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Abstract

Purpose To review the ability of various types of external

immobilizers to restrict cervical spine movement.

Methods With a systematical review of original scientific

articles, data on range of motion, type of used external

immobilization device and risk of bias were extracted. The

described external immobilization devices were grouped

and the mean restriction percentage and standard deviation

were calculated. Finally, each device was classified based

on its ability to restrict movement of the cervical spine,

according to five levels of immobilization: poor (MIL

\20 %), fair (MIL 20–40 %), moderate (MIL 40–60 %),

substantial (MIL 60–80 %), and nearly complete (MIL

C80 %).

Results The ability to reduce the range of motion by soft

collars was poor in all directions. The ability of cervico-

high thoracic devices was moderate for flexion/extension

but poor for lateral bending and rotation. The ability of

cervico-low thoracic devices to restrict flexion/extension

and rotation was moderate, while their ability to restrict

lateral bending was poor. All cranio-thoracic devices for

non-ambulatory patients restricted cervical spine

movement substantial in all directions. The ability of vests

with non-invasive skull fixation was substantial in all

directions. No studies with healthy adults were identified

with respect to cranial traction and halo vests with skull

pins and their ability to restrict cervical movement.

Conclusions Soft collars have a poor ability to reduce

mobility of the cervical spine. Cervico-high thoracic

devices primarily reduce flexion and extension, but they

reduce lateral bending and rotation to a lesser degree.

Cervico-low thoracic devices restrict lateral bending to the

same extent as cervico-high thoracic devices, but are

considerably more effective at restricting flexion, exten-

sion, and rotation. Finally, cranio-thoracic devices nearly

fully restrict movement of the cervical spine.

Keywords Systematic review � Cervical spine �
Immobilization � Movement � Orthotic devices

Introduction

Worldwide, hundreds of patients receive external immo-

bilization of the cervical spine each day, and this inter-

vention is believed to have high clinical significance [1]. In

the United States alone, each year five million patients

receive some form of spinal immobilization [2].

Several methods to externally immobilize the cervical

spine are currently available and are based on immobilizing

specific parts of the body. The Advanced Trauma Life

Support foundation recommends immobilizing all patients

with potential cervical spine injury using a rigid collar,

head blocks, and spine board. However, there is currently

insufficient evidence to support this guideline [3].

To date, no properly designed randomized controlled

trial has compared the various methods of spinal
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immobilization with respect to their ability to reduce

mortality, prevent neurological disability, increase spinal

stability, and minimize adverse effects in trauma patients

[4]. Before clinically relevant studies of various treatment

strategies can be reported, consensus is needed regarding

the definition of currently available immobilizers and their

ability to restrict cervical movement.

Previously published systematic reviews of the ability of

immobilizing devices to restrict cervical movement

specifically addressed individual types of collars and

orthotic devices [5]. However, to date, no study has sys-

tematically reviewed all available types of devices

designed to restrict cervical movement (e.g., cranial trac-

tion, spine boards, Minerva casts, halo vests, etc.).

One reason for this lack of systematic reviews may be

the historical absence of a validated system for classifying

this wide range of external cervical devices [6]. Recently,

however, a validated classification system to define and

compare various types of external cervical immobilizers

was published [7].

The objective of this study was to systematically review

all articles published regarding external cervical immobi-

lizers and to quantify and compare their ability to restrict

movement of the cervical spine.

Materials and methods

Database search

A literature search was performed in accordance with the

2009 Method Guidelines for Systematic Reviews in the

Cochrane Back Review Group (CBRG) [8]. The electronic

databases MEDLINE, EMBASE, the Cochrane Central

Register of Controlled Trials (CENTRAL), and the CBRG

trials register were searched by one reviewer (author J. H.)

to identify all studies regarding external immobilizers and

their ability to restrict movement of the cervical spine. All

databases were searched from their inception through

August 1, 2012. References from relevant research articles

and systematic reviews were scanned and used to identify

additional studies. The search strategy is presented in detail

in Appendix.

Criteria for eligibility and selection of articles

After duplicate articles were removed, all articles identified

from the database search were screened for eligibility

based on the title and abstract. The eligibility criteria were

established by two reviewers (authors J. H. and M. H.),

who combined the objective of this study with the Crag’s

guidelines for systematic reviews [8].

Only studies that reported the reduction in cervical

motion in at least one of three planes (sagittal for flexion

and extension; coronal for lateral bending; and axial for

rotation) were included. Articles written in English, Ger-

man and Latin based languages were included. Articles in

any other languages were excluded. Studies that only

reported the reduction in intervertebral distance in mil-

limeters were excluded. Only studies performed in healthy

adults (and/or human cadavers) with no history of spinal

pathology were included, and only studies that reported the

reduction in cervical motion compared with that subject’s

normal motion were included. Only studies that used a

reliable and reproducible measuring method as described

by Williams et al. [9] (e.g., electro-magnetic field, 3M

optical-electrical devices, digital dual inclinometers,

goniometers, or conventional radiography) were included.

Studies that relied solely on a visual estimation for deter-

mining restricted movement were excluded. Finally, stud-

ies that reported only the mean reduction in motion rather

than individual results were excluded.

Quality assessment of included articles

Full-text versions of all included articles were downloaded

and assessed for potential bias by two reviewers (authors

M. H. and J. G.), who applied the Quality Assessment Tool

for Quantitative Studies (EPHPP) [8]. Selected studies

were rated strong/moderate/weak for the following com-

ponents: selection bias, study design, confounders, blind-

ing, data collection methods, withdrawals and dropouts.

Studies with three or more strong ratings and without any

weak rating were considered to be studies of good quality.

Studies rated with two or more weak ratings were con-

sidered low quality studies. Other studies were rated

moderate. Low or moderate quality studies were marked

with an asterisk in the tables and figures; these studies were

excluded from our conclusions. One of the review authors

(MH) was also an author of one of the included articles and

was excluded from any decision making regarding this

article.

Data extraction

The following data were extracted from the included arti-

cles: first author’s surname, year of publication, type and

number of participants, name of external immobilizer

studied, and mean range of motion with standard deviation

and/or 95 % confidence interval. If data were not available

in the article’s text or tables, the results were extrapolated

from the graphs. If standard deviation was not reported, it

was calculated from the 95 % confidence interval [10]. If

the percentages of unrestricted motion for lateral bending
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and/or rotation were reported separately for the right and

left sides, the mean and standard deviation were calculated

using the mean of the variances [11].

All immobilizers described in the selected articles were

classified independently by two reviewers (JH and MH) in

accordance with a validated classification system [7]. This

system is based on the anatomical region (or regions) that

the device supports and includes the following five main

types (see Fig. 1): A, cervical devices; B, cervico-thoracic

devices; C, cranial traction; D, cranio-thoracic devices for

non-ambulatory patients; and E, cranio-thoracic devices for

ambulatory patients.

For all immobilizers analyzed, a mean restriction per-

centage (MRP) was calculated. First, we obtained the dif-

ference in the reported cervical range of motion with and

without the immobilizer; this difference was then divided

by the cervical range of motion without the immobilizer. In

clinical practice, patients with cervical spine injury, a

certain safety margin must be applied. Therefore, a mini-

mal immobilization limit (MIL) was introduced. The MIL

was calculated by subtracting one standard deviation from

the MRP. Finally, to classify the ability of each external

immobilizer to restrict cervical mobility, we defined the

following five levels of immobilization: poor (MIL

\20 %), fair (MIL 20–40 %), moderate (MIL 40–60 %),

substantial (MIL 60–80 %), and nearly complete (MIL

C80 %).

Results

Database search results and included articles

Our database search yielded 2272 records plus six addi-

tional records from the references therein. After removing

99 duplicates, the total number of potentially eligible

articles was 2179. After screening the abstracts and titles,

2131 articles were excluded. Three records were excluded

due to the language of the text (Hebrew, Russian, and

Slovak). Forty-eight full-text articles were retrieved for

further analysis, ten of which were subsequently excluded

because they did not report standard deviations or 95 %

confidence intervals.

An additional 25 full-text articles were excluded

because the reduction in motion was reported as the mean

for the entire cohort, and MRP could be calculated for

these studies. Thus, 13 biomechanical studies investigating

23 different cervical immobilization devices in healthy

adult volunteers were included in the final analysis. Fig-

ure 2 provides a flowchart depicting the inclusion and

exclusion of articles used in this systematic review.

Quality assessment

The results of quality assessment of all included studies

are presented in Table 1. Three of the 13 studies were

Fig. 1 Classification system for external cervical immobilizing devices based on the anatomical regions in which these devices provide support

Eur Spine J (2016) 25:2023–2036 2025

123



rated as a study of moderate quality. The study by Gavin

et al. [12] excluded seven of their 20 subjects because of

poor fluoroscopy image quality. Their reason for

excluding these subjects was related to the shape and

movement of the cervical spine and therefore represents a

potential bias. Hammacher et al. [13] tested each

immobilization device on a small number of participants

and found major differences in MRP between left and

right rotation for all immobilization devices. In some

cases, their reported standard deviation was larger than

the mean value.

Johnson et al. [17] tested six different immobilizers.

Three immobilizers were applied to each subject without

any further clarification. As randomization was not

described and age and gender were not evenly distributed

in different immobilizers, this study was considered to have

potential selection bias and/or confounding. Because these

three studies met our inclusion criteria, their results are

included in the tables and figures (marked with an asterisk);

however, their outcomes were excluded from our analysis

and final conclusions. Due to the relatively low number of

relevant studies and the wide variation in their methods, no

meta-analysis was performed.

Types of immobilizers and subjects described

in included articles

Table 2 summarizes the number of studies that included

each immobilization group. No cadaver-based studies were

included. Cervico-high thoracic devices (e.g. Aspen brace,

C-Breeze, Miami J, Necloc, Philadelphia, Stifneck, Ver-

tebrace, Vista, XTW, and Yale models) were well-de-

scribed in several studies [1, 6, 12–19]. None of the studies

reported the effect of rigid cervical collars (type A2), cra-

nial traction (type C), or halo vest (type E2) devices on

cervical mobility.

Fig. 2 Flowchart of the study

selection process
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The ability to restrict cervical mobility

Table 2 and Fig. 3 summarizeMRP andMIL for each device.

The ability of soft collars (type A1 devices) to restrict the

range of motion in all directions was poor (MIL 0–22 %); no

suitable reports for rigid collars (type A2) were available. The

ability of cervico-high thoracic devices (type B1) to restrict

flexion and extension was moderate to substantial (MIL

42–78 %), poor to moderate for lateral bending (MIL

13–40 %), and poor to moderate for rotation (MIL 13–40 %).

Compared to other types of immobilizers, the type B1 devices

had relatively high standard deviation (up to 34 %) and wide

variability among studies that used the same device.

The ability of cervico-low thoracic devices (type B2) to

restrict flexion/extension and rotation was moderate to high

(MIL 57–88 %), whereas the ability of these devices to

restrict lateral bending was poor to moderate (MIL

12–48 %). None of the studies evaluated cranial traction

devices (type C) with respect to restricting cervical mobil-

ity. The ability of cranio-thoracic devices for non-ambula-

tory patients (type D) to restrict flexion, lateral bending, and

rotation was substantial to nearly complete (MIL 74–92 %),

and the ability of these devices to restrict extension was

moderate to nearly complete (MIL 41–84 %).

The ability of vests with non-invasive skull fixation

(type E1) to restrict flexion and extension was substantial to

nearly complete (MIL 68–90 %), nearly complete for

rotation (MIL 82–98 %), and fair to nearly complete for

lateral bending (MIL 32–94 %). With respect to lateral

bending, only one study [20] reported a fair MIL (32 %, for

the Minerva brace); the remaining studies reported MIL

C70 % (i.e., substantial MIL or better).

Discussion

We systematically reviewed all published articles regarding

all types of external cervical immobilizers and compared

their ability to restrict movement of the cervical spine. As

predicted by the laws of biomechanics, the level of immo-

bilization generally increases as both the surface area sup-

ported and the lever arm increase. Devices that only support

the cervical area can restrict the normal range of motion by

only 50 % (or less), whereas rigid devices that provide

support from cranium to the thorax provide nearly complete

immobilization. Generally speaking, the classification of an

external immobilizer corresponds—at least to a certain

degree—to the device’s ability to immobilize the cervical

spine. We emphasize that the used classification is not a

linear system; type C and type D immobilizers can only be

applied in non-ambulatory patients.

As described by both Johnson et al. [22] and Ham-

macher et al. [13], the reported standard deviation of

immobilization for some specific devices (e.g., soft collars,

Necloc, Vertebrace, etc.) was quite high, even exceeding

the mean values for immobilization. The relatively small

number of participants in these studies cannot explain these

large standard deviations, as high variability was reported

in other, larger studies as well. In addition, the difference in

the ability to immobilize the cervical spine using the same

type of device varied by more than 20 %. Given that we

corrected for differences in the normal range of motion

among individuals (i.e., reporting the percentage of

immobilization), any differences between individual par-

ticipants do not likely explain this finding.

One explanation for the differences between studies may

be the limited accuracy of the various methods used to

Table 1 Quality assessment summary: review authors’ judgments

about each quality component for each included study according to

the quality assessment tool for quantitative studies (EPHPP)
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measure the range of motion of the cervical spine. Another

reason may lie in the different forces generated by the

healthy volunteers. Applying larger forces generally results

in a wider range of motion, and only experiments using

cadavers enable the researcher to control the precise

amount of force and correlate this force with the range of

motion. However, none of the studies that met our inclu-

sion criteria used cadavers. In addition, the size and

application of the device can strongly influence its ability

to restrict movement. For example, improperly placing a

Stifneck collar can reduce its ability to provide immobi-

lization by [20 % [16]. Proper sizing is also a practical

issue with many external immobilizers; a cervico-thoracic

device that is sized incorrectly by even a few millimeters

can result in many degrees of motion in all directions. To

introduce a margin of safety, we therefore developed the

MIL; although this method does not entirely solve the

problem of severely ill-fitting devices, it covers the usual

differences between average individuals.

The ability to restrict flexion and extension was reported

using several different methods. For example, some articles

reported flexion and extension as separate degrees of

freedom. However, this method is not ideal, as the ‘‘neu-

tral’’ position of the cervical spine is unclear. A difference

of only 10� in the neutral position can result in a mismatch

with flexion and extension by 20�. Some articles addressed

this problem by reporting flexion and extension in one

single range and one dimension. Although this eliminates

the problem of the neutral head position, any separate

differences in flexion and/or extension cannot be detected.

In our review, both types of reports are included and

described. For future research, we advise that authors

report flexion and extension as two separate dimensions,

and we recommend reporting flexion and extension as one

single dimension.

In a 3D motion analysis study by Evans et al. [23], the

effectiveness of different cervico-high thoracic immobi-

lizers were compared to their ability to restrict spinal

motion through physiological ranges. All tested immobi-

lizers were classified as cervico-high thoracic immobilizers

(type B1: Vista, Miami-J, Miami-J advanced and

Philadelphia collar). This study was not included since it

was published after the performed literature search.T
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Fig. 3 a Mean restriction percentage (MRP) and minimal immobi-

lization limit (MIL) per device in flexion and extension. Dark gray

and light gray bars represent flexion and extension, respectively. In

case presented percentages are identical, separate flexion and

extension were not provided in the original article. Bars represent

the MRP, error bars represent the MIL. bMean restriction percentage

(MRP) and minimal immobilization limit (MIL) per device for lateral

bending. Bars represent the MRP, error bars represent the MIL.

c Mean restriction percentage (MRP) and minimal immobilization

limit (MIL) per device for rotation. Bars represent the MRP, error

bars represent the MIL

c
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However, its results are in line with the results of the

studies included in this systematic review; the ability to

restrict flexion and extension was substantial (MIL

61–67 %) and fair to moderate for lateral bending (MIL

21–42 %). However, Evans et al. [23] reported the ability

to restrict rotation to be moderate to substantial (MIL

56–66 %) while the studies included in this systematic

review reported a poor to moderate rotational restriction

(MIL 13–40 %).

To the best of our knowledge, this is the first systematic

review of cervical immobilization devices based on the

anatomical regions in which the devices provide support.

However, some potential limitations should be discussed.

First, we included only studies that reported the range of

motion of healthy cervical spines. The effectiveness of an

immobilizing device can potentially differ between healthy

individuals and patients with a cervical spine injury.

However, because including studies with various types of

injuries at various cervical levels would have yielded

incompatible results, we excluded such studies. Second, the

MIL was used by subtracting one standard deviation from

the MIL and assigned into levels of immobilization (poor,

fair, moderate, substantial and nearly complete) according

to pre-set percentages. These are arbitrary cut off points

chosen by the authors to translate immobilization percent-

ages into comprehensible text. However, if the mentioned

cut-off percentages are increased or decreased by 5 % our

conclusions do not differ. Furthermore the MRP, MIL and

its relation to the cut off points are clearly presented in

Fig. 3. Third, this review revealed that only the total

movement of the entire cervical spine is generally descri-

bed. It remains unclear whether the different types of

immobilizers are restricting movements at the upper or at

the lower cervical spine primarily. New studies using val-

idated techniques that can measure intervertebral movement

in three dimensions are needed.

One of the most striking findings of our review is that

several types of immobilizers that are currently used both

widely and on a daily basis (including halo traction, halo

vests, head blocks and vacuum splinting) are not described

accurately in the literature. Although several reports were

available with respect to cervico-thoracic devices, other

groups of immobilizers completely lacked any reports or

studies. This might be one of the reasons why there is no

definitive evidence about the use of orthoses after spinal

interventions or in painful conditions of the cervical spine

[24].

In summary, this review exposes the existing gaps in our

basic knowledge regarding external stabilization of the

cervical spine. Therefore, researchers must investigate

further the effects of current and future cervical immobi-

lizers. Once we have sufficient insight into the ability of

Fig. 3 continued
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various immobilizers to restrict cervical mobility in mul-

tiple directions, practitioners can make informed choices

based on scientific knowledge in order to effectively sta-

bilize the spine for treating instability of the cervical spine.
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Appendix: Search strategy used to collect articles
regarding external immobilization of the cervical
spine

The search terms used, listed by group

Therapy group Anatomy group Assessment

group

Orthotic devices Spine Movement

Orthotic device Cervical

vertebrae

Range of

motion

Orthoses Cervical spine Head

movement

Orthosis Cervical spine

injury

Immobilisation

Orthopedic equipment Cervicothoracic Immobilization

Collar Cranio-thoracic Biomechanics

Soft collar Neck Rotation

Semi-rigid collar Atlantoaxial

joint

Kinetics

Rigid collar Atlanto-occipital

joint

Braces

Traction

Sandbags

Head blocks

Spine board

Backboard

Vacuum mattress

Surgical casts

Casts

Minerva

Noninvasive halo vest

Therapy group Anatomy group Assessment

group

Noninvasive halovest

CTO

Cervicothoracic orthoses

Cervicothoracic orthosis

SOMI

Sternal-occipital-mandibular-

immobilizer

Halo vest

Halo vest

Halo

Search strings used in this article for search

in MEDLINE

The following groups were combined using the string: ‘‘A’’

AND ‘‘B’’ AND ‘‘C’’.

Therapy (A)

‘‘Orthotic devices’’[MeSH Terms] OR ‘‘orthotic devi-

ces’’[Text Word] OR ‘‘orthotic device’’[Text Word] OR

‘‘orthosis’’[Text Word] OR ‘‘orthoses’’[Text Word] OR

‘‘collar’’[Text Word] OR ‘‘soft collar’’[Text Word] OR

‘‘semi-rigid collar’’[Text Word] OR ‘‘rigid collar’’[Text

Word] OR ‘‘braces’’[MeSH Terms] OR ‘‘brace’’[Text

Word] OR ‘‘traction’’[MeSH Terms] OR traction[Text

Word] OR sandbags[Text Word] OR ‘‘head blocks’’[Text

Word] OR ‘‘spine board’’[Text Word] OR ‘‘back-

board’’[Text Word] OR ‘‘vacuum mattress’’[Text Word]

OR ‘‘casts, surgical’’[MeSH Terms] OR ‘‘cast’’[Text

Word] OR minerva[Text Word] OR ‘‘noninvasive halo

vest’’[Text Word] OR ‘‘noninvasive halovest’’[Text Word]

OR CTO[Text Word] OR ‘‘cervicothoracic orthoses’’[Text

Word] OR ‘‘cervicothoracic orthosis’’[Text Word] OR

‘‘somi’’[Text Word] OR sternal-occipital-mandibular-im-

mobilizer[Text Word] OR ‘‘halo vest’’[Text Word] OR

halo[Text Word] OR ‘‘halovest’’[Text Word].

Anatomy group (B)

‘‘Spine’’[MeSH Terms] OR ‘‘spine’’[Text Word] OR

‘‘cervical vertebrae’’[MeSH Terms] OR cervical verte-

brae[Text Word] OR ‘‘cervical spine’’[Text Word] OR

‘‘cervical spine injury’’[Text Word] OR ‘‘cervicotho-

racic’’[Text Word] OR ‘‘cranio thoracic’’[Text Word] OR

‘‘neck’’[MeSH Terms] OR neck[Text Word] OR ‘‘at-

lantoaxial joint’’[Text Word] OR ‘‘atlanto occipital
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joint’’[Text Word] OR ‘‘atlanto axial joint’’[MeSH Terms]

OR ‘‘atlanto occipital joint’’[MeSH Terms].

Assessment group (C)

‘‘Movement’’[MeSH Terms] OR ‘‘movement’’[Text

Word] OR ‘‘range of motion, articular’’[MeSH Terms]

OR ‘‘range of motion’’[Text Word] OR ‘‘head move-

ments’’[MeSH Terms]) OR ‘‘head movement’’[Text

Word] OR ‘‘immobilisation’’[MeSH Terms] OR ‘‘immo-

bilisation’’[Text Word] OR ‘‘immobilisation’’[Text Word]

OR ‘‘biomechanics’’[MeSH Terms] OR ‘‘biomechan-

ics’’[Text Word] OR ‘‘rotation’’[MeSH Terms] OR ‘‘ro-

tation’’[Text Word] OR ‘‘kinetics’’[MeSH Terms] OR

‘‘kinetics’’[Text Word].

Search strings used in this article for search

in EMBASE, CENTRAL and the CBRG trials

The following groups were combined using the string: ‘‘A’’

AND ‘‘B’’ AND ‘‘C’’.

Therapy group (A)

‘‘Orthotic devices’’ OR ‘‘orthotic device’’ OR ‘‘orthoses’’

OR ‘‘orthosis’’ OR ‘‘orthopedic equipment’’‘ OR ‘‘collar’’

OR ‘‘soft collar’’ OR ‘‘semi-rigid collar’’ OR ‘‘rigid collar’’

OR ‘‘braces’’ OR ‘‘traction’’ OR ‘‘sandbags’’ OR ‘‘head

blocks’’ OR ‘‘spine board’’ OR ‘‘backboard’’ OR ‘‘vacuum

mattress’’ OR ‘‘surgical casts’’ OR ‘‘cast’’ OR ‘‘minerva’’

OR ‘‘noninvasive halo vest’’‘ OR ‘‘noninvasive halovest’’

OR ‘‘CTO’’ OR ‘‘cervicothoracic orthoses’’ OR ‘‘SOMI’’

OR ‘‘sternal-occipital-mandibular-immobilizer’’ OR ‘‘halo

vest’’ OR ‘‘halovest’’ OR ‘‘halo’’.

{Including Related Terms}.

Anatomy group (B)

‘‘Spine’’ OR ‘‘cervical vertebrae’’ OR ‘‘cervical spine’’ OR

‘‘cervicothoracic’’ OR ‘‘neck’’ OR ‘‘atlantoaxial joint’’ OR

‘‘atlanto-occipital joint’’ OR ‘‘cervical spine injury’’ OR

‘‘cranio-thoracic’’.

{Including Related Terms}.

Assessment group (C)

‘‘Movement’’ OR ‘‘range of motion’’ OR ‘‘head move-

ment’’ OR ‘‘immobilisation’’ OR ‘‘immobilisation’’ OR

‘‘biomechanics’’ OR ‘‘kinetics’’.

{Including Related Terms}.
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