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ABSTRACT 

 

 

Background  Cervical spine fractures or dislocations may cause or exacerbate 

neurological injury if adequate immobilisation is not maintained.  Although present 

guidelines dictate the use of a semi-rigid collar, head blocks and tape, the efficacy of 

these techniques remains unproven in normal or injured necks. 

 

Methods  Ten volunteers underwent sagittal cervical spine MR imaging using a 

combination of routine techniques and actively attempted full neck flexion and 

extension.  Spinal movement  was measured at each level from base of skull to T1.  

 

Results Although any immobilisation technique provided a significant reduction in 

total net movement of the cervical spine, when compared with no immobilisation 

(p<0.001), there was no difference in efficacy between techniques used.  The 

currently recommended technique did not always provide the best immobilisation. 

 

Conclusion  The most effective technique to immobilise the cervical spine varied 

markedly between individuals and further research is required to determine the most 

effective and safest form of immobilisation. 

 

 

[Key words: cervical-spine, immobilisation, movement, MR imaging, techniques ] 
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INTRODUCTION 

 

 

Those patients who sustain a traumatic unstable fracture or dislocation of the cervical 

spine are at risk of developing an associated neurological injury to the spinal cord.  In 

order to prevent secondary neurological injury following fracture, or to limit the 

extent of neurological damage already incurred, international guidelines have evolved 

which dictate when spinal immobilisation should be utilised. 

 

Current practice involves the application of a semi-rigid collar, head blocks and tape 

to the patient lying on a secure surface e.g. a spinal board or trolley, and this method 

is internationally accepted.
1
 However when investigating their effectiveness and 

justifying their widespread use, it becomes apparent that the evidence supporting them 

thus far is not beyond question. 

 

Several studies have employed a number of techniques to assess the efficacy of 

cervical spine immobilisation methods and compare them over recent years.  Various 

types of semi-rigid collar have been tested in their ability to immobilise and restrict 

the movements of the cervical spine.  By using plain radiographs, compass 

measurements and goniometric techniques, these collars, ranging from soft collars 

through semi-rigid and rigid collars to vacuum splint collars, have been graded in a 

number of studies as to the degree of stabilisation they provide.
2-5 

 

Further studies have involved the assessment of more elaborate immobilisation 

techniques with and without the use of collars, such as halo orthoses and sterno-
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occipital mandibular immobiliser braces, with the use of photographic and 

radiological methods and a spine motion analyser.
6-8

  One previous study looked at 

active neck movement with a hand-held goniometer with only semi-rigid collar and 

sandbag / tape combinations.
9
  This found that sandbags and tape alone reduced gross 

movement more than the use of a semi-rigid collar alone, although the addition of a 

collar to sandbag / tape immobilisation further reduced neck extension. 

 

Semi-rigid collars are not without complications.  Principally, they can compromise 

the airway, especially in the multiply-injured trauma patient when mouth opening is 

limited and access to the anterior part of the neck is impaired when cricoid pressure or 

cricothyroidotomy may become necessary.
10

  Ventilating the immobilised patient 

poses challenges to the anaesthetist and techniques to intubate the patient whilst the 

semi-rigid collar remains in place have been attempted, 
11-15

 with varying degrees of 

success.  It has been advocated that to perform orotracheal intubation safely, manual 

in-line immobilisation is the method of choice.
16

 

 

As well as causing difficulty inserting CVP lines, semi-rigid collars may also cause 

pressure sores and lead to the development of haematomata or surgical emphysema 

beneath the collar.  They are also thought to raise intracranial pressure by venous 

compression in the neck – a significant problem in the patient with a co-existing head 

injury.
17,18

 

 

Our study set out to investigate the extent of movement in the cervical spine in the 

unrestricted neck, and with standard immobilisation equipment and to quantify the 

effectiveness of these methods.  MR imaging provided us with a quick, non-invasive 
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method of examining neck movement in the sagittal plane which does not visualise 

the method of restraint used (allowing the study to be conducted blind) and does not 

use ionising radiation.  It allows visualisation of true cervical spine total movement 

rather than clinical techniques which measure movement of head in relation to the 

shoulders.  

 

 

MATERIAL AND METHODS 

 

Ten unpaid, healthy adult volunteers (3 male & 7 female) were recruited to participate 

in the study.  Following approval for the protocol from the local ethics committee 

(Coventry Local Research Ethics Committee), criteria for exclusion from the study 

were accepted as: over 45 years of age, any current neck problems, any history of 

neck surgery or significant neck injury, any condition resulting in a restriction of neck 

movement or any contra-indication to MRI scanning. 

 

Informed consent was obtained from all volunteers including explanation that 

appropriate follow-up would be arranged in the event of unexpected findings during 

the scan.  The MRI scanner (1.0T Harmony system, Siemens) at University Hospitals 

Coventry & Warwickshire was used. 

 

At the commencement of scanning, the flat base of the head block was secured to the 

scanner table.  The same supervisor (an ATLS instructor) positioned each participant 

such that they were lying flat, with their occiput on the centre of the head block base.  

Instructions were repeated and attempted full active neck flexion and full extension 
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demonstrated, with care taken to ensure the occiput remained in contact with the head 

block base at all times. 

  

In total, 8 scans of the cervical spine of each participant were taken – in a random 

sequence, the forms of immobilisation were used i.e. semi-rigid collar only, head 

blocks and tape only, both semi-rigid collar and head blocks and tape and no form of 

immobilisation.  The same supervisor applied and removed the same items of standard 

equipment.  For each form of immobilisation and without, the participant received 

instructions from the scanner operator via the intercom to adopt a flexed or extended 

position.  Again, random orders of flexion and extension were used for each restraint. 

 

The images obtained in the sagittal plane were all assessed by the same radiologist 

who was blinded as to the method of immobilisation employed. ( MR images do not 

demonstrate the physical immobilisation device). The first method of analysis 

determined total movement by the difference in angle between only base of skull and 

the body of T1 – referred to as overall neck movement. ( Photo 1) 

Lines were drawn through the base of skull (taken as a line from the posterior foramen 

magnum to the tip of the hard palate) and through the centre of each vertebral body 

perpendicular to its long axis of adjacent vertebral bodies.  For each scan, the angle of 

intersection between the relevant lines was measured, and hence movement between 

full flexion and full extension was assessed by the summated change in angles ( 

irrespective of direction) between all the adjacent vertebral bodies.   This second 

method of analysis will be referred to as summated movement.  

It was therefore possible that the skull base and T1 could have had no relative 

movement (this is represented by the sum of each segment using negative values for 
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relative flexion and positive values for relative extension) and yet the spine in 

between moved at individual segments.  This summation of movement at all levels, 

ignoring the direction of movement, reflects the true movement of the spine and 

therefore the risk of injury if any segment of the spine is unstable. 

 

All data was entered on to a Microsoft Excel database and analysis of data was 

undertaken using SPSS. 

 

RESULTS 

 

Both overall and summated movement using all four techniques is summarised in 

Table 1. 

 

T-test analysis revealed significant differences in the overall movement found 

between the “no immobilisation” group and all the other forms of immobilisation 

(p<0.001), although there was no statistical difference found between any 2 of the 

restrained groups.  This analysis was appropriate as a near normal distribution of data 

was confirmed, the ratio of skew to standard error being considerably less than +/- 2 

and therefore not significant. 

 

Figure 1 shows overall movement.  In 5 individuals, collar and blocks gave the best 

immobilisation, in 4 blocks only were most effective and in 1, collar only was most 

effective. 
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Figure 2 shows summated movement.  In only 3 individuals did collar and blocks 

provide the best immobilisation, the remaining 7 individuals being immobilised best 

by blocks alone. 

 

LIMITATIONS 

 

This pilot study only examines ten healthy individuals and we are aware that our 

sample size is extremely small.  The setting we used to assess cervical spine 

movement, i.e. the MR scanner in a radiology department was also very artificial and 

controlled and different to the environment where immobilisation for traumatic injury 

is instituted and initially managed.  Equally our participants were all cooperative with 

neither an acute neck nor associated head injury.  Our study chose only to investigate 

movement in the sagittal plane, rather than all three dimensions. 

 

DISCUSSION 

 

Our results show that the participants’ cervical spine movements both with and 

without immobilisation varied considerably between individuals.  By assessing 

movement of the head on the shoulders ( overall movement), ignoring all movement 

within the neck, our results demonstrated that the performance of each immobilisation 

device differed from that when considering the summated movement (irrespective of 

direction) at each level from base of skull to T1.  In other words, collar and blocks 

prevented the most movement in 5/10 individuals when looking at movement of base 

of skull relative to T1, but blocks only prevented the most movement in 7/10 

individuals across the cervical vertebral bodies, i.e. “snaking” type movement. 
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This pattern of paradoxical motion has been noted with goniometric techniques 

previously 
19

, leading to the suggestion that one should match the level-specific 

efficacy of the immobilisation device used to the level of injury.  Relatively little is 

known about the anatomical dynamics of cervical spine movement in either the 

healthy or injured subject.  In the normal neck, lordosis is lost by moving from 

extension to flexion 
20

, and the ratio of spinal canal to spinal cord cross-sectional area 

is increased with minimal flexion.
21

 

 

This study of healthy volunteers implies that any form of immobilisation was better 

than none, but between individuals the best form of immobilisation was variable. 

Intervertebral motion has been found to be greater at injury levels 
22

, however, 

knowledge of the nature of movement in the injured neck remains poor.  It would be 

unethical to test this therefore we must extrapolate the best immobilisation of the 

cervical spine from studies in healthy subjects. 

 

Our pilot study raises the issue of the effectiveness of our current “gold standard” 

technique and paves the way for further research to investigate its use.  If further 

studies fail to justify the routine use of the semi-rigid collar, given its risk of 

complications, it’s role in spinal immobilisation may need to be modified. 
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Photo 1.  Marks for calculation of movement in flexion and extension of the neck 

 

 

 

Table 1.  Mean Movement of cervical spine with each form of immobilisation 

 

 

 

 

 

 

 

 Overall neck movement (95% CI) Summated movement (95% CI) 

No immobilisation 72 (55 -89 ) 90 (77 -103 ) 

Collar only 41 (29 -53 ) 58 (49 -67 ) 

Blocks only 35 (20 -50 ) 52 (41 -63 ) 

Collar & blocks 29 (17 -41 ) 53 (49 -57 ) 
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Figure 1.  Overall movement of neck in each individual 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.  Summated movement of neck in each individual 
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