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Abstract
Background: Immobilization of the cervical spine by Emergency Medical Services (EMS)
personnel is a standard procedure. In most EMS, multiple immobilization tools are
available.
The aim of this study is the analysis of residual spine motion under different types of
Ludwigshafen, Germany cervical spine immobilization.
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were performed on three healthy subjects. The test subjects’ heads were then passively
3. Centre of Rescue- and Emergency moved to cause standardized spinal motion. The primary endpoints were the remaining
Medicine, BG Trauma Centre range of motion for flexion, extension, bending, and rotation measured with a wireless
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4. Faculty of Medicine, Eberhard Karls Results: In the case of immobilization of the test person (TP) on a straight (0°) vacuum
mattress, the remaining rotation of the cervical spine could be reduced from 7° to 3° by
additional headblocks. Also, the remaining flexion and extension were reduced from 14°
to 3° and from 15° to 6°, respectively. The subjects’ immobilization was best on a spine

board using a headlock system and the Spider Strap belt system (MIH-Medical;
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Immediate immobilization of the cervical spine by professional emergency care providers
is a standard procedure performed world-wide.* In most Western Emergency Medical
Services (EMS), various immobilization tools are available. Recent literature also reports
on the complications associated with the different techniques of spinal immobilization.’3
At the very least, immobilization of the spine is said to increase the mortality rate of patients

Abbreviations:

EMS: Emergency Medical Service
IMU: inertial measurement unit
TP: test person
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immobilization technique.’>'%%20 Thus, the EMS provider is almost left alone with the

doi:10.1017/51049023X2000059X decision of the best immobilization technique. The literature on the quality of the different
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TP 1 TP 2 TP 3
Gender Male Female Female
Age 19 24 28

Table 1. Information on the Test Persons (TPs)
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Figure 1. Measurement of Cervical Spine Movement.
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Note: The TP is accurately immobilized on a spine board with an additional cervical collar while the TP’s head is passively rotated to
the right side until the scale measures 10kg. Cervical spine movement is continuously measured by two inertial measurement units

on the head and on the chest (not shown).
Abbreviation: TP, test person.

This study aimed to analyze the residual cervical spine movement
under different types of external cervical spine immobilization.

Methods

Study Design

This study uses biomechanical data measured using various tech-
niques to immobilize the cervical spine in a standardized environ-
ment. The subjects participated voluntarily and agreed in writing
that all collected photographs, videos, and biomechanical data
could be used in this study. Approval by the Ethics Committee
of the State Medical Association of the Rhineland-Palatinate,
Germany (ID 837.508.15) was obtained. The study is registered
in the German Clinical Trials Register (German Institute of
Medical Documentation and Information; Cologne, Germany)
with the ID DRKS00009505.

Study Participants

All three test persons (TPs) had a normal body shape and a normal
body-mass-index (18.5 to 25.0kg/m?). The TPs medical histories
did not include spinal injuries or spinal diseases. More details about

the TPs are given in Table 1.

Cervical Spine Movement Measurement

The primary endpoints were the remaining range of motion for
flexion, extension, lateral bending, and rotation on both sides under
correct immobilization. The healthy TP was in the supine position,
while experienced EMS staff performed the immobilization tech-
niques described below.

Next, the head of the TP was passively moved to cause: (1) rota-
tion of the cervical spine to the right and left side; as well as (2)
flexion and extension of the cervical spine. Controlled by a mobile
luggage scale (Lina 79416, KORONA; Sundern, Germany) that
was attached to the TP’s head, the effective weight force used to
move the TP’s cervical spine was standardized in all test runs
(Figure 1). The head was moved up within two seconds to an

effective weight force of around 100 Newton (10kg on the scale),
that is within the same range of force measured on the cervical spine
during intubation procedures®® and that might affect the spinal
canal in case of severe cervical spine injury.??

A wireless human motion tracker (Xsens Technologies;
Enschede, Netherlands) was used to collect biomechanical data
on the movement of the cervical spine. Two inertial measurement
units (IMUs) were used to record the 3D motion. The IMUs
were positioned exactly opposite each other on the forehead and
sternum, and the data were synchronized with the Xsens recording
tool every 10 microseconds.

The maximum movement (in degrees) in terms of extension,
flexion, rotation, and transverse flexion during passive cervical
spine movement was analyzed.

Different Immobilization Techniques

Vacuum Mattress—The immobilization of the cervical spine
was performed by placing the TP in the supine position on
a straight (0°) vacuum mattress (RedVac 200cm, Kohlbrat &
Bunz; Radstadt, Austria). The vacuum mattress was modulated
onto the body of the TP. Afterwards, the vacuum mattress was
evacuated. This immobilization technique was performed with
and without an additional cervical collar. Furthermore, this
immobilization technique was performed with and without
additional fixation of the TP’s head with two headblocks
(Combi Head Immobiliser, Ferno; Troisdorf, Germany;
Figure 2A).

To simulate the immobilization of the cervical spine in patients
with severe traumatic brain injury, an inclined (30°) vacuum mat-
tress was used in a second test run. Therefore, no additional collar
was used in this scenario (Figure 2A). In severe traumatic brain
injuries, positioning the patient with the trunk and head 30°
upright is recommended, while the use of a cervical collar can lead
to severe complications.ls
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Figure 2. Cervical Spine Immobilization in Case of Severe Traumatic Brain Injury.
Note: (A) Alternative immobilization technique in case of severe traumatic brain injury on a vacuum mattress without a cervical
collar but with additional headblocks. (B) Traditional immobilization technique on a spine board with an additional cervical collar, a

headlock system, and a Spider Strap harness system.

Spine Board—The cervical spine was immobilized by immobi-
lizing the TP in the supine position on a spine board (BaXstrap,
Laerdal; Stavanger, Norway). The head was fixed with a headlock
system (Speedblocks, Laerdal; Stavanger, Norway). The immobi-
lization was carried out with and without an additional collar
(Figure 2B). Also, two different fixation systems for the patient’s
body were analyzed: the immobilization Spider Strap (MIH-
Medical; Georgsmarienhiitte, Germany; Figure 2B) and the
immobilization Speedclip belt system (Laerdal; Stavanger,
Norway). The Speedclip belt system is attached to the spine
board with a snap hook. This allows the patient to be fixed to
the spine board more quickly.

Statistics

There have been no studies addressing the amount or type of move-
ments that will further damage an already traumatized cervical
spine. Also, it is not clear whether the direction of the remaining
cervical spine movement is important after immobilization.
Therefore, it is not possible to define significant differences
between different immobilization techniques. Thus, a sample size
calculation is not possible. Therefore, the current study focuses on
an exploratory analysis that provides only descriptive data. All val-
ues are given as median and range.

Results

In the case of immobilization of the TPs with a neck collar on a
straight vacuum mattress, the remaining movement of the cervical
spine could be reduced by additional headblocks (Figure 3). The
mean rotation of all subjects was reduced from 7° (range: 6° to
7°5n=3)to 3" (1" to 5°). Also, the remaining flexion and extension
were reduced from 14° (11°to 16°) to 3° (1° to 5°) and from 15° (13°
to 18°) to 6° (5° to 8°; Table 2). The remaining side bending was in
the same range, regardless of the use of additional headblocks
(Table 2).

If additional headblocks were used during immobilization on a
straight vacuum mattress, the additional use of a neck collar did not
seem to be of much benefit; the mean remaining flexion and exten-
sion did not increase in the absence of a neck collar (Table 2).

The immobilization of the TP only on a straight vacuum
mattress without the additional use of a cervical collar and head-
blocks lead to a significantly increased residual movement of the
cervical spine in all directions; the remaining flexion and extension
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Figure 3. Cervical Spine Motion during Passive Movement.
Note: Remaining cervical spine movement (rotation, lateral
bending, flexion, and extension) during passive movement of
the head (rotation to each side, flexion, extension) in TP 1,
accurately immobilized with a cervical collar on a vacuum mat-

tress (A) without and (B) with additional headblocks.
Abbreviation: TP, test person.

increased up to 25° (22° to 27°) and 37° (33° to 34°), respectively.
The residual rotation (24°) and the lateral bending (14°) were also
increased (Table 2).

If a spine board was used to immobilize the cervical spine,
so-called headlocks (Figure 1) were a matter of course. The immo-
bilization of the TPs was better on a spine board compared to
immobilization on a vacuum mattress; when using the Spider
Strap belt system (Figure 2B), the mean remaining cervical spine
movement was 1° in each direction (Table 2). The additional use of
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a cervical collar could not further improve the immobilization of the
cervical spine on a spine board (Table 2). However, the remaining
cervical spine extension increased from 1° (0° to 2°) to 9° (6” to 12°)
if a Speedclip belt system was used instead of the Spider Strap belt
system (Table 2).

Discussion

Previous studies showed that immobilization of the cervical spine is
best if full body immobilization is performed.?>*> Therefore,
only different techniques of cervical spine immobilization were
analyzed that were all based on full body immobilization. The study
found that immobilization of the cervical spine is most effective by
attaching the patient’s head and torso to a spine board using a
Spider Strap belt system. Comparable results have already been
described.?® The remaining movement of the cervical spine
increases when the Speedclip belt system is used alternatively.

However, the remaining movement of the cervical spine when
immobilized on a spine board with the Spider Strap harness system
is in the same range as immobilized on a vacuum mattress when
additional headblocks are used.

Current scientific literature reports on the immobilization of the
patient on a spine board coming along with many possible compli-
cations; due to the stiffness of the spine board, patients complain of
pain when lying on a it.”?’~3% Moreover, lying on a spine board can
cause pressure ulcers.’! Both effects can be reduced by the use of
soft toppings on the spine board,*?"34 but this might impair patient
transfer on the spine board. Furthermore, the immobilization on a
spine board can cause restrictive effects on pulmonary function.®®

Since the above-mentioned complications have not been
described during the immobilization of the patient on a vacuum
mattress, it should be noted that immobilization on a vacuum mat-
tress is preferred. Also, immobilization on a vacuum mattress
should take less time.?® However, the analysis shows that to suffi-
ciently limit the remaining cervical spine movement, additional
headblocks have to be used.

In the present study, the additional use of a cervical collar does
not further reduce the movement of the cervical spine when com-
bined with either a spine board or a vacuum mattress. These results
are supported by other studies analyzing the effects of cervical col-
lars.”3® Because many complications seem to accompany the use
of a cervical collar,%3%38 it remains questionable if the general
application of a cervical collar in almost every trauma patient rep-
resents best practice.

One of the most severe complications associated by the use of a
cervical collar is the possibility of increased intracranial pressure.>’
Especially in patients with severe traumatic brain injury, a further
increase in intracranial pressure can drastically worsen the patient’s
outcome. In the specific case of a severe traumatic brain injury, it is
recommended that the patient is placed in an inclined, almost
seated position (30°) to facilitate venous drainage from the brain.
However, since a traumatic brain injury is often accompanied
by an injury to the cervical spine, the cervical spine should be
immobilized in these patients. Thus, it is recommended to consider
immobilization techniques other than the use of a collar.*>*! The
patient’s inclined position and an acceptable immobilization of the
cervical spine could be achieved by placing the patient on a vacuum
mattress that lies on a stretcher and is inclined by 30° as described
above (Figure 2A).*! The current study shows that the remaining
cervical spine motions are within the same range when comparing
the immobilization on a straight vacuum mattress and on a spine

board. Additional headblocks are essential in this case.

Limitations

This study has some limitations. The study population consisted of
three healthy volunteers of normal body shape with full compliance
and without injury to the cervical spine. Also, the passive, unidirec-
tional movement of the cervical spine was highly standardized.
Thus, the results in real patients can be different if multidirectional
forces influence a conscious patient.

Therefore, the aim of the study was to focus on descriptive sta-
tistics and avoid calculating significant differences between the dif-
ferent immobilization techniques. Apart from statistical values, it is
not yet clear how much residual movement of the cervical spine can
cause further damage to an injured cervical spine. Many factors,
such as the exact nature of the injury, the location of the injury,
the patient’s muscle tone, and the patient’s body shape, among
others, can influence the dependence of the height of spinal move-
ment on whether an injured spine will be further damaged.

However, the results of the current study give a first idea of the
remaining movement of the cervical spine using various immobi-
lization techniques. Thus, further investigations can be based on
these data.

Conclusion

There are several techniques for prehospital immobilization of
trauma patients. Based on the results and taking into account
further data from the current scientific literature, the following
conclusions can be drawn:

1. The remaining movement of the cervical spine is the least
when the patient is immobilized on a spine board with a
headlock system and a Spider Strap harness system.

2. The remaining movement of the cervical spine is in the same
range when a vacuum mattress and additional headblocks are
used to immobilize the patient. The complication rate can be
reduced by using a vacuum mattress.

3. Regardless of whether a spine board or vacuum mattress is
used, as described above, the additional use of a cervical collar
does not improve the immobilization of the patient’s cervical
spine. And,

4. In the case of severe traumatic brain injury, an alternative
immobilization technique may be considered; the immobili-
zation of the patient on an inclined (30°) vacuum mattress
with additional headblocks, but without cervical collar, is
as good as the immobilization on a straight vacuum mattress
and leads to an absolutely acceptable residual amount of
cervical spine movement.

Author Contributions

MK and DH were the principal investigators in the study and
developed the study design. DDU, JW, MK]J, PAG, and MM
assisted in developing the study design. JONW developed
measurement procedures. DH and MK planned the logistics
and testing processes. Data acquisition was performed by DDU,
DH, MK, and JW. Data evaluation was performed by DDU,
DH, MK, JW, and MK]J; while DDU, MK]J, and MK drafted

the manuscript and undertook the final write up.

Acknowledgments
The authors would like to thank all participating staff.
Furthermore, they thank the team from the Fire and Rescue

Training Centre (FRTC) of the Frankfurt, Germany Fire
Department.

August 2020

https://doi.org/10.1017/51049023X2000059X Published online by Cambridge University Press

Prehospital and Disaster Medicine


https://doi.org/10.1017/S1049023X2000059X

386 Cervical Spine Movement Under Immobilization
References
1. Sekhon LH, Fehlings MG. Epidemiology, demographics, and pathophysiology of 22. Liao S, Schneider NRE, Weilbacher F, et al. Spinal movement and dural sac compres-

38

w

f=a

ecl

el

10.

1

_

12.

13.

14.

15.

16.

17.

18.

19.

20.

2

—_

acute spinal cord injury. Spine (Phila Pa 1976). 2001;26(24 Suppl):S2-12.

. FH, JV, MV, VB. Verletzungen des Riickenmarks - Akutbehandlung. Orthopidie und

Unfallchirurgie Up2Date. 2016;11:451-479.

. Bernhard M, Gries A, Kremer P, Bottiger BW. Spinal cord injury (SCI)-prehospital

management. Resuscitation. 2005;66(2):127-139.

. Sundstrom T, Asbjornsen H, Habiba S, Sunde GA, Wester K. Prehospital use of

cervical collars in trauma patients: a critical review. J Neurotrauma. 2014;31(6):
531-540.

. Davies G, Deakin C, Wilson A. The effect of a rigid collar on intracranial pressure.

Injury. 1996;27(9):647-649.

. Hunt K, Hallworth S, Smith M. The effects of rigid collar placement on intracranial

and cerebral perfusion pressures. Anaesthesia. 2001;56(6):511-513.

Cordell WH, Hollingsworth JC, Olinger ML, Stroman SJ, Nelson DR. Pain and tis-
sue-interface pressures during spine-board immobilization. Ann Emerg Med.
1995;26(1):31-36.

. Swartz EE, Tucker WS, Nowak M, et al. Prehospital cervical spine motion: immobi-

lization versus spine motion restriction. Prebosp Emerg Care. 2018;22(5):630-636.

. Ham W, Schoonhoven L, Schuurmans MJ, Leenen LP. Pressure ulcers from spinal

immobilization in trauma patients: a systematic review. J Trauma Acute Care Surg.
2014;76(4):1131-1141.

Pernik MN, Seidel HH, Blalock RE, et al. Comparison of tissue-interface pressure in
healthy subjects lying on two trauma splinting devices: the vacuum mattress splint and
long spine board. Injury. 2016;47(8):1801-1805.

. Goutcher CM, Lochhead V. Reduction in mouth opening with semi-rigid cervical

collars. Br J Anaesth. 2005;95(3):344-348.

Totten VY, Sugarman DB. Respiratory effects of spinal immobilization. Prebosp Emerg
Care. 1999;3(4):347-352.

Liao S, Schneider NRE, Huttlin P, et al. Motion and dural sac compression in
the upper cervical spine during the application of a cervical collar in case of unstable
craniocervical junction—a study in two new cadaveric trauma models. PlS One.
2018;13(4):¢0195215.

Haut ER, Kalish BT, Efron DT, et al. Spine immobilization in penetrating trauma:
more harm than good? J Trauma. 2010;68(1):115-120; discussion 120-111.

S3 Polytrauma Schwerverletzten-Behandlung. AWMF REGISTER-NR. 012/019.
2017.

Theodore N, Hadley MN, Aarabi B, et al. Prehospital cervical spinal immobilization
after trauma. Neurosurgery. 2013;72(Suppl 2):22-34.

Kornhall DK, Jorgensen JJ, Brommeland T, et al. The Norwegian guidelines for the
prehospital management of adult trauma patients with potential spinal injury. Scand |
Trauma Resusc Emerg Med. 2017;25(1):2.

Spinal Injury: Assessment and Initial Management. London, UK: National Clinical
Guideline Centre; 2016.

Fischer PE, Perina DG, Delbridge TR, et al. Spinal motion restriction in the trauma
patient - a joint position statement. Prebosp Emerg Care. 2018;22(6):659-661.
Advanced Trauma Life Support. Chicago, Illinois USA: American College of Surgeons;
20129.

. Hindman BJ, Santoni BG, Puttlitz CM, From RP, Todd MM. Intubation biome-

chanics: laryngoscope force and cervical spine motion during intubation with
Macintosh and Airtraq laryngoscopes. Anesthesiology. 2014;121(2):260-271.

23.

24.

25.

sion during airway management in a cadaveric model with atlanto-occipital instability.
Eur Spine J. 2018;27(6):1295-1302.

Horodyski M, DiPaola CP, Conrad BP, Rechtine GR, 2nd. Cervical collars are insuf-
ficient for immobilizing an unstable cervical spine injury. J Emerg Med. 2011;41(5):
513-519.

Hostler D, Colburn D, Seitz SR. A comparison of three cervical immobilization
devices. Prehosp Emerg Care. 2009;13(2):256-260.

Chandler DR, Nemejc C, Adkins RH, Waters RL. Emergency cervical-spine
immobilization. Ann Emerg Med. 1992;21(10):1185-1188.

26. Johnson DR, Hauswald M, Stockhoff C. Comparison of a vacuum splint device to a

27.

2

[}

29.

30.

3

—

32.

33.

34.

35.

36.

37.

38.

39.

40.

4

=

rigid backboard for spinal immobilization. Am | Emerg Med. 1996;14(4):369-372.
Cross DA, Baskerville J. Comparison of perceived pain with different immobilization
techniques. Prehosp Emerg Care. 2001;5(3):270-274.

. Keller BP, Lubbert PH, Keller E, Leenen LP. Tissue-interface pressures on three

different support-surfaces for trauma patients. Injury. 2005;36(8):946-948.

Chan D, Goldberg R, Tascone A, Harmon S, Chan L. The effect of spinal immobi-
lization on healthy volunteers. Ann Emerg Med. 1994;23(1):48-51.

Chan D, Goldberg RM, Mason J, Chan L. Backboard versus mattress splint immo-
bilization: a comparison of symptoms generated. J Emerg Med. 1996;14(3):293-298.

. Berg G, Nyberg S, Harrison P, Baumchen J, Gurss E, Hennes E. Near-infrared

spectroscopy measurement of sacral tissue oxygen saturation in healthy volunteers
immobilized on rigid spine boards. Prebosp Emerg Care. 2010;14(4):419-424.
Hemmes B, Poeze M, Brink PR. Reduced tissue-interface pressure and increased
comfort on a newly developed soft-layered long spine board. J Trauma. 2010;68(3):
593-598.

Edlich RF, Mason SS, Vissers R], et al. Revolutionary advances in enhancing patient
comfort on patients transported on a backboard. Am J Emerg Med. 2011;29(2):
181-186.

Sheerin F, de Frein R. The occipital and sacral pressures experienced by healthy
volunteers under spinal immobilization: a trial of three surfaces. JEN. 2007;33(5):
447-450.

Bauer D, Kowalski R. Effect of spinal immobilization devices on pulmonary function
in the healthy, nonsmoking man. 4nn Emerg Med. 1988;17(9):915-918.

Holla M. Value of a rigid collar in addition to head blocks: a proof of principle study.
EM]J. 2012;29(2):104-107.

Butler J, Bates D. Towards evidence-based emergency medicine: best BET's from the
Manchester Royal Infirmary. Cervical collars in patients requiring spinal immobiliza-
tion. EM]. 2001;18(4):275.

Ala A, Shams-Vahdati S, Taghizadieh A, et al. Cervical collar effect on
pulmonary volumes in patients with trauma. Eur J Trauma Emerg Surg. 2016;42(5):
657-660.

Kolb JC, Summers RL, Galli RL. Cervical collar-induced changes in intracranial
pressure. Am | Emerg Med. 1999;17(2):135-137.

Deutsche  Gesellschaft  fiir  Unfallchirurgie. S3 - Leitlinie
Schwerverletzten-Behandlung 2016; AWMF-Register Nr. 012/019.

Polytrauma/

. Kreinest M, Gliwitzky B, Schuler S, Grutzner PA, Munzberg M. Development of a

new Emergency Medicine Spinal Immobilization Protocol for trauma patients and a
test of applicability by German emergency care providers. Scand J Trauma Resusc Emerg
Med. 2016;24(1):71.

Prehospital and Disaster Medicine

https://doi.org/10.1017/51049023X2000059X Published online by Cambridge University Press

Vol. 35, No. 4


https://doi.org/10.1017/S1049023X2000059X

ssaud Aussanun abpriquied Aq auljuo paysiiqnd X650000ZXEZ060LS/£1L0L°0L/B10 10p//:5d1y

020¢ 3snsny

QUIDIPITA] JIISELSI(] pue l'Bl!dSOI.[QJd

Vacuum Vacuum Vacuum Vacuum Vacuum Vacuum Spine Board Spine Board Spine Board
Mattress — 0° Mattress — 0° Mattress — 0° Mattress — 0° Mattress — 30° | Mattress — 30° with CC, with | without CC,with | with CC, with
with CC, with | with CC, without| without CC, without CC, with HB without HB Spider Straps Spider Straps Speedclips
HB HB with HB without HB
Mean Remaining 3° 14° 3° 25° 4° 16° 1° 1° 3°
Flexion (range) (1-5°) (11-16°) (3-3°) (22-27°) (4-5°) (16-17°) (0-1°) (0-1°) (2-3°)
Mean Remaining 6° 15° 5° 37° 3° 28° 1° 1° 9°
(Er;fg”es)'on (5-8°) (13-18°) (4-6°) (34-41°) (1-5°) (24-28°) (0-2°) (0-3°) (6-12°)
Mean Remaining 1° 7° 2° 24° 3° 15° 1° 1° 3°
Rotation o 70 0 _oRo 40 500 0o °(). 40
(range) (0-2°) (6-7°) (2-3°) (22-26°) (1-4°) (12-20°) (0-2°) (°0-2) (1-4°)
Mean Remaining 3° 1° 2° 14° 2° 6° 1° 1° 3°
'(-rztr‘f;') Bending (1-5%) (0-3°) (0-4°) (11-15°) (1-2°) 4-7°) (0-3°) (0-3°) (2-6°)

Table 2. Maximal Remaining Cervical Spine Movement under Different Immobilization Techniques

Abbreviations: CC, cervical collar; HB, headblock.
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