° (range 100-120°) and mean side-flexion to be 70° (range 65-75°).  They 

commented that the infant’s head should be over the edge of the surface in 

order to avoid restricting the movement.  They followed up some of these 

infants (n=23, aged 3.5-5 years) and found that their mean passive rotation had 

reduced to 100° (range 85-110°) but that the passive side-flexion was 

essentially unchanged (Öhman and Beckung, 2013b).  Passive ROM is 
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normally slightly greater than active ROM, as each joint has a small amount of 

movement available that is not under voluntary control (Youdas et al., 1992). 

There are no reference values for active ROM in infancy, but a number of 

authors have looked at it in older children (Table 1.2). 

 

Table 1.2 Reviews of active CSp ROM in children  

 Age  Method  Side- 

flexion 

Rotation 

Arbogast et al. 

(2007) 

3-12 years 

 

ROM instrument 

Digital 

videography 

49.4° ± 6.3° 

45.2° ± 9.6° 

72.5° ± 9.8° 

78.9° ± 10.1° 

Lewandowski 

and Szulc (2003) 

3-7 years Electro-

goniometer  

42.4° ± 7.4° 74.9° ± 6.2° 

Lynch-Caris et al. 

(2008) 

8-10 years ROM instrument 58° ± 8° 77° ± 7° 

 

Active CSp ROM is greater in children than in adults, with rotation and side-

flexion decreasing on average by 3° a decade (Youdas et al., 1992, Chen et al., 

1999). 

 

1.4 Incidence of torticollis  

The literature varies, as different authors have used different criteria to define 

torticollis and have also used different categorisation, as mentioned in the 

introduction.     

However, it is generally reported that CMT is the third most common congenital 

musculo-skeletal abnormality, after developmental dysplasia of the hips  and 

calcaneo talipes equino varus (Bredenkamp et al., 1990, Tatli et al., 2006, Do, 

2006, Wei et al., 2001).   

Cheng et al. (2000) reported an incidence 0.3-1.9%. Chen et al. (2005) used US 

to assess new-borns (n=1021) for CMT and found the incidence to be 3.92%; 
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however, when using clinical assessment similar to previous studies their 

equivalent incidence would have been 1.08%. 

Stellwagen et al. (2008) assessed passive CSp rotation and side-flexion in 102 

healthy new-borns and found 16% to have torticollis, defined as ≥15° difference 

between sides, although in all cases the limitation was in side-flexion, not 

rotation.   

Aarnivala et al. (2014) also assessed passive CSp rotation and side-flexion in 

155 healthy new-borns and found only 6 (3.9%) to have torticollis, defined as 

≥15° difference between sides, of which four had limitations in side-flexion and 

two had limitations in rotation. However, 46.4% had cervical imbalance (defined 

as 5-15° difference between sides).  The mean difference in passive CSp 

rotation was 3.9° (range 0-16°, SD 3.2°) and in side-flexion was 4.7° (range 0-

32°, SD 8.7°). 

 

1.5 Clinical presentation of torticollis 

Torticollis is a clinical sign rather than a diagnosis.  The main feature of its 

clinical presentation is the asymmetric CSp posture.  In CMT, shortening of the 

SCM muscle causes the head to rotate to the contralateral side and side-flex to 

the ipsilateral side.  In PT the side flexion component is more variable and the 

head may be tilted towards or away from the side of rotational preference (van 

Vlimmeren et al., 2004).  Reduced range of active ± passive CSp ROM is a 

common sign in torticollis (Öhman and Beckung, 2005). 

Congenital Muscular Torticollis tends to occur equally on both sides (Wei et al., 

2001; Cheng et al., 2000; Chen et al., 2005; Hong et al., 2013) or one report 

suggested slightly more the right side (Petronic et al., 2010). It affects either 

gender (Wei et al., 2001; Hong et al., 2013) or slightly more males than females 

(Cheng et al., 2000; Chen et al., 2005, Petronic et al., 2010). 

Postural Torticollis is more likely to present with right, rather than left, rotation.  

A right-sided head preference is more likely to occur in utero (Ververs et al., 

1994) which then persists after birth (Geerdink et al., 1994, Konishi et al., 1986).  

Rubio et al. (2008) examined 1001 healthy new-borns for asymmetry and found 
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that of the 74 with head preference, 61 were right-sided and 13 were left-sided. 

Murgia et al. (2016) reported that of 109 infants with plagiocephaly, 71% had a  

right-sided and 29% a left-sided head preference. 

Youdas et al. (1992) found that the greater right than left active CSp rotation 

persisted into the third decade of life. 

Weakness of the contralateral side is reported to contribute to excessive ROM 

and may also manifest as an intermittent head tilt long after the rotation has 

normalised (Emery, 1994, Golden et al., 1999, Van Vlimmeren et al., 2004, 

Rogers et al., 2009).  Öhman (2013) reported increased strength and 

endurance of the affected side in 21% of pre-school children who had a history 

of CMT, which they feel may be a cause of the persistent head tilt with 

associated shoulder elevation seen in older children with unresolved torticollis.  

 

1.6 Associated conditions  

1.6.1 Cranio-facial asymmetry  

Infants with torticollis frequently present with skull and facial asymmetry, in 

addition to that caused by plagiocephaly (Kuo et al., 2014). Cheng et al (2000) 

reported that 90.1% of 1086 infants with torticollis had some degree of 

craniofacial asymmetry.  Chen et al. (2005) reported that 32.5% of new-born 

infants with CMT had facial asymmetry, compared to 1.1% of controls. 

Seo et al (2013) reviewed 123 patients undergoing surgical release for CMT 

and reported that 71% had significant cranial asymmetry and 87% had 

significant facial asymmetry.  They also reported that the cranial asymmetry 

was unrelated to age over six months of age but that facial asymmetry 

continued to progress as patients got older.  They discussed that facial bone 

has a later rapid phase of growth than cranial bone and that the increased 

contraction of an affected SCM muscle will cause progression of facial 

asymmetry.  Öhman et al. (2006) reported facial asymmetry in 92% of older 

children (n=26) requiring surgical release for CMT.  Both of these studies refer 

to more severe cases, requiring surgical intervention. 
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Wei et al. (2001) divided 170 infants with CMT into two categories of under and 

over six weeks of age.  They found that the CMT was associated with facial 

asymmetry in 7.9% of the younger and 15.9% of the older infants, indicating 

that it increases with age.  However, the neck mass was present in 63.2% of the 

younger but 18.2% of the older infants i.e. decreased with age. 

The facial asymmetry produced by torticollis alone is a characteristic 

deformation of the skull base, which results in a form of scoliosis and later 

hemihypoplasia with orbital dystopia.  In contrast, the deformity caused by 

plagiocephaly is a parallelogram deformation with occipital flattening, ipsilateral 

frontal bossing and ipsilateral anterior displacement of the ear (de Chalain and 

Park, 2005). 

Asymmetries may start off as soft-tissue but over time skeletal deformities 

develop.  Yu et al. (2004) used 3D Computed Tomography to assess 14 

patients (aged from one month to 24 years) with uncorrected CMT and found 

that the cranial/cranial base deformation took place early in infancy, whereas 

the facial bone asymmetry tended to appear after five years of age.  The bony 

deformities became more severe with age.  

In terms of severity, Hollier et al. (2000) reviewed 16 cases of torticollis which 

had been referred to their craniofacial centre (suggesting that they were more 

severe cases) and found that in only one case was the asymmetry severe 

enough to warrant surgical correction. 

1.6.2 Developmental delay  

The literature varies on the impact that torticollis has on the neuro-development 

of an infant. 

Tessmer et al. (2010) carried out a critical appraisal of the literature (n=48 

articles) and found that there was evidence, albeit weak, of a link between 

torticollis and early developmental delay, but no evidence of a longer impact.  

Subsequently, Öhman and Beckung (2013a) found no difference in the motor 

development of a group of pre-school children with a history of CMT (n=81) 

compared to controls, whereas the same cohort had previously exhibited a  

motor delay at two months (p=0.03) and six months (p=0.05) of age (Öhman et 
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al., 2009a).  Contrary to this, in assessing older children with a history of CMT 

(n=68, aged 7-9 years), Schertz et al. (2013) found torticollis to be a significant 

risk factor for later neurodevelopmental conditions, with 44.4% of the children 

demonstrating a developmental delay/disorder.   

Regarding a link between plagiocephaly (which is associated with torticollis) and 

development, younger infants with plagiocephaly are more likely to have a 

developmental delay (Fowler et al., 2008, Speltz et al., 2010, Aarnivala et al., 

2015) but the literature varies in terms of their follow-up to pre-school:  

Hutchison et al. (2011) found developmental delay to have decreased from 41% 

in infancy to 11% aged four years (comparable to a normal population); 

however, Collett et al. (2013) compared 36 month olds with (n=215) and without 

(n=234) a history of plagiocephaly, and found that the link with developmental 

delay which had been seen at seven and 18 months of age had persisted.  

A feature seen in infants with torticollis is that they may develop their motor 

skills in an asymmetric pattern (Hylton, 1997):  preference for asymmetrical 

weight-bearing biases their postural stability, balance reactions and mechanics 

of muscles and joints.  In addition, balance reactions and movement transitions 

which require weight shift are negatively affected by the neck asymmetry and 

lack of stable head/neck posture; therefore, the infant with torticollis shows 

altered postural control and sensory body image.  Movements affected include 

pivot in prone, rolling and supine to sitting through trunk rotation. Infants with 

torticollis exhibit altered postural control and sensory body image/internal neural 

map (Hylton, 1997). Standardised assessments used in the studies above (e.g. 

Alberta Infant Motor Scale, Bayley Scales of Infant Development, Peabody 

Developmental Motor Scales, Movement Assessment Battery for Children) do 

not necessarily detect motor asymmetries in their scoring, as it tends to be 

provided as supplementary qualitative information. 

1.6.3 Developmental Dysplasia of the Hip  

Developmental dysplasia of the hip (DDH) is a condition in which the femoral 

head has an abnormal relationship to the acetabulum.  Developmental 

dysplasia of the hip includes frank dislocation (luxation), partial dislocation 

(subluxation), instability wherein the femoral head comes in and out of the 
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socket, and an array of radiographic abnormalities that reflects inadequate 

formation of the acetabulum. Developmental dysplasia of the hip is the most 

common congenital defect in the new-born, with estimated incidence reported 

as ranging from 1.4 to 35 per 1000 live births (De Hundt et al., 2012) and 4 to 

133 per 1000 of new-borns (McClure and Podeszwa, 2016). 

Multiple studies have reported a positive correlation between CMT and DDH, 

although the figures vary, often due to different assessment techniques:  the 

incidence of infants with CMT also being diagnosed with DDH ranges from 10% 

to 16% (Wei et al., 2001, von Heideken et al., 2006, Minihane et al. 2008, Kim 

et al., 2011, Park et al., 2013, Joiner et al., 2014).  

Of 1,086 infants with torticollis, Cheng et al. (2000) found an overall incidence of 

4.1% with DDH, but infants in the more severe sternomastoid tumour sub-group 

had a higher rate of DDH (6.8%), whereas it was lower in the less severe 

muscular torticollis group (1.9%) and postural torticollis group (0.9%). 

1.6.4 Hand preference  

Children do not generally develop a clear hand preference until the age of three 

to four years, and an early preference is a cause for further examination 

(Tenore and Levene, 2011). 

However, it is noted that head preference causes a visual preference, which 

then causes a hand preference (Öhman and Beckung, 2013a, Pogetti et al., 

2014, Konishi et al., 1986, Fagard, 2013).  Ocklenburg et al. (2010) found that, 

relative to controls, children with torticollis had a higher probability of one sided 

hand dominance when their head was rotated to that side (X²(2) = 8.49; p < 

0.05).  However, Öhman and Beckung (2013a) state that further studies are 

required to disprove or confirm any association.  

1.6.5 Participation status  

The asymmetrical positioning associated with torticollis can influence the 

positions in which an infant sleeps, feeds and is handled.  

Feeding problems have been identified as asymmetrical jaw positioning, 

difficulty latching on to the breast and preference for side of breast/bottle 
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feeding (Kuo et al., 2014, Walker, 2008). Inability to stabilise and position the 

head interferes with active engagement in social interaction (Hylton, 1997).  

Fradette et al. (2011) recommended further focus on environmental factors, 

such as the interaction between the infant and family, in clinical decision-making 

regarding infants with torticollis. 

 

This section on associated conditions has shown that torticollis can have a 

varied impact on the physical condition and functioning of an infant, beyond 

being localised to the neck region. 

 

1.7 Differential diagnosis  

As previously discussed, torticollis is a clinical sign, of which most causes in 

infancy are muscular in origin, but there can be many other less common 

reasons for an infant to present with a torticollis (Bredenkamp et al., 1990, 

Cooperman, 1997, Gray and Tasso, 2009, Nucci et al., 2005, Herman, 2005, 

Kiwak, 1984, Per et al., 2014, Ballock and Song, 1996).  These are mainly 

categorised as:  orthopaedic; neurological; ocular; inflammatory; infectious; 

traumatic and other. 

Orthopaedic causes: 

These can be divided into bony abnormalities, such as hemi-vertebrae, bony 

fusions or bone tumours; muscular abnormalities, such as congenital absence 

of a cervical muscle (Raman et al., 2009); and ligamentous abnormalities, such 

as congenital absence of a transverse ligament. 

Neurological causes: 

These can be disorders originating in the Central Nervous System - such as 

hemiplegia or Arnold-Chiari malformation; or originating in the Peripheral 

Nervous System - such as a brachial plexus injury; or acquired neurological 

conditions -  such as encephalomyelitis (Har-Gil et al., 2010) or brain/spinal 

cord tumours, most commonly posterior fossa tumours (Kumandaş et al., 2006). 
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Ocular causes: 

Ocular causes of torticollis usually relate to an imbalance in the extra-ocular 

musculature - most commonly a congenital paresis of the superior oblique 

muscle, but the vertical and torsional acting extra-ocular muscles may be 

involved (de Chalain and Park, 2005).  Other causes, such as tumours or 

cranial nerve palsy, are rare but possible.  Infants with ocular torticollis tend to 

adopt an abnormal compensatory head posture in order to achieve the best 

binocular vision and avoid diplopia.  It tends to present later (from four months 

of age), after the infant has achieved head control and binocular vision 

(Williams et al., 1996).  

Inflammatory causes: 

Inflammatory conditions around the oro-pharynx, such as tonsillitis or 

pharyngitis, can cause subluxation of C1 on C2, due to peri-ligamentous 

inflammation.  This is also known as Grisel Syndrome (Wurm et al., 2004). 

Infectious causes: 

Infections in the head/neck region, such as osteomyelitis of the CSp or otitis 

media, can cause pain and protective posturing.  Abnormal neck posture can 

also be a sequel of post-infection e.g. post-measles.  

Trauma: 

Trauma to any bony or soft-tissue structure in the head, neck or shoulder region 

can result in asymmetric CSp posture.  

Other: 

Benign paroxysmal torticollis is a variable torticollis in infancy, relating to a form 

of migraine in infancy (Drigo et al., 2000). 

Sandifer’s Syndrome is an asymmetric posturing caused by hiatal hernia/reflux 

(Deskin, 1995). 

 

This list is non-exhaustive:  over 80 entities have been described to cause 

torticollis (Kiwak, 1984). 
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Regarding what proportion of infants have different causes of torticollis, in a 

review of patients (n=63, mean age 39 months ± 27 months) referred from 

primary care paediatricians to a specialist assessment clinic for abnormal head 

posture, Nucci et al. (2005) found the background cause of the asymmetry to be 

orthopaedic in 35 (55.6%), ocular in 25 (39.6%), neurological in 5 (7.9%) and 

non-specific in 8 (12.7%).  The most common orthopaedic cause was muscular 

torticollis, in 31 patients (49.2%). Overall, they found that the incidence of 

different causes varied depending on the patients’ ages e.g. orthopaedic causes 

presenting more in younger and ocular in older patients.  They commented that 

the presence of a tight neck muscle did not preclude other causes of 

asymmetry, so that the patient should be evaluated for other causes in addition 

to muscular torticollis.  

Ballock and Song (1996) found that 53 of 288 (18%) patients had a non-

muscular cause for their asymmetry – including Klippel-Feil Syndrome (an 

anomaly in which CSp vertebrae are fused) in 16; ocular disorders in 12; 

brachial plexus injury in nine; Central Nervous System disorders in six; 

inflammatory illness in two; atlanto-axial subluxation in two and clavicular 

fracture in two. 

Nuysink et al. (2011) involved medical and physiotherapy specialists in the 

development of a screening instrument, to distinguish symptomatic from 

asymptomatic asymmetry in young infants (< six months old) with asymmetric 

head posture.  The result was an instrument containing 10 possible diagnoses 

(of which CMT was one), with 21 associated diagnostic criteria.  They also 

developed a list of ‘red flags’, which were signs and symptoms in addition to the 

asymmetry, which required immediate medical attention (Table 1.3).  
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Table 1.3 ‘Red Flags’ in asymmetry of infancy to detect serious pathology 

Sign/Symptom Potential Disorder 

Severe pain Fractures, osteomyelitis, retropharyngeal abscess 

Sunset phenomenon Increased intracranial pressure 

Bulging fontanelle Increased intracranial pressure 

Vomiting / drowsy Increased intracranial pressure 

Trauma Intracranial injury 

Seizures / convulsions Epilepsy 

Increased intracranial pressure 

Acute onset Infection, abscess, Grisel Syndrome 

Stridor Vascular ring 

Dyspnoea Vascular ring, cardiac problem 

Reflux GOR / Sandifer syndrome 

Fever Infection, abscess 

Dysmorphic features Syndrome 

Lymphadenopathy Infection 

Increasing head tilt Infection, tumour 

Recurrent episodes Benign paroxysmal torticollis 

 

These studies illustrate the importance of a thorough assessment of any infant 

presenting with a torticollis - establishing an aetiology for the presentation of 

torticollis and keeping an open mind as to the different, and potentially serious, 

causes of torticollis. 
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1.8 Assessment of torticollis 

In the assessment of an infant presenting with torticollis, a thorough clinical 

examination should be performed, with further investigations as indicated.  

Referral to a further specialty may also be required. 

1.8.1 Clinical assessment 

An evidence-based Clinical Practice Guideline for the physiotherapy 

management of CMT was developed by Kaplan et al. (2013), on behalf of the 

American Physical Therapy Association.  Recommendations were given for a 

multi-system assessment of the infant, which included: 

• Posture and tolerance of positioning in supine, prone and upright (as 

age appropriate) for body symmetry 

• Bilateral active and passive rotation and side flexion of CSp 

• Active and passive ROM of extremities, including screening for possible 

hip/spine asymmetry 

• Motor skills, including any asymmetries 

• Pain or discomfort at rest and during ROM 

• Cranio-facial shape/asymmetries 

• Skin integrity, symmetry of neck/hip skin folds 

• Size, shape and elasticity of the SCM and secondary muscles, including 

any SCM mass 

• Systems screening of the musculo-skeletal, neurological, 

integumentary, cardio-respiratory and gastro-intestinal systems 

 

1.8.1.1 Clinical assessment of CSp function 

 

Although a variety of tools, such as different forms of goniometry, exists for the 

assessment of CSp function in adults (Youdas et al., 1991, Tyson, 2003, 

Antonaci et al., 2000, de Koning et al., 2008, Williams et al., 2010, Jordan, 

2000, Schaufele and Boden, 2003, Fortin et al., 2011) and older children 

(Arbogast et al., 2007, Lewandowski and Szulc, 2003, Lynch-Caris et al., 2008, 

Feipel et al., 1999, Sforza et al., 2002), these are often not suitable for use in 



 

35 
 

infants.  Infants are more variable in their behaviour and movement, and are 

less able to follow commands and tolerate equipment (Kaplan et al., 2013). 

Recent technological advances have seen an increase in the use of motion 

sensor systems, such as Microsoft Kinect™.  These have the advantages of 

being non-invasive - not requiring any equipment in contact with the head - and 

not requiring any calibration procedures (Darby et al., 2016).  A number of 

studies have investigated the potential for motion sensor systems in CSp 

assessment (Darby et al., 2016, Song et al., 2016, Dehbandi et al., 2017, 

Allahyari et al., 2016) but these have all been tested on healthy adult subjects.  

Other studies have investigated motion sensor use in paediatric populations, in 

the assessment of: Cerebral Palsy (Rammer et al., 2014, O'Neil et al., 2016); 

Developmental Coordination Disorder (Gonsalves et al., 2015, Engel-Yeger et 

al., 2017); Attention Deficit Hyperactivity Disorder (Wood et al., 2009, Delgado-

Gomez et al., 2017); Duchenne’s Muscular Dystrophy (Kurillo et al., 2013); and 

in the normal paediatric population to assess motor skills (Sgrò et al., 2015) and 

physical activity (Finn and Specker, 2000).  A review of wearable motion sensor 

systems for neonates (Chen et al., 2016) discussed a number of different 

systems, however none focussed on the CSp or on infants with torticollis.  

Further details regarding assessment of CSp function in infants with torticollis 

will be given in Chapter 2. 

1.8.2 Imaging 

The types of imaging described in the literature for assessment of torticollis are 

radiography, magnetic resonance imaging (MRI), ultrasound (US) and 

computerised tomography (CT). 

Radiography tends to be the most accessible form of imaging and is used to 

out-rule bony anomalies.  However, Snyder and Coley (2006) reviewed CSp 

radiographs of 502 patients referred for torticollis or head tilt and found that 10 

had abnormal findings reported, but of these six were normal on subsequent 

studies, so only four had true bony vertebral abnormalities – of which only one 

was an instability.  They concluded that the true-positive yield of plain films was 

low and that in terms of screening for contraindications to physiotherapy plain 

radiographs were of limited value. 
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Hong et al. (2013), using US of the SCM muscle, found the ratio of thickness of 

the affected to the non-affected sides to be an effective method of diagnosis of 

CMT. 

Wei et al. (2001) reviewed 170 infants with CMT referred to a tertiary care 

centre and recommended that between radiography, MRI, CT and US, US was 

the most sensitive and cost-effective. 

Skelton and Howlett (2014) recommended initial US, but in cases where 

diagnosis is uncertain then CT or MRI – with MRI demonstrating the extent of 

muscle involvement better.  Haque et al. (2012) recommended US in infants 

with congenital torticollis, conventional radiography in cases of traumatic 

acquired torticollis and CT/MRI in cases of non-traumatic acquired torticollis. 

Therefore, it can be seen that each form of imaging has a role to play, but at 

present US is the most highly recommended. 

 

1.9 Management 

Physiotherapy is well documented in the literature as being an integral part of 

the conservative management of torticollis in infancy (Kaplan et al., 2013, Van 

Vlimmeren et al., 2006). 

Earlier studies focussed more on passive stretching (Binder et al., 1987, 

Cameron et al., 1994, Emery, 1994, Celayir, 2000, Cheng et al., 2001b). This 

became controversial (Tessmer et al., 2010) including a reported 8% incidence 

rate of SCM ‘snapping’ during passive stretches (Cheng et al., 2001a). Van 

Vlimmeren et al. (2006) advised that treatment should incorporate symmetrical 

motor development and incremental active ROM of the CSp.  They did not 

advise passive manipulations or passive manual stretching to increase ROM, 

due to the risk of micro-trauma in the soft tissues, but long-standing, low-

intensity stretching without pain. 

More recent studies have included a broader, developmental approach (Öhman 

et al., 2009a, Tessmer et al., 2010, Schertz et al., 2013) also incorporating 

strengthening into handling techniques (Öhman et al., 2011).  Fradette et al. 
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(2011) described the decision-making process involved in determining 

intervention needs of infants with torticollis using a broader, holistic approach, 

framed by the three domains (body structure/function, activities and 

participation) of the International Classification of Functioning, Disability and 

Health – Children and Youth (ICF-CY).  They recommended a more family-

centred care approach, with more focus on environmental factors, such as 

caregiver attitudes and practices. 

Kaplan et al. (2013) developed a Clinical Practice Guideline for the 

physiotherapy management of torticollis, in conjunction with the American 

Physical Therapy Association, Section on Paediatrics.  Based on expert opinion 

and critical appraisal of the literature, they found evidence to support five 

components of first choice intervention: CSp passive ROM; CSp and trunk 

active ROM; development of symmetrical movement; environmental 

adaptations; and parent/carer education.  Further interventions with weaker 

evidence were recommended as supplements to the first choice interventions, 

but only if the therapist was skilled in that specific technique: micro-current; 

myo-kinetic stretching; kinesio-taping; TAMO (Tscharnuter Akademie for Motor 

Organisation) therapy; and TOT (Tubular Orthosis for Torticollis) collar.  

Interventions without evidence, and therefore not recommended, were:  manual 

therapy (cervical manipulations); soft tissue massage; cranio-sacral therapy; 

Total Motion Release; and Feldenkrais. 

They also advocated using the ICF-CY framework, not viewing the domains as 

separate entities, but treating “beyond the body structure level, to design and 

provide interventions that incorporate the infant’s available functional range into 

activities that promote age-appropriate participation, and that promote current 

and future development and learning across domains” (p. 378).  

1.9.1 Response to treatment 

Earlier intervention has been found to be more effective in terms of treatment 

duration (Binder et al., 1987, Cameron et al., 1994, Cheng et al., 2001b, 

Petronic et al., 2010, Lee et al., 2013).  This is due to infant co-operation, and 

therefore parental adherence to a treatment programme, being better before the 

infant develops greater head control (Kaplan et al., 2013). 
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Longer treatment duration has been linked to severity of CSp ROM restriction 

(Emery, 1994, Cheng et al., 2001b, Lee et al., 2013), as has the presence of a 

SCM mass (Lee et al., 2011, Cheng et al., 2001b, Emery, 1994, Jung et al., 

2015). 

Using those three prognostic factors that influence treatment duration and 

outcome - the presence of a SCM fibrotic mass, passive ROM deficit and age at 

initiation of treatment - Christensen et al. (2013) developed an evidence-based 

algorithm for the conservative management of CMT, following a systematic 

review of literature up to August 2011.  However, they commented that therapy 

frequency recommendations have not been well investigated; also that their 

passive stretching parameter recommendations were based on healthy  tissue 

or injured adult tissue, as there were no studies based on SCM tissue in infants 

with CMT. 

Regarding who was carrying out a stretching programme, Öhman et al. (2010) 

found that symmetrical head posture and good ROM were 

achieved approximately two months sooner when treated by an experienced 

physiotherapist versus the parents.   

Hautopp et al. (2014) monitored the response to a standardised physiotherapy 

programme of 136 infants diagnosed with torticollis. Using a protractor 

(Klackenberg et al., 2005) to measure passive ROM, the Muscle Function Scale 

(Öhman et al., 2009b) to measure lateral head righting and the Plagiocephaly 

Severity Assessment Scale (Öhman, 2012) to measure cranial asymmetry, they 

found that the median number of treatment sessions was five (range 1-35) and 

that a successful outcome (normalised ROM and symmetrical muscle function) 

was achieved in the majority of infants (90%) with fewer than 10 treatment 

sessions.  The median age at initiation was three months and at end of 

treatment was seven months.  

1.9.2 Non-conservative treatment 

Physiotherapy/conservative management, as discussed above, has been found 

to be highly effective.  In the minority of cases which do not resolve adequately, 

or which re-occur, further intervention may be indicated.  The main interventions 

used are surgery (Lee et al., 1986, Cheng et al., 2000, Shim and Jang, 2008, 
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Cheng et al., 1999) and Botulinum Toxin (Do, 2006, Oleszek et al., 2005, Joyce 

and de Chalain, 2005, Sinn and Rinaldi, 2016), although it is not within the 

scope of this review to discuss these interventions further. 

 

1.10 Summary of Torticollis of Infancy 

Torticollis is a clinical sign of asymmetric neck posture, which may be the result 

of a variety of underlying disorders.  However, in infancy, the most common 

causes are muscular in nature, and can be classified as Congenital Muscular 

Torticollis or Postural Torticollis.  Congenital Muscular Torticollis results from an 

insult to the SCM muscle.  Postural Torticollis results from asymmetry of the 

cervical musculature, without any morphological changes but secondary to 

asymmetric positioning and use, such as due to plagiocephaly.  The risk factors 

and co-existing conditions are associated with a constrained intra-uterine 

environment, such as primiparity and DDH.  The   main features of clinical 

presentation of torticollis are asymmetric CSp posture and function, and this 

asymmetry can have an impact on many areas of the infant's physical condition 

and functioning.  Due to other, non-muscular causes for torticollis, a thorough 

assessment of the infant is indicated.  This is mainly a clinical assessment 

although investigations, such as imaging, may be used.  The assessment of 

torticollis is discussed in further detail in Chapter 2.  Management of torticollis is 

mainly conservative, with physiotherapy being an integral part of the treatment.  

 

1.11 Reliability    

1.11.1 Introduction  

Measurement is essential in clinical practice.  Clinicians need measurements in 

order to classify and describe patients, plan treatments, predict outcomes, 

document results, determine effectiveness and determine when to refer patients 

on to other practitioners.  Measurements are taken to provide this information, 

but the result may be misinformation if the quality of the measurement is not 

ensured (Rothstein et al., 1991). 
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Instruments of measurement are used for measuring a given construct.  Before 

a health status measurement instrument can be used in research or clinical 

practice, its measurement properties, as in its reliability, validity and 

responsiveness, should be assessed and considered adequate (Mokkink et al., 

2010).  For the purpose of this study, the property of reliability will be discussed 

in further detail. 

1.11.2 Reliability  

Reliability is the degree to which a measurement is free from measurement 

error.  It is the extent to which scores for patients who have not changed are the 

same for repeated measurement under several conditions (Mokkink et al., 

2010).  A measurement is generally considered reliable when one or more 

raters obtain the same outcome in a subject, under the same conditions (Van 

Genderen et al., 2003).  Reliability is not an all-or-none phenomenon, but rather 

lies along a continuum (Rothstein, 2001). 

When considering an outcome measure, it is important to interpret the reliability 

of the measure and the way in which the reliability has been tested (Rothstein, 

2001, Van Genderen et al., 2003).  Reliability testing is usually performed to 

assess one of the following (Bruton et al., 2000): 

• Instrumental reliability – the reliability of a measurement device 

• Rater reliability – the reliability of the observer administering the 

measurement device 

• Response reliability – the reliability or stability of the variable being 

measured 

 

There are a number of different forms of reliability (Rothstein et al., 1991, Sim 

and Wright, 2005, Mokkink et al., 2010): 

• Internal consistency:  the extent to which items or elements that 

contribute to a measurement reflect one basic phenomenon or 

dimension 
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• Inter-rater reliability:  the consistency or equivalence of measures 

when more than one person takes the measurements; indicates the 

agreement between measurements made by two or more examiners 

• Intra-rater reliability:  the consistency or equivalence of measures 

when one person takes repeated measurements separated by time; 

indicates the agreement between measurements by the same examiner 

over time 

• Parallel-forms reliability:  the consistency or agreement of 

measurements obtained with different forms of a test; indicates whether 

measurements obtained with different forms of a test can be used 

interchangeably 

• Test-retest reliability:  the consistency of repeated measurements 

separated in time; indicates reliability over time  

 

Reliability can also be described as relative or absolute (Bruton et al., 2000, Sim 

and Wright, 2005).  Relative reliability is the degree to which individuals 

maintain their position or rank in a sample, over repeated measurements, 

whereas absolute reliability is the degree to which repeated measurements vary 

for individuals, with less variability resulting in higher reliability.   Absolute 

reliability is expressed as the standard error of the measurement (SEM) and is 

expressed in terms of the actual unit of the instrument.  The SEM can be used 

to generate the minimal detectable change (MDC), which is the minimal amount 

of change in the score that must occur in order to be sure that the change is not 

simply attributable to measurement error (Sim and Wright, 2005, Weir, 2005 ).   

It is very rare to find any clinical measurement that is perfectly reliable, as all 

instruments and raters are fallible to some extent, and all humans respond with 

some inconsistency (Bruton et al., 2000).  Therefore there will be an element of 

error, which can occur during any part of the measuring process, from a variety 

of potential sources. This results in each score on an outcome measure being a 

composite of the true score and the error components.  

Measurement errors may be systematic or random (Petrie and Sabin, 2013).  

Systematic errors are predictable errors, occurring in one direction only, 

constant and biased e.g. when using a measurement that is susceptible to a 
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‘learning effect’, the retest may consistently score higher than the initial test.  

Therefore they would not affect reliability (Bruton et al., 2000).  They can be 

reduced by standardising conditions as much as possible (Petrie and Sabin, 

2013).  Random errors are governed by chance, although the degree of error 

can be affected by external factors.  They can arise from a number of sources:  

these might be biological (differences in the way the subject performs) or 

relating to inconsistencies in the equipment used, the rater or the measurement 

protocol (Atkinson and Nevill, 1998, Hopkins, 2000, Petrie and Sabin, 2013).   

The necessary design requirements for a reliability study are discussed in 

further detail in Chapter 2, in which a systematic review has been performed, 

using the COSMIN tool (COnsensus-based Standards for the selection of health 

status Measurement Instruments).  This tool was developed as a consensus-

based checklist to evaluate the methodological quality of studies on 

measurement properties (Mokkink et al., 2010, Terwee et al., 2012) and states 

that in order to evaluate reliability (Mokkink et al., 2012, p.26-27):  

 An instrument should have been administered twice 

 The administrations should have been independent, implying that the 

first administration did not influence the second administration and that 

at the second administration the patient or rater should not have been 

aware of the scores on the first administration 

 The time interval between the administrations must be appropriate - the 

time interval should be long enough to prevent recall bias, and short 

enough to ensure that patients have not been changed on the construct 

to be measured 

 Patients should be stable with regard to the construct to be measured 

between the administrations 

 The test conditions should be similar - referring to the type of 

administration, the setting in which the instrument was administered 

and the instructions given 
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1.11.3 Analysis of reliability 

A number of statistical methods may be used for the measurement of reliability, 

depending on the study design and the type of data. 

 

1.11.3.1 Types of data 

Data can be described as quantitative or qualitative (Petrie and Sabin, 2013).    

Quantitative data is a numerical measurement expressed in terms of numbers 

e.g. degrees of joint range of motion, and can be categorised as continuous (an 

infinite number of possibilities) or discrete (a finite number of possibilities). 

Qualitative data is a categorical measurement expressed not in terms of 

numbers, but by a language description e.g. agree, neutral, disagree. 

Data can also be described as nominal, ordinal, interval or ratio. 

Nominal data have no order but subjects are allocated to distinct categories 

(e.g. male/female).  Ordinal data have order, but the interval between 

measurements is not meaningful (e.g. small, medium and large).  Interval data 

have meaningful intervals between measurements, but there is no true starting 

point (e.g. temperature Celsius scale).  Ratio data have the highest level of 

measurement. Ratios between measurements as well as intervals are 

meaningful because there is a starting point (e.g. height or weight). 

Different types of data are analysed in different ways. 

1.11.3.2 Statistics used for the measurement of reliability 

As described above, any observed score on an outcome measure consists of 

the true value ± the error component. Since it is not possible to know the true 

value, the true reliability of a test is not calculable. However, it can be 

estimated, based on the statistical concept of variance, which is a measure of 

the variability of differences among scores within a sample (Bruton et al., 2000). 

A number of different reliability indices are used in health literature, although not 

all are used or reported appropriately (Rankin and Stokes, 1998, Bruton et al., 

2000, Atkinson and Nevill, 1998, Kottner et al., 2011, Hallgren, 2012): 
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 Correlation coefficients e.g. Pearson's or Intra-class coefficients 

 The kappa statistic  

 Bland and Altman agreement tests 

 Hypothesis tests for bias e.g. Paired t-test, analysis of variance 

 Measures of absolute reliability 

 

Correlation coefficients are used in the analysis of continuous data, such as 

joint ROM. They give information about the degree of association between two 

sets of data, or the consistency of position within the two distributions. However, 

they will not detect any systematic errors. Therefore, it is possible to have two 

sets of data that are highly correlated, but not highly repeatable (e.g. Pearson's 

coefficient). The intra-class correlation coefficient (ICC) overcomes this by 

reflecting both the degree of consistency and the agreement among raters. It is 

a single index calculated by estimating both the between and within subject 

variance (analysis of variance or ANOVA). The ICC ranges from zero, no 

agreement, to one, perfect agreement (Bruton et al., 2000, Petrie and Sabin, 

2013). However, it is just one point estimate of reliability based on one selected 

sample and should not be used in isolation but should be complemented by 

other tests, such as tests of statistical significance, confidence interval 

construction and SEM (Eliasziw et al., 1994, Rankin and Stokes, 1998, Atkinson 

and Nevill, 1998, Weir, 2005).  The ICC is the preferred statistical method for 

continuous data (Streiner and Norman, 2008, Mokkink et al., 2012).  According 

to Streiner and Kottner (2014) the ICC is preferred over the Pearson’s 

correlation coefficient because: (a) the ICC imposes a penalty if there is a 

systematic difference between raters or occasions, which the Pearson does not; 

(b) it can deal with more than  two raters; (c) it can handle situations where 

different raters evaluate different objects; (d) it can differentiate between 

absolute and relative agreement; and (e) it can estimate the reliability based on 

a single score or the average of a number of scores. 

There are a number of ICC equations which may be used, depending on the 

study design and intent (Rankin and Stokes, 1998, Eliasziw et al., 1994, Weir, 
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2005).  Issues to be considered are: whether a one-way or two-way ANOVA is 

used; whether raters are considered fixed or random effects; and whether the 

unit of analysis is a single rater or the mean of several raters (Shrout and Fleiss, 

1979).  The ICC can be based on a one-way ANOVA, in which a randomly 

selected subset of a population of observers measures each subject with a 

single measure, ICC[1,1], or with the average of a number (k) of measures, 

ICC[1,k].  It can be based on a two-way ANOVA, in which all observers 

measure each subject, using the random effects model - in which the results are 

to be generalised to a population of observers, ICC[2,1] for a single measure 

and ICC[2,k] for the average of a number of measures, or a mixed effects model 

- in which the observers used are the only ones of interest, ICC[3,1] for a single 

measure and ICC[3,k] for the average of a number of measures (Shrout and 

Fleiss, 1979, Jordan, 2000, Weir, 2005, Koo and Li, 2016). 

The kappa statistic is used in the analysis of nominal data, with a weighted 

kappa used for ordinal data (Rankin and Stokes, 1998, Sim and Wright, 2005). 

The range of possible values of kappa is -1 to +1, where one indicates perfect 

agreement, zero indicates agreement no better than that of chance, and a 

negative value indicates agreement worse than that of chance. However, it 

does not indicate whether disagreement is due to random or systematic 

differences.   

Guidelines have been given for descriptions of kappa (Landis and Koch, 1977) 

and ICC (Cicchetti, 1994) as follows: 

Kappa: poor <0.00; slight 0.00 – 0.20; fair 0.21 – 0.40; moderate 0.41 – 0.60; 

substantial 0.61 – 0.80; almost perfect 0.81 – 1.0. 

ICC:  poor <0.40; fair 0.40 – 0.59; good 0.60 – 0.74; excellent 0.75 – 1.0. 

The authors comment that although these divisions are arbitrary, they can 

provide useful benchmarks.   

In reliability studies, an ICC value of ≥0.7 is commonly used as a threshold for 

clinically sufficient reliability (Hripcsak and Heitjan, 2002). 

Bland and Altman agreement tests compare the reliability of different 

instruments designed to measure the same variable.  They assess the degree 
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of error between sets of data, either between raters or at different points in time, 

over the full range of the reported scores.  If two raters produce two sets of 

scores, the mean and standard deviation of the sets of scores can be plotted 

against the differences between the two sets of scores, and the range within 

which the scores would fall most (95%) of the time can be calculated (Bland and 

Altman, 2007, Hopkins, 2000).  The advantages of this method are that data 

can be easily visually interpreted through the use of scatterplots and that a 

range of error that may relate to clinical acceptability can be used (Bruton et al., 

2000). 

Indices based on hypothesis testing for bias, such as the paired t-test or 

analysis of variance, are statistical methods for detecting systematic bias 

between groups of data. They may be recommended in a measurement study 

that investigates a simple test and retest, as they will detect large systematic 

bias (Atkinson and Nevill, 1998). However, they give information regarding the 

difference in means, not individual differences and are not appropriate for 

measuring reliability in isolation (Bruton et al., 2000).  

The most common methods of measurement of absolute reliability are 

Standard Error of Measurement (SEM) and Coefficient of Variance (CV).  

Standard Error of Measurement is a measure of absolute reliability and is 

expressed in the actual units of measurement, making it easier to interpret i.e. 

the smaller the SEM, the greater the reliability (Bruton et al., 2000, Weir, 2005).  

However, it is only suitable for use with interval data, since with ratio data the 

amount of random error may increase as the measured values increase 

(Atkinson and Nevill, 1998).  Coefficient of Variance is an estimate of 

measurement error, which describes the amount of variability to the mean, or 

the standard deviation as a proportion of the mean (Bruton et al., 2000).  

However, it is used more in the laboratory setting and is not recommended for 

reliability studies, as it involves multiple repeated tests (Atkinson and Nevill, 

1998).  It is dimensionless so can allow direct comparison of reliability of 

measures irrespective of calibration or scaling (Hopkins, 2000). 

1.11.3.3 Samples used for the measurement of reliability 

The optimal sample size for a reliability study should be chosen in order to 

strike a balance between a sample which is too small or too large:  a sample 
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which is too small will have inadequate power to demonstrate that the 

population reliability coefficient exceeds a specified criterion value; whereas a 

sample which is too large will be wasteful of resources and unethical (Eliasziw 

et al., 1994, Petrie and Sabin, 2013). 

In a reliability study there are two samples to consider, those who are being 

rated and those who are performing the ratings.  However, less attention tends 

to be paid to the raters (Van Genderen et al., 2003). Sample sizes vary in both 

sets of samples.   

A number of literature/systematic reviews of reliability studies have been carried 

out, which include analyses of the sample sizes of the subjects and raters 

(Table 1.4).  This table illustrates that, where specified, sample sizes of subjects 

are larger than those of raters.  

The optimal sample size should be calculated at the design stage of a study, by 

specifying the power, significance level, variability and smallest effect of 

difference (Petrie and Sabin, 2013).  There are different methods for calculating 

the optimal sample size, but one in particular has been developed for use in 

reliability studies (Eliasziw et al., 1994, Walter et al., 1998, Donner and Eliasziw, 

1987) in which the authors illustrate how the number of subjects required can 

be calculated depending on the number of raters available and the power and 

reliability.  For example, they suggest that for two raters and a null hypothesis of 

p=0.8, a sample size of at least 46 is needed to give a power of >80%, whereas 

for three raters a smaller sample size of at least 32 is needed.  With a lower null 

hypothesis of p=0.6, at least 53 subjects are needed for three raters and 81 for 

two raters. 
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Table 1.4  Comparison of sample sizes of raters and subjects in a number of systematic reviews of reliability studies 

Author(s) MT being assessed Number of studies 
included in review 

Number of raters: 

Range (mean) 

Number of subjects:  

Range (mean) 

Jordan 2000 CSp ROM MT 21 2-11 (3) 10-99 (26) 

Van Genderen 2003 Hand held dynanometer 

Goniometry 

44 

19 

1-20 (3) 

1-12 (3) 

2-231 (35) 

1-100 (31) 

Piriyaprasarth and 
Morris (2007) 

MT for quantifying knee joint 
position and movement 

33 2-14 (N/S) 15-60 (N/S) 

De Koning 2008 Active ROM MT                              
(in patients with neck pain) 

24 1-34 (5) 3-82 (31) 

Fortin 2011 Body segment posture MT 65 N/S 4-122 (35) 

Terwee 2011 Physical activity MT( in patients 
with hip/knee osteoarthritis) 

7 N/S 20-52 (43) 

Dobson 2012 Physical  function MT (in patients 
with hip/knee osteoarthritis) 

21 N/S 10-148 (32) 

Brooke 2012 Functional mobility MT in 
Hereditary Spastic Paraplegia  

13 2-45 (16) 3-310 (65) 

MT=measurement tools, N/S=not specified
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1.11.3.4 Reporting of reliability studies 

Results of reliability studies are intended to provide information about the 

amount of error in a measurement.  However, due to the potential for mis-

interpretation as a result of inadequate reporting, guidelines on reporting have 

been proposed by Kottner et al., (2014).  Entitled Guidelines for Reporting 

Reliability and Agreement Studies (GRRAS), they propose 15 issues which 

should be addressed when reliability is investigated and reported (Table 1.5).  

The details of compliance with these guidelines throughout this thesis are 

outlined in Appendix 3. 

 

Table 1.5 Guidelines for Reporting Reliability and Agreement Studies (GRRAS) 

TITLE AND ABSTRACT 

1. Identify in title or abstract that inter-rater/intra-rater reliability was 
investigated. 
 

INTRODUCTION 

2. Name and describe the diagnostic or measurement device of interest 
explicitly. 

3. Specify the subject population of interest. 
4. Specify the rater population of interest. 
5. Describe what is already known about reliability and agreement and 

provide a rationale for the study. 
 

METHODS 

6. Explain how the sample size was chosen.  State the determined 
number of raters, subjects and replicate observations. 

7. Describe the sampling method. 
8. Describe the measurement/rating process (e.g. time interval, 

blinding). 
9. State whether or not measurements/ratings were conducted 

independently. 
10. Describe the statistical analysis. 

 

RESULTS 

11. State the actual number of raters, subjects and replicate 
observations which were included. 

12. Describe the sample characteristics of raters and subjects (e.g. 
training, experience) 

13. Report estimates of reliability, including measures of statistical 
uncertainty. 
 

DISCUSSION 

14. Discuss the practical relevance of the results. 

AUXILIARY MATERIAL 

15. Provide detailed results if possible (e.g. online) 
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1.11.4 Conclusion  

This section has discussed the concept of reliability, as one of the measurement 

properties of an assessment tool.  There are different forms of reliability, but it is 

unlikely for a tool to have perfect reliability, as there will be an element of error.  

A number of different methods may be used to measure reliability, but the 

recommended statistical calculations are the intra-class coefficient (for 

continuous data) and the kappa statistic (for nominal data).  However, they 

should be complemented with other statistical tests.  An appropriate sample 

size, of both raters and subjects, should be determined.  A reliability study 

should be reported adequately in order to avoid mis-interpretation. 

 

1.12 Summary of literature review  

This chapter has reviewed the literature relating to the condition of torticollis of 

infancy, including: definition and classification; aetiology and risk factors; 

physical structures involved; incidence; clinical presentation; associated 

conditions; differential diagnosis; and management.  The measurement 

property, reliability, has also been reviewed. 

The literature regarding the assessment of this condition will now be discussed 

in further detail in Chapter 2.   
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CHAPTER 2  ASSESSMENT OF CERVICAL SPINE FUNCTION IN 

TORTICOLLIS OF INFANCY 

 

2.0 Introduction  

A thorough assessment of CSp function is essential as part of the diagnosis and 

management of torticollis of infancy.  However, assessment techniques need to 

have robust measurement properties in order to be of value.  This chapter 

intends to review the literature relating to assessment of CSp function in 

torticollis of infancy, including a systematic review.  The term function includes 

passive ROM, active ROM, muscle strength and posture.  Visual estimation as 

a method of assessment will be discussed in further detail.  

 

2.1 Assessments without adequate measurement properties  

Many studies investigating  various aspects of torticollis have included ROM as 

an outcome measure, but give either no detail (Rubio et al., 2009, Captier et al., 

2011, Jung et al., 2015) or limited detail (Lee et al., 2011, Lee et al., 2013) 

about the technique used. In some cases it is not specified whether the ROM 

was active or passive (Petronic et al., 2010).   

Others, as described below (Sections 2.1.1 – 2.1.2), gave details of the 

assessment used, but measurement properties were not described: 

2.1.1 Visual estimation of range of motion 

The ‘rotating stool’ (Persing et al., 2003, Laughlin et al., 2011) is a method of 

visual estimation of active CSp rotation, whereby the examiner sits on a rotating 

stool and holds the infant facing the parent. The parent keeps the infant’s 

attention in front and the examiner rotates the stool/infant’s trunk and observes 

the amount of active CSp rotation.  Reliability of this method has not yet been 

ascertained. 

Rogers et al. (2009) assessed 202 infants with cranial asymmetry for torticollis.  

Stabilising the infants in sitting, they used visual stimulation to encourage active 
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CSp rotation and visually estimated the ROM to the nearest 5˚. However, their 

method was not validated or tested for reliability.  They discussed the limitations 

of passive ROM, as infants tend to resist the movement of their head, so it 

depends on the force that the examiner is using. 

2.1.2 Other forms of assessment  

Aarnivala et al. (2014) assessed 155 healthy new-borns for plagiocephaly and 

torticollis.  They used a digital goniometer to assess passive ROM.  The 

technique was described, but reliability was not investigated. 

Stellwagen et al. (2008) examined 102 healthy new-borns during their birth 

hospitalisation to evaluate the incidence and characteristics of torticollis, 

plagiocephaly and facial asymmetry.  Passive CSp rotation and side-flexion 

were assessed and torticollis defined as ≥15° difference between sides.  

Passive rotation was quantified as chin past shoulder = 100%, chin to shoulder 

= 90% or chin to mid-clavicle = 70%.  No markers were given for more restricted 

range.  Passive side-flexion was measured by placing graph paper under the 

infants’ heads and marking the sagittal suture positions in neutral and end of 

range.  The reliability of this technique was not tested and they commented that 

standardisation of CSp ROM assessment is indicated.  They observed that 

healthy new-borns can rotate their chin past their shoulder, 100 -110° from 

midline, and side flex their head 50 - 60° towards their ear (similar to findings by 

Öhman and Beckung (2008), and that new-borns with limited CSp ROM may be 

missed due to incomplete examination into end of range. 

Emery (1994) described using a goniometer with two spirit levels in the 

assessment of passive CSp rotation/side flexion and active head tilt, when 

evaluating physiotherapy treatment duration in infants with torticollis.  The 

reliability of similar instruments had previously been tested in adults (Zachman 

et al., 1989) but this particular goniometer was not tested with infants.   

Seo et al. (2013) described their technique of using an arthrodial protractor to 

measure passive CSp ROM, but their study participants were under a general 

anaesthetic, which is not clinically practical.  Other studies have used imaging 

techniques, mostly US, in their assessment of torticollis (He et al., 2017, Lee et 

al., 2013, Jung et al., 2015), but this is also not clinically practical.  
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From these studies, the need for reliable and valid methods of clinical 

assessment of torticollis is highlighted.  This will be examined in further detail 

below, in which a systematic review of the measurement properties of CSp 

physical impairment measures in torticollis of infancy is described. 

 

2.2 Systematic review of measurement properties of tools used to 

assess cervical spine function in torticollis of infancy 

2.2.1 Aim  

The aim of this review was to systematically appraise the evidence on 

measurement properties of assessment tools/techniques for the measurement 

of cervical spine impairment in infants with torticollis. 

2.2.2  Methods  

Measurement properties according to the COnsensus-based Standards for the 

selection of health status Measurement INstruments (COSMIN) checklist 

(Mokkink et al., 2010, Terwee et al., 2012) were considered in this review. 

This review is reported in accordance with the PRISMA guidelines for the 

reporting of systematic reviews (Moher et al., 2009). 

The COSMIN checklist was developed as a consensus-based checklist to 

evaluate the methodological quality of studies on measurement properties, and 

has demonstrated high inter-rater agreement (Mokkink et al., 2010).  It contains 

nine boxes, each dealing with one measurement property, with 5-18 items per 

box about design aspects and statistical methods.  Four response options are 

defined for each item (excellent, good, fair and poor), with an overall quality 

score obtained by taking the lowest rating of any item in a box i.e. “worst score 

counts” (Terwee et al., 2012).  The questions assess whether a study on a 

specific measurement property meets the standard for good methodological 

quality.  

The boxes concern internal consistency, reliability, measurement error, content 

validity, construct validity (i.e., structural validity, hypotheses testing, and cross-
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cultural validity), criterion validity and responsiveness. An additional box is 

included to assess the methodological quality of a study on interpretability. 

Finally, the checklist contains one box including additional methodological 

standards for studies that use item response theory (IRT) models and one box 

to assess the generalisability of the results of a study on measurement 

properties (12 boxes in total). Each measurement property is evaluated 

separately. This means that if multiple measurement properties are assessed in 

one study, several COSMIN boxes need to be completed.  However, this tool 

was initially developed to be used on Health-Related Patient-Reported 

Outcomes, therefore some of the scoring criteria (e.g. on sample size) should 

be used as guidelines, may depend on a number of issues, and should be at 

the discretion of the rater (Mokkink et al., 2010, Terwee et al., 2012).   

 

Figure 2.1The 4-step procedure to complete the COSMIN checklist 
(www.cosmin.nl) 

 

2.2.3  Eligibility criteria 

Studies were included if they fulfilled the following criteria: 

 Population: Individuals with, or being assessed for, torticollis of infancy 

such as Congenital Muscular Torticollis or Postural Torticollis   

 Construct:  Assessment of infants' CSp posture, active ROM, passive 

ROM, or muscle strength 

http://www.cosmin.nl/
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 Types of Studies:  Observational studies (cross-sectional, prospective 

or retrospective)  

 

2.2.4 Search strategy 

A systematic search of the literature was performed by two independent 

reviewers, Anthea Seager (AS) and Dr Helen French (HF).  The search strategy 

was developed in conjunction with a librarian from Royal College of Surgeons 

Ireland. 

Three groups of key words were used - one group relating to “torticollis”, the 

second relating to “cervical spine assessment” and the third relating to 

“measurement properties” (Table 2.1). 

The following electronic databases were searched from inception to September 

2016: PubMed, CiNAHL (EBSCO), Embase, The Cochrane Library and Web of 

Science.  Google Scholar was searched for additional citations associated with 

final included studies.  

Authors of relevant published abstracts were contacted to request a full-text 

version of the study and /or study data. Reference lists of selected studies were 

hand searched for additional studies.  
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Table 2.1 Search strategy for systematic review using three groups of 
keywords, “torticollis”, “cervical spine assessment” and “measurement 

properties”.  

TORTICOLLIS  CERVICAL Sp 
ASSESSMENT 

 MEASUREMENT 
PROPERTIES 

Neck (MeSH) 
OR 
Neck Muscles (MeSH)  
OR 
Cervical Vertebrae 
(MeSH) 
OR 
Neck  
OR 
Cervical  
OR 
Cervical spine 
 
OR 
 
Torticollis(MeSH)  
OR 
Torticollis  
OR 
Congenital Muscular 
Torticollis  
OR 
Fibromatosis Colli 
OR 
Wryneck 
OR 
Plagiocephaly, 
Nonsynostotic (MeSH) 
OR 
Positional plagiocephaly 
OR 
Deformational 
plagiocephaly 
OR  
Non-synostotic 
plagiocephaly 

 
 
 
 
 
 
 
 
 
AND 

Range of 
motion, 
articular 
(MeSH) 
OR 
Joint Flexibility 
OR 
Joint Range of 
Motion 
OR 
Passive Range 
of Motion 
OR 
Active Range 
of Motion 
OR 
Movement 
 
OR 
 
Muscle 
Strength 
(MeSH) 
OR 
Muscle 
Strength 
 
OR 
 
Posture 
(MeSH) 
OR 
Posture 
 
OR 
 
Symptom 
assessment 
(MeSH) 

 
 
 
 
 
 
 
 
 
AND 

Reproducibility of 
Results (MeSH) 
 
OR 
 
Validation Studies 
(MeSH) 
 
OR 
 
Outcome 
Assessment, 
Health Care 
(MeSH) 
 
OR 
 
Valid*  
OR 
Reliab* 
OR 
Repeatab* 
OR 
Reproducibility  
 
OR 
 
Psychometric* 
OR 
Clinimetric* 
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2.2.5 Study inclusion criteria 

 Available full-text in a peer-reviewed publication  

 Studies of  infants, aged 0-3 years 

 Population of interest included torticollis (diagnosed using recognised 

criteria) 

 Original studies investigating one or more measurement property 

 

2.2.6 Study exclusion criteria 

 Non-muscular causes of torticollis, such as neurological conditions or 

congenital bony anomalies (e.g. Klippel Feil) 

 Case reports  

 Not written in the English language 

 Medical diagnostic tests 

 Focus solely on another aspect of torticollis e.g. plagiocephaly 

 

2.2.7 Data extraction 

Data extraction was performed by two independent reviewers (HF and AS).  

Any disagreements about the inclusion of articles or data extracted were noted 

and, if possible, reconciled by mutual agreement.  In the case of disagreements 

a third reviewer, Dr Dara Meldrum (DM) arbitrated. 

2.2.8 Assessment of methodological quality 

Methodological quality was assessed by two independent reviewers (HF and 

AS).  Any disagreements were noted and, if possible, reconciled by mutual 

agreement.  In the case of disagreements, a third reviewer (DM) arbitrated.  

Details are given in Section 2.2.11. 
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Figure 2.2 PRISMA Flow Diagram - study selection process and search yield 

Records identified through database 

searching (n =2442) 

PubMed=93 
CINAHL=528 

Web of Science=1684 
Embase=137 

Additional records identified 

through other sources  

(n = 1) 

Duplicates removed (n=2142) 

 

Included for further 

investigation           

(n=301) 

Records excluded ± 

irrelevant based on 

title                          

(n=252) 

Full-text articles assessed 

for eligibility  

(n =13) 

Full-text articles 
excluded ± irrelevant 
based on full text / 

communication with 
authors                    
(n =8) 

-------------------- 

Torticollis part of a 
wider condition (n=3) 

Assessment but not 
measurement properties 

described (n=4) 

Age of subjects unclear 
(n=1) 

Studies added following 

communication with 

authors                             

(n=1)    

 

Total number of studies                

n=5 

Total number of instruments                     

n=6 

Records excluded ± 

irrelevant based on 

abstract                          

(n=37) 
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2.2.9 Results of search strategy 

The results of the search strategy are shown in Figure 2.2. 

Of the full text articles assessed for eligibility (n=12), six were subsequently 

excluded.  Three studies only assessed torticollis as a part of a wider condition:  

as a feature of ‘asymmetry in infancy’ (Nuysink et al., 2011, Philippi et al., 2006) 

and as one of five subcategories in a Severity Assessment of Plagiocephaly 

(Öhman, 2012).  Three studies were excluded due to a method of assessment 

of torticollis being described, rather than an assessment of measurement 

properties (Emery, 1994, Aarnivala et al., 2014, Cheng et al., 2001). 

Three authors were contacted by the author for further information.  One article 

(Hald et al., 2011) described the application of a digital head-posture measuring 

system in children with abnormal head posture secondary to ocular disorders.  

The inclusion criteria included aged six months to 13 years, and the mean age 

was given as 6.2 years, but further details on the ages of subjects were not 

given, and the author did not respond to contact made.  Therefore this study 

was excluded as it was not known how many, if any, of the subjects were aged 

0-3 years old.  Another article described the clinical feasibility of a                     

2-dimensional video analysis of active CSp motion in torticollis (Christensen et 

al., 2015).  It did not examine measurement properties and therefore was 

excluded, but reference was made to previous unpublished data on reliability 

testing of this method, so the author was contacted, who gave further details of 

a poster presentation on the reliability testing (Barske et al., 2014).  This was 

not included in the review, but is discussed in Section 2.2.10.1.  A third study, 

investigating the outcome of manual stretching in the treatment of CMT (Cheng 

et al., 2001) which had been excluded, had made reference to  previous 

unpublished data on reliability testing of measurement of passive CSp rotation. 

The author was contacted, and gave further details of the study which was part 

of a master’s degree (Kwan, 1995) and which was included in the review. 

Ultimately five studies were analysed, details of which are outlined below, in 

chronological order. 
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2.2.10 Description of included studies 

The following data were extracted by two reviewers (HF and AS), which is 

summarised in Table 2.2. 

The first study, by Kwan (1995) was pilot work, presented as part of a Master of 

Philosophy degree entitled 'Infantile muscular torticollis: efficacy of conservative 

treatment with active programme and manual stretching'.  This study 

investigated the inter-rater and intra-rater reliability of the measurement of 

passive CSp rotation.  A sample of 24 infants with torticollis (aged birth to one 

year) attending physiotherapy, was recruited and divided into two groups of 

12.  A digital pendulum goniometer (Ortho Ranger II) was used to assess 

passive CSp rotation.  This involved the infant being placed in supine, head 

over edge of surface, with shoulders stabilised by a parent.  One examiner (an 

experienced physiotherapist) placed the infant's head in midline whilst the 

position was recorded on the goniometer by the second examiner (the 

goniometer had a light sensor which worked as a fluid level to indicate a 

horizontal line).  Details of anatomical landmarks used were given.  Then the 

first examiner passively rotated the CSp to end of range and instructed the 

second examiner to record that reading.   The first examiner was blinded from 

the readings.  Three warm-up stretches were performed before the test, and 

then a further three trials recorded, of which the mean was calculated. Only the 

non-affected side of each infant was assessed.  One group of 12 infants was 

used for measuring intra-rater reliability, and the other group of 12 for inter-rater 

reliability.  Intra-rater reliability was evaluated from three measurement sessions 

taken by the same examiner on the same day (intra-session) and from 

measurements taken on three different days within a 2-3 week period (inter-

session).  Inter-rater reliability was evaluated by the two examiners repeating 

the measurements on the same day, in random order, within an hour of each 

other.  The results for intra-session reliability were good (ICC 0.71) for intra-

rater and excellent (ICC 0.87) for inter-rater reliability. The results for inter-

session reliability were excellent (ICC 0.79) for intra-rater and excellent (ICC 

0.91) for inter-rater reliability. 
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Study Measurement 
property 

Measure Tool Subjects Category of 

torticollis 

Observers Protocol Statistics 

Kwan 
(1995) 

Reliability 
(Inter-rater and  
Intra-rater) 

Passive CSp 
rot 

Digital 
pendulum 
goniometer 

N=24 
infants 
(aged 0-12 
months).  
Recruited 
from 
physio-
therapy 
dept. 
Divided into 
2 groups of 
12 – one for 
inter and 
other for 
intra-rater. 

CMT 2 raters 
(physio-
therapists) 

Infant supine, head over edge of 
surface, body stabilised, head 
aligned in midline and position 
recorded with goniometer. 
PROM performed and position 
recorded with goniometer. 
3 warm ups, then mean of 3 
trials used. 
Only non-affected side used. 
3 sessions on same day (intra-
session) and 3 sessions within 
2-3 weeks (inter-session) for 
intra-rater. 2 sessions on same 
day by 2 examiners for inter-
rater. 
 

ICC 0.711 
(intra-session, 
intra-rater)  
ICC 0.872 
(intra-session 
inter-rater).  
ICC 0.786 
(inter-session 
intra-rater). 
ICC 0.910 
(inter-session 
inter-rater).  
 

Klacken-
berg et al 
(2005) 

Reliability 
(Intra-rater) 
 
 
 
 
 
 
 
 
 
 
 
(photographs 
vs. readings) 

Passive CSp 
rot / SF 

Goniometer and 
adapted 
protractor  
(made from 
rectangular 
surface with 
lines marked out 
in 10° intervals). 
Camera used 
for photographs 
taken at EOR. 

N=23 
infants 
(aged 1-5 
months). 
Recruited 
from 
physio-
therapy 
dept. 
Divided into 
2 groups of 
n=11 and 
n=12.   

CMT 1 rater 
(physio-
therapist) 
with 2 
assistants.     

Infant supine, body stabilised, 
head/body aligned. PROM 
performed and measured with 
goniometer (rot) or protractor 
markings (SF).   
Group I: n=11, measurement 
repeated immediately;  
Group II: n=12, measurement 
repeated after 1 hour.  
  
 
Photographs also taken at EOR 
by 3rd person, angles measured 
with goniometer / lines drawn on 
photograph. 
 
 

ICC 0.97-0.99  
(Group I) 
ICC 0.77-0.99  
(Group II) 
SEM 2-5° 
(Group I) 
SEM 4-6° 
Group II)  
 
 
 
ICC 0.74-0.90 
SEM 6-10°  
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Study Measurement 
property 

Measure Tool Subjects Category of 

torticollis 

Observers Protocol Statistics 

Öhman et 
al. (2009b) 

Reliability 
(Inter-rater and 
Intra-rater) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Content  validity 

Muscle 
function of 
the CSp side 
flexors during 
lateral head 
righting. 

Muscle Function 
Scale:  
An ordinal visual 
scale that 
interprets lateral 
head righting 
through a 
categorical 
scale of 0-5. 
 
2 versions 
tested:  
I: described 
mainly in words 
II: described 
mainly in 
degrees. 

N=68 
photo-
graphs of 
infants (age 
or no of 
infants not 
stated) 
Recruited 
from 
physio-
therapy 
dept. 
Infants held 
with bodies 
horizontal  
and heads 
in a variety 
of positions. 
 
 
Panel of 5 
experts with 
12-33 
years’ 
experience 

CMT Two groups 
of 9 raters  
(7 physio-
therapists,  
2 physio-
therapy 
students)  

Muscle Function Scale: 
Infant held in upright, tilted 
sideways until body horizontal.  
Position of head in relation to 
body noted (must hold for at 
least 5 sec) and compared to 
scale.    
 
 
 
 
 
 
 
 
 
 
 
 
Presentation, videos and 
photographs given to panel to 
describe the clinical background 
and the tool. 
Constructive criticism, insight 
and advice given by panel.         

Kappa 0.96; 
ICC 0.92-0.96  
(Inter-rater 
Group I) 
Kappa 0.96; 
ICC 0.90-0.95 
(Inter-rater 
Group II). 
 
Kappa 0.96-
0.99; ICC 0.94-
0.98 
(Intra-rater 
Group I) 
Kappa 0.96-
0.99; ICC 0.93-
0.97 
(Intra-rater 
Group II). 
 
 

Rahlin and 
Sarmiento 
(2010) 

Reliability 
(Inter-rater and  
Intra-rater) 

Habitual 
head 
deviation 
from midline 
(head tilt) in 
supine. 

Angles drawn 
on photographs 
and measured 
with a 
protractor. 

N=30 
infants 
(aged 4-16 
months). 
Recruited 
from cranial 
orthotic 
clinic. 

CMT 2 raters 
(physio-
therapists) 

Infant supine on mat, visual 
stimulus at midline, photograph 
taken straight down from above 
with camera midline, 2 photo-
graphs taken by 2 investigators 
(i.e. 4 photo-graphs for each 
infant). 
Viewed at weekly intervals by 

ICC 0.72-0.99   
Pearson r 0.72-
0.99 
(Inter-rater). 
 
 
 
 



 

63 
 

Study Measurement 
property 

Measure Tool Subjects Category of 

torticollis 

Observers Protocol Statistics 

 
Total 120 
photo-
graphs. 

each of 2 raters. 
Lines drawn through eyes & 
acromium processes and 
extended until lines crossed.  
Angle measured with protractor. 
 

ICC 0.79-0.84; 
Pearson r 0.80-
0.85 
(Intra-rater) 
 

Murgia et 
al. (2016) 

Reliability 
(Inter-rater and  
Intra-rater) 

Active and 
passive CSp 
rot, passive 
CSp SF 

CSp ROM 
scale: 
categorised CSp 
rot into full, mild 
limitation, 
moderate 
limitation or 
severe 
limitation; 
CSp SF into full, 
moderate 
limitation or 
severe 
limitation. 

N=109 
infants 
(aged 0-18 
months). 
Recruited 
from cranial 
clinic. 
Dx of 
plagio-
cephaly, 
being 
assessed 
for PT. 

PT 2 raters 
(phys-
icians) 

Infant supine, shoulders 
stabilised, stimulated to rotate 
actively and position scored. 
Then gentle over-pressure given 
to score passive rot.  
SF only performed passively.             
Each repeated 3 times and best 
score taken.               
Performed by 2 examiners, 1-24 
hours apart (inter-rater) and 
repeated by 1 examiner 48 
hours later (intra-rater). 

Kappa 0.80 
active rot;  
Kappa 0.83 
passive rot  
Kappa 0.49 
passive SF 
(Inter-rater) 
 
Kappa 0.72 
active rot;  
Kappa 0.73 
passive rot  
Kappa 0.41 
passive SF 
(Intra-rater) 
 
 

CSp=cervical spine; EOR=end of range; ICC=intra-class coefficient; PROM=passive range of motion; PT=Physiotherapy; Rot=rotation; SEM=Standard Error of 

Measurement; SF=side-flexion 

 

Table 2.2 Data extraction from selected studies in systematic review  
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The second study, by Klackenberg et al. (2005) investigated the intra-rater 

reliability of measuring passive CSp rotation and side-flexion in infants with 

CMT (n=23, attending physiotherapy).  One experienced physiotherapist 

performed all measurements.  The infants were placed in supine, on a 

rectangular mat, with their head in midline aligned to a sagittal line, and their 

shoulders aligned to a perpendicular line, stabilised by a parent.  A standard 

goniometer was used for measuring passive rotation and an especially 

fashioned protractor, with lines marked on the rectangular mat, was used for 

measuring passive side flexion. A third person took a still photograph at end of 

range, with measurements subsequently assessed by using a goniometer with 

lines drawn on the photograph.  Anatomical landmarks were described for both 

methods.  The sample was divided into two groups: the first group (n=11) was 

measured twice without a time interval; the second group (n=12) was measured 

twice with a one hour interval. The results for intra-rater reliability were excellent 

for Group I (ICC 0.97-0.99), with SEM of 2-5°, and excellent for Group II (ICC 

0.77-0.95), with SEM of 4-6°.  The reliability was also assessed between the 

measurements taken on the infant and those taken from the simultaneous 

photograph.  It was found to be good-excellent (ICC 0.74-0.90), with SEM of 6-

10°.  Readings taken from the photographs were found to be lower by a mean 

of 2-3° (p<0.001) than those performed on the infants. 

The third study by Öhman et al. (2009b) investigated the reliability and validity 

of the Muscle Function Scale (MFS), a scale developed to describe an infant's 

muscle function in the side-flexors of the neck, during the lateral head righting 

reaction. The MFS is a six point ordinal scale which describes the response of 

the head to the body being tilted into a horizontal position. Two groups of raters 

(with seven physiotherapists and two physiotherapy students in each group) 

observed 68 photographs of infants being held in a horizontal position, in order 

to score their head position on the MFS. The infants had attended 

physiotherapy with a diagnosis of CMT.  A minimum of a week later the process 

was repeated with the photographs randomly rearranged. The first group of 

raters used a version of the scale described mainly in words and the second 

group of raters used a version of the scale described mainly in degrees. The 

intra-rater reliability was found to be high in Group I (Kappa 0.96-0.99; ICC 
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0.94-0.98) and in Group II (Kappa 0.96-0.99; ICC 0.93-0.97).  The inter-rater 

reliability was also found to be high in Group I (Kappa 0.96; ICC 0.92-0.96) and 

in Group II (Kappa 0.96; ICC 0.90-0.95). In addition, the validity was tested, 

using a panel of five experts, who discussed the scale and provided insight, 

constructive criticism and advice 

The fourth study by Rahlin and Sarmiento (2010) assessed the intra-rater and 

inter-rater reliability of still photography for measuring habitual head deviation 

from midline (head tilt) in infants with CMT. Thirty infants were recruited from a 

cranial clinic.  The subjects had all been diagnosed with CMT as well as 

attending the clinic for plagiocephaly.  Two investigators each took two 

photographs of the 30 infants positioned in supine, with a visual stimulus from 

above (therefore 120 photographs in total). The angle of side-flexion deviation 

from midline was measured by drawing on the photographs with a ruler (using 

anatomical landmarks) and calculating the angle using a protractor. At weekly 

intervals over four weeks, they alternately examined their own, then the other 

examiner's photographs, in order to calculate reliability.  The results for intra-

rater reliability were excellent (ICC 0.79-0.84) and for inter-rater reliability were 

good-excellent (0.72-0.99). 

The fifth study by Murgia et al. (2016) tested the inter-rater and intra-rater 

reliability of a CSp ROM scale, used to assess CSp active and passive rotation, 

and passive side-flexion.  The participants were 109 infants with plagiocephaly 

attending a cranial clinic, being assessed for limitations in CSp ROM (i.e. 

postural torticollis).  This scale categorised CSp rotation using a four-point 

ordinal scale comprising  full, mild limitation, moderate limitation or severe 

limitation; and CSp side-flexion using a three-point scale into full, moderate 

limitation or severe limitation.  It consisted of pictorial and verbal descriptions for 

each category, using the relationship of chin to shoulder (for rotation) and ear to 

shoulder (for side-flexion).  The examiners were two physicians.  The infants 

were placed on a surface in supine, with shoulders stabilised, and given 

visual/aural stimulus to encourage active CSp rotation.  After this position was 

scored, the examiner gave gentle over-pressure to assess passive CSp 

rotation.  Passive side-flexion was assessed in the same position.  Each motion 

was performed three times, with the best score being taken.  Intra-rater 

reliability was tested by one examiner repeating the measurements 48 hours 
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later.  Inter-rater reliability was tested by both examiners performing the 

measurements 1-24 hours apart, blinded to each other’s results.  The intra-rater 

reliability was found to be substantial for active rotation (Kappa 0.72) and 

passive rotation (Kappa 0.73) but only moderate for passive side-flexion (Kappa 

0.41).  The inter-rater reliability was found to be excellent for active rotation 

(Kappa 0.80) and passive rotation (Kappa 0.83) but only moderate for passive 

side-flexion (Kappa 0.49).  The validity of this scale was not tested.   

 

2.2.10.1 Unpublished study 

The poster presentation, by Barske et al. (2014) which had been obtained by 

contacting the author directly, was not included in the systematic review, as it 

did not meet the inclusion criteria of being in a peer-reviewed 

publication.  Nevertheless, it was relevant and will be discussed. 

This was a poster presented at a regional physiotherapy conference.  Due to 

being a poster, there was limited information available, however further details 

on the technique were obtained from the subsequent paper on the feasibility of 

the technique (Christensen et al., 2015).  The authors compared the validity and 

reliability of 2D and 3D Motion Analysis (Eagle System, Santa Rosa, CA, USA) 

in the assessment of CSp active side-flexion (as part of lateral head righting) 

and CSp active rotation in a sample of nine infants, aged 3-7 

months.  Seventeen markers were placed on landmarks on the infant's 

vest/hat.  The infant was held in sitting and tilted sideways in order to assess 

active side-flexion, and encouraged to turn their head towards a toy in order to 

assess active rotation.  Digital photography was used to obtain a 2D image.  

Lines were drawn on the photographs using the markers and anatomical 

landmarks, and the intersecting angle analysed using image 

software.  A footswitch was used with motion analysis software to capture a 3D 

image at the same time as the 2D image.  Three trials were completed for each 

measure, which were analysed by a paediatric physiotherapist and six 

physiotherapy students, and the mean values used.  The results for inter-rater 

reliability based on all raters using all photographs was excellent (ICC 0.89) and 

was also excellent for all raters only using the physiotherapist's marked 

photograph (ICC 0.97).  Side-flexion was shown to be significantly different, 
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but rotation was not shown to be significantly different in the 2D versus 3D 

analysis.  As 3D motion analysis is taken as a gold standard, this showed that 

their method of 2D analysis of side-flexion was not valid.  This study is being 

prepared for publication, so may be eligible for inclusion in future reviews. 

 

2.2.11 Assessment of Methodological Quality 

Three measurement properties featured in the five included studies:  reliability; 

content validity; and hypothesis testing (Table 2.3).  The scoring system used 

by the COSMIN tool for these properties is described in Appendix 1.  
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Table 2.3 Measurement properties according to the COSMIN checklist which were assessed in the five studies analysed 

 

 Internal 
consistency 

Reliability 
Inter-rater 

Reliability 
Intra-rater 
 

Measurement 
error 

Content 
Validity 

Construct 
Validity 

Structural 
Validity 

Hypothesis 
testing 

Cross-
cultural 
Validity 

Criterion 
Validity 

Respon-
siveness  

Interpret-
ability  

Kwan (1995)  * *          

Klackenberg 
et al (2005) 

   
* 

         

Öhman et al. 
(2009b) 

 * *  *   *     

Rahlin and 
Sarmiento 
(2010) 

 * *          

Murgia et al. 
(2016) 

 * *          
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Table 2.4 Results of the scoring according to the COSMIN checklist in the five studies analysed.   
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2.2.11.1 Reliability studies 

 

All five studies investigated reliability, which included intra-rater reliability in all 

five, and inter-rater reliability in four studies (Kwan, 1995, Öhman et al., 2009b, 

Rahlin and Sarmiento, 2010, Murgia et al., 2016).  The scorings applied to 

these studies are summarised in Table 2.4. 

The first design requirements in the reliability section of the COSMIN checklist 

(Mokkink et al., 2012, p.26-27) relate to missing items. A high number of 

missing items can introduce bias in the results of the study if the missing items 

were not random. In all of the studies, missing items were not specifically 

reported.  In three of the studies (Rahlin and Sarmiento, 2010, Öhman et al., 

2009b, Kwan, 1995) it can be deduced that no items are missing, by examining 

the tables of results. In one study (Murgia et al., 2016) it was unclear from the 

table of results whether the infants had no limitation in ROM or whether the 

items were missing.  The author was contacted for clarification but did not 

respond, so that study was scored as being unclear how missing items were 

handled. In one study (Klackenberg et al., 2005) there were no missing items in 

Group II (re-measured after an hour) and missing items were described for 

Group I (re-measured immediately). The authors discussed that some infants 

did not tolerate the assessments in succession but did not describe how the 

missing items were handled. 

Sample size varied between the studies, they consisted of:  24 infants,  divided 

into two groups (Kwan, 1995); 23 infants, divided into two groups (Klackenberg 

et al., 2005); 30 infants (Rahlin and Sarmiento, 2010); photographs of 68 infants 

(Öhman et al., 2009b); and 109 infants (Murgia et al., 2016).  As both Kwan and 

Klackenberg divided their samples into two groups, the actual number of cases 

assessed was fewer.  Sample size is one of the criteria for which the COSMIN 

tool may be used more as a guideline, at the discretion of the rater (Mokkink et 

al., 2010, Terwee et al., 2012). The COSMIN manual states that for reliability 

studies one can estimate the number of subjects required to obtain a certain 

confidence interval around an ICC e.g.  a sample size of 50 patients is needed 

to obtain a confidence interval from 0.70‐0.90 around an ICC of 0.80 (Mokkink 

et al., 2012, p.22). The COSMIN tool does not differentiate between the number 
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of patients and the number of raters. Therefore, in some systematic reviews of 

physical measures using the COSMIN tool, the sample size box has been 

excluded from the scoring system (Dobson et al., 2012, Bartels et al., 2013).  It 

was decided to take that approach with this review. 

In relation to Item 4, there were at least two measurements available in all five 

studies. 

Item 5,  independent administration,  implies that the first administration has not 

influenced the second administration. At the second administration the patient 

or rater should not have been aware of the scores on the first.  Administration 

was independent in the study by Kwan (1995), as the examiner performing the 

movement was not informed about the result of the measurement.  In 

Klackenberg et al. (2005) it was considered by the review authors that the 

administration was not independent for Group 1 as they were re-measured 

without any time interval, and doubtful for Group 2 as there was only a one hour 

time interval and the sample was small, hence a chance that the examiner 

would recall previous measurements.  In the other studies, administrations were 

considered independent, as the examiners were not aware of each other’s 

assessments and the review authors agreed that there was an adequate time 

interval for them not to have recalled their previous assessments (Öhman et al., 

2009b, Rahlin and Sarmiento, 2010, Murgia et al., 2016). 

The time interval between the administrations was described in all five studies.  

The time interval should be long enough to prevent recall bias, but short enough 

to ensure that patients have not changed on the construct to be measured. 

What an appropriate time interval is depends on the construct to be measured 

and the target population.  A 2-14 day  time interval is considered to be 

appropriate in reliability studies, but it does depend on factors such as the 

sample size and the stability of the construct being measured (Streiner et al., 

2014, Marx et al., 2003).  The time intervals were deemed appropriate in all five 

studies except for Klackenberg et al. (2005), in which there was no time interval 

for one group and only an hour for the other group.  Due to the small sample 

size and only one rater, there was a high possibility of recall bias. 

Patients should be stable with regard to the construct to be measured between 

test administrations. This depends on the construct being measured and the 
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target population.  In Kwan (1995) the review authors surmised that patients 

were stable between administrations.  In Klackenberg et al. (2005) it was 

assumed that the patients were stable, although in the first group there was a 

chance of a stretching effect which could increase the ROM, but also the 

chance of infant irritability which could decrease the ROM.  In the studies by 

Öhman et al. (2009b) and Rahlin and Sarmiento (2010) the same photographs 

were used, therefore they were stable. Murgia et al. (2016) stated that the 

patients had no treatment in between assessments. 

Test conditions refer to the type of administration, the setting in which the 

instrument was administered and the instructions given and should be similar 

between test administrations.  They were considered to be similar in all five 

studies. 

Regarding statistics, the preferred reliability statistic for the COSMIN tool 

depends on the type of response options. The ICC is preferred for continuous 

scores. The use of the Pearson’s and Spearman’s correlation coefficient is not 

considered to be adequate, because they do not take systematic error into 

account.  For dichotomous scores or nominal scores Cohen’s kappa is 

recommended. For ordinal scales a weighted kappa is preferred. A description 

of the weights (e.g., linear or quadratic weights) should be given (Mokkink et al., 

2012, p.27). 

In Kwan’s study (1995) appropriate statistics in terms of ICC were used, 

although the model was not described.  In Klackenberg et al. (2005) appropriate 

statistics in terms of ICC were used, although the model they used (1,1) was 

incorrect (it should have been 3,1). Öhman et al.,(2009b) used ICCs, although 

these were not appropriate as an ordinal scale was used, but weighted kappa 

was used appropriately and a weighting scheme described.  Rahlin and 

Sarmiento (2010) used ICCs and an appropriate model was given. Murgia et al. 

(2016) used Kappa statistics instead of the preferred weighted Kappa. 

Finally, any other methodological flaws in the design or execution of the studies 

should be considered. 

In Kwan’s study (1995) there were no important methodological flaws but 

regarding the practicality of this method, it does require two clinicians as well as 
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a parent to perform it, and the time taken for set up and for each measurement 

was not described.  The data for this pilot study were collected in 1992 and the 

thesis was submitted in 1995, but the results of this reliability study were not 

published further.  The Ortho Ranger II digital goniometer does not appear to be 

available anymore, although there are other pendulum goniometers on the 

market.  Only the healthy side was assessed, which meant that a limited range 

was not assessed (their results indicated that the range of passive CSp rotation 

was 90-128°) and this was scored as a minor flaw. 

Other minor flaws were identified in the method of the Klackenberg et al. (2005) 

study : it was not described whether the measurements were taken to the 

nearest 1°, 5° or 10°. Goniometers are marked in 1° intervals but often rounded 

to the nearest 5°. The illustration of the protractor which had been fabricated 

suggested that it was in 10º intervals (0-90° bilaterally); in addition, the infants' 

heads were not over the edge of the surface for measuring rotation so true end 

of range may not have been achieved.  

In Öhman et al. (2009b) there were no important flaws in the methodology.  It 

was discussed by the review authors that still photographs were used, whereas 

the MFS is a dynamic measure, as the position needs to be held by the infant 

for ≥5 seconds in order to obtain a score. Therefore videos would have been 

more appropriate, as real-time infants would have been impractical for multiple 

raters.  However, it was decided not to score this as a methodological flaw. 

There were no important flaws in the study by Rahlin and Sarmiento (2010). 

Murgia et al. (2016) used scales with wide intervals for ROM. ROM is usually 

measured in degrees, so a 90° range of rotation only had 3-4 measurement 

levels in their scales.  In addition, CMT was one of the exclusion criteria, so only 

less severe cases would have been included.  Finally, the infants' heads were 

not over the edge of the surface for measuring passive rotation, so true end of 

range may not have been achieved.  

Table 2.5 outlines the lowest scores on the COSMIN tool for the quality of the 

reliability studies, and also the lowest scores with the sample size score 

excluded, as described above. 

 



 

75 
 

Table 2.5 COSMIN scores for the reliability studies. 

Author Lowest Score Lowest score excluding 
sample size 

Kwan (1995):   

Inter-rater  

Poor Fair  

Kwan (1995):   

Intra-rater 

Poor  Fair  

Klackenberg et al. (2005):  

Group 1 

Poor  Poor  

Klackenberg et al. (2005):  

Group 2 

Poor  Poor  

Klackenberg et al. (2005):   

Photos 

Poor  Fair  

Ohman et al. (2009b):  

Inter-rater 

Good Excellent 

Ohman et al. (2009b):  

Intra-rater 

Good Excellent 

Rahlin & Sarmiento (2010):   

Inter-rater 

Fair  Excellent 

Rahlin & Sarmiento (2010):   

Intra-rater 

Fair Excellent 

Murgia et al. (2016):   

Inter-rater 

Fair Fair 

Murgia et al. (2016):   

Intra-rater 

Fair Fair 

 

2.2.11.2 Content Validity 

 

Content validity should be assessed by the user of the checklist making a 

judgment about whether the authors have adequately judged the relevance and 

the comprehensiveness of the items (Mokkink et al., 2012, p.30).  

An appropriate method might be to let experts judge the relevance and 

comprehensiveness of the items.  This method was used by Öhman et al. 

(2009) - the only one of the five studies to examine content validity - in which a 

panel of five experts discussed the scale and provided insight, constructive 

criticism and advice. 
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Four of the five items in the checklist were reported as excellent (Table 2.6).  It 

was scored as an important flaw that details given were very limited, merely 

stating that the panel of experts discussed the scale and provided insight, 

constructive criticism and advice. 

 

2.2.11.3 Hypothesis Testing 

 

Only one of the studies examined hypothesis testing (Öhman et al., 2009b).  

A number of the items on the checklist are similar to that of reliability (Mokkink 

et al., 2012, p.33): therefore missing items and sample size were scored the 

same (Table 2.7).  Specific hypotheses to be tested should have been 

formulated a priori (before data collection), and preferably stated in the methods 

section of an article. COSMIN guidelines recommend that these a priori 

hypotheses should include expected differences between groups or expected 

correlations between instruments. In addition, the expected direction and 

magnitude of the correlations should be stated (Mokkink et al., 2012, p.33-34).  

Comparator instruments should also be sufficiently described. Without specific 

hypotheses, the risk of bias is high because retrospectively it is tempting to 

create alternative explanations for low correlations instead of concluding that an 

instrument may not be valid.  This was unclear in the study by Öhman et al. 

(2009b).   
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Table 2.6  Results of scoring on Content Validity 

Author Assessment of whether all 
items refer to relevant 
aspects of the construct to be 
measured? 

Assessment of whether 
all items relevant for the 
study population? 

Assessment of whether 
all items relevant for the 
purpose of the 
instrument? 

Assessment of whether 
all items together reflect 
the construct to be 
measured? 

Any important flaws 
in method /design? 

LOWEST 
SCORE 

Öhman 
et al. 
(2009) 

Excellent Excellent Excellent Excellent Poor Poor 

 

Table 2.7 Results of scoring on Hypothesis Testing 

Author % of 
missing 
items 
given? 

How 
missing 
items 
were 
handled? 

Sample 
size 
adequate? 

Hypotheses 
regarding 
correlations 
or mean 
differences 
formulated a 
priori? 

Expected 
direction of 
correlation 
or mean 
differences 
included? 

Expected 
magnitude 
of 
correlation 
or mean 
differences 
included? 

Adequate 
description of 
constructs of 
comparator 
instrument(s)? 

Adequate 
description of 
measurement 
properties of 
comparator 
instrument(s)? 

Any 
important 
flaws in 
method 
/design? 

Adequate 
design and 
statistical 
methods? 

LOWEST 
SCORE 

Öhman 
et al. 
(2009) 

Excellent N/A Good Poor Good Good Poor Poor Poor 
 

Poor Poor 
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2.2.11.4 Overall quality of articles 

 

The results of the overall quality of the five articles are summarised in Table 2.8. 

Table 2.8 COSMIN scores given for overall quality of articles reviewed  

Article Reliability  Content Validity Hypothesis Testing 

Kwan (1995) Fair    

Klackenberg et al. (2005) Poor - fair   

Öhman et al. (2009b) Excellent  Poor  Poor  

Rahlin & Sarmiento (2010) Excellent    

Murgia et al. (2016) Fair    

 

2.2.12 Assessment tools described and clinical implications  

Six assessment tools have been described in the studies included in this 

systematic review:  

 Standard goniometer  

 Digital pendular goniometer  

 Mat with protractor markings  

 ROM rating scale  

 Muscle Function Scale  

 Still photography 

 

The details of these tools are described in Table 2.9.
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Table 2.9 Summary of assessment tools described in the systematic review  

Tool Measure 

assessed 

Position of 

infant 

Study Results COSMIN 

score 

Goniometer Passive  
CSp rot  

Supine  Klackenberg et 
al. (2005) 

Reliability (intra-rater): 
ICC 0.87-0.94; 
SEM 4.1-4.9° 
 

Poor  

Digital pendulum goniometer Passive  
CSp rot 

Supine Kwan (1995) Reliability:   
ICC 0.71 (intra-session, intra-rater) 
ICC 0.87 (intra-session, inter-rater)  
ICC 0.79 (inter-session, intra-rater) 
ICC 0.91 (inter-session, inter-rater) 
 

Fair 

Adapted protractor  
(made from rectangular surface 
with lines marked out in 10° 
intervals).  

Passive  
CSp SF  

Supine Klackenberg et 
al. (2005) 

Reliability (intra-rater): 
ICC 0.96-0.97; 
SEM 4.4-5.1° 
  

Poor 

CSp ROM scale: categorised 
CSp rot into full, mild limitation, 
moderate limitation or severe 
limitation; 
CSp SF into full, moderate 
limitation or severe limitation. 

Passive / Active 
CSp rot  
 
Passive CSp SF  

Supine Murgia et al. 
(2016) 

Reliability (inter-rater): 
Kappa 0.80 active rot; 0.83 passive rot.  
Kappa 0.49 passive SF. 
Reliability (intra-rater): 
Kappa 0.72 active rot; 0.73 passive rot.  
Kappa 0.41 passive SF. 
 

Fair 

Muscle Function Scale:  
An ordinal visual scale that 
interprets lateral head righting 
through a categorical scale of  
0-5. 
 
2 versions tested:  
I: described mainly in words  
II: described mainly in degrees. 

CSp SF muscle 
function 
 

Upright,  
tilted to 
horizontal 

Öhman et al. 
(2009b) 

Reliability (inter-rater):  
Kappa 0.96; ICC 0.92-0.96 (Group I) 
Kappa 0.96; ICC 0.90-0.95 (Group II). 
 
Reliability (intra-rater): 
Kappa 0.96-0.99; ICC 0.94-0.98 (Group I). 
Kappa 0.96-0.99; ICC 0.93-0.97 (Group II). 

Excellent 
(reliability) 
 
Poor 
(content 
validity and 
hypothesis 
testing)  
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Tool Measure 

assessed 

Position of 

infant 

Study Results COSMIN 

score 

Still photography: 
Angles drawn on photographs 
and measured with a protractor. 

Habitual SF Supine Rahlin & 
Sarmiento 
(2010) 

Reliability (inter-rater):                                                     
ICC 0.72-0.99;  Pearson r 0.72-0.99 
Reliability (intra-rater): 
ICC 0.79-0.84; Pearson r 0.80-0.85 
 

Excellent 

Still photography: 
Angles drawn on photographs 
and measured with a 
goniometer. 

Passive CSp rot  

 

 

Passive CSp SF 

Supine 
 
 
 
Supine 

Klackenberg et 
al. 
(2005) 

Reliability (of photograph compared to goniometer): 
ICC 0.74-0.90; 
SEM 5.6-7.7° 
 
Reliability (of photograph compared to protractor): 
ICC 0.79-0.88; 
SEM 7.9-9.5° 

Fair 

CSp=cervical spine; EOR=end of range; ROM=range of motion; Rot=rotation; SF=side-flexion 
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Goniometer 

A goniometer is a routinely used tool and is widely available in the clinical 

setting.  Reliability was excellent in the one study (Klackenberg et al., 2005) 

which measured it, but the quality of that study was found to be poor. The only 

movement assessed using a goniometer in that study was passive CSp 

rotation.  One assistant was required in addition to the examiner which may not 

always be feasible in a clinical setting. 

Digital pendular goniometer 

A digital pendular goniometer is also widely available, although more expensive 

than a standard goniometer.  The particular model used in the one study (Kwan, 

1995) which assessed it does not appear to be currently available on the 

market, but other models are available. Reliability was good-excellent in the one 

study which measured it, but the quality of that study was found to be fair.  Two 

examiners and one assistant were required for the assessment procedure, 

which may not be clinically feasible. The only movement assessed using a 

digital goniometer in that study was passive CSp rotation. 

Protractor (mat with markings) 

The mat with protractor markings, which was assessed in one study 

(Klackenberg et al., 2005) appeared relatively simple to develop.  There are 

other large protractors commercially available. Reliability was excellent in that 

one study, but the quality of that study was found to be poor.  The only 

movement assessed using a protractor in that study was passive CSp side-

flexion. One assistant was required in addition to the examiner. 

ROM rating scale 

The ROM rating scale which was used by Murgia et al. (2016) assessed 

passive CSp rotation/side-flexion and active CSp rotation (in supine).  The 

validity of the scale was not tested.  Reliability was found to be good-excellent 

for rotation and moderate for side-flexion, but the quality of the study was 

assessed was fair.  One of the reasons for the lower score of quality was the 

wide categories of ROM (divided into four categories for rotation and three 
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categories for side-flexion).  This may limit the clinical usefulness of the scale.  

It may be more applicable as a screening tool for use in infants with 

plagiocephaly to assess whether or not they have a postural torticollis. 

Muscle Function Scale  

This scale was used to assess CSp side-flexor muscle function in lateral head 

righting.  In the one study which assessed it (Öhman et al., 2009b), the validity 

was tested by a panel of experts, however very little information was given 

regarding the methodology of testing validity.  The reliability of the scale was 

found to be excellent, and the quality of the reliability methodology to be 

excellent.  This scale is free to use clinically and can be performed by one 

examiner. 

Still photography 

Still photography was used in two studies.  Rahlin and Sarmiento (2010) used it 

to assess habitual head deviation from midline (head tilt) in supine.  The 

reliability was good-excellent and the quality of the study was assessed as 

excellent.  Still photography is a simple, practical assessment tool, and in this 

study it was performed by one examiner.  Klackenberg et al. (2005) used it to 

assess CSp passive rotation and side-flexion, by a photograph being taken at 

the end of range position.  The reliability, in comparison to measurements taken 

with a goniometer/protractor was found to be good-excellent, but the quality of 

the study was assessed as fair.  Two assistants were required in addition to the 

examiner, which may not be clinically feasible. 

2.2.13 Key findings from the systematic review 

The systematic review has shown that there are a small number of valid and 

reliable tools for the assessment of CSp function in infants with torticollis.  Five 

studies, using six assessment tools, were analysed.  However, the quality of the 

studies, assessed using the COSMIN tool, varied from poor to excellent.  The 

only tools which were found to have good measurement properties from a high 

quality study were:  

 still photography for the assessment of habitual head tilt in supine (ICC 

> 0.7 for inter-rater and intra-rater reliability) 
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 the Muscle Function Scale for the assessment of side-flexor muscle 

function in lateral head righting (kappa > 0.9 for inter-rater and intra-

rater reliability) 

 

There were also issues regarding clinical feasibility where a number of 

assistants are required in addition to the examiner. 

 

2.3 Relevance of systematic review findings to assessment in a 

clinical setting 

2.3.1  Current clinical practice 

The systematic review has shown that there are a small number of valid and 

reliable tools for the assessment of CSp function in infants with torticollis.  The 

question remains whether or not these tools are being used clinically. 

A survey by Luxford et al. (2009) of 29 paediatric physiotherapists from New 

Zealand found that despite these tools being described in the literature, 96% of 

those questioned often/always used visual estimation for measuring CSp ROM, 

whereas only 16% used goniometry, 26% used photography and none used an 

arthrodial protractor. The respondents were aware of limitations in their 

accuracy but quoted infant distress (91%), difficulty isolating CSp movement 

(43%) and lack of a suitable measurement tool (43%) as the reasons.  Öhman 

et al. (2013c) carried out a similar questionnaire of 37 Swedish 

physiotherapists, with 94% using visual estimation, 14% using goniometry, 13% 

using photography, 22% using an arthrodial protractor, and 45% using a large 

protractor (which had not been in Luxford’s questionnaire). 

A survey of Irish physiotherapists carried out by this author in 2013/2014, as 

pilot work for this research, showed similar results (Seager, 2017), as shown in 

Appendix 2.  In this Irish sample (n=67), visual estimation was always used by 

91% of respondents, with photography being used sometimes/often by 33%, but 

the other suggested tools of goniometer and protractor were rarely used.  

Fradette et al. (2011) used focus groups and questionnaires with Canadian 

physiotherapists (n=12) and paediatricians (n=18) to identify factors influencing 
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their determination of intervention needs in infants with torticollis.  They reported 

that the main elements that encouraged use of assessment tools - in addition to 

being reliable and validated - were that they were quick and easy to administer, 

required little specialised equipment and used diagrams to facilitate 

interpretation. 

In the Clinical Practice Guideline for the physiotherapy management of CMT, 

Kaplan et al. (2013) strongly recommended the objective measurement of CSp 

ROM, but acknowledged the clinical challenge of using a goniometer/protractor 

to measure passive ROM, requiring two if not three adults.  They stated that 

active ROM is challenging to measure due to infant behaviour and movement 

variability, difficulty isolating CSp movements and a paucity of practical 

measurement tools. 

In conclusion, despite a small number of valid and reliable assessment tools 

being available for use in the assessment of infants with torticollis, in reality 

these are not used frequently, and visual estimation is the preferred method, 

both locally and internationally.  

2.3.2 Visual estimation 

Visual estimation (VE) is used throughout the health professions for the 

assessment of many parameters, including joint range of motion.  The main 

advantages are that it is quick, convenient and it requires no equipment 

(Schaufele  and Boden, 2003, Whitcroft et al., 2010, Blonna et al., 2012).  This 

is particularly useful in the paediatric setting, where children, especially younger 

children, are less able to co-operate with an assessment procedure. 

 

2.3.2.1 Visual estimation of joint function in adults 

Despite being widely used, VE is not considered a particularly reliable method 

of joint function assessment: 

A systematic review on the reliability of VE compared to goniometry in the 

measurement of limb movements was carried out by Ferenci (2011) in which 17 

studies were included.  These studies assessed a variety of peripheral joints in 

both healthy individuals and those with orthopaedic/neurological conditions.  In 
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all but one study (involving the ankle joint), goniometry was more reliable than 

VE. 

In a subsequent study comparing VE to goniometry, Jones and Curran (2012) 

found better reliability in VE of 1st metatarsophalangeal dorsi-flexion by 

inexperienced examiners (ICC 0.67-0.81; SEM 2.8-4.4°) than in experienced 

examiners (ICC 0.17-0.67; SEM 3.8-6.4°).  However, the experienced 

examiners had demonstrated better overall reliability in goniometry, and the 

SEM in either group’s VE was deemed clinically unacceptable.  Blonna et al. 

(2012) found that VE of elbow ROM by experienced observers was as accurate 

(ICC 0.93-0.96) as goniometric measurements of less experienced raters (ICC 

0.97).  They discussed how VE can be used as a valid instrument provided that 

the accuracy and reliability of the method has been evaluated for each observer 

using a relevant study population.  Conversely, Woerner et al. (2016) found up 

to a 30° difference in VE versus a computer navigation system in assessing hip 

ROM by an experienced surgeon, so discuss that even with an experienced 

rater, VE has unacceptable reliability. 

 

2.3.2.2 Visual estimation of joint function in paediatrics 

A small number of studies (n=6) have investigated VE in paediatrics. In 

measuring popliteal angle and passive ankle dorsi-flexion in children (n=23) by 

VE and goniometry, Lecluse (2004) found that the limits of agreement were too 

great for visual estimation to be clinically useful (SEM 33°-52° popliteal angle, 

SEM 20°-24° ankle dorsi-flexion).   Sabine et al. (2007) compared VE and 

goniometry in the assessment of popliteal angles in children with Cerebral Palsy 

(n=15) and healthy controls (n=15).  In both groups they found intra-rater 

reliability to be excellent (ICC>0.75) and inter-rater reliability to be poor, but with 

overall reliability of the Cerebral Palsy group lower than that of controls.  

However, there was no significant difference between the VE and goniometry 

methods.  Conversely,  excellent reliability has been found  between VE and 

goniometry of lower limb ROM in children with Cerebral Palsy in other studies 

(Glanzman et al., 2008, n=50 lower limbs, ICC 0.97-0.98; Allington et al., 2002, 

n=46 lower limbs, ICC 0.97). 
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Rachkidi et al. (2009) assessed validity and reliability of VE for passive ROM in 

100 lower limb joints in children, aged 3 - 15 years, and found varying results, 

from poor to excellent, depending on the joint.  Colaris et al. (2010)  reported 

good inter- and intra-rater reliability in both VE (ICC 0.75-0.88) and goniometry 

(ICC 0.84-0.89) of forearm pronation/supination in 47 children, aged 6-16 years, 

however goniometry showed lower Sample Standard  Deviations so they did 

recommend goniometry over VE where possible.  

To summarise, the literature varies regarding the reliability of VE of different 

joints and of various populations, and even differs on the effect of experience of 

the rater. 

 

2.3.2.3 Visual estimation of the Cervical Spine 

Regarding VE of the cervical spine, a number of authors have carried out 

literature/systematic reviews of physical measures of CSp function in adults.  Of 

these, one review of 67 studies (Fortin et al, 2011) focused on body segment 

posture; and five reviews focused on CSp ROM (Chen et al. (1999), n=45 

studies; Antonaci et al. (2000), n=23 studies;  Jordan (2000), n=21 studies; de 

Koning et al. (2008), n=33 studies; Williams et al. (2010), n=56 studies). In total, 

14 studies investigated VE (Bertilson et al., 2003, Viikari-Juntura, 1987, Fjellner 

et al., 1999, Hoppenbrouwers et al., 2006, Pool et al., 2004, Van Suijlekom et 

al., 2000, Bennett et al., 1963, Buck et al., 1959, Ferlic, 1962, Kaufman et al., 

1986, Newell DJ, 1965, Sharpe et al., 1995, Youdas et al., 1991, Whitcroft et 

al., 2010) but overall, VE was found to be the least reliable method assessed.  

A further study (Passier et al., 2010) investigated the inter-rater reliability of 

three physiotherapist raters in their VE of CSp alignment, using one adult 

subject exhibiting 53 different CSp postures (neutral and 5°/10° deviations).  

Reliability was fair-moderate (kappa 0.3 – 0.5), with higher reliability in the 10° 

than 5° deviations, and in the single rather than multiple planes of movement.  A 

more recent study demonstrated that reliability of VE of the CSp could be 

improved with training (Hirsch et al., 2014). 

Just one study has investigated VE of the paediatric CSp.  Murgia et al. (2016), 

one of the studies included in the systematic review, found VE was reliable in 

determining whether or not infants with positional plagiocephaly had limitations 
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of active/passive rotation and passive side-flexion, but the ROM was 

categorised into full, mild limitation, moderate limitation or severe limitation, 

which may not be detailed enough for other clinical use. 

In conclusion, VE is not recommended as a reliable tool for the assessment of 

the CSp, but most of the research has been carried out on adults and there is 

minimal literature on VE of CSp function in paediatric populations.     

 

2.4 Conclusion 

A thorough assessment of CSp function is essential in the diagnosis and 

management of torticollis in infancy.  The literature describes a number of 

assessment tools which have not been tested for reliability or validity.  A 

systematic review highlighted six assessment tools in which measurement 

properties have been assessed.  However, only two tools – still photography for 

the assessment of habitual head tilt in supine and the Muscle Function Scale for 

the assessment of CSp side-flexor function - had high reliability and high study 

methodological quality.  Regardless of this, the literature has shown that the 

vast majority of physiotherapists use visual estimation in their assessment of 

torticollis in infancy, a tool which has not generally been shown to have high 

reliability, and which has not been tested in this specific population.     

 

2.5 Summary and objectives 

Chapter 1 and Chapter 2 have reviewed the literature regarding the condition 

torticollis of infancy, and the measurement property reliability.  A systematic 

review has been performed to appraise the evidence on measurement 

properties of assessments/tools for the measurement of CSp impairment in 

infants with torticollis.  Six assessment tools were highlighted: a goniometer and 

a digital pendular goniometer to assess passive CSp rotation; a protractor to 

assess passive CSp side-flexion; a scale to screen for limitations in passive 

CSp rotation/side-flexion and active rotation (in supine); still photography for the 

assessment of passive CSp rotation/side-flexion and for the assessment of 

postural head tilt (in supine); and the Muscle Function Scale for the assessment 
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of CSp side-flexor function in lateral head righting.  However, only the latter two 

tools had high reliability and high study methodological quality.   

A gap was found in the literature for the assessment of CSp postural side-

flexion (head tilt) in an upright position and of active CSp rotation in an upright 

position. 

The literature has also shown that the vast majority of physiotherapists use 

visual estimation in their assessment of torticollis in infancy, a tool which has 

not generally been shown to have high reliability, and which has not been tested 

in this specific population.     

From this review of the literature the following objectives were made for this 

study: 

 To examine the reliability of visual estimation as a method of 

assessment of head tilt and active CSp rotation by physiotherapists, 

on infants with torticollis, in an upright position 

 To examine the impact of the physiotherapists’ clinical experience on 

their reliability.   
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CHAPTER 3 METHODOLOGY 
 

This chapter describes the study participants, procedure and statistical analysis 

methods utilised in the study. 

3.1 Aims and Objectives 

The aim of this study was to examine the reliability of visual estimation, as a 

method of cervical spine assessment by physiotherapists, on infants with 

torticollis.  A further aim was to examine the impact of the physiotherapists’ 

clinical experience on their reliability.   

The objectives were: 

 To measure the inter- and intra-rater reliability of paediatric 

physiotherapists when visually estimating cervical spine frontal resting 

posture (head tilt) and active rotation, in videos of infants with torticollis in 

the upright position.   

 To examine the impact of the physiotherapists’ clinical experience on this 

reliability. 

 

3.2 Study Design       

This was an observational (reliability) study and was conducted in accordance 

with GRRAS guidelines (Kottner et al., 2014), details of which are described in 

Appendix 3.    

3.3 Participants  

Two sets of participants were involved in this study:   

1. The infants with torticollis   

2. The physiotherapists who assessed them. 
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3.3.1 Infants with torticollis 

The parents of infants attending or referred to the Temple Street Children’s 

University Hospital (TSCUH) Physiotherapy Department with a diagnosis of 

torticollis were contacted to request their participation. 

The inclusion and exclusion criteria are outlined in Table 3.1. 

Table 3.1 Inclusion and exclusion criteria for infants with torticollis 

Inclusion Criteria Aged 4 - 24 months.  

Referred to physiotherapy by a TSCUH consultant. 

Diagnosis of muscular torticollis (congenital or postural).  

Exclusion Criteria Other underlying condition which would influence the 

infant’s ability to be held in an upright, supported-sitting 

position with good trunk alignment e.g. cerebral palsy, 

spinal anomalies, trauma.  (Infants younger than four 

months were not included, as they are not expected to 

have adequate head control in supported-sitting and are 

usually assessed in supine).  

 

Recruitment for the pilot study started in July 2014 when Scientific / Ethical 

approval had been granted by TSCUH.  The first five infants (eight videos) were 

recruited in July 2014 - March 2015, and used to pilot the system (Section 

3.5.3).  Recruitment for the main study took place from January 2016 until 

September 2016. 

The parents of patients already attending physiotherapy were approached 

during a routine visit, and the parents of new patients were contacted in 

advance of their first appointment, to inform them about the study (Appendix 4).  

They were provided with the Participant Information Leaflet (Appendix 5).  At 

their appointment they were asked for their participation and if they agreed, a 

consent form was signed (Appendix 6).  The patients were screened for 

eligibility based on the inclusion/exclusion criteria by the Physiotherapy 

Manager of TSCUH, acting as gatekeeper. 

Due to initial concern that the adequate number of infant participants would not 

be achieved within the required timeframe from TSCUH alone, a submission 
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was made to, and ethical permission received from, The Rotunda Hospital, a 

maternity hospital in Dublin 1.  Recruitment from this site was not required, as 

the required sample size was duly obtained from TSCUH. 

3.3.2 Physiotherapists 

The physiotherapists from the pilot study (Chapter 2.3.1 and Appendix 2), who 

had expressed their interest in being involved with further research, were 

contacted (12th September 2016) by email/post and advised of the purpose of 

this study and the commitment involved.  They were invited to participate 

(Appendix 7).  In some cases the original therapists replied to advise that they 

had moved from that job/role, so they were asked to forward the request to their 

replacement.  Those physiotherapists contacted were also asked to forward the 

information to any of their colleagues that they were aware of having treated 

infants with torticollis.  In addition, the author contacted any physiotherapists 

who had been in communication with her regarding this particular condition, 

also advising them on the purpose of the study, the commitment involved and 

inviting them to participate.  Therefore a combination of convenience and 

snowballing recruitment was used. 

The inclusion criteria for the physiotherapists, having expressed an interest in 

participating, was having treated an infant aged ≤24 months with torticollis 

(congenital muscular/postural) within the previous 12 months.  The exclusion 

criterion was being unable to commit to the time demands involved. 

3.3.3 Sampling method 

Advice on sampling method was sought from Professor Ronan Conroy, 

Professor of Health Research Methods, RCSI.    

As this is a study of variation between observers in ratings, sample size was 

primarily aimed at ensuring that both the samples of targets (infants) and of 

raters (physiotherapists) spanned the appropriate data space. In the case of 

targets, purposive sampling was used to ensure that the range of motion 

spanned the range from normal to the most significant degree of pathology that 

would be expected in routine practice. To this end, two normal infants were 

included in the sample.  
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The sample of physiotherapists was likewise chosen to maximise the variation 

in relevant professional characteristics (length of experience, experience with 

the particular caseload) in order to investigate possible associations between 

these characteristics and quality of ratings.  

Since nothing was known in advance about either the level of inter/intra-rater 

agreement nor about its variability, Cocks’ method for sample size calculation 

for pilot studies (Cocks and Torgeson, 2013) was used. This indicated an 

optimal sample size of 20 for each sample. However, in order to ensure full 

representation of the range of variation among babies, this was increased to 30. 

3.4 Ethical Considerations 

Approval was granted by the TSCUH Research and Ethical Committees (REC) 

for this study (Ref: 13.032) in December 2013, by The Rotunda REC in July 

2016 and by RCSI REC in August 2016 (Appendix 8). 

Ethical issues were considered as follows: 

3.4.1 Selection and recruitment 

The participating infants were already attending the TSCUH Physiotherapy 

Department for management of torticollis.  Therefore, involvement in the study 

did not require any additional visits to the hospital.  Parents were given a 

Participant Information Leaflet (Appendix 5) which explained what was involved 

in participation and were given an opportunity to read this leaflet before making 

a decision.   

The participating physiotherapists were professionals who had previously been 

in contact with the author, either expressing an interest in participating in 

research or asking for the author’s opinion on this patient condition.  They were 

given information regarding the study prior to being recruited (Appendix 10). 

3.4.2 Informed consent  

Consent forms were provided to both the parents of the infants (Appendix 6) 

and to the physiotherapists (Appendix 10). 
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3.4.3 Confidentiality  

3.4.3.1 Confidentiality of infants  

  

A major issue which was considered was maintaining confidentiality of the 

infants, as videos were being used.  Taking clinical photographs was already 

part of routine care for this cohort.  The videos were stored by the same 

method, as per hospital policy – in the shared TSCUH Physiotherapy 

Department network drive, on a password-protected computer in the TSCUH 

Physiotherapy Department, with the originals being deleted from the camera 

memory-card once they had been transferred.  No patient details were on the 

video recordings.  Patients were given unique identifying codes, which were 

used on the video recordings and for analysis.  Parents were informed that only 

the infant’s head/upper body would be visible, and that part of the parent’s face 

may be visible, depending on how they were holding the infant.  Initially the plan 

had been to transfer the video clips onto CDs, and distribute the CDs by 

registered post to the participating physiotherapists.  Approval had been 

granted by TSCUH REC for this method in December 2013.  Then in 2016, 

when the project was being done in fulfilment of a MSc (Research) in RCSI, the 

opportunity arose for the videos to be viewed through RCSI’s Virtual Learning 

Environment (VLE), as described in Section 3.5.2.  This was considered to be a 

more confidential and secure method, and was subsequently approved by the 

TSCUH and Rotunda RECs. 

 

3.4.3.2 Confidentiality of physiotherapists  

 

The details of the participating physiotherapists were stored on a password-

protected computer in the TSCUH Physiotherapy Department.  The 

physiotherapists were sent their own username and password to gain access to 

the videos through the RCSI’s VLE.  On this system no-one else had access to 

the participants’ names or answers unless they were registered as an 

administrator on the course, of which there were two -  the author and an RCSI 

ICT staff member.  For data analysis, the physiotherapists were given unique 

identifying codes. 
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3.5 Procedure  

It was decided to use video recordings rather than real-time infants, as it was 

more practical, and ethical, for such a number of infants to be rated by such a 

number of physiotherapists.  The impact on reliability of using video recordings 

is outlined in Table 3.2, as described in Haidet et al. (2009). 

 

Table 3.2 Impact on reliability of using video recorded data  

Advantages   High degree of reproducibility  

 Data can be replayed a number of times 

 Raters can take breaks, avoiding fatigue 

 Raters can be trained in a standardised manner 

 Ratings can be independent and blinded 

Disadvantages   Equipment may be intrusive, and may alter behaviour of 

the subject 

 Lack of physicality with the subject 

 Provides only a window of what happens in real-time, 

with potential loss of the larger environmental context  
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3.5.1 Procedure of recording the video clips 

Permission was granted by the TSCUH Physiotherapy Manager to use the 

video camera belonging to the TSCUH Physiotherapy Department (Canon 

Legria HF 200).  All video recordings were made in the same treatment room of 

the TSCUH Physiotherapy Department as follows (Figure 3.1 and 3.2):   

The infants were held in an upright position, seated on a table, 65 cm high, with 

the parent sitting on a chair behind the table.  The infant’s trunk was held under 

the axillae by the parent, in order to provide support for younger infants and to 

prevent trunk movement for older infants.  The upper body was unclothed so 

that the head, face, shoulders and upper trunk were clearly visible.          

The table was a standardised distance from the video camera (0.7 metres), 

which was supported on a tripod.  The height of the camera was adjusted on 

the tripod to be level with the infant’s head, and the angle of the camera was 

adjusted on the tripod so that the lower border of the frame was at the infant’s 

nipple level.  

A toy was placed above the camera, in front of the infant, in order to capture the 

frontal resting posture/head tilt (Figure 3.1).  If tolerated, the infant was then 

turned sideways, perpendicular to the camera, and visual tracking of the toy 

used to turn their head towards the camera and capture their end of range 

active CSp rotation (Figure 3.2).  When testing rotation, their affected side was 

videoed first and then, if tolerated, the infant was turned to the other side and 

active CSp rotation to the unaffected side recorded.  The length of time of each 

videoing session depended on the infants’ tolerance, but ranged from just under 

a minute to over four minutes, with an average length of 2.4 minutes. 

This video technique had been piloted on an infant of convenience (the baby of 

a staff member) to determine the optimal positioning of infant and camera. 
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Figure 3.1 Method of recording to capture frontal head position.  

 

 

Figure 3.2 Method of recording to capture active CSp rotation 
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3.5.2 Procedure for editing the video clips 

The recordings were saved on the physiotherapy shared drive on a password-

protected computer in the TSCUH Physiotherapy Department, as per 

departmental policy.  Once transferred to the shared drive, they were deleted 

from the camera memory-card.   

The aim was for the video clips to be as realistic to clinical practice as possible, 

but a balance had to be sought to also make them viewable for the observers.  

Therefore they were edited to remove any extraneous activity (e.g. wriggling, 

grabbing at the toy) and sound.  The editing software Movie Maker for 

Windows™ was used for this purpose.  The resultant edited video clips ranged 

from 13 seconds to 1 minute 22 seconds (including a 5 second title) but on 

average were 45 seconds long. 

3.5.3 Piloting of videos 

The first five infants (eight videos) were used to pilot the method.  A sample of 

convenience of five physiotherapists was recruited from the TSCUH 

Physiotherapy Department.  The physiotherapists had past experience of 

assessing infants with torticollis, but did not meet the inclusion criteria, as they 

had not done so within the past 12 months. The physiotherapists were asked to 

score the videos and also to give feedback on the usability of the method and 

the time taken. 

3.5.4 Procedure of setting up the videos on a VLE 

Once edited, the video clips were uploaded onto the RCSI’s secure, password-

protected VLE, ‘Moodle’.  Video content management software, Panopto™ was 

used to ensure that the videos could not be copied or downloaded by those 

viewing them (www.panopto.com).   

The volunteer physiotherapists were sent usernames, passwords and a 

link/instructions, in order to gain access to the VLE (Appendix 10).  The first 

usernames/passwords were sent on 26th October 2016, with further ones being 

given as further physiotherapists were recruited, and the final one being given 

on 25th January 2017.  On first log in, they had to agree to the ‘RCSI IT 

Acceptable Usage Policy’ before proceeding with scoring of the videos.  
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The video clips were embedded into a quiz format, so that they could be viewed 

and an answer submitted following the viewing.  The quiz was set up as part of 

a course, entitled ‘Torticollis Videos’ (Figure 3.3).  This course also included a 

training video with instructions (Appendix 10), a consent form (Appendix 12), 

and a clinical experience questionnaire (Figure 3.4). 

 

 

 

Figure 3.3 Dashboard of ‘Torticollis Videos’ on VLE, showing training video, 
consent to participation, clinical experience questionnaire and video quiz. 
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Figure 3.4 Physiotherapy clinical experience questionnaire, regarding years of 
post-graduate experience, years of experience with torticollis and a self-rated 

clinical confidence scale (1-10)
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3.5.5 Scoring of the videos on the VLE 

 

Upon entering the quiz, the physiotherapists were asked to view the video clips of 

the infants and submit a score (in degrees to the nearest 5°) for their visual 

estimation of the infant’s head tilt (Figure 3.5) or active rotation (Figure 3.6). 

The quiz was set up so that the video clips were randomly arranged for each 

viewing (termed an ‘attempt’).  This meant that each physiotherapist was viewing 

the videos in a different order to each other, and in a different order between their 

first and second viewing.  The quiz was also set up so that a minimum of one week 

had to pass between submission of the first attempt and starting the second 

attempt. 

 

The author was able to review the physiotherapists’ activity on the VLE course, so 

that once one had scored and submitted their first attempt, a reminder email was 

sent to that physiotherapist one week later, to prompt them that they would be able 

to gain access to the system again for the second viewing. 

 

The physiotherapists were able to log in and out of the course, so that all the 

videos did not have to be viewed in one sitting.  But once the quiz had been 

finished and submitted, the physiotherapists were unable to regain access.  

Therefore, on the second viewing they were blinded to their scores of the first 

viewing.
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Figure 3.5 Example of head tilt video 

 

 

 

Figure 3.6 Example of CSp rotation video
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The videos were uploaded by the end of September 2016, and following setting up 

the quiz and embedding the videos, the Moodle course went ‘live’ on 8th November 

2016.  Following one month, due to slow completion rate by physiotherapists (12 

first viewings and four second viewings completed), on 8th December 2016 an 

incentive was offered of entry into a draw for a €30 gift voucher for all those who 

had completed their first viewing by 18th December 2016 and then for a second 

voucher for all those who had completed their second viewing by 15th January 

2017.  Subsequent to this, 16 first viewings and five second viewings were 

completed by 18th December 2016, and 19 first viewings and 11 second viewings 

completed by 15th January 2017.  Further email reminders were sent at regular 

intervals and the final viewing was completed on 15th March 2017. 

 

3.6 Statistical Methods 

The Statistical Package for Social Sciences (SPSS™), version 23, 2015, Chicago 

Illinois, IBM™) was used for statistical analysis.  

Descriptive statistics were used to describe the samples of infants and 

physiotherapists.   

The range, mean and Standard Deviation (SD) were calculated for each set of 

responses of each video clip.  These were also divided into head tilt and CSp 

rotation videos.  Reliability was analysed using the Intra Class Coefficient (ICC), as 

recommended for use with continuous data and two or more raters (Streiner and 

Norman, 2008, Mokkink et al., 2012, Hallgren, 2012, Streiner and Kottner, 2014). 

The following interpretation of ICC, although arbitrary, was used as recommended 

by Cicchetti (1994) as a guideline:  Poor reliability ICC <0.40; fair reliability ICC 

0.40 – 0.59; good reliability ICC 0.60 – 0.74; excellent reliability ICC 0.75 – 1.0.  

The threshold for clinically sufficient reliability was considered to be ICC ≥ 0.7 

(Hripesak and Heitjan, 2002). 

The ICC and 95% Confidence Intervals (CI) were calculated for each pair of 

responses (Time 1 and Time 2).  ICC values range from 0 (no reliability) to 1 
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(perfect reliability).  The ICC model 2,1 was used, as it was a two-way ANOVA (all 

observers measured each subject), random-effects, with single measures being 

used (Shrout and Fleiss, 1979).  The random-effects model was used as the aim 

was to generalise the reliability results to other raters who possessed the same 

characteristics as the selected raters, and it is the appropriate model for evaluating 

assessment methods that are designed for routine clinical use by clinicians similar 

to the raters (Koo and Li, 2016).  

To express the error in original units of measurement, the Standard Error of 

Measurement (SEM) was calculated using the formula SEM = SD x √1-ICC 

(Portney and Watkins, 1993). 

The inter-rater reliability was analysed by comparing the responses between the 

different physiotherapists for both time and movement. Reliability coefficients were 

calculated for four conditions: Time 1, Time 2, head tilt and CSp rotation.   

The intra-rater reliability was analysed by calculating the reliability coefficients for 

each physiotherapist between their first and second sets of viewings for both head 

tilt and CSp rotation.   

Overall inter-rater and intra-rater reliability was analysed by calculating the means 

and standard deviations of the individual ICCs, as used in previous studies with 

multiple raters (Boyer and Verna, 2000, Brunnekreef et al., 2005, Chesterton et al., 

2007). 

A Pearson product-moment correlation coefficient was used to assess the 

relationship between the physiotherapists’ intra-rater reliability and their clinical 

experience.  This coefficient ranges from -1 (negative correlation), to 0 (no 

correlation), to +1 (positive correlation).  Three methods were used to determine 

clinical experience: number of years qualified, number of years treating torticollis 

and self-reported confidence in assessing an infant with torticollis.  

Statistical significance was set at p<0.05 for all statistical tests.   

The results are presented in Chapter 4.
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CHAPTER 4 RESULTS 
 

4.0 Introduction 

The aim of this study was to examine the reliability of visual estimation as a 

method of cervical spine assessment by physiotherapists on infants with torticollis.  

A further aim was to examine the impact of the physiotherapists’ clinical experience 

on their reliability.   

Therefore there were two study participant groups for this study - the infants and 

the physiotherapists.   

This chapter describes the results from the statistical analysis: 

 

4.1 Study Participant characteristics 

4.1.1 Infants 

Thirty-one infants were recruited.  Eight had a diagnosis of CMT and 21 had a 

diagnosis of PT.  Two healthy infants were recruited, the children of staff members, 

in order to ensure that all ranges of severity, including those without any pathology, 

were included.  

The infants were aged 4-21 months (mean 9.3 months).  Twenty (65%) were males 

and 11 (35%) females. 
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4.1.2 Physiotherapists 

4.1.2.1 Recruitment  

 

Twenty-six physiotherapists were recruited.  Physiotherapists (n=67) who had 

responded to a survey by the author as pilot work for this study (Appendix 2) had 

been asked at the end of the survey for their contact details, should they be willing 

to be contacted regarding future research in the clinical area of torticollis, of which 

45 physiotherapists responded, although only 39 gave adequate contact details.  

These 39 physiotherapists were contacted in June 2016, advised of the upcoming 

study and asked for expressions of interest to take part.  In addition, there was a 

further 17 physiotherapists who, through professional contact with the author, had 

also expressed a willingness to be contacted regarding research in the clinical area 

of torticollis.  These 56 physiotherapists were contacted by email/post (Appendix 

7). They were also asked that if not working in the area of torticollis anymore, to 

forward the information to their successor. 

Of the 56 physiotherapists contacted, 24 did not respond, 27 agreed to participate 

and five replied that they were unable to participate.  However, three of those five 

replied that they would inform other colleagues working in the area. A further seven 

physiotherapists subsequently made contact with the author, so that in total 34 

physiotherapists agreed to participate, and were given usernames/passwords to 

access the project through the Virtual Learning Environment (VLE). 

Of these 34 physiotherapists, five did not engage with the VLE whatsoever and 

three logged in, completed the consent and clinical experience questionnaire, but 

did not proceed to the video observation, despite reminders. 

Therefore the total number of physiotherapists who participated as raters was 26 

(Figure 4.1).  Twenty-five raters completed both sets of viewings and one rater only 

the first set of viewings. 
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4.1.2.2 Demographics  

 

Twenty-six physiotherapists were recruited (25 females).  Regarding workplace 

setting, six were based in hospitals, 18 in primary care and two in disability 

services.  

 

4.1.2.3 Clinical experience 

 

Regarding clinical experience, the physiotherapists reported a mean of 18.1 ± 9.0 

(range 6-38) years’ post-graduate experience, and a mean of 7.4 ± 5.9 (range 1-

20) years’ experience working with torticollis of infancy (Table 4.1).  
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Figure 4.1 Flowchart of physiotherapist recruitment 

 

 

Table 4.1 Clinical experience and self-rated confidence of physiotherapists (n=26) 

 
 Mean (SD) Range 

Clinical experience (years) 18.1 (9.0) 6-38 

Torticollis experience (years) 7.4 (5.9) 1-20 

Self-rated confidence (scale 1-10) 6.9 (1.7) 3-9 

 

 

 

Physiotherapists contacted 

following pilot survey N=39 

Physiotherapists contacted 

following professional contact N=17 

Physiotherapists contacted 

N=56 

Did not respond N=24 Agreed to participate N=27 Declined to participate N=5 

  Physiotherapists agreed to participate N=34 

  Further contacts made to author N=7 

  Did not engage N=5 Did not complete N=3 Final sample of 

participating 

physiotherapists 

N=26 
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The physiotherapists were also asked to rate their professional confidence in 

assessing an infant with torticollis, on a scale of 1-10.   A mean of 6.9 ± 1.7 (range 

3-9) was reported (Table 4.1).  The frequency of responses is illustrated in Figure 

4.2.  

 

 
 

Figure 4.2 Self-rated confidence levels of Physiotherapists (n=26) 
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The relationship between the physiotherapists’ clinical experience and their self-

rated confidence was analysed using a Pearson product-moment correlation 

coefficient, and illustrated using scatterplots.  The level of statistical significance 

was set at p<0.05.  No significant correlation (r = -0.02, p = 0.92) was found 

between their years since qualification and their self-rated confidence (Figure 4.3).  

However, a significant positive correlation (r = 0.41, p = 0.04) was found between 

their years of experience with torticollis and their self-rated confidence in assessing 

an infant with torticollis (Figure 4.4). 

 

 
 

Figure 4.3  Scatterplot of correlation between physiotherapists’ self-rated 
confidence and years qualified. 
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Figure 4.4 Scatterplot of correlation between physiotherapists’ self-rated 
confidence and years of torticollis experience. 

 

4.2 Details of videos and viewings 

There were 61 video clips taken of the 31 infants.  All 31 infants started with video 

recordings from the front (of head tilt), resulting in 31 videos of head tilt.  

Depending on the infants’ tolerance, 18 infants went on to have video recordings 

from the side (of CSp rotation), initially of their involved side, and if tolerated of 

their uninvolved side.  Six infants only had rotation of their involved side videoed 

and 12 infants had bilateral rotation videoed.  This resulted in 30 videos of rotation.  

The edited video clips ranged from 13 seconds to 1 minute 22 seconds (including a 

5 second title) but on average were 45 seconds long.     

 

The videos were viewed by the study physiotherapists between 9th November 2016 

and 15th March 2017.  It was not possible to analyse the length of time taken to 

complete each set of viewings, as the physiotherapists were able to log in and out, 

and complete the viewing over as many sessions as they wished, so the system 
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only recorded the time between initial logging in and final submission.  This ranged 

from 20 minutes to 84 days, and the mean was 9 days 15 hours. 

 

The length of time between first and second viewings was set at a minimum of one 

week, but ranged from seven to 91 days, with a mean of 27.8 days between 

submitting the first viewing and starting the second viewing. 

 

4.2.1 Missing / excluded scores  

 

Of the 26 physiotherapists, 25 completed both viewings and one completed one 

viewing.  There were no missing scores within the viewings, so all 61 video clips 

were scored.  Following the submission of a first viewing by one physiotherapist 

(PT22) it was noted that those scores were consistently lower than other raters’.  

This physiotherapist was contacted and reminded of the scoring guidelines, which 

they assured the author they had used.  On their second submission, the scores 

were similarly low.  It was also noted that this physiotherapist had spent the least 

time of any participant on the VLE quiz (27 and 20 minutes for the respective 

viewings).  Therefore, excluding this data was considered by the author.  However, 

an aim of this study was to be as clinically realistic as possible, and in reality some 

therapists will spend less time than others doing an assessment.  Therefore, 

considering that the author had been assured that the correct scoring guideline had 

been used, it was decided not to exclude the data. 

 

4.3 Reliability  

The reliability was analysed in two ways, by calculating:   

 the inter-rater reliability (comparing results between viewings of the same 

videos by different physiotherapists) 

 the intra-rater reliability (comparing results between the first and second 

viewings by the same physiotherapist).  
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4.3.1 Inter-rater reliability 

 

The results for inter-rater reliability were divided into head tilt (Table 4.2) and CSp 

rotation (Table 4.3) videos.  They were also divided into first and second viewings 

of the videos. 

 

4.3.1.1 Inter-rater reliability of head tilt videos 

 

The results for the inter-rater reliability of head tilt videos (n=31) are shown in Table 

4.2.  The range of ICC was calculated as 0.13 (poor) to 0.85 (excellent), with the 

95%CI ranging from -0.26 to 0.93.  The mean ICC was 0.58 ± 0.20.  On 

categorising the ICC values, eight of the videos had excellent reliability, 10 had 

good reliability, seven had fair reliability and six had poor reliability (Figure 4.5). 

The range of SEM was 1-8°.  The mean SEM was 4.3° ± 1.4°.   

The differences between the lowest and highest scores for each head tilt video clip 

ranged from 10° to 55°. 
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Figure 4.5 Inter-rater reliability of head tilt videos (n=31) by ICC categorisation 

 

Table 4.2 Results of responses from scorings of head tilt videos for inter-rater 
reliability 

 Mean (SD) Range ICC ICC cat 95% CI P value SEM 

Video  1 – time 1 

Video  1 – time 2 

10.58° (8.52) 

11.20° (8.57) 

5 – 45° 

5 – 45° 

0.85 E 0.68 – 
0.93 

<0.001 3° 

Video  2 – time 1 

Video  2 – time 2 

14.04° (5.66) 

14.80° (7.14) 

5 – 30° 

5 – 30° 

0.37 P -0.04 – 
0.66 

0.036 6° 

Video  3 – time 1 

Video  3 – time 2 

25.19° (9.64) 

24.60° (8.77) 

10 – 45° 

10 – 45° 

0.62 G 0.31 – 
0.82 

<0.05 5° 

Video  4 – time 1 

Video  4 – time 2 

12.31° (7.24) 

11.80° (4.54) 

0 – 30° 

5 – 20° 

0.27 P 0.14 – 
0.60 

0.094 4° 

Video  7 – time 1 

Video  7 – time 2 

20.96° (12.08) 

24.20° (11.61) 

0 – 50° 

5 – 50° 

0.57 F 0.24 - 
0.78 

<0.001 8° 

Video 10 – time 1 

Video 10 – time 2 

9.81° (4.58) 

8.20° (4.05) 

5 – 20° 

0 – 20° 

0.13 P -0.26 – 
0.49 

0.26 4° 
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 Mean (SD) Range ICC ICC cat 95% CI P value SEM 

Video 12 – time 1 

Video 12 – time 2 

5.38° (3.98) 

5.80° (3.73) 

0 – 15° 

0 – 15° 

0.48 F 0.10 – 
0.73 

0.008 3° 

Video 14 – time 1 

Video 14 – time 2 

6.73° (4.46) 

6.40° (5.31) 

0 – 20° 

0 – 25° 

0.78 E 0.40 – 
0.84 

<0.001 3° 

Video 15 – time 1 

Video 15 – time 2 

25.19° (9.74) 

25.80° (10.17) 

10 – 60° 

10 – 55°  

0.72 G 0.46 – 
0.87 

<0.001 5° 

Video 16 – time 1 

Video 16 – time 2 

8.85° (2.94) 

9.60° (5.58) 

5 – 15° 

0 – 25°  

0.14 P -0.27 – 
0.51 

0.252 5° 

Video 18 – time 1 

Video 18 – time 2 

7.12° (4.93) 

8.00° (5.40) 

0 – 20° 

0 – 20° 

0.71 G 0.44 – 
0.86 

<0.001 3° 

Video 21 – time 1 

Video 21 – time 2 

15.58° (8.04) 

14.80° (6.53) 

5 – 40° 

10 – 35°  

0.79 E 0.59 – 
0.90 

<0.001 3° 

Video 22 – time 1 

Video 22 – time 2 

13.08° (7.88) 

13.20° (6.75) 

5 – 35° 

5 – 30°  

0.50 F 0.13 – 
0.74 

0.06 5° 

Video 25 – time 1 

Video 25 – time 2 

55.38° (13.85) 

55.00° (15.07) 

25 – 80° 

20 – 80°  

0.75 E 0.51 – 
0.88 

<0.001 8° 

Video 26 – time 1 

Video 26 – time 2 

3.85° (4.08) 

3.40° (3.14) 

0 – 15° 

0 – 10°  

0.81 E 0.62 – 
0.91 

<0.001 1° 

Video 27 – time 1 

Video 27 – time 2 

11.54° (5.79) 

11.20° (5.26) 

5 – 25° 

5 – 20°  

0.39 P -0.01 – 
0.68 

0.028 4° 

Video 28 – time 1 

Video 28 – time 2 

8.27° (4.23) 

8.80° (4.40) 

0 – 20° 

0 – 20° 

0.18 P -0.24 – 
0.53 

0.202 4° 

Video 31 – time 1 

Video 31 – time 2 

9.42° (5.89) 

9.00° (5.40) 

0 – 25° 

0 – 25° 

0.56 F 0.22 – 
0.78 

0.002 4° 

Video 32 – time 1 

Video 32 – time 2 

7.88° (6.19) 

8.60° (7.71) 

0 – 30° 

0 – 35° 

0.66  G  0.36 – 
0.83 

<0.001 4° 



 

115 
 

 Mean (SD) Range ICC ICC cat 95% CI P value SEM 

Video 35 – time 1 

Video 35 – time 2 

29.42° (10.61) 

26.60° (10.18) 

10 – 50° 

5 – 45° 

0.73 G 0.49 – 
0.87 

<0.001 5° 

Video 38 – time 1 

Video 38 – time 2 

12.31° (7.51) 

12.40° (9.14) 

5 – 40° 

5 – 45° 

0.75 E 0.51 – 
0.88 

<0.001 5° 

Video 40 – time 1 

Video 40 – time 2 

23.65° (8.19) 

19.60° (7.90) 

10 – 45° 

5 – 40° 

0.63 G 0.26 – 
0.83 

<0.001 5° 

Video 43 – time 1 

Video 43 – time 2 

17.88° (10.21) 

17.00° (9.57) 

5 – 45° 

0 – 40° 

0.79 E 0.58 – 
0.90 

<0.001 4° 

Video 46 – time 1 

Video 46 – time 2 

11.92° (5.67) 

11.60° (7.18) 

5 – 25° 

5 – 40° 

0.62 G 0.31 – 
0.81 

<0.001 4° 

Video 49 – time 1 

Video 49 – time 2 

14.62° (6.77) 

14.40° (6.01) 

5 – 30° 

5 – 30° 

0.61 G 0.28 – 
0.81 

0.001 4° 

Video 51 – time 1 

Video 51 – time 2 

9.62° (5.99) 

9.40° (5.07) 

0 – 25° 

0 – 25° 

0.40 F 0.002 – 
0.68 

0.025 4° 

Video 53 – time 1 

Video 53 – time 2 

31.73° (11.48) 

29.20° (10.87) 

5 – 60° 

10 – 65° 

0.66 G 0.37 – 
0.83 

<0.001 6° 

Video 54 – time 1 

Video 54 – time 2 

8.27° (6.62) 

9.00° (5.95) 

0 – 30° 

0 – 30° 

0.77 E 0.54 – 
0.89 

<0.001 3° 

Video 57 – time 1 

Video 57 – time 2 

5.58° (3.83) 

5.80° (4.49) 

0 – 15° 

0 – 15° 

0.58 F 0.24 – 
0.79 

0.001 3° 

Video 58 – time 1 

Video 58 – time 2 

9.23° (5.60) 

10.00° (4.56) 

0 – 20° 

0 – 20° 

0.52 F 0.16 – 
0.76 

0.004 3° 

Video 61 – time 1 

Video 61 – time 2 

13.27° (8.48) 

12.00° (9.57) 

5 – 45° 

0 – 45° 

0.68 G 0.41 – 
0.85 

<0.001 5° 

 ICC= Intra-class Coefficient, ICC cat=ICC category (E=excellent, G=good, F=fair, P=poor), 

CI= Confidence Interval, SD=Standard deviation, SEM=Standard Error of Measurement 
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4.3.1.2 Inter-rater reliability of CSp rotation videos 

 

The results for the inter-rater reliability of CSp rotation videos (n=30) are shown in 

Table 4.3.  The range of ICC was calculated as 0.50 (fair) to 0.98 (excellent), with 

the 95%CI ranging from 0.15 to 0.99.  The mean ICC was 0.79 ± 0.14.  On 

categorising the ICC values, 18 of the videos had excellent reliability, 10 had good 

reliability, two had fair reliability and none had poor reliability (Figure 4.6). 

The range of SEM was 2-12°.  The mean SEM was 5.9° ± 2.4°.  The differences 

between the lowest and highest scores for each CSp rotation video clip ranged 

from 50° to 90°. 

 

Figure 4.6 Inter-rater reliability of CSp rotation videos (n=30) by ICC categorisation 

 

Table 4.3 Results of responses from scorings of CSp rotation videos for inter-rater 
reliability 

 Mean (SD) Range ICC ICC cat 95% CI P value SEM 

Video  5 – time 1 

Video  5 – time 2 

70.58° (14.09) 

69.80° (12.46) 

20 – 90° 

20 – 85°  

0.74 G 0.49 – 
0.88 

<0.001 6° 

Video  6 – time 1 

Video  6 – time 2 

51.54° (13.02) 

52.20° (13.47) 

15 – 80° 

10 – 75° 

0.66 G 0.37 – 
0.84 

0.001 8° 
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 Mean (SD) Range ICC ICC cat 95% CI P value SEM 

Video  8 – time 1 

Video  8 – time 2 

76.35° (13.75) 

76.20° (13.56) 

20 – 90° 

20 – 90° 

0.92 E 0.82 – 
0.96 

<0.001 4° 

Video  9 – time 1 

Video  9 – time 2 

82.69° (13.43) 

82.80° (12.84) 

20 – 90° 

25 – 90°  

0.98 E 0.95 – 
0.99 

<0.001 2° 

Video 11 – time 1 

Video 11 – time 2 

57.88° (15.63) 

58.80° (15.02) 

10 – 75°  

10 – 90°  

0.52 F 0.16 – 
0.76 

0.004 10° 

Video 13 – time 1 

Video 13 – time 2 

72.31° (14.85) 

72.60° (13.78) 

15 – 85° 

20 – 85°  

0.83 E 0.65 – 
0.92 

<0.001 6° 

Video 17 – time 1 

Video 17 – time 2 

50.58° (12.36) 

52.00° (12.16) 

10 – 70°  

10 – 75°  

0.88 E 0.75 – 
0.95 

<0.001 4° 

Video 19 – time 1 

Video 19 – time 2 

48.85° (13.21) 

48.80° (13.09) 

10 – 80°  

10 – 75°  

0.71 G 0.44 – 
0.86 

<0.001 7° 

Video 20 – time 1 

Video 20 – time 2 

47.31° (12.75) 

47.60° (12.51) 

20 – 75°  

10 – 75°  

0.67 G 0.38 – 
0.84 

<0.001 7° 

Video 23 – time 1 

Video 23 – time 2 

75.19° (18.95) 

77.40° (13.32) 

10 – 90°  

25 – 90°  

0.72 G 0.47 – 
0.87 

<0.001 7° 

Video 24 – time 1 

Video 24 – time 2 

75.77° (13.01) 

74.20° (14.48) 

20 – 85°  

15 – 90°  

0.89 E 0.78 – 
0.95 

<0.001 5° 

Video 29 – time 1 

Video 29 – time 2 

88.27° (13.85) 

86.00° (14.86) 

25 – 100° 

20 – 100°  

0.97 E 0.89 – 
0.99 

<0.001 3° 

Video 30 – time 1 

Video 30 – time 2 

59.62° (15.55) 

61.00° (14.43) 

15 – 85° 

20 – 85°   

0.62 G 0.30 – 
0.81 

<0.001 9° 

Video 33 – time 1 

Video 33 – time 2 

86.73° (22.67) 

86.20° (14.67) 

20 – 110° 

20 – 95°  

0.97 E 0.94 – 
0.99 

<0.001 3° 

Video 34 – time 1 

Video 34 – time 2 

83.46° (13.98) 

82.60° (13.85) 

25 – 100°  

20 – 95° 

0.91 E 0.81 – 
0.96 

<0.001 4° 
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 Mean (SD) Range ICC ICC cat 95% CI P value SEM 

Video 36 – time 1 

Video 36 – time 2 

38.46° (12.55) 

41.00° (11.37) 

5 – 60° 

10 – 60° 

0.76 E 0.54 – 
0.89 

<0.001 6° 

Video 37 – time 1 

Video 37 – time 2 

63.27° (13.85) 

63.20° (15.34) 

10 – 80° 

15 – 80° 

0.83 E 0.64 – 
0.92 

<0.001 6° 

Video 39 – time 1 

Video 39 – time 2 

79.23° (13.54) 

79.40° (14.53) 

20 – 95° 

20 – 95° 

0.93 E 0.85 – 
0.97 

<0.001 4° 

Video 41 – time 1 

Video 41 – time 2 

56.35° (14.39) 

58.00° (14.07) 

15 – 80° 

10 – 75° 

0.68 G 0.39 – 
0.84 

<0.001 8° 

Video 42 – time 1 

Video 42 – time 2 

82.69° (14.85) 

83.20° (13.61) 

20 – 105° 

25 – 95° 

0.96 E 0.90 – 
0.98 

<0.001 3° 

Video 44 – time 1 

Video 44 – time 2 

58.65° (15.27) 

61.00° (14.29) 

10 – 80° 

20 – 80°   

0.73 G 0.47 – 
0.87 

<0.001 7° 

Video 45 – time 1 

Video 45 – time 2 

88.85° (13.95) 

87.40° (13.39) 

25 – 110° 

25 – 100°  

0.96 E 0.92 – 
0.98 

<0.001 3° 

Video 47 – time 1 

Video 47 – time 2 

37.69° (12.35) 

39.80° (10.36) 

5 – 60° 

10 – 60° 

0.62 G 0.31 – 
0.81 

<0.001 6° 

Video 48 – time 1 

Video 48 – time 2 

81.92° (13.27) 

83.20° (13.14) 

35 – 95° 

25 – 95° 

0.75 E 0.51 – 
0.88 

<0.001 7° 

Video 50 – time 1 

Video 50 – time 2 

52.31° (11.85) 

52.00° (11.64) 

15 – 70° 

15 – 70° 

0.91 E 0.80 – 
0.96 

<0.001 3° 

Video 52 – time 1 

Video 52 – time 2 

67.88° (14.71) 

66.80° (13.53) 

20 – 85° 

20 – 80° 

0.76 E 0.52 – 
0.88 

<0.001 7° 

Video 55 – time 1 

Video 55 – time 2 

66.35° (13.31) 

65.20° (14.96) 

20 – 80° 

15 – 85° 

0.66 G 0.36 – 
0.83 

<0.001 9° 

Video 56 – time 1 

Video 56 – time 2 

76.35° (13.82) 

75.80° (13.20) 

20 – 90° 

20 – 90° 

0.92 E 0.83 – 
0.97 

<0.001 4° 
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 Mean (SD) Range ICC ICC cat 95% CI P value SEM 

Video 59 – time 1 

Video 59 – time 2 

70.00° (13.71) 

66.40° (17.59) 

20 – 85° 

20 – 85° 

0.50 F 0.15 – 
0.75 

0.004 12° 

Video 60 – time 1 

Video 60 – time 2 

55.58° (13.44) 

57.20° (14.73) 

10 – 75° 

20 – 80° 

0.80 E 0.61 – 
0.91 

<0.001 7° 

 ICC=Intra-class Coefficient, ICC cat=ICC category (E=excellent, G=good, F=fair, P=poor),  

CI= Confidence Interval, SD=Standard deviation, SEM=Standard Error of Measurement 

 

 

4.3.1.3 Overall inter-rater reliability 

 

Taking all the videos into consideration, the range of ICC for inter-rater reliability 

ranged from 0.13 (poor) to 0.98 (excellent).  The mean ICC was 0.68 ± 0.20, which 

is categorised as good reliability.   However, it is < 0.7 which is considered below 

the threshold for clinically acceptable. 

The range of SEM for all videos was 1-12°. The mean SEM was 5.1° ± 2.1°.   

The overall distribution of the tilt and rotation reliability coefficients is displayed in 

Figure 4.7. 
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Figure 4.7 Distribution of the tilt and rotation reliability coefficients for inter-rater 
reliability 

 

4.3.1.4 Inter-rater reliability of 1st and 2nd viewings  

 

The scorings were also divided into those for the 1st and 2nd viewings of the videos, 

to determine whether or not practice with the system had any effect.  All 26 

physiotherapists completed the 1st set of viewings and 25 completed the 2nd set of 

viewings. 

Head tilt videos:  for the 1st viewings (n=26), the ICC was calculated as 0.65 (0.53 

– 0.78), p<0.001 and for the 2nd viewings (n=25) it was calculated as 0.63 (0.50 – 

0.77), p<0.001, which are both considered good reliability.   

CSp rotation:  for the 1st viewings (n=26), the ICC was calculated as 0.53 (0.37 – 

0.69), p<0.001 and for the 2nd viewings (n=25), it was calculated as 0.51 (0.35 – 

0.68), p<0.001, which are both considered fair reliability. 

Therefore, the 2nd viewings had a slightly, but not significantly lower reliability than 

the 1st viewings.   
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4.3.2 Intra-rater reliability 

The ICC and 95% CI were calculated for each pair of responses (1st and 2nd 

viewings) by each individual physiotherapist, for the head tilt and the CSp rotation 

videos. Results are given in Tables 4.4 and 4.5. 

 

Table 4.4 Results of intra-rater reliability between responses from scorings of head 
tilt videos by physiotherapists for time 1 and time 2. 

 ICC ICC cat 95% CI P value 

PT  1 0.91 E 0.83 – 0.96 <0.001 

PT  2 0.80 E 0.58 – 0.90  <0.001 

PT  3 0.92 E 0.83 – 0.96 <0.001 

PT  4 0.90 E 0.81 – 0.95 <0.001 

PT  5 0.82 E 0.65 – 0.91 <0.001 

PT  6 0.93 E 0.87 – 0.97 <0.001 

PT  7 0.98 E 0.95 – 0.99 <0.001 

PT  8 0.81 E 0.63 – 0.91 <0.001 

PT  9 0.90 E 0.81 – 0.95 <0.001 

PT  10 0.83 E 0.68 – 0.92 <0.001 

PT  11 0.63 G 0.19 – 0.83 <0.001 

PT  12 0.71 G 0.49 – 0.85 <0.001 

PT  13 0.76 E 0.48 – 0.89 <0.001 

PT  14 0.83 E 0.67 – 0.91 <0.001 

PT  15 0.88 E 0.77 – 0.94 <0.001 

PT  16 0.91 E 0.83 – 0.96 <0.001 

PT  17 0.88 E 0.76 – 0.94 <0.001 

PT  18 0.90 E 0.77 – 0.96 <0.001 

PT  19 0.81 E 0.64 – 0.91 <0.001 

PT  20 0.92 E 0.85 – 0.96 <0.001 
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 ICC ICC cat 95% CI P value 

PT  21 0.82 E 0.53 – 0.92 <0.001 

PT  22 0.76 E 0.55 – 0.87 <0.001 

PT  23 0.77 E 0.58 – 0.89 <0.001 

PT  24 0.82 E 0.67 – 0.91 <0.001 

PT  25 0.85 E 0.70 – 0.92 <0.001 

ICC= Intra-class Coefficient, ICC cat=ICC category (E=excellent, G=good, F=fair, P=poor),  

CI= Confidence Interval 

 

Table 4.5 Results of intra-rater reliability between responses from scorings of CSp 
rotation videos by physiotherapists for time 1 and time 2.  

 ICC ICC cat 95% CI P value 

PT  1 0.85 E 0.71 – 0.93 <0.001 

PT  2 0.86 E 0.72 – 0.93 <0.001 

PT  3 0.83 E 0.32 – 0.94 <0.001 

PT  4 0.89 E 0.77 – 0.95 <0.001 

PT  5 0.92 E 0.84 – 0.96 <0.001 

PT  6 0.88 E 0.76 – 0.94 <0.001 

PT  7 0.77 E 0.57 – 0.88 <0.001 

PT  8 0.88 E 0.77 – 0.94 <0.001 

PT  9 0.84 E 0.59 – 0.93 <0.001 

PT  10 0.85 E 0.71 – 0.93 <0.001 

PT  11 0.90 E 0.81 – 0.95 <0.001 

PT  12 0.89 E 0.77 – 0.95 <0.001 

PT  13 0.89 E 0.78 – 0.95 <0.001 

PT  14 0.86 E 0.74 – 0.97 <0.001 

PT  15 0.84 E 0.68 – 0.92 <0.001 

PT  16 0.89 E 0.79 – 0.95 <0.001 

PT  17 0.85 E 0.57 – 0.94 <0.001 
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 ICC ICC cat 95% CI P value 

PT  18 0.93 E 0.84 – 0.97 <0.001 

PT  19 0.55 F 0.23 – 0.76 0.001 

PT  20 0.94 E 0.85 – 0.97 <0.001 

PT  21 0.87 E 0.76 – 0.94 <0.001 

PT  22 0.65 G 0.38 – 0.82 <0.001 

PT  23 0.90 E 0.80 – 0.95 <0.001 

PT  24 0.90 E 0.79 – 0.96 <0.001 

PT  25 0.80 E 0.62 – 0.90 <0.001 

ICC= Intra-class Coefficient, ICC cat=ICC category (E=excellent, G=good, F=fair, P=poor),  

CI= Confidence Interval 

 

4.3.2.1 Intra-rater reliability of head tilt videos (Table 4.4) 

 

The range of ICC was calculated as 0.63 (good) to 0.98 (excellent), with the 95%CI 

ranging from 0.19 to 0.99.  The mean ICC was 0.84 ± 0.08.  On categorising the 

ICC values, 23 of the physiotherapists had excellent reliability, two had good 

reliability, and none had fair or poor reliability (Figure 4.8). 

 

Figure 4.8 Intra-rater reliability of physiotherapists (n=25) of head tilt videos by ICC 
categorisation 
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4.3.2.2 Intra-rater reliability of CSp rotation videos (Table 4.5) 

 

The range of ICC was calculated as 0.55 (good) to 0.94 (excellent), with the 95%CI 

ranging from 0.23 to 0.97.  The mean ICC was 0.85 ± 0.09.  On categorising the 

ICC values, 23 of the physiotherapists had excellent reliability, one had good 

reliability, one had fair reliability and none had poor reliability (Figure 4.9). 

 

 

Figure 4.9 Intra-rater reliability of physiotherapists (n=25) of CSp rotation videos by 
ICC categorisation 

 

4.3.2.3 Overall intra-rater reliability 

 

Taking all the videos into consideration, the range of ICC for intra-rater reliability 

ranged from 0.55 (good) to 0.98 (excellent), with a mean of 0.85 ± 0.08, which is 

categorised as excellent reliability and clinically acceptable. 

The overall distribution of the tilt and rotation reliability coefficients is displayed in 

Figure 4.10. 
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Figure 4.10 The overall distribution of the tilt and rotation reliability coefficients for 
intra-rater reliability. 

 

4.4 Correlation of clinical experience with reliability  

Having calculated each individual physiotherapist’s intra-rater reliability, the 

relationship between their ICC value and their clinical experience was analysed 

using a Pearson product-moment correlation coefficient, and illustrated using 

scatterplots.  The level of statistical significance was set at p<0.05.  The results are 

summarised in Table 4.6.  Scatterplots summarise these results (Figures 4.11 – 

4.16). 
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Table 4.6 Results of correlations between physiotherapists’ intra-rater reliability 
(ICC) and clinical experience. 

 PTIRR of  

head tilt videos 

PTIRR of  

CSp rot videos 

 r Sig. r Sig. 

Years qualified 0.058 0.785  -0.307 0.135 

Years of torticollis experience 0.218 0.294 -0.165 0.431 

Self-rated confidence scale 1-10 -0.181 0.386 0.117 0.577 

 

CSp rot=cervical spine rotation, PTIRR=physiotherapist intra-rater reliability (ICC),            

r=Pearson’s correlation coefficient, Sig.=2 tailed significance 
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Figure 4.11 Scatterplot of correlation between physiotherapists’ intra-rater 

reliability (ICC) and years since qualification, for head tilt videos. 

 
 

Figure 4.12 Scatterplot of correlations between physiotherapists’ intra-rater 
reliability (ICC) and years since qualification, for CSp rotation videos. 
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Figure 4.13 Scatterplot of correlation between physiotherapists’ intra-rater 

reliability (ICC) and years of torticollis experience, for head tilt videos. 

 
Figure 4.14 Scatterplot of correlation between physiotherapists’ intra-rater 
reliability (ICC) and years of torticollis experience, for CSp rotation videos. 
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Figure 4.15 Scatterplot of correlation between physiotherapists’ intra-rater 
reliability (ICC) and self-rated confidence, for head tilt videos. 

 
 

 

Figure 4.16 Scatterplot of correlation between physiotherapists’ intra-rater 
reliability (ICC) and self-rated confidence, for CSp rotation videos. 
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4.4.1 Correlation of years qualified with intra-rater reliability 

For the head tilt videos, there was a positive, but not significant, correlation 

between the two variables (r = 0.058, n = 25, p = 0.785) and for the CSp rotation 

videos there was a negative, but not significant, correlation between the two 

variables (r = -0.307, n = 25, p = 0.135). 

4.4.2 Correlation of torticollis experience with intra-rater reliability 

For the head tilt videos, there was a positive, but not significant, correlation 

between the two variables (r = 0.218, n = 25, p = 0.294) and for the CSp rotation 

videos there was a negative, but not significant, correlation between the two 

variables (r = -0.165, n = 25, p = 0.431). 

4.4.3 Correlation of self-rated confidence with intra-rater reliability 

For the head tilt videos, there was a negative, but not significant, correlation 

between the two variables (r = -0.181, n = 25, p = 0.386) and for the CSp rotation 

videos there was a positive, but not significant, correlation between the two 

variables (r = -0.117, n = 25, p = 0.577). 

In summary, there was no significant correlation between the physiotherapists’ 

intra-rater reliability (measured by ICC) and either their years of clinical experience, 

years of experience with torticollis, or self-rated confidence with torticollis. 

4.5 Summary of results  

The study participants consisted of 31 infants and 26 physiotherapists.  Of the 31 

infants videoed, there were 31 video clips of head tilt and 30 video clips of CSp 

rotation, therefore a total of 61 video clips.  Of the 26 physiotherapists, all 

completed the first set of viewings and 25 completed the second set of viewings.   

The inter-rater reliability ranged from ICC 0.13 to 0.98, with a mean ICC of 0.68 ± 

0.20, which is considered good reliability.  The mean SEM was 5.1° ± 2.1° with a 

range of 1-12°.  When divided into head tilt and CSp rotation, the CSp rotation 

videos had better reliability, with a mean ICC of 0.79 ± 0.14, which is considered 
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excellent reliability, in comparison to the head tilt videos which had a mean ICC of 

0.58 ± 0.20, which is considered fair reliability.  Therefore, it can be considered that 

the inter-rater reliability of the CSp rotation videos was clinically acceptable, 

whereas that of the head tilt videos was not. 

The intra-rater reliability ranged from ICC 0.55 to 0.94, with a mean ICC of 0.85 ± 

0.09, which is considered excellent reliability.  When divided into head tilt and CSp 

rotation, both had excellent reliability, with a mean ICC of 0.84 ± 0.08 for the head 

tilt videos and a mean ICC of 0.85 ± 0.09 for the CSp rotation videos. 

There was no correlation between the intra-rater reliability of the physiotherapists 

and their clinical experience, determined by years of clinical experience, years of 

experience with torticollis or self-rated confidence in assessing an infant with 

torticollis. 
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CHAPTER 5 DISCUSSION 
 

This chapter discusses the methodology, the results from the study, how these 

results compare with other literature in this area and their clinical implications.  

Strengths and limitations of the study will be outlined, as will proposals for further 

research indicated.  

 

5.1 Discussion regarding the methodology 

5.1.1 Samples 

There were two samples in this study, the infants with torticollis and the 

physiotherapists.   

Firstly, regarding the infants with torticollis, 31 infants were recruited.  These 

infants were attending the out-patient Physiotherapy Department of a tertiary care 

children’s hospital. Infants who met the inclusion criteria over the study time period 

were recruited, until the a priori sample size was achieved, but the infants were not 

classified in terms of their severity or laterality.  It may have been the case that 

these infants had more severe cases of torticollis, hence attending a tertiary care 

hospital, and not been representative of the wider population.  However, the infants 

had been referred to physiotherapy from a variety of hospital specialties, including 

Accident and Emergency, General Paediatrics, Neonatology and Cranio-facial.  In 

the author’s opinion all ranges of severity and clinical presentation were 

represented (also including two infants without any pathology).  The higher 

proportion of infants with Postural Torticollis than Congenital Muscular Torticollis, 

and males than females, is in keeping with the literature (Cheng et al., 2000, 

Peitsch et al., 2002, Stellwagen et al., 2008, Aarnivala et al., 2014).  The infants 

were aged 4 – 21 months, so a wide variation in ages was included. 

Regarding the physiotherapists, 26 were recruited, by a combination of 

convenience and snow-balling methods.  Therefore it was not a representative 
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sample of all physiotherapists across the healthcare settings and it may be more 

likely that those more experienced or more interested in the area would volunteer 

for the study.  The a priori sample size was 20, and once this target was reached, 

active recruitment ceased.  However, further volunteers approached the author and 

it was decided to continue to recruit within time constraints to allow for non-

completion of both sets of viewings by all physiotherapists.  The author was 

conscious that to rate 61 video clips on two occasions was a lot to ask of the 

physiotherapists, however, they had been informed that they would receive a 

Continuing Professional Development certificate and also that they would be 

informed of their own personal intra-rater reliability, should they choose to.  The 

sample may not have been representative, but a sample size of 26 raters is large 

for a reliability study (as previously described in Chapter 1.10.3.3 and Table 1.4).  

Therefore, it was decided to use the random-effects model in the statistical 

analysis of reliability, in that the results could be generalised to a population of 

observers (Koo and Li, 2016).  

5.1.2 Videoing of infants 

The decision to video the infants to be assessed was based on achieving a 

balance between being realistic and practical.  The most realistic form of 

assessment would have been on infants in real-time, but it would not have been 

practical or indeed ethical, to have a large number of raters assess actual infants.  

In other reliability studies where actual infants with torticollis have been assessed, 

there have only been one or two raters (Kwan, 1995, Klackenberg et al., 2005, 

Murgia et al., 2016).  Still photography has been used in other reliability studies 

(Rahlin and Sarmiento, 2010, Öhman et al., 2009b) but it is a static technique, 

whereas postural head tilt and active CSp rotation, the two dimensions being 

assessed in this study, are both dynamic.  With technological advances 3D 

imaging has been used, but this was found to be a time-consuming technique, 

poorly tolerated by the infants (Barske et al., 2014, Christensen et al., 2015), and it 

is not readily available in clinical settings.  Therefore, 2D videoing was used to 

record the infants’ head tilt and CSp active rotation.  It is acknowledged that using 
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only 2D was a limitation of this study, as in the clinical setting the physiotherapist is 

viewing the infant from many different viewpoints and planes of movement. 

An important feature of the video technique was that it was standardised between 

the different infants.  Therefore, the optimum position of infant/camera was decided 

before the videoing commenced and the position of the tripod, camera and table 

were standardised. Standardised instructions were given to the parent supporting 

the infant, but the situation also had to be clinically realistic:  for example, if a 

parent did not hold the infant’s trunk completely stable, they were reminded to do 

so, but the videoing still went ahead if they did not fully comply, as this is clinically 

realistic.  It was decided not to use markers for anatomical landmarks on the 

infants’ skin.  This has been done in other studies (Klackenberg et al., 2005, 

Christensen et al., 2015) but is time-consuming, not always well-tolerated in an 

infant, and again is not done in a routine clinical setting.    

The length of the videos depended on the infants’ tolerance, and this is clinically 

realistic.  The videos were edited for practical reasons, to make them easier for the 

physiotherapists to view.  A balance was sought in removing superfluous 

movements, such as wriggling and grabbing at the camera, but keeping the 

recording as realistic as possible, because in reality paediatric physiotherapists 

need to be able to make an as accurate as possible assessment of infants who do 

not necessarily co-operate with examination.  Therefore, a limitation of using 

videos instead of real-time infants is that they are not fully clinically realistic.  

However, other reliability studies have used video recordings of infants (Fjortoft et 

al., 2009, Haidet et al., 2009, Taddio et al., 2009), with advantages and 

disadvantages acknowledged. 
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5.1.3 Distribution and viewing of video recordings 

 At the initial stage of this research project, it was intended to store and distribute 

the video clips on CDs to the physiotherapists.  However, the potential to use the 

RCSI Virtual Learning Environment (VLE) arose, and this was a more confidential, 

secure and cost-effective method. 

In order to evaluate reliability, the following must apply to an assessment tool 

(Mokkink et al., 2012): 

 The instrument should be administered twice, with the two administrations 

independent of each other 

 The time interval between the two administrations should be appropriate 

 The patients should be stable between the two administrations 

 The test conditions should be similar, regarding the setting, instructions 

and type of administration. 

In this study, the assessment tool (visual estimation) was administered twice and 

the VLE was set up so that the raters were unable to view either their own previous 

scores or other raters’ scores.  The order of video clips was randomised for each 

viewing, so each physiotherapist viewed them in a different random order for each 

administration.  However, because the raters were not supervised, it would have 

been possible for them to have kept a separate record of their scores, but this was 

felt to have been unlikely and impractical in terms of the different orders of 

viewings on two occasions. 

The minimum time between the two administrations was set at a week.  The 

guidelines are for 2-14 days (Marx et al., 2003, Streiner et al., 2014).  A minimum 

of a week was felt to be appropriate, as with a sample size of 61 randomly 

arranged videos, the chance of recall was very small.  In actual fact, the time 

between administrations varied widely, with a range of 7-91 days and mean of 27.8 

days. 

The patients were stable, because identical video clips were used for the second 

administration, just in a different order. 
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Regarding the test conditions, instructions were given to the raters in how to view 

and score the video clips (Appendix 11).  However, because the raters were not 

supervised, it cannot be guaranteed that this was carried out on either the first or 

second administration.  However, the author was able to monitor the usage and 

scorings of the physiotherapists, so if something unusual was noted (such as the 

example of low scores submitted by one physiotherapist, described in Section 

4.2.1) the rater could be contacted and reminded of the instructions. 

Therefore, within the constraints of the raters not being supervised, it was felt that 

the requirements of a reliability study were met. 

The advantages of using the VLE were:   

 the videos were secure, and particular software was used so that they 

could not be downloaded or copied  

 it was a cost-effective method of allowing multiple raters gain access to the 

videos 

 the minimum time period between test and retest could be set 

 the author was able to monitor the usage and scores by the raters and 

contact them as indicated 

 the resultant scores could be exported, which was time-effective and 

reduced the chance of error. 

 

The disadvantage of using the VLE was that the raters were not supervised. 

Therefore it could not be guaranteed that they: 

 followed the instructions given regarding where and how to score the 

videos 

 did not share their username/password  

 did not allow another person to score the videos 

 did not use another recording device to copy the video clips.  

 

Overall, the author considers that the advantages outweighed the disadvantages 

and that the use of a VLE was a preferable method of using multiple raters.  
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5.2 Discussion regarding the results 

5.2.1 Inter-rater reliability 

The results for scoring of the videos between raters varied widely.  For the 

individual head tilt videos, the differences in scores between the different raters 

ranged from 10° to 55°, the SEM ranged from 1° to 8°, and the ICC ranged from 

0.13 (poor) to 0.85 (excellent).  Considering that the mean passive range of side-

flexion in an infant is considered to be 70° (Öhman and Beckung., 2005), this wide 

variation indicates the variability in the assessment of head posture using VE. 

For the individual CSp rotation videos there was more variation, with the 

differences in scores between the different raters ranging from 50° to 90°, and the 

SEM ranging from 2° to 12°.  Considering that the mean passive range of CSp 

rotation in an infant is considered to be 110° (Öhman and Beckung., 2005), again 

this wide variation indicates the variability in the assessment of CSp active rotation 

using VE.  However, there was better reliability in the CSp rotation videos, with the 

ICC ranging from 0.50 (fair) to 0.98 (excellent).   

The overall inter-rater reliability was considered good (ICC 0.68 ± 0.20), with 

assessment of CSp rotation demonstrating better reliability (ICC 0.79 ± 0.14) than 

assessment of head tilt (ICC 0.58 ± 0.20).  

However, using the general guideline of ICC ≥ 0.7 for a measure to be clinically 

acceptable (Hripcsak and Heitjan, 2002), it is proposed that inter-rater reliability of 

VE of CSp rotation is adequately reliable but that of head tilt is not.   

  

 5.2.2 Intra-rater reliability 

There was less variation in the results for intra-rater reliability, for both head tilt and 

CSp rotation videos. 

For the head tilt videos, the reliability between the different raters ranged from ICC 

0.63 (good) to 0.98 (excellent), with overall excellent intra-rater reliability of ICC 

0.84 ± 0.08.  For the CSp rotation videos, the reliability between the different raters 
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ranged from ICC 0.55 (good) to 0.94 (excellent), with overall excellent intra-rater 

reliability of ICC 0.85 ± 0.09. Considering all videos, the intra-rater reliability was 

considered excellent (ICC 0.85 ± 0.09).  Using the general guideline of ICC ≥ 0.7 

for a measure to be clinically acceptable, it is proposed that intra-rater reliability of 

VE of both head tilt and CSp rotation are adequately reliable.  

The finding in this study of inter-rater being lower than intra-rater reliability is in 

keeping with the literature (Youdas et al., 1993, Eliasziw et al., 1994, Somers et al., 

1997, deKoning et al., 2008, Williams et al., 2009, Öhman et al. 2009b, Colaris et 

al., 2010, Rahlin and Sarmiento 2010, Ferenci, 2011). 

Similarly, the findings of the assessment of CSp side-flexion (head tilt) to be less 

reliable than that of CSp rotation are also in keeping with the literature 

(Klackenberg et al., 2005, Barske et al., 2014, Murgia et al., 2016). 

5.2.3 Correlation with clinical experience 

The three measures which were used to determine clinical experience were years’ 

post-graduate experience, years’ experience with torticollis and self-rated 

confidence assessing an infant with torticollis.  Many reliability studies describe the 

raters as ‘experienced’ or ‘inexperienced’, although not all will specify how that 

experience is determined.  A number of studies  have used years of clinical 

experience to describe raters (Somers et al., 1997, Croxford et al., 1998, Bruton et 

al., 1999, Brunnekreef et al., 2005, Rachkidi et al., 2009, Öhman et al. 2009b, 

Rahlin and Sarmiento 2010), although most of these only use a small number of 

raters.  It had been considered to ask the physiotherapists in this study how many 

infants with torticollis they had on their caseload, but this had been asked in the 

pilot study (Appendix 2) and respondents at that time had given feedback that they 

did not necessarily have that information readily available, so it was not included.  

Therefore the self-rated confidence was used, but other measures of clinical 

experience could have been explored.  
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When correlated with the physiotherapists’ clinical experience, there was no 

relationship with their intra-rater reliability.  This is similar to findings by other 

authors (Somers et al., 1997, Bennell et al., 1998, Bruton et al., 1999, Lecluse et 

al., 2004, Rachkidi et al., 2009, Öhman et al. 2009b, Ferenci, 2011, Wong, 2014).  

Conversely, Jones and Curran (2012) reported inexperienced raters to be more 

reliable than experienced raters for VE of the metatarsophalangeal joint, and 

Blonna et al. (2012) reported the opposite for VE of the elbow.    

Less attention tends to be paid to the raters in reliability studies (Van Genderen et 

al., 2003) and the sample sizes of raters tends to be smaller than that of subjects 

(Table 1.4).  However, one study (Bruton et., 1999) used a sample of 40 

physiotherapists and occupational therapists in the assessment of 

metacarpophalangeal ROM, and found no relationship between the raters’ 

reliability and their profession, years of clinical experience, years of specialist 

experience or routine method of measurement.  

5.2.4 Clinical implications 

Visual estimation has excellent intra-rater reliability and good inter-rater reliability in 

the assessment of head tilt and active CSp rotation in the upright position for 

infants with torticollis.  However, in both cases, assessment of head tilt was less 

reliable than that of rotation, and the mean inter-rater reliability of head tilt was 

found to be clinically unacceptable.  There was a wide range in reliabilities.  

Therefore it is recommended that, if possible, physiotherapists using VE with this 

patient population test their own intra-rater reliability, and the inter-rater reliability of 

those with whom they share a caseload.  In particular, care should be taken with 

the VE of head tilt between different raters, as this was found to have the lowest 

reliability.  

 

In cases where more than one therapist is involved with an infant, ideally the same 

therapist who performed the initial assessment using VE would also assess the 

infant prior to important intervention decisions or discharge. It may be the case that 

a senior clinician performs the initial assessment and a junior clinician carries out 
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the treatment plan and reviews, but the senior clinician should subsequently repeat 

the assessment. 

 

Clinicians should be aware of these variations in reliability and the fact that there 

was no correlation with clinical experience.  It may be the case that VE is 

appropriate for certain clinical situations, such as the routine assessment of 

progress, but not for others, such as decision making regarding progression onto 

non-conservative management. This particular study used physiotherapists as 

raters, but infants with torticollis are assessed by other healthcare professionals, 

and again the implications of the assessment should be considered.  For example, 

a Public Health Nurse may be making the clinical decision whether or not to refer 

an infant to physiotherapy, whereas an Orthopaedic Consultant may be making the 

clinical decision whether or not to surgically release the SCM muscle.   

Regarding clinical experience, it may be the case that clinicians with higher levels 

of experience use VE as they rely more on their experience, whereas newer 

graduates may look for more objective measurement tools, and may feel under 

more scrutiny from their supervisory colleagues.  This study has demonstrated that 

those with more experience should not presume that their VE is more reliable.   

 

VE has been used in the literature as part of the assessment of torticollis, with 

asymmetry of CSp ROM being used as a diagnostic criterion (Persing et al., 2003, 

Rogers and Mulliken, 2009, Laughlin et al., 2011).  In addition, elements of VE are 

included in other assessment tools, for example the MFS (Öhman et al. 2009b) in 

which the clinician makes a judgement between categories using criteria of </> 15˚, 

45˚ or 75˚ CSp side-flexion.  Considering this range in reliability of VE, it may be 

that cases of torticollis have been misdiagnosed.  If over-diagnosed, resources 

may be wasted; if under-diagnosed, infants may not receive the appropriate and 

timely care that they require, such as referral to specialist services or 

investigations.  

 

Infants with torticollis attend physiotherapy in a variety of settings in addition to 

acute hospitals, including community facilities and in the home.  Video recording 
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equipment is now widely available, with many parents having good quality video 

recording facilities on their personal devices.  Therefore, this is a convenient, 

practical method for recording an infant’s CSp function.       

 

Other clinical considerations are that this study solely investigated CSp function in 

the upright supported sitting position, whereas infants with torticollis tend to be 

assessed in a variety of positions, including supine and prone lying.  However, the 

results from this study cannot necessarily be transferred to positions other than 

supported sitting. In addition, this study used degrees of ROM from midline as 

measurement units, whereas clinicians may be more familiar with other methods, 

such as describing the difference between two sides or using fractions of full 

ROM.  Finally, despite efforts to make this study as clinically realistic as possible, 

reliability may vary in the actual clinical setting.  For example, the infants in this 

study were assessed in a standardised method, which does not happen to the 

same extent in the clinical setting.  On different occasions, an infant may be seen 

in different environments, with different parents and different levels of co-operation, 

which could reduce reliability.  Conversely, the 3D view that clinical assessment 

allows, which 2D video does not, could increase reliability. 

5.3 Strengths and limitations of the study 

5.3.1 Strengths 

The main strength of this study was the methodology of using the videos and VLE.  

Videos are more dynamic and clinically realistic than still photography.  Potential 

variability was reduced by the videos being identical for test-retest and the 

physiotherapists receiving identical instructions.  The viewings were independent 

and blinded.  The interval between test-retest and the random orders of the videos 

were set on the VLE.  It was a secure, cost-effective system, which facilitated the 

large sample size of raters. 

The methodology was built on a rigorous review of the literature.  The study was 

clinically realistic in terms of both samples of physiotherapists and infants.  The 

physiotherapists recruited were all clinicians who are key assessors of infants with 
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torticollis and who had a wide range of experience.  The infants were a variety of 

ages and severities, representing the clinical demands on physiotherapists. 

 

5.3.2 Limitations 

Despite the advantages of videos over still photography, 2D video still lacks the 

physicality of person to person assessment and it is not fully clinically realistic.  The 

video equipment may have interfered with the natural behavior of the infants and it 

still only provided a ‘snap-shot’ of the infants’ functioning. 

The main disadvantage of the VLE was that the raters were not supervised, which 

may have jeopardised the security and consistency of the methodology.  

5.4 Summary 

Using a VLE to distribute and rate videos of infants with torticollis by 

physiotherapists, visual estimation has excellent intra-rater reliability and good 

inter-rater reliability in the assessment of head tilt and active neck rotation in the 

upright position.  In both cases, assessment of rotation was more reliable than that 

of head tilt, and the mean inter-rater reliability of head tilt was found to be clinically 

unacceptable.  There was a wide variation in reliability and no correlation was 

found between reliability and clinical experience.   

 

5.5 Recommendations for future research 

Having been found to have good-excellent reliability, VE of video recordings can 

now have implications for telemedicine.  Despite inter-rater reliability being lower 

than intra-rater reliability, there is still potential for cases to be assessed by 

different physiotherapists in different settings e.g. the video of an infant with more 

severe torticollis attending a community setting to be assessed by a 

physiotherapist in a tertiary care centre.  Similarly, there is potential for parents to 

take video recordings at home and for the physiotherapist to observe them in the 
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workplace.  This could be beneficial to infants/families by saving the time and cost 

involved in attending a healthcare setting or avoiding the need for an 

immunosuppressed infant to attend a clinical setting.  Further work would be 

required to ensure adequate video technique and security.   

 

In this study, the estimations were rounded to the nearest 5°, which is common 

practice (Blonna et al., 2012).  However, the use of other forms of measurement 

units, such as clinical categories (more detailed than those used by Murgia et al., 

2016) could be explored.   

 

The impact of training should be examined, as reliability of VE has been shown to 

improve with training (Hirsch et al., 2014) and in this study the raters were given 

written instructions, but no formalised training.  

 

No correlation was found between intra-rater reliability and clinical experience.  

However, there may be other attributes of the raters, such as their visuo-spatial 

skills or their torticollis caseload size, which could have an impact on their reliability 

and which could be explored in further studies.   

 

The measurements taken in the study were compared to each other but were not 

compared to a criterion, for example using a motion analysis system.  Future 

research could examine the difference between ‘actual’ and VE scores, and also 

analyse the effect of clinical experience on the differences. 

 

As a number of different healthcare professionals are involved in the management 

of infants with torticollis, this method of assessment of reliability could be studied in 

professions other than physiotherapy, such as Paediatricians, Orthopaedic 

Surgeons and Public Health Nurses. 

 

Inter-rater reliability for the visual estimation of head tilt was not found to be 

clinically acceptable.  Therefore, further work is required to develop a valid, 

reliable, clinically-feasible measurement tool for the assessment of head tilt in the 
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upright position for infants with torticollis.  Existing tools, which may need 

modification and/or testing of measurement properties could be examined further.  

Examples of these are the goniometer with spirit level used in the study by Emery 

(1994) but not tested for reliability; and the head tilt sub-section of the Severity 

Assessment of Plagiocephaly, described by Öhman (2012).  Newer technologies, 

such as motion sensor technology, should be explored in this clinical area.  Motion 

Sensor Technology is an emerging technology which has the potential to develop 

such a measurement tool. As discussed in Section 1.8.1, research has been 

carried out using motion sensors in some paediatric populations, but not with 

torticollis, and in some CSp assessment, but only in the adult population.  Video 

analysis (2D) on infants with torticollis has not been shown to be clinically feasible 

(Christensen et al., 2015).  However, the technology is constantly being developed, 

and there is potential to develop a valid, reliable, clinically-feasible measurement 

tool for the assessment of head tilt in the upright position for infants with torticollis.   
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APPENDICES 

APPENDIX 1 

 

Scoring system used with the COSMIN tool 

 

 Reliability Excellent  Good Fair Poor 

1  Was the percentage of 
missing items given?  

Percentage of 
missing items 
described  

Percentage of 
missing items 
NOT 
described  

  

2  Was there a description of 
how missing items were 
handled?  

Described 
how missing 
items were 
handled  

Not described 
but it can be 
deduced how 
missing items 
were handled  

Not clear how 
missing items 
were handled  

 

3  Was the sample size 
included in the analysis 
adequate?  

Adequate 
sample size 
(≥100)  

Good sample 
size (50-99)  

Moderate 
sample size 
(30-49)  

Small sample 
size (<30)  

4  Were at least two 
measurements available?  

At least two 
measure-
ments  

  Only one 
measurement  

5  Were the administrations 
independent?  

Independent 
measure-
ments  

Assumable 
that the 
measure-
ments were 
independent  

Doubtful the 
measure-
ments were 
independent  

Measure-
ments NOT 
independent  

6  Was the time interval 
stated?  

Time interval 
stated  

 Time interval 
NOT stated 

 

7  Were patients stable in 
the interim period on the 
construct to be 
measured?  

Patients were 
stable 
(evidence 
provided)  

Assumable 
that patients 
were stable  

Unclear if 
patients were 
stable  

Patients were 
NOT stable  

8  Was the time interval 
appropriate?  

Time interval 
appropriate  

 Doubtful if 
time interval 
was 
appropriate  

Time interval 
NOT 
appropriate  

9  Were the test conditions 
similar for both 
measurements? e.g. type 
of administration, 
environment, instructions  

Test 
conditions 
were similar 
(evidence 
provided)  

Assumable 
that test 
conditions 
were similar  

Unclear if test 
conditions 
were similar  

Test 
conditions 
were NOT 
similar  
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 Reliability Excellent  Good Fair Poor 

10  Were there any important 
flaws in the design or 
methods of the study?  

No other 
important 
methodologic
al flaws in the 
design or 
execution of 
the study  

 Other minor 
methodologic
al flaws in the 
design or 
execution of 
the study  

Other 
important 
methodologic
al flaws in the 
design or 
execution of 
the study 

11  Statistical Methods: 

 

Continuous scores:  

Was an intra-class 
correlation coefficient 
(ICC) calculated?  

ICC 
calculated 
and model or 
formula of the 
ICC is 
described  

ICC 
calculated but 
model or 
formula of the 
ICC not 
described or 
not optimal.  

Pearson or 
Spearman 
correlation 
coefficient 
calculated 
with evidence 
provided that 
no systematic 
change has 
occurred  

Pearson or 
Spearman 
correlation 
coefficient 
calculated 
WITHOUT 
evidence 
provided that 
no systematic 
change has 
occurred or 
WITH 
evidence that 
systematic 
change has 
occurred  

No ICC or 
Pearson or 
Spearman 
correlations 
calculated  

12  Dichotomous/nominal/ordi
nal scores: Was kappa 
calculated?  

Kappa 
calculated  

  Only % 
agreement 
calculated 

13  Ordinal scores: Was a 
weighted kappa 
calculated?  

Weighted 
Kappa 
calculated  

 Unweighted 
Kappa 
calculated  

Only % 
agreement 
calculated  

14  Ordinal scores: Was the 
weighting scheme 
described? e.g. linear 

Weighting 
scheme 
described  

Weighting 
scheme NOT 
described  

  

 

 

 Content Validity Excellent Good Fair Poor 

1 Was there an 
assessment of whether 
all items refer to relevant 
aspects of the construct 
to be measured 

Assessed if all 
items refer to 
relevant aspects 
of the construct 
to be measured  

 Aspects of the 
construct to be 
measured 
poorly 
described AND 
this was not 
taken into 
consideration  

NOT assessed 
if all items 
refer to 
relevant 
aspects of the 
construct to be 
measured  

2 Was there an 
assessment of whether 
all items are relevant for 
the study population? 

Assessed if all 
items are 
relevant for the 
study population 

Assessed if 
all items are 
relevant for 
the study 

Assessed if all 
items are 
relevant for the 
study 

NOT assessed 
if all items are 
relevant for the 
study 
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 Content Validity Excellent Good Fair Poor 

(e.g. age, gender, 
disease characteristics, 
country, setting 

in adequate 
sample size 
(≥10)  

population in 
moderate 
sample size 
(5-9)  

population in 
small sample 
size (<5)  

population OR 
target 
population not 
involved  

3 Was there an 
assessment of whether 
all items are relevant for 
the purpose of the 
measurement 
instrument? 
(discriminative, 
evaluative, and/or 
predictive 

Assessed if all 
items are 
relevant for the 
purpose of the 
application  

Purpose of 
the 
instrument 
was not 
described but 
assumed  

NOT assessed 
if all items are 
relevant for the 
purpose of the 
application.  

 

4 Was there an 
assessment of whether 
all items together 
comprehensively reflect 
the construct to be 
measured 

Assessed if all 
items together 
comprehensively 
reflect the 
construct to be 
measured  

 No theoretical 
foundation of 
the construct 
and this was 
not taken into 
consideration  

NOT assessed 
if all items 
together 
comprehen-
sively reflect 
the construct 
to be  

5 Were there any 
important flaws in the 
design or methods of the 
study? 

No other 
important 
methodological 
flaws in the 
design or 
execution of the 
study.  

 Other minor 
methodological 
flaws in the 
design or 
execution of 
the study. 

Other 
important 
methodological 
flaws in the 
design or 
execution of 
the study. 

 

 Hypothesis Testing Excellent Good Fair Poor 

1 Was the percentage of 
missing items given?  

Percentage of 
missing items 
described  

Percentage of 
missing items 
NOT 
described  

  

2 Was there a description 
of how missing items 
were handled?  

Described how 
missing items 
were handled  

Not described 
but it can be 
deduced how 
missing items 
were handled  

Not clear how 
missing items 
were handled 

 

3 Was the sample size 
included in the analysis 
adequate?  

Adequate 
sample size 
(≥100 per 
analysis)  

Good sample 
size (50-99 
per analysis)  

Moderate 
sample size 
(30-49 per 
analysis)  

Small sample 
size (<30 per 
analysis)  

4 Were hypotheses 
regarding correlations or 
mean differences 
formulated a priori (i.e. 
before data collection) 

Multiple 
hypotheses 
formulated a 
priori 

Minimal 
number of 
hypotheses 
formulate a 
priori 

Hypotheses 
vague or not 
formulated but 
possible to 
deduce what 
was expected  

Unclear what 
was expected  

5 Was the expected 
direction of correlations 
or mean differences 
included in the 
hypothesis 

Expected 
direction of the 
correlations or 
differences 
stated  

Expected 
direction of 
the 
correlations 
or differences 
NOT stated  
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 Hypothesis Testing Excellent Good Fair Poor 

6 Was the expected 
absolute or relative 
magnitude of correlations 
or mean differences 
included in the 
hypotheses?  

Expected 
magnitude of 
the 
correlations or 
differences 
stated  

Expected 
magnitude of 
the 
correlations 
or differences 
NOT stated 

  

7 For convergent validity: 
Was an adequate 
description provided of 
the comparator 
instrument(s)?  

Adequate 
description of 
the constructs 
measured by 
the comparator 
instrument(s)  

Adequate 
description of 
most of the 
constructs 
measured by 
the 
comparator 
instrument(s)  

Poor 
description of 
the constructs 
measured by 
the comparator 
instrument(s)  

NO description 
of the 
constructs 
measured by 
the comparator 
instrument(s)  

8 For convergent validity: 
Were the measurement 
properties of the 
comparator instrument(s) 
adequately described?  

Adequate 
measurement 
properties of 
the comparator 
instrument(s) 
in a population 
similar to the 
study 
population  

Adequate 
measurement 
properties of 
the 
comparator 
instrument(s) 
but not sure if 
these apply to 
the study 
population  

Some 
information on 
measurement 
properties (or 
a reference to 
a study on 
measurement 
properties) of 
the comparator 
instrument(s) 
in any study 
population  

No information 
on the 
measurement 
properties of 
the comparator 
instrument(s) 

9 Were there any 
important flaws in the 
design or methods of the 
study?  

No other 
important 
methodological 
flaws in the 
design or 
execution of 
the study  

 Other minor 
methodological 
flaws in the 
design or 
execution of 
the study (e.g. 
only data 
presented on a 
comparison 
with an 
instrument that 
measures 
another 
construct) 

Other 
important 
methodological 
flaws in the 
design or 
execution of 
the study 

10 Statistical methods  
Were design and 
statistical methods 
adequate for the 
hypotheses to be tested? 

Statistical 
methods 
applied 
appropriate  

Assumable 
that statistical 
methods 
were 
appropriate, 
e.g. Pearson 
correlations 
applied, but 
distribution of 
scores or 
mean (SD) 
not presented  

Statistical 
methods 
applied NOT 
optimal  

Statistical 
methods 
applied NOT 
appropriate  
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APPENDIX 2 

 

Publication of pilot study 
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APPENDIX 3 

 

 Details of compliance with Guidelines for Reporting Reliability and 

Agreement Studies (GRRAS)  

Section  
 

Recommended content  Page  

 
TITLE AND 
ABSTRACT 

 
Identify in title or abstract that inter-rater /   
intra-rater reliability was investigated. 
 

 
11 - 12 

 
INTRODUCTION 

 
Name and describe the diagnostic or 
measurement device of interest explicitly. 
Specify the subject population of interest. 
Specify the rater population of interest. 
Describe what is already known about 
reliability and agreement and provide a 
rationale for the study. 
 

 
87 – 90 
 
90 – 91 
90 – 91 
90 – 91  

 
METHODS 

 
Explain how the sample size was chosen. 
State the determined number of raters, 
subjects and replicate observations. 
Describe the sampling method. 
Describe the measurement/rating process (e.g. 
time interval, blinding). 
State whether or not measurements/ratings 
were conducted independently. 
Describe the statistical analysis. 
 

 
93 
94 
 
94 – 95 
103 
 
103 
 
105 – 106  
 

 

RESULTS 

 
State the actual number of raters, subjects and 
replicate observations which were included. 
Describe the sample characteristics of raters 
and subjects (e.g. training, experience) 
Report estimates of reliability, including 
measures of statistical uncertainty. 
 

 
107 – 108 
 
107 – 111 
 
114 - 128 
 
 

 

DISCUSSION 

 
Discuss the practical relevance of the results. 
 

 
135 - 142 

AUXILIARY 

MATERIAL 

 

Provide detailed results if possible (e.g. online) 

 

Available from 

supervisor(s) 
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APPENDIX 4 

 

Letter sent to parents of infants due to attend the TSCUH Physiotherapy 

Department with a referral diagnosis of torticollis. 

 

Physiotherapy Department.                                                                                                   
Date: ___________ 

Dear parent/guardian, 

Your child ____________has been referred to the Physiotherapy Department at TSCUH 
for treatment of torticollis (asymmetric neck position) of his/her neck. 

We are currently undertaking a research project, looking at the different ways in which 
physiotherapists from around the country measure posture and neck movement of children 
with torticollis.  In order to do this, we are taking short video clips of infants who are 
attending here for physiotherapy, and asking a number of different physiotherapists to 
observe the videos and give a score. 

The videos are stored and distributed in a secure, confidential manner.  This study has 
been approved by the hospital Scientific and Ethical Committees. 

Your physiotherapy appointment is on ____________________.  

You may be asked to allow your child to participate in this study, but please bear in mind 
that you are under no obligation to do so.  Your decision to participate or not in this project 
will not influence your child’s care at the physiotherapy department. 

If you do give consent, it may add 5-10 minutes onto your physiotherapy session. 

Please see our participant information leaflet enclosed for further information. If you have 
any further questions or concerns, please do not hesitate to contact the undersigned. 

Yours faithfully, 

__________________                        _______________________ 

Anthea Seager, MISCP                       Ruth Creighton, MISCP 

Senior Physiotherapist                        Physiotherapy Manager 



 

178 
 

APPENDIX 5 

 

Participant information leaflet for parents of infants attending the TSCUH 

Physiotherapy Department. 

 

Physiotherapy Department.                                                                                                                 
Date: ___________ 

Dear parent/guardian, 

Your child has been attending the Physiotherapy Department at TSCUH for treatment of 
torticollis of his/her neck. 

We are currently undertaking a research project, looking at the different ways in which 
physiotherapists from around the country measure posture and neck movement of children with 
torticollis.  Your child’s posture and neck movement are assessed here in TSCUH as part of the 
management of his/her condition, and we are asking your consent to include your child in this 
research project. 

Participation will involve your child being videoed for approximately 5-10 minutes, whilst being 
held by you, looking at a toy.  This will be done during one of your regular visits to the 
physiotherapy department.  Only your child’s head/upper body (and probably part of your upper 
body, as you will be holding him/her) will be in view. 

The video will be uploaded to a secure password-protected computer.  A number of 
physiotherapists, who work with children, will be given a password to view the videos of the 
participating children.  They will be asked to assess their neck posture and movement in a 
number of different ways.  They will only be able to view the videos - they will not be able to 
copy or store them.  Once they have viewed them, the videos will be removed.  The original 
video will be securely stored, as part of your child’s records, on the hospital’s IT system, as per 
hospital guidelines.  Your child’s personal details will not be on the video and will not be known 
to the assessing physiotherapists. 

Your decision to participate or not in this project will not influence your child’s care at the 
physiotherapy department. 

If you have any further questions or concerns, please do not hesitate to contact the 
undersigned. 

Yours faithfully, 

__________________                        _______________________ 

Anthea Seager, MISCP                       Ruth Creighton, MISCP 

Senior Physiotherapist                        Physiotherapy Manager 
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APPENDIX 6 

 

Consent form for parents of participating infants 

 

Study Title: Torticollis in infancy: Assessment of neck posture and movement by 
physiotherapists  

Principal Investigator: Anthea Seager, MSc, MISCP 

I have read the enclosed Parent Information Letter on this study and I acknowledge that: 

• I have been given the information sheet.  

• I have read this consent form.  

• I have had the opportunity to ask questions and all my questions have been answered 
to my satisfaction. 

• I freely and voluntarily agree [for my child/legal guardian] to be part of this research 
project, though without prejudice to my legal and ethical rights.  

• I / my child agree to take part in this study and have not been coerced into 
participation by any members of the research team.  

• I understand that if I or my child does not want to take part in the study it will not affect 
my child’s future care.  

• I understand I or my child can withdraw from this study at any time.  

 

I _____________________________________________parent/legal guardian of  

______________________________________ agree to take part in this research. 

Signature: _________________________________________Date _____________ 

Statement of Investigator’s responsibility: I have explained the nature and purpose of this 
research study, the procedures to be undertaken and any risks that may be involved. I have 
offered to answer any questions and fully answered such questions. I believe that the 
participant understand the study and their role and has freely given an informed consent.  

Investigator’s name: _____________________________ 

Investigator’s signature: _____________________________Date: ____________ 
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APPENDIX 7 

 

Invitation to physiotherapists to participate in the study. 

 

Date: 

 

 

Dear ________________, 

 

Over two years ago you kindly participated in a questionnaire I was carrying out, regarding the 

assessment and management of infants with torticollis, and you indicated your willingness to be 

contacted regarding further research into this area. 

The results of the questionnaire showed that the vast majority of physiotherapists use visual 

estimation to assess these infants' neck range of motion and posture. 

I am currently involved in a research project to look at the inter- and intra-rater reliability of 

visual estimation when assessing active neck rotation and head tilt of infants with torticollis.   

This involves taking short video clips of infants with torticollis (aiming to recruit 30 infants) 

and asking a number of physiotherapists to observe the videos and record how many degrees of 

active rotation and head tilt they feel the infant has.  Following a brief period, the videos will be 

rearranged and the physiotherapists asked to repeat the process.  The videos are being uploaded 

onto a secure server and the physiotherapists will be given a temporary password to access the 

server and view the videos on their computer. 

I am conscious that volunteering for this research will be time-consuming for the 

physiotherapists (probably 1-2 hours for each of the two phases) but if you feel that you might 

be willing to participate, or if you would like any further information, please do let me 

know.  The participating physiotherapists must have seen an infant (aged up to 24 months) with 

torticollis (congenital muscular or postural torticollis) within the past 12 months. 

 

Yours sincerely, 

 

 

______________________ 

Anthea Seager, MISCP 

Senior Physiotherapist. 

Ph: 01 8784563 (Physiotherapy Dept)  

E-mail: anthea.seager@cuh.ie 

 

 

 

  

mailto:anthea.seager@cuh.ie


 

181 
 

APPENDIX 8 

 

TSCUH Research Ethics Committee letter of approval 
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APPENDIX 8 (CONT.) 

 

TSCUH Research Ethics Committee revised letter of approval 
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APPENDIX 8 (CONT.) 

 

Rotunda Hospital Research Ethics Committee letter of approval 
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APPENDIX 8 (CONT.) 

 

RCSI Research Ethics Committee letter of approval 
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APPENDIX 9 

 

Information emailed to interested physiotherapists 

 

Physiotherapy Department. 
Date: _______________ 

Dear colleague, 
  
Thank you for expressing a willingness to participate in this research study. 
The aim is to look at the reliability of physiotherapists assessing active neck rotation and head tilt in 
sitting, in videos of infants with torticollis, using visual estimation. 
I am aiming to have 30 infants videoed (so that's ~ 60 video clips), and for them to be available for 
viewing by mid-October. 
The video clips range in length from a few seconds to just over a minute each.  I have edited them 
to remove too much 'wriggling', but the idea of using videos versus photographs is that they are 
more realistic and dynamic, because in reality babies do not stay still when we are trying to assess 
them!   
I also appreciate that observing a video is not the same as observing an infant in clinical practice, 
so you will not be able to see every plane of movement that you would wish to, but remember there 
is no right or wrong answer - this is just measuring reliability of physiotherapists looking at the same 
video clips. 
  
The video clips will be uploaded onto a secure server, where you will each be given a 
username/password to view them and submit a score.  You can view them at your own pace but are 
asked to view them in a private location, preferably in the workplace. Once you have submitted your 
scores for the first viewing, you will be asked to view the same videos again,  but in a different 
order, a minimum of a week later.  It is not possible to download the videos. 
 
You will also be asked questions about your years of experience, and experience with this 
caseload. 
I am looking at the reliability between your two sets of viewing, and also the reliability between the 
different physiotherapists.  All the infants and physiotherapists will be coded, but should you wish 
it, I will be able to give you individual feedback about your own intra-rater reliability when the study 
is completed. 
 
If you have any questions please do not hesitate to contact me.  I appreciate your participation very 
much.  Could I also ask that if you have any colleagues that have seen an infant with torticollis 
within the past year, who you think might be interested in participating, maybe you would forward 
them this email? 
 
With kind regards, 
Anthea. 
  
Anthea Seager . Senior Physiotherapist. 
Temple Street Children's University Hospital. 
Temple Street, Dublin 1. 
T: 01 878 4563 
E: anthea.seager@cuh.ie W: www.cuh.ie   

https://tschvm193/owa/redir.aspx?C=1BLHwBXj3Eu0ItXzahaAHm89F8Jo4NMINoBql7wGKPvfiManRYuoTSF22kOe3scXCRVuaxXN3lQ.&URL=mailto%3aanthea.seager%40cuh.ie
https://tschvm193/owa/redir.aspx?C=1BLHwBXj3Eu0ItXzahaAHm89F8Jo4NMINoBql7wGKPvfiManRYuoTSF22kOe3scXCRVuaxXN3lQ.&URL=http%3a%2f%2fwww.cuh.ie%2f
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APPENDIX 10 

 

Instructions to participating physiotherapists on how to access and score 

the video clips.  

INSTRUCTIONS FOR SCORING THE TORTICOLLIS VIDEOS 

 Open the link https://vle.rcsi.ie/course/view.php?id=1498                                                                

(You may have to press your Ctrl button and click on the link, or copy/paste it into browser) 

 

 Put in the username and password that you have been given and log in 

 

 If this is your first time logging in, as a guest user of RCSI, you will need to agree to their user 

policy, so press the green ‘yes’ button if you agree 

 

 A course dashboard page opens up and you click on ‘Torticollis Videos’ 

 

 The first thing that you see is an introductory video.  This is the same as the introduction hand-out 

that you were previously given, but you may want to refresh your memory 

Scroll down and there are three more choices.  You only need to do 1 & 2 once.   

1. You need to click on ‘consent to participation in this study’ and give your consent  

2. There is a short questionnaire on your ‘physiotherapy clinical experience’  

3. There are the ‘videos and questions’ which are done in a quiz format, in which you watch the video 

and then submit your answer in degrees (e.g. 10 or 45 or 80) 

 

 It says that two attempts of the ‘quiz’ are allowed.  This is because you are going to assess the 

videos twice, with a minimum of a week in between.  But you can spend as much time as you like 

on each attempt and you do not have to do it all in one go – you can log out and log back in again 

later (see below).  Click the green button ‘attempt quiz now’ to start 

 

 To watch the video, click the big play button in the middle of the screen.  To replay, hover over the 

lower part of the screen and drag the red dot to the left, or just press ‘play again’ at the end of the 

clip  Click on the box below to type in your answer (numbers only please) and then click the green 

‘next’ button  

 

 There are 61 video clips in total and you can see how many you have done by looking at the quiz 

navigation pane on the right side of the page.  If you want to have a break then click ‘finish attempt’ 

underneath the navigation pane and log out (click on your name in the top right hand corner and go 

to ‘log out’).  When you log back in again later, go straight to the quiz and click on the green button 

‘continue the last preview’.  The quiz opens up again and you can see where you had stopped, by 

hovering over the navigation pane on the right side of the page.  When you have viewed them all 

and got to the end, scroll down to the bottom of the page and you click the green button  ‘submit all 

and finish’ 

 

 Please repeat the video/questions quiz a minimum of one week later (the system will not let you 

repeat it any earlier than that).            

Thank you. 

https://vle.rcsi.ie/course/view.php?id=1498
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APPENDIX 11 

 

Content of instructional video/sheet for participating physiotherapists. 

October 2016. 

Dear physiotherapist, 

Thank you for participating in this research project, it is greatly appreciated.                                       

The purpose of this project is to look at the reliability of physiotherapists in their visual 

estimation of active neck rotation and postural head tilt in videos of infants with torticollis.  

There are ~30 video clips of each movement and they range from just under 30 seconds to just 

over a minute, but on average are ~ 45 seconds long.  The infants are aged 4-24 months.  They 

have been given codes to protect their identity.   

In each video clip the infant is being held, stabilised at the chest, sitting on a table. The parent has 

been asked to hold the infant as still as possible, either facing the camera (to assess the head tilt) 

or perpendicular to it (to assess the rotation). If the infant moves, the parent is asked to reposition 

them as much as possible, without upsetting them.  Please look at each video clip, as many times 

as you like, submit your answer and then move onto the next one.  

The video clips have been edited to take out some of the 'wriggling' but are supposed to be realistic 

of a clinical setting. They have been arranged randomly.  As you watch each video clip, you are 

being asked to visually estimate either:  the degrees of active neck rotation (to the nearest 5°) or the 

degrees of postural head tilt (to the nearest 5°).  In assessing head tilt, zero is considered head in 

midline, which increases as the ear approximates the shoulder.   In assessing rotation, zero is 

considered head in midline which increases as the chin approximates the shoulder.   

Once you have viewed the videos, you will be asked to view them a second time, a minimum of one 

week later, in which they will have been rearranged randomly. 

Please do not use any kind of goniometer on the screen. This is purely based on your visual 

estimation.  Remember that there are no right or wrong answers.  The study is looking at reliability. 

Therefore it is looking at the consistency between your answers the first and second times you 

assess the videos, and also the consistency between the different physiotherapists' answers.   

No-one else participating, except for me as administrator, will be able to see your identity or 

answers.  Once your answers have been submitted, your details will be coded for data processing. 

Looking at videos is not the same as looking at an infant in real life. There will be other things that 

you feel you would like to see in order to make your estimation, but cannot.  But remember that 

everyone participating is looking at the same videos, so all have the same information. 

Thank you again, and please contact me if you have any questions.                                                

Regards,  

Anthea Seager, MSc, MISCP.  

T: 087 2144292  E: antheaseager@rcsi.ie  

mailto:antheaseager@rcsi.ie
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APPENDIX 12 

 

Content of consent form for participating physiotherapists on Virtual 
Learning Environment 

 

Dear physiotherapist, 

Thank you for participating in this research project.  The purpose of this research is to 

measure the inter-rater and intra-rater reliability of physiotherapists in their visual 

estimation of postural head tilt and active cervical spine rotation in videos of infants with 

torticollis.      It is also to explore the effect of therapist clinical experience on reliability.  

Please ensure that you have read the instructions to participation, either on the instruction 

sheet or video provided.  

Although you have been given a user-name and password to access this study (sent to your 

personal email), no other users will be able to see your details and your personal details will 

be destroyed after completion of the study. 

Your individual results will be anonomysed in the study and will be strictly confidential.  

Only the Principal Investigator (Anthea Seager) will have access to individual results and 

these will be coded and kept on a secure password-protected computer.  Only aggregated 

results will be presented.  However, should you choose to, I will be able to give individual 

feedback to you regarding solely your own reliability between the first and second times 

you view the videos. 

Your participation in this research is voluntary. You are free to withdraw from this study 

without giving a reason and you may withdraw at any time without needing to provide a 

reason (prior to anonymisation/publication).  You should be aware that by participating in 

the project and submitting your answers, you are giving me your consent to use your 

responses in my research.   

By consenting to participation you are agreeing that: 

 You have assessed an infant with torticollis within the past 12 months 

 You will observe these videos in a professional manner, preferably in the workplace, and 

otherwise in a setting where no one else can also observe the videos 

 You will not attempt to copy or record these videos 

 You will not discuss these videos with anyone else 

Should you require any further information or wish to discuss the study further please 

contact the principal investigator Anthea Seager (anthesseager@rcsi.ie Tel: 0872144292) or 

academic supervisors Dr Helen French hfrench@rcsi.ie and Dr Dara Meldrum 

dmeldrum@rcsi.ie.  

Thank you. 

mailto:anthesseager@rcsi.ie
mailto:hfrench@rcsi.ie
mailto:dmeldrum@rcsi.ie

