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The origins of external immobilisation of the spine 

The first patent application for a device resembling the current spineboard was filed as 
early as 1936 [1] and was intended for “the safe carrying of injured persons”, specifi-
cally for carrying trauma victims out of mines. Earlier devices for retrieval of injured 
miners existed, but were deemed unsuitable because they were made of quickly 
deteriorating canvas. Furthermore, these soft stretchers were not considered specifi-
cally suitable for handling patients with a spinal injury, nor were they practical in the 
transport of these patients, who were placed on a mine cart to get them out of the 
mine. Therefore, a device was developed with two specific features: it had a rigid 
surface, and it had a longitudinal slot along the board (Figure 1.1a). A rigid surface was 
chosen not only to facilitate easy transport of the patient out of the mines, but it had 
the added advantage of acting as a splint for broken limbs. The slot in the middle of 
the spineboard was designed to receive any protruding dislocated portion of the spinal 
column. The slot ensured that no pressure was exerted directly on the spinal column, 
thereby aiming to prevent secondary damage to the spine. Although not specifically 
designed with pain-relief in mind, allowing the spine to “float” over the slot also was 
considered to decrease pain by preventing pressure on the (possibly) injured body 
parts. Strikingly, spineboards currently in use no longer have this slot (Figure 1.1b). 
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Figure 1.1a-b. Spineboard patents. a.patent by Warden (1936); b. patent by Mohr (2012) 
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The use of a rigid spineboard to prevent secondary damage to an already injured spine 
may seem obvious nowadays, but it was a completely novel idea in 1936. There was no 
scientific evidence showing that secondary damage to the spine could be prevented by 
using a rigid spineboard or another prehospital immobilisation device. Nevertheless, 
maintaining alignment and immobilisation of the spinal column were considered 
important to prevent secondary damage even in the early years of structured pre-
hospital care [2-4]. Interest in experimental studies of the biomechanics of spinal 
damage only developed after the invention of the rigid spineboard. The earliest 
studies, performed in the mid-twentieth century, showed that direct vertical forces of 
250-275 pounds (113-124 kg) were needed to produce the first signs of vertebral 
fractures [5], and a force of about 300 pounds (135 kg) was needed to irreversibly 
damage the intervertebral disc [6]. No data was generated about whether the 
spineboard could actually protect the spine from further damage during extrication 
and transport. Nevertheless, at the end of the 1960s studies were published which 
stated that the spineboard should be used to extricate and transport victims [7-9], 
especially those with spinal injuries, to prevent further damage to the spine. In the 
1980s, the first patents for vacuum mattresses for use in prehospital care [10] were 
applied for, with the specific aim of having a mattress which adapted to the patient 
and their injuries. Despite the lack of evidence, the use of spineboards and vacuum 
mattresses has since then been included in guidelines for trauma care worldwide and 
has been part of the gold standard for trauma care ever since [11].  
 Over fifteen years ago, Hauswald et al [12] concluded from their clinical research 
that out-of-hospital spinal immobilisation had little or no effect on the neurologic 
outcome in patients with blunt spinal injuries. In recent years, more publications have 
recommended limiting the use of the rigid spineboard. Schouten [13] formulated this 
contradiction: “spine boards are often mistakenly viewed as measures for providing 
spine stability; in fact, their purpose is to aid extrication and transfer” In a recent 
consensus paper [14], the authors showed that there is no consensus on the question 
whether injury mechanism can be used as a reliable predictor of spinal injury, and 
consequently which patient groups (if any) should be fully immobilised. They 
suggested that the spineboard should be used only as an extrication device. In the 
same year, Hauswald [15] published a position paper on the use of the spineboard 
stating that the use of rigid spineboard for spinal stabilisation during transport is 
irrational when examined from basic (physics) principles, and can be safely discarded. 
On the other hand, there is still a call from the field for some sort of spinal immo-
bilisation, not only to protect the spine in patients with a high-energy impact during 
extrication and transportation [16], but also out of concern for potentially missed 
injuries and fear of reprisals and litigation [17]. Furthermore, the practice is deeply 
engrained in protocols and guidelines for the professionals [18], and laymen and 
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victims have come to expect a spineboard or vacuum mattress being used after a high-
impact injury. Acknowledging that the use of devices for external immobilisation in 
prehospital care will not disappear in the near future, it is time for a critical appraisal 
of the rigid spineboard and the vacuum mattress, and a search for possible 
alternatives. 

Protecting the spinal column using a spineboard & headblocks or a 
vacuum mattress 

Although in daily practice the spineboard and vacuum mattress are intended to help 
prevent secondary damage to the already injured spine, direct evidence to support this 
notion is generally lacking [12,15,19]. Panjabi et al [20] showed that a stable spinal 
injury will remain stable as long as there are no forces adding to the physical load (i.e. 
the normal use of the spine without external forces such as a motor vehicle crash 
acting on the spine). This notion is supported by the clinical observations made by 
Benger et al [21], who showed that no ambulatory patient who self-presented to the 
Emergency Department with possible cervical spine injury, experienced sudden neuro-
logical deterioration which could be attributed to a lack of immobilisation. In addition, 
recent studies [22-24] have shown that controlled self-extrication leads to less motion 
of the cervical spine than spineboard-assisted extrication. This is in keeping with other 
studies that have shown that the risk of a spinal cord injury is much smaller with slow 
movements within the normal range of motion than in fast high-impact forces during 
the time of injury [25]. Also, the spinal cord is fairly flexible for movements within its 
physiological range of motion, and stiffens up significantly in pathological movements, 
so that greater force is needed to achieve these detrimental movements [25].  
 A number of cadaver studies have evaluated the amount of force needed to 
induce damage to the spine. Although this type of study cannot be directly translated 
into daily practice (e.g. due to the absence of physiological myogenic responses which 
help stabilise the spine [25]), these studies, along with finite element computer 
simulation, have provided valuable insights into the forces needed to cause spinal 
injury. Results from these studies indicate that forces of 300N and more exerted 
directly onto the spine [5,26-28] are needed to induce damage to the intact spine, 
depending on circumstances (magnitude and direction of the force, shape of the spine, 
personal factors such as disease, and condition of the spine [25,28-30]. Other studies 
[31] have indicated that rotation forces increase the risk of spinal column damage. In 
general, when the normal range of motion is exceeded, the excess energy can cause 
tissue destruction [15]. Thus, as long as movements do not exceed resistance, handling 
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the patient will not damage the spine. No studies are available concerning the forces 
needed to increase damage in an unstable injured spine. 

Advantages and disadvantages of using a spineboard or vacuum 
mattress 

There are some practical benefits for the health care providers (nurses, physicians) in 
using a spineboard or vacuum mattress [15,32]. A patient on a spineboard can be 
handled more easily, which can be an advantage for instance when the patient needs 
to be turned onto their side in case of vomiting. Transfer from the gurney to a hospital 
bed or CT scan Table is facilitated by a spineboard. Other aids, such as a slide board 
(e.g. Patslide) to facilitate such transfers have been developed, although they require 
more personnel to keep to the patient in line. Also, a spineboard or vacuum mattress is 
a clear visual clue that the patient may have a spinal injury. This can result in the spine 
being handled with greater care during trauma resuscitation performed according to 
ATLS guidelines [11].  
 Several authors have advocated the use of the spineboard in trauma patients 
[15,33-35], while at the same time suggesting that the time a patient spends on the 
spineboard should be limited and that the patient should be removed from the 
spineboard as soon as possible [11,36], preferably on arrival at the Emergency 
Department [19,37,38]. However, extended and prolonged use of the spineboard has 
been encountered in daily practice [16,39]. In addition, the authors of the Cochrane 
Review on spinal immobilisation [40] did not find any randomised controlled trials on 
the use of spineboards and concluded that the effect of spinal immobilisation on 
mortality, neurologic injury, and spinal stability remains uncertain. Two updates after 
this first publication reported no conclusive evidence concerning the efficacy of using a 
spineboard to prevent further spinal injury [41,42].  
 In fact, a large number of studies have shown the disadvantages of the 
spineboard or vacuum mattress, ranging from problems due to being restrained in a 
supine position to problems due to lying on a rigid surface. Several studies have shown 
that lying supine and restricted on a spineboard leads to increased breathing effort 
[43-45], and that these effects increase in time [43]. If patients are already at risk for 
breathing difficulties due to their injuries, lying supine may leave them more suscep-
tible to oxygenation problems and infections [46-48]. Furthermore, lying supine carries 
the risk of aspiration [49], and is associated with higher intracranial pressures com-
pared to elevated head positions [50-52]. Increased intracranial pressure can damage 
brain tissue, and contribute to the shifting of brain structures and brain herniation, as 
well as the induction of hydrocephalus by restricting blood supply to the brain [53]. 
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Finally, the risk of cervical spine injury in many trauma patients requires that the head 
and neck of the patient are immobilised in the anatomical or “neutral” position, rather 
than aligning the airway axes by flexing the neck and extending the head into the 
“sniffing” position. This anatomical positioning of the patient hampers airway manage-
ment [54], so more time and more attempts are needed for successful intubation [55].  
 Specific problems also arise from the fact that the spineboard has a rigid surface 
which does not follow the curvature of the human body [33]. It is especially in young 
children [13,56,57], who have a relatively large head, that positioning on a flat surface 
can result in anterior translation and flexion of a cervical injury [56]. In patients with 
spinal deformities, it may be impossible to achieve a flat horizontal position on a rigid 
spineboard. Forcing a patient with spinal malformations into a cervical orthosis and 
then taping the head down on the spineboard could lead to further displacement in an 
extension-distraction injury, with potentially catastrophic consequences [13,33,58]. 

Options for prehospital spinal immobilisation 

There are basically three methods to place a patient on a rigid spineboard, with a 
trade-off between the number of movements that need to be made with the patient 
and the number of personnel needed. The most widely accepted practice is the log-roll 
method (Figure 1.2a) [11,35,59]. This method involves rolling a supine patient onto his 
side, placing the spineboard up against the patient’s back, and then turning the patient 
and spineboard simultaneously into the supine position [60,61] (Figure 1.2a). 
Alternative options are the “lift-and-slide” technique (Figure 1.2b) and the 6+1 person 
lift technique (Figure 1.2c), which result in less movement of the spine compared to 
log-rolling [62-64]. However, these techniques are much less incorporated in daily 
routines because of the number of personnel needed. 
 
 
 
 
 
 
 
 
 
 

a.  

 
 
 
 
 
 
 
 
 

b.  

 
 
 
 
 
 
 
 
 

c.  
Figure 1.2a-c. Methods to place a patient on a rigid spineboard. a. log roll; b. lift and slide; c. 6+1 person lift 

 
As an alternative to the rigid spineboard, the scoop stretcher (Figures 1.3a and 1.3b) 
and vacuum mattress (Figure 1.3c) can be used (usually together) for extrication and 
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transport. The scoop stretcher is rigid, and consists of two halves that can be laterally 
slid underneath the patient. After the two halves have been fastened, the patient can 
be placed on a vacuum mattress or be carried away from the site of the accident. As 
with the lift-and-slide technique, this technique results in less rotational movement 
than the log-roll [62]. After the patient has been placed on a vacuum mattress and is 
securely fastened, the mattress is evacuated, resulting in the patient lying on a hard 
surface [19]. However, although seemingly rigid, the mattress needs to be supported 
to prevent sagging. This can be done for example by placing the mattress on a scoop 
stretcher. Because the mattress can be folded around the body, immobilisation is 
superior to that achieved using a spineboard, both objectively [62, 65-68] and 
subjectively [66, 68]. 
 

 
 
 
 
 
 
 
 
 

a. 

 
 

 

 
 
 
 
 
 
 
 
 

b.  

 
 
 
 
 
 
 
 
 

c. 

 
 

 
Figure 1.3a-c. Devices for prehospital spinal immobilisation. a. scoop stretcher; b: scoop stretcher; c: vacuum 
mattress  

The importance of the surface of the device 

Lying on a rigid surface means that the soft tissues of the body (skin, muscles, fat) are 
deformed so as to adapt to the shape of the surface (Figure 1.4). Lying on a rigid 
surface is not only uncomfortable [66,69-73], it also compromises the skin and 
underlying soft tissues. High tissue-interface pressures may also lead to closure of the 
capillaries, thereby depriving tissues of oxygen and nutrients [74]. Although there is no 
consensus on the exact threshold for capillary closure pressure [75-77], concerns that 
the pressures exerted by the spineboard and vacuum mattress exceed this threshold 
are established [78,79]. 
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Figure 1.4. CT scan showing deformation of the buttocks caused by lying on a rigid spineboard. 

 
Furthermore, the cells are subjected to strain and shear forces, which can, as an 
additional factor to pressure, induce cellular damage [80, 81]. Oxygen/nutrient 
deprivation and cell damage together may lead to tissue necrosis, manifesting itself as 
pressure ulcers [72,75,82]. Pressure ulcers are painful [83-85] and debilitating for the 
patient [86,87] and take a long time to heal [88-90], resulting in prolonged 
hospitalisation [91,92], and reduced quality of life [93-96]. 
 The most effective way to prevent pressure ulcers is to reduce the amount of 
pressure or the time during which the tissues are exposed to the high pressures/shear 
forces [75,97]. This can be achieved by placing the patient on a softer surface in the 
first place, by relieving pressure via repositioning or by removing the patient from the 
surface as soon as possible. Removing the patient from the spineboard or vacuum 
mattress is the most effective way to relieve the high tissue-interface pressures, 
although it is unclear what constitutes a safe duration of immobilisation on a hard 
surface from a pressure ulcer point of view [37]. In addition, there is reluctance to 
remove spinal immobilisation before spinal injuries have been ruled out [39,98,99]. 
Relieving tissue-interface pressures by repositioning is not a realistic option while the 
patient is lying on a spineboard. Therefore, the solution should be sought in the 
hardness of the surface the patient is lying on. Lying on a softer surface, which allows 
the soft tissues to maintain their natural shape, preventing occlusion and shear forces, 
could be an important step forward in preventing pressure ulcers.  
 There are several ways to investigate the impact of forces applied to the human 
body. Invasive methods such as microdialysis can provide information about a range of 
biological changes, but evoke a local inflammatory response which influences the 
measurement of local inflammatory indicators [100]. A widely used non-invasive 
technique is to evaluate tissue-interface pressures [78,79,101-104], providing detailed 
geographic data on the pressures on the body surface, although this yields no 
information about the actual biological effect of these pressures. Finite element 
calculations based on magnetic resonance imaging (MRI) can provide data concerning 
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tissue deformation due to the pressures applied [105-107], although providing limited 
information concerning actual tissue damage. Recently, studies have been published 
on non-invasive measurement of biological indicators of tissue damage caused by 
pressure [108-110]. The inflammatory response could yield potential biomarkers, such 
as cytokines, which are released after mechanical injury of the skin cells [111]. The pro-
inflammatory cytokine IL1a is released in the skin in response to mechanical stimulus/ 
injury of the keratinocytes. Whether IL1a is a waste product from dysfunctional cells or 
whether it should be regarded as an indicator of a normal response to tissue stress 
[112] remains to be determined. In any case, it is released after pressure loading of the 
skin [77], and is increased in the skin in category I pressure ulcers [109], and could thus 
be used as an objective indicator of tissue response to pressure.  
 The combination of tissue-interface pressure mapping, MRI imaging and cytokine 
IL1a measurement was therefore used in the studies presented in this thesis to obtain 
an overall insight into the physical response to pressure. 

The soft-layered spineboard 

The spineboard, vacuum mattress and scoop stretcher have advantages in prehospital 
care for patients with suspected spinal injuries, but all also have specific drawbacks. 
The spineboard is a useful tool to aid extrication, but it has its limitations as regards 
immobilisation. The vacuum mattress, although superior in following the contours of 
the patient’s body, carries the risk of loss of vacuum, thereby also losing it immo-
bilising capacities. The use of the scoop stretcher produces the smallest amount of 
movement, but it cannot be used to extricate a patient from a car wreck. Furthermore, 
all three devices have a rigid surface, thereby potentially compromising the soft 
tissues. Consequently, an alternative extrication and immobilisation device which 
addresses these issues may provide benefits [33,72,113].  
 We therefore developed a so-called soft-layered long spineboard (Figure 1.5). This 
device is intended for both extrication and immobilisation, while avoiding the 
disadvantages associated with a rigid surface. 
 

   
Figure 1.5. The soft-layered spineboard. 
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Any new device for transport of patients in an ambulance must conform to the 
regulations described in European standards (NEN 1865 [114]), which aim to ensure 
the safety of the patient and the persons working with the device. Another important 
requirement regards the radiological properties of the device. In practice, removal 
from the device is often postponed until after radiographs have been made [37,39,99]. 
Thus, spine and other X-rays and/or CT-scans are frequently made while the patient is 
on the spineboard or vacuum mattress [39], making the radiolucency properties of the 
device very important [115]. Inadequate material choices can hamper interpretation of 
the images [116,117], and may even imply radiographs having to be redone with the 
device removed in order to obtain good quality images. This is not only time-
consuming and costly, it also exposes the patient to extra radiation. Furthermore, if 
the patient is still on the device when the radiographs are made, the device will absorb 
part of the radiation. Current x-ray machines compensate for this phenomenon by 
automatically increasing the radiation dose to ensure good quality radiographs 
(automatic exposure control; AEC). Since there is a relationship between increased 
radiation dosages and increased risk of cancer [118-121] due to DNA damage [122-
124], it is important that the benefits of radiation exposure are weighed critically 
against its risks. In accordance with the ALARA (as low as reasonably achievable) 
concept in radiography to minimise the radiation dosage [125], the materials placed 
between x-ray source and x-ray detector should therefore have a low level of 
absorption. 

Objective and outline of the thesis 

To investigate the value of the soft-layered spineboard in comparison to the existing 
rigid spineboard and vacuum mattress, a number of studies comparing these three 
devices was performed. The main hypothesis of this thesis is that the soft-layered 
spineboard compares favourably to the rigid spineboard and vacuum mattress in terms 
of patient comfort, tissue-interface pressures, tissue deformation and radiological 
properties. Chapter 2 reports on a study comparing the comfort and tissue-interface 
pressures for the three devices. The tissue-interface pressure exerted by the devices 
on the body was measured in 30 healthy, awake volunteers. The study reported on in 
Chapter 3 investigated the effect of anaesthesia in patients on the rigid or soft-layered 
spineboard. This study aimed to answer the question whether loss of muscle tone and 
function leads to a different pattern of tissue-interface pressures compared to the 
awake status. A group of anaesthetised patients was used as a proxy for comatose or 
paralysed trauma patients, which form the most important target group for spinal 
immobilisation. Chapter 4 reports on a study in which MRI scans of the sacral area 
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were made in healthy volunteers on all three devices, combined with a computer 
simulation model, finite element analysis, to estimate the amount of tissue 
deformation induced by the three devices, as a first indicator of tissue damage. In 
Chapter 5, findings are presented of a study comparing cytokine level profiles in 
healthy, awake volunteers on the soft-layered spineboard and rigid spineboard, to 
examine the immunological tissue response to pressure. Finally, Chapters 6 and 7 
discuss radiological issues concerning spinal immobilisation. These studies aimed to 
establish which of the three devices has the best radiological properties from a point 
of view of respectively producing artefacts and radiological dose absorption. 
 
In summary, the main questions addressed in this thesis are: 
- Which device for prehospital immobilisation is the most comfortable? 
- Which device for prehospital immobilisation results in the lowest tissue-interface 
 pressures? 
- Which device for prehospital immobilisation leads to the least tissue  
 deformation? 
- Which device for prehospital immobilisation results in the lowest expression of 
 tissue damage markers? 
- Which device for prehospital immobilisation has the best radiological properties?  
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Abstract 

Background: Immobilisation of the spine in patients with trauma at risk of spinal 
damage is performed using a rigid long spineboard or vacuum mattress both during 
prehospital and in-hospital care. However, disadvantages of these immobilisation 
devices in terms of discomfort and tissue-interface pressures have guided the 
development of a new soft-layered long spineboard. We compared tissue-interface 
pressure and degree of discomfort during immobilisation on a rigid spineboard, a 
vacuum mattress, and a newly developed soft-layered long spineboard. 
 
Methods: In this randomised crossover trial, 30 volunteers were immobilised 
sequentially on all three devices for 15 minutes per device. Tissue-interface pressures 
were measured using an Xsensor pressure mapping device, including the peak pressure 
and the Peak Pressure Index (PPI). Discomfort was rated on a Visual Analog Scale after 
1 minute and after 15 minutes of immobilisation. 
 
Results: Tissue-interface pressures were significantly higher on the standard long 
spineboard and the vacuum mattress than on the soft-layered long spineboard. PPI for 
the sacrum was close to peak pressure on both the spineboard and the vacuum 
mattress. PPI for the sacrum on the soft-layered long spineboard was significantly 
lower, with an average PPI close to normal diastolic blood pressures. The participants 
reported significantly less discomfort on the soft-layered long spineboard compared 
with the rigid long spineboard, both after 1 minute and 15 minutes (p < 0.001). 
 
Conclusions: This study revealed a relevant reduction in tissue-interface pressures and 
discomfort when using a soft-layered long spineboard compared with using a standard 
rigid long spineboard or a vacuum mattress. Emergency care providers should consider 
the use of the soft-layered long spineboard to reduce the discomfort and potential 
tissue damage caused by immobilisation and transport on a rigid long spineboard or 
vacuum mattress. 
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Introduction 

Current methods of spinal immobilisation with long spineboards and cervical collar are 
well incorporated into both prehospital and in-hospital trauma protocols [1,2]. 
Spineboards are used to safely extricate patients with trauma from the scene of a 
crash and for transfer to the hospital. Although physicians are advised to remove 
patients from these boards as soon as possible [3-5], most patients undergo extensive 
evaluation in the emergency and/or computed tomography (CT) room to prevent them 
being removed from the spineboard before the spine is cleared [6,7]. In a substantial 
number of patients, this phase exceeds a period of 2 hours [8,9] and the average 
duration is more than 1 hour [10].  
 Although spinal immobilisation is clearly needed to protect trauma patients with 
spinal injury, there is extensive evidence that prolonged immobilisation may cause 
significant discomfort, pain [11-14], and pressure ulceration over bony prominences 
[15-17], leading to prolonged hospital stay [18,19] and increased cost of care [20,21]. 
The use of vacuum mattresses has been advocated by some to counteract these 
problems [22]. However, when negative pressure is applied to immobilise a trauma 
patient, the surface of the vacuum mattress is just as hard as that of the spineboard 
[23]. With these disadvantages in mind, a new product has been developed, which can 
be used for extrication and immobilisation, with a softer surface to prevent high tissue-
interface pressures while at the same time maintaining the rigidity necessary to 
protect the patient’s spine (Figure 2.1). 
 

   
Figure 2.1. The newly developed soft-layered long spineboard. The soft-layered long spineboard has the 
same dimensions as a standard rigid long spineboard, but instead of a hard surface, a replaceable mattress is 
embedded in the frame. The mattress is shielded by a protective, flexible yet tough synthetic overlay. 

 
In this study, we compared the newly developed soft-layered long spineboard with the 
standard long spineboard and the vacuum mattress in terms of tissue-interface 
pressures and the discomfort experienced during the immobilisation of healthy 
volunteers. Our main research hypothesis was that pressure exerted on critical body 
contact points would be lower when using the soft-layered long spineboard, compared 
with either the standard long spineboard or vacuum mattress, and that the comfort 
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experienced would be greater with the soft-layered long spineboard than with the 
standard long spineboard or the vacuum mattress. 

Materials and Methods 

Study Design 
We conducted a prospective, randomised, nonblinded, crossover, comparative study 
on tissue-interface pressure and discomfort using a standard long spineboard, a 
vacuum mattress, and a soft-layered long spineboard in healthy volunteers. 
 
Recruitment of Participants 
A sample of 30 healthy volunteers (19 men and 11 women) was recruited from the 
employees of the Maastricht University Medical Centre. These included emergency 
department (ED) nurses and physician assistants, surgeons, intensive care personnel, 
and administrative staff. All participants were free of discomfort and had no skin 
problems before participating. There was no financial compensation for participation. 
Approval was obtained from the Institutional Review Board of the Maastricht Univer-
sity Medical Centre. Written informed consent was obtained from all participants 
before they were enrolled in this study. 
 A power analysis was performed using the peak pressures found by Keller et al. 
[23]. We assumed that the peak pressures on the soft-layered long spineboard would 
be comparable with those found for emergency room overlay mattresses, which are 
considered to pose no additional risk of tissue damage. Power analysis showed that we 
should be able to detect significant differences between the three devices in terms of 
mean peak tissue-interface pressure on the critical body areas of interest (sacrum, 175 
mm Hg vs. 118 mm Hg; and scapulae, 177 mm Hg vs. 90 mm Hg for standard long 
spineboard vs. soft-layered long spineboard, respectively), with 95% reliability if we 
used 30 volunteers. 
 
Interventions 
Three different support devices designed for prehospital trauma care were tested: a 
standard long spineboard (Ferno-Washington, Wilmington, OH), a vacuum mattress 
(RedVac, Radstadt, Austria), and a prototype soft-layered long spineboard. All 
participants were positioned on all three devices, by means of concealed random 
allocation. 
 A strap (Fastrap model 770; Ferno-Washington) was used to immobilise the 
subject on the standard long spineboard and the soft-layered long spineboard. 
Immobilisation on the vacuum mattress was achieved by applying negative pressure. 
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These procedures ensured a realistic reflection of the body position of a patient with 
trauma during actual transport. Before the start of the measurement, the researcher 
made sure that the folding of the vacuum mattress and the strapping with the 
standard long spineboard and soft-layered long spineboard induced no discomfort in 
the participants. 
 The measurement started as soon as the participant was lying on the device, as if 
he or she was ready for transport (vacuum and straps applied for the vacuum 
mattress, and straps applied for the standard and soft-layered long spineboards). Each 
intervention lasted for 15 minutes, with 5-minute breaks between the interventions, 
during which the participants were encouraged to walk around. The period of 15 
minutes is considered a realistic time in the Netherlands to transport a patient with 
trauma from the scene of the crash to the nearest ED. Furthermore, it was considered 
the shortest exposure time in which it should be possible to detect differences in 
pressure and comfort between the three devices. 
 
Measurements 
Tissue-interface pressures were continuously measured using a Xsensor X2-6912 
pressure-mapping device (Xsensor Technology, Calgary, Canada). This system consists 
of a thin, easily foldable full-body pressure-mapping pad, equipped with 6,912 
capacitive sensors. This pad was placed between the subject and the support surface, 
without folds. Pressure on the sensors generates a voltage difference, which increases 
linearly with the amount of pressure. We connected the pad to a laptop computer with 
special Xsensor software (version 4.2), for real-time pressure recording. 
 After the volunteers had lain on each device for 1 minute and 15 minutes, 
subjective comfort was measured by asking them to indicate comfort on a Visual 
Analog Scale from 10 (extreme discomfort) to 0 (extreme comfort). During the 
measurements, participants were allowed to wear their normal clothes, but no shoes. 
In addition, they were asked to empty the pockets of their trousers and loosen their 
hair. Participants were instructed to lie calmly but were allowed to talk during the 
measurements. 
 
Outcome Measures 
Pressures were recorded continuously. Peak pressures (in mmHg) measured at the 
occiput, the scapulae, the sacrum, and the heels were noted at the start of each 
measurement and subsequently after each minute. The average of all measurements 
during the 15-minute period (mean peak pressure) was calculated for each body region 
to compensate for motion effects. 
 The Peak Pressure Index (PPI) was calculated as a measure of pressure on a larger 
surface area.24 PPI was defined as the area of 3 x 3 sensors, which included the sensor 



Chapter 2 

30 

showing the peak pressure and which had the highest average pressure including this 
sensor. The area was defined based on the first recording. The PPI can be considered 
more reliable than peak pressure for assessing the pressure-distributing capabilities of 
a support surface, because it examines a 14.5-cm2 surface area in addition to the peak 
pressure registered by one single sensor, with a surface of only 1.61 cm2. PPI was 
calculated solely for the sacrum, because this is the only body region with a relatively 
flat bony structure, whereas the occiput, scapulae, and heels have relatively pointy 
bony structures. Moreover, the sacrum is the body region with the highest risk of 
developing pressure ulcers [25-27]. 
 
Data Collection and Processing 
Statistical analysis was performed using the Statistical Package for Social Sciences 
(SPSS, Chicago, IL), version 12.0.1. Pressures are presented as mean ± SD. Mean peak 
pressures and PPI were compared using repeated measures analysis of variance, with 
post hoc analysis (Bonferroni) for the sequence of devices tested. Subjective comfort 
scores were also assessed using repeated measures analysis of variance. Significance 
was assumed at P < 0.05. 

Results 

Characteristics of Study Subjects 
Table 2.1 presents the characteristics of the participants (n = 30) in this study. Mean 
height and weight were significantly greater for the men than for the women. Age and 
body mass index were not significantly different between men and women. 
 
Table 2.1. Mean and standard deviation for main characteristics of the participants 
 Men 

(n=19) 
Women 
(n=11) 

Total 
(n=30) 

Age (years) 41 ± 11 36 ± 12 39 ± 11 
Height (cm)* 183 ± 6 170 ± 6 178 ± 9 
Weight (kg)* 85 ± 9 69 ± 17 79 ± 15 
Body mass index  25.3 ± 2.5 23.7 ± 4.4 24.7 ± 3.4 
Data are presented as mean ± SD. 
* t = 5.942; df = 28, P < 0.001 for the difference between men and women 
† t = 3.376; df = 28, P < 0.005 for the difference between men and women 

 
Tissue-Interface Pressures 
The pressure measurements were analysed independently by the first and second 
authors. Interrater correlation was high with r2 = 0.998 (P < 0.001). Interrater reliability 
was also high with r2 = 0.984 (P < 0.001). 
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The soft-layered long spineboard produced significantly lower mean peak pressure at 
occiput and sacrum than the standard long spineboard and the vacuum mattress. 
Mean peak pressure on the scapulae was higher with the standard long spineboard 
than with either the soft-layered long spineboard or the vacuum mattress. Mean peak 
pressure on the heels was higher for the vacuum mattress than for the other two 
devices (Figure 2.2). 
 

 
 
Figure 2.2. Mean peak pressure between contact site and support device. Mean peak pressures and SD for 
standard long spineboard (dark grey bars), vacuum mattress (light grey bars), and soft-layered long 
spineboard (white bars). Mean peak pressure differs between devices for all contact sites.  
*P < 0.05 by comparing standard long spineboard with soft-layered long spineboard;  
†P < 0.05 by comparing soft-layered long spineboard with vacuum mattress;  
‡ P < 0.05 by comparing standard long spineboard with vacuum mattress. 

 
Figure 2.3 shows the mean peak pressure and mean PPI values for the sacrum on the 
three different support devices. Both mean peak pressure and PPI at the sacrum were 
almost identical on the standard long spineboard and vacuum mattress and much 
lower on the soft-layered long spineboard (F = 48.2, P < 0.001 and F = 298.1, P < 0.001, 
respectively). 
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Figure 2.3. Mean and SD for peak pressure and PPI at the sacrum for three devices. Mean peak pressure and 
mean PPI at the sacrum were equally high for the standard long spineboard (dark grey bars) and vacuum 
mattress (light grey bars), and significantly lower for the soft-layered long spineboard (white bars).  
*P < 0.001 comparing soft-layered long spineboard with standard long spineboard and vacuum mattress. 

 
Interestingly, the standard long spineboard and (to a lesser extent) the vacuum 
mattress showed lack of support for the normally lordotic lumbar spine. In contrast, 
the soft-layered long spineboard did give support to this part of the spine (data not 
shown). 
 
Comfort 
Figure 2.4 shows how the participants appreciated the level of comfort they perceived 
with the three devices. A score of 0 refers to maximum comfort, whereas a score of 10 
refers to maximum discomfort. The participants reported significantly less discomfort 
on the soft-layered long spineboard compared with the standard long spineboard, 
both after 1 minute and 15 minutes (F -= 23.9, P < 0.001). Differences between the 
soft-layered long spineboard and the vacuum mattress failed to reach significance (F = 
3.2, P < 0.083) after 1 minute and 15 minutes. 
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Figure 2.4. Mean subjective discomfort scores after 1 minute and 15 minutes. Discomfort experienced by 
participants increased over time and differed between devices. Data are presented as mean and SD of Visual 
Analog Scale comfort score. White bars represent discomfort after 1 minute; grey bars represent discomfort 
after 15 minutes. Discomfort was significantly lower on soft-layered long spineboard than on standard long 
spineboard and vacuum mattress and increased over time for all devices . SLSB: soft-layered spineboard; 
VM: vacuum mattress; RSB: rigid spineboard. 
*P < 0.001 for group effect, †P < 0.001 for time-effect, ‡P < 0.001 for interaction effect, using repeated-
measures analysis of variance. 

Discussion 

Spinal immobilisation is widely considered the standard of care for trauma patients 
with potential spinal injuries. However, the disadvantages of using a standard long 
spineboard, such as high tissue-interface pressures and discomfort have received 
considerable attention and guided research into possible alternatives [28-33]. In this 
study, we compared a newly developed device, the soft-layered long spineboard, with 
two existing devices (the standard long spineboard and the vacuum mattress) for 
prehospital extrication, immobilisation, and transport. High tissue-interface pressures 
were found for both the standard long spineboard and the vacuum mattress, whereas 
the soft-layered long spineboard was associated with lower tissue-interface pressures 
and greater comfort in healthy volunteers. 
 Transport to a trauma centre and diagnostic procedures may take a long time to 
complete, during which the high tissue-interface pressures caused by the standard 
long spineboard increase the risk of skin damage. Reswick and Rogers [34] showed that 
lying on a hard surface leads to an unacceptable risk of developing pressure ulcers in 
less time than lying on a soft surface. Other authors [22,35] suggested using of a 
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vacuum mattress as an alternative to the standard long spineboard. Despite the 
improved comfort observed when using the vacuum mattress, this device carries the 
risk of loss of vacuum during extrication and transport, thereby posing a great risk to a 
potentially damaged spine. Luscombe and Williams [35] therefore, concluded that “no 
single system appears to provide the ideal for extrication and transport of a trauma 
casualty.” The soft-layered long spineboard proved to produce lower tissue-interface 
pressure and greater comfort than both the standard spineboard and vacuum 
mattress, which makes it an interesting alternative to these devices. 
 Preventing pressure ulcers can be achieved in various ways, including pressure 
reduction and redistribution. To examine both these processes, we not only measured 
peak pressures but also the PPI, which is the mean pressure over a 14.5-cm2 area [24]. 
The PPI values for the sacrum on both the standard long spineboard and the vacuum 
mattress were close to peak pressure, indicating that the peak pressure is not 
redistributed over the contact site. This leaves areas of high pressure over the sacrum, 
which is the body region most susceptible to developing pressure ulcers [25-27]. The 
soft-layered long spineboard, on the other hand, had both lower peak pressure and 
lower PPI for the sacrum, indicating better pressure reduction and pressure 
redistribution over the sacrum, compared with the other two devices. 
 Although pressure mapping technology has proved to be a reliable and valid 
method to assess pressure distribution and tissue-interface pressure [36], no 
consensus has been reached about the critical perfusion pressure of tissues in relation 
to the development of pressure ulcers. Critical pressures as low as 32 mm Hg for 
capillaries have been reported [37] but debated [16]. According to Defloor [16], the 
diastolic blood pressure would be a more correct critical pressure for tissue damage. In 
a healthy volunteer, this would mean that external pressures over 80 mm Hg can cause 
tissue damage. A recent in vitro study with skin cultures showed that the first signs of 
tissue damage can be found at externally applied pressures as low as 50 mm Hg [38]. 
Although it is unclear which pressures lead to clinically relevant tissue damage, it is 
clear that there is a trade-off between tissue pressure and the time that elapses before 
tissue damage occurs [34,39]. Therefore, using the soft-layered long spineboard, which 
imposes less pressure on the tissue than the standard long spineboard and the vacuum 
mattress, means buying time to optimise the patient’s treatment while minimising 
tissue damage.  
 Participants judged the soft-layered long spineboard to be the most comfortable 
of the three devices tested. Despite the objectively measured pressures on the vacuum 
mattress being equally high as those on the standard long spineboard, the vacuum 
mattress was considered more comfortable than the long spineboard. Earlier studies 
on pain-related Visual Analog Scale scores indicate that a difference of about 30% is 
relevant to patients [40-42]. Differences in comfort between the soft-layered long 
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spineboard and the other two devices at both 1 minute and 15 minutes of up to 113% 
in favour of the soft-layered long spineboard are therefore clinically relevant. 
 A number of comments need to be made on the interpretation of our 
observations. First, this study was undertaken in optimal circumstances with healthy 
volunteers. Our population of volunteers was, thus, not a true representation of all 
trauma patients, because our participants were all healthy and awake. Although 
weight and body mass index of the participants were representative of the Dutch 
population, they may not be representative of other populations. Second, our 
participants lay on the three devices for only 15 minutes each. In the Netherlands, it is 
almost always possible for an emergency service to get from the collision site to an ED 
within 15 minutes. On arrival at the ED, the trauma patient could theoretically be 
removed from the device immediately. We, therefore, considered 15 minutes to be 
the minimum time any person should be able to lie on a device without developing 
tissue damage or discomfort because of the device used, while at the same time 
revealing any significant differences in pressure and comfort. In actual practice, time 
on the spineboard can easily be longer [8-10]. More time spent on any device may 
influence the comfort experienced [11], which will probably lead to more pronounced 
differences in discomfort between the devices. Furthermore, we did not use any direct 
measurements of potential tissue damage caused by the devices. No visual inspection 
of the skin in the contact areas was undertaken. Further studies should focus on the 
relation between local tissue pressure and irreversible tissue damage. 
 In conclusion, this randomised crossover trial found tissue-interface pressures and 
comfort experienced by 30 healthy volunteers to be significantly better when 
volunteers were immobilised on a soft-layered long spineboard than on the standard 
long spineboard and vacuum mattress. Tissue-interface pressures on the vacuum 
mattress and the standard long spineboard were found to be equally high. Emergency 
care providers should consider the use of a soft-layered long spineboard to reduce the 
discomfort and potential tissue damage caused by immobilisation and transport on a 
standard long spineboard or vacuum mattress. 
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Abstract 

Background: Immobilisation of the spine of patients with trauma at risk of spinal 
damage is usually performed using a rigid long spineboard or vacuum mattress, both 
during prehospital and in-hospital care. However, disadvantages of these immo-
bilisation devices in terms of discomfort and tissue-interface pressures have guided the 
development of soft-layered long spineboards. We compared tissue-interface 
pressures between awake and anaesthetised (unconscious) patients during 
immobilisation on a rigid spineboard and a soft-layered long spineboard. 
 
Methods: In this comparative study, 30 anaesthetised patients were randomised to 
immobilisation on either the rigid spineboard or the soft-layered spineboard for the 
duration of their elective surgery. Tissue-interface pressures measured using an 
Xsensor pressure-mapping device were compared with those of 30 healthy volunteers 
who were immobilised sequentially on the rigid spineboard and the soft-layered 
spineboard. Redness of the sacrum was also recorded for the anaesthetised patients 
immediately after the surgery. 
 
Results: For both anaesthetised patients and awake volunteers, tissue-interface 
pressures were significantly lower on the soft-layered spineboard than on the rigid 
spineboard, both at start and after 15 min. On the soft-layered spineboard, tissue 
interface pressure and peak pressure index (PPI) for the sacrum were significantly 
lower for anaesthetised patients than for awake volunteers. Peak pressures and PPI on 
the rigid spineboard were equal for both groups. Tissue-interface pressures did not 
change significantly over time. Redness of the sacrum was significantly more 
pronounced on the rigid spineboard than on the soft-layered spineboard. 
 
Conclusions: This prospective randomised controlled trial shows that using a soft-
layered spineboard compared to a rigid spineboard for spinal immobilisation resulted 
in lower tissue-interface pressures in both awake volunteers and anaesthetised 
patients. Moreover, tissue-interface pressures on the soft-layered spineboard were 
lower in anaesthetised patients than in awake volunteers. These findings show the 
importance of using a soft-layered spineboard to reduce tissue-interface pressure, 
especially for patients who cannot relieve pressure themselves by changing position. 
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Background 

Spinal immobilisation with long spineboards and cervical collars for extrication and 
transfer of trauma patients is a standard precaution in both prehospital and in-hospital 
protocols [1]. Especially for unconscious trauma patients, who are unable to maintain 
spinal alignment by muscular tone, these methods are considered essential to protect 
the spine from further injury. 
 Although there is a general consensus that the patient should be removed from 
the spineboard as soon as reasonably possible, the average time patients are reported 
to spend on a spineboard has been estimated to be around 1 h [2,3]. There is extensive 
evidence, however, that prolonged immobilisation causes significant discomfort and 
pain, and on occasion may cause pressure ulceration over bony prominences, leading 
to prolonged hospital stay and increased cost of care [4-12]. 
 Pressure ulceration occurs as a result of reduced perfusion due to prolonged pres-
sure and/or shear injury to the tissues. Increased pressure can lead to compression of 
the dermal capillaries. When the pressure is relieved, reactive hyperaemia, clinically 
seen as a bright flush or reddened area that blanches under light pressure, can occur. 
At this stage of so-called blanchable erythema, damage to the underlying tissues has 
not yet occurred [13]. Shear injury occurs as the result of sliding, when the soft tissues 
are stretched relative to each other. The process of shear injury can occur quickly and 
the first signs of cell damage can be seen within minutes. In a recent study we 
demonstrated that when using a rigid spineboard, the maximum strains on the tissues 
can exceed the threshold for deformation damage [14]. Healthy conscious subjects 
may adopt pressure relieving strategies, involving position changes, to minimise the 
risk of exceeding this threshold at specific body regions. However, unconscious 
patients are thought not to adopt these strategies and may therefore be at higher risk 
of developing pressure induced tissue damage. 
 Therefore, this study investigated the hypothesis that when lying on a rigid 
spineboard, unconsciousness results in higher tissue-interface pressure compared to 
the awake status. In addition, a recent comparative study reported significantly lower 
interface pressures on a prototype spine board with soft, covered inlay [10]. Since the 
soft inlay may compensate for the lack of movement during unconsciousness, our 
second hypothesis was that there would be no difference in tissue-interface pressure 
between anaesthetised and awake status when lying on the soft-layered long 
spineboard. 
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Methods 

Study design 
We conducted a prospective, randomised, single-blinded, comparative study on tissue-
interface pressures and redness of the skin using a standard rigid long spineboard and 
a soft-layered long spineboard in patients undergoing surgery under general 
anaesthesia. Tissue interface pressures were compared with those of a group of awake 
healthy volunteers. The study has been assigned ISRCTN96064657.  
 
Recruitment of participants 
A sample of 30 patients (25 men and 5 women) was recruited at the outpatient 
department of the Maastricht University Medical Centre. Patients included were 
scheduled for open abdominal wall hernia repair under general anaesthesia, with an 
expected duration of less than 2 h. Patients with pressure ulceration either at time of 
inclusion or in the medical history, or with pain other than that due to the operation 
indication were excluded. Approval was obtained from the Medical Research Ethics 
Committee of the Maastricht University Medical Centre. Written informed consent 
was obtained from all participants before they were enrolled in the study. 
 A power analysis was performed using the peak pressures found previously [10] 
on the standard rigid spine board and the soft-layered long spineboard in awake and 
healthy volunteers. The power analysis showed that if we included 12 patients in each 
of the conditions, we should be able to detect a 25% increase in peak pressure index 
(PPI, see below) between awake and unconscious patients on the soft-layered spine 
board (mean PPI 171 (SD 33)) with an alpha error of 0.05 and a beta error of 0.2. 
 
Interventions 
Two different support devices designed for prehospital trauma care were tested: a 
standard long spineboard (Ferno-Washington, Wilmington, OH), and a prototype soft-
layered long spineboard. After induction of anaesthesia, patients were randomly 
assigned to one of the two devices. The pressure-mapping mat was placed on the 
device and the patient was then placed on the device. Pressure was recorded during 
the entire surgery. The control group consisted of awake healthy volunteers who were 
randomly put on each device for 15 min, with an interval between the devices of 5 
min, while tissue-interface pressures were recorded continuously. 
 
Measurements 
Tissue-interface pressures were continuously measured using an Xsensor X2-6912 
pressure-mapping device (Xsensor Technology, Calgary, Canada). This system consists 
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of a thin, easily foldable full-body pressure-mapping pad, equipped with 6912 
capacitive sensors. This pad was placed between the subject and the support surface, 
without folds. Pressure on the sensors generates a voltage difference, which increases 
linearly with the pressure. We connected the pad to a laptop computer with special 
Xsensor software (version 4.2), for real-time pressure recording. 
 Directly after the surgery, visual inspection and semi-quantitative grading of the 
skin redness of the patient’s back was performed. Any redness was tested for being 
blanchable using a clear plastic disc, so as to distinguish between blanchable and non-
blanchable erythema [15]. 
 
Outcome measures 
Pressures were recorded continuously from the start of the anaesthesia until the end 
of the surgical procedure and reported as described previously [10]. Briefly, peak 
pressures (in mmHg) measured at the scapulae, the sacrum, and the heels were 
recorded continuously. The Peak Pressure Index (PPI) was calculated as a measure of 
pressure on a larger surface area [16]. PPI was defined as the area of 3 x 3 sensors 
(14.5 cm2 surface area) which included the sensor showing the peak pressure (one 
sensor = 1.61 cm2) and which had the highest average pressure including this sensor. 
The area was defined based on the first recording. PPI was calculated solely for the 
sacrum, because this is the only body region with a relatively flat bony structure, 
whereas scapulae and heels have relatively pointy bony structures. Moreover, the 
sacrum is the body region with the highest risk of developing pressure ulcers [17-19]. 
As a clinical measure of these tissue-interface pressures, the redness was scored post-
operatively semi-quantitatively as absent, diffuse or clearly defined, and further 
categorised in terms of blanchable or non-blanchable.  
 
Data collection and processing 
Statistical analysis was performed using the Statistical Package for Social Sciences 
(SPSS, IBM), version 20.0.0.1. Pressures are presented as mean ± SD. Analysis of tissue-
interface pressures involved repeated-measures analysis of variance with correction of 
the degrees of freedom using the Greenhouse-Geisser estimates of sphericity when 
Mauchly’s test indicated that the assumption of sphericity had been violated, using 
time as the within-group factor and treatment as the between-group factor. Post hoc 
group comparisons at the different time points were only performed when the overall 
repeated-measures tests were statistically significant. All scores were tested for 
normality using the Kolmogorov-Smirnov test. Parametric variables were compared 
using Student’s t-test, while non-parametric variables were compared using the Mann-
Whitney U statistic. Nominal variables were compared across independent groups 
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using the chi-squared test or Fisher’s exact test. Homogeneity of variance was assessed 
using Levene’s test. Level of significance was set at P < 0.05. 

Results 

Patients 
Characteristics of anaesthetised subjects and awake controls are described in Table 1. 
No differences in demographics or baseline characteristics were found between the 
patients randomised for rigid spineboard or soft-layered spineboard. Participants in 
the patient group were on average older and more often male than in the awake 
volunteers group. No relationship was found between pressure values and age or 
gender. 
 
Table 3.1. Subject characteristics. 
 Anaesthetised Anaesthetised Awake P* 
Device Rigid spineboard Soft-layered 

spineboard 
Rigid spineboard,  
soft-layered spineboard 

 

Number 15 15 30 - 
Gender (M/F) 11/4 11/1 19/11 b 
Age (years) 51.5 (16.2) 49.6 (18.9) 39.0 (11.1) a,b 
BMI (kg/m2) 24.5 (2.9) 24.2 (3.2) 24.7 (3.4) n.s. 
Type of surgery 
  Hernia inguinalis 
  Hernia epigastrica 
  Hernia umbilicalis 
  Hernia inguinoscrotalis 

 
10/15 
3/15 
2/15 
- 

 
11/15 
- 
2/15 
2/15 

 
n.a. 
n.a. 
n.a. 
n.a. 

n.s. 

Time on immobilisation 
device (minutes) 

63 (18) 65 (12) n.a. n.s. 

n.a.: not applicable 
* P: a = difference between anaesthetised rigid spineboard and awake rigid spineboard P < 0.05;  
b = difference between anaesthetised soft-layered spineboard and awake soft-layered spineboard P < 0.05;  
n.s.: not significant (P > 0.05 

 
Tissue-interface pressures 
In both awake volunteers and anaesthetised patients, peak pressures for scapula and 
sacrum and peak pressure index (PPI) at the sacrum were significantly lower on the 
soft-layered spineboard than on the rigid spineboard (Figures 3.1a-d). Peak pressures 
at the heel were similar for both devices for awake volunteers, and were significantly 
lower for patients under anaesthesia on the soft-layered spineboard than for the 
healthy volunteers. Peak pressures and sacrum PPI on the soft-layered spineboard 
were significantly lower for anaesthetised patients compared to awake volunteers (P < 
0.01). Peak pressures on rigid spineboard did not differ between anaesthetised 



Effects of unconsciousness 

45 

patients and awake volunteers (P > 0.05). No significant changes in pressure were seen 
during the course of the pressure measurements (P > 0.05). 
 

 
 
Figure 3.1a-d. Tissue-interface pressures at various parts of the body; mean peak pressures and standard 
deviation for rigid spineboard (dark grey bars) and soft-layered spineboard (white bars). a. Tissue-interface 
pressures on the heel. b. Tissue-interface pressures on the scapula. c. Tissue-interface pressure on the 
sacrum. d. Tissue-interface peak-pressure index on the sacrum. 

 
Redness 
Redness was assessed for anaesthetised patients only (Figures 3.2 and 3.3). There was 
a clear difference in redness on the sacrum after surgery, with significantly more 
patients without any redness at all on the soft-layered spineboard and significantly 
more volunteers with clearly defined redness on the rigid spineboard (Table 3.2). In all 
cases the redness was blanchable and had disappeared at the 2 hour postoperative 
follow up assessment.  
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Figure 3.2. Example of diffuse redness on the sacrum after lying on the soft-layered spineboard during 
surgery. 

 

 
Figure 3.3. Example of clearly defined redness on the sacrum after lying on the rigid spineboard during 
surgery. 

 
Table 3.2. Redness at the sacrum, anaesthetised patients*. 
Redness at the sacrum Rigid spineboard Soft-layered spineboard Total 
No redness 1 9 10 
Diffuse redness 5 6 11 
Clearly defined redness 9 0 9 
Total 15 15 30 
*χ2 = 15.49, P < 0.01 for rigid spineboard vs soft-layered spineboard 
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Discussion 

This study showed that unconscious subjects placed on a soft-layered spine board had 
lower tissue-interface pressures than conscious subjects, while no differences between 
these two groups were found when using a rigid spine board. Patients under 
anaesthesia and awake controls both had significantly lower tissue-interface pressures 
on the soft-layered spineboard than on the rigid spineboard. 
 Despite a growing body of evidence that immobilising patients on a rigid 
spineboard can cause a number of adverse effects such as aspiration, respiratory 
problems, pain, and pressure ulceration [6,10,20-25], the use of spineboards is 
expected to continue in practice. In addition to efforts to increase awareness in order 
to limit the use of spineboards, more tissue-protective devices for spinal immo-
bilisation have been developed to minimise the risks of pain and pressure ulcer 
development. However, evidence showing how these products compare with 
traditionally used rigid spineboards is scarce. In an earlier study [10] we compared the 
tissue-interface pressures between the rigid spineboard and the soft-layered 
spineboard in healthy, awake volunteers. It was unknown, however, whether these 
results for conscious healthy subjects could be translated to the target group of 
patients incapable of moving to relieve pressure, such as unconscious patients or 
patients with spinal cord injury. In this study we therefore looked at anaesthetised 
patients as a proxy for these patient categories. The average duration of the surgical 
procedure was about one hour, which is in practice equal to the average time a trauma 
patient is immobilised on a spineboard [2,3]. 
 Earlier studies showed that the use of a rigid spineboard leads to discomfort and 
high tissue-interface pressures [6,9,10,16,21]. We have also previously demonstrated 
that using a rigid spineboard led to a considerably higher maximum tissue strain than 
the threshold at which deformation damage can occur [14]. These high tissue-interface 
pressures are therefore a significant risk factor for the development of pressure ulcers 
[26], which are both debilitating for the patient [27-29] and costly for the hospital 
[4,8,30]. We found equally high tissue-interface pressures for both awake volunteers 
and anaesthetised patients using the rigid spineboard, with values comparable to 
those from earlier studies [6,10,16]. The tissue-interface pressures experienced by the 
unconscious patients on the rigid spineboard remained comparable to those for the 
awake subjects. In addition, tissue-interface pressures on the soft-layered spineboard 
were significantly lower for the unconscious patients than for the awake volunteers. 
Both these observations are remarkable, as they did not confirm our initial hypothesis 
that both spineboards would lead to an increase in pressures. The data from our study 
suggest that each board has a ceiling effect. The rigid spineboard reaches this ceiling 
almost immediately, while the tendency of the pressure to increase on the soft-layered 
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spineboard suggests that its ceiling effect is reached later. Although the former may be 
speculative, the bottom line remains that the risk of tissue damage by pressure-
induced tissue deformation is reduced by using the soft-layered spineboard compared 
to the rigid spineboard. 
 After removal from the spineboard, reactive hyperaemia occurred, indicating that 
there had been a period of relative hypoperfusion. This was especially noticeable with 
the rigid spineboard, with 9 out of 15 patients showing clearly defined redness, 
compared to 0 out of 15 patients on the soft-layered spineboard. There is a trade-off 
between pressure and time regarding pressure-induced tissue damage with higher 
pressures causing tissue damage sooner than lower pressures [31,32]. In our study the 
pressures did not lead to permanent damage to the soft tissue; the redness had 
disappeared in all patients at the follow up assessment of the skin two hours after the 
end of the surgery. The patients remained haemodynamically stable during the 
procedure and had only low-risk comorbidities. Tissue hypoperfusion leading to tissue 
ischaemia and cell necrosis occurs more rapidly in hypotensive patients because of 
compromised microcirculation caused by poor perfusion [25]. Especially patients with 
shock or spinal cord damage combined with altered conscious levels are at increased 
risk of hypotension, so immobility, time or pressure related risk factors should be 
reduced. 
 A number of comments need to be made on the interpretation of our 
observations. First, although weight and body mass index of the participants were 
representative of those in the general Dutch population, age and gender were not 
completely comparable between healthy volunteers and the patients undergoing 
surgery and anaesthesia. Second, our study was single-blinded, as the researcher who 
performed the pressure measurements and redness evaluations knew which device 
the volunteer was lying on. However, pressure measurements were objectified by 
using the Xsensor pressure mapping device. Redness was objectified by testing 
blanchableness using a clear plastic disc. Photos were taken to enable classification of 
the redness afterwards. The redness of the skin was also judged by an independent, 
blinded observer with no knowledge of the allocation of the patients. Kappa was 0.811 
and differences of opinion were resolved through discussion. Furthermore, visual 
inspection of the skin was undertaken as an indicator of tissue damage. Although 
hyperaemia was noted in a significant number of patients, we do not know how this 
relates to tissue ischaemia and cell necrosis. Further studies should therefore focus on 
the relation between local tissue-interface pressures and indicators of tissue damage. 
 In conclusion, this randomised study found tissue-interface pressures to be 
significantly lower for the soft-layered spineboard than for the rigid spineboard, for 
both awake volunteers and anaesthetised patients. Furthermore, tissue-interface 
pressures using the soft-layered spineboard were lower for the anaesthetised patients 
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than for the awake volunteers. Redness of the skin of the sacrum was significantly less 
on the soft-layered spineboard than on the rigid spineboard. These findings show the 
importance of using a soft-layered spineboard for tissue-interface pressure reduction, 
and may be of importance for trauma patients with a reduced level of consciousness. 
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Abstract 

Background: Spineboards are used to immobilise accident victims suspected of having 
spinal injury. Guidelines for the maximum time patients should remain on the board 
are often exceeded and this may occasionally lead to pressure ulcers. Aetiological 
research has shown that two processes ultimately lead to pressure ulcers: “Ischaemic 
damage”, which takes several hours to develop, and “deformation damage” at high 
strains. The latter process is very rapid, and the first signs of cell damage are already 
evident within minutes. In order to minimise the risk of pressure ulcer development 
during prolonged loading, a new soft-layered spineboard has been designed. 
 
Methods: A subject-specific numerical approach was adopted to evaluate the 
prototype spineboard in comparison to a conventional spineboard, in terms of the 
estimated strains in the soft tissues adjacent to the sacrum in the supine position. The 
geometry of the model was derived from magnetic resonance images of three human 
volunteers in an unloaded situation. The images of the loaded situation were used to 
“tune” the material parameters of skin, fat and muscle. The prediction of the 
deformed contours on the soft-layered board was used to validate the model. 
 
Results: Comparison of the internal strains in muscle tissue near the spine showed that 
these were reduced on the soft-layered board, and that maximum strains were 
considerably lower than the threshold at which deformation damage is possible. By 
contrast, this threshold was exceeded in all cases on the rigid spineboard. 
 
Conclusions: The prototype soft-layered spineboard is able to reduce the risk for 
deformation damage and thus reduces the risk of developing pressure ulcers. 
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Introduction 

The spineboard is a device used for spinal immobilisation of accident victims suspected 
of having a spinal injury. This method of immobilisation is well established in pre-
hospital and in-hospital trauma protocols [1, 2]. Although existing guidelines 
recommend minimising the time spent on the spineboard [3, 4], in practice, patients 
remain on the board for prolonged periods, due to on-scene treatment and evaluation 
in the emergency room and/or the radiological facility [5, 6]. Since the spine needs to 
be immobilised during this period, removing patients from the spineboard is a low 
priority issue for the emergency room staff. Indeed, the average time patients spend 
on a spineboard has been estimated at 77 minutes [7, 8], while in some cases it can 
exceed 2 hours [9, 10]. Although stabilisation of the spine remains a critical 
requirement for trauma patients, it is also clear that prolonged immobilisation on the 
spineboard causes pain and discomfort [11-13] and may occasionally lead to the 
development of pressure ulcers [11, 14, 15]. Devices for pre-hospital care can be 
divided into two groups: those with a rigid surface and those with a softer padded 
surface. All currently available spineboards have a rigid surface. Some manufacturers 
have developed optional padding to soften the surface of a rigid spineboard. The 
vacuum mattress, when deflated, also has a rigid surface. The soft-layered spineboard 
is the only device with a built-in soft surface.  
 “A pressure ulcer (PU) is a localised injury to the skin and/or underlying tissue, 
usually over a bony prominence, as a result of pressure or pressure in combination 
with shear” [16]. In addition to individual suffering, the development of PUs leads to 
prolonged hospital stays [17, 18] and increased treatment costs [19]. The incidence of 
PUs in European hospitals is estimated to be between 18 and 20% [20], and in the 10 
to 18% range in USA hospitals [21]. In the Netherlands, the incidence rate in hospitals 
is estimated to be between 5 and 8% (excluding category 1 PUs), and this value will 
inevitably be higher in residential care and community settings [22]. 
 In the last decade, considerable progress has been made in understanding the 
aetiology of PUs. There is increasing consensus that, although the majority of pressure 
ulcers start at the skin surface and may extend to deeper layers, there is also a 
category that starts in deeper soft tissue layers adjacent to bony prominences. In the 
2009 European guidelines for PU prevention and treatment [16] the latter are referred 
to as deep tissue injury (DTI). DTI is especially an issue for patients who have impaired 
sensation, most notably spinal cord injured individuals, or unconscious patients. In this 
case the subject does not feel the mechanically induced subcutaneous damage, and it 
is not uncommon that these wounds are only identified after they have become very 
severe. It is hypothesised that superficial wounds mostly result from a combination of 
shear forces and pressures at the interface between skin and supporting surfaces, 
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while DTI is a result of high stresses and strains adjacent to bone. We propose that 
spineboards could lead to DTI. Vulnerable areas for DTI while lying the spineboard are 
the sacrum, the heels, the shoulders and the back of the head. 
 In the last 15 years a variety of model systems have been used to study the 
aetiology of DTI, ranging from in vitro studies on single cells [23, 24] to tissue-
engineered muscle constructs [25-27] and animal studies [28-31]. All these studies, 
which focused on skeletal muscle cells and tissues, confirmed that two damage 
mechanisms play a major role in prolonged mechanically induced damage. In most 
practical situations it is impossible to prevent the occlusion of blood vessels, resulting 
in partial or complete reduction of blood perfusion of mechanically loaded body sites. 
This leads to a state of ischaemia in the tissue, resulting in hypoxia. Accordingly, 
muscle tissue changes from an aerobic to an anaerobic metabolism. This causes 
accumulation of metabolic waste products in the interstitial spaces, lowering of the pH 
and eventually cell death. Healthy subjects will normally use pressure relieving 
strategies, involving changing body position, to minimise the risk of damage 
accumulation. 
 The second damage mechanism involves direct deformation damage at a 
threshold level, which for maximum shear strain has been estimated to be between 
0.5 and 0.6 (50 to 60%) [30]. The cause of this mechanism is not yet clear. It has been 
proposed that it is a matter of failure of the cell membrane or direct disruption of the 
cytoskeletal elements. Nonetheless, all model systems revealed a strong correlation 
between local tissue strain and damage development [30]. It is also evident from 
studies with human volunteers that internal tissue strains adjacent to bony 
prominences often exceed the strain threshold level during prolonged sitting [32]. 
The current study estimated the mechanical strains in sacral tissues of subjects 
supported on a spineboard. Two different support surfaces were considered, a 
standard rigid spineboard and a prototype spineboard with a soft-covered inlay, 
referred to as soft-layered spineboard [33]. A recent comparative study reported 
increased comfort and significantly lower interface pressures on the soft-layered 
spineboard [33]. 
 
Two specific questions were addressed. (1) Is the deformation threshold exceeded in 
the sacral area of subjects lying supine on a spineboard? (2) Is the prototype soft-
layered spineboard capable of reducing the internal strains to values below the 
deformation damage threshold? We attempted to answer these questions using a 
combination of magnetic resonance imaging (MRI) and finite element (FE) modelling. 
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Methods 

MR images of the sacral area of able-bodied volunteers were recorded on both 
support surfaces. These images were used to develop a subject-specific FE model, 
which was tuned and validated on the images of the undeformed and deformed 
condition on the standard spineboard and used to calculate internal tissue strains in 
the soft tissues near the sacrum. 
 
Image acquisition 
The geometry of the model was based on MR images of 13 volunteers, with varying 
morphology, each scanned lying supine on both the rigid spineboard and the soft-
layered spineboard. Images were also recorded with the subject in prone position in a 
standard MRI to depict the unloaded shape of the sacral region. Approval was 
obtained from the Medical Ethics Committee of the Maastricht University Medical 
Centre. Written informed consent was obtained from all volunteers before they were 
enrolled in the study. 
 After extensive inspection of all data sets, three representative subjects were 
selected to generate three anatomically accurate FE meshes. The selection was based 
on obtaining sufficient variety of anatomy and body mass index, visual accuracy of the 
data sets and whether the subject’s position had been correctly aligned to the MRI 
scanner. The characteristics of the three subjects are summarised in Table 4.1. The 
images obtained in prone position serve as an unloaded reference state of the 
buttocks area, on which the FE mesh was based. The images obtained on the rigid 
spine board and the soft-layered spineboard were compared with the output of the 
model. The specific focus of the model involved the most outward pointing 
prominences of the sacrum (the medial sacral crest, a point located at a few 
centimetres above the coccyx) and the femoral heads, as indicated in Figure 4.1. 
 
Table 4.1. Subject characteristics 

Subject BMI (kg/m2) Weight (kg) Height (m) Age (years) Gender 
I 19.4 49 1.59 27 Female 
II (reference) 24.0 68 1.72 29 Female 
III 27.4 77 1.68 41 Female 
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Figure 4.1a-b. Area of interest. a. Side view of the hip area. The red line a few centimeters above the coccyx 
is the region of interest. b. Front view of the hip area. The red line a few centimeters above the femur heads 
is the region of interest. 

 
Mesh development 
A subject-specific two-dimensional, plane-stress FE model was developed of the 
selected subjects, based on the high resolution images obtained close to the sacral 
area. The images obtained in prone position were used for the segmentation and 
considered to represent the undeformed state of the tissue area (Figure 4.2a). Images 
were segmented in the Mimics software code (Materialise NV, Leuven, Belgium). After 
segmentation a mesh was developed with quadratic triangles, and transferred to Marc 
Mentat 2008r1 (MSC Software). 
 

 
 
 
 
 
 
 
 
 
a. 

 

 
 
 
 
 
 
 
 
 
b. 

 
Figure 4.2a-b. High resolution MRI images of the sacral area. a.MRI image in prone position (image is rotated 
180° for easy comparison with the supine image). b. MRI image in supine position on the rigid spineboard. 

 
Material properties 
The model had to represent four components: bone, muscle, fat and skin tissues. The 
region in the mesh ascribed to bone was in fact tissue consisting of very stiff ligaments 
(Table 4.2), but we assumed this would not affect the strains in the area of interest 
around the sacrum. The skin, fat and muscle tissues were modelled with an 
incompressible, nonlinear Ogden material law with strain energy density W (34): 

  
with λ1,2,3 the principal stretch ratios and μ [kPa] and α [−] the material properties. 
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Table 4.2 Material properties of the various tissues in the FE model after tuning the model on the images in 
supine position. 
Tissue Μ [kPa] Α [-] 
Skin 8 5 
Fat 1 5 
Muscle 0.3 

Young’s modulus E (kPa) 
5 
Poisson’s ratio 

Bone 3.4 * 106 0.36 
 
A series of parameter studies with the reference model (model II in Table 4.1) were 
performed to test the validity of the FE model. In particular, the measurable contours 
of the image in the deformed condition on the rigid spineboard were compared with 
the FE predictions. First the mesh density was varied to find the optimal compromise 
between computer time and accuracy. Close examination of the 2-D model as a 
representation of a 3-D subject revealed that a plane-stress analysis, as opposed to a 
plane-strain analysis, yielded the best fit on the MRI images. This suggests that tissues 
can deform easily in the direction perpendicular to the plane of the view. The friction 
coefficient between skin and supporting surface was varied, and although this only 
marginally influenced the contours, it did have a large influence on the calculated 
shear strains in the skin. Accordingly, a worst-case scenario was selected with a friction 
coefficient of 1. The fitting was mostly influenced by the choice of the material 
parameters assigned to skin, fat and muscle. The image revealed a clear distinction 
between the tissue layers, so each tissue could be manually fitted, leading to the 
material properties detailed in Table 4.2. The bone and stiff ligaments were modelled 
as an isotropic, linear elastic material with a high modulus of elasticity (3.4 [GPa]). This 
resulted in the mesh and material groups shown in Figure 4.3. 
 

 
Figure 4.3. The FE mesh for the reference model, with the different materials groups used. 

 
Boundary conditions 
A contact option between skin and supporting surface was used with Coulomb friction 
and a friction coefficient of 1. First, the support was moved upwards until contact was 
established between the skin and the surface. During this phase, a central node in the 
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model was fixed to prevent rigid-body motion of the body. Secondly, a body force was 
applied to the body to simulate gravity. This body force was based on the density of 
water (10−5 N/mm3). By integrating over the total area of the mesh, and taking the 
product of slice thickness (1 mm) the body force was assumed to approach the weight 
of the modelled slice at the sacral region of the adult human model. 
 The conventional rigid spineboard was modelled as a rigid surface. For the soft-
layered spineboard an FE model was built that included the inlay and the cover layer 
which makes up its inlay (Figure 4.4). Indentation tests were performed to measure 
the material properties of the inlay. The very large deformations observed in the 
experiments on the soft-layered spineboard (up to 90%) led to convergence problems 
when using solid elements. Accordingly, the stiffness of the entire structure was 
represented by line elements acting as nonlinear, extensional springs that were fixed 
to a “virtual” line a few centimetres above the inlay. Again parameters were tuned in 
such a way that the outer contour in the loaded condition in the reference model 
matched the measured contours. Identical properties were used for the simulations in 
models I and II. 
 

 
Figure 4.4. FE mesh of the soft-layered long spineboard. The rigid board is shown in pink. The springs 
suspending the top layer of the inlay are shown in green. The top nodes of the springs are fixed in space 
along a virtual line. 

Results 

Figure 4.5 shows the images of the deformed condition and the numerically 
determined contours of the model projected onto the images of the 3 subjects on the 
rigid spineboard. The model was “tuned” on the reference subject, with a focus on the 
area of interest, as indicated by the yellow dotted box in Figure 4.6b. The same 
material parameter set was used for all three subjects, so the only difference between 
model I (Figure 4.5a) and model III (Figure 4.5c) is the subject-specific geometry of the 
bones and tissues. The model matches the images of the three subjects reasonably 
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accurately, suggesting minor differences in the material properties of their individual 
tissues. 

a.  b.  
 

 c.   
 
Figure 4.5a-c. MR images of the three subjects on the rigid spineboard, with the contours of the deformed 
mesh in red. a. Subject I; b. Subject II (reference model); c. Subject III. 

 
Figures 4.6a-c show the corresponding images and contours for the same subjects lying 
on the soft-layered spineboard. It is interesting to note that the reference model now 
provides the lowest accuracy, with a clear difference between the contours 
surrounding the fat layer and the MR images. By contrast, the contours derived from 
models I and III present a very good match with the images. The estimated distribution 
of the maximum shear strains calculated with the reference model for both the 
spineboard and the soft-layered spineboard reveals high strains, in excess of 50%, in 
the muscle and the fat around the sacrum on the rigid spineboard, whereas such high 
strains are absent in the corresponding layers for the soft-layered spineboard (Figure 
4.7). High strains were also found in the area around the ilium bones. These finding are 
not, however, considered to represent a realistic situation, as the tissues around these 
bones were modelled with the same properties as muscle, and the tissues cannot slide 
over the bone. 
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a.  b.  
 

 c.   
 
Figure 4.6a-c. MR images of the three subjects on the soft-layered spineboard, with the contours of the 
deformed mesh in red. a. Subject I; b. Subject II (reference model); c. Subject III. 

 
 

 
 
Figure 4.7. Distribution of maximum shear strains in the deformed mesh of the reference subject (II), on the 
rigid spineboard (left) and on the soft-layered spineboard (right) 

 
A more quantitative comparison between the three subjects and between the 
spineboard and the soft-layered spineboard was achieved by selecting a region of 
interest (ROI) around the sacrum, depicted as region A in Figure 4.3.Within the 
rectangular ROI, the relative area corresponding to different strain ranges was plotted 
for all cases. Figure 4.8a depicts the histogram for the area around the sacrum for 
maximum shear strains ranging from 0 to 0.8. The shaded area in the range between 
0.5 and 0.6 corresponds to the threshold range where damage due to deformation has 
been shown to be initiated [30, 35]. Figure 4.8b magnifies the estimated strains 
between 0.3 and 0.8. It is clear that for all subjects the rigid spineboard yields strains 
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within the critical strain range, while on the soft-layered spineboard all maximum 
shear strains are less than 0.5. 

 

 
 
Figure 4.8a-b. Maximum shear strain distribution in all tissues at the sacral region of interest of all three 
meshes on the soft-layered long spine board (SLSB) and on the rigid spine board (RSB).  

Discussion 

Aetiological research has established that in skeletal muscle under strain, there is 
another damaging process in addition to cell death as a result of ischaemia, a process 
which has been termed “direct deformation damage”. This process is characterised by 
a very strong correlation between the local levels of strain applied to tissues and the 
amount of damage observed in both animal studies and in vitro studies. Although the 
exact mechanisms are not fully clear, it is known that this damage does not occur 
below a maximum shear strain threshold of between 0.5 and 0.6 (50 to 60%), whereas 
exceeding this threshold leads to the first signs of cell damage becoming evident after 
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as little as 10 minutes [30]. The time it takes from these early signs to the development 
of a full wound is not known, but it seems prudent to stay below this threshold strain. 
Recent research has shown that ischaemic-induced damage can occur [36], although 
its effect is registered only after several hours [30]. In all three of our subjects, on the 
rigid spineboard strains of up to 0.8 were found in muscle as well as fat around the 
sacral bone, suggesting that the use of the rigid spineboard can result in direct 
deformation damage. 
 It is clear from our FE estimations that the maximum strains on the soft-layered 
spineboard did not exceed the deformation damage threshold for any of the three 
subjects. This implies that transportation of patients on a soft-layered spineboard is 
fairly safe, at least in terms of preventing deformation damage. However, it should be 
noted that the threshold for strains to avoid damage will inevitably be lower for 
patients presenting with for example trauma, shock or unconsciousness. Although 
ischaemia is a slow process, the periods during which patients are kept on the 
spineboard are in some cases prolonged, so it is essential to consider each individual 
patient’s sensitivity. Furthermore, the present analysis only focussed on the sacral 
area, and other studies in our group, involving blood gas tension levels and pressure 
measurements, have indicated that the shoulder area is particularly vulnerable on the 
spineboard (unpublished data). 
 Some remarks can be made on this study. We only examined three participants, 
all healthy people. Although the stresses exerted on the tissues due to tissue 
deformation are likely to be independent of underlying diseases, the effect of this 
deformation on the tissues may very well be influenced by a patient’s pre-existent 
conditions (e.g. diabetes). In this study we only investigated the effect of different 
surface properties on the degree of deformation. The level of damage caused by this 
deformation was beyond the scope of our study. In addition, the model has a number 
of limitations. For example, it is a two-dimensional plane-stress model and does not 
take into account tissue deformation in the direction perpendicular to the cross-
section we modelled. Although it is in principle possible to create 3-D whole-body 
models, such a process is laborious and time-consuming, and it is difficult to produce 
patient-specific models. In a similar manner, the material parameter values used in the 
model for skin, fat and muscle tissues are only based on average values from a limited 
sample size. On the other hand, all models were analysed with the same data set, 
based on tuning the reference model to the rigid spineboard. The good agreement 
between predicted and measured contours with one single data set provides some 
confirmation of validity of the methodology employed. 
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Conclusions 

Maximum shear strains higher than 0.55 (55%) were found in the sacral area of three 
subjects with BMIs ranging from 19 to 27, on the rigid spineboard. These strains may 
lead to direct internal deformation damage to muscle within minutes. On the soft-
layered spineboard, for all three subjects maximum strains did not exceed the 
deformation damage threshold. For none of the three subjects did the maximum 
strains on the soft-layered spineboard exceed the deformation damage threshold. 
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Abstract 

Background: Spinal immobilisation using a rigid long spineboard is a well-established 
procedure in trauma care. During immobilisation, the body is exposed to high tissue-
interface pressures. This may lead to a localised inflammatory response of the skin, 
which can be used to monitor the body’s response to different types of immobilisation 
device. 
 
Aim: In this study we compared the standard rigid spineboard with a new soft-layered 
spineboard regarding tissue-interface pressures, reactive hyperaemia and cutaneous 
IL1α release. 
 
Methods: Twelve healthy male participants were asked to lie supine on both a rigid 
and a soft-layered spineboard, loading the sacrum for one hour, followed by one hour 
in unloaded position. Tissue-interface pressures on the buttocks during loading were 
measured continuously using a pressure mapping mat. Cutaneous IL1α concentration 
was assessed using Sebutapes, during 20-minute periods. After each 20-minute period, 
a photo of the buttocks was taken, which was later assessed for redness by two 
observers.  
 
Results: Significant differences in tissue-interface pressure and reactive hyperaemia 
were found between the two types of spineboard. Release of IL1α was found to 
increase with prolonged exposure to pressure, and to decrease in the unloaded prone 
position. A significant relationship was found between tissue-interface pressure and 
reactive hyperaemia, but not with IL1α release. Time course of IL1α release was similar 
for both types of spineboard. 
 
Conclusions: IL1α has a strong relationship with pressure exposure time, but not with 
pressure magnitude. Furthermore, IL1α was measured even in the absence of visible 
redness of the skin. Pressure ulcer prevention through pressure relieve should 
therefore be a priority for care providers, even in the absence of visible tissue damage. 
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Introduction 

The use of spinal immobilisation with long spineboards and cervical collars in the 
extrication and transfer of trauma patients is a well-established standard precaution in 
both pre-hospital and in-hospital protocols [1, 2]. These methods are considered 
particularly essential for unconscious trauma patients, who are unable to maintain 
spinal alignment by muscle tone, to protect the patients from (further) spinal injury. 
Although there is a general consensus that the patient should be removed from the 
spineboard as soon as reasonably possible [1, 3, 4], the average time patients are 
reported to spend on a spineboard has been estimated to be approximately one hour 
[5-7] and may be markedly longer in some cases [6, 8]. Prolonged immobilisation on 
the spineboard causes significant discomfort and pain [9], and on occasion may cause 
pressure ulcers to develop adjacent to bony prominences [8]. These ulcers are painful 
[10-12] and debilitating for the patient [13, 14] and take a long time to heal [15-17], 
resulting in prolonged hospitalisation [18, 19] and reduced quality of life [20-23]. 
 Pressure ulcers result from oxygen and/or nutrient deprivation and cell damage 
caused by pressure [24-26], either starting superficially at the skin or starting from 
deeper soft tissue layers adjacent to bone prominences and then extending to the skin. 
Lying on a rigid surface compromises the ability of the soft tissues (skin, muscles, fat) 
to adapt to the shape of the surface, resulting in high tissue-interface pressures [27], 
and may result in high compressive and shear strains in the tissues [28]. High tissue-
interface pressures may lead to closure of capillaries, thereby depriving tissues of 
oxygen and other vital nutrients, which will eventually lead to cell damage Further-
more, the high strains themselves may cause cell damage directly [29, 30], adding to 
the risk of developing pressure ulcers. This cell damage triggers an inflammatory 
response, which involves the release of cytokines into the skin, such as IL1α, IL-1RA 
and IL-8. Earlier studies [31, 32] showed that not only can IL1α be detected after 
relatively short periods of loading time (<2 hours), its release is also related to the 
magnitude of pressure, and a relation with pressure ulcers has been found in in vivo 
studies [33, 34]. We therefore decided to focus on IL1 α as an objective indicator of 
tissue damage in this study. Cytokines can be collected non-invasively in humans with 
the use of Sebutapes [32, 35, 36], self-adhesive patches specifically developed to 
absorb sebum, which can yield a number of proteins including cytokines. Previous 
research by our group showed that lying on a rigid spineboard results in high tissue-
interface pressures [27], increased reactive hyperaemia [37] and increased tissue 
strains at the sacrum [28]. The hypothesis for the present study was that lying on a 
rigid spineboard would result in an elevated release of IL1α as a result of the increased 
tissue-interface pressures when compared to lying on a soft-layered spineboard. In 
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addition, we hypothesised that there would be a relationship between the pressure-
induced reactive hyperaemia and the IL1α concentration.  
 We compared the IL1α response in healthy volunteers during and after exposure 
to the increased tissue-interface pressures on a standard rigid spineboard and a soft-
layered spineboard, in a prospective randomised open-label crossover study. 

Methods 

Study design 
We performed a prospective, randomised open-label crossover study evaluating 
tissue-interface pressures, redness of the skin, and IL1α production, comparing a 
standard rigid long spineboard and a soft-layered long spineboard, using healthy 
volunteers. The study was approved by the Medical Research Ethics Committee of the 
Maastricht University Medical Centre and registered as NTR4537 in the Dutch Primary 
Registry. 
 
Participants 
Sample size for this study was estimated to be a minimum of 12 persons [38]. We 
therefore recruited 12 volunteers through advertisements and word of mouth recruit-
ment. Inclusion criteria were male sex, age 20-30 years, BMI 19-25 kg/m2 and 
Caucasian ethnicity. Exclusion criteria were a history of pressure ulcers and skin 
conditions such as eczema, rashes or psoriasis with local expression on the 
buttocks/sacrum. Written informed consent was obtained from all participants before 
enrolment in the study.  
 
Materials and interventions 
Participants were randomly assigned to the order in which the two devices were to be 
tested. Testing took place in two separate sessions. Two different support devices 
designed for prehospital trauma care were used: a standard long spineboard (Ferno-
Washington, Wilmington, OH), and a prototype soft-layered long spineboard [27, 28, 
37]. All tests were done in the same climate-controlled room, which was kept at a 
temperature of 23.2 ± 0.4 °C. Each session started with a 15-minute acclimatisation 
period, in which the participant was not allowed to put load on the buttocks (i.e. no 
sitting or lying on the back).  
 The area of interest surrounding the bony prominence of the sacrum was marked 
out using a surgical pen. At the end of the acclimatisation period, four Sebutapes were 
placed on the skin in the marked-out area (Figure 5.1), and fixed in place using a 
custom-made pressure-roller [39]. After one minute, each Sebutape was retrieved, 
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placed in a coded vial and stored on dry-ice. The Sebutapes were then replaced and 
the participant lay supine on the spineboard for another 20 minutes, after which the 
Sebutapes were once again replaced. This procedure was repeated three times, 
allowing for a total loaded period of 1 hour. The procedure was then repeated three 
more times at 20-minute intervals while the buttocks remained unloaded, to achieve 
reperfusion. Participants were allowed to either stand or lie prone during this second 
hour. At the end of the session, the vials with Sebutapes were stored in a -80°C freezer 
until further processing. The second session was planned a week later, and at this 
session the other device was tested in a manner identical to that used in the first 
session. 
 

 
 
Figure 5.1. Four Sebutapes in place in the marked-out area of interest on the sacrum/buttocks for baseline 
measurement. 

 
The Sebutape extraction process was based on a study by Perkins et al [36]. Briefly, the 
vials with tapes were thawed to room temperature, after which 2 mL phosphate 
buffered saline was added to each vial. After 1 hour, the tapes were sonicated for 10 
min at 20°C, vigorously vortexed for 2 min and additionally mixed with a pipette tip. IL-
1α concentration in the samples was measured using a commercially available human 
IL-1α/ IL1F1 enzyme-linked immunosorbent assay (ELISA) kit (DuoSet R&D system) with 
a detection range of 3.9-250 pg/mL. IL-1α levels below the detection threshold were 
recorded as zero for statistical testing. The amount of total protein (TP) collected on 
each Sebutape was measured using a Thermo Scientific TM Micro BCA Protein Assay 
Kit (Pierce Biotechnology) with a detection range of 0.5-20 µg/mL. To correct for 
sebum uptake by the Sebutapes, IL-1α/(TP)- ratio was calculated as IL-1α concen-
tration (pg/mL) divided by the total protein (TP) concentration (µg/mL). Tissue-
interface pressures were continuously measured using a Tekscan Conformat model 
5330 pressure-mapping device (Tekscan Inc, Boston,MA, USA). This system consists of 
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a thin, easily foldable seat-sized pressure-mapping mat, equipped with 1024 capacitive 
sensors. This mat was placed between the subject and the spineboard at the level of 
the buttocks. Pressure on the sensors generates a voltage difference, which increases 
linearly with the pressure. The mat was connected to a laptop computer with special 
Tekscan software (version 7.20), for real-time pressure monitoring.  
 After each 20-minute period, the back of each participant was visually inspected 
and the skin redness was semi-quantitatively graded. Any redness was tested for being 
blanchable using a clear plastic disc, so as to distinguish between blanchable and non-
blanchable erythema [40]. Photographs of the buttocks were made to permit an 
independent second reviewer to quantify and qualify the presence of redness.  
 
Outcome measures 
IL1α in pg/mL was measured at baseline and subsequently after every 20-minute 
period. Total protein (TP) was measured in µg/mL at the same time points. IL1α /TP 
ratio was used as a standardised measure to compensate for inter-individual excretion 
differences. 
 Pressures in mmHg were recorded continuously during the loaded period for each 
sensor in the pressure mapping mat. Peak Pressure Index (PPI) in mmHg was defined 
as the area of 3x3 sensors which included the sensor showing the peak pressure and 
which had the highest average pressure including this sensor. The area was identified 
based on the first recording of every 20-minute period in the loaded condition. PPI can 
be considered more reliable than peak pressure for assessing the pressure-distributing 
capabilities of a support surface, because it examines a 19.5-cm2 surface area in 
addition to the peak pressure registered by one single sensor, which has a surface of 
only 2.16 cm2 [41]. Pressures were analysed for the areas covered by the Sebutapes, 
as well as for the sacral location with the highest pressure, regardless of the location. 
 As a clinical measure of tissue response, redness of the skin was scored after 
every 20-minute period, and recorded as absent, diffuse or clearly defined, and further 
categorised in terms of blanchable or non-blanchable. Redness of the skin was 
assessed independently by two of the authors (BH and PB) blinded for the spineboard 
allocation. 
 
Statistical analysis 
Statistical analysis was performed using the Statistical Package for Social Sciences 
(SPSS, IBM), version 20.0.0.1. Pressures and IL1α values are presented as mean ± SD; 
redness scores are presented in categories. Statistical analysis of tissue-interface 
pressures and Il1α was performed using repeated-measures analysis of variance with 
correction of the degrees of freedom using the Greenhouse–Geisser estimates of 
sphericity when Mauchly’s test indicated that the assumption of sphericity had been 
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violated. The analysis used time as the within-group factor and type of spineboard as 
the between-group factor. Post-hoc group comparisons at the different time points 
were only performed when the overall repeated-measures tests were statistically 
significant. All scores were tested for normality using the Kolmogorov–Smirnov test. 
Parametric variables were compared using Student’s t-test, while non-parametric 
variables were compared using the Mann–Whitney U statistic and Spearman rank 
correlation. Nominal variables were compared across independent groups using the 
chi-squared test or Fisher’s exact test. Homogeneity of variance was assessed using 
Levene’s test. Level of significance was set at P < 0.05. 

Results 

Tissue-interface pressures 
Mean tissue-interface pressures and pressure indexes were higher on the rigid 
spineboard than on the soft-layered spineboard, for all participants, all Sebutape 
locations and all time points (Ps < 0.05) except for the tissue-interface pressure in the 
top right location during first time period (P < 0.1) (Figures 5.2 and 5.3; Tables 5.1 and 
5.2). 
 

 

 
Figure 5.2. Tissue-interface pressure in mmHg in relation to location and time point.  
Presented data are means + standard deviation 
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Figure 5.3. Tissue-interface pressure index in mmHg in relation to location and time point. 
Presented data are means + standard deviation 

 
 
Table 5.1. Mean ± standard deviation peak pressure and Peak Pressure Index in mmHg for the rigid 
spineboard, in relation to location and duration of loading 
Rigid  
spineboard 

Peak pressure 
 

Peak pressure index 
 

Location 20 mins 
loaded 

40 mins 
loaded 

60 mins  
loaded 

20 mins 
loaded 

40 mins 
loaded 

60 mins 
loaded 

Top left 215 ± 144 208 ± 134 251 ± 157 234 ± 128 212 ± 126 252 ± 138 
Bottom left 138 ± 62 163 ± 135 127 ± 76 191 ± 96 202 ± 106 180 ± 84 
Top right 78 ± 89 84 ± 48 138 ± 93 105 ± 82 102 ± 53 161 ± 91 
Bottom right 117 ± 98 78 ± 46 93 ± 73 144 ± 99 117 ± 64 144 ± 71 
Max sacrum 337 ± 110 314 ± 122 344 ± 124 284 ± 104 254 ± 102 282 ± 117 
 
Table 5.2. Mean ± standard deviation peak pressure and Peak Pressure Index in mmHg for the soft-layered 
spineboard, in relation to location and duration of loading 
Soft-layered 
spineboard 

Peak pressure 
 

Peak pressure index 
 

Location 20 mins 
loaded 

40 mins 
loaded 

60 mins  
loaded 

20 mins 
loaded 

40 mins 
loaded 

60 mins 
loaded 

Top left 28 ± 11 23 ± 5 28 ± 11 34 ± 10 30 ± 7 35 ± 8 
Bottom left 35 ± 8 34 ± 10 34 ± 10 39 ± 11 36 ± 10 38 ± 7 
Top right 33 ± 8 34 ± 25 27 ± 10 35 ± 6 34 ± 9 31 ± 5 
Bottom right 32 ± 10 36 ± 8 37 ± 10 35 ± 7 37 ± 5 37 ± 7 
Max sacrum 66 ± 15 66 ± 15 62 ± 12 42 ± 9 45 ± 9 44 ± 7 
 
On the rigid spineboard, mean tissue-interface pressures and pressure indexes differed 
between the Sebutape locations at all time point (Ps < 0.05), but remained constant 
over time, with the exception of pressures and pressure index at the top right location, 
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which showed a significant increase in the third time period (P < 0.05). On the soft-
layered spineboard, pressures and pressures indexes were similar across locations and 
time points (Ps > 0.05). 
 On the rigid spineboard, mean tissue-interface pressures and pressure indexes at 
the sacral area were higher than those to the right of the sacrum (Ps < 0.05). On the 
soft-layered spineboard, maximum pressures at the sacrum were higher than those 
measured at the four Sebutape locations (Ps < 0.01).  
 
IL1α /TP ratio 
The IL1α /TP ratio showed a similar pattern over time on both the soft-layered and the 
rigid spineboard, with ratios increasing during the loading period and decreasing 
during the unloaded period (Figure 5.4). On both spineboards, the ratio increased 
significantly between baseline measurement and the first loading period (Ps < 0.01). 
The decrease in the ratio after the first period of unloading was also significant (Ps < 
0.05) for both spineboards. In an earlier pilot study with the rigid spineboard, we used 
a tape-stripped section of the forearm as a positive control for IL1α secretion and non-
tape-stripped, non-loaded skin of the forearm as a negative control. Both conditions 
showed a comparable slight increase in IL1α secretion, similar to the effects seen on 
the sacrum (data not shown). 
 

 
Figure 5.4. IL1α /TP ratio, average of the four locations, comparing the two devices over time. 
Presented data are means + standard deviation 
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Skin redness 
Log-linear regression analysis revealed a significant difference between the two 
spineboards in the intensity and course of pressure-induced redness. In particular, the 
soft-layered spineboard generally caused no or only diffuse redness after several 
periods of loading, while the rigid spineboard demonstrated clearly defined redness 
even after the first period of loading (χ2(1)=23.24, P < 0.01; Figure 5.5).  
 

 
 

Figure 5.5. Redness of the buttocks in relation to time point and device 
+: loaded: -: unloaded.  
Other: red streak within the intergluteal cleft, no redness on the buttocks 

 
Complete agreement of redness level was found in 77% of the cases, resulting in a 
kappa of 0.61. Disagreement was mostly seen in the assessment of no redness versus 
diffuse redness (13%). All redness was blanchable. 
 
IL-1α /TP ratio in relation to pressure 
Neither on the rigid nor on the soft-layered spineboards was there a significant 
correlation between tissue-interface pressures and IL1α/TP ratio (R = 0.017, P = 1.0 
and R = 0.070; P = 0.4 respectively; all locations summarised; Figure 5.6). 
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Figure 5.6. Peak pressure versus IL1α /TP ratio 
Peak pressure in mmHg (x-axis) vs IL1α /TP ratio (y-axis), all measurements 

 
IL-1α /TP ratio in relation skin redness 
For both the rigid spineboard and the soft-layered spineboards, a significant 
correlation was found between redness and IL1α /TP ratio (R = 0.634, P < 0.01 and R = 
0.286, P < 0.05, respectively; Figure 5.7).  
 

 
Figure 5.7. IL1α /TP ratio in relation to the two devices and level of redness  
Presented data are means + standard deviation  
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Pressure in relation to skin redness 
A significant relation was found between tissue-interface pressure and skin redness, 
with higher pressures correlating with higher levels of skin redness (R = 0.707, P < 
0.01).  

Discussion 

This prospective, randomised open label crossover study examined the relation 
between tissue-interface pressure, IL1α secretion and redness of the skin in persons 
lying on two types of spineboard. We found marked differences between the effects of 
the rigid spineboard and the soft-layered spineboard with regard to tissue-interface 
pressure and redness of the skin. However, IL1α /TP ratios were similar for both types 
of spineboard and did not correlate with the tissue-interface pressures.  
 To our knowledge, this is the first study to relate IL1α /TP ratio to tissue-interface 
pressures in a clinically relevant scenario. Earlier studies have used various pressures 
applied to engineered skin constructs [31, 32, 35]. In accordance with our earlier study 
[37], we found a clear relationship between tissue-interface pressure and redness of 
the skin on both types of spineboard. The traditional rigid spineboard showed mean 
tissue-interface pressures up to five times higher than the corresponding values 
measured on the soft-layered spineboard. Pressures were measured across the entire 
sacral area, including the four sites where the Sebutapes were placed. These local 
pressures were recorded in order to identify the local correlation between pressure 
and IL1α /TP ratio. In addition, we determined the peak pressure in the sacral area, to 
test for global effects of pressure. No clear correlations were found between either the 
local or the global assessment of the tissue-interface pressures and IL1α /TP ratio. On 
the other hand, we did find a clear relationship between the level of skin redness and 
the IL1α /TP ratio. It appears that either IL1α release is initiated at a lower pressure 
threshold than the pressure needed to induce reactive hyperaemia, or IL1α is 
upregulated as an epiphenomenon. Unfortunately, research evidence for either 
mechanism remains sparse.  
 As shown in an earlier study from our group [45], the rigid spineboard induces 
high levels of stress and strain forces on the soft tissues, whereas these effects are 
significantly less on the soft-layered spineboard. The real danger of the rigid 
spineboard may therefore be in damage to the deeper tissue layers. Although IL1α 
may not be the right biomarker to indicate deep tissue injury, other markers such as 
lactate and mFABp are released in response to ischemic muscle damage [46-48], and 
could be used as indicators of this specific type of tissue damage. 
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 A few remarks should be made about the methods used in this study. First, we 
only looked at IL1α as a biochemical marker for tissue damage. Although this cytokine 
is known to be related to pressure [32, 35], our results show no specific relationship 
with the magnitude of pressure over a specific loading period. Other biomarkers may 
therefore be more suitable to serve as objective markers of tissue damage in relation 
to the magnitude of tissue-interface pressures. Furthermore, measurements in the 
loaded condition were performed in three periods of 20 minutes, with a short 
unloaded period of two minutes in between to replace the Sebutapes and photograph 
the buttock area. During these short breaks, skin redness was a sign of reperfusion. It is 
possible that this brief reperfusion period affected cytokine excretion. Finally, redness 
of the buttocks was assessed from photographs displayed on a computer screen, and 
the settings of the screen may have made it difficult to discriminate between no 
redness and diffuse redness, as assessed by the two judges. 

Conclusion 

IL1α has a strong relationship with pressure exposure time, but not with pressure 
magnitude. Furthermore, IL1α was measured even in the absence of visible redness of 
the skin. Pressure ulcer prevention through pressure relieve should therefore be a 
priority for care providers, even in the absence of visible tissue damage. 
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Abstract 

Background: Trauma patients at risk for spinal injury are transported to the hospital 
using immobilisation devices such as a vacuum mattress or spineboard with or without 
headblocks. Trauma resuscitation protocols dictate that these devices have to remain 
in place until the spine is cleared from injury, which often means that CT scans are 
made with the devices in place. These devices may however decrease radiological 
image quality and even hamper diagnosis. The aim of this study was to determine the 
influence of various spinal stabilisation devices on visual image quality. 
 
Methods: Image quality was judged for both patient CT scans and phantom CT scans. 
The phantom set-up comprised (1) a vacuum mattress without headblocks; (2) a rigid 
spineboard without headblocks, with standard soft-foam headblocks, or with new-
design headblocks; or (3) a soft-layered spineboard without headblocks, with standard 
soft-foam headblocks, or with new-design headblocks. CT scans of 217 patients were 
assessed retrospectively by two radiologists who gave a visual score for image quality, 
scoring both the quantity and impact of artefacts caused by the immobilisation 
devices. CT scans using a head phantom were assessed for the number and extent of 
artefacts. 
 
Results: Overall, artefacts were found in 67% of CT scans of patients on immobilisation 
devices, and these hampered diagnosis in 10% of cases. In the phantom CT scans, 
artefacts were present in all set-ups with one or more devices present, and were seen 
in 20% of all scan slices. The presence of headblocks resulted in more artefacts in both 
the patient and phantom CT scans. 
 
Conclusions: Immobilisation devices result in decreased radiological image quality in CT 
scans of the head. Considerable efforts should therefore be made to adjust the design 
of the immobilisation devices, and to enable removal of the headblocks before CT 
scans are made. 
  



Image quality of head CT scans 

87 

Introduction 

For trauma patients at risk of spinal injury or brain injury, immobilisation using a 
spineboard and headblocks or a vacuum mattress has become the gold standard in 
prehospital care, including the transport of patients to hospital [1-4]. Although 
physicians are advised to remove these devices as soon as possible [1-3], many 
patients undergo clinical and radiological evaluation in the emergency department 
and/or radiology department to rapidly assess life-threatening injuries while still on 
the device [5, 6], and removal of the device is often postponed until after x-ray and CT 
imaging has been done [4, 5].  
 In recent years, devices for spinal immobilisation have received renewed 
attention, focusing on patient comfort or discomfort [7, 8] and functional restrictions 
[9-11], resulting in some devices being redesigned. Together with the traditional 
devices such as the rigid spineboard and the vacuum mattress, there is now a wide 
range of devices for spinal immobilisation available to choose from. However, all of 
these devices are made of plastics and foam, and contain cut-outs or, in the case of the 
vacuum mattress, folds, which can create artefacts on CT scans [12-14], hampering 
identification or exclusion of pathology. A number of studies have described how 
misinterpreting artefacts as pathology can affect patient treatment [15-18]. 
 To our knowledge no study has yet been published comparing a vacuum mattress 
and spineboards plus headblocks in terms of their effect on image quality. We 
therefore examined the number of artefacts caused by the various devices, using both 
patient and phantom scans. We also assessed how often these artefacts hamper 
diagnosis in clinical practice. We hypothesised that the soft foam headblocks and the 
rigid spineboard would cause more objective and subjective image quality loss than 
the more recently designed headblocks and spineboards and the vacuum mattress.  

Materials and methods 

Patient data 
We retrospectively studied the data of 241 consecutive patients who sustained a blunt 
trauma in 2011, and underwent standardised automatic exposure-controlled (AEC) 
multidetector CT of the brain during their initial resuscitation. Approval was obtained 
from the Medical Research Ethics Committee of the Maastricht University Medical 
Centre with informed consent waived, and it was registered as ISRCTN 68626238. 
Depending on the nature of the accident and other (potential) injuries, the patients 
were presented for CT scan lying on a rigid spineboard (Millennia Backboard; Ferno-
Washington, Wilmington, OH), a prototype soft-layered spineboard [7], a vacuum 
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mattress (RedVac, Radstadt, Austria) or no device, with either 26-cm standard soft-
foam headblocks (universal head immobilizer; Ferno-Washington Inc, Wilmington, 
OH), 19 cm new-design headblocks (speedblocks; Laerdal Medical, Stavanger, Norway) 
or no headblocks. Patients with incomplete data (n=24) were excluded from the 
analysis, resulting in a total of 217 patients with complete data. 
 All patient CT scans were made using a Philips Brilliance 64 (Philips, Best, the 
Netherlands) with tube potential 120kV, effective current time 179 mAs, beam 
collimation 64 x 0.9 mm and AEC enabled. The presence of artefacts was judged using 
the 5 mm reconstructions of the scans. Artefacts were defined as any disturbances of 
visual image quality, such as lines or streak artefacts, due to objects located between 
the radiation beam and the receiver. Artefacts which could be attributed to (medical) 
implants or devices other than those for spinal immobilisation were not scored in this 
study. 
 In the 5 mm reconstructions that were judged to show artefacts, the original 1 
mm scans were used to assess the impact of the artefacts on clinical judgement. If the 
presence or exclusion of pathology could not be conclusively ascertained on the 1 mm 
scans due to the presence of artefacts, these artefacts were scored as hampering 
judgement. All scans were judged by a radiologist, and a random sample of 20 scans 
was assessed by a second radiologist blinded for the first observer’s assessment. 
 
Phantom data 
CT scans were made of the various devices for spinal immobilisation in combination 
with a head phantom (density equal to water). All phantom scans were made using a 
Philips Brilliance 64 (Philips, Best, the Netherlands) with tube potential 120kV, 
effective tube current 179mAs, beam collimation 64 x 0.9 mm and AEC disabled. All 
slices were assessed as to whether artefacts were present or not. An experienced 
trauma surgeon and an experienced radiologist both judged all scans. 
 
Statistical analyses 
Statistical analysis was performed using the Statistical Package for Social Sciences 
(SPSS; IBM Chicago, IL), version 20.0.0. Non-parametric data were compared using 
Kruskal-Wallis testing for overall differences, with significance assumed at P<0.05, and 
Mann-Whitney U test for differences between devices, with significance after 
Bonferroni correction assumed at (P<0.05/number of tests). Parametric data were 
compared using one-way ANOVA for differences between devices, with significance 
assumed at P<0.05. 
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Results 

Patient data 
Of the 217 patients analysed, 68% were male, and median age was 48 years (range, 0-
95; standard deviation 21.9). Most patients (65%) were scanned lying on a rigid 
spineboard with new-design headblocks. Eleven per cent of patients were scanned 
lying on the soft-layered spineboard with or without headblocks, and 12% of patients 
were scanned without any device in place (Table 6.1). A review of electronic patient 
files showed that 31% of patients had abnormalities of the face, skull and/or brain 
diagnosed on CT.  
 The percentage of trauma patients scans with artefacts varied between 40% and 
78%, depending on the devices used (Table 6.1). Figures 6.1a and 6.1b show two 
examples of typical artefacts encountered. Artefacts were found in 40-50% of the 
scans with only a spineboard or vacuum mattress and no headblocks, and in 70-78% of 
the scans with a spineboard plus headblocks. Interrater reliability was high (Cronbach’s 
alpha = 0.81, r = 0.68) for the number of scans with an artefact. One-way independent 
ANOVA showed significant differences between the groups (F 7, 209 = 3.678, P < 0.01). 
Overall, the artefacts hampered clinical judgement in 10% of the scans. In four 
patients, no conclusive diagnosis could be made due to the artefacts, although this did 
not change the treatment of the head trauma.  
 
Table 6.1. Artefacts in CT scans of the head of trauma patients (n=217) 
Set-up Number of 

patients 
Scans with 
artefacts 

Scans with artefacts 
hampering clinical 
judgement 

No spineboard, no headblocks 25 9 (36%) 1 (4%) 
No spineboard, standard soft-foam headblocks 5 2 (40%) 0 (-) 
No spineboard, new-design headblocks 0 - - 
Rigid spineboard, no headblocks 12 5 (42%) 1 (8%) 
Rigid spineboard, standard soft-foam headblocks 10 7 (70%) 1 (10%) 
Rigid spineboard, new-design headblocks 140 106 (76%) 15 (11%) 
Soft-layered spineboard, no headblocks 5 2 (40%) 0 (-) 
Soft-layered spineboard, standard soft-foam headblocks 18 14 (78%) 2 (11%) 
Soft-layered spineboard, new-design headblocks 0 - - 
Vacuum mattress 2 1 (50%) 1 (50%) 
Overall 217 (100%) 146 (67%) 21 (10%) 
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Figure 6.1a-b. Patient CT scans with artefacts caused by headblocks. a. Rigid spineboard plus soft foam 
headblocks. b. Rigid spineboard plus new-design headblocks. 
Grey arrows: shadow caused by material-to-air transition in the headblocks; white arrow: line artefact cause 
by the base plate of the headblocks. 

 
Phantom data 
In the phantom study, a mean of one in every five CT scan slices was affected by 
artefacts, with percentages ranging from 0% to 68% of slices depending on the 
immobilisation devices used (Table 6.2). Figures 6.2a and 6.2b show examples of 
typical artefacts. Kruskal-Wallis testing for non-parametric data showed a significant 
overall effect for differences between set-ups in terms of artefact percentages (H(6) = 
484.9, P <0.001). Mann-Whitney tests with Bonferroni correction indicated that using 
headblocks significantly increased the number of slices with artefacts for both 
spineboards, with the standard soft-foam headblocks producing more artefacts than 
the new-design headblocks. The vacuum mattress caused significantly fewer artefacts 
than either of the spineboards plus soft-foam headblocks. Interrater reliability was 
high for the presence of artefacts (Cronbach’s alpha = 0.88 with r=0.78). The majority 
of differences of judgement were related to the extent of the artefacts.  
 
Table 6.2. Artefacts in the phantom study; judgement of slices with artefacts 
Condition Number 

of slices 
 Slices with 

artefacts 
alpha R 

Rigid spineboard, no headblocks 168  0 (0%) * ** 
Rigid spineboard, standard soft-foam headblocks 151  103 (68%) 0.75 0.61 (p<0.01) 
Rigid spineboard, new-design headblocks 196  28 (14%) 0.88 0.79 (p<0.01) 
Soft-layered spineboard, no headblocks 170  1 (1%) * ** 
Soft-layered spineboard, standard soft-foam headblocks 172  105 (61%) 0.80 0.66 (p<0.01) 
Soft-layered spineboard, new-design headblocks 165  18 (11%) 0.98 0.97 (p<0.01) 
Vacuum mattress, no headblocks 178  8 (4%) * ** 
Overall 1200  262 (22%) 0.88 0.78 (p<0.01) 
* alpha cannot be calculated because the scale had zero variance for one or both of the observers 
** correlation cannot be calculated because at least one of the variables is constant 
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Figure 6.2a-b. Phantom CT scans with artefacts caused by headblocks. a. rigid spineboard plus soft-foam 
headblocks; arrows indicate artefacts caused by material-to-air transition of the headblocks; b. rigid 
spineboard plus new-design headblocks; arrow indicates artefact caused by base plate. 

Discussion 

Our results show that devices used for spinal immobilisation negatively influence 
image quality in CT scans of the head. The presence of headblocks, especially the soft-
foam headblocks, resulted in the greatest degradation of image quality in both the 
patient and phantom scans. In the patient scans, the presence of artefacts hampered 
clinical judgement in 10% of cases with artefacts, although in none of the cases did this 
result in a treatment change. 
 Earlier studies have investigated the influence of immobilisation devices on image 
quality. Miller et al [13] showed that x-rays of the thorax in trauma patients can be 
difficult to interpret due to artefacts caused by the spineboard. Schou et al [14] 
compared seven different types of vacuum mattress using an x-ray phantom, and 
concluded that the artefacts caused by these devices may obscure fracture lines. 
Loewenhardt et al [19] compared nine weight-bearing devices for spinal immo-
bilisation using a CTDI phantom, judging the devices according to severity of the 
artefacts. They concluded that neither a rigid spineboard identical to the one used in 
our study nor the vacuum mattress produced artefacts. Although we found similar 
results in our phantom study, the CT scans of actual patients did show artefacts 
attributable to the rigid spineboard. These findings indicate that in addition to 
evaluating image quality using a phantom model, assessment of clinical importance of 
artefacts in patient CT scans is necessary to evaluate the impact on visual image 
quality. 
 Artefacts caused by headblocks are an underrated issue and have been 
mentioned only sporadically [20]. Our study was the first to systematically evaluate the 
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impact of headblocks on the radiological image quality. We found the headblocks to 
add significantly to the number of artefacts seen on CT scans. 
 Both Du Plessis [17] and Mathur [18] presented cases showing how artefacts in CT 
scans of the brain can result in unnecessary additional diagnostics and medical 
treatment. In our series, four patients had their diagnosis adjusted based on results of 
the follow-up scan, although treatment remained unchanged.  
 In our study, all devices caused artefacts in the patient CT scans. Since these 
artefacts have been shown to hamper clinical judgement in some cases, efforts should 
be made to avoid them. This can be achieved by removing the devices before the CT 
scan is made, or by improving the radiological properties of the devices. Implemen-
tation of changes in emergency care protocols remains difficult [2, 21, 22], indicating 
that advocating removal of the devices cannot be used as the sole means of reducing 
the occurrence of artefacts in CT scans. Another option to limit artefacts is to improve 
the devices by maximising radio translucency, minimising sharp corners and reducing 
material-to-air transitions at the location of the head.  
 Some comments can be made on this study. Two important issues in medical 
radiation are image quality and radiation dose. Although this study only looked at 
image quality, it is important to recognise the influence the devices have on the 
radiation dose patients are exposed to. The devices absorb part of the radiation, 
thereby causing the image dose to be automatically increased, although there is also a 
certain shielding effect. These influences of the devices have been discussed in detail 
elsewhere [23]. In the present study, we focused on image quality in relation to 
immobilisation devices. A direct comparison of the various immobilisation devices for 
the same patient would be desirable but is not feasible in trauma care. We therefore 
studied a sufficient number of patients to allow interindividual comparison, and made 
a direct comparison between the devices using a phantom. The studies were non-
blinded. Although the observers were not informed explicitly which immobilisation 
devices were present, this could be deduced from the CT images. However, artefacts 
were also found in the CT scans made without any devices present, and agreement 
between the observers was high. Finally, all CT scans were performed using the same 
Philips Brilliance 64 scanner. Although it could be argued that the type of scanner 
affects visual image quality, this impact will have been limited in the present study. 
The type of artefact described in our study is caused by beam hardening due to energy 
absorption by the devices. This explains why using a spineboard combined with 
headblocks results in more artefacts than using a spineboard without headblocks. The 
difference in the extent of artefacts between the soft foam and new-design 
headblocks depends on the size of the devices, with the larger 26-cm soft foam 
headblocks causing artefacts over more slices than the 19-cm new-design headblocks. 
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In view of these innate factors affecting the occurrence of artefacts, the use of other 
CT scanners will likely yield similar outcomes. 

Conclusion 

Removing the headblocks before making a CT scan of the head significantly improves 
both objective and subjective image quality. Considerable efforts should therefore be 
made to adjust the design of the immobilisation devices, and to enable removal of the 
headblocks before CT scans are made. 
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Abstract 

Background: Trauma patients at risk for, or suspected of, spinal injury are frequently 
transported to hospital using full spinal immobilisation. At the emergency department, 
immobilisation is often maintained until radiological work-up is completed. In this 
study we examined how these devices influence radiation exposure and noise, as a 
proxy for objective image quality. 
 
Methods: Conventional radiographs (CR) and computer tomography (CT) scans were 
made using a phantom immobilised on two types of spineboard and a vacuum 
mattress, and using two types of headblocks. Images were compared for radiation 
transmission and quantitative image noise. 
 
Results: In CR up to 23%, and in CT up to 11% of radiation was blocked by the devices. 
Without compensation for the decreased transmission, noise increased by up to 16% 
in CT, depending on the device used. Removing the headblocks led to a statistically 
significant improvement in transmission with automatic exposure control (AEC) 
enabled. 
 
Conclusions: Physicians should make an informed decision whether the increased 
radiation exposure outweighs the risk of missing a clinically significant injury by not 
making a CR or CT scan. Manufacturers of immobilisation devices should take 
radiological properties of their devices into account in the development and 
production process. 
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Introduction 

The spineboard was originally introduced as a means of extricating patients from a 
crashed vehicle or from a hard-to-reach location [1, 2]. Over the decades, spinal 
immobilisation using a spineboard or vacuum mattress with a head immobiliser has 
become the gold standard for prehospital care for trauma patients, including transport 
of patients on the spineboard into the hospital [3-6]. Although physicians are advised 
to remove patients from these devices as soon as possible [3-5], many patients 
undergo primary clinical and radiological evaluation at the emergency department 
and/or radiology department to rapidly assess life-threatening injuries with the devices 
in place [7, 8]. Furthermore, whole-body computed tomography (CT) has recently 
come to be used as a primary diagnostic investigation at the emergency department. 
Secondary survey frequently includes conventional radiography (CR) and CT scans of 
the extremities if deemed necessary. This approach is advocated in order to minimise 
the risk of missing a clinically important injury or unstable spinal fractures that can 
potentially lead to serious impairment [9, 10] and legal ramifications [11, 12]. 
 Since high image quality of CT scans is a prerequisite for diagnostic workup, any 
disturbances, such as artefacts or noise, should be kept to a minimum. Artefacts can be 
limited by avoiding or removing objects with sharp transitions in material density [13-
16], while noise reduction can be achieved by increasing the radiation dose. However, 
exposure to ionising radiation is associated with increased cancer risk [17-20]. Several 
studies have indicated that CT, but to a lesser degree also diagnostic conventional 
radiography (computed radiography; CR) may account for a non-negligible increased 
risk of cancer [17, 19, 21]. It is therefore important that the benefits of (increased) 
radiation exposure should be weighed critically against its risks. In accordance with the 
ALARA (as low as reasonably achievable) principle in radiography [22], the materials 
placed between the x-ray source and x-ray detector should have a low level of 
absorption in order to minimise the radiation dose the patient is exposed to. In trauma 
workup, the level of radiation absorption by the spinal immobilisation device may vary 
significantly [23], thereby altering the radiation dose necessary to deliver high quality 
images. In this study, we compared devices for spinal stabilisation in terms of radiation 
transmission and the effect on objective image quality. The hypothesis in this study 
was that the devices would differ in the radiation dose necessary for good quality 
images. Our aim was to find out which of these devices is the preferred choice for 
spinal stabilisation from a radiation exposure point of view. 
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Materials and methods 

Materials and set-up 
Radiation transmission and image noise for CR and CT were compared using two 
spineboards (Millennia Backboard; Ferno-Washington Inc, Wilmington, OH; and a 
prototype soft-layered long spineboard [24]) in combination with two different 
headblocks (soft foam headblocks: universal head immobiliser, Ferno-Washington Inc, 
Wilmington, OH; and new-design headblocks: speedblocks, Laerdal Medical, Stavanger, 
Norway) or none, and a vacuum mattress (RedVac; Radstadt, Austria). This means that 
we measured eight different set-ups (Table 7.1). The study was approved by the 
Medical Research Ethics Committee of the Maastricht University Medical Centre and 
registered as ISRCTN 68626238. 
 
Table 7.1. Set-ups used. 
Spinal immobilisation Head immobilisation CR CT 
None None X  X 
Rigid None  X X 
Rigid Soft foam  X 
Rigid New design  X 
Soft-layered None X X 
Soft-layered Soft foam  X 
Soft-layered New design  X 
Vacuum mattress None X X 
 
CR images were obtained using an over-Table Philips Trauma Diagnost (Philips, Best, 
the Netherlands). Transmitted radiation was measured using a 30 mL ionisation 
chamber and a Capintec 192A electrometer (Capintec, Inc, Ramsey, NJ, USA). A 3 mm 
thick lead shield with a 76 x 45 mm window was placed between the device and the 
ionisation chamber to eliminate scattered radiation as much as possible. The set-up 
was rebuilt after each image had been taken, to mimic the variation in practical use of 
the devices. Each set-up was measured five times and with four different technique 
settings of the equipment, not using the automatic exposure control (AEC) (Table 7.2).  
 
Table 7.2. Settings used  
Setting  Tube potential (kV) Exposure time (ms) Tube current time (mAs) 
CR setting 1 60 165 100 
CR setting 2 75 157 100 
CR setting 3 100 220 100 
CR setting 4 120 271 100 
CT settings* 120 n.a. 179 
* axial head scan, single rotation; collimation 64 x 0.9 mm 
n.a.: not applicable 

 



Radiation exposure 

101 

CT images were obtained using a dual-source CT scanner (Definition Flash, Siemens 
Healthcare, Forchheim, Germany). A standard 16 cm diameter computed tomography 
dose index (CTDI) head phantom (Leeds Test Objects LTD, North Yorkshire, United 
Kingdom) was used in combination with a pencil ionisation chamber (Unfors RaySafe; 
Billdall, Sweden). The ionisation chamber was consecutively inserted in each of the five 
available holes of the phantom, with the other holes filled up with rods made of the 
same material as the phantom (Figure 7.1). The CTDI was subsequently calculated as 
(1/3 * radiation dose measurement of central hole) + (2/3 * average of the radiation 
dose measurements of peripheral holes) [25]. The phantom was placed on each of the 
devices, and secured in place using either headblocks or foam spacers (for the 
spineboards), or by modelling the vacuum mattress around the phantom. This 
procedure was repeated five times per set-up, thus mimicking variations in realistic 
placement of both the device and the head.  
 

 
Figure 7.1. Set up example in CT: rigid spineboard plus new design headblocks. 

 
Calculations 
Transmission, i.e. the percentage of radiation that passed through the device, was 
calculated as the radiation dose passing with the device in place, divided by the 
radiation dose without the device in place. For CR, the measured air kerma was taken 
as the radiation dose, while the CTDI-value was used for CT.  
 Image noise in CT was used as a measure of objective image quality and was 
defined as the standard deviation (SD) of the CT values (in Hounsfield Units) of the 
pixels within 16 circular regions of interest covering 51% of the phantom (Figure 7.2). 
Image noise was determined for the middle slice of all phantom scans using ImageJ 
version 1.47v for Windows software (http://imagej.nih.gov/ij/). 
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Figure 7.2. Regions of interest for noise measurements in CT 

 
Statistical analysis 
Statistical analyses were performed using SPSS (IBM, Chicago, IL), version 20.0.0. Data 
are presented as mean ± SD. Non-parametric data were compared using Kruskal-Wallis 
testing for overall differences, and Mann-Whitney U test for differences between 
devices. Parametric data were compared using repeated measure ANOVA for 
differences between devices. Significance was assumed at P < 0.05. 

Results 

In CR, there was a significant main effect of device on transmission, F(2, 8) = 163,914 (P 
<0.01), and a main effect of voltage on transmission, F(3, 12) = 13,030 (P <0.01) (Figure 
7.3). Subsequent contrast tests revealed that transmission was highest for the vacuum 
mattress, followed by the rigid spineboard, and lowest for the soft-layered spineboard. 
These results were seen at all voltages. A significant interaction effect indicated that 
the differences between the devices became more pronounced with increasing 
voltages F(6, 24) = 4,787 (P < 0.01). In CT, transmission was significantly lower when 
headblocks were used compared to no headblocks (Figure 7.4). Kruskal-Wallis testing 
for non-parametric groups showed an overall significant difference between the 
conditions (P < 0.001).  
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Figure 7.3. Relative transmission in CR for various devices* and different tube settings, relative to no device 
Presented data are means ± SD 
*VM: vacuum mattress; RSB: rigid spineboard; SLSB: soft-layered spineboard 

 
For all tube voltages, Mann-Whitney tests showed significant differences after 
Bonferroni correction between all three devices at P < 0.0083. 

 
Figure 7.4. Relative transmission in CT for various devices*, relative to no device 
Presented data are means ± SD 
*VM: vacuum mattress; RSB: rigid spineboard; SLSB: soft-layered spineboard; HB: headblocks 
- Significant difference (P < 0.05) for no device vs. vacuum mattress, RSB new design headblocks, rigid 
spineboard, SLSB new design headblocks, RSB soft foam headblocks, SLSB soft foam-layered spineboard, HB: 
headblocks 
- Significant difference (P < 0.05) for vacuum mattress vs. SLSB soft foam headblocks 
- Significant difference (P < 0.05) for SLSB no headblocks vs. SLSB soft foam headblocks 
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With regard to noise in CT, repeated measures ANOVA showed significant differences 
in noise between all conditions, F(7, 14) = 60.9, P < 0.01 (Figure 7.5). As expected, a 
significant relationship was found between decreased transmission and increased 
noise in CT, r = 0.67, P < 0.01. 
 

 
 

Figure 7.5. Relative noise in CT for various devices*, relative to no device 
Presented data are means ± SD 
*VM: vacuum mattress; RSB: rigid spineboard; SLSB: soft-layered spineboard; HB: headblocks 
- Significant difference** (P < 0.05) for no device vs. RSB new design headblocks, SLSB no headblocks, SLSB 
soft foam headblocks, and SLSB new design headblocks 
- Significant difference** (P < 0.05) for vacuum mattress vs. RSB soft foam headblocks, RSB new design 
headblocks, SLSB soft foam headblocks, and SLSB new design headblocks 
- Significant difference** (P < 0.05) for RSB no headblocks vs. RSB soft foam headblocks, RSB new design 
headblocks, SLSB soft foam headblocks, and SLSB new design headblocks 
- Significant difference** (P < 0.05) for RSB soft foam headblocks vs. RSB new design headblocks, SLSB no 
headblocks, and SLSB new design headblocks 
- Significant difference** (P < 0.05) for RSB new design headblocks vs. SLSB no headblocks, and SLSB soft 
foam headblocks 
- Significant difference** (P < 0.05) for SLSB no headblocks vs. SLSB soft foam headblocks, and SLSB new 
design headblocks 
** significant differences after Bonferroni correction 
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Discussion 

This study compared a number of devices for spinal immobilisation with regard to 
radiation transmission and objective image quality. Although adding a spineboard or 
vacuum mattress to the set-up decreased both transmission and image quality, adding 
headblocks to the spineboards decreased transmission and image quality even more.  
 Despite radiation exposure in acute (trauma) care being an important issue [26-
29], studies examining radiation transmission in spineboards and vacuum mattresses 
have been sparse [23]. Our study adds to this knowledge of the radiographic proper-
ties of spineboards and vacuum mattresses, by including data regarding headblocks, 
which are considered an integral part of the equipment used to achieve full spinal 
immobilisation [30]. Current trauma protocols require the use of these devices, which 
absorb part of the radiation. CR and CT machines automatically adjust radiation dose 
to compensate for image quality loss due to absorption, but since any increase in 
radiation exposure creates an additional cancer risk [20, 21, 31, 32], it is important that 
the devices have high transmission rates. 
 Our results show that in CR, transmission decreased by 9% to 23%, depending on 
the device and tube voltage used. In CT, the transmission decreased by up to 11%. 
When x-rays encounter any form of matter, they are partly transmitted and partly 
absorbed and scattered. The resulting transmission depends on the energy-dependent 
attenuation coefficient of the material and the x-ray energy (here determined by the 
system’s tube voltage). The attenuation coefficient increases when the x-ray energy 
decreases. Consequently, it is to be expected that the transmission will be reduced 
when the tube voltage is lowered, as we have shown in Figure 7.3. The observed 
differences in transmission between the setups (Figures 7.3 and 7.4) are related to 
differences in material properties (i.e. attenuation coefficients) as well as differences 
in the amount of material present (compare the setup with and without headblocks 
present). 
 For all devices, transmission was higher for CT than for CR. This can be explained 
by considering that, in contrast to CR, only some of the projections acquired in a CT 
scan involve x-ray trajectories through the device. In addition, the use of a thicker 
beam filter in CT results in more penetrating radiation compared to CR, even at the 
same tube voltage. As trauma CRs are usually taken in anterior-posterior (AP) 
direction, the patient is actually being exposed to additional radiation dose, because 
the posteriorly placed immobilisation device absorbs part of the radiation that has 
already passed through the patient. However, it should be noted that although the 
relative extra radiation exposure is higher for CR than CT, the absolute actual dose 
increase is in the order of 5 times higher for CT, as the CT radiation exposure is higher 
to start with. Regardless of this, with ever more institutions moving away from CR and 
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using CT instead [33], radiation protection according to ALARA principle should always 
be a priority. Our study shows that one simple way to reduce radiation exposure is to 
remove the headblocks before CT imaging. Nonetheless, in case of restless or non-
responsive trauma patients at risk for spinal injury, physicians are reluctant to remove 
the immobilisation devices before imaging has been completed, for fear of worsening 
or missing an injury [34] and possible consequent medical litigation [12]. However, no 
studies have so far been published showing a direct causal link between the use of 
immobilisation devices (or lack thereof) and injury outcome [35]. There are, however, 
sound arguments to permit removal of the devices in calm, cooperative patients [36]. 
 Since increased exposure to ionisation radiation induces health risks [31, 32], 
even though the risks are small and consequently associated with large uncertainties 
[37], any measure to reduce radiation should be welcomed. A total-body trauma CT 
scan without immobilisation devices exposes the patient to 15-30 mSv [38-40]. When 
this scan is performed on a rigid spineboard with soft foam headblocks in place, an 
increase in radiation exposure of 11% is needed to maintain image quality, increasing 
the radiation dose by 1.7-3.4 mSv. Data from earlier studies on the risks of radiation 
exposure [31, 32] indicate that the additional risk of dying from cancer is 0.5% per 100 
mSv, assuming an estimated overall lifetime cancer risk of 25%. Although the added 
risk of fatal cancer due to the use of devices for spinal immobilisation may be small, 
physicians should make an informed decision not only on whether or not to make use 
CR or CT in on an immobilised patient, but also on the question whether some of the 
devices can be removed before imaging, factoring in both the radiation risks and the 
risks of potentially missed injuries. Furthermore, designers of devices for spinal 
immobilisation should take into account the radiological properties of their devices. 
 Some remarks can be made with regard to our study. First, we only looked at 
noise as an indicator of image quality. We did not look at other factors, such as 
artefacts (beam hardening, additional scattering and banding) caused by differences in 
attenuation by the devices. This is becoming increasingly important, as there is a trend 
towards lower dosages, which in turn may result in more visible artefacts. This subject 
is discussed in detail elsewhere [13]. Second, we evaluated only one CT scanning 
protocol using one multidetector CT scanner. We chose to consider only a tube voltage 
of 120 kV, as this is the clinical standard for trauma diagnostics in our hospital. 
Although beam filtration may be different for CT scanners of other manufacturers, 
resulting in somewhat different beam qualities, we believe that the results will be 
qualitatively comparable.  
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Conclusion 

There are significant differences in radiation transmission depending on the type of 
immobilisation device used. In CR, the vacuum mattress showed the highest 
transmission rates, while in CT, the spineboards without headblocks performed best in 
terms of both transmission and noise. In view of the duty to keep patient radiation 
exposure as low as possible while still achieving the required image quality, the results 
of this study can help in making an informed decision whether the risks associated with 
radiation exposure outweigh those of missed injuries. 
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Summary and conclusions 

The currently used rigid spineboard was introduced as a prehospital extrication and 
transport device in the 1930s [1]. A number of publications in the subsequent decades 
[2-5] led to the generally accepted paradigm that trauma patients at risk of spinal 
injury should be immobilised on a spineboard in order to prevent worsening of the 
injury [6, 7]. However, since the late 1980s attention has been drawn to the adverse 
effects of using a rigid spineboard, including breathing difficulties [8-10], increased 
intracranial pressure in patients with brain injury [11-13], pain caused by lying on the 
spineboard [14-16] and the development of pressure ulcers [17, 18]. In addition, no 
study so far has been able to provide evidence that using a spineboard prevents 
further injury to the already damaged spine [19]. Consequently, the paradigm for using 
the spineboard gradually shifted from indiscriminate use of the rigid spineboard to 
both a more differentiated used [20, 21] and the use of alternatives, such as the 
vacuum mattress. Nevertheless, current protocols still recommend its use [6, 7, 22]. 
Since all methods for spinal immobilisation have their advantages and disadvantages, 
there was a need to develop and test a new device that has the stability of the 
spineboard when used as an extrication device, with as few disadvantages as possible 
when used during transport. To meet this need, we developed a soft-layered 
spineboard, consisting of a rigid plastic shell with a built-in mattress, covered with a 
plastic sheet. In the current thesis, a number of studies are presented which compare 
the properties of the new soft-layered spineboard with those of the rigid spineboard 
and the vacuum mattress. The studies discussed in the various chapters focused on 
pressure relief and comfort, tissue deformation, biochemical markers of tissue damage 
and radiologic considerations. 
 
Pressure relief and comfort 
Two studies focused on the clinical evaluation of the tissue-interface pressure. The 
main goal of the use of a tissue-protective device such as a mattress is to decrease 
tissue-interface pressures by providing pressure relief. This is a clinically important 
issue because prolonged pressures exceeding the local blood pressure in arterioles or 
capillaries can obstruct blood flow in the soft tissues, eventually leading to tissue 
ischemia [23-25]. This in turn can lead to pressure ulcers, which can be extremely 
painful [26-28] and debilitating [29, 30] and lead to a sharp rise in medical costs due to 
prolonged hospitalisation [31, 32]. Although the exact threshold for tissue ischemia is 
unknown, it is clear that there is a trade-off between pressure and time, with higher 
pressures resulting in tissue damage sooner than lower pressures [24, 33, 34] 
 In the study reported on in Chapter 2, healthy awake volunteers were placed on a 
rigid spineboard, a vacuum mattress and a soft-layered spineboard for 15 minutes 
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each, during which periods tissue-interface pressures were measured using a pressure-
mapping device, and comfort was scored at the beginning and end of this period on a 
10-point VAS scale. Results of this study showed that the rigid spineboard and vacuum 
mattress induced high tissue-interface pressures at the sacrum, shoulders and heels. 
Using the soft-layered spineboard led to a significant reduction in both tissue-interface 
pressure and discomfort compared to the other devices. We found that discomfort 
increased over time for all three devices, even though the tissue-interface pressures 
remained stable throughout the 15-minute test period. Whereas this study already 
found high tissue-interface pressures and discomfort during the limited observational 
period of 15 minutes, in practice the time spent on the spineboard can easily be longer 
[35, 36]. The discomfort induced may lead to or increase restlessness due to the urge 
to relieve the pain, and may prompt physicians to increase the number of unnecessary 
diagnostic procedures. A recent patient survey at the Maastricht University Medical 
Centre emergency department (unpublished data) indicated that for the vast majority 
of patients, the level of discomfort was significantly reduced when they were 
transferred from the rigid spineboard onto a standard hospital bed or a soft-layered 
spineboard. 
 The study discussed in Chapter 3 evaluated tissue-interface pressures in patients 
unable to alleviate the discomfort of lying on the rigid spineboard. A group of 
anaesthetised patients was used as a proxy for unconscious or paralysed patients, who 
are almost without exception transported on a spinal immobilisation device. We 
hypothesised that anaesthetised patients would show different tissue-interface 
pressure patterns compared to a group of awake volunteers. Patients in this study 
were randomised to either the rigid or the soft-layered spineboard, on which they 
remained for the entire surgical procedure. Tissue-interface pressures were 
monitored, and the appearance of the skin, such as redness resulting from the 
(relative) ischemia-reperfusion period was evaluated. Maximum time on the 
spineboards was limited to two hours. Contrary to our expectations, tissue-interface 
pressure distribution patterns in anaesthetised patients were comparable to those of 
the awake volunteers for both devices. The extent of redness was significantly lower 
for the soft-layered spineboard compared to the rigid spineboard, corresponding to 
significantly lower tissue-interface pressures.  
 In conclusion, these two studies showed that, compared to a rigid spineboard and 
vacuum mattress, the use of a soft-layered spineboard reduces the tissue-interface 
pressures, with less discomfort than on the rigid spineboard and vacuum mattress. 
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Tissue deformation 
Although tissue-interface pressures, redness of the skin and discomfort can be used as 
indicators of tissue pressure-related perfusion problems, measures of tissue defor-
mation are also important indicators of the effects of these pressures. Chapter 4 
reports on a study evaluating tissue deformation in healthy volunteers using MRI scans 
of the buttocks and a finite elements (FE) model to compute the tissue strains. The FE 
model was built for both the unloaded and loaded conditions for subjects with a 
normal, low and high BMI. This study showed that tissue deformation on the rigid 
spineboard was significantly higher than on the soft-layered spineboard. The high-BMI 
subject showed considerably higher strains and stresses than the low-BMI subjects. 
This implies that high-BMI patients are at greater risk for tissue ischemia due to the 
pressure caused by their body weight, especially when placed on hard surfaces such as 
a rigid spineboard.  
 Pressure ulcers are hypothesised to develop either from the skin surface and 
expand inwards [37], or from the bone-soft tissue boundary and expand outwards to 
the skin, the latter being known as deep-tissue injury [38].The model for the high-BMI 
subject showed particularly high stresses at the bone-soft tissue boundary, in addition 
to high stresses at the skin. This phenomenon of deep tissue deformation was less 
pronounced in the normal BMI subject and the low-BMI subject, although still present 
in these groups.  
 Current risk scales are not sensitive in predicting pressure ulcers in patients [39, 
40]. A prospective study to evaluate the predictive value of MRI scan-based FE models 
for pressure ulcer development could provide valuable insights into the relationship 
between tissue deformation and pressure ulcer development.  
 
Biomarkers for tissue damage 
Chapter 5 reports on a study into the effect of tissue-interface pressure on the 
biochemical response of the skin, as a more direct indicator of tissue damage. Among 
the group of biomarkers, cytokine IL1, which is released in reaction to internal and 
external stimuli to the skin, plays a key role in the initiation and development of 
inflammatory and immune responses [41]. In normal conditions, IL1 is stored in the 
skin and lost by desquamation of the stratum corneum. However, upon skin injury or 
even mechanical deformation, a large amount of stored IL-1 is released and can trigger 
a rapid immune response [41, 42]. In the human epidermis, the majority of IL-1 activity 
from keratinocytes involves IL1α. 
 Another important aspect is that pressure on soft tissues reduces blood flow. 
After the pressure is relieved, the body reacts by increasing blood flow to allow for 
faster removal of waste products and supply of oxygen and nutrients. This increased 
blood flow results in redness of the skin. 
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 Twelve healthy volunteers were assessed to determine tissue responses when 
lying on a rigid and a soft-layered spineboard for one hour. During this one hour 
loading, and the subsequent unloaded hour, special absorptive tapes (Sebutapes) were 
used to collect sebum of the skin overlying the sacrum. Results showed that IL1α 
release strongly correlated with the duration of the tissue-interface pressure, but not 
with the magnitude of the pressure. IL1α was related to the level of skin redness, 
regardless of the type of spineboard the volunteer had been lying on. These findings 
imply that in the prevention of soft tissue damage due to tissue-interface pressures, 
the focus should not only be on pressure magnitude but also on reducing the duration. 
In clinical practice, this means both using a softer alternative to the rigid spineboard 
and releasing the patient from the spineboard as soon as possible. 
 
Radiological properties 
Finally, we evaluated the radiological properties of the rigid spineboard, vacuum 
mattress and soft-layered spineboard. We first determined the amount of radiation 
absorbed by the different immobilisation devices. In general, absorption of radiation 
weakens the image quality. Therefore, an automatic exposure control (AEC) adjusts 
the radiation dose needed to obtain good quality images, thereby increasing the 
radiation dose received by the patient. Higher doses of radiation are linked to an 
increased lifetime risk of cancer [43-45] and should therefore be avoided. We used a 
CTDI phantom and electrometer to measure the radiation exposure. As described in 
Chapter 6, the vacuum mattress had higher transmission rates in conventional 
radiography compared to both the rigid and soft-layered spineboards, whereas in CT, 
both spineboards without headblocks outperformed the vacuum mattress. However, 
adding headblocks to the spineboard significantly worsened transmission. This can be 
explained by the fact that in CT scanning, images are made in a 360-degree procedure, 
in which the headblocks represent an additional obstruction in the path of the beams, 
resulting in lower transmission. In noise, a similar effect was seen regarding noise, with 
the headblocks adding significantly to the decrease in image quality. 
 The other radiological issue, addressed in Chapter 7, was the artefacts induced by 
spinal immobilisation devices. Artefacts are distortions of radiological images caused 
by any obstacle located between the radiation beam and the receiver. This can be the 
spineboard and headblocks, but also other sources such as dentures, jewellery and 
zippers. For this study we evaluated the artefacts on CT scans of the head using both a 
special head phantom and actual patients. Although a considerable number of 
artefacts were found in these scans, these were not due to the rigid or soft-layered 
spineboard itself, but mainly to the sharp corners of the headblocks, with the square 
Ferno universal headblocks resulting in line artefacts, while the curvy Laerdal 
Speedblocks caused more diffuse blurring. We also investigated whether these 
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artefacts compromise the clinical judgement of possible injuries. Comparing comments 
from a junior and an experienced radiologist, we found that the junior radiologist 
regarded more artefacts induced by the spineboard and headblocks as hampering the 
radiological evaluation of the CT scan than the experienced radiologist. The junior 
radiologist felt insecure in declaring no injuries were present, whereas the senior felt 
confident declaring no injuries were present even in the presence of artefacts . Follow-
up CT scans showed that no injuries had been missed. In four cases (2%), however, 
artefacts hampered judgement to such a degree that pathology could not be excluded, 
although a follow-up CT scan (without immobilisation device) showed no sign of injury. 
 From a radiological point of view, therefore, CT scans of trauma patients should 
ideally be made without immobilisation devices in place. This requires the physician to 
remove the device before exclusion is given about the presence of the injury, which is 
at odds with current protocols for trauma care [6]. Making the spineboard of a radio-
translucent material would be the next best option.  
 
Final remarks 
Our studies show that the soft-layered spineboard is a good alternative to the rigid 
spineboard from the point of view of comfort, pressures and soft tissue deformation 
and -damage. However, even when using a soft-layered spineboard, care providers 
should remove the patient from the spineboard as soon as possible.  
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Samenvatting en conclusies 

De harde wervelplank is al sinds de jaren ’30 van de vorige eeuw in gebruik als pre-
hospitaal extricatie- en transportmiddel [1]. Een serie publicaties in de daarop 
volgende decennia [2-5] heeft ertoe geleid dat men het gebruik van de wervelplank 
voor patiënten met een verdenking op wervelletsel als gouden standaard is gaan 
beschouwen [6,7,8], vanuit het idee dat hiermee verergering van het letsel van de 
wervelkolom voorkomen kan worden. Sinds het eind van de jaren ’80 heeft men echter 
meer aandacht gekregen voor de nadelen van het gebruik van zo’n harde wervelplank. 
Zo kan de patiënt moeilijker ademhalen door het insnoeren op de wervelplank [9-11], 
zorgt het horizontaal liggen voor verhoogde hersendruk bij patiënten met hersenletsel 
[12-14], veroorzaakt de plank ongemak en pijn [15-17], en kan het liggen op de harde 
wervelplank het ontstaan van drukplekken (decubitus) in de hand werken [18, 19]. 
Daarnaast is er tot op heden nog geen enkel onderzoek gepubliceerd waaruit blijkt dat 
het gebruik van een harde wervelplank ook daadwerkelijk bijdraagt aan de preventie 
van verergering van letsel aan de reeds beschadigde wervelkolom [20]. Dientengevolge 
is er een verandering aan het optreden van standaard naar meer weloverwogen 
gebruik van de wervelplank [21, 22], of van een alternatief zoals de vacuüm matras. 
Ondanks deze verschuiving in denkwijze over het gebruik van de harde wervelplank is 
het gebruik ervan nog steeds een belangrijk onderdeel van de huidige protocollen voor 
zorg aan letselpatiënten [6-8]. Er is dan ook behoefte aan de ontwikkeling en het 
testen van een nieuw soort plank, dat dezelfde voordelen biedt als de huidige harde 
wervelplank bij extricatie, maar niet de nadelen kent wanneer de plank gebruikt wordt 
bij transport. Hiertoe hebben we een plank met ingebouwd matras ontwikkeld. Deze 
nieuwe “zachte” wervelplank bestaat uit een platte bak met daarin een afgedekt 
matras. In dit proefschrift worden een aantal onderzoeken gepresenteerd waarin de 
eigenschappen van de zachte wervelplank worden vergeleken met die van de harde 
wervelplank en de vacuüm matras. In de volgende paragrafen wordt ingegaan op 
drukverlaging en comfort, weefselvervorming, biochemische markers voor weefsel-
schade en radiologische eigenschappen. 
 
Drukverlaging en comfort 
In twee klinische onderzoeken is gekeken naar de interactie tussen de ondergrond 
(stabilisatie methode) en de persoon, met betrekking tot druk op het lichaam. Het 
belangrijkste doel van het gebruik van een weefsel-beschermende laag zoals in de 
nieuw ontwikkelde wervelplank, is het verlagen van de druk die de ondergrond op het 
lichaam uitoefent. Dit is belangrijk omdat aanhoudende druk hoger dan die in het 
vaatbed, de doorbloeding van de zachte weefsels kan belemmeren, waardoor 
uiteindelijk weefselsterfte kan optreden [23-25]. Weefselsterfte kan leiden tot druk-
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plekken, die extreem pijnlijk [26-28] en hinderlijk [29, 30] zijn, en leiden tot langere 
ziekenhuisopnamen met bijkomende hoge kosten [31, 32]. Hoewel de exacte drempel 
voor het ontstaan van weefselsterfte onbekend is, is wel duidelijk dat er een balans is 
tussen druk en tijd, waarbij hogere druk sneller tot weefselschade leidt dan lagere druk 
[24, 33, 34]. 
 In hoofdstuk 2 worden de resultaten gepresenteerd van een studie waarin 
gezonde wakkere vrijwilligers elk gedurende telkens 15 minuten op een harde 
wervelplank, een vacuüm matras en een zachte wervelplank hebben gelegen. In deze 
tijd werd gemeten hoeveel druk het materiaal op het lichaam uitoefende, en gaven de 
vrijwilligers op een 10-puntsschaal aan hoe comfortabel ze de ondergrond vonden. De 
resultaten toonden aan dat de harde wervelplank en de vacuüm matras hoge en 
vergelijkbare drukken uitoefenden op het sacrum, de schouders en de hielen. De 
zachte wervelplank leidde tot significant lagere drukken en beter comfort vergeleken 
met de harde wervelplank en de vacuüm matras. Daarnaast nam het discomfort toe 
naarmate de vrijwilligers langer op de wervelplank en vacuüm matras lagen, ook al 
bleef de druk op het lichaam gelijk in de tijd. Terwijl in dit onderzoek de drukken en 
comfort maar voor een periode van vijftien minuten in kaart zijn gebracht, kan de tijd 
die een patiënt op een wervelplank of vacuüm matras doorbrengt, in de praktijk 
makkelijk veel langer zijn [35, 36]. Het ongemak van liggen op een wervelplank of 
vacuüm matras kan rusteloosheid veroorzaken of verergeren doordat de patiënt dit 
ongemak wil opheffen. Een recent onderzoek onder patiënten van het MUMC 
(ongepubliceerde gegevens) liet zien dat bij de meeste patienten het ongemak van 
liggen op een harde wervelplank aanzienlijk werd verminderd wanneer zij werden 
overgeplaatst naar een ziekenhuisbed of zachte wervelpank. 
 In hoofdstuk 3 is gekeken naar de druk die de wervelplanken en vacuüm matras 
op het lichaam uitoefenen bij patiënten die niet in staat waren het ongemak te 
verminderen door te gaan verliggen. Een groep patiënten die onder algehele 
anesthesie een ingreep ondergingen, is gebruikt als benadering van bewusteloze of 
verlamde patiënten, die vrijwel zonder uitzondering op een wervelplank of vacuüm 
matras vervoerd worden van de plaats van het ongeval naar het ziekenhuis. De 
hypothese was dat bij patiënten onder algehele anesthesie het patroon van druk dat 
de wervelplank uitoefent op het lichaam, anders zou zijn dan bij wakkere mensen. De 
patiënten werden willekeurig geloot om gedurende de gehele ingreep op de harde of 
de zachte wervelplank te liggen. Naast de druk op het lichaam, werd ook de conditie 
van de huid in de gaten gehouden. Na een periode van (relatief) verminderde 
doorbloeding, zal door reperfusie de huid roder tonen. De maximale tijd op de 
wervelplanken werd gesteld op twee uur. In tegenstelling tot de verwachtingen, 
toonde de druk op het lichaam een vergelijkbaar patroon vergeleken met de wakkere 
vrijwilligers. De roodheid van de huid was beduidend minder voor de zachte 
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wervelplank dan voor de harde wervelplank, overeenkomstig de lagere druk bij de 
zachte wervelplank. 
 Samengevat tonen deze twee studies aan dat gebruik van een zachte wervelplank 
leidt tot minder druk op het lichaam in vergelijking met de vacuüm matras en de harde 
wervelplank, en beter comfort. 
 
Weefselvervorming 
Druk op de lichaamsweefsels, roodheid van de huid en discomfort kunnen gebruikt 
worden als indicatoren voor drukgerelateerde doorbloedingsproblemen. Indicatoren 
die kijken naar weefselvervorming zijn daarnaast belangrijk om het effect van die druk 
in beeld te brengen. Met behulp van MRI scans van het bekken/bil-gebied en een 
eindige elementen model is bij gezonde vrijwilligers het effect van liggen op een harde 
of zachte wervelplank op weefselvervorming beschreven in hoofdstuk 4. Het eindige 
elementen model was gebouwd voor zowel de onbelaste als de belaste situatie in 
vrijwilligers met een laag, gemiddeld en hoog BMI. Deze studie toonde aan dat er 
significant sterkere weefselvervorming optrad bij liggen op de harde wervelplank 
vergeleken met de zachte wervelplank. Daarnaast waren vervormingskrachten 
significant hoger bij het hoog-BMI model dan bij het laag-BMI model. Hieruit kan 
afgeleid worden dat mensen met een hoog BMI een hoger risico lopen op het 
ontwikkelen van drukplekken door het gewicht van hun lichaam, met name wanneer 
ze op een harde ondergrond liggen zoals een harde wervelplank. 
 Drukplekken ontstaan ofwel aan het huidoppervlak waarna ze naar binnen verder 
ontwikkelen [37], ofwel op de grens van bot en zachte weefsels waarna ze naar het 
huidoppervlak toe groeien, ook wel bekend als drukgerelateerde diepe weefsel schade 
[38]. Met name in het hoog-BMI model werden, naast de hoge krachten op de huid,  
hoge vervormingskrachten gezien op de grens van zacht weefsel en bot. Bij het 
gemiddeld-BMI model en het laag-BMI model waren deze krachten in de diepe 
weefsels veel minder uitgesproken.   
 De bestaande risicoschalen voor het ontstaan van drukplekken zijn niet erg 
betrouwbaar [39, 40]. Een prospectieve studie waarbij de voorspellende waarde van 
op MRI scans gebaseerde eindige elementen modellen worden gebruikt als voorspeller 
voor het ontstaan van drukplekken, zou waardevolle nieuwe informatie opleveren over 
het verband tussen weefselvervorming en het ontstaan van drukplekken. 
 
Biochemische markers van weefselschade 
In hoofdstuk 5 is gekeken naar de gevolgen van druk op de biochemische respons van 
de huid, als meest directe indicator van weefselschade. Een veelbelovende groep van 
biomarkers is cytokines, die worden vrijgemaakt in reactie op interne of externe 
prikkeling van de huid. Binnen de cytokines speelt het soort IL1 een belangrijke rol in 
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de opstart en het verdere verloop van ontstekings- en andere immuun reacties [41]. 
Onder normale omstandigheden wordt IL1 bewaard in de huid en gaat deze verloren in 
het normale huidverouderings-proces. Bij letsel aan de huid of zelfs bij vervorming van 
de huid wordt een grote hoeveelheid IL1 vrijgemaakt, waardoor een snelle 
immuunreactie in gang gezet kan worden [41, 42]. In de menselijke huid komt IL1 
vooral vrij in de vorm van IL1α.  
 Daarnaast leidt de druk tot een afname van de doorbloeding van weefsels. Als de 
druk wordt opgeheven, reageert het lichaam daarop met een toename in de 
doorbloeding, zodat afvalproducten sneller kunnen worden afgevoerd en 
voedingsstoffen en zuurstof sneller het weefsel kunnen bereiken. Deze verhoogde 
doorbloeding is zichtbaar als roodheid van de huid. 
 Bij twaalf gezonde vrijwilligers is de huidreactie bepaald wanneer zij een uur op 
zowel de harde als de zachte wervelplank lagen. Gedurende dit uur, en het uur daarop 
volgend waarop de huid onbelast bleef, is de huiduitscheiding bij het sacrum middels 
speciale tapes (Sebutapes) verzameld. Uit de resultaten bleek dat het vrijkomen van 
IL1a sterk gerelateerd was aan hoe lang de druk op het lichaam was uitgeoefend, maar 
niet aan hoe intens die druk was. Daarnaast was er een verband tussen de hoeveelheid 
vrijgekomen IL1a en de roodheid van de huid, onafhankelijk van op welk soort 
wervelplank de persoon had gelegen. Deze bevindingen tonen aan dat voor het 
voorkómen van weefselschade niet alleen de intensiteit van de druk verlaagd moet 
worden, maar dat de duur dat iemand aan de druk wordt blootgesteld ook tot een 
minimum beperkt moet worden. In de praktijk betekent dit dat het belangrijk is om 
enerzijds een alternatief te gebruiken voor de harde wervelplank, en anderzijds de 
patiënt zo snel mogelijk van de wervelplank af te halen.  
 
Radiologische eigenschappen 
Tot slot zijn de radiologische eigenschappen van de harde en de zachte wervelplank, 
beide met en zonder hoofdsteunen, en de vacuüm matras met elkaar vergeleken. Eerst 
is gekeken naar de hoeveelheid straling die door de harde en zachte wervelplank en de 
vacuüm matras wordt geabsorbeerd. Hoe meer straling er wordt geabsorbeerd, hoe 
slechter de kwaliteit van het resulterende beeld wordt. Moderne Röntgen apparatuur 
corrigeert hier automatisch voor, door een hogere dosis straling te geven ter 
compensatie van de geabsorbeerde straling. Het lichaam wordt echter ook aan die 
hogere dosis straling blootgesteld, wat geassocieerd is met een hoger risico op kanker 
[43-45]. Daarom is het belangrijk de stralingsdosis zo laag mogelijk te houden. Met een 
CTDI hoofd-fantoom en een elektrometer is de blootstelling gemeten. In hoofdstuk 6 is 
te lezen dat de vacuüm matras een betere stralendoorlaatbaarheid had dan beide 
typen wervelplank bij het maken van gewone röntgenfoto’s. Bij de CT scans gaven de 
wervelplanken juist een beter resultaat. Het toevoegen van de hoofdsteunen zorgde er 
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echter voor dat de stralendoorlaatbaarheid in belangrijke mate afnam. Dit is te 
verklaren doordat CT scans in een 360-graden beweging worden gemaakt. Hierbij 
vormen de hoofdblokken een extra obstakel dat straling absorbeert, met als gevolg 
een lagere doorlaatbaarheid. Voor de beeldkwaliteit geldt eenzelfde effect, waarbij het 
toevoegen van de hoofdblokken resulteert in een duidelijke afname van de 
beeldkwaliteit.  
 In hoofstuk 7 is gekeken naar artefacten die te zien zijn op CT scans veroorzaakt 
door de wervelplanken en vacuüm matras. Artefacten zijn verstoringen in het beeld, 
veroorzaakt door een object tussen de zender en ontvanger van de stralenbundel. Dit 
kan de wervelplank of hoofdblokken zijn, maar ook bijvoorbeeld een kunstgebit, 
sieraden en ritssluitingen. In deze studie hebben we gekeken naar artefacten bij 
gebruik van een fantoom en bij scans van patiënten. Hoewel er op de patiënten-scans 
veel artefacten zijn gezien, werden deze over het algemeen niet veroorzaakt door een 
wervelpank of vacuüm matras, maar juist door de hoeken van de hoofdsteunen. De 
vierkante Ferno hoofdsteunen gaven lijnartefacten, terwijl de rondere Laerdal 
hoofdsteunen voor meer diffuse artefacten zorgden. Ook is gekeken of deze artefacten 
het klinisch oordeel hinderden. Hiertoe werden de scans beoordeeld door een junior 
radioloog en een ervaren radioloog en bleek ervaring een belangrijke rol te spelen. De 
junior radioloog oordeelde vaker dan de ervaren radioloog dat de artefacten de 
diagnose hinderden. Bovendien oordeelde de ervaren radioloog vaker dat er geen 
letsels zichtbaar waren op de CT scan, ook als er wel artefacten zichtbaar waren. In vier 
gevallen (2%) kon de radioloog een afwijking echter niet geheel uitsluiten door 
aanwezigheid van artefacten, en bleek op de follow-up scans geen afwijking te zien. 
Ondanks dit verschil werden in de patiënten-scans geen letsels gemist wanneer we de 
scans vergeleken met follow-up scans. 
 Vanuit radiologisch oogpunt zouden CT scans van letselpatiënten daarom bij 
voorkeur gemaakt moeten worden zonder wervelplank, vacuüm matras en hoofd-
blokken. Hiervoor moet de behandelaar de patiënt van de wervelplank of vacuüm 
matras afhalen voordat bekend is of de patient letsel aan de wervelkolom heeft, wat in 
strijd is met de huidig geldende protocollen. De immobilisatie hulpmiddelen maken 
van materiaal dat optimaal röntgendoorlaatbaar is, is daarom de volgende beste optie. 
 
Tot slot  
Deze studies tonen aan dat de zachte wervelplank een goed alternatief is voor de 
harde wervelplank wat betreft comfort, druk en weefselvervorming en –schade. 
Echter, zelfs wanneer een zachte wervelplank gebruikt wordt, moet de patiënt zo snel 
mogelijk van die plank verwijderd worden.  
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Valorisation 

Societal and economic relevance of the research reported in this thesis 
Injuries and violence are a major public health issue worldwide and account for nearly 
1 out of every 10 deaths every year, with nearly 6 million people dying each year from 
unintentional injury and violence. A multitude of patients are treated medically every 
year for physical injuries. [1]  
 Injuries can result in life-long disability, grossly impacting on quality of life and 
socio-economic welfare. Spinal cord injuries are among the most life-impacting injuries 
[2] and therefore need to be treated in the best possible way. Although options for 
definitive in-hospital care are well established [3], evidence for optimal care in the pre-
hospital phase is often based on expert opinion [4] or even lacking completely [5]. 
External spinal immobilisation using a spineboard or vacuum mattress has been 
regarded as the gold standard of care for patients with (suspected) spinal injury for 
almost 80 years [6], even though no evidence is available regarding its efficacy in 
preventing secondary injury. 
 In recent years the practice of external immobilisation to prevent further damage 
to the spine has been heavily debated [5, 7]. Ample evidence exists on the detrimental 
effects of using these devices, such as pain, breathing difficulties and the risk of 
developing pressure ulcers, which lead to massively increased hospital stays and care 
costs [8, 9]. Despite the lack of evidence about their benefits, and an ever growing 
body of evidence on their disadvantages, devices for external spinal immobilisation are 
still widely used. Important factors in keeping this practice alive are a fear of worsening 
injuries due to untimely treatment of the patient (although no such case has ever been 
documented) augmented by fear of legal repercussions [10] and the moral obligation 
of providing the patient with any beneficial treatment [11]. 
 This situation necessitates research into a suitable alternative for the existing 
devices, providing the sought-after effect of external stabilisation and fixation, while at 
the same time minimising detrimental effects. We hypothesised that a soft-layered 
spineboard could combine these requirements and could thereby yield societal and 
economic benefits. 
 From a societal perspective, the studies reported in this thesis have proven that a 
soft-layered spineboard diminishes pain and the risk of developing pressure ulcers 
through tissue deformation and high tissue-interface pressures, while at the same time 
offering radiotranslucency properties similar to those of the rigid spineboard, and can 
therefore be recommended as best practice. In addition, our research into biological 
markers for soft tissue damage is important in that it adds new evidence toward the 
development of an objective indicator of soft-tissue damage. 
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The scientific work reported in this thesis was supported by the Network Acute Care 
Limburg. One of the aims of the Network is to disseminate new knowledge in the 
domain of acute care. A critical appraisal of existing practices lies at the basis of many 
of the products developed by the Network. Scientific work comparing existing 
practices with new ones encourages innovations, facilitating implementation of these 
interventions. Therefore, the research results obtained by the Network may lead to 
the introduction of efficient interventions, but also to cessation of interventions that 
have proven to be inefficient.  
 
Target population 
Every year, around the world, between 250 000 and 500 000 people suffer a spinal 
cord injury (SCI) [12]. The vast majority of spinal cord injuries are due to incidents such 
as road traffic accidents, falls or violence. International protocols [13, 14] call for spinal 
immobilisation whenever spinal injury cannot be ruled out. Although the exact number 
of patients who undergo full spinal immobilisation is unknown, it is many times the 
number of those actually being diagnosed with spinal injury.  
 Since spineboards or vacuum mattresses are routinely applied by ambulance 
personnel and ER staff, results reported in this thesis apply to a large population of 
doctors and paramedics who work in acute care. Recommendations resulting from this 
thesis can be helpful in raising awareness of the detrimental effects of using a rigid 
spineboard or vacuum mattress, thereby encouraging care providers to make an 
informed decision before applying an immobilisation device. Since high-energy injuries 
occur worldwide and patient care for the victims involves a host of care providers, this 
thesis has the potential of having a global impact on practices of external spinal 
immobilisation.  
 
Knowledge utilisation 
The results on pain and soft tissue deformation and damage add to the body of 
knowledge underlying the current worldwide debate on the ongoing use of the 
spineboard and vacuum mattress. As such, the evidence presented in this thesis can be 
used in updating protocols for pre-hospital care for patients with suspected spinal 
injury. Furthermore, knowledge gained about the possibility to use biological markers 
of soft tissue damage can help guide research in the search for an objective indicator 
of pressure ulcers. 
 
Innovation and future perspectives 
The use of devices for external spinal immobilisation has been described in the 
international literature for decades. Although many studies have warned about the 
detrimental effects of using these devices, development of a comfortable, patient-
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friendly alternative has lagged behind. No studies other than those presented in this 
thesis have been published on a spineboard with integrated mattress. For this 
invention to be a true innovation and have an impact on society, it has to be 
implemented on a large scale. Since previously proposed padding on top of existing 
rigid spineboards has never truly made it to the workfloor, while the need for such a 
device is still urgent, we expect the presented soft-layered spineboard to fill a gap in 
the market and to be implemented in daily practice. 
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Dankwoord 

Een promotietraject doorlopen doe je niet in je eentje. Ook al staat er maar één naam 
op de kaft van dit boekje, zonder de hulp van de mensen om mij heen had ik het niet 
gekund.  
 
Professor Brink, beste Peter. Ik kan het niet vaak genoeg zeggen: dank je wel. Dank je 
wel voor jouw vertrouwen in mij, voor alle duwtjes in de goede richting en het 
geduldig uitleggen van technische details tot zelfs ik als niet-bèta het begrijp. Onze 
samenwerking heeft alle vormen gekend van “ik heb nog nooit een promovendus zo 
intensief begeleid” tot “ik hoor nooit meer wat van je”; wat fijn dat je me de ruimte 
hebt gegeven om het op mijn manier te doen. Dank je wel voor alle steun in de 
afgelopen jaren. 
Dr. Poeze, beste Martijn. Wat was het een intensieve periode. Blijdschap, frustratie, 
overwinningen, ongeduld – je hebt het allemaal over je heen gestort gekregen. 
Oeverloos hebben we met de data gestoeid, tot er uiteindelijk toch altijd weer een 
mooie stukje statistiek uit kwam. De flauwe humor die helemaal niks met het boekje te 
maken had, was een mooie afwisseling voor het harde werk. Zonder jouw steun en 
geduld had ik de eindstreep niet gehaald. 
Dr. Oomens, beste Cees. Het was voor mij een bijzondere ervaring om met een “softe” 
achtergrond bij de “harde” wereld van de Technische Universiteit Eindhoven terecht te 
komen. Ontzettend leuk om bezig te zijn met onderzoek op de scheidslijn van techniek 
en praktijk. Nieuwe werelden zijn voor mij open gegaan; wie had ooit gedacht dat ik 
iets over finite elements of cytokines op papier zou zetten. Dank je wel voor de 
inspirerende samenwerking. 
Dr. Jeukens, beste Cécile. Jou heb ik aan het einde van het traject leren kennen als 
vraagbaak voor alles wat radiologie is. Het was behoorlijk stoeien met methoden en 
formules, maar het is toch maar mooi gelukt en ik heb zelfs het idee dat ik een heel 
klein beetje begrijp waar het over gaat. Dank je wel dat je die tijd en moeite in mij hebt 
willen investeren. 
Professor Bader, dear Dan. It was a privilage to work with you. Discussing the methods 
and results of the cytokine study has been a great experience, always leaving me 
wondering whether I had done the right thing. Thank you for introducing me to the 
works of the EPUAP and standing behind me (literally and figuratively) during the 2014 
Southampton meeting. It gave me the feeling that I was on the right track after all. 
 
Hierbij wil ik ook de andere co-auteurs van mijn artikelen bedanken voor hun 
bijdragen: Willem Zenhorst, Merel Broek, Luuk de Wert, Alia Al-Haidari, Paul Hofman, 
Ed van der Linden, Gerrit Kemerink. Verder gaat er ook een speciale dank uit naar 
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Monique Brink, die in een vroeg stadium mij de beginselen van de radiologie heeft 
uitgelegd. Ook alle personeel van de OK, radiologie en Spoedeisende Hulp van het 
MUMC wil ik bedanken voor hun niet aflatende bereidheid om mij “met die surfplank” 
mijn onderzoek te laten uitvoeren. 
 
Er is nog een groep mensen die onmisbaar is geweest bij het doen van dit onderzoek: 
de deelnemers. Voor de onderzoeken met gezonde vrijwilligers hebben vrienden, 
familie en collega’s zich beschikbaar gesteld. En dat hebben ze geweten. De vele 
collega’s hebben nu -vaak voor het eerst- zelf kunnen ervaren hoe het is om op een 
wervelplank te liggen. Wat heerlijk om daarna op de Spoedeisende Hulp te komen en 
te horen hoe de verhalen zich verspreiden en te merken dat er veel meer aandacht is 
gekomen voor het snel verwijderen van de wervelplank. Een andere belangrijke groep 
deelnemers zijn de patiënten geweest, die bereid waren om tijdens hun operatie op 
een wervelplank te liggen, en achteraf foto’s te laten maken van hun billen. Wat 
bijzonder dat zij dit wilden doen.  
 
Ik wil ook mijn waardering uitspreken voor de professionals op de Spoedeisende Hulp 
van het MUMC die het idee van een zachte wervelplank enthousiast omarmd hebben. 
Het “omplanken” van de patiënt van de harde naar de zachte wervelplank is inmiddels 
ingeburgerd in de acute zorg voor de traumapatiënt, en daar ben ik trots op. 
 
Ook mijn collega’s van het Netwerk Acute Zorg Limburg kunnen niet ontbreken in dit 
rijtje. Jarenlang hebben zij mij zien rondsjouwen met planken, matrassen, headblocks  
en toebehoren, en regelmatig hebben ze zich al dan niet geheel vrijwillig opgeofferd 
om weer eens te komen liggen voor de wetenschap. Wat fijn om altijd een paar ad hoc 
vrijwilligers bij de hand te hebben! 
 
Lieve collega’s bij het Integraal Kankercentrum Nederland, dank voor jullie warme 
belangstelling – wat een fijne omgeving om dit traject af te ronden. 
 
Naast alle dagen (en avonden en soms zelfs nachten) van werken, was er gelukkig ook 
tijd om af te schakelen. Het is soms best lastig om een goede balans te vinden tussen 
werk en privé, zeker als je in de afrondende fase zit en elke uitnodiging om iets leuks te 
gaan doen moet afslaan met een “nee, ik moet nog iets doen aan mijn boekje...”. 
Borjan, Hesther, Tom, Esmee, Bas, Laura, Jeroen, Pascale, Maja, Juno, Michel, Lotje, 
Sebas, Marieke, Roger, Kim, Tessa, Jan-Willem, Juanita en Sjors – “ja” is voortaan weer 
een optie.  
 



 

136 

Suzanne en Agnes, mijn paranimfen. Voor jullie een bijzonder dank je wel. Tijdens de 
verdediging van mijn proefschrift staan jullie letterlijk en figuurlijk achter mij, en ik zou 
het niet anders willen. Lieve Suzanne, jij was een steun en toeverlaat toen ik het het 
hardst nodig had. Samen hebben we heel wat hoogte- en dieptepunten doorleefd. Dat 
jij hier nu bij mij bent, betekent heel veel voor me. Lieve Agnes, we zijn zo’n beetje 
samen opgegroeid en onze bijzondere band is sterker dan ooit. De reünie op “de dijk” 
heeft voor mij bevestigd: jou wil ik op deze bijzondere dag in een bijzondere rol bij me 
hebben.  
 
Tot slot een speciaal liefdevol dank voor mijn ouders en mijn zusje. Papa en mama, 
jullie hebben me altijd gesteund, in alles, in goede en in slechte tijden en dat vind ik 
heel bijzonder. Te weten dat deze mijlpaal voor jullie net zo’n hoogtepunt is als voor 
mij, maakt de dag nog mooier. Monique, zusje, wat mooi dat onze zussen-connectie 
alles heeft overleefd – afstand, tijd en karakters. Floris, grote kleine man, jij mag 
natuurlijk ook niet ontbreken. Ik hou van jullie. 
 
En dan nu: feest! Het leven begint tenslotte bij 40! 
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