
Umeå University

This is an accepted version of a paper published in PM&R. This paper has been
peer-reviewed but does not include the final publisher proof-corrections or journal
pagination.

Citation for the published paper:
Styrke, J., Stålnacke, B., Bylund, P., Sojka, P., Björnstig, U. (2012)
"A 10-Year Incidence of Acute Whiplash Injuries After Road Traffic Crashes in a
Defined Population in Northern Sweden"
PM&R, 4(10): 739-747
URL: http://dx.doi.org/10.1016/j.pmrj.2012.05.010

Access to the published version may require subscription.

Permanent link to this version:
http://urn.kb.se/resolve?urn=urn:nbn:se:umu:diva-61413

http://umu.diva-portal.org



A 10-Year Incidence of Acute Whiplash Injuries After Road Traffic 1 

Crashes in a Defined Population in Northern Sweden 2 

 3 

 4 

Authors 5 

Johan Styrke, M.D.1, Britt-Marie Stålnacke, M.D., Ph.D.2, Per-Olof Bylund, Ph.D.3, Peter Sojka, M.D. 6 

PhD.4, Ulf Björnstig, M.D. Ph.D.1 7 

 8 
1Division of Surgery, Department of Surgical and Perioperative Sciences, Umeå University, Umeå, 9 

Sweden 10 
2Department of Community Medicine and Rehabilitation, Rehabilitation Medicine, Umeå University, 11 

Umeå, Sweden 12 
3Emergency and Disaster Medical Center, Umeå University Hospital, Umeå, Sweden 13 
4Department of Health Sciences, Mid Sweden University, Östersund, Sweden 14 

 15 

Corresponding author 16 

Johan Styrke 17 

Postal address: Division of Surgery, Department of Surgical and Perioperative Sciences  18 

Umeå University 19 

901 85 Umeå  20 

Sweden. 21 

Tel nr: +46-60-181000 22 

Fax nr: +46-60-181439 23 

E-mail: johan.styrke@surgery.umu.se 24 

 25 

Sources of funding 26 

None 27 

 28 
This material has not been presented at an AAPM&R Annual Assembly 29 



 1 

Abstract 30 

 31 

Objective 32 

An examination of the annual incidence rates of acute whiplash injuries following road traffic crashes in 33 

our geographical catchment area during 2000-2009. 34 

 35 

Design 36 

Descriptive epidemiology based on prospectively collected data from a defined population. 37 

 38 

Setting 39 

The study was carried out at a public hospital in Sweden.  40 

 41 

Participants 42 

The population of the hospitals catchment area (136,600 inhabitants in 1999 and 144,500 in 2009). 43 

 44 

Methods 45 

At the emergency department (ED), all injured persons (≈ 11,000 per year) were asked to answer a 46 

questionnaire about the injury incident. Data from the medical records were also analyzed. During 2000-47 

2009, 15,506 persons were injured in vehicle-crashes. Those who were subject to an acute neck injury 48 

within Whiplash Associated Disorders grade 1-3 were included. The overall and annual incidences were 49 

calculated as incidence rates. Age, gender, type of injury event and direction of impact were described. 50 

The incidences were compared with national statistics on insurance claims from 2003, 2007 and 2008 to 51 

detect changes in the proportions of claims. 52 

 53 

Main outcome measures 54 

The annual incidence rates of acute whiplash injuries. Secondary outcome measures were types of injury 55 

events, age and gender distribution, changes in the proportion of rear-end crashes during 2000-2009 and 56 

changes in the proportion of insurance claims during 2003-2008. 57 

 58 
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Results 59 

During 2000-2009, 3,297 cases of acute whiplash injury were encountered. The overall incidence rate 60 

was 235/100,000/year. The average yearly increase in incidence was 1.0%. Women made up 51.9% and 61 

men 48.1% of the injured. Car (86.4%) and bicycle occupants (6.1%) were most frequently injured. The 62 

proportion of rear end crashes decreased from 55% to 45% during 2000-2009. The proportion of 63 

insurance claims significantly decreased between 2003 and 2008 (p<.0001, Chi-square).  64 

 65 

Conclusion 66 

The incidence of ED-visits due to acute whiplash injuries following road traffic crashes have been 67 

relatively stable during the past decade in our area except in 2007 and 2008 when a peak occurred.  68 

 69 

 70 

 71 

 72 

 73 

 74 

 75 

 76 

 77 

 78 

 79 

 80 

 81 

 82 

 83 

 84 

 85 

 86 
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Introduction 87 

 88 

Traumatic neck injuries causing persisting pain, headache and impairment have been described in the 89 

literature since the second half of the 19th century, initially under names such as “railway spine” 90 

(Erichsen’s disease), “concussion of the spine” and “traumatic neurasthenia”. Crowe launched the term 91 

whiplash in 1928 (1,2) but the term was not widely used until the 1950s when 57 papers were published 92 

with the word whiplash found in the title. During the 1990s and the first decade of the 21st century this 93 

number increased rapidly, with 360 and 769 papers respectively found in PubMed. In the classical rear 94 

end car crash, the injury occurs after an acceleration-deceleration-motion of the body, thus making the 95 

head pivot above the shoulder region, thereby causing a flexion and elongation of the neck (3). More 96 

recent kinematic studies provide a complex picture of flexion, extraction, compression, tension and shear 97 

at different levels of the cervical spine during the different stages of the neck movement (4,5). Whiplash 98 

injuries also occur after car crashes with other directions of impact. Falls and various injury events in 99 

sports can cause whiplash injuries as well (6). However, little is known about the actual tissue damage 100 

and why persisting pain occurs in some individuals (7). In a review by Sterner and Gerdle possible 101 

mechanisms of injury such as damage to the intervertebral discs and zygopophysial joints as well as 102 

inflammatory responses are discussed. Yet, the authors conclude that neither in acute whiplash nor in 103 

chronic whiplash have the mechanisms of injury/pain been studied enough and that there are probably 104 

subgroups of injuries (8). Among possible contributing factors, Linnman et al. recently found increased 105 

uptake of a marker for chronic inflammation ([11C]-2D-Deprenyl) in a large subset of chronic whiplash 106 

patients (9). Studies have investigated the relationship between psychological factors and chronic pain 107 

after whiplash injures, Williamson et al. found limited evidence that post-traumatic stress and low self-108 

efficacy is related to a higher risk of developing late whiplash syndrome (10). Whiplash associated 109 

disorders (WAD) (11) with a number of long-lasting clinical symptoms constitutes a major economic 110 

burden on society. As an example, the total lifetime cost for all whiplash injuries that occurred in Sweden 111 

during 2001 (8.9 million inhabitants) is estimated to 550 million USD (12). 112 

 113 

About 30-40% of subjects involved in rear-end car crashes experience a neck injury (13). In a review 114 

based on data from Sweden, the USA, the UK and the Netherlands during 1970-2000, Holm et al. drew 115 
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the conclusion that the annual cumulative incidence of hospital visits due to traffic-related acute whiplash 116 

injuries had increased during the time period and was estimated to be >300 per 100,000 inhabitants (6). 117 

The major Swedish insurance companies reported a rise in the number of claims during the 1990s and the 118 

latest known figure is 30,000 claims per year in 2003 (i.e. 334/100,000/year) (12). Figures from the 119 

Association of British Insurers state that the number of claims due to whiplash injuries has increased by 120 

25% between 2002 and 2008. If recalculated, the Association of British Insurers assertion that 1 in every 121 

140 British citizens makes a whiplash claim every year would provide an incidence of 714/100,000/year 122 

(14). 123 

 124 

There is a lack of epidemiological data of acute whiplash injuries during the last 10 years. In fact, no 125 

population-based study on emergency department (ED) visits following acute whiplash injuries has been 126 

published during recent years. Although many cars of today have modern whiplash protection systems, 127 

studies have not investigated if this has changed the epidemiology of whiplash injuries. The aim of this 128 

study was to perform a thorough examination of the annual incidence rate of ED-visits due to acute road 129 

traffic whiplash injuries in our geographical catchment area during the last decade. Secondary aims were 130 

to compare the number of acute whiplash injuries with recent statistics on whiplash claims from the 131 

Swedish Insurance Federation (SIF) to determine if the proportion of claims have increased or decreased 132 

since 2003 and to investigate if the proportion of rear end crashes causing whiplash injuries have 133 

decreased during the study period (along with improved whiplash protection systems in cars). 134 

 135 

 136 

 137 

 138 

 139 

 140 

 141 

 142 

 143 

 144 
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Material and methods 145 

 146 

Patients and procedure 147 

Umeå University Hospital (UUH) is located in the city of Umeå in northern Sweden. This level 1 trauma 148 

center is the only hospital and medical facility that treats emergency trauma victims within a well-defined 149 

catchment area with 136,600 inhabitants in December 1999 and 144,500 inhabitants in December 2009. 150 

In the ED, all patients (both in- and outpatients) from the area are treated. Also, the general practitioner 151 

on call (outside ordinary working hours) is located at the hospital. Since the beginning of the 1980s, there 152 

is a well-established on-going trauma registration procedure at the hospital (≈ 11,000 cases/year). Upon 153 

arrival at the ED, the medical staff provides the injured person with a questionnaire about the 154 

circumstances of the injury incident (Appendix A). This self-explanatory questionnaire is filled out by 155 

the patient or accompanying persons. Data are also retrieved from ambulance personnel, bystanders and 156 

relatives. In some cases, supplementary details are retrieved via patient interview during the recovery 157 

phase. Data from all available medical records and police reports are included in the data set. By checking 158 

against the hospital’s compulsory E-number registration (ICD-10; International Classification of 159 

Diseases, 10th revision (15)) for “external cause” of in-patient treatment, the problem of missing in-160 

patients that could be included in the data set is eliminated. Trained administrators then assess all this 161 

information to find all injuries and injury mechanisms. In cases with multiple injuries, up to three 162 

additional injuries are registered. The proportion of registration misses in the group of outpatients injured 163 

in traffic is usually about 5% in the monthly control of the registers quality (i.e. when all registered 164 

patients during three randomly selected days are compared with all hospital visits for the same period of 165 

time).  166 

 167 

The data set for this study originates from the injury register. During the 10-year study period (2000-168 

2009), 15,506 patients arrived at the ED following a vehicle-related injury event (including individuals of 169 

all ages). Most patients arrived at the ED within hours after the injury event but patients that arrived 170 

within days or weeks after the incident were also included if the visit was the first contact with health 171 

professionals due to the injury in question. Among the 15,506 patients, we found 3,815 cases of neck 172 

injuries. We then excluded all injuries that occurred outside of our primary catchment area (n=199), all 173 
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non-whiplash injuries (contusions and skin wounds, n=130), all cervical fractures (n=57), all cervical 174 

luxations (n=3), all patients who died prior to arrival at the ED (n=10) and all non-road traffic neck 175 

injuries (n=119). This left 3,297 cases of acute neck injury within WAD-grade 1-3 (for definition of the 176 

WAD-grades, see below). We have excluded WAD-grade 0 since we don´t believe that these cases can be 177 

found using our method of choice. We also excluded WAD-grade 4 since most previous studies of the 178 

incidence of whiplash injuries are limited to soft tissue injuries. 179 

 180 

Data from the Swedish Insurance Federation 181 

SIF was asked for their latest statistics on insurance claims following whiplash injuries. SIF provided data 182 

from unpublished investigations in 2007 and 2008 in which the major insurance companies in Sweden 183 

were asked about their number of whiplash claims during these years. 184 

 185 

Comparison with previous studies from UUH 186 

To make some previous studies from UUH comparable with the new data, the authors have recalculated 187 

the incidences based on figures from the original articles, the original data files and population statistics 188 

from Statistics Sweden.  189 

 190 

Definitions  191 

*Whiplash as defined by the Quebec Task Force on Whiplash-Associated Disorders (11):  192 

“Whiplash is an acceleration-deceleration mechanism of energy transfer to the neck. It 193 

may result from rear-end or side-impact motor vehicle collisions, but can also occur 194 

during diving or other mishaps. The impact may result in bony or soft-tissue injuries 195 

(whiplash injury), which in turn may lead to a variety of clinical manifestations 196 

(Whiplash-Associated Disorders).”  197 

*WAD-grades (11):  198 

WAD 0: No complaint about the neck, no physical sign(s)  199 

WAD 1: Neck complaint of pain, stiffness or tenderness only, no physical sign(s).  200 

WAD 2: Neck complaint and musculoskeletal sign(s).  201 

WAD 3: Neck complaint and neurological sign(s). 202 
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WAD 4: Neck complaint and fracture or dislocation.  203 

*Chronic whiplash injury (11):  204 

A whiplash associated disorder that has lasted for more than six months  205 

 206 

The authors have adapted a definition of acute whiplash injury: 207 

*Acute whiplash injury:  208 

WAD 1-3 arising within one month after a whiplash trauma.  209 

 210 

Statistical methods 211 

SPSS 19, Microsoft Excel for Mac 2004 and 2011 were used to analyze the data set. The overall and 212 

annual incidences were calculated as incidence rates. Standard descriptive statistics (frequencies, means 213 

and medians) were used to summarize the variables. Summing the proportion of increase or decrease in 214 

incidence between all of the 10 years calculated the average yearly increase in incidence. Since our data 215 

were based on the entire population in our catchment area no statistical tests were performed except when 216 

testing for significance between the external data on insurance claims vs. the number whiplash cases in 217 

2003, 2007 and 2008 (years when insurance data were available). A Chi-square test was then used. 218 

 219 

Main Outcome measures 220 

The main outcome measures were the annual incidence rates of acute whiplash injuries presented at the 221 

ED of UUH between the year 2000 and 2009. Secondary outcome measures were some epidemiological 222 

aspects of the whiplash injuries such as age and gender distribution, types of injury events, changes in the 223 

proportion of rear-end crashes during 2000-2009 and changes in the proportion of insurance claims 224 

during 2003-2008. 225 

 226 

 227 

 228 

 229 

 230 

 231 
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Results 232 

 233 

During the 10-year study period, 3,297 cases of acute whiplash injuries (WAD 1-3) were identified. All 234 

ages were included. This means that an acute whiplash injury occurred in 21.3% of all patients seeking 235 

care after a vehicle related incident (n=15,506). The gender distribution was 51.9% women/girls and 236 

48.1% men/boys. The overall incidence rate was 235/100,000 inhabitants and year. The overall annual 237 

incidence rates were relatively stable except a peak in 2007-2008 (Figure 1). The average yearly increase 238 

in incidence was 1.0%. 239 

 240 

The incidence rate among children (0-14 years) was 40/100,000, among adolescents and adults (15-64 241 

years) 325/100,000 and among elderly persons (>65 years) 47/100,000 inhabitants and year. Incidences in 242 

5-year intervals from 0-14 years along with comparison with some previous studies on whiplash injuries 243 

in children are presented in Table 1. The age-specific overall incidence rates peaked in age group 20-24 244 

with over 450 cases per 100,000 inhabitants and year, noticeable was also that high incidence, about 245 

400/100,000/year, occurred in age-group 15-35 after which a rapid decline begun (Figure 2). The mean 246 

and median age was 34 and 31 years.  247 

 248 

Car occupants were most frequently injured (86.4%) followed by bicycle occupants (6.1%), bus 249 

occupants (1.5%) and moped occupants (1.5%). Among the car occupants, 71.6% were drivers, 19.9% 250 

were front seat passengers and 7.9% were back seat passengers. Head restraints were reported present in 251 

77.5% of the cases but in 16.4% the information was unavailable. The share of rear-end impacts in car 252 

crashes decreased from 55.0% to 45.0% during 2000-2003 and than leveled around 45% during 2004-253 

2009 (Figure 3). 254 

 255 

Most of the crashes (65.9%) took place in urban areas. The police were present at the scene in 27.4% of 256 

the cases. Twenty per cent of the injured arrived at the ED by ambulance, the rest by personal 257 

transportation. Admission to inpatient care was performed in 5.2% of the cases, most of which for one 258 

day (80.8% of the admitted cases).  259 

 260 
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The number of whiplash claims according to SIF was approximately 18,000 in 2007 and about 16,000 in 261 

2008 (i.e. 197/100,000 and 174/100,000 inhabitants respectively). These figures, along with the previous 262 

data from 2003 (30,000 claims) (12), were analyzed together with the number of cases of acute whiplash 263 

injuries at the ED: 328 cases in 2003, 429 cases in 2007 and 394 cases in 2008. The results show that the 264 

proportion of claims significantly decreased between 2003 and 2007 (p<.0001, Chi-square) and also 265 

between 2003 and 2008 (p<.0001, Chi-square). There was no significance between 2007 and 2008 266 

(p=.64, Chi-square). 267 

 268 

 269 

  270 

 271 

 272 

 273 

 274 

 275 

 276 

 277 

 278 

 279 

 280 

 281 

 282 

 283 

 284 

 285 

 286 

 287 

 288 

 289 
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Discussion 290 

 291 

The present study describes the annual incidence rates of road-traffic related acute whiplash injuries 292 

(WAD 1-3) treated in the ED at Umeå University Hospital (UUH) between the year 2000 and 2009. The 293 

overall incidence rate (all ages) was 235/100,000 inhabitants and year; in 15-64 year olds it was 294 

325/100,000/inhabitant and year. The annual incidence rates were relatively stable during the period. The 295 

hospital is the only one within a 110 km radius, thus implying that most cases of trauma attend our ED. 296 

There is also a tradition in the region of seeking care at the ED following traffic crashes. These 297 

circumstances, together with our rigorous on-going trauma registration, assure a thorough collection of 298 

cases. The 10-year study period also makes the investigation strong. Since there is only one previous 299 

article with long study duration (16) and since no hospital-based epidemiology has been published during 300 

the recent years, this paper provides an update on the incidence of acute whiplash injuries in modern 301 

traffic with modern vehicles. 302 

 303 

The incidence of acute whiplash injuries 304 

There are few previous studies of whiplash injuries including all age groups. In the present study the 305 

overall incidence of acute whiplash injuries was high in comparison to the only previous study including 306 

all ages from UUH: the incidence was 81/100,000/year in 1985-1986 (traffic crashes, soft tissue injuries, 307 

ED) (17). Several later studies from UUH investigated adolescents and adults: incidences were 308 

217/100,000/year in 1988-1990 (traffic crashes, 15-65 years, neck injuries AIS <3, ED) (18), 309 

147/100,000/year in 1990-1991 (car occupants, 16-64 years, cervical strains, ED) (19) and 310 

320/100,000/year in 1997-1998 (car- or bus occupants, 16-64 years, WAD 1-3, ED and general 311 

practitioners) (20). Taking into account all these figures along with the new findings presented in this 312 

study, the conclusion is that the yearly incidence of registered ED-visits due to acute whiplash injuries 313 

following traffic crashes increased from the mid 1980s to the late 1990s, then to leveled out during the 314 

last decade. There are some possible explanations that we believe may have impacted the increase: the 315 

whiplash injuries may have increased, the propensity to attend the ER following whiplash injuries may 316 

have increased and the registration in the injury register may have improved. The registration process has 317 

changed over the years with today’s method in use since 1998. Before that, there was no scheduled 318 
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control of registration misses. Whiplash injuries were highlighted in the media during the early 1990s. 319 

This may have increased the attention to the issue at the ED and in the registration process thereby 320 

increasing the number of registered cases. We also know that the police since the mid 1990s sometimes 321 

recommend uninjured persons or persons with mild symptoms to attend the ED to document that a crash 322 

has occurred in case of a later insurance process. It is not clear whether or not increasing amount of traffic 323 

in the city during the 1980s and early 1990s could have affected the number of acute whiplash injuries. 324 

We only have data on traffic density between 1994-2004 when it increased by 2% per year (21). Also, 325 

overall statistics on car crashes with injured persons only reach back to 1997 and from that point in time 326 

until 2010, there was no increase in the total number of crashes or rear end crashes (22,23). Since the 327 

early 1990s there is an ongoing conversion of conventional intersections from stop sign or traffic signal 328 

control to modern roundabouts. This has been shown to have a large preventive effect on crashes and 329 

injuries (24) and may explain how traffic density has been able to increase without an increase in the 330 

number of car crashes. 331 

 332 

One other epidemiological study within a defined population has been conducted in the city of Halmstad, 333 

Sweden, during 1993-1995. The incidence of traffic-related acute whiplash injuries (probably all ages) in 334 

that study was 1/1,000/year. The authors also included all primary health care centers in the city’s area 335 

(25). One difference between Umeå and Halmstad is that the European Route 4 (E4), passes through the 336 

center of Umeå while the E6 passes outside of Halmstad. Our injury registration has shown that the E4 337 

passage, with it’s its many traffic lights within the city of Umeå, causes a large number of acute whiplash 338 

injuries (21). Moreover in comparison with the results of a large study based on 231,672 cases of trauma 339 

(all causes, all ages) from 66 hospitals in the USA during the year 2000, with an annual incidence of 340 

road-traffic related neck strains and sprains of 328/100,000 (26) the incidence in the present study is 341 

clearly lower. However, there are differences regarding the traffic situation in the USA and Sweden. The 342 

Vehicle Miles Travelled (VMT) per person and year is almost twice as high in the USA than in Sweden 343 

(calculation by the authors based on figures from 2006 (27,28). In their best evidence synthesis on 344 

hospital visits due to acute whiplash injuries after traffic collisions, Holm et al. found a yearly incidence 345 

of “likely at least 300 per 100,000 inhabitants” (6). 346 

 347 
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There have also been some hospital-based studies presenting lower incidences of acute whiplash injuries. 348 

Otremski et al. prospectively studied soft tissue neck injuries among car occupants in Oxford in 1983-349 

1984 and found an incidence of 27.8/100,000/year (29). Versteegen et al. looked at the incidence of neck 350 

sprain/strain in Groningen during 1970-1994 and found that the incidence following car crashes increased 351 

from 3.4/100,000/year during 1970-1974 to 40.2/100,000/year during 1990-1994 (16). One explanation to 352 

Versteegen’s low incidence might be that they used the ICD-system to find the acute whiplash injuries in 353 

their registers. In a control of 89 cases of acute whiplash injuries (car occupants, 18-70 years, WAD 1-3) 354 

at the ED of UUH in 2011, we found that 57% (95% CI: 47-68%) had an incorrect ICD-10 diagnosis. 355 

This may implicate that the incidence from Versteegen et al could be underestimated. The awareness of 356 

whiplash injuries and local traditions regarding ED attendance may also differ between different cities 357 

and different periods of time.  358 

 359 

Acute whiplash injuries among children 360 

There is a lack of data regarding acute whiplash injuries in children. The only previous study from our 361 

area including children showed that 24% of the injured were younger than 20 years (17). That gave an 362 

age-specific incidence of about 104/100,000/year (recalculated) compared with 145/100,000/year in the 363 

present study. Quinlan et al. and Versteegen et al. calculated the incidence of traffic-related acute 364 

whiplash injuries in 5-year intervals from 0-14 years (Table 1) (16,26). Our figures were lower than 365 

Quinlan’s. This may indicate different patterns in the use of road transportation among children or 366 

different patterns in the parents’ tendency to attend the ED with their children. Versteegen’s numbers are 367 

probably lower because they are older than ours and because of their different study design. Boyd et al. 368 

conducted a study merely on children 4-16 years old in the UK during 2002. In this study, 47% (n=49) of 369 

105 children presenting at the ED after a car crash showed symptoms of acute whiplash injuries (30). 370 

 371 

Acute whiplash injuries among elderly persons 372 

Quinlan’s figure for traffic-related cases >65 years was 109/100,000/year compared with our incidence of 373 

47/100,000/year (26). Versteegen’s numbers were 6/100,000/year in age group 65-69 years and 374 

3.1/100,000/year among >70 year olds (16). The incidence among persons >60 years was about 375 

48/100,000/year during 1985-1986 (recalculated) (all injury events, soft injury injuries) (17) to be 376 
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compared with 68/100,000/year in the present study. It is important to remember that elderly persons, due 377 

to degenerative changes, sometimes sustain cervical spine fractures from “mild” trauma such as falls (31). 378 

 379 

Mean and median age 380 

The mean and median age was 34 and 31 years. This is in line with other studies from our area (17,20). 381 

Our peak incidence occurred in age group 20-24 among both men and women. Quinlan et al. also found 382 

peak incidence for men and women in age group 20-24 (26) and Versteegen’s peak incidence was 25-29 383 

years among men and 20-24 years among women (16). Many young people are injured and this raises the 384 

presumptive cost to society since some of them will experience long-term work disability (19). 385 

 386 

Gender 387 

Our male/female ratio was 48/52%. Other studies on ED-visits due to traffic-related acute whiplash 388 

injuries range from 48/52% (19) to a general male/female ratio of 0,9 for inpatients and 0,3 for 389 

outpatients (32). Quinlan et al found a ratio of 40/60% (26), Herrström’s ratio was 42/58% (25) and in 390 

Southampton in 2001, the females constituted 61% of acute whiplash injured at the ED (road traffic 391 

crashes, >18 years of age, no additional injuries) (33).  392 

 393 

Direction of impact 394 

Farmer et al. showed that drivers of cars with well-rated head restraints had 24% less likeliness to suffer 395 

neck injuries in rear-end crashes compared with drivers in cars with poorly-rated head restraints (34). In a 396 

study by Kullgren et al. the relative risk of sustaining a whiplash injury with long term symptoms was 397 

50% lower when driving a car with a more advanced whiplash protection system than a car with standard 398 

seats (35). Finally, car construction and head restraints have improved during the last decades (13). Based 399 

on this, we formed a hypothesis that the share of rear-end crashes leading to ED-visits for acute whiplash 400 

might have declined over the past decade; the rear-end crash is the direction of impact for which the new 401 

whiplash protection systems primarily are designed. A small trend supporting our hypothesis can be 402 

observed during the first years in Figure 3. However, when taking into consideration previous studies 403 

from our area: 39% rear-end impacts in 1985-1986 (17), 43% among women and 38% among men in 404 

1988-1990 (recalculated) (18), 60% in 1990-1991 (19) and 45% in 1997-1998 (20) it is not possible to 405 
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verify the hypothesis. This does not, however, contradict the finding that improved cars and head 406 

restraints may improve the late outcome for patients involved in rear-end crashes. A follow up study of 407 

whiplash-injured occupants of cars with whiplash protections systems vs. occupants of cars without 408 

whiplash protection systems would be of value to clarify this issue. There is also a need for continued 409 

improvement of car safety systems aimed at reducing the risk of whiplash trauma, especially from side- 410 

and head-on impacts. 411 

 412 

Insurance claims 413 

A summary of collected statistics from the major Swedish insurance companies gave an approximate 414 

figure of 30,000 whiplash claims in 2003 (12). The new statistics from 2007 and 2008 indicate that the 415 

number of claims may have declined by at least one third. These results are supported by the overall 416 

statistics of claims due to personal injury after traffic crashes: 53,925 claims were reported in 2003 (36) 417 

and 31,339 in 2008 (37). This contradicts our finding that ED visits have been relatively stable. There are 418 

however some possible explanations. Firstly, there are probably several factors that impact people’s 419 

tendency to report their injuries to insurance companies; factors that could be influenced by change over 420 

time. Our belief is that whiplash injuries have been discussed less in the Swedish media during the last 7-421 

8 years. This may have reduced awareness about whiplash injuries. There has also been less of a debate 422 

regarding insurance policies and the necessity of reporting whiplash injuries to the insurance companies. 423 

Secondly, as mentioned above, head restraints and car construction have improved during the study 424 

period (13). Better protection may have a preventive effect on the development of chronic WAD, thereby 425 

reducing the number of insurance claims. The pattern of less insurance claims is however not seen in 426 

Great Britain. According to the Association of British Insurers, the number of claims due to whiplash 427 

injuries has increased by 25% between 2002 and 2008 and translates to an incidence of 714/100,000/year 428 

(14). This suggests that the findings in the present study must be interpreted carefully as they are true 429 

only in the original context. Our findings also show that insurance claims and ED-based incidence of 430 

whiplash injuries does not necessarily correlate. 431 

 432 

Limitations of the study 433 
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Many cases of acute whiplash injuries occur in low speed crashes (12) and it is reasonable to assume that 434 

some of the persons with mild, passing neck symptoms do not attend the ED. There can also be cases of 435 

acute whiplash injuries that are primarily treated by general practitioners. Our results can therefore not be 436 

interpreted as the total incidence of acute whiplash injuries but rather as the incidence of ED-visits.  437 

 438 

The questionnaire used at the ED has not been validated. Since the purpose of the questionnaire is to 439 

register information about all types of injury events, specific questions about whiplash are not included. 440 

Furthermore, since the questionnaire is self-reported, severely injured persons as well as persons affected 441 

by alcohol or drugs may not be able to fill out the form. Relatives, friends or sometimes the medical staff 442 

can often assist in those cases. Umeå is a city with a low mean age and a high proportion of well-educated 443 

citizens due to the presence of a university. There are also a significant number of bicyclists. This makes 444 

the demography and the composition of traffic different from other Swedish cities. Our results regarding 445 

age and gender distribution along with the share of bicyclists being injured may therefore not be fully 446 

applicable to other cities. It is however likely to assume that the main finding of the article (that the 447 

number of ED-visits due to acute whiplash injuries have been relatively stable during the last decade) is 448 

generalizable to the whole of Sweden. In order to draw conclusions regarding other countries, ED-based 449 

studies need to be performed in those counties. The calculation on the proportion of insurance claims in 450 

2003 vs. 2007 and 2008 was performed using national data combined with local data; a more proper way 451 

to make this calculation would have been to use national data combined with national data or local data 452 

combined with local data. These results need to be confirmed in future investigations before further 453 

conclusions can be drawn.  454 

 455 

Conclusion 456 

We have described the annual incidence rates of ED-visits due to acute whiplash injuries following road 457 

traffic crashes in a defined population during 2000-2009. Our results show that the annual incidence rates 458 

of acute whiplash injuries treated at our ED have been relatively stable during the past decade, except in 459 

2007 and 2008 when a peak occurred. Interestingly, data from the insurance companies show a different 460 

trend with a rapid decrease of whiplash-related claims during the past 7-8 years. The share of rear-end 461 
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collisions is below 50% thus implying that whiplash protection systems in cars should be designed to 462 

manage impacts from all directions. 463 

 464 

This study will provide an update on the incidence of whiplash injuries in Sweden, valuable for 465 

policymakers, traffic planners and health care professionals. 466 
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Tables 616 

 617 

Table 1 618 

The incidence of acute whiplash injuries following traffic crashes among children in the present 619 

study and in previous studies. 620 

 621 

 622 

 623 

 624 

 625 

 626 

 627 

 628 

 629 

 630 

 631 

 632 

 633 

 634 

 635 

 636 

 637 

 638 

 639 

 640 

 641 

 Present study Versteegen et al., 1998 Quinlan et al., 2004 
0-4 years 4/100,000/year 0,5/100,000/year 20/100,000/year 
5-9 years 35/100,000/year 0,5/100,000/year 67/100,000/year 
10-14 years 

 

73/100,000/year 5/100,000/year 120/100,000/year 
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Figures 642 

 643 

Figure 1 644 

The incidence rate of road traffic whiplash injuries in Umeå 2000-2009. 645 

 646 

 647 

Figure 2 648 

The average incidence rates of whiplash injuries in different age groups. 649 
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Figure 3 651 

Direction of impact in car crashes. 652 

 653 

(explanatory legend of figure 3) 654 

“Rear-end”, “Head-on”, “Right” and “Left” include cars colliding with other vehicles. “Other” includes 655 

e.g. rollovers and collisions with animals or objects. 656 
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Appendix legend 671 

 672 

Appendix A 673 

The questionnaire used at the Emergency Department of Umeå University Hospital to monitor all 674 

cases of injury. 675 


