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17Introduction:Does a tow-bar increase the risk of neck injury in the struck car in a rear-end collision? The rear part
18of a modern car has collision zones that are rendered nonoperational when the car is equipped with a tow-bar.
19Past crash tests have shown that a car's acceleration was higher in a car equipped with a tow-bar and also that a
20dummy placed in a car with a tow-bar had higher peak acceleration in the lower neck area. Method: This study
21aimed to investigate the association between the risk of neck injury in drivers and passengers, and the presence
22of a registered tow-bar on the struck car in a rear-end collision.We performed amerger of police reports, the Na-
23tional Hospital Discharge Registry, and the National Registry of Motor Vehicles in Denmark. We identified 9370
24drivers and passengers of whom 1519 were diagnosed with neck injury within the first year after the collision.
25We found a statistically insignificant 5% decrease in the risk of neck injury in the occupants of the struck
26car when a tow-bar was fitted compared Q5to not fitted (hazard ratio = 0.95; 95% confidence level = 0.85–1.05;
27p = 0.32). The result was controlled for gender, age, and the seat of the occupant. Several other collision and
28car characteristics and demographic information on the drivers and passengers were evaluated as confounders
29but were not statistically significant. Conclusions: The present study may serve as valuable input for a meta-
30analysis on the effect of a tow-bar because negative results are necessary in order to avoid publication bias.
31© 2018 National Safety Council and Elsevier Ltd. All rights reserved.
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42 1. Introduction

43 Does a tow-bar increase the risk of neck injury in a rear-end
44 collision? The question has become relevant because the rear part of
45 modern vehicles is designed with a collision zone with the purpose of
46 capturing some of the force in rear-end collisions, thereby reducing
47 the struck car's acceleration. A collision zone will also reduce the accel-
48 eration of occupants in the struck car, thus decreasing the likelihood of
49 neck injury. When a car has a tow-bar, this mounted construct will ab-
50 sorb the power of the struck car, which will never reach the collision
51 zone, and therefore the accelerationwill be larger in the cabin, implying
52 a higher risk of neck injury including whiplash. Some tow-bars can be
53 partly removed from the back of a car when not in use. In this situation,
54 the hook itself is removed, but the fastening toQ6 the car is still present.
55 Depending on the make of car, this fastening can be located within,
56 below, or in front of the collision zone, thus inducing noise in the effect
57 of the tow-bar.
58 If the tow-bar increases the risk of neck injury then it could also be
59 associated with a higher rate of fatality. The number of deaths due to
60 rear-end collisions in Europe was 2000 in 2010 (The European

61Commission, 2012) of which some potentially could have been avoided
62had tow-bars been mounted in a safer way.

631.1. Previous studies on the risk due to a tow-bar

64The key evidence on the effect of a tow-bar can be found in a paper
65by Krafft, Kullgren, Tingvall, Boström, and Fredriksson (2000). Their
66study addressed whether a tow-bar could change the stiffness of the
67car and subsequently the crash pulse. The study comprised both labora-
68tory crash tests and data on real-life rear impacts with and without a
69tow-bar reported as claims to an insurance company.
70The laboratory analysis of tow-bar effects was done through crash
71tests involving two Volvo 240s with and without a tow-bar being hit
72by a Volvo 240 with an impact speed of 25 km/h. The results showed
73that the car acceleration was higher in the tow-bar equipped car with
74a peak of 9.6 g compared with 8.0 g in the car without a tow-bar. The
75mean acceleration was similar, 3.0 g, in the two cars. The car equipped
76with a tow-bar recorded a higher change in velocity of 15.1 km/h com-
77pared with 14.1 km/h in the car without a tow-bar. A dummy placed in
78the car with a tow-bar had a 33% higher peak acceleration of 8.9 g in the
79lower neck region, whereas a dummy in the car without a tow-bar
80experienced a peak acceleration of only 6.7 g.
81Next, all real-life rear-end collisions between 1990 and 1993 re-
82ported to the insurance company (Folksam, Sweden) involving three
83car types, Volvo 240, Volvo 700, and Saab 900, were selected (struck
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84 cars). A total of 75 car crashes where at least one occupant had been di-
85 agnosed with long-term neck injury as a consequence were identified.
86 Long-term consequences were classified by a medical specialist in the
87 insurance company as a result of a preliminary assessment after one
88 year or after three to five years. The 75 car crashes representing long-
89 term consequences were compared with a control group of 426 rear-
90 end car crashes representing the general distribution of tow-bars on
91 struck cars of the three car types. Information on tow-barswas obtained
92 from the National Swedish Vehicle Registry. Krafft and colleagues found
93 that there was 22% greater risk of long-term consequences in a car with
94 a tow-bar than in one without. This result was found to be statistically
95 significant (p = .001). The authors studied the short-term conse-
96 quences of minor neck injuries as well, but a comparison of 233 car
97 crashes involving at least one occupant reporting a minor neck
98 injury and the abovementioned control group gave a statistically insig-
99 nificant result.
100 Another study by Krafftmentioned the tow-bar aswell (Krafft, 2002).
101 However, this paper used the same data as in Krafft et al. (2000) on real-
102 life rear impacts reported as claims to an insurance company.
103 A third study by Linder and colleagues also provided data on the ef-
104 fects of a tow-bar but touched only peripherally upon the risk of a tow-
105 bar in rear-end collisions (Linder, Olsen, Eriksson, Svensson, & Carlsson,
106 2012). Their data on rear-end crashes and injury severity originated
107 from claims to an insurance company. Only new cars less than three
108 years old of the types Saab 9-3 and Saab 9-5 and the period from 1993
109 to 2007 were included. Information on tow-bar status was obtained
110 from questionnaires sent out by the authors to the owners of the cars
111 in cases of high impact severity. Short-term neck injury was defined
112 as lasting for less than oneweek, whereasmedium- to long-term injury
113 was defined as lasting for more than one week. An analysis of 699
114 drivers did not show a statistically significant effect for the presence of
115 a tow-bar on the distribution of no injuries, short-term injuries, or
116 medium- to long-term injuries (Linder et al., 2012; from the data of
117 Table A-II: p = 0.30). The authors mentioned a very slight tendency
118 for females to have more long-term injuries with a tow-bar than with-
119 out a tow-bar, but this was not statistically significant (p = 0.56).
120 Carroll et al. (2008) and Holm et al. (2008) briefly addressed the
121 tow-bar in their best evidence synthesis and concluded that a tow-bar
122 is a risk factor for neck injury with reference to Krafft and colleagues.
123 A study by Hynes and Dickey (2008) concluded that vehicles with
124 tow-bars are stiffer and have shorter times to peak acceleration, and it
125 referred to Krafft et al. (2000)Q7 . Worsfold (2014)Q8 cited Carroll et al.
126 (who again cited Krafft et al.). Finally, the recent study by Nishimura,
127 Simms, andWood (2015) ended up asking for more evidence on the ef-
128 fect of the tow-bar on vehicle stiffness.
129 The idea of this study originates from several requests to the last au-
130 thor from lawyers who subsequently used the Swedish results as an ar-
131 gument for higher compensation in cases of whiplash injury because of
132 the presence of a tow-bar.
133 New cars havemuch better collision zones than the Volvo 240. But a
134 tow-bar mounted on a new car will still destroy the beneficial effect of
135 the collision zones, thus increasing the risk of neck injury in the cabin.
136 Our hypothesis is that the risk of neck injury for the driver and passen-
137 gers in the struck car in a rear-end collision is greater when the struck
138 car is fitted with a tow-bar.

139 1.2. Study aim

140 This study aimed to investigate the association between the risk of
141 neck injury in car occupants and the presence of a registered tow-bar
142 on the struck car in a rear-end collision.

143 2. Materials and methods

144 We conducted a registry-based study nested within the general
145 population of Denmark (approximately 5.1 million inhabitants). We

146included all drivers and passengers in the struck cars of all models in
147rear-end collisions registered by police in the 10-year period from
1482003 to 2012.

1492.1. Registry data in Denmark

150In Denmark, every individual has a unique civil registration number,
151given to all Danes at birth. This 10-digit number is used in most admin-
152istrative registers, permitting the linkage of individual records – for ex-
153ample, hospital records – with records of police-recorded car crashes.
154Here, we further utilized the fact that the registration plate of a car in-
155volved in a rear-end collision could be used to link the identities of per-
156sons in the cars with technical information on the presence of a tow-bar
157on the struck car. We also obtained information from other public reg-
158istries besides information on the tow-bar, with the aim of achieving
159an adjusted estimate of the risk of neck injury with and without a
160tow-bar.

1612.2. Socio-economic information

162The core of the Danish administrative registries is the Central Person
163Registry (CPR), which registers every demographic action (death,
164emigration/migration, and within-country moves) of all Danes holding
165a valid personal identifier, which at the same time is a social security
166number. From the CPR, we obtained information on sex and age (di-
167vided into categories: 0–17 years of age, 18–29, 30–39, 40–19, 50–59,
16860–69, 70 and older). The police reports were linked to the National
169Hospital Discharge Registry, which comprises discharge dates and diag-
170noses from both hospitals and emergency wards. Furthermore, we
171linked to the socio-economic databases at Statistics Denmark, which
172provide the household income and the highest attained educational
173level per individual on a yearly basis (October 1 each year). We chose
174to divide the household income by quintiles by year and we used the
175most recent information from the year before the accident. Educational
176levelwas divided into nine categories (primary; upper secondary; voca-
177tional education; short-cycle higher education; vocational bachelors',
178bachelors', masters', and PhD programs; and a missing category).

1792.3. Technical information on the struck car

180Technical information on the struck car was obtained frompolice re-
181ports and the National Registry of Motor Vehicles. From the latter, we
182obtained information about the presence of tow-bars whichwere regis-
183tered during the first registration of new cars, and in those cases where
184the owner installed and chose to register a tow-bar. The Registry of
185Motor Vehicles also included car weights (in five categories: 500–999,
1861000–1499, 1500–1999, 2000 kg or more, missing weight), and the
187first registration year of the car (seven categories: 1966–1989,
1881990–1994, 1995–1999, 2000–2004, 2005–2009, 2010–2015, missing).
189The police reports comprised information on accident type. The acci-
190dent type was divided into three categories according to the Danish
191classification [hit directly from the back (“140”), hit from the back
192when turning right (“311”), or hit from the back when turning left
193(“321”)]. We chose to include all three types of accident in our main
194analysis. It is unique to Denmark that the police report the accident
195type. Finally, the police reports could distinguish between the persons
196involved as either drivers or passengers. The calendar year of the acci-
197dent was treated in two-year categories.

1982.4. Definition of neck injury and whiplash

199We obtained diagnoses from the Hospital Discharge Registry with
200information on whether the drivers and passengers had been in the
201emergency ward, admitted to hospital, or both. We identified all per-
202sons in the study populationwith a neck injury (International Classifica-
203tion of Disease version 2010: ICD-10) code DS13.4*. DS13.4* could be

2 A.V. Olesen et al. / Journal of Safety Research xxx (2018) xxx–xxx

Please cite this article as: Olesen, A.V., et al., Does a tow-bar increase the risk of neck injury in rear-end collisions? Journal of Safety Research (2018),
https://doi.org/10.1016/j.jsr.2018.02.007

https://doi.org/10.1016/j.jsr.2018.02.007


Download English Version:

https://daneshyari.com/en/article/6973610

Download Persian Version:

https://daneshyari.com/article/6973610

Daneshyari.com

https://daneshyari.com/en/article/6973610
https://daneshyari.com/article/6973610
https://daneshyari.com

