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ABSTRACT

Background This sludy assesses the impact on safety of
a system designed to enhance slesp in car passangars.
The system holds the head posteriorly and limits its
rotation in the sagittal and frontal planes, modifying the
pecupant’s head position. This device may have an
influence on the interaction between the occupant and
the vehicls restraint syslems,

Methods It was a randomised, prospective, single-blind,
cross-over controlied study in which 41 volunteers were
exposed 1o using the system while riding as car
passengers. Whether the device influencad the posture
of the cccupants and prevented them from adopting
out-of-position (GOP} configurations was also analysed.
Decupants were videotaped while they were using both
the innovative syslem {cases) and their narmal sleeping
device {controls], if any.

Resuits Controls were exposed to Q0P situations n 825
occasions (18.4%; 85% Cl 17.3% to 18.8%), while cases
were exposed in 416 occasions (9.3%; 95% Gl 8.4% to
10.2%). The paper also analysed how many cases and
controls were exposed at least once te a particular evert
and how frequent a single participant incurred in an GOP
situation. In both cases, the innovalive device showed
a reduction in exposition. When Q0P situations were
grouped into severe, moderate and minor events, the
innovativa device producad a statistically significant
reduction i the occurrence of severe and moderate
Bvents.

Conclusions A device originally designed to improve
comfort and rest in car passengers has been found to
reduce the exposure of the occupants to being 00P
while resting in the car.

Trial registration number hiip:/Awvew ClinicalTrials.
gov, NCT01062295.

INTRODUCTION
Road transport is the most complex and dangerous
system that people deal with on a daily basis.! The
prevention of road traffic injuries requires the
adeption of a systematic approach embracing all
contributing events (precrash, crash and postcrash),
as well as the interaction between vehicle, occu-
pants and environment.” * New uralfic interven-
tions should be evaluated considering  the
implications for the safety of the users. Measures o
improve mobility or sustainabilicy have been shown
to impact the safety of the transport system.”
This study evaluates the impact on safety of
a prototype product designed to improve sleep
guality in car passengers. The system restrains head
motion in the sagittal, frontal and transverse
planes.

In,'u.r} Prevention 2012;18:165~-169. doi:10.1136/mjuryprev-2011-040031

One of Haddon’s strategies te prevent harm from
road crashes” consisted of separating the energy
being released in the crash from the occupant. The
combination of air bags and seat belts prevents
the impact of the occupant’s head and torso against
the dashbhoard. Several studies have confirmed the
effectiveness of seat belts and air bags in preventing
death and severe injuries, but note that deployment
of the bag in the absence of belt use or when the
occupant is sitting too close to the housing may
cause injuries.” " These situations are referred to as
being out-of-position {OOFP).

A review of the literature shows a variety of
injuries attributed to OOP occupants.” The
National Highway Traffic Safery Administration
confirmed 227 air-bag-related deaths as of 1 January
20031 Abrbag-related  deaths were associated
primarily to craniocervical and chest injuries in
a Canadian study.!? Studies have reported abrasions
and contusions to the head,' burns of the eye” and
other ocular injuries {eyeball ruptures, enucleation,
hyphema),” ' arterial ruptures,’” temporomar-
dibular joint and mandibular injuries, ' basilar skull
fractures,'” maxillofacial fractures'® and esophageal
ruptures,”” Shorter adult occupants killed by an air
bag sustained neck fractures at the atlanto-occipital
joint ** 2! Severe thoracic injuries caused by air bag
deployment to large OOP occupants  include
multiple rib fractures, flail chest, lung contusions,
atrial ruptures and Jacerations of the myocardium,
percardium or aorta.'? 22

OOCP situations are considered in  restraint
design 7 However, the position that a sleeping
occupant adopts in a vehicle may differ from those
considered during its design. The goal of this study
was to evaluate the potential impact on car occy-
pant's safety of a new device designed to enhance
sleep in car passengers. Particularly, this study
evaluates whether the use of the device reduces
time spent COP while resting as a passenger.

METHODS

Participants

The sleep study was designed and undertaken by
the sleep unit of the Hospital Universitario
Txagorritxu  (University  Hospital  Txagosritxuy,
Viteria, Spain). Participants were recrujted from
acquaintances of hospital personnel. A total of 41
volunteers (17 women, 24 men) aged between 30
and 80vears {43.8:10.1 yearsy enrolled in the
study. Exclusion criteria were as [ollows: acute,
chronic or severe disease; musculoskeletal pain after
maintaining a posture; being pregnant; and body
mass index higher than 40 kg/m®. Subjects using

O

psychotropic, stimulant, antidepressant or any
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illicit substances were also excluded from the study. The
protocol was approved by the Human Ethics Committee of
Hospital Universitario Txagorritxu. The study was registered
with http://www ClinicalTrials gov (NCT01062295).%7

Study design

This was a randomised, prospective, single-blind, cross-over
controlled study. Each participant was exposed to two trials on
the same night. Both journeys involved an identical itinerary
lasting 103 min, with a 15-min break. The itinerary was the
same in every case, and it was chosen to allow maintaining
a cruise speed between 80 and 110 kim/h.

Participants were asked to try to sleep during each trial. In one
of the trials {control), participants used whatever system they
normally used to sleep while being in a car (e, pillow, just
resting the head against the seat headrest, etc). In the other trial
{case), participants used the tested sleeping device. Whether the
participant was a case or a control in the firse trial was randomiy
assigned and kept blind to the researchers. The passenger seat
was placed as far back from the dashboard as possible. The
height of the headrest was adjusted to suit the passenger’s
preferences.

An infrared video camera placed on the dashboard recorded
the position of the head during both trials. A rectangle initially
centred on a subject’s chin marker with nominal dimensions
correspending to 8 emX4.5 cm was superimposed on the video
images to facilitate the assessment of the lateral motion of the
head {figure 1).

Sleeping device: head hammock

The Siesta System™ prototype 2 consists of a hammock
suspended by two elastic cables hanging from two plastic rods
that can be attached to the top of the headrest or the back of the
seat. The system prevents excessive head flexion in either the
sagittal or the [rontal plane {lateral flexion) while stiil providing
freedom for small-range motions. The system was originally
designed to increase sleep cfficiency, reduce the number of
awakenings and sleep latency and improve subjective sleep
perception. A schema of the Siesta System® prototype 2 s
shown in figure 2.

Definition of Q0OP

Fourteen QOP indicators were defined. They were
grouped into three categories: severe, moderate and minor indi-
cators, depending on the potential interaction between the
occupant and the alr bags or intruding vehicle structures in the

20 2230

Figure 1 Video capture of

a participant showing the position using
the Siesta System® prototype 2 (left)
and without using the system {right}.

Figure 2 Schematic illustration of the headrest hammaock Siesta h
System™ prototype 2.

event of a crash {both frontal and side air bags were considered).
The indicators are defined in table 1.

Statistical analysis

Bach subject provided 210 min of video recording (105 min as
case and 105 min as control). Eight windows of 5 min were
randomly selected (e, per trial, a total of 40 min (38%) was
considered). Two observers were trained to collect information
from the video recordings. Observers were kept blind to the goal
of the study. Each observer analysed a single trial per subject.
Video footage was edited so that the observer was blind to the
case or control status of a particular trial. The observers recorded
values for 14 dichotomous varlables (corresponding to the
14 OOP indicators described above) per 5-min window of time
per trial. Observation times are presented in table 2.

Repeats of the same OOP event within each time window
were not considered to avoid ambiguity and to distinguish
between a single long event and several shorter ones. A secongl
randomised selection of time windows was performed and used
to replace the first should any issue prevented the observer to
asgsess adequately the positicn of the cccupant.

The main outcome was the number of times that cases and
controls were exposed to any OO event. A secondary ocutcome
was the number of exposures to any OOP event per subject.
Statistical analyses consisted of descriptive statistics as well as
comparison of proportions using the %7 test. In particular, for
each indicator, we compared:

Injury Prevention 2012;18:165—169. doi:10.1136/mjuryprev-2011-040031
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Definition of the 14 events proposed as 00P situations
Severe A--Qccupant leans on door

events B--Qceupant’s head rests on lateral window or door

C—0Qccupant's shoulder or upper lorso leans on deor or window
D Oceupant’s head rests on dashboard
E---Occupant’s lorso lies on dashboard

F-Qccupant is twisted on seat, with the lateral aspect of the body
resting on the seat back

R G--(eccupant's chin contacts the chest {neck hyperiiexion)
- H-~Cecupant's face faces roof of the vehicie {neck hyperextension)
Modzrate A~ Chin marker trespasses side vertical line
evenis B---Chin marker trespasses inferior horizental line
C--Occupant's face faces lateral window
D—Cecupant's head lies on shoulder
A—Chin marker 1ouches side vertical fine for more than 16 s
B-~Chirt marker touches inferior lorizental tine for more than 15 $

Minor
events

1. the number of cases and controls that were exposed at least
once to a specific OOP situation regardless of the time
window (N:=40};

2. how many times each participant was exposed to a particular
OOP situation as a case and as a control (from O to 8,
corresponding to the eight time windows),

Statistical analyses were performed using Stata 9.0.

RESULTS

One of the participants was withdrawn [rom the study after
testing began since he had failed vo declare ane of the exclusion
“criteria. The other 40 participants were recorded for a total time
GL-B400 min {40 participants X2 trialsx 103 min/trial). Cut of
these, 5200 min was observed for the study (38%). There were
a total of 840 observed 5-min windows {40 participantsX2
trials X8 windows). Seven time windows had to be replaced.

One of the participants did not use the seat belt in cither trial.
A second used the seat belt in one of the wials but not in the
other. All other subjects were properly restrained.

There were 4480 potential OOP events (14 events/time
window X8 time windowsx40 participants). While controls
experienced these events on 823 occasions {18.4%; 95% CI 1 7.5%
to 19.6%), cases experienced only 416 episodes (9.3%; 95% CI
8.4% to 10.2%). The decrease in exposure was statisticafly
significant. One of the participants never exposed himsell to any
OOP situation in either trial. Three additional subjects did not
incur in any event when they were using the system.

Per participant, 112 events could oceur during one trial
{14 events/time window X8 time windows). On average, events
occurred in 63 occasions in the control wials {58%; 95% CI
48.3% to 67.53%) and in 34 occasions in the case trials (48.2%;

295% Cl1 38.7% to 57.9%). Although the Cls overlapped, the
dewice contributed to reducing the participation in potentially
OQCP situations.

Table 3 Frequency count of cases and controls exposed to an DOP
situation at feast once (N~ 40}

Controls Cases n Value

Any event ki) 36 p.002

Severe event 26 21 0.370
A-~Qccupant leans on door 0 il /A
B--Occupant’s head rests on lateral 1 & N/A
window or door
C-—0ccupant’s shoulder or upper forso 1 [} N/
leans on door or window
D--Occupant’s head rests on dashboard ] 0 N/A
£---Qccupant’s torse lies on dashboard 8 [\ /A
f--0ccupant is twisted on seat, with 0 0 N/A
the fateral aspect of the boedy resting on
the seat back
G--Qccupant’s chin contacts the chest 3 2 0.369
{neck hyperflexion)

H--Qecupant’s face faces reof of the 22 19 0.324
vehicle {neck hyperextension}

Mederate event 39 36 0.002
|- Chin marker trespasses sidg vertical line 33 29 0.316
J-—Chin marker trespasses the 35 23 0.00%
inferior horizontal ling
K---Qceupant’s face faces lateral window 23 3 0.738
L-~0ceupant's hiead fies on the shoulder 35 16 0.329

Minor event 35 30 0.053
M—Chin marker touches side vertical 21 18 0.560
fing {315 s}

M--Chin marker touches inferior 30 28 0.017

horizontal line {>15 s)

Significant differences are marked in boldface.

The comparison between the proportions of case and control
trials exposed to OOF and between the number of times case and
contral trials experienced an OCP event were also calculated:

§. Comparisen between the number of cases and controls that
were exposed at least once 1o a particular event (N==40).
Table 3 shows the count of case and control periods (N-:40) in

which the cccupant was exposed to each QOP event regardiess

of the time window. A comparison of exposure to severe,
moderate, minor and any OOP situation between cases and

controls is also given in rable 3.

2. How many times a participant was in a particular QOP
situation botl as a controd and as a case.

Each participant could have been exposed to a particular OOP
situation up to eight tmes. This analysis compared how many
times cach subject experienced a particular OOP event as
a control and as a case. The only event in which a significant

Table 4 Comparison of the number of exposures 1o event | between
cases (rows) and centrols {columns)

Exposures (controls)

Exposures (cases) [} 1 2 3 4 5 § 7 8 Total
Tahle 2 Randomised observation windows per case and control . s 1 1 . 1 2 1 o u
Observation window Start and end minute {both inclusive_)_ 1 0 0 0 3 5 o 0 1 g 9
1 3--17 2 2 0 5 9 K2 V| R VI 6
2 1923 3 1 o 3 2 1 2 0 0 ¢ 8
3 32--36 4 0 1} 0 8 0 0 ! 0 ¢ i
4 49--53 5 1 0 0 0 g 0o 0 z 4
5 6064 6 g 0 0 0 6 0 0 0 o0 0
6 519 1 5§ 0 0 0 g 0 0 0 0 0
7 94--98 8 i 4 0 ] 0 0 0 0 0 0
8 101145 Total 1 1 4 6 LR 3 3 2 3 40
Injury Prevention 2012:18:165—184. do10.1136/mguryprev-2011-040031 167



Downloaded from ¢

difference (p=0.019) was found between cases and controls was
event 1. Table 4 compares the number of exposures to OOF event
1 between cases and controls. The last column shows the
number of cases participating in QOP event | split among the
number of exposures {from U to 8). Each of the intermediate
columns shows the nwmber of exposures when the corre-
sponding people were controls {ie, out of the 11 cases that were
never exposed to event 1 5 controls were never exposed,
1 control was exposed one time, 1 control was exposed two
times, 2 contrals were exposed four times, etc). None of the
cases were exposed six times or more. Eleven cases were never
exposed and nine cases were exposed only once. The last row in
the table shows that exposition was higher among controls.

DISCUSSION

This study analysed the impact on safery of a device intended to
facilitate and improve the quality of sleep in car passengers,
particularly in terms of exposure to being OOP while resting as
a passenger. Analysis of video captures from 40 volunteers
showed that the device tended 1o keep the occupants” head and
torso in a more favourable position in case of a crash. Volunteers
expertenced significantly fewer OOP situations when they were
using the device.

Although there is no literature relating occupant sleep and
being OOP, sleeping passengers are likely more susceptible
incurring in OOF situations due to associated muscular relaxa-
tion and tendency to seek a comfortable posture, Several of the
participants were OOF during the experiments with their head
and upper torse resting on the lateral structure of the car. The
stucy lound that, even if passengers using the system slept
longer and deeper, their position on the scat was betrer than that
of passengers who were not using the system.

The OOP indicators were chosen based on published litera-
ture ™ 2 W augmented the pumber of OOP indicators by
adding situations that would not imply a great risk of resulting
injury per se but that could suggest that the occupant was
leaving a normal seating position. These indicators constitute
the moderate and miner event categories in table 1. We
acknowledge that other researchers could have proposed
a different sev of indicators.

The existence of repeated events during a given observation
period was  disregarded on purpose. This methodology s
conservative: counting all the events per time window would
have caused the differences between cases and controls to
increase, but never 1o decrease.

Despite the limited size of the sample, we found significant
differences. We report the results using parametric tests,
assuming a normal distribution of the data. Due to the sample
size, resuits of normality tests are not reliable, Thus, in case the
data were not drawn from a normally distributed population,
analyses were repeated using non-parametric methods. The non-
parametric tests confirmed the results obtained before and also
found significant differences for events K, L and M. As
mentioned before, the design of the experimental study was
made after a pilot study to estimate the sample size needed to
obtain significant differences in quality of sleep.””

Although it may seem counter-intuitive that some point
differences in table 3 faled to reach statistical significance, the
p values are derived from 7% tests comparing the proportion of
observed versus expected OOP counts in our sample. Thus,
differences were reached within two major categories (moderate
and minor), whereas they were not reached in some particular
instances, such as in X events.
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» Out-gf-position occupants are exposed to the
sustaining injuries caused by the incorrect use of seat beits
or by being too close to the air bag housing.

» Sieeping occupants are more likely to adopt arbitrary seating
positicns that may lead to out-of-position configurations.

» This study evaluates the safety performance of a system
designed to enhance sieep in car passengers.

» A system partially restraining the head from moving
coniributes to impreve the initial head and torso position of
car occupants in a crash so that the restraints can act more
effectively.

There were some limitations to the study, including camera
pasitioning. Because the camera was not orthogonal to the
occupant’s sagittal plane, we could not perform any numerical
estimation of the lateral displacement of the head.

The device tested limits the motion of the head in the sagittal
and frontal anatomical planes and therefore prevents the occu-
pant from leaning against the dashboard or the door panel or
pillar of the vehicle® ¥ % The study found a statistically
significant reduction in occupant exposure to moderate {event J,
p==0.003) or minor OOF events {event N, p-value=0.017) and in
the number of times exposed to a single moderate event (event |,
p-value=-0.019). Though the number of exposures to severe OCP
events was smaller in the case group, the differences did not
reach statistical significance.

The system exhibited a potential for preventing OOP that
might also be applicable vo children in child restraint systems.
Civen the large proportion of head injuries among children,
especially when the impact is not pure frontal and the lateral
component forces the head out of the restraint system,™
a device that limits the motion cf the head should be studied.
Future evaluations of the system should incorporate orthogonal
views of the subject. A lateral camera capturing the motion of
the subject in the sagittal plane in combination with a pure
frontal camera tracking the motion in the frontal plane is
recommended.

CONGCLUSIONS

A new device designed to facilitate and improve sleep in car
occupants has been found to reduce the exposure of the cccu-
pants to being OOP while resting in the car. The device holds
the head posteriorly and limits the rotation in the sagittal and
frontal planes. A number of conditions considered as OOP or
sotentially leading QOF situations were defined. The analysis of
the video captures of volunteers participating in a cross-over
controlled study showed that when the participants used the
system, they were exposed to Jess different dangerous situations
and were exposed less frequently.
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