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Abstract: Introduction: Inadequate spinal motion restriction in patients suffering from spinal injuries could lead to further neuro-
logical damage, ultimately worsening their prognosis. This study aimed to investigate the efficacy of long spinal boards
(LSB), ske stretcher, and vacuum mattress for cervical spine immobilization during transportation of patients by mea-
suring the angular motion of the cervical spine following lifting, transferring, and tilting. Methods: We conducted an
experimental study using a box of three randomizations and crossover designs without a washout period effect for the
long spinal board, sked stretcher, and vacuum mattress. We concealed the randomization with sequentially numbered,
opaque, sealed envelopes (SNOSE). Kinematic data were collected using eight optoelectronic cameras at 200 Hz (BTS
Bioengineering, Milan, Italy) in triangular planes (lateral bending, flexion-extension, and axial rotation) while perform-
ing all three motions (static lift-hold, transfer, and 90° tilt). Results: 12 cases (7 males and 5 females) with the mean age of
20 + 3.03 (range: 18-28) years were studied. The three highest angular motions were observed in the axial rotation plane
during patient’s tilting under immobilization on all devices (Vacuum mattress having the highest value of 99.01+8.93,
followed by the LSB at 89.89+34.35 and the sked stretcher at 86.30+7.73 degrees). During patient lifting, a higher angular
motion was observed with vacuum mattress immobilization in flexion extension (Coefficient = 4.45; 95%CI: 0.46 — 8.45;
p =0.029) and axial rotation (Coefficient = 3.70; 95%CI: 0.58 — 6.81; p =0.020) planes. During patient transfer, a higher an-
gular motion was observed with sked stretcher in the flexion-extension plane (Coefficient = 2.98; 95%CI: 0.11 —5.84; p =
0.042). During patient tilting to 90 degrees, a higher angular motion was observed with vacuum mattress immobilization
in lateral bending (Coefficient = -4.08; 95%ClI: -7.68 - -0.48; p = 0.026) for the vacuum mattress. Conclusion: Based on
the finding of the present study, patients on the vacuum mattress experience significantly higher angular motion in flex-
ion extension and axial rotation during lifting, as well as lateral bending during 90-degree tilting. In addition, patients
on the Sked stretcher showed significantly higher angular motion in flexion-extension during the transferring. However,
the predictive margins for immobilization across all devices did not demonstrate clinically significant differences among
the three immobilization devices.
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1. Introduction

Approximately 55% of spinal injuries involve the cervical
*Corresponding Author: Chaiyaporn yuksen; Department of Emergency
Medicine, Faculty of medicine, Ramathibodi Hospital, Mahidol University, 270
Rama VI Road, Thung Phaya Thai, Ratchathewi, Bangkok, Thailand, 10400. E- tential spinal injuries can result in additional neurological
mail: chaipool0634@hotmail.com, ORCID: https://orcid.org/0000-0002-4890-
7176.

region, and improper management of patients with po-

damage, worsening their prognosis (1, 2, 3). In emergency
departments, a minimum of 5% of patients with spinal
injuries exhibit the emergence of neurological symptoms or
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experience a decline in their condition. The determination
to immobilize the spine is based on patient assessment and
an evaluation of the trauma mechanics at the scene, while
the decision to perform cervical imaging relies on clinical
evaluation (2).

In a prehospital setting, spinal immobilization is indicated
for cases involving a high mechanism of injury, which
heightens the likelihood of head or spinal injuries (3). The
indications for cervical immobilization are often based on
guidelines such as those provided by the National Associa-
tion of Emergency Medical Technicians (NAEMT) and the
Prehospital Trauma Life Support (PHTLS) program. The
indications for cervical immobilization generally include
a high mechanism of injury with potential cervical spine
involvement, altered mental status, neurological deficits,
pain or tenderness in the cervical region, and inability to
self-extricate or move without assistance (4, 5).

Nowadays, there are many patient transport equipment
for patients with suspected cervical spine injury (6). Long
spinal boards (LSB) have been a cornerstone of prehospital
immobilization protocols for decades. LSB is typically rigid
plastic, with straps and head immobilization devices to
secure the patient during transportation.

Spinal boards have long served as a standard solution for
prehospital patient immobilization (7). The findings of
the studies indicate that implementing a spinal motion
restriction (SMR) protocol without the use of a LSB does not
lead to a higher occurrence of spinal cord injuries (SCI) (8,
9). However, there was no high-level evidence to support
or refute the use of LSB in patients with suspected cervical
spine injury (10).

The Sked stretcher comprises durable, high-density
polyethylene plastic with multiple attachment points
for securing patients and incorporating various configura-
tions. It is compact, lightweight, and easily stored, making
it an ideal solution for remote or challenging environments.
The stretcher can be adapted for use in various emergency
scenarios, including confined spaces, water and ice rescues,
vertical or high-angle extractions, and hazardous materials
incidents.

Vacuum mattresses consist of an air-impermeable cover
filled with polystyrene beads, incorporated with straps and
handles for secure patient immobilization and transporta-
tion. The beads conform to the patient’s body by removing
air from the mattress, providing a customized fit and im-
mobilization. Vacuum mattresses effectively immobilize,
reducing the risk of further injury during transportation.
Studies have demonstrated their superiority in spinal
immobilization compared to traditional backboards and
distributing pressure evenly, reducing discomfort and the
risk of pressure ulcers (11).

This study aimed to investigate the efficacy of LSB, ske

stretcher, and vacuum mattress for cervical spine immo-
bilization during transportation of patients by measuring
the angular motion of the cervical spine following lifting,
tranferring, and tilting.

2. Methods
2.1. Study design and setting

This study was a method-oriented experimental study with
a cross-over design, conducted from April 6, 2022, to May
25, 2022, at the Department of Emergency Medicine, Ra-
mathibodi hospital, Mahidol University, to compare the an-
gular motion of cervical spine (flexion extension, axial rota-
tion, and lateral bending) during lifting, transferring, and 90-
degree tilting of patients.

Mahidol University, a public institution in Thailand, is situ-
ated in the Salaya sub-district of Phutthamonthon District,
Nakhon Pathom Province. The testing was conducted in a
randomized crossover, with each participant assigned a ran-
dom sequence using the LSB, sked stretcher, and vacuum
mattress, without a washout period between each sequence.
The study was designed such that there were 4 participants
for each sequence. Volunteer recruitment was facilitated by
posting invitation posters within the university premises and
scheduling appointments for interested individuals to partic-
ipate in the study. None of the data used in this study re-
vealed the volunteer’ identities. We replaced the volunteers’
names with their research ID numbers. The study was ap-
proved by the Human Research Ethics Committee, Faculty of
Medicine Ramathibodi Hospital, Mahidol University (COA.
MURA2021/725).

2.2. Participants

The eligibility criteria of this study included adult volunteers
aged 18-60, with a height range of 150-190 cm. Exclusion cri-
teria for the study were pre-existing spine deformities such
as scoliosis, kyphosis, flatback syndrome, chin-on-chest syn-
drome, prior spine injury, and obesity with BMI of 30 kg/m?
or above. All eligible volunteers were stabilized with a cervi-
cal collar and head immobilization before being randomized
to be studied using any of the three devices.

2.3. Data gathering

For all eligible study participants, various variables were
recorded, including baseline characteristics such as age, gen-
der, body mass index (BMI), height, and weight, as well as
medical comorbidities and prior medical histories, such as
diabetes mellitus, dyslipidemia, asthma, and allergic rhini-
tis, prior history of surgery, and prior history of trauma.
Additionally, the angular motion (lateral bending, flexion-
extension, and axial rotation) during lifting, transferring, and
tilting with LSB, sked stretcher, and vacuum mattress was
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recorded.

2.4. Angular motion analysis

We used a 3-dimensional (3D) motion analysis system (BTS
bioengineering (Smart DX 5000, Italy)) to capture and an-
alyze human body movement in three dimensions (figure
1). The BTS Smart DX 5000 system consisted of infrared
cameras, reflective markers, and synchronized data capture.
The Smart DX camera uses infrared light to track reflective
markers strategically placed on the subject’s body. Reflec-
tive markers were attached to the mid-forehead, mid-upper
anterior chest (sternal notch), and middle-of-the-lowest rib
(Figure 1). These markers help the infrared cameras track
the movement of the subject’s body. The software system
used complex algorithms to reconstruct the 3D coordinates
of the reflective markers, creating a digital representation of
the subject’s body movement.

The participants were assigned to lift, transfer, and tilt in
a box of three randomizations and crossover designs. We
used only one volunteer in all procedures for each of the
three devices including LSB, sked stretcher, and vacuum mat-
tress (Figure 2). Each participant underwent three proce-
dures, including liftings, transferring, and tilting. We con-
cealed the randomized sequence with sequentially num-
bered, opaque, sealed envelopes (SNOSE). Angular displace-
ments were measured at the cervical spine motion in three
planes (lateral bending, flexion-extension, rotation) by a 3D
motion analysis system while performing all three move-
ments.

Four participants assumed positions at each corner of the
transportation equipment, facing it with their feet shoulder-
width apart. They bent their knees and maintained a straight
back to ensure proper lifting posture. Each participant
grasped the equipment using a power grip with both hands.
A designated team leader coordinated the lift, ensuring ev-
eryone moves in unison. The team leader provided a ver-
bal countdown to synchronize the lift. All participants lifted
the equipment simultaneously, utilizing their legs to generate
power while keeping their backs straight (Lifting procedure).
Upon lifting the transportation equipment, the participants
moved together in a coordinated manner, covering a distance
of 2 meters while maintaining the equipment’s stability and
level position (Transfer procedure). The team then executed
another verbal countdown to synchronize the lowering of the
equipment to the floor. All participants bent their knees and
lowered the equipment smoothly and in unison. Lastly, two
individuals grasped the equipment and jointly tilted it to a
90-degree angle (Tilting procedure).

2.5. Outcome measures

The outcome of interest was angular motion of cervical spine
in three planes (lateral bending, flexion extension, rotation)
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DX camera (left) and the reflective markers attached on
the volunteer’s body (right).

by a 3D motion analysis system while performing all three
movements.

2.6. Statistical analysis

Statistical analyses were performed with STATA version 16.0.
We used numbers, mean, and standard deviation for the de-
scriptive variables. For the analytic statistics, chi-square was
applied when calculating the P-values of the cervical angle
in three planes. A P-value < 0.05 was considered significant.
The coefficient mixed-effects multilevel regression was ap-
plied to compare the angle of motion between the vacuum
mattress, sked, and LSB, and the LSB was the standard refer-
ence (the coefficient was 1).

The sample size estimation was determined based on the
study by Etier BE Jr. et al. (12), which compared cervical
spine motion following immobilization using a long spine
board and a vacuum mattress. In their findings, the mean
peak motion ranged from 12.5° to 14.0° for the LSB and from
11.4° to 15.4° for the vacuum mattress. With a significance
level (alpha) of 0.10 and a power (1- beta) of 95% for a one-
sided test, the estimated sample size was 32.

Currently, no evidence supports a universally acceptable an-
gular motion restriction for the cervical spine.
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gtV RN Angular motion after immobilization on a long spinal board, sked stretcher, or vacuum mattress

Motion Planes of motion Median (IQR) Min Max Mean + SD
Long spinal board
Lifting Lateral bending 5.48 (4.28, 7.50) 2.23 11.96 6.34+3.00
Flexion-extension 7.95 (7.46, 12.05) 5.93 19.30 9.70+3.72
Axial rotation 8.26 (7.66, 10.85) 6.36 19.33 9.63+3.49
Transfer Lateral bending 5.10 (3.50, 7.10) 2.23 11.35 5.60+2.49
Flexion-extension 7.30 (2.63, 10.70) 2.30 15.35 7.50+4.49
Axial rotation 8.20 (6.50, 10.66) 5.26 19.80 9.60+4.52
Tilting Lateral bending 10.55 (8.65, 12.84) 5.45 30.00 13.10+£7.94
Flexion-extension 6.65 (5.23, 10.94) 4.03 95.80 20.31+32.06
Axial rotation 97.73 (88.93, 105.46) 18.10 135.50 89.89+34.35
Sked stretcher
Lifting Lateral bending 5.46 (3.60, 6.86) 2.61 12.53 6.43+3.71
Flexion-extension 12.15 (7.97, 14.75) 4.37 15.25 11.17+4.09
Axial rotation 9.63 (7.20, 17.06) 4.54 22.40 12.08+6.05
Transfer Lateral bending 5.86 (4.10, 6.16) 3.83 9.55 5.83+1.81
Flexion-extension 8.50 (7.60, 12.75) 5.70 19.35 10.52+4.22
Axial rotation 9.80 (6.50, 10.90) 4.03 20.65 9.75+5.03
Tilting Lateral bending 13.66 (9.40, 15.50) 5.60 18.20 12.58+4.08
Flexion-extension 5.60 (5.05, 7.50) 4.00 31.40 8.92+8.61
Axial rotation 84.06 (83.30, 87.05) 79.60 105.70 86.30+7.73
Vacuum mattress
Lifting Lateral bending 6.38 (4.77, 10.07) 3.42 32.67 9.45+8.56
Flexion-extension 11.33 (9.17, 14.75) 4.29 35.00 13.74+8.93
Axial rotation 13.87 (11.67, 14.47) 4.67 22.03 13.04+4.99
Transfer Lateral bending 4.43 (4.40, 6.23) 2.96 11.55 6.05+3.25
Flexion-extension 9.35 (5.30, 13.23) 3.36 20.66 10.33+5.56
Axial rotation 11.60 (8.30, 14.70) 7.10 18.70 11.65+4.05
Tilting Lateral bending 9.05 (5.70, 10.95) 3.80 15.60 8.57+3.48
Flexion-extension 7.15 (5.90, 8.00) 3.40 24.46 8.61+5.71
Axial rotation 99.20 (95.60, 105.45) 82.60 115.03 99.01+8.93

Min: minimum; Max: maximum; SD: standard deviation; IQR: interqurtile range.

3. Results

3.1. Baseline characteristics of participants

The participants for this study included 12 cases (7 males and
5 females) with the mean age of 20 + 3.03 (range: 18-28) years
and BMI of approximately 21.02 + 2.15 kg/m?. One partici-
pant had a history of trauma but no prior spinal injury.

3.2. Angular motion of cervical spine

Table 1 summarizes the angular motions of cervical spine af-
ter immobilization on LBS, sked stretcher, and vacuum mat-
tress during patient’s lifting, transferring and tilting. The re-
sults showed a wide range of angular motion, ranging from
2.23 to 135.5 degrees. The three highest angular motions
were observed in the axial rotation plane during patient’s tilt-
ing under immobilization on all devices (Vacuum mattress
having the highest value of 99.01+8.93, followed by the LSB
at 89.89+34.35 and the sked stretcher at 86.30+7.73 degrees).
The three lowest angular motions were observed in the lateral
bending plane during patient transfer using all devices (LSB
having the lowest value of 5.60+2.49, followed by the sked

stretcher at 5.83+1.81, and the vacuum mattress at 6.05+3.25
degrees). Findings indicate that patient’s tilting causes the
most angular c-spine motion in all planes, particularly in the
axial rotation plane. Table 2 and figure 3 compare the angular
motion of cervical spine during Lifting, transferring, and tilt-
ing after immobilization on LSB, sked stretcher, and vacuum
mattress.

3.3. Patient Lifting

During patient lifting, a higher angular motion was observed
with vacuum mattress immobilization in flexion extension
(Coefficient = 4.45; 95%CI: 0.46 — 8.45; p =0.029) and axial
rotation (Coefficient = 3.70; 95%CI: 0.58 — 6.81; p =0.020)
planes. However, the predictive margins of immobilization
did not differ clinically in the angular motion of flexion ex-
tension and axial rotation planes during lifting with all de-
vices as shown in Figure 4.

3.4. Patient transfer

During patient transfer, a higher angular motion was ob-
served with sked stretcher in the flexion-extension plane (Co-
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Evaluating the three fixation devices, namely spinal board, sked strecher, and vacuum mattress during lifting, transfering and tilting

of patients.

efficient = 2.98; 95%CI: 0.11 — 5.84; p = 0.042). However, the
predictive margins of immobilization did not differ clinically
in the angular motion of the flexion-extension plane during
transfer with all devices as shown in Figure 5.

3.5. Patient tilting

During patient tilting to 90 degrees, a higher angular motion
was observed with vacuum mattress immobilization in lat-
eral bending (Coefficient = -4.08; 95%CI: -7.68 - -0.48; p =
0.026) for the vacuum mattress. However, the predictive mar-
gins of immobilization did not differ clinically in the angular
motion of the lateral bending plane during tilting with all de-
vices as shown in Figure 6.

4, Discussion

This study employed a dynamic simulation system to eval-
uate the efficacy of three immobilization devices including
LSB, vacuum mattress, and sked stretcher, in limiting cervi-
cal spine movement across three planes. The spinal board is
the standard device for immobilization.

Based on the finding of the present study, patients on the vac-
uum mattress experience significantly higher angular motion
in flexion extension and axial rotation during lifting, as well
as lateral bending during 90-degree tilting. In addition, pa-
tients on the sked stretcher showed significantly higher angu-
lar motion in flexion-extension during the transferring. How-
ever, the predictive margins for immobilization across all de-
vices did not demonstrate clinically significant differences
among the three immobilization devices.
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A previous study by Johnson et al. used healthy volunteers uum mattress was faster and more comfortable, but the LSB
with no injury to compare the comfort, speed, and ability to was better at controlling head movement. (13) The LSB in-
immobilize the LSB versus the vacuum mattress. The vac- creases pressure ulcer incidence and severity compared with
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1P Comparison of angular motion of neck during lifting, transferring, and tilting after immobilization on long spinal board, sked

stretcher, and vacuum mattress based on coefficient mixed-effects multilevel regression

Angular Motion type Devices Coefficient 95% CI P -value
During Lifting
Lateral bending Vacuum mattress 3.15 -1.16, 7.46 0.152
Sked stretcher 0.15 -4.30, 4.60 0.948
Long spinal board Reference - -
Flexion - extension Vacuum mattress 4.45 0.46, 8.45 0.029
Sked stretcher 1.95 -2.36, 6.26 0.376
Long spinal board Reference - -
Axial rotation Vacuum mattress 3.70 0.58, 6.81 0.020
Sked stretcher 3.10 6.99, 12.27 0.060
Long spinal board Reference - -
During transferring
Lateral bending Vacuum mattress 0.45 -1.63,2.53 0.671
Sked stretcher 0.28 -1.82,2.36 0.797
Long spinal board reference = =
Flexion - extension Vacuum mattress 2.70 -0.09, 5.50 0.058
Sked stretcher 2.98 0.11,5.84 0.042
Long spinal board reference - -
Axial rotation Vacuum mattress 1.80 -0.97, 4.58 0.203
Sked stretcher -0.13 -2.97,2.70 0.926
Long spinal board Reference - -
During tilting
Lateral bending Vacuum mattress -4.08 -7.68, -0.48 0.026
Sked stretcher -0.09 -3.94,3.77 0.965
Long spinal board reference = =
Flexion - extension Vacuum mattress -8.35 -18.97,2.27 0.123
Sked stretcher -9.96 -21.38, 1.47 0.088
Long spinal board reference = =
Axial rotation Vacuum mattress 7.58 -6.57, 21.72 0.294
Sked stretcher -5.77 -20.90, 9.37 0.455
Long spinal board reference - -

CI: confidence interval.
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vacuum mattresses (14).
The findings of study by Prasarn ML et al. were in favor of us-
ing vacuum mattress versus LSB alone in preventing motion

Margins plots of the relation between angular motion of
lateral bending plane during tilting after immobilization on long
spinal board, sked stretcher and vacuum mattress. CI: confidence
interval.

at an unstable cervical spine injury (11).
In the study by Nolte PC et al. with one healthy male, using
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a vacuum mattress during transportation resulted in twofold
as much motion of the cervical spine compared to a spine
board (15). These findings are in line with the results of the
studies by Rahmatalla et al. and Mahshidfar et al., who found
more cervical motion with a vacuum mattress during trans-
portation (16, 17).

Given that the predictive margins for immobilization among
the long spinal board, vacuum mattress, and sked stretcher
have not shown clinically significant cervical spine move-
ment differences, we advise implementing a customized ap-
proach when choosing transport equipment for individual
patients. The long spinal board is widely accessible and cost-
effective, making it a standard option for emergency medi-
cal services. Due to its buoyancy and durability, it is easy
to clean, decontaminate, and can be employed in diverse
environments, including water rescues. The sked stretcher,
with its versatile and compact design, facilitates effortless
transportation and storage. It is suitable for confined spaces,
rugged terrains, and vertical rescues. Additionally, the vac-
uum mattress offers greater patient comfort than long spinal
boards and sked stretchers, owing to its adaptable nature,
and it minimizes the risk of pressure ulcers and discomfort
during prolonged transport times. It conforms to the pa-
tient’s body shape, providing tailored support and immobi-
lization, and is compatible with various settings, including
helicopter evacuations, due to its lightweight design and ease
of use.

Each immobilization device has its benefits. The long spinal
board is a cost-effective and widely available option that pro-
vides rigid support. The sked stretcher is versatile and suit-
able for various rescue scenarios, while the vacuum mattress
offers enhanced patient comfort and customized immobi-
lization. The choice of the device will depend on the specific
needs and constraints of the emergency and the patient’s
condition.

5. Limitations

The study population consisted of 12 volunteers, less than
the calculated sample size. We had limits on the force and
the people who transported the volunteers, and we changed
the person the next day of the experiment. Some random
sequences were alternated because of the reflective mark-
ers attached to the transport device, which wasted the time
of the new installation. The subjects were healthy and fully
conscious adults of average height and weight. Thus, results
may not be generalizable to all adults and special popula-
tion patients, such as pediatric patients (18), as they have
physical characteristics and needs that may require differ-
ent immobilization methods. Motion capture system us-
ing eight optoelectronic cameras BTS bioengineering (Smart
DX 5000, Italy) had limited ability to capture some direc-

tion due to obscure camera, which may have affected the
results. Finally, this study focused solely on lifting, transfer-
ring, and tilting procedures. Additionally, the study partic-
ipants were volunteer from Mahidol University, which may
limit the results’ generalizability (external validity) when ap-
plied to emergency medical services.

6. Conclusion

Based on the finding of the present study, patients on the vac-
uum mattress experience significantly higher angular motion
in flexion extension and axial rotation during lifting, as well
as lateral bending during 90-degree tilting. In addition, pa-
tients on the sked stretcher showed significantly higher angu-
lar motion in flexion-extension during the transferring. How-
ever, the predictive margins for immobilization across all de-
vices did not demonstrate clinically significant differences
among the three immobilization devices.
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