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Abstract 
Background: A large number of studies have addressed whiplash injury, and many meta-analyses 
have sought to highlight chronicity factors; the implicated processes, however, remain a matter of 
debate. The present study used data from the ESPARR cohort (an on-going prospective study of a 
representative cohort of road accident victims in the Rhône administrative département of 
France). The objectives were to describe the consequences of whiplash injury and to determine 
prognostic factors for poor recovery and persistent pain at 1 year post-accident. Methods: The 
cohort included 255 “pure” whiplash victims, 173 of whom responded to the 1-year follow-up 
questionnaire. Correlations between explanatory variables and health and pain status were ex-
plored by modified Poisson regression to provide adjusted relative risk (RR) values. Results: Half 
of the victims had not fully recovered health status by 1 year. The main factor associated with non- 
recovery was pain (RR = 1.3; 1.0 - 1.7). A birth in the family preceding the accident emerged as 
another factor (RR = 1.5; 1.2 - 1.9). Victims responsible for their accident were twice as likely to 
report being free of pain as those not responsible (RR = 0.5; 0.3 - 0.8). No correlation emerged with 
accident-related characteristics or PTSD. Conclusions: The present results extend our understand- 
ing of whiplash injury. Residual pain is the fundamental factor causing whiplash victims to feel 
that they have not recovered good health. Our findings suggest this may be bound up with physical 
factors (gender susceptibility); external factors such as having to carry weights (such as a baby) 
and with perceiving oneself as a victim are not incompatible with this hypothesis. 
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1. Introduction 
Whiplash is a neck trauma caused by sudden acceleration/deceleration, usually due to a crash into the rear of the 
victim’s road vehicle [1]: the head being flung forward then immediately backward induces hyperflexion fol- 
lowed by hyperextension of the cervical spine at the moment of impact. It is the most frequent injury sus- 
tained in road accidents. While generally graded as a minor lesion (AIS1) on the Abbreviated Injury Scale (AIS) 
[2], it may nevertheless cause lasting disability. Many studies have reported a risk of chronicization of symp- 
toms, defined by the Quebec Task Force as residual pain persisting 6 months or more after the accident, impair- 
ing neck mobility and everyday activity [1]; this may affect up to 74% of victims 1 or even 2 years post-accident 
[3].  

A very large number of studies have addressed whiplash injury, and many meta-analyses have sought to iden-
tify chronicity factors [4]-[9]. Long-term consequences are now known to depend on primary lesion parameters 
and also on sociodemographic and psycho-behavioral factors [7] [10], but the precise processes involved remain 
a matter of debate [5]. Relevant clinical evidence, other than symptomatology, is lacking, and the impact of whi- 
plash injury needs to be analyzed, especially in France, where there have been few dedicated studies. Discerning 
the factors of chronicization should help identify at-risk subjects and optimize management. The present study 
therefore focused on risk factors that may be implicated in persistent whiplash symptomatology, with particular 
attention to pain as an indicator: it is a decisive factor in evaluating cervical distortion, as it is frequently the pre- 
senting complaint [11].  

The present study used data from the ESPARR (Etude et Suivi d’une Population d’Accidentés de la Route 
dans le Rhône) study of a representative cohort of road accident victims in the Rhône administrative départe-
ment of France, followed up for 5 years after their accident [12]. The objectives were to describe the conse-
quences of whiplash injury and to determine prognostic factors for poor recovery and persistent pain at 1 year 
post-accident.  

2. Material and Methods 
2.1. The ESPARR Cohort 
The inclusion period lasted from October 2004 to December 2005, with the cooperation of all of the emergency 
and intensive care units of the Rhône department (France). After an initial assessment at the time of the accident, 
patients were offered follow-up at 6 months and 1, 2, 3 and 5 years. Further details on recruitment methodology 
are to be found in a previous report [12]. The ESPARR cohort constitutes a subpopulation that has been shown 
to be representative of the exhaustive population of a Registry (Registre des Victimes d’Accidents de la Cir- 
culation Routière du Rhône: Rhône Road Traffic Accident Victims Registry) which has recorded all road-acci- 
dent victims who consulted in or were admitted to any of the hospital departments in the area since 1995 
[12]-[14]. 

The cohort comprises 1168 adults (aged 16 years or over). At inclusion, an experienced physician coded all 
lesions according to the AIS criteria [2], working from the initial medical records, which covered symptomatol-
ogy, clinical and biological examination results, and imaging where judged necessary. Each elementary lesion 
was thus coded, as was severity on a scale from 1 (minor) to 6 (maximal). After the patients (or their family) had 
provided consent, an initial questionnaire was filled out and was then systematically followed up at 6 months 
and 1, 2, 3 and 5 years by postal self-administration. 

2.2. Study Population  
The present study selected victims who had sustained “pure” whiplash injury, to the exclusion of other cervical 
spine lesions graded AIS ≥ 3 or whiplash injuries (AIS < 3) associated with 1 or more AIS ≥ 2 lesions in a dif-
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ferent body region. The ESPARR cohort included 255 such victims, 173 of whom (68%) responded to the ques-
tionnaire. Initial AIS grades were compared to Quebec Task Force categories, a standard classification founded 
on interview-based diagnosis, clinical findings and X-ray [1], universally employed for whiplash. It comprises 4 
cervical distortion severity grades: grade 1, simple contusion; grade 2, neck sprain; grade 3, cervical symptoma-
tology with associated neurological abnormality (such as impaired tendon reflex or motor and/or sensory im-
pairment); and grade 4, clinical signs of major structural pathology involving severe osteoarticular lesions (frac-
ture or dislocation). Concretely, the consultation reports of 40 ESPARR subjects were reviewed and classified 
on the Quebec system. Comparing the two classification methods (AIS and Quebec) found perfect agreement in 
all 40 cases, allowing transposition between the two.  

Finally, all subjects with lesions classified as cervical contusion (AIS code 310402 = grade 1) or neck sprain 
(AIS code 640278 = grade 2) were included. Cervical spine lesions with AIS code 640278 but with associated 
neurologic abnormality (n = 2; grade 3), on the other hand, were excluded, bringing the number of subjects in-
cluded to 171, comprising 62 grade-1 and 109 grade-2 victims. 

In what follows, distributions are reported in terms of the Quebec classification.  

2.3. Variables and Measurement Tools 
The 2 principal assessment criteria were: incomplete recovery of health and persistent pain at 1 year. The former 
was assessed by a questionnaire item on medical health status at 1 year; subjects reporting complete recovery 
were compared with those reporting partial or no recovery (i.e., responses “Health status improved but not fully 
recovered”, “Health status stable” or “Health status worsened”). The latter was based on an item from the World 
Health Organization Quality of Life tool (WHOQOL-bref) [15]: “Does physical pain prevent you from doing 
what you need to do?”; subjects checking the responses “A little”, “A moderate amount”, “Very much” or “An 
extreme amount” were compared with those responding “Not at all”. 

For analysis, the explanatory (predictive and associated) variables were:  
- socio demographic factors: gender, age, family situation, educational level; 
- life event factors during the year preceding the accident: hospital admission or death of a relative, birth, 

break-up of the couple, money problems; 
- pre-accident psychological history (sleep disorder, use of anti-depressants/anxiolytics, psychological care); 
- accident-related factors: type of road-user, reason for travel, position in vehicle, antagonist, impact direction, 

responsibility in accident, intention to lodge a complaint, presence of an injured friend or family member; 
- factors relating to the lesion and immediate consequences: whiplash grade, time off work; 
- factors relating to consequences at 1 year: post-traumatic stress disorder (PTSD, assessed on the PTSD 

Checklist Scale (PCLS), with score ≥ 44 indicating probable PTSD [16] [17]), disabling physical pain, dis-
turbed leisure, disturbed work, financial impact, head pain, “feeling low”, vertigo, memory disorder, sensi-
tivity to noise, sensitivity to light. 

2.4. Statistics 
The representativeness of the study population was assessed by comparing respondents and non-respondents at 
the 1-year follow-up by chi² (significance threshold, 5%), or Fisher’s exact test where samples were too small. 
Likewise, ESPARR cohort whiplash victims were compared with the exhaustive Rhône Registry of whiplash 
victims, on the same tests.   

Correlations between explanatory variables and health status or pain were explored by modified Poisson re-
gression to provide adjusted relative risk (RR) values. Variables associated with the dependent variable on un-
ivariate analysis (with a 20% threshold) were included in a full model, and a descending procedure progressively 
eliminated non-significant factors.  

For multivariate analysis, 2 models were constructed for each independent variable: one including (predictive) 
factors inventoried at the time of the accident, and the other also including factors inventoried at 1 year. 

In all models, age, gender and whiplash grade were included, as adjustment variables independently of signi-
ficance level. Accident-related variables were initially included in the full model systematically, and withdrawn 
when non-significant. 

Analysis was performed on the “proc genmod” procedure of the SAS 9.2 software package. 
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3. Results 
3.1. Description of Population  
3.1.1. Representativeness of the Population 
One hundred and seventy one of the 253 subjects (67.6%) responded at 1 year, with no significant differences 
between respondents and non-respondents on inclusion criteria or for accident-related factors. Nor did the study 
population differ from the road-accident Registry population in terms of age, gender, whiplash severity, type of 
road-user or reason for travel.  

3.1.2. Sociodemographic Data and Accident Characteristics 
The accident caused grade-2 cervical lesions in two-thirds of victims (Table 1). Victims were basically young  

 
Table 1. Comparison of sociodemographic and personal characteristics, in whiplash victims having recovered 
versus not recovered initial health status (n = 171).                                                 

  Non-recovery (n = 95) Recovery (n = 76) Total (n = 171)  

  n % n % n % p-value 

Whiplash grade         

 grade 1 32 33.7 30 39.5 62 36.3 ns 

 grade 2 63 66.3 46 60.5 109 63.7  

Sociodemographic data        

Gender         

 Female 65 68.4 42 55.3 107 62.6 ns 

 Male 30 31.6 34 44.7 64 37.4  

Age         

 16 - 24 yrs 22 23.2 32 42.1 54 31.6 <0.05 

 25 - 34 yrs 32 33.7 14 18.4 46 26.9  

 35 - 44 yrs 25 26.3 15 19.7 40 23.4  

 >=45 yrs 16 16.8 15 19.7 31 18.1  
Family situation        ns 

 Single, divorced, widowed 44 46.3 40 52.6 84 49.1  

 In couple 51 53.7 36 47.4 87 50.9  

Educational level        ns 

 Secondary 31 32.6 24 31.6 55 32.2  

 Higher 64 67.4 52 68.4 116 67.8  

Pre-accident events        

Psychological history        ns 

 No 65 68.4 55 72.4 120 70.2  
 Yes 30 31.6 21 27.6 51 29.8  

Birth, Adoption        <0.05 
 No 81 85.3 74 97.4 155 90.6  
 Yes 14 14.7 2 2.6 16 9.4  

Death, hospital admission        <0.05 

 No 56 58.9 56 73.7 112 65.5  
 Yes 39 41.1 20 26.3 59 34.5  

Break-up        ns 
 No 79 83.2 65 85.5 144 84.2  
 Yes 16 16.8 11 14.5 27 15.8  

ns: non-significant p > 0.05. 
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and female: almost two-thirds under 35 years of age, and 63% women. The predominant accident-related cha-
racteristics were: driver (84%), 4-wheel vehicle user (87%), and crash with another motor vehicle (82%). 33% 
of impacts were to the rear of the vehicle, and respectively 22% and 27% Frontal or lateral (Table 2).  

 
Table 2. Comparison of accident conditions and other accident-related factors in whiplash victims having re-
covered versus not recovered initial health status (n = 171).                                           

 Non-recovery (n = 95) Recovery (n = 76) Total (n = 171)  

 n % n % n %  

Accident conditions       
Type of road-user        

Pedestrian, bicycle, blades, skates 4 4.2 5 6.6 9 5.3  

2-wheel motor 6 6.3 7 9.2 13 7.6 ns 

4-wheel motor 85 89.5 64 84.2 149 87.1  

Reason for travel        

Trip to work/school 37 38.9 30 39.5 67 39.2  

Work purposes 5 5.3 2 2.6 7 4.1 ns 

Other 53 55.8 44 57.9 97 56.7  

Position in vehicle        

Driver 77 81.1 67 88.2 144 84.2  

Passenger 18 18.9 9 11.8 27 15.8 ns 

Impact direction        

Frontal 23 24.2 15 19.7 38 22.2  

Rear 35 36.8 22 28.9 57 33.3 ns 

Lateral 24 25.3 22 28.9 46 26.9  

Don’t know/no reply 13 13.7 17 22.4 30 17.5  

Antagonist        

None 4 4.2 12 15.8 16 9.4  

Other (pedestrian, fixed obstacle…) 6 6.3 9 11.8 15 8.8 0.01 

Motor vehicle 85 89.5 55 72.4 140 81.9  

Other factors directly related to the accident     
Sick leave following accident        

No 5 5.3 13 17.1 18 10.5 0.01 

Yes 62 65.3 36 47.4 98 57.3  

Don’t know/no reply 28 29.5 27 35.5 55 32.2  

Responsibility in accident        

No 79 83.2 49 64.5 128 74.9 <0.01 

Yes 16 16.8 27 35.5 43 25.1  

Intention to lodge complaint        

No 52 54.7 52 68.4 104 60.8 <0.05 

Yes 16 16.8 4 5.3 20 11.7  

Don’t know/no reply 27 28.4 20 26.3 47 27.5  

Friend or family member involved       

No 65 68.4 56 73.7 121 70.8 ns 

Yes 30 31.6 20 26.3 50 29.2  
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Likewise, the grade-1 and grade-2 whiplash subgroups showed no significant differences except in type of 
road-user (p = 0.01) and type of antagonist (p = 0.05): 82% of grade-1 victims used 4-wheel vehicles and the 
same percentage crashed with another motor vehicle, while only 37% of grade-2 victims were in 4-wheel ve-
hicles and 52% crashed with another motor vehicle (32% of grade-2 victims having no antagonist).  

Only a minority (25%) of subjects were responsible for the crash. At the time of the accident, only 12% in-
tended to lodge a complaint. Like in the ESPARR cohort as a whole, 57% of whiplash victims had sick leave 
immediately after the accident.  

57.8% of grade-2 and 51.6% of grade-1 victims (non-significant difference) had not recovered their health 
status at 1 year. 

3.2. Accident Consequences at 1 Year 
3.2.1. Health Status 
One year post-accident, more than half of the victims reported health status as not being back to normal (Table 
3); half likewise considered their physical pain to be disabling in daily life and a quarter said they needed medi-
cal care to cope. Seventy-nine percent of subjects claiming not to have recovered good health reported disabling 
pain at 1 year, compared to 13% of those claiming full recovery.  

Those who had not recovered good health were more likely to report persistent problems: notably, headache 
(48% vs. 5%), feelings of vertigo (34% vs. 7%), memory disorder (34% vs. 4%) or sensitivity to noise (33% vs. 
4%). 

3.2.2. Impact on Daily Life and Mood 
Regarding daily-life impact: financial consequences and disturbed leisure affected a quarter of victims; work 
was affected in 30% of cases (Table 3). Emotionally, there was a tendency to “feel low” or have negative feel-
ings; 14.6% developed PTSD (6.6% of those who recovered good health and 21.1% of those who did not). 30% 
of those who failed to recover good health reported frequent negative feelings (vs. 13%). 

3.3. Predictive and Associated Factors for Non-Recovery of Health at 1 Year 
In the first model, including pre-accident and accident-related factors, whiplash grade was independent of health 
recovery at 1 year. In contrast, female gender (RR = 1.3; 1.0 - 1.8), age 25 - 34 years (RR = 1.6; 1.1 - 2.3), a 
birth during the previous year (RR = 1.6; 1.2 - 2.1), a death or hospitalization in the family during the previous 
year (RR = 1.3; 1.0 - 1.7) or non-responsibility in the accident (ORnon-responsible = 1.4; 1.0 - 2.5] (Table 4) were 
associated with higher risk of non-recovery. There was no interaction between gender and birth in the family 
during the previous year. 

In the second model, also including consequences observed at 1year, non-recovery was no longer associated 
with a birth during the previous year, responsibility for the accident or death of a relative during the previous 
year, but was associated with memory disorder and, above all, pain. 

PTSD at 1 year, non-responsibility for the accident and intention to lodge a complaint were significantly as-
sociated with non-recovery on univariate analysis but not after adjustment on the other variables. No correlation 
emerged between recovery of health status and psychological history (depression, anxiety, sleep disorder, psy-
chological care) or crash characteristics. 

3.4. Factors Associated with a Disabling Pain 
As pain was a factor strongly associated with non-recovery of health status, predictive factors for pain were ex-
plored. 

Victims with grade-2 whiplash tended more often to have residual pain at 1 year, although the difference was 
non-significant. Women showed a 30% greater risk than men. Victims responsible for their accident were twice 
as likely to be free of pain as those who were not responsible (RR = 0.5; 0.3 - 0.9). Finally, a birth during the 
year before the accident was also associated with elevated risk of pain (RR = 1.6; 1.2 - 2.1) (Table 5). 

In the second model, pain was associated with consumption of medication, disturbed leisure and disturbed 
work.  

No correlation emerged with accident-related characteristics (passenger vs. driver, involvement of friend or  
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Table 3. Comparison of consequences at 1 year between whiplash victims having recovered versus not re-
covered initial health status.                                                                    

 Non-recovery (n = 95) Recovery (n = 76) Total (n = 171)  

 n % n % n % p 

Physical health status      

Disabling physical pain        

No 19 20.0 66 86.8 85 49.7 <0.0001 

Yes 76 80.0 10 13.2 86 50.3  

Headache        

Not at all or Not more than usual 49 51.6 72 94.7 121 70.8 <0.0001 

A little more or Much more than usual 46 48.4 4 5.3 50 29.2  

Vertigo        

Not at all or Not more than usual 63 66.3 71 93.4 134 78.4 <0.0001 

A little more or Much more than usual 32 33.7 5 6.6 37 21.6  

Need for medical treatment        

No 53 55.8 72 94.7 125 73.1 <0.0001 

Yes 42 44.2 4 5.3 46 26.9  

Sensitivity and problems      

Sensitivity to noise        

Not at all or Not more than usual 64 67.4 73 96.1 137 80.1  

A little more or Much more than usual 31 32.6 3 3.9 34 19.9 <0.0001 

Sensitivity to light        

Not at all or Not more than usual 74 77.9 75 98.7 149 87.1 <0.0001 

A little more or Much more than usual 21 22.1 1 1.3 22 12.9  

Memory disorder        

Not at all or Not more than usual 63 66.3 73 96.1 136 79.5 <0.0001 

A little more or Much more than usual 32 33.7 3 3.9 35 20.5  

Sleep disorder        

Not at all 39 41.1 53 69.7 92 53.8 <0.001 

A little, sometimes 30 31.6 15 19.7 45 26.3  

Often, very often 26 27.4 8 10.5 34 19.9  

Difficulty concentrating        

Not at all 56 58.9 56 73.7 112 65.5 <0.05 

A little, sometimes 13 13.7 11 14.5 24 14.0  

Often, very often 26 27.4 9 11.8 35 20.5  
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Continued 

Consequences in daily life      
Financial consequences at 1 year        

No 62 65.3 67 88.2 129 75.4 <0.001 

Yes 33 34.7 9 11.8 42 24.6  

Work affected        

No 40 42.1 53 69.7 93 54.4 <0.0001 

Yes 44 46.3 9 11.8 53 31.0  

Don't know, no response, not applicable 11 11.6 14 18.4 25 14.6  

Leisure affected        

No 53 55.8 73 96.1 126 73.7 <0.0001 

Yes 42 44.2 3 3.9 45 26.3  

Impact on emotional and behavioral status      
Post-traumatic stress        

No 75 78.9 71 93.4 146 85.4 <0.01 

Yes 20 21.1 5 6.6 25 14.6  

Feeling low        

Not at all or Not more than usual 46 48.4 68 89.5 114 66.7 <0.0001 

A little more or Much more than usual 49 51.6 8 10.5 57 33.3  

Feeling nervous        

Not at all 37 38.9 51 67.1 88 51.5 <0.001 

A little, sometimes 38 40.0 19 25.0 57 33.3  

Often, very often 20 21.1 6 7.9 26 15.2  

Negative feelings (despair, depression, etc.)     0 0.0  

Not at all 18 18.9 22 28.9 40 23.4 0.02 

Sometimes 48 50.5 44 57.9 92 53.8  

Often, always 29 30.5 10 13.2 39 22.8  

 
family member) or psychological history or PTSD at 1 year on multivariate analysis, although these factors had 
been related to persistent pain on univariate analysis. 

4. Discussion 
The study sought to assess the impact of various factors on health status at 1 year after whiplash injury and to 
elucidate the role of pain. Half of the victims had not fully recovered health status. The main factor associated 
with failure to recover was pain; another was not having been responsible for the accident. The main factors re-
lated to pain were gender and non-responsibility in the accident. 

The only sociodemographic factor contributing to the prediction of poor recovery and persistent pain was 
gender. An association, however slight [18], between female gender and the consequences of whiplash injury 
has frequently been reported [4] [19] [20]. The effect of gender on the risk of subsequent disability is a matter of 
debate: Walton et al. [8] found elevated risk in women in the 11 cohorts they studied, in contrast to Scholten- 
Peeters’ review of the literature [5]. Excess risk was recently found by Merrick and Stålnacke [21], who found  



I. Khati et al. 
 

 
44 

Table 4. Factors associated with non-recovery of health status at 1 year (modified Poisson regression).                

  Non-recovery (n = 95) Recovery (n = 76) Model 1 Model 2 

  n % n % Adjusted RR P-value Adjusted RR P-value 

Adjustment variables         

Whiplash grade      NS  NS 

grade 1 32 33.7 30 39.5 ref  ref  

grade 2 63 66.3 46 60.5 1.1 [0.8 - 1.4]  1.0 [0.8 - 1.3]  

Gender      <0.04  NS 

Male 30 31.6 34 44.7 ref  ref  

Female 65 68.4 42 55.3 1.3 [1.0 - 1.8]  1.2 [1.0 - 1.5]  

Age      <0.05  NS 

16 - 24 yrs 22 23.2 32 42.1 ref  ref  

25 - 34 yrs 32 33.7 14 18.4 1.6 [1.1 - 2.3]  1.3 [0.9 - 1.7]  

35 - 44 yrs 25 26.3 15 19.7 1.4 [0.9 - 2.0]  1.1 [0.8 - 1.4]  

>=45 yrs 16 16.8 15 19.7 1.2 [0.7 - 1.9]  0.9 [0.6 - 1.3]  

Inclusion variables         

Pre-accident event: birth      <0.01  NS 

No 68 71.6 65 85.5 ref  ref  

Yes 27 28.4 11 14.5 1.6 [1.2 - 2.1]  1.1 [0.9 - 1.4]  

Pre-accident event:  
Death, hospital admission      <0.04  NS 

No 56 58.9 56 73.7 ref  ref  

Yes 39 41.1 20 26.3 1.3 [1.0 - 1.7]  1.2 [0.9 - 1.4]  

Responsibility      <0.03  NS 

No 79 83.2 49 64.5 ref  ref  

Yes 16 16.8 27 35.5 0.7 [0.4 - 1.0]  0.8 [0.6 - 1.1]  

1-year variables         

Memory disorder     -   <0.01 

Not at all or Not more than usual 63 66.3 73 96.1   ref  

A little or Much more than usual 32 33.7 3 3.9   1.5 [1.2 - 1.8]  

Disabling pain     -   <0.0001 

No 19 20.0 66 86.8   ref  

Yes 75 78.9 10 13.2   3.3 [2.2 - 5.1]  

 
females to be over-represented in the poor recovery group. The main reason for such a sex difference could be-
physiological [22]: cervical spine stability may be greater in males, due to their anatomically larger vertebrae 
[23] or due to the relation between muscle stiffness and hormones [24]; conversely, Vibert [25] observed, in ex-
periments in which seated participants were subjected to low-amplitude high-jerk linear acceleration impulses, 
that “stiff” participants (more likely females) showed little head movement, whereas the “floppy” participants 
showed a large head rotation in the direction opposite the movement: this could signify that females have greater  
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Table 5. Factors associated with persistent pain at 1 year (modified Poisson regression).                            

 Persistent pain (n = 86) No pain (n = 85) Model 1 Model 2 

 n % n % Adjusted RR p-value Adjusted RR p-value 

Adjustment variables        

Whiplash grade      NS  NS 

 grade 1 27 31.4 35 41.2 ref  ref  

 grade 2 59 68.6 50 58.8 1.3 [0.9 - 1.7]  1.0 [0.8 - 1.4]  

Gender       NS  0.003 

 Male 27 31.4 37 43.5 ref  ref  

 Female 59 68.6 48 56.5 1.3 [1.0 - 1.9]  1.5 [1.1 - 2.1]  

Age       NS  NS 

 16 - 24 yrs 20 23.3 34 40.0 ref  ref  

 25 - 34 yrs 25 29.1 21 24.7 1.4 [0.9 - 2.1]  0.9 [0.6 - 1.3]  

 35 - 44 yrs 24 27.9 16 18.8 1.5 [1.0 - 2.3]  0.8 [0.5 - 1.3]  

 >=45 yrs 17 19.8 14 16.5 1.4 [0.9 - 2.3]  0.9 [0.6 - 1.4]  

Inclusion variables        

Responsibility       <0.0.02  0.02 

 No 74 86.0 54 63.5 ref  ref  

 Yes 12 14.0 31 36.5 0.5 [0.3 - 0.9]  0.6 [0.4 - 1.0]  

Pre-accident event: birth      <0.02  NS 

 No 60 62.5 73 96.1 ref  ref  

 Yes 13 15.1 3 3.5 1.6 [1.2 - 2.2]  1.4 [1.0 - 1.9]  

1-year variables        

Leisure affected     -   <0.001 

 No 45 52.3 81 95.3   ref  

 Yes 41 47.7 4 4.7   1.7 [1.3 - 2.3]  

Medical drug consumption     -   0.001 

 No 43 50.0 82 96.5   ref  

 Yes 43 50.0 3 3.5   1.7 [1.3 - 2.4]  

Work affected     -   <0.01 

 No 35 40.7 58 68.2   ref  

 Yes 43 50.0 10 11.8   1.6 [1.2 - 2.1]  

Don’t know, no response,  
not applicable 8 9.3 17 20.0   -  

 
muscle control, and perhaps more lesions induced by violent muscle tension, than males. Several studies [8] [19] 
[26] highlighted a risk of poorer recovery in subjects with lower educational level. The present results, however 
found no such correlation. 

All studies agree that crash-related factors, with the exception of seat-belt use, are irrelevant to recovery and 
persistent pain [3] [6] [8] [27] [28]. The present study partially replicated these findings, in that type of road- 
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user, position in the vehicle and impact direction were not predictive of residual symptoms at 1 year, on which 
only the type of antagonist had an effect. Greater initial whiplash injury severity was reported to be associated 
with significantly slower recovery [4] [26]; this finding was not so clear in our study, initial severity factors 
contributing only slightly to prognosis for recovery. 

Previous studies reported contradictory conclusions as to the prognostic significance of psychological factors, 
but generally found them to be predictive of recovery rate [28]. Richter et al. [27] considered psychosocial fac-
tors more relevant than lesion severity in terms of symptom duration. Pain seems to be associated with and in-
creased by anxiety and depression [18] [29]-[31]. The present study, on the other hand, found no correlation 
with psychological factors: while associated with risk of non-recovery on univariate analysis, none of these fac-
tors were conserved in the final explanatory model. Notably, “pure” whiplash victims did not suffer PTSD more 
frequently than the cohort as a whole [32]. 

The present results showed a lower risk of persistent pain in drivers responsible for their accident. This may 
be understood in the light of studies [4] [33] [34] showing specific patterns of functional recovery in subjects 
claiming compensation. A feeling of injustice often leads victims to sue; litigation proceeds very slowly, keep-
ing the victim in a waiting situation that does not favor recovery. A physical hypothesis, however, may also be 
considered: in an accident for which they bear responsibility, drivers have seen the crash coming and contracted 
their muscles to prepare for the shock, whereas innocent victims are taken by surprise, especially in case of rear 
impact; this hypothesis is borne out by the findings of Fice et al. [35] that muscle activation at the moment of 
the shock can protect the capsular ligament. Consequently, the influence of emotional state on prompt recovery 
may be modulated by pain [27], which, however, is the main predictive factor of delayed recovery after trauma, 
rather than the inverse. 

Pain is related to impact on daily life. The specific association with memory disorder is in agreement with an 
American study [36] which found greater neck disability in whiplash associated with disturbed memory.  

The present study has several strong points. The ESPARR cohort is a prospective road-accident victim cohort, 
representative of accidents in a precise geographic area for which a Registry of road accident injuries has been 
operating since 1995 [13] [37]. Comparison of whiplash victims in the ESPARR cohort and those included in 
the Registry but not in ESPARR showed no selection bias. The study population was representative of whiplash 
victims in general, providing a picture not focused on any particular type of road user or accident parameter or 
exclusively on victims consulting for persistent pain.  

The various questionnaires did not specifically target whiplash, as the ESPARR cohort includes all kinds of 
lesion; this avoided the subjectivity bias phenomenon whereby patients report more pain in regions of interest to 
the investigator.  

Several limitations, however, remain. As ESPARR concerns road accident victims in general, the question-
naire used at inclusion did not comprise specific whiplash assessment tools such as the Neck Disability Index 
(NDI); this prevented assessment of initial pain as the prime predictive factor, although severity assessment was 
based on emergency examination and X-ray data, which indirectly indicated shock intensity. Furthermore, the 
initial classification of lesions in terms of AIS was based on emergency reports by a number of physicians: this 
may have led to variations in diagnosis and in classification between the two severity grades. Despite a fairly 
large sample, power was lacking for some analyses.  

A further limitation may lie in the use of subjective variables for 1-year health assessment. However, self-as- 
sessment of health recovery has been shown to be reliable for epidemiological purposes [38]. Moreover, the pain 
item was formulated in terms of pain that is disabling in everyday life, in the spirit of the Quebec Task Force. 

5. Conclusion 
In conclusion, the present results obtained from a representative population of whiplash victims extend our un-
derstanding of whiplash injury. Residual pain is the fundamental factor causing whiplash victims to feel that 
they have not recovered good health. Our findings suggest that this may be bound up with physical factors. 
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