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Introduction
Concussion-related symptoms are in general perceived as 
symptoms related to recent or earlier head/brain injuries. The 
distinction between mild traumatic brain injuries with scores 
on the Glasgow Coma Scale from 13 to 15 and whiplash (neck) 
injuries can be difficult to assess at temporal distance from the 
injury scene.

Whiplash injury may lead to a multi-facetted condition asso-
ciated with a large variety of symptoms: neck pain, headache, 
stiffness of neck muscles, paraesthesia in the shoulder/arm/hand, 
fatigue, memory disturbances, lack of concentration, irritability, 
anxiety and low self-efficacy beliefs, and a syndrome designated 
whiplash-associated disorders (WAD).1,2 WAD can be classified 
by the severity of signs and symptoms from grades 0 (no com-
plaints or physical signs) to 4 (fracture or dislocation).2,3 Factors 
related to poor recovery following whiplash injury are high ini-
tial neck pain intensity, socio-demographic status, compensation 
(litigation), psychosocial factors, and physical factors including 
reduced neck mobility, impaired sympathetic vasoconstriction, 
and reduced cold pain tolerance.4-6 Individuals sustaining 

apparently mild head injuries often complain of several physical, 
cognitive, and emotional/behavioural symptoms referred to as 
post-concussion symptoms7-9 and 10 main symptoms are 
included in the post-concussion syndrome (PCS as defined by 
the Mayo Clinic; https://www.mayoclinic.org/diseases-condi-
tions/post-concussion-syndrome/symptoms-causes/syc-
20353352). These symptoms include headache (post-concussion 
headache), dizziness, fatigue, irritability, anxiety, insomnia, con-
centration problems, tinnitus, blurred vision, and sensitivity to 
noise. This cluster of symptoms can persist from months to years 
following injury and cause prolonged disability.8,9 Symptoms 
from PCS are common complaints in chronic pain conditions in 
the absence of previous head injury, but in other types of mis-
haps, like whiplash injuries these symptoms are often reported.10

The Rivermead Head Injury Follow-Up Questionnaire 
(RHFUQ) was devised on the basis of clinical experience to 
measure functional and social outcomes in cases of minor head 
injury.11 The questionnaire was found reliable in detecting 
changes in patients with minor head injury. RHFUQ covers dis-
ability and the practical consequences of any loss of function.
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The aim of this study was to apply The Rivermead Head 
Injury Questionnaire11 in a group of neck-injured patients. Do 
so-called ‘head-injury symptoms’ relate to region of injury or 
are they less specific.10 The hypothesis of this study is that con-
cussion-related disabilities derived from the RHFUQ scores 
and the burden of so-called concussion-related symptoms in 
similarity with neck pain and global pain predict non-recovery 
after whiplash injury.

Methods
Study design

During a 1-year period, patients admitted to 1 of 2 emergency 
departments from an area covered by Aarhus University 
Hospital Denmark, being exposed to a whiplash injury during 
rear-end collision motor vehicle accidents within 48 hours after 
a car accident were invited to participate in this study. 
Consecutive patients who gave informed written and verbal 
consent to participate were followed in a prospectively designed 
1-year follow-up study. In this study of concussion-related 
symptoms, the whiplash-injured subjects underwent a semi-
structured interview, questionnaires and a thorough neurologi-
cal examination within 1 week and after 6 months post-injury. 
Recovery (return to work) and work disability were registered 
after 1-year post-injury.12 Work disability was determined by a 
semi-structured interview where whiplash-injured patients 
were asked to choose between 6 items after 1 year: (1) My 
working capacity is the same as before whiplash injury. (2) I 
work the same hours as before whiplash injury, but my tasks 
have been simplified or reduced due to problems after injury. 
(3) I have reduced working hours and reduced work capacity 
due to problems after whiplash injury. (4) I have been dismissed 
from my job or have changed job due to problems after whip-
lash injury. (5) I am in job training due to problems after injury. 
(6) I have applied for or have received disability pension due to 
problems after injury.

A person was regarded as work disabled if he or she selected 
item 3, 4, 5, or 6. Number of days until return to work or daily 
activities after injury was also obtained. Observation time was 
often more than 365 days. Written and verbal informed con-
sent was obtained from the participants at first visit. The study 
was approved by the local Ethics Committée for Aarhus 
County (registration number 1996/3799) and was conducted 
in accordance with the Helsinki II Declaration.

Inclusion/exclusion

Participants met the following inclusion criteria: age between 
18 and 70 years, exposure to a rear-end car accident with pre-
served consciousness during collision, and classification of 
WAD grades I-III. Exclusion criteria were WAD grades 0 or 
IV, retrograde or anterograde amnesia after the accident, alco-
hol or substance abuse, severe psychiatric disorder or somatic 
disease, and previously recognized chronic pain conditions.

Outcome measures

Self-reported neck pain intensity was measured on a 10 cm 
(100 points) Visual Analogue Scale (VAS 0-10), from 0 = no 
pain to 10 = unbearable pain.

RHFUQ was based on 10 items and a total range of scores 
between 0 and 40 was obtained from the graded response 
(0-4). The RHFUQ assessed different bio-psycho-social 
aspects of life by addressing functional activities such as abil-
ity to participate in conversation with one or more people, 
performance of routine domestic activities, ability to partici-
pate in previous social activities, ability to enjoy leisure activ-
ities, ability to maintain previous work/load standard, finding 
work more fatiguing, ability to keep relationship with friends 
or partner, and ability to cope with family demands. The rat-
ing score was 0 to 4, with 0 = no change in comparison with 
the function level before the injury; 1 = no change, but more 
difficult; 2 = a mild change; 3 = a moderate change; 4 = a very 
marked change.10 Pain scores and RHFUQ were obtained at 
1 week and 6 months post-injury. Recovery (return to work) 
was registered at 1-year post-injury. Patients, who did not 
return to work due to WAD symptoms, were registered as 
non-recovered.12

Statistical analysis

Non-parametric tests for 2-sample data were used when com-
paring data of whiplash patients who recovered (returned to 
work) after the observation period with non-recovered patients. 
Proportions were analysed with Fisher exact test. VAS pain 
intensities were calculated as median values.

P-values indicate tests of group differences: P < .05 was 
considered significant. For multiple comparisons, Bonferroni 
correction was applied. Receiver-operating characteristic 
curves (ROCs) and sensitivity and specificity plots were pro-
vided to examine the predictive value of RHFUQ. A multiple 
regression model was fitted to examine the relationship 
between PCS symptom score, total RHFUQ score, and 
reported neck pain (VAS 0-10).

Results
During a 1-year period, 230 patients exposed to acute whip-
lash injury were admitted to 1 of the 2 Emergency 
Departments at Aarhus University Hospital, Denmark, cov-
ering an area of approximately 380 000 citizen (from 1997 
to 1999). Thirty-two patients with a medical record of pre-
vious neck or low back disorders, head injuries (including 
post-concussion syndrome), severe headache, migraine or 
widespread pain, severe psychiatric disease, and medication 
or alcohol abuse were excluded. Of the remaining 198 sub-
jects, 55 did not show up at the first examination. One hun-
dred and forty-three whiplash-exposed subjects (WAD 
grades I-III) were examined and completed semi-structured 
interviews on pain and PCS symptoms and the RHFUQ 1 
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week post-injury. At 6-month follow-up, 122 patients 
underwent semi-structured interview and 112 completed 
RHFUQ. One year after the injury, 12 (8%) of the initial 
143 participants did not regain the same work capacity as 
before the injury, 96.5% (138/143) completed the study. Of 
these 12 non-recovered subjects, 11 participated in the 
6-month follow-up, 10 completed RHFUQ.

Recovered and non-recovered patients did not differ with 
respect to age, sex, weight, height, body mass index, marital 

status, educational status, work intensity, car speed, or esti-
mated car damage (see Table 1).

A comparison of RHFUQ answers in all 10 items at 1 week 
and 6 months post-injury between recovered and non-recov-
ered patients (see Table 2) revealed higher total scores after 
1 week (p < .023). After Bonferroni correction, 4 of 10 items (3, 
5, 6, 7) were not different. After 6 months 10 of 10 items were 
different, most affected activities in the non-recovered group 
were ability to maintain previous work load/standard, perfor-

Table 1.  Characteristics of whiplash patients.

Initial 
cohort

Participant recovered 
after 1 year

Non-recovered 
participants

Statistics

No. 143 126 12  

Age (y)

  Mean + SD 35.8 ± 10.5 35.9 ± 10.8 39.1 ± 11.2 P = .27 t test

Male/Female 68/75 59/67 6/6 P = 1.00 Fisher

Weight (kg) 74.7 ± 16.1 73.8 ± 15.6 80.1 ± 14.9 P = .20 t test

Height (cm) 174.3 ± 8.5 174.3 ± 8.1 170.2 ± 8.9 P = .11 t test

Marital status

  Single 41 37 2 P = .51 KW

  Married/Common law husband/wife 102 89 10  

Highest education

  Primary school 7 3 3 P = .13 KW

  Secondary school 22 20 2  

  Practical education/Professional school 80 73 5  

  University graduate 16 15 1  

  University, uncompleted 15 13 0  

  Other 3 2 1 N.S.  

Working with raised arm

 Y /N (123 responders) 20/103 17/94 3/6 P = .17 Fisher

Work intensity

  Mainly seated 43 39 3 P = .23 KW

  Walks some/seated 41 39 2  

  Walks around mainly 27 23 3  

  Heavy lifting 7 7 0  

  Unreported 25 18 4  

Motor vehicle collision

  Deltaspeed (Δ km/h), Mean ± SD 43.1 ± 1.7 42.5 ± 19.7 48.2 ± 14.6 P = .33 t test

Car damage (0-100%) 44.6 ± 3.3 45.8 ± 36.8 30.9 ± 36.5 P = .10 t test

Abbreviations: Fisher: Fisher exact, 2-sided; KW, Kruskal-Wallis; t test: Student’s t test.
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mance of routine domestic activities and participate in conver-
sation with 2 or more persons, and finding work more tiring.

Receiver-operating characteristics of RHFUQ total score 
after 1 week used to predict 1-year work disability revealed an 
ROC area of 0.76 (95% CI: 0.61; 0.92) and with a cut-off of 10 
points (score from 0 to 40) a sensitivity of 75% and a specificity 
of 67.2% was yielded (Figure 1).

The non-recovered reported, early after injury, significantly 
higher intensities of neck pain, headache, shoulder-arm pain, 
and lower back pain as well as global pain (Figure 2).

To assess symptoms known to be associated with concussion, 
we also examined the initial frequencies of headache, dizziness, 
fatigue, irritability, anxiety, insomnia, concentration loss, tinnitus, 
blurred vision, and noise sensitivity. As shown in Figure 3, marked 

difference in response is shown in the group that did not recover 
regarding irritability, insomnia, and concentration loss.

A multiple regression model was fitted to examine the rela-
tionship between RHFUQ (score: 0-40) and PCS symptoms 
(score: 0-10) and neck pain assessed by VAS (score: 0-10). 
Estimated relationship:

RHFUQ total score neck pain
PCS s

      -  
  

= − + ×
+ ×

( )1 84 0 53
2 24
. .

.( yymptom score )

The standard deviation of the error was of 5.66 (95% CI, 
5.06; 6.43)

Table 2.  Rivermead Head Injury Follow-Up Questionnaire comparison of RHFUQ scores at 1 week and 6 months after a whiplash injury based on 
1-year recovery.

Recovered 
n = 126
Mean ± SD

One week
Non-
recovered 
n = 12
Mean ± SD

KW Recovered 
n = 102
Mean ± SD

6 Months
Non-
recovered 
n = 10
Mean ± SD

KW

1. Ability to participate in conversation with 1 person 0.2 0.6 1.3 1.1 .0001 0.2 0.6 1.4 1.2 .0001

2. �Ability to participate in conversation with 2 or 
more

0.3 0.7 1.5 1.6 .0005 0.4 0.9 2.3 1.6 .0001

3. Performance of routine domestic activities 0.8 1.0 1.8 1.6 .016 0.6 1.0 2.5 1.6 .0001

4. Ability to participate in previous social activities 0.7 1.1 1.7 1.3 .007 0.5 1.0 2.2 1.5 .0001

5. Ability to enjoy previous leisure activities 1.2 1.4 1.6 1.7 .61 0.7 1.2 2.4 1.9 .0024

6. �Ability to maintain your previous work load/
standard

1.3 1.4 2.3 1.7 .060 1.0 1.3 3.3 1.3 .0001

7. Finding work more tiring 1.3 1.4 2.4 1.4 .0134 0.9 1.2 2.9 1.3 .0001

8. Relationship with previous friends 0.2 0.6 0.8 1.1 .0071 0.2 0.5 1.9 1.6 .0001

9. Relationship with your partner 0.2 0.5 1.1 1.2 .0001 0.2 0.6 1.4 1.4 .0001

10. Ability to cope with family demands 0.5 0.9 1.8 1.6 .0004 0.4 0.8 1.9 1.4 .0001

Total sum 6.8 7.3 16.2 11.2 .023 5.0 7.1 22.2 11.3 .0001

Abbreviation: KW, Kruskal-Wallis (*P < .05, **P < .01, ***P < .001).
Scoring from 0 to 4: 0 = No change—I’m that same as before the injury. 1 = No recent change but still more difficult than before injury. 2 = A mild change in my ability 
compared to before injury. 3 = A moderate change in my ability compared to before injury. 4 = A very marked change in my ability compared to before injury.

Figure 1.  Rivermead Head Injury Follow-Up Questionnaire and 1-year 

recovery.

Figure 2.  Average pain 1 week after whiplash injury.
*P < .05, **P < .001 (Kruskal-Wallis).
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Discussion
This prospective study finds that concussion-related symptoms 
and disabilities are frequently encountered after whiplash 
injury and shows that the RHFUQ adequately predicts 1-year 
work disability after whiplash injury.

Whiplash patients included in this study were not unconscious 
during or after whiplash injury. They did not endure direct head 
trauma or other associated injuries and did not report retrograde 
or anterograde amnesia at the time of injury. The RHFUQ11 after 
1 week detected non-recovery (ROC of 0.76, 95% CI, 0.61; 0.92). 
When we applied a cut-off of 10 (min. 0, max. 40), sensitivity was 
of 75% and specificity of 67% as a stand-alone test for 1-year work 
disability. The scores of all individual 10 items worsened in the 
non-recovered group, and, as a result, the sum score rose from 16.2 
to an average of 22.2. An improvement was seen in the recovered 
group in RHFUQ score from 6.8 to 5.0 after 6 months.

Brain strains may develop during rear-end car collision as 
shown in kinematic studies.10 We did not perform biomechan-
ical evaluation in this study. As surrogate measures, we used 
patient-reported outcomes describing the whiplash injury and 
used their information on car damage. We found no difference 
in reported car speed (difference in speed between the 2 collid-
ing cars) or car damage in recovered and non-recovered 
patients. Our results showed no difference in age, sex, educa-
tional status, or marital status between recovered and non-
recovered patients. Our findings support previous studies of 
disability following acute whiplash injury, emphasizing the 
influence of the patients’ reaction to their injury.13-15

The RHFUQ questionnaire assessed changes in ability for 
different tasks after the injury by asking the patients to describe 
the extent to which they considered that there had been a 
change in some of the basic aspects of their everyday lives. One 
week post-injury, the non-recovered patients tended to have 
difficulties in coping with their partner, family, and friends. As 
would be anticipated, a significant impairment indicated by 
RHFUQ correlates positively with disability. RHFUQ scores 
were higher after 6 months in non-recovered whiplash patients 
as compared to initial scores and to the recovered group.

The items from the RHFUQ seem important for the disa-
bility found after whiplash injury. Difficulties in coping rela-
tionship and conversation after 1 week and scoring marked 
changes in the aspects of everyday life 6 months post-injury, 
suggesting that long-term disability after whiplash may be the 
result of other factors than the collision trauma.16-18 Significant 
differences between the recovered and non-recovered whiplash 
patients reflected by the RHFUQ demonstrate the importance 
of bio-psycho-social aspects of developing long-term disability 
after acute whiplash injury.19 RHFUQ scores in mild traumatic 
brain injuries in a Swedish study were similar to our findings in 
whiplash-injured patients.20

The simplicity of the items in the RHFUQ makes the ques-
tionnaire useful in clinical services and provides acceptable pre-
dictive value. Better tests are however available.3,13 Even so, the 
findings of this study suggest the appropriateness of perform-
ing causal considerations regarding the origin of symptoms 
ascertained in or reported by victims/injured subjects, eg, care-
fully considering stress-related mechanisms, neuroinflamma-
tion, genetic susceptibility, and social constructions, but also 
reconsidering head-neck kinematics.10,21-23

Conclusions
This study found the presence of symptoms usually reported 
after known brain trauma/injury in a cohort of whiplash-
injured (WAD grade I-III) subjects reporting significant disa-
bling symptoms on the so-called RHFUQ. Non-recovery was 
not related to patient-reported injury-related properties. The 
study underlines the need for a better understanding of the 
post-injury mechanisms pertaining to minor injuries, ie, 
whether they are ‘psychological’ or ‘biological’ stress/neuroin-
flammation, social constructions, or of unknown (micro-) bio-
logical origin. This should be investigated.
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