
Brain Injury, July 2006; 20(8): 799–806

Symptoms and disability until 3 months after mild TBI
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Abstract
Objective: Examine frequency, character and course of symptoms until 3 months after MTBI and the relation between
symptoms and disability.
Methods: Prospective cohort study of 122 consecutive patients with MTBI. Symptom assessment after 1, 7 and 14 days and
3 months post-injury by use of Rivermead Post-concussional Questionnaire. Disability assessment by use of Rivermead
Head Injury Follow-up Questionnaire.
Results: Patients reporting one or more symptoms declined from 86% on day 1 to 49% 3 months post-injury, when 25% also
reported change in one or more domains of everyday activities. Poor memory, sleep disturbance and fatigue were most
commonly reported. Symptom and disability scores were correlated (�¼ 0.60; p< 0.001). Early symptom load correlated
with late symptom load (�¼ 0.38; p< 0.01).
Conclusions: Symptoms gradually decline post-injury. Symptoms correlate with disability at 3 months. Patients with early
high symptom load are at risk for developing persisting complaints.
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Introduction

Data on the prevalence, character and risk factors for
persisting symptoms and disability after mild trau-
matic brain injury (MTBI) are inconsistant [1, 2].
This might reflect variations with regard to study
settings and designs and probably explains the
currently weak evidence base for intervention to
prevent or treat persisting complaints [3, 4].

Almost all MTBI patients report symptoms
such as headache and forgetfulness in the early
phase after the injury [4, 5]. In the majority of
patients, these symptoms resolve within 3 months
[6, 7]. A sub-group of patients report persisting
symptoms at 3 months and later, such as head-
ache [5, 8–10], dizziness [8, 10], concentration
difficulties [5, 11, 12] and fatigue [5, 13, 14]. In
previous studies, taking into account baseline

symptoms and thus assessing symptoms that
have occurred or exacerbated after the injury,
24–60% of MTBI patients report one or more
such symptoms at 3 months or later after the
injury [5, 10, 12]. Some of this variation is
probably related to methodological problems
inherent in studies of MTBI, such as different
case definitions, different outcome measures and
insufficient control of confounding factors [15].
The concept of a ‘post-concussional syndrome’,
used in many reports and also a proposed
diagnosis—‘post-concussional disorder’—in the
DSM-IV, has been questioned due to lack of
consistency of the symptom constellation [5], lack
of intervention data supporting a common under-
lying mechanism [3] and unspecificity of the
symptoms that are also common in people
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with other injuries [12], in chronic pain patients
[16, 17] and in the general population [11].
Recent studies have also demonstrated different
outcome when the suggested DSM-IV criteria as
compared to the ICD-10 criteria are applied [18].

While several studies have reported persisting
symptoms after MTBI, only a few studies have
investigated the relationship between symptoms and
measures of disability. The Rivermead Head Injury
Follow-up Questionnaire (RHFUQ), has been
shown to be a simple and reliable disability measure
across the entire range of severity, but particularly
after mild-to-moderate head injury [19]. Studies of
the relation between self-reported symptoms and
disability are important as a basis for an appro-
priate definition of poor outcome after MTBI, a
pre-requisite for studies of prognostic factors. The
aim of the present study was, therefore, to examine
the character, frequency and course of persisting
symptoms and their relation to disability in everyday
activities in a prospective cohort of surgically
uncomplicated MTBI patients until 3 months after
the injury.

Subjects and methods

Inclusion and exclusion criteria

Inclusion required a history of blunt head trauma,
loss of consciousness (LOC) and/or post-traumatic
amnesia (PTA), admission to hospital within 24
hours after the trauma, a Glasgow Coma Scale
(GCS) score of 14–15 at first assessment in the
emergency department and an age of 15–65 years.
Exclusion criteria were any of the following:
LOC> 30 minutes, PTA> 24 hours, other signifi-
cant physical injury or other major neurological
disorder, including previous significant head injury.
No financial incentives were offered for participants
and no specific intervention was attached to the
study.

Study setting and study sample

Patients were recruited from three emergency
departments located in central and north
Stockholm, Sweden, between January 2000 and
December 2001. The total catchment area for the
three emergency departments has about 800 000
inhabitants aged 15–65 years. Mean age in the area
is 38 years and �51% are women. Stockholm is
the capital of Sweden with a high percentage of
employment in white collar professions. Thirty-eight
per cent of the population between 15–65 years
of age have an education exceeding 12 years;
the corresponding figure for the total Swedish
population is 26%.

Recruitment was non-systematically interrupted
and covered in total 20 months at Danderyd
Hospital and 3–6 months in the two other hospitals
(Karolinska University Hospital and South
Hospital). During the recruitment periods all
MTBI patients were consecutively considered for
inclusion. In total, 122 patients with MTBI fulfilled
inclusion criteria and gave informed consent.
The majority (75 patients) was recruited from
Danderyd Hospital, where detailed data on numbers
and reasons for non-participation were collected
during a 3 month period (from February to April
2001). During this period, 27% of the eligible
patients agreed to participate. Most common rea-
sons given for non-participation were lack of time
and lack of interest and motivation for the follow-up
program. Age and gender did not differ between
non-participants and participants. For non-
participants, hospitalization rate was 53%; CT scan
was performed in 60% of the cases, none of which
was abnormal. Of the participants 80% had been
hospitalized and 93% underwent a CT scan, 7% of
which were abnormal.

Patients with high velocity traumas were managed
according to a regional trauma protocol and were,
thus, not available for the study.

Patients

Seventy-one men (58%) and 51 (42%) women
fulfilled the inclusion criteria and volunteered to
participate in a follow-up study, including sex
assessment sessions, a CT scan and an MRI brain
scan. According to current routines, most patients
(80%) were hospitalized after admission for observa-
tion overnight.

Withdrawal during study

Twenty patients (16%) dropped out from the study
during the first 3 months. Dropouts were compared
to non-dropouts with respect to age, gender,
hospital, education, occupation, PTA, LOC, initial
symptom severity, previous psychiatric history and
alcohol intoxication at admission. Dropouts did not
differ in any variable except for significantly fewer
years of education (mean difference 2.3 years).

Controls

Thirty-five subjects without injury, in good health
according to self-report and working in different
professions (25% health care workers) or studying
(14%) were recruited by means of local advertise-
ment for symptom assessment at three occasions
(a first visit, after 14 days and 3 months). Symptom
ratings were averaged over visits to obtain a robust
measure of symptom intensity in individuals not
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exposed to head trauma. No time effects were
analysed as no head trauma had occurred.

Procedure

GCS score, duration of LOC, PTA and retrograde
amnesia and results from breath alcohol test results
were recorded by the emergency ward staff accord-
ing to the study protocol. The emergency depart-
ments were checked for head injury patients by the
research group staff every day of the week. Included
patients were assessed after 1, 7 and 14 days and at
3 months post-injury. Emergency data were
reassessed by one of the authors (AL) during the
first week after the injury and revised if additional or
divergent information was reliably obtained by use of
data not available at the initial assessment. CT scan
of the brain was performed within 24 hours after the
trauma and an MRI scan of the brain was performed
within 1 week (mean 7.4 days).

Ratings of symptoms and disability

Swedish versions of the Rivermead Post-
concussional Questionnaire (RPQ) [13] and the
Rivermead Head Injury Follow-up Questionnaire
(RHFUQ) [19] were used. These two self-
assessment instruments ask the patient to state
change in symptom level and in social and occupa-
tional functioning, respectively, and have been
shown to reliably measure change in frequency and
severity of post-concussional symptoms and disabil-
ity after head injury of mild-to-moderate severity.
The RPQ score was calculated, as described by King
et al. [13] as the sum of all symptom scores
excluding ratings of 1, as these indicated that
symptoms had resolved. Mild symptoms were
scored as 2, moderate as 3 and severe as 4. RPQ
was administered at all occasions and RHFUQ at 3
months only. Symptoms in healthy controls were
assessed with the same instruments. The controls
were asked to state frequency and severity of
symptoms ignoring that no head trauma had
occurred. Number of sick listing days was also
registered as an additional measure of disability.

Statistical methods

All variables were summarized with standard
descriptive statistics (means, SDs, frequencies).
Differences in discrete variables (e.g. sex and
education level) were analysed with the �2-method
(Fisher’s exact test in case of expected cell frequen-
cies less than 6). Differences in continuous variables
were analysed with non-parametric Mann-Whitney
(independent comparisons) or Wilcoxon matched
pairs test (dependent comparisons), as many
distributions were positively skewed.

The factor structure of the two rating scales, RPQ
and RHFUQ, was investigated with a principal
component analysis (Varimax rotation). The
number of factors extracted was identical to the
number of eigenvalues greater than or equal to 1.0.
Analysis of the RPQ data was made for symptoms
reported at day 1. Analysis of the RHFUQ data was
made for disability reported at 3 months. The factor
analyses were only performed on the ratings of the
patients.

All comparisons were two-tailed with a signifi-
cance level of 5%.

The study was approved by the ethics committee.
Informed consent was obtained from all participat-
ing patients and controls.

Results

Sociodemographic and clinical characteristics

There were no statistically significant differences
between patients and controls with regard to age,
sex, years of education or occupational status. The
most common cause for MTBI was fall (59%). Of
traffic accidents (19%), bicycle accidents were most
common. Alcohol intoxication was present in 25%.
In 7% of the patients signs of traumatic, intra-cranial
lesion on CT or MRI scan were found. Complete
data are presented in Table I.

Symptom character, frequency and course

Poor memory, sleep disturbance and fatigue were
the most commonly reported post-injury symptom
changes after 3 months, when frequency as well as
intensity were taken into account. At days 1, 7 and
14, respectively, 86, 74 and 56% of the patients
reported one or more MTBI-related symptoms. At 3
months, 49% of the patients reported at least one
such symptom. Reported symptoms and total RPQ
scores at 3 months are presented in Table II.

A principal component analysis of the symptoms
reported at day 1 yielded a four factor solution—
somatic (headache, dizziness, nausea/vomiting and
fatigue), cognitive (taking longer to think, poor
concentration and poor memory), affective (feeling
frustrated, restlessness, sleep disturbance, irritability
and feeling depressed) and a fourth ‘vision-related’
factor comprising symptoms related to vision
(blurred vision, double vision, sensitivity to light)
together with noise sensitivity, with a somewhat
weaker loading. This factor solution explained 66%
of the total matrix variance. The factor structure
remained invariant throughout the observation
period. The factor analysis is presented in Table III.

The course from day 1 to 3 months varied
between symptoms (see Figure 1). Some symptoms
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(headache, fatigue, taking longer to think, dizziness,
sensitivity to light and nausea/vomiting) decreased
markedly from day 1 to the assessment at 3 months.
Other symptoms (sleep disturbance, poor concen-
tration, noise sensitivity, feeling frustrated, blurred
vision and double vision) decreased less, whereas a
few symptoms (irritability, restlessness and poor
memory) increased during the 3 months follow-up.
Statistical analysis of the differences between
patients and controls was not feasible as the pre-
requisites for assessment were different—MTBI
patients assessed change from baseline, whereas
controls assessed symptoms at baseline. The most
obvious differences, however, between patients and
controls at 3 months were the higher frequency of

noise sensitivity, dizziness, blurred vision and slow-
ness of thought in the MTBI group. The rank order
of symptom intensity in MTBI patients differed from
that in healthy controls, where sleep disturbance and
headache had the highest load (see figure 1).

The course of symptoms within the four different
factors was similar, with a gradual decline of symptom
load. Somatic symptoms were initially more promi-
nent but declined faster than symptoms in the other
factors, resulting in a similar symptom load for
somatic, cognitive and affective factors at 3 months.
Vision-related symptoms were less prominent and
reported by few patients only. High symptom load
at day 1 was significantly correlated with high
symptom load at 3 months (�¼ 0.38; p< 0.01).
The course of symptoms are presented in Figure 2.

Symptoms and disability

A factor analysis of the functional disability assessed
with RHFUQ at 3 months yielded two factors,

Table I. Sociodemographic and clinical characteristics of MTBI
patients (n¼ 122) and controls (n¼ 35).

Characteristic MTBI patients Controls

Age
Mean 37.3 39.0
Range 15–65 16–62

Gender, n (%)
Men 71 (58) 17 (49)
Women 51 (42) 18 (51)

Education years
Mean 12.3 13.2
Range 3–19 9–17

Occupation, n (%)
Working 88 (72) 29 (83)
Unemployed 2 (2) 0 (0)
Student 20 (16) 5 (14)
Sick leave 7 (6) 0 (0)
Disability pension 3 (2) 0 (0)
Retirement pension 2 (2) 1 (3)

Type of accident, n (%)
Fall (from height) 24 (20) N/A
Fall (same level) 48 (39) N/A
Traffic 23 (19) N/A
Assault 9 (7) N/A
Other* 18 (15) N/A

Intoxicated by alcohol 30 (25) N/A
GCS at first examination, n (%)

15 109 (89) N/A*
14 13 (11) N/A

Injury-related CT and/or
MRI abnormalities, n (%)

8 (7) N/A

Loss of consciousness, n (%)
0–0.9 min 56 (46) N/A
1–5 min 47 (39) N/A
6–30 min 19 (15) N/A

Anterograde amnesia, n (%)
0–0.9 min 21 (17) N/A
1–5 min 29 (24) N/A
6–45 min 45 (37) N/A
>45 min 27 (22) N/A

Retrograde amnesia, n (%)
0–5 min 7 (6) N/A
>5 min 4 (3) N/A

* Other types of accidents were collision with other person (6; in
sports), hit by falling objects (6), run into objects (3), kicked by
horses (3).

Table II. Number and proportion of MTBI patients and controls
with symptoms after 3 months according to RPQ.

MTBI patientsa

(n¼ 102)
Controlsb

(n¼35)

Item n % n %

Somatic symptoms

Headache 21 21 7 20
Dizziness 18 18 2 6
Nausea, vomiting 7 7 1 3
Fatigue 21 21 4 11

Cognitive symptoms

Taking longer to think 19 19 2 6
Poor memory 26 25 2 6
Poor concentration 21 21 5 14

Vision-related symptoms

Double vision 2 2 0 0
Blurred vision 8 8 1 3
Sensitivity to light 5 5 2 6
Noise sensitivity 17 17 3 9

Affective symptoms

Feeling depressed 14 14 3 9
Feeling frustrated 15 15 5 14
Restlessness 15 15 6 17
Irritability 18 18 5 14
Sleep disturbances 21 21 7 20

Any symptom 49 49 17 49
RPQ total score

0 52 51 18 51
1–10 29 28 13 37
11–20 10 10 2 6
21–30 7 7 2 6
31–40 1 1 0 0
41–64 3 3 0 0

Mean intensity

of symptoms (SD)

6.5 (11.28) – 3.9 (7.02) –

a At 3 months post-injury.
b Average rate (for further description, see text) (NB patients
report change in symptom load after MTBI whereas controls
report symptom load independent of head injury).
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which explained 75% of the total matrix variance.
The first factor—‘activity factor’—embraced social
and professional activities outside the family and the
second factor—‘relation factor’—had reference to
closer relations, e.g. family and friends. Four items
had significant loadings, i.e. correlations, with more
than one factor and were, thus, insufficiently
separated by the factors. The only items that were
satisfactorily separated were item 5 (‘previous
leisure activities’) and item 9 (‘relationship with
partner’). The factor analysis is presented in
Table IV.

At 3 months, 25% of the patients reported
dysfunction in at least one domain of everyday life,
such as work, relations and social and leisure
activities. Subjects with high total RPQ also tended
to have high total RHFUQ (�¼0.60; p< 0.001).
The four symptom factors (somatic, affective,
cognitive, vision-related) showed similar correlation
with the two disability factors (relations, activity)
(�¼ 0.23–0.42, p< 0.01) with a marginally higher
correlation between the affective factor and the
relation factor as compared to the activity factor

(0.42 vs. 0.33) and vice versa for the somatic factor
(0.23 vs. 0.34).

Duration of sick-listing was less than 10 days in
76% of the patients, 10–30 days in 20% and more
than 30 days in 4% of the patients. After 3 months
only one person of those in labour force had not
returned to his job. Patients with sick-listing more
than 10 days had significantly higher total symptom
ratings than those with sick-listing less or equal to 10
days at all assessment occasions and for all symptom
factors.

Discussion

Factor analysis yielded four symptom domains: a
somatic, a cognitive, an affective and a vision-related
domain. Somatic symptoms predominated in the
early phase but at 3 months somatic, cognitive and
affective symptoms had similar weight, whereas
vision-related symptoms were reported by only few
individuals and had lower total impact. Similar
findings have been reported in previous studies at
follow-up, but to the authors’ knowledge the early
time course of symptom constellations has not
previously been demonstrated. These findings are
roughly in agreement with one prior study of 71
MTBI patients at 10 days post-injury by Bohnen
et al. [18] in which a principal component analysis
of the symptoms yielded a two factor solution with
one post-concussive-cognitive and one emotional-
vegetative factor. The persistence of the factor
structure throughout the observation period in this
study indicates that symptom domains might be a
meaningful variable when categorizing outcome
after MTBI.

The vast majority (86%) of the MTBI patients
reported one or more symptoms the day after the
injury and about half reported at least one persisting
symptom at 3 months after the injury. The most
prominent symptoms experienced after 3 months
were poor memory, sleep disturbance and fatigue.
This corresponds well with the findings of the
original studies with the RPQ, in which fatigue,
irritability, frustration and poor memory were the
most prevalent symptoms at 6 months [13, 14].
The findings differ, however, from other studies
reporting headache, dizziness, fatigue and difficulty
in concentration [5]; headache, irritability and
dizziness [8]; headache, decreased energy and
dizziness [9]; concentration problems and restless-
ness [11] or headache and concentration difficulties
[12] as the most common symptoms at follow-up.
One reason for this discrepancy might be that RPQ
assesses change in symptoms, whereas other studies
use assessment instruments capturing total symptom

load which, at least theoretically, is a combination of

Table III. Four factor structure of MTBI symptoms rated
at day 1. Factor loadings in italics indicate the highest factor
loading for that variable and those which are underscored
a significant loading (>0.40). The proportion of explained
variance for a variable is expressed as a communality index (h2).

Principal components*

Symptom I II III IV h2

Somatic symptoms

Headache 0.81 0.05 0.11 0.09 0.67
Dizziness 0.73 0.16 0.25 0.06 0.62
Nausea, vomiting 0.72 0.14 0.08 0.07 0.55
Fatigue 0.61 0.19 0.42 0.11 0.59

Vision-related symptoms

Double vision 0.09 0.82 0.21 0.16 0.75
Blurred vision 0.03 0.82 0.16 0.10 0.70
Sensitivity to light 0.31 0.70 0.12 0.15 0.62
Noise sensitivity 0.42 0.54 0.28 0.25 0.60

Cognitive symptoms

Taking longer to think 0.27 0.16 0.86 0.15 0.85
Poor concentration 0.21 0.18 0.81 0.23 0.79
Poor memory 0.18 0.28 0.80 0.14 0.77

Affective symptoms

Feeling frustrated �0.01 0.01 0.19 0.80 0.67
Restlessness 0.04 0.38 �0.02 0.70 0.65
Sleep disturbance 0.42 0.11 0.21 0.58 0.57
Irritability 0.17 0.47 0.26 0.56 0.63
Feeling depressed 0.48 0.17 0.24 0.50 0.56

Percentage explained

variance

41.0 10.4 7.5 7.4 66.3

* Loadings in italics indicate the highest factor loading/correlation
for that variable and those which are underscored a significant
loading (>0.40). The proportion of explained variance for a
variable is expressed as a communality index (h2).
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baseline symptoms and symptom change after the
trauma. If baseline rates in the control group of this
study are added to the symptom change by the
MTBI patients in the RPQ, the rank order of
symptoms in this study becomes similar to the
results of studies measuring total symptom load. The
prominence of headache in previous studies thus
probably reflects a high frequency of headache at
baseline. It might be argued that the total symptom
load is a more adequate measure of the patient’s
suffering. However, with regard to the interpretation
of prognostic factors for a poor outcome after
MTBI, symptom change after the injury is
considered crucial. Interestingly, the total load of
MTBI-related symptoms at day 1 correlated
significantly with symptom load at 3 months,
indicating that early symptoms, as assessed by the

RPQ, might be useful to predict persisting symp-
toms. This supports the finding in the study by King,
in which RPQ score at 7–10 days after injury
correlated with RPQ score at 3 months (�¼ 0.48;
p< 0.01) [20]. There was not the opportunity to
create a control group with other injuries for the
regular follow-up programme, which hampers con-
clusions on causality. However, the current study
design allows the identification of prognostic factors,
which deserve further attention.

The rank order of symptoms in MTBI patients
differed from that in healthy, non-injured subjects.
As symptoms were assessed by use of a questionnaire
that was developed for subjects who had suffered
an injury, the interpretation of these data must be
cautious. However, the observed difference in
rank order indicates that symptoms persisting after

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00

Double vision

Nausea, vomiting

Sensitivity to light

Blurred vision

Feeling depressed
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Taking longer to think
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Figure 1. Rank order of symptom load in the MTBI group at 3 months and change in symptom load from day 1 until 3 months (symptom
load in uninjured controls shown for comparison).
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MTBI are not only an amplification of symptoms
that are common in the general population but
that the symptoms after MTBI have some specifi-
city, not only in the early post-acute phase as
demonstrated in previous studies [4]. Previous
studies have shown substantial overlap between
persisting symptoms after MTBI and symptoms
after other traumatic injuries such as orthopaedic
injuries [12] and symptoms in chronic pain patients
[16]. However, in a recent study comparing MTBI
patients 12 months after the injury with chronic pain
patients by use of RPQ some condition-specific
symptoms were reported. The MTBI patients
reported significantly more subjective cognitive
symptoms, whereas the chronic pain patients
showed a trend towards reporting more emotional
maladjustment [17].

One fourth of the patients reported injury-related
disability at 3 months after the MTBI. Symptoms
correlated significantly with disability. Although
disability in the presence of symptoms could be
inferred, this issue has only rarely been explicitly
addressed in previous studies. In a study by
Crawford et al. [19], the correlation between the
sum of total ratings from the RHFUQ and RPQ
after 3 months was good (�¼ 0.67; p< 0.001).
These findings also support this association between
symptoms and disability. Further, there was an
overall good correlation between high symptom
load and sick-listing. However, sick-leave is probably
a less valid measure of disability for this category of
patients, as was also demonstrated in a study by
Wrightson and Gronwall [21].

Non-participation rate was high, which is a
recognized problem in this kind of study.
Incentives were not used for the injured population
as this was considered a risk for selection bias. Non-
participants most often claimed lack of time or
motivation to adhere to the follow-up programme.
The high attrition rate calls the external validity in
question. In a follow-up of a condition that is
commonly not considered dangerous, there might
be a risk for over-representation of subjects with a
high concern about their health and, thus, towards
higher symptom reporting. The proportion of
patients with persistent complaints in this study
was not higher than indicated in previous studies [2].
It might also be pointed out that participating
patients had a higher hospitalization rate, a higher
CT scan examination rate and more CT scan
abnormalities than non-participants. This is in
accordance with the findings in a recent Canadian
study on the recruitment bias in study of the
outcome of patients with MTBI, in which the
participants group was biased toward those with
more significant injuries [22].

In summary, this study shows that self-reported
MTBI-related symptoms gradually decline post-
injury and that symptoms correlate with disability
at 3 months. Patients with high symptom load in the
early post-injury phase are at risk for developing
persisting complaints.
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