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Abstract

Background: In-hospital immobilization of the spine is a critical component of major trauma care,
particularly to prevent secondary neurological injury of the cervical spine (C-spine). While
prehospital recommendations are relatively consensual, evidence-based, standardized procedures
for the in-hospital transition phase are lacking. Objective: To experimentally and quantitatively
assess C-spine motion reduction under in-hospital conditions with four commonly used whole-body
immobilization devices (long spine board, soft positioning mattress, TraumaMattress, vacuum
mattress) and to investigate the effect of a stabilization pillow on a soft positioning mattress.
Methods: In a standardized trauma-room scenario, C-spine movements (flexion/extension, rotation,
lateral flexion) were recorded using inertial sensors (IMUs; Xsens® MTi 10) during transport and
transfers and analyzed as motion scores for each axis and as total composite. An ancillary experiment
tested the effect of a stabilization pillow on the soft positioning mattress. Results: The devices differed
markedly in motion reduction. The total motion score was lowest for the spine board (122.0), followed
by the TraumaMattress (138.7). The soft positioning mattress (238.7) and vacuum mattress (276.3)
showed higher motion values. On the soft positioning mattress, the stabilization pillow primarily
reduced rotation, with minimal increases in flexion/extension and lateral flexion; the overall effect
remained small. Conclusions: Under experimental in-hospital conditions, the spine board and the
TraumaMattress achieved the greatest reduction in C-spine motion. For clinical protocols, a
standardized, patient-centered positioning strategy with reliable fixation appears reasonable;
prospective clinical studies involving trauma patients are required for external validation.

Keywords: spinal immobilization; cervical spine; range of motion; trauma care; patient safety;
equipment and supplies; experimental evaluation

1. Introduction

Adequate immobilization of the spine in severely injured patients is a key component of acute
care and aims to prevent secondary neurological injury, particularly in the cervical spine (C-spine).
Approximately 10% of all polytrauma cases involve C-spine injuries. The leading causes are road
traffic collisions (50%), followed by falls (30%). Age peaks occur among young adults (20-29 years)
and older individuals (>60 years), the latter mainly due to age-related falls (Noonan 2012).

In Germany, roughly 1,600 people per year sustain traumatic spinal cord injury, about 600 of
them involving the cervical region. The consequences of spinal cord injury are far-reaching—
physical, psychological, and economic—with lifelong impact on patients and the healthcare system.

The first 24 hours after trauma are decisive for neurological outcome. An essential part of
prehospital identification of spinal injury is history taking, including a precise description of the
mechanism of injury. According to the S3 guideline on polytrauma/severely injured patients
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(hereinafter referred to as the S3 guideline), a targeted physical examination of the spine should
already be performed prehospital. If spinal injury is suspected, the S3 guideline recommends
immediate immobilization, particularly of the C-spine. In unconscious patients, a spinal injury must
be assumed until proven otherwise.

A variety of immobilization tools are used in prehospital and in-hospital practice (Figure 1).

Figure 1. Immobilization devices used in the cervical spine (C-spine) motion analysis. Al: Spine board with
securing straps, head blocks, cervical collar, and stretcher. A2: C-spine immobilization using the spine board’s
head blocks and cervical collar. B1: Soft positioning mattress with stabilization pillow and cervical collar. B2: C-
spine immobilization on the soft positioning mattress using a cervical collar. C1: TraumaMattress with T-Fix
head fixation (a), TraumaCover (b), securing straps, and cervical collar. C2: C-spine immobilization using the
TraumaMattress with T-Fix head fixation (a) and cervical collar. D1: Vacuum mattress with restraint straps and

cervical collar. D2: C-spine immobilization using the vacuum mattress and cervical collar.

Immobilization tools in clinical use:

a) Cervical collar. The evidence base is heterogeneous. The collar primarily serves C-spine
immobilization and is often used in combination with whole-body devices. Potential adverse
effects such as increased intracranial pressure or impeded airway access are discussed (Hood &
Considine 2015; Goutcher & Lochhead 2005). Some studies question clinical benefit when whole-
body immobilization is intact (Hauswald et al. 1998; Haut et al. 2010).

b) Long spine board. A prehospital mainstay with straps and head blocks, providing stable fixation
and frequently used for in-hospital transport and positioning of trauma patients (Luscombe &
Williams 2003; Gather 2020). As no superiority over the vacuum mattress has been proven and
strap-related soft-tissue pressure increases the risk of pressure injury, in-hospital use is
increasingly viewed critically (Pernik 2016).

c) Vacuum mattress. The S3 guideline recommends it as the standard procedure when spinal injury
is suspected, including in-hospital. Its anatomical conformity enables good immobilization with
low motion scores; however, handling can be cumbersome in a hectic trauma-room environment
(Kornhall et al. 2017; Prasarn et al. 2017).

d) TraumaMattress. Enables rapid stabilization and safe in-hospital transport of trauma patients
without requiring repacking. It reduces unintended movements, improves patient safety, and
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spares the patient (Gather 2020; Nolte et al. 2021). It is suitable for radiography and CT without
relevant imaging artifacts.

e) Recent developments. Foldable systems, modular positioning aids, and electronic monitoring
using inclinometer systems are increasingly discussed and may contribute to individualized,
objective stabilization in the future. Corresponding approaches are currently in development or
early testing (Benger & Blackham 2009).

Differences in training and experience of clinical staff, as well as structural conditions—such as
availability of positioning aids or spatial constraints in the trauma room —can influence the choice of
immobilization method (Wnent 2023; Héske et al. 2024).

Whereas the prehospital phase is guided by evidence-based recommendations—such as the use of
cervical collar and vacuum mattress—per the S3 guideline (German Society for Trauma Surgery 2023),
standardized approaches for the in-hospital phase are still lacking. The in-hospital phase is not merely a
continuation of prehospital care but a distinct, highly dynamic environment. The period between arrival
in the trauma room and completion of imaging is particularly critical, as clinical transition with multiple
transfers, diagnostic imaging, and OR preparation constitutes a vulnerable window in which unstable
injuries may deteriorate (Gather 2020; Middleton et al. 2014). During this transition, the risk of secondary
injury due to insufficient spinal immobilization is high—especially where standardized procedures are
not established (Deutsches Arzteblatt 2021; Maschmann et al. 2019).

The first 24 hours after trauma are particularly decisive for neurological outcome (Gather 2020).
Early, adequate immobilization substantially affects the clinical course—both in terms of mortality
and secondary complications. Nevertheless, evidence-based in-hospital recommendations for
immobilization remain scarce. The S3 guideline refers to “common precautions,” such as positioning
on a vacuum mattress, but does not provide a concrete standardized protocol for the trauma room.
This lack of clarity allows heterogeneity in clinical care, potentially affecting immobilization quality
and the risk of secondary injury.

The aim of this article is to compare the effectiveness of different immobilization tools with
respect to C-spine stability during the in-hospital phase. Building on experimental motion analyses,
we seek to contribute to the development of standardized in-hospital care strategies. The focus is on
practice-relevant insights for daily work in the trauma room and adjacent clinical areas.

2. Materials and Methods

2.1. Cervical Spine Motion Analysis During Immobilization

To analyze cervical spine (C-spine) motion across different immobilization devices, a wireless
human motion tracker (Xsens Technologies® MTi 10) was used. Two inertial measurement units
(IMUs) recorded angular deviations in all three planes (flexion/extension, rotation, lateral flexion)
(Figure 2). Measurements were performed within a standardized trauma-room scenario simulating
patient transport on a stretcher, including defined curve driving and two sequential transfers onto
and off an examination table. Each measurement was video-documented to ensure reproducibility
and allow verification of potential artifacts (Figure 2).
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Figure 2. Experimental setup for the analysis of cervical spine motion during immobilization with different
whole-body immobilization devices. A: The measurement route (dashed arrow) extended from the starting point
(1) through two curves (2a, 2b) to the endpoint (3) and was traversed using a stretcher (a). Traffic cones (dotted
line) marked the path. At the endpoint, the subject was transferred onto and back from the examination table (b)
(double arrows). The entire procedure was recorded using a camera (c). B: Schematic illustration of the “inertial

measurement units” (IMUs) used for data collection—placed on the frontal and sternal surfaces.

2.2. Experimental Arms and Devices

Four commonly used whole-body immobilization devices were compared: a long spine board (with
straps/head blocks), a soft positioning mattress, the TraumaMattress (with T-Fix head fixation), and a
vacuum mattress. In all experimental arms, a cervical collar was applied to reflect clinical practice (Figure
1). Repeated runs were performed per device (n =7); mean values are summarized in Table 1.

Table 1. Summary of motion analysis and motion score results. The table presents mean motion score values for

flexion/extension, rotation, lateral flexion, and the total motion score for each whole-body immobilization device

n=7).
Mean Motion Score Spine Board Softl\f[’(a)tsti:i::ing TraumaMattress*  Vacuum Mattress
Flexion/ Extension 54.1 71.9 61.1 152.0
Rotation 58.7 149.7 68.7 110.1
Lateral flexion 9.1 17.1 8.9 141
Total 122.0 238.7 138.7 276.3

* TraumaMattress = CM TraumaMattressa (Comfort Medical, Landskrona, Sweden).

2.3. Ancillary Experiment (Stabilization Pillow)

An additional experiment assessed the effect of a stabilization pillow on the soft positioning
mattress. Identical measurement protocols were conducted without and with the pillow (Figure 3) to
determine its influence on axis-specific and total motion scores. Exemplary time series of angular
motion and corresponding motion score tables are presented in Figure 4.
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Figure 3. Experimental setup for the analysis of cervical spine motion during immobilization using a cervical
collar and a soft positioning mattress. The range of cervical spine motion was compared without (A) and with

(B) the additional use of a stabilization pillow.
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Figure 4. Exemplary curve diagrams with corresponding motion score (MS) tables. Cervical spine (C-spine)
range of motion measured in degrees (curves) and motion scores (data points) during transport (1: curve path)
and the two transfers (2a, 2b). Immobilization was performed using a spine board (A), a soft positioning mattress
(B), a TraumaMattress (C), or a vacuum mattress (D). In all cases, a cervical collar was applied. Range of motion

[°] and motion score [dimensionless]: black = flexion/extension, red = rotation, green = lateral flexion.
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2.4. Outcome Measures and Data Processing

For each axis, motion magnitude was transformed into a motion score; a total motion score was
calculated as the sum of the axis-specific scores. The motion score reflects the extent of motion
deviation and is discussed in the literature as a surrogate for potential injury risk due to undesired
C-spine motion (Nolte et al. 2021).

3. Results

This study examined the use of different immobilization devices for spinal stabilization under
clinical conditions and thus represents the first quantitative investigation of motion reduction during
in-hospital cervical spine (C-spine) immobilization in which established devices were compared in a
controlled setting. The results are based on precise motion measurements using motion tracking and
therefore provide a robust basis for assessing the clinical effectiveness of these systems.

Four commonly used immobilization devices were evaluated with regard to their effectiveness
in reducing cervical mobility. Analysis of the total motion (sum of angles) across the three axes of
movement (flexion/extension, lateral flexion, rotation) revealed significant differences among the
tested systems (Table 1).

The spine board showed the lowest mean total motion score of 122.0 compared with all other
devices. Movements were greatest in rotation with a mean motion score of 58.7, followed by
flexion/extension (54.1) and lateral flexion (9.1). This suggests that, with respect to C-spine motion,
the spine board provides moderate stabilization, with rotation being the least restricted.

With a markedly higher mean total motion score of 238.7, the soft positioning mattress exhibited
greater overall motion. Rotation (149.7) and flexion/extension (71.9) were particularly pronounced,
whereas lateral flexion was lowest at 17.1. The soft positioning mattress is therefore less effective for
C-spine immobilization than the spine board.

The TraumaMattress achieved a mean total motion score of 138.7 and thus ranked between the
spine board and the soft positioning mattress. Rotation (68.7) was slightly more pronounced than
flexion/extension (61.1), while lateral flexion was lowest at 8.9. Overall, the TraumaMattress stabilizes
the C-spine better than the soft positioning mattress but is less effective than the spine board.

With a mean total motion score of 276.3, the vacuum mattress showed the highest motion values
of all systems tested. Flexion/extension was most pronounced at 152.0, followed by rotation (110.1)
and lateral flexion (14.1). This indicates that the vacuum mattress provides the least effective support
for C-spine immobilization. Overall, the results show substantial differences in the immobilizing
effect of the devices. Under experimental in-hospital conditions, the vacuum mattress provided the
least effective C-spine immobilization, whereas the spine board and the TraumaMattress achieved
the lowest total motion scores.

Comparison of C-spine immobilization on the soft positioning mattress shows that the
additional stabilization pillow has no significant effect on overall mobility but specifically reduces
rotation, while lateral flexion and flexion/extension increase slightly with the pillow.

4. Discussion

The clinical relevance of the measured differences in motion scores between positioning aids
warrants careful consideration and should not be underestimated given the vulnerable anatomy of
the cervical spine (C-spine). Although no validated threshold exists beyond which C-spine motion is
deemed harmful, even small additional movements may pose a relevant risk due to the susceptibility
of cervical injuries (Theodore et al. 2013). The cumulative effect of small movements along the entire
care pathway can become clinically meaningful. Even minor motions may precipitate neurological
deterioration in unstable injuries. Accordingly, the marked reduction in motion observed with the
TraumaMattress may contribute to reducing the risk of secondary neurological deterioration.

Beyond measurable motion reduction, subjective parameters, including comfort and perceived
safety, are clinically relevant. Studies show that patients on a spine board report back pain and discomfort
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after as little as 30 minutes (Chan et al. 1994; Hamilton & Pons 1996). These factors matter not only for
humane care but also because they influence patient cooperation during diagnostics and transport.

It must also be acknowledged that this study was conducted under experimental conditions with
healthy volunteers. Generalizability to real clinical situations —featuring pain, stress, altered muscle
tone, and variable cooperation —is therefore limited. Nevertheless, the findings provide a sound basis
for reappraising current immobilization practices.

A commonly cited drawback of classic systems such as the spine board is elevated interface pressure,
which may lead to pressure injuries with longer dwell times; subjective discomfort is likewise frequently
reported. Here, the TraumaMattress may offer an additional advantage due to its softer, more conforming
structure. In discussions of patient-centered care, this aspect is particularly relevant.

The present results support the hypothesis that there is considerable variance in clinical
application of immobilization tools—both in the choice of device and in handling and duration of
immobilization. This is especially problematic because, during the in-hospital phase—through
transitions among diagnostics, transport, and operating room preparation—clinically relevant spinal
movements can still occur. Our investigation shows that repeated transfers, CT moves, and
organizational factors in this phase may raise the risk of secondary neurological injury if adequate
immobilization is not ensured. Incorporating a motion-tracking approach provides a novel avenue
for quantitatively assessing immobilization effectiveness.

Furthermore, the findings highlight a clinically relevant trade-off among practical handling,
imaging compatibility, and patient comfort. This is particularly evident for classic systems such as
the spine board, which, despite offering comparatively high stability, can increase pressure-related
risk. These considerations underscore the importance of patient-centered solutions such as the
TraumaMattress, which—according to internal practical testing—showed high imaging
compatibility without causing relevant imaging artifacts..

5. Conclusions

The present results clearly support the superiority of the TraumaMattress over the spine board
and the vacuum mattress in terms of motion reduction during in-hospital cervical spine
immobilization. Its use may meaningfully contribute to preventing secondary neurological injury
while also accommodating patient-centered aspects such as comfort and pressure-injury prophylaxis.

For clinical practice, we recommend critically reassessing existing immobilization protocols and,
particularly in trauma rooms, relying on evidence-based tools such as the TraumaMattress. Further
studies in clinical settings—ideally including injured patients—are warranted to strengthen external
validity.

Our findings underscore the persistent lack of standardized in-hospital immobilization
protocols. Application of immobilization tools is often situational and personnel-dependent—an
issue that requires urgent correction. A standardized recommendation could be oriented toward a
combination of soft, anatomically conforming positioning with robust fixation, as provided by the
TraumaMattress. This approach not only yields reliable motion reduction but also meets practical
requirements in routine care, including imaging and patient transport.

Future guidelines should incorporate quantitative motion analysis and clinical validation
studies. The results of the present work provide a solid foundation for this.

Countries such as Denmark, Norway, and the United Kingdom have already revised their spinal
immobilization guidelines. Notably, these emphasize a targeted avoidance of cervical collars in favor
of patient-centered positioning and manual stabilization (Maschmann et al., 2019; SEC Ambulance
Service, 2020). These developments illustrate a paradigm shift toward more flexible and individually
tailored care strategies.
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