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ORIGINAL ARTICLE / OZGUN ARASTIRMA MAKALESI

Supported Design Trauma Board: A Physiomechanical Study

Destekli Travma Tahtasi: Fizyomekanik Bir Calisma

Ali Turkeli*®, Onur Polat*®, Sinan Geng*™, Bilge Yilmaz3™, Evren Yasar’™, Muge Ginalp®®, Ahmet Burak Oguz*

, Aydin Oztoprak*

ABSTRACT

Introduction: The use of backboard is a widely-accepted practice for
the stabilization of major trauma cases. Discomfort and pressure pain due
to the use of backboard are common complications. In this study, we
aimed to reduce the discomfort and pressure pain due to the use of
backboard.

Materials and methods: The study was carried out with 20 healthy
volunteers. In the first stage, the volunteers were placed in the supine
position for 5 minutes on the standard backboard(STB) and on the
supported backboard(SUB). The pressures in the occipital, scapular, and
sacral regions were measured while lying on an STB and an SUB. In the
second stage, the volunteers were placed in the supine position on an STB
or an SUB as two episodes of 60 minutes. Visual Analog Scale(VAS) was
used for evaluation of the pain at 10,15,30,45 and 6oth minutes.

Results: When the VAS scores while lying on an STB and an SUB were
compared in the volunteers, general pain and pain in the occipital,
scapular, and sacral regions were found to be statistically significantly
decreased at all minutes while lying on an SUB. When the pressures while
lying on an STB and an SUB were compared in the volunteers, there was
no statistically significant difference between the areas exposed to the
pressure above the capillary filling pressure in the occipital and scapular
regions. However, as a positive result, the area exposed to the pressure
below the capillary filling pressure in the sacral region while lying on an
SUB was found to be high at a statistically significant level.

Conclusion: Although it is needed to be slightly improved in terms of
the pressure due to lengthened transport time and lengthened waiting
time on a backboard, the SUB, which we used to reduce pressure pain,
was demonstrated to provide significant benefits.
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OZET

Girig: Travma tahtasi kullanimi major travma olgularinin
stabilizasyonu igin genis olgide kabul edilmis bir uygulamadir. Travma
tahtasi kullanimina bagli olusan rahatsizlik hissi ve basi agrsi sik
karsilasilan komplikasyonlardandir. Bu ¢alismamizdaki amacimiz travma
tahtasi kullanimina bagl olusan rahatsizlik hissi ve basi agrisinin
azaltilmasidir.

Gereg ve Yontem: Calisma 20 adet gonilli ile yapilmistir. Birinci
asamada gonillGler, standart travma tahtasi (STT) ve bu calismada
olusturulan destekli travma tahtasina(DTT) 5 dakika sire ile supin
pozisyonda yatirilmistir. STT ve DTT Uzerinde yatarken oksipital, skapular
ve sakral bélgelerdeki olusan basinclar élciimustir. Ikinci asamada ise
60'ar dakikalik iki bolim halinde gonilliler STT ve DTT Uzerinde supin
pozisyonda yatirilmistir. Bu iki bolumun ilk 10 dakikasi olay anindaki gibi
ambulans icerisinde ge¢mis olup, sonraki 50 dakika boyunca da kisiler
supin pozisyonda STT ve DTT Uzerinde acil serviste yatmaya devam
etmistir. Agrinin degerlendirilmesi igin 10, 15, 30, 45 ve 60. dakikalarda
Visual Analog Skala (VAS) kullanilmistir.

Bulgular: Gondllulerin DTT ve STT Uzerinde VAS karsilastirmasinda
tUm sorgulama dakikalarinda genel agrinin ve oksipital bolge, skapular
bolge ve sakral bolgelerdeki agrinin DTT Uzerindeyken istatistiksel olarak
anlamli dizeyde azaldigi saptanmistir. DTT ve STT Uzerindeyken olusan
basinglar karsilastinldiginda; oksipital bdlge ve skapular bolgelerde
kapiller dolum basincinin Uzerinde basiya ugrayan alanlar arasinda
istatistiksel fark bulunmamakla beraber, olumlu bir sonug olarak DTT
Uzerindeyken sakral bolgede kapiller dolum basincinin altinda basiya
ugrayan alan oraninin anlamli dizeyde yiksek oldugu saptanmistir.

Sonug: Travma tahtasi Uzerinde transfer sirasinda ve travma tahtasi
Uzerinde bekleme siresinin uzamasi nedeniyle olusacak basing agisinda
biraz daha gelistiriimeye ihtiyag duyulmakla beraber basi agrlarinin
azaltiimasinda kullanmis oldugumuz DTT'nin 6nemli fayda sagladigi
ortaya konmustur.

Anahtar Kelimeler: Sirt tahtasi, agr, basing, transport, travma
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Supported Design Trauma Board

Introduction

The use of backboard is a widely-accepted practice for the
stabilization of major trauma cases *. The main purpose of
use of backboard is to improve pre-hospital transportation
techniques and to reduce mortality and morbidity. One of
these pathways is to provide to the stabilization during
pre-hospital transportation of patients with spinal cord
injury *. This stabilization prevents secondary injuries by
immobilizing the head, neck and back of the patient.

In the literature, although no time has been mentioned to
end immobilization with a backboard, general consensus is
that backboard is removed from under the patient as soon
as possible 3. Lerner and Moscati reported that a trauma
patient spent an average of 77 minutes on a backboard. It
has been shown in the various studies that the duration of
immobilization on a backboard differed between 30-80

“ 5 Various adverse effects such as aspiration,

minutes
pain, pressure ulcers, and impaired respiratory functions
have been reported from the time when backboards began
to be used routinely until today 9 Pain related to
backboard in patients lying on a backboard until arriving at
the emergency service can lead to unnecessary
radiographic examinations. It has been seen that patients
who lied only 40 minutes on a backboard were suffering
from unreal pain at first and therefore radiographic
examinations were performed and no pathologies were

10,11

found ™ ™. Similarly, a well-known problem is that pressure
ulcers are formed especially in patients who lay on a board
for a long time. Many studies have shown that a potential
source of discomfort and pressure ulcer in the patient is to
lie on a backboard for a long time ***.

In this study, we aimed to investigate the effectiveness of
the Supported Board (SUB), which was formed to reduce
discomfort and pressure pain caused by the Standard
Board (STB) and to enhance comfort.

Materials and Methods

This study is a prospective and comparative study using
healthy volunteers. The study was approved by the Local
Ethics Committee.

The STB used in the study is a patented model (EMS,
ES-510). The SUB was formed by supporting the occipital,
scapular, and sacral regions, where discomfort and
pressure pain most frequently occur and there is a need for
support while lying on an STB, with the visco-elastic
sponge. The visco-elastic sponge takes the shape of the
body within a few minutes at body temperature and is
100% permeable to X-Ray. The sponge was planned as
self-adhesive and was adhered to a backboard. The points
most exposed to the pressure in the supine position are the
occiput, scapula, elbow, sacrum, and heel . Therefore, the
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visco-elastic sponge used was designed to cover the
occipital, scapular, and sacral regions.

In the first stage, the volunteers were placed in the supine
position for 5 minutes on an STB and an SUB. At the end of
this period, the pressures in the occipital, scapular, and
sacral regions were measured with the XSensor device
(XSENSOR Technology Corporation, Calgary, Alberta,
Canada). The pads of the XSensor device were placed
between the volunteer and the STB while lying on an STB
and between the volunteer and the visco-elastic sponge
while lying on an SUB. The pressures were measured in
both cases (Figure 1). Each of the pads of the XSensor
device has a dimension of 1.6 cm? and contains 36x36
pressure measurement sensors. These sensors can
measure pressure values in a range of 5-232 mmHg. The
32-mmHg capillary filling pressure was used as a limit of
the risk for pressure ulcer development due to the
pressures measured from the occipital, scapular, and sacral
regions and the values exceeding this pressure were
considered as a risk indicator’®. The values below the
capillary filling pressure were considered as safe. The ratio
of the area exposed to the pressure below the capillary
filling pressure to the total surface area was used to
determine the effectiveness of the SUB in reducing
pressure. The ratios of the area exposed to the pressure
below the capillary filling pressure to the total surface area
while lying on an STB and an SUB were compared.

In the second stage, the volunteers were placed in the
supine position on an STB or an SUB as two episodes of 60
minutes. They were allowed to lie in the supine position on
a backboard in a moving ambulance in the first 10 minutes
of the study protocol in order to simulate patients who are
admitted to emergency services with an ambulance. Then,
they were transferred to an emergency stretcher with the
same backboard and continued to lie in the supine position
on a backboard during the remaining 50 minutes. They
evaluated their pain in the general body and in the
occipital, scapular, and sacral regions at 10, 15, 30, 45 and
60" minutes with Visual Analog Scale (VAS) (o: no pain, 10:
unbearable pain). They were allowed to rest for at least 3
hours after VAS assessment was done for one hour on the
first backboard. Then, they were evaluated again on the
other backboard with the same protocol.

Power analysis was done based on the study in which
Edlich et al. compared the STB and the SUB with VAS in
terms of pressures in the occipital, scapular, and sacral
regions”.If the significance level was accepted as 0.05 and a
3-unit difference in VAS was created by the SUB with 80%
power, was considered to be clinically significant, it was
concluded that a minimum of 15 individuals must be
included in the study. Thus, 20 healthy volunteers aged 18-



Supported Design Trauma Board

65 years were included in the study. Written informed
consent was obtained from all participants prior to the
study. Individuals who had chronic pain, back or hip pain,
dermal lesions behind the body, orthopedic deformities
and who used analgesic drugs in the last 24 hours were
excluded from the study.

Statistical
Package for Social Sciences for Windows 11.5 (SPSS Inc,

analyzes were performed with Statistical

Chicago). VAS scores were expressed as mean value +SD,
minimum, maximum and median values. As a result of the
pressures measured separately from the occipital, scapular,
and sacral regions with the XSensor device, the ratio of the
area exposed to the pressure below the capillary filling
pressure to the total surface area was expressed as
percentage, mean value +SD, minimum, maximum and
median value. The changes in VAS scores and pressure
measurements were evaluated with the dependent sample
t-test and the Wilcoxon test after it was checked that the
data were normally distributed. The significance level was
accepted as p<o0.05.

Results

The study was carried out with 20 healthy volunteers. The
demographic data, weight, height, and Body Mass Index
(BMI) of the volunteers participating in the study are given

Turkeli et al.
Standard backboard Supported backboard
Mean+SD Median Mean+SD Median p value
(min-max) (min-max)
Occipital 74.56 69.57
74.68+12.20 (51.14-96.93) 69.59+6.47 (52.28-81.71) 0.086
Scapular 55.60 59.14
55.76+7.99 (39.03-70.88) 58.69+5.35 (50.58-68.85) 0.100
Sacral
44.33 54.01
45.93+5.11 (39.66-56.98) 54.63+3.12 (49.50-62.85) <0.05

in Table 1.
Number  Age; years Height; m Weight; kg BMI
(%) (min-max) (min-max) (min-max) (min-max)
Female 5 (25%) 29
(24-36) 1.656(1.65-1.70) 53.2 (48-58) 19.438(17.63-22.65)
Male 15 (75%)  34.4
(25-49) 1.739(1.64-1.91) 73.33 (62-97) 24.181(19.35-28.34)
Total 20 33.05
(100%) (24-49) 1.719(1.64-1.91) 68.3 (48-97) 22.996(17.63-28.34)

Table 1. The demographic data of the volunteers participating in the study

As a result of the pressures measured from the occipital,
scapular, and sacral regions with the XSensor device, the
ratios of the area exposed to the pressure below the
capillary filling pressure to the total surface area were
compared (Table 2). There was no significant difference
between the means of the ratios of the area exposed to the
pressure below the capillary filling pressure to the total
surface area, which are considered as an indicator of a
lower risk for pressure ulcer development in the occipital
and scapular regions while lying on an STB and an SUB.
The mean of the ratio of the area exposed to the pressure
below the capillary filling pressure to the total surface area
in the sacral region while lying on an SUB was found to be
lower than the mean of the ratio of the area exposed to the
pressure below the capillary filling pressure to the total
surface area in the sacral region while lying on an STB. This
difference was statistically significant (p<o.05). The
distribution map of the pressure averages that occurred
while lying on an STB and an SUB is shown in Figure 2.
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Table 2. The ratios of the area exposed to the pressure below the
capillary filling pressure to the total surface area in the occipital,
scapular, and sacral regions.

The mean VAS scores which evaluated the pain levels of
the participants at 10, 15, 30, 45 and 60" minutes in the
general body and in the occipital, scapular, and sacral
regions while lying on an STB and an SUB are given in
Table 3 and Figure 3. In all regions and at all evaluation
times, the mean VAS scores of the pain felt while lying on
an SUB were lower at a statistically significant level than
the mean VAS scores of the pain felt while lying on an STB
(p<o0.05).

Discussion

Backboards have been primarily designed to provide rigid
support during the transport of patients with suspected
spinal or extremity injuries *. Backboards are mainly used
for the proper handling and transport of individuals with
spinal injuries in cases where the injury mechanism and
spinal injury cannot be ruled out 3. The use of backboards is
recommended to immobilize individuals who have trauma-
induced mental status change, pain and tenderness in the
spine, muscle weakness due to motor nerve damage and
undergo trauma due to drug and alcohol intoxication 3. The
use of backboards can lead to undesirable effects such as
pain, pressure ulcers, and impaired respiratory functions in
trauma patients and also can increase the cost per patient
6-9

Pressure ulcers are the wounds that occur as a result of
ischemia and necrosis in any part of the body due to the
effect of prolonged pressure. The causes of the formation
of these wounds can include pressure, shear force, and
increased surface heat and humidity . Many studies show
that the primary reason leading to ischaemia is pressure .
Pressure ulcers are characterized respectively by reduced
perfusion, ischemia, and necrosis especially in areas where
there are bone protrusions *. Low grade pressure ulcers
occur in about 2 hours V. There is an inverse proportion
between duration and pressure ** *. Although the visco-
elastic support reduces it by seriously distributing the
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pressure, which is the main cause of pressure ulcer, it also
has negative aspects such as increased heat and humidity
because it reduces the airflow secondary to increased

surface area of the material.

Standard backboard Supported backboard
Mean+SD Median Mean+SD Median P value

(minimu (minimum

m- R

maximu maximum

m) )
General VAS
VAS 10 min 2.60+1.09 3(0-5) 0.05+0.22 0(0-1) <0.05
VAS 15 min 3.55+1.39 3(0-6) 0.25+0.55 0(0-2) <0.05
VAS 30 min 4.90+1.71 5(0-7) 0.600.59 1(0-2) <0.05
VAS 45 min 5.95+1.79 6 (2-8) 1.50+1.19 1(0-3) <0.05
VAS 60 min 7.20+2.09 7 (2-10) 1.95+1.27 2 (0-4) <0.05
Occipital VAS
VAS 10 min 3.05+1.43 3(0-6) 0.10+0.30 0(0-1) <0.05
VAS 15 min 4.00+1.55 4(1-7) 0.300.47 0(0-1) <0.05
VAS 30 min 5.50+1.93 5 (2-10) 0.85+0.81 1(0-2) <0.05
VAS 45 min 7.10£1.74 7 (4-10) 1.40+1.35 1(0-4) <0.05
VAS 60 min 8.05+1.57 8 (6-10) 1.85+1.46 1.50 (0-4) <0.05
Scapular VAS
VAS 10 min 1.85+1.49 2 (0-5) 0.35+0.67 0(0-2) <0.05
VAS 15 min 2.70+1.55 3(0-6) 0.65+0.74 0.50 (0-2) <0.05
VAS 30 min 4254214 4(0-8) 0.80+0.83 1(0-2) <0.05
VAS 45 min 5.05+2.16 5 (2-10) 1.35+1.30 1(0-4) <0.05
VAS 60 min 5.85+2.08 6 (2-9) 1.60+1.39 1.50 (0-5) <0.05
Sacral VAS
VAS 10 min 2.00+1.29 2 (0-4) 0.25+0.55 0(0-2) <0.05
VAS 15 min 2.85+1.34 3(0-5) 0.50+0.68 0(0-2) <0.05
VAS 30 min 5.05+1.43 4(0-8) 0.75+0.78 1(0-2) <0.05
VAS 45 min 6.45+2.01 6.5(3-10)  1.65+1.13 2(0-3) <0.05
VAS 60 min 7.55+2.11 8 (4-10) 2.65+1.38 3(0-5) <0.05

Table 3. The evaluation of pain level with VAS in the general body and in the occipital,
scapular, and sacral regions.

However, considering that EPUAP (European Pressure
Ulcer Advisory Panel) has defined pressure ulcer as
damage area localized in the skin and subcutaneous tissues
caused by tension, friction, compression, or any
combination of these, these effects have been considered

negligible because the duration is not too long **.

comparison of general pain levels with VAS while lying on
an STB and an SUB, the feelings of discomfort in all their
bodies except for pressure pain were measured in the
volunteers within the scope of said general pain. It was
used to evaluate the feelings of discomfort such as nausea,
fatigue, headache, and tension in the skin due to
ambulance transportation. In this evaluation, it was found
that the visco elasticated backboard was statistically

significantly more comfortable.

In comparison of VAS scores for the occipital region while
lying on an STB and an SUB, pressure pain that the
participants felt only in the occipital region was evaluated.
It was found that especially the participants with a small
occipital lobe surface area experienced more unbearable
pain in a shorter time while lying on an STB. In this
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evaluation, it was found that the SUB was statistically
significantly more comfortable (p<o.05).

'4‘ =

Figure 1. Pressure measurements using the XSensor device from the
occipital, scapular, and sacral regions while lying on an STB and an SUB.

In comparison of VAS scores for the scapular region while
lying on an STB and an SUB, pressure pain that the
participants felt only in the scapular region was evaluated.
It was found that the pain was felt least in this region
during follow-up. In this evaluation, it was found that the
SUB was statistically significantly more comfortable
(p<0.05). In comparison of VAS scores for the sacral region
while lying on an STB and an SUB, pressure pain that the
participants felt only in the sacral region was evaluated. It
was noticed that the pain increased significantly especially
between 15 and 30 minutes during follow-up. In this
evaluation, it was found that the SUB was statistically
significantly more comfortable (p<o.05).

In comparison of the pressures in the occipital and scapular
regions while lying on an STB and an SUB, the pressures
were measured separately in the participants. In this
measurement, the ratios of the area exposed to the
pressure below the capillary filling pressure to the total
surface area in the occipital and scapular regions on a
backboard were compared. When the surface areas were

4
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compared while lying on an STB and an SUB in this
evaluation, it was found that the STB was more
advantageous in terms of the ratio of the area exposed to
the pressure below the capillary filling pressure to the total
surface area. Despite the fact that the SUB can distribute
the pressure, it can be considered that such a result has
occurred because this pressure did not fall below the
capillary filling pressure. Therefore, it was found that the
SUB did not have a statistically significant positive effect
on reducing the pressure below the capillary filling

pressure.

Figure 2. The distribution map of the pressure averages that occurred while
lying on an STB and an SUB.

In comparison of the pressures in the sacral region while
lying on an STB and an SUB, the pressures were measured
separately in the participants. In this measurement, the
ratios of the area exposed to the pressure below the
capillary filling pressure to the total surface area in the
sacral region on a backboard were compared. When the
surface areas were compared while lying on an STB and an
SUB in this evaluation, it was found that the SUB was more
advantageous in terms of the ratio of the area exposed to
the pressure below the capillary filling pressure to the total
surface area. The reason why it was advantageous in this
measurement is due to the fact that the pressure is
distributed over a wider surface.

There are two different products in the literature as the
Back Raft System and the soft-layered spine board. It has
been shown that both products were more comfortable
than the STB by participants ** **

that both products had statistically significantly lower
Anatolian J Emerg Med 2019;2(1); 1-6
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pressure than the STB in terms of average pressure
distribution ** **
These differences are that the evaluation period of VAS

. Our study differs from these studies.

was longer and the capillary filling pressure (circulation
limit) was based for the comparison of pressure
measurements in our study. The measurements obtained
from three different regions with the XSENSOR® pressure
measurement device while lying on a backboard were
combined with the excel program. When their averages
were taken, the STB and the SUB could be compared. In
this comparison, although the sacral and scapular
distributions can be seen clearly, the measurement made
in the occipital region while lying on an SUB was seen to
have a higher pressure. The reason for this is that the
pressure at a single point was divided into 20 because the
device is unable to measure the pressures more than 232
mmHg. Moreover, when the measurements, which we
made with the XSENSOR® pressure measurement device,
are handled individually, we see that pressure distribution
for each region has appeared very effectively. When we
individually analyzed the pressure distribution map for
each volunteer, it has been shown that the reason why VAS
assessment was so meaningful was an effective
distribution.

General Pain Occipital Pain

g $s
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A 24
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Figure 3. Line graph of VAS assessment of the pain in the general body
and in the occipital, scapular, and sacral regions while lying on an STB and
an SUB.

The limitations of our study; the visco-elastic support,
which we used, was used on entirely healthy volunteers. It
also needs to be used on patients. Although the visco-
elastic support reduces it by seriously distributing the
pressure, which is the main cause of pressure ulcer, it also
has negative aspects such as increased heat and humidity
because it reduces the airflow secondary to increased
surface area of the material. Because the XSENSOR®
pressure measurement device, which we used for
measurement, measures up to 232 mmHg, there was no
significant difference in the occipital and scapular regions
while lying on an STB and an SUB when comparing the
pressure measurements obtained from the volunteers.

The visco-elastic support used in our study can make this

change even more difficult due to its non-slip feature. The
5
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elasticity of the visco-elastic support is reduced at
temperatures below zero. Therefore, it is thought that the
visco-elastic supports should be maintained in the closed
area and should be kept in an ambulance before use. Since
our study was performed in adult volunteers, there is a
need for studies on the use of the SUB in pediatric trauma
patients.

Conclusion

Consequently, the SUB, which we used, was demonstrated
to provide significant benefits in order to reduce pressure
pains in the occipital, scapular, and sacral regions due to
both lengthened transport time on a backboard and
prolonged imaging time. It is thought that it is possible to
increase the comfort level of the patients with low costs
and to reduce pressure pain that may occur in the patient
and so to prevent additional imaging costs. It is thought
that studies, where pediatric backboard is supported by the
visco-elastic support, can be performed in the future.
Although multiple studies are needed in order to achieve a
more useful backboard with some supports, it is important
that the SUB provides the benefits in terms of reducing
pressure pain and the risk for pressure ulcer development.
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