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Objective: First, to describe a clinical sample with 
persisting post-concussion symptoms after a mild 
injury to the head. Second, to explore whether 
patients who sustained a mild traumatic brain injury 
differed from those with a minimal head injury (no 
loss of consciousness, no post-traumatic amnesia, 
no neuroimaging findings).
Design: Cross-sectional clinic-referred sample.
Subjects: 178 adult patients with persisting post-
concussion symptoms referred to outpatient reha-
bilitation.
Methods: Main outcome measures were Rivermead 
Post-Concussion Symptoms Questionnaire, Glasgow 
Outcome Scale-Extended, and Return-to-work status.
Results: In the total sample, previous health pro-
blems, daily headaches, fatigue, and depressive 
symptoms were frequent. Most had functional disabi-
lity on the Glasgow Outcome Scale-Extended and had 
not returned to full-time work. The mean Rivermead 
Post-Concussion Symptoms Questionnaire total score 
was 29. Only 5 patients had intracranial traumatic 
injuries. Some 45% had sustained a minimal head 
injury. Patients with minimal head injury and mild 
traumatic brain injury had different causes of injury 
and acute care but were comparable regarding symp-
tom burden and functional limitations.
Conclusion: Clinicians treating persisting post-con-
cussion symptoms may need to target physiological, 
psychological, and social factors. Many had an injury 
too mild to meet criteria for a traumatic brain injury, 
but the clinical phenotype was similar, supporting 
further research on the mildest head injuries.

EXAMINING AND COMPARING THE CLINICAL CHARACTERISTICS OF ADULTS 
WITH PERSISTING POST-CONCUSSION SYMPTOMS PRESENTING FOR OUTPATIENT 
REHABILITATION FOLLOWING A MILD TRAUMATIC BRAIN INJURY OR A MINIMAL 
HEAD INJURY
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LAY ABSTRACT
First, we described the symptoms and functioning of 
178 adults who were referred for rehabilitation due to 
persisting symptoms after a mild head injury. Second, 
almost half of the patients had suffered an injury too 
mild to meet criteria for a traumatic brain injury; they 
had a minimal head injury. We compared these 2 
patient groups. Results showed that health problems 
before the injury were reported by both groups. Hea-
daches, fatigue, and mental health problems after the 
injury were also common in both groups. Most were 
not working full-time and had many symptoms inter-
fering with their daily lives. The patients who had suf-
fered a minimal head injury thus had a similar symp-
tom burden and level of functioning after the injury 
as those with a mild traumatic brain injury. Abnormal 
findings on computed tomography or magnetic reso-
nance imaging were uncommon. Healthcare workers 
treating persisting symptoms after mild head injuries 
need to target physiological, psychological, and social 
factors.
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Clinicians working with rehabilitation of patients 
who have persisting post-concussion symptoms 

(PPCS) and functional limitations following a presu-
med mild traumatic brain injury (MTBI) know that they 
represent a heterogeneous patient group. Many of these 
patients never presented to an emergency department in 
the acute phase, and were typically referred long after 
experiencing a head injury (1). This group of patients 
needs evidence-based healthcare, but their clinical pro-
files remain poorly understood (2). More than a decade 
ago, Luoto and colleagues illustrated the problem of 
selection bias in MTBI research. They concluded: 
“Studying carefully selected samples is often neces-
sary to address specific research questions, but such 
studies have serious limitations in terms of translating 
research findings into clinical practice” (3). There is 
a vast literature regarding patients with head injuries 
who have been brought to the emergency department 
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(ED) or have been admitted to the hospital; however, 
there is a paucity of studies from outpatient clinics (2).

Another clinical observation is that it may be unclear 
whether a patient with PPCS after a head injury actu-
ally sustained a traumatic brain injury (TBI), with signs 
of acute brain dysfunction or other evidence of brain 
pathology present in the acute stage (4). These injuries, 
which do not meet TBI criteria, have typically not been 
given a name. However, some terms that may include 
them are “minor head injury”, “mild head injury”, 
“concussion” and, according to newly published diag-
nostic criteria for MTBI, “suspected MTBI” (5). On 
the Head Injury Severity Scale (HISS), which is widely 
used in Scandinavia, such head injuries are categorized 
as a “minimal head injury” (MHI) (6, 7), which is the 
term hereafter used in this paper. These patients have 
typically not been enrolled in research studies and thus 
are under-represented and understudied – yet clinically 
important and in need of care (8). When referring to all 
patients, i.e. those with both minimal head injury/MHI 
and mild traumatic brain injury/MTBI, the overarching 
term “mild head injury” is used.

The first aim of this study was to describe the demo-
graphics, clinical characteristics, symptoms reporting, 
and functional limitations of patients referred to specia-
lized healthcare due to PPCS after a mild head injury 
(MTBI or MHI). The second aim was to compare the 
patients not meeting established criteria for MTBI 
(i.e., patients with MHI), with those who did meet 
diagnostic criteria for MTBI, in an effort to increase 
knowledge and better understand the healthcare needs 
of patients with MHI. 

METHODS 

Participants
We included patients, aged 16 to 65 years, who were 
referred to the Clinic of Rehabilitation at St. Olav's 
University Hospital, Trondheim, Norway, for evalua-
tion and treatment for PPCS. Participants were mainly 
referred from general practitioners. Referrals also came 
from hospital physicians, mostly neurologists. The 
patients were enrolled between April 2019 and April 
2024. To be included, patients had to have sustained 
a mild head injury within the past 5 years. Patients 
were not included in this study if they (i) had severe 
communication problems; (ii) their symptoms were 
considered better explained by another condition; or 
(iii) they had severe somatic, neurological, psychiatric, 
or substance abuse disorders deemed likely to compli-
cate follow-up and outcome assessments, as assessed 
by the physician at the first consultation. The injury 
was retrospectively categorized as MTBI or MHI at 
the first consultation by the physician, based on infor-

mation given by the patient. TBI was defined as an 
alteration in brain function, operationalized as loss of 
consciousness, amnesia for the event, slow or confused 
behaviour, or other evidence of brain pathology (e.g., 
traumatic lesions on neuroimaging), caused by an 
external force (4) and was further defined as mild by 
the WHO Collaborating Centre Task Force criteria for 
MTBI (9). These criteria specifically include: (i) Glas-
gow Coma Scale (GCS) score of 13–15 at presentation; 
(ii) loss of consciousness (LOC) < 30 min; and (iii) 
post-traumatic amnesia < 24 h. The term MTBI was 
chosen, comprising injuries with and without traumatic 
lesions on neuroimaging. Head injuries that did not 
meet full criteria for MTBI were categorized as MHI. 
Thus, the individuals in the MHI group experienced an 
injury to the head with no self-reported acute alteration 
or loss of consciousness, no amnesia for the event, and 
no neuroimaging findings. This definition follows the 
HISS (6) definition of a minimal head injury (also used 
in the Scandinavian Guidelines for initial management 
of head injuries [7]) characterized by: (i) GCS score 
of 15; (ii) no LOC; and (iii) no amnesia for the event. 
In our sample, the GCS score was in many cases not 
recorded, which we interpreted as equal to 15 given the 
absence of symptoms or other information to suggest 
a lower GCS score. All participants (MTBI and MHI) 
experienced post-concussion symptoms within the first 
week after their head injury and PPCS were defined as 
endorsing at least 1 moderate or 3 mild symptoms on 
the Rivermead Post-Concussion Symptoms Questionn-
aire (RPQ) (10) at the first consultation. The term PPCS 
was used for all participants admitted and included in 
the study, even though not all (77%) had experienced 
their symptoms for longer than 3 months – which is 
a common lower limit for PPCS. Our use of the term 
PPCS includes PPCS-like symptoms, as it is unclear 
whether those with MHI have sustained an MTBI or 
not. The study was approved by the regional committee 
for research ethics (REK 2018/2159).

Study procedures
Patients were informed about the study on their first 
visit to the Rehabilitation Clinic. During this visit, 
a baseline semi-structured interview was conducted 
by the treating physician. This interview covered 
demographics, pre-injury health and functioning, 
information concerning the injury, and symptoms and 
functioning at the time of the first consultation. Infor-
med consent was collected separately, after the first 
visit. If patients accepted, they, or the legal guardians 
of those younger than 18 years of age, signed an elec-
tronic consent form. After consenting, they received 
additional digital questionnaires regarding their health 
and functioning.
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Measures
Demographics and pre-injury functioning. Education, 
marital status, parental status, employment status, and a 
history of learning difficulties were all self-reported by 
the participant. Learning difficulties referred to reading 
or writing difficulties or receiving special education. 
Previous head injuries and symptoms thereafter, as 
well as pre-injury mental health problems and sleep 
problems, were also self-reported. No diagnostic cri-
teria or confirmation by medical records were applied 
or required for the above-mentioned problems. When a 
previous head injury was reported, the physician asked 
detailed questions about loss of consciousness, the 
presence of amnesia, level of acute and post-acute care 
required, and any necessary neuroimaging to evaluate 
whether MTBI or MHI was most likely. 
Injury-related characteristics and symptoms in the 
acute phase. Place and mechanism of injury, other 
injuries, early symptoms, signs, and method of 
contact with healthcare were self-reported. CT and 
MRI findings were based on clinical imaging. When 
performed, CT had most often been obtained at St. 
Olav’s University Hospital in the acute stage, and MRI 
usually at a later stage, in most cases with a 1.5 Tesla 
system. Neuroimaging findings were categorized into 
“no findings” when self-reported as normal. When 
reported as positive, findings were ascertained by the 
physician at the Rehabilitation Clinic, through a review 
of the radiological report. The findings reported are 
intracranial traumatic injuries. 
Symptoms and functioning at the first Rehabilitation 
Clinic consultation. PPCS was measured using the 
RPQ and the RPQ total score was an outcome measure. 
The RPQ is a self-report questionnaire measuring the 
severity of the following 16 symptoms during the past 
24 h, compared with before the injury: headaches, 
dizziness, nausea/vomiting, noise sensitivity, sleep 
disturbance, fatigue, being irritable, feeling depressed, 
feeling frustrated, forgetfulness, poor concentration, 
taking longer to think, blurred vision, light sensiti-
vity, double vision, and restlessness. The respondent 
rates each of these symptoms based on the following 
options: (0) Not at all; (1) No more of a problem than 
before the injury; (2) A mild problem; (3) A moderate 
problem; or (4) A severe problem. The total score 
ranges from 0 to 52, where higher scores represent a 
higher severity of symptoms (10). Because we were 
only interested in problems that were in excess of 
baseline symptomatology, we transformed 1-point 
answers to 0 points.

Global functioning was our second outcome mea-
sure, assessed by the physician with the Glasgow 
Outcome Scale-Extended (GOS-E) (11, 12), using the 
structured interview. The GOS-E questions include: 

level of consciousness, self-efficacy in and out of the 
home, work, social activities, relationships, and return 
to a normal life. GOS-E scores range from 1–8. Our 
sample included GOS-E scores from 5 to 8 where 
scores of 5 and 6 were classified as lower and upper 
moderate disability (low score) and GOS-E scores 
of 7 and 8 were classified as lower and upper good 
recovery (high score).

The third outcome measure was negative change 
in work status, categorized as “yes” in participants 
who worked full-time before the injury, but who 
were not working full-time at the first consultation at 
the Rehabilitation Clinic (hereafter termed negative 
Return-to-work status). Full-time employment refer-
red to working or studying 80% or more of a full-time 
job (37.5 h a week; i.e., a minimum of 30 h per week). 
Work status was self-reported by the participant.

Questionnaires
Six questionnaires were administered electronically. 
The Epworth Sleepiness Scale measures daytime 
sleepiness, more specifically the likelihood of dozing 
off or falling asleep in different everyday situations, 
on a scale from 0 (would never doze/fall asleep) to 4 
(high chance of dozing/falling asleep) (13). A score of 
11 or higher represents excessive daytime sleepiness 
(14). A recent review of its reliability considers it an 
important tool in sleep assessment and states that the 
test–retest reliability is similar or better than in other 
tools measuring excessive daytime sleepiness (15) 
The Fatigue Severity Scale consists of 9 statements 
measuring feelings of fatigue on a scale from 1 (com-
pletely disagree) to 7 (completely agree) (16). The 
maximum score is 63. Each total score is divided by 
the number of items. We chose to use 5 points as the 
cut-off for excessive fatigue, because the previous cut-
off of 4 has been considered over-inclusive (17). The 
scale was validated in a large Swiss cohort and was 
judged to have both excellent test–retest reliability and 
internal consistency (18) The Insomnia Severity Index 
measures degree of insomnia with 7 questions. The 
maximum score is 28, and each question is rated from 
0 to 4. A score of 15 or above represents moderate to 
severe insomnia, and the instrument has shown good 
reliability and validity as well as excellent internal 
consistency (19). The Generalized Anxiety Disorder-7 
Scale assesses problems with anxiety over the past 
week. The maximum score is 21 and each statement is 
answered using a scale from 0 (not at all) to 3 (almost 
every day). A score of 10 points or higher represents 
moderate to severe anxiety over the past week. The 
instrument is much used and has been shown to be 
both reliable and valid (20). The Patient Health Ques-
tionnaire assesses depression with 9 statements that are 
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answered from 0 (not at all) to 3 (almost every day). 
The maximum score is 27 points. A score of 10 points 
is the cut-off for moderate to severe depression. The 
questionnaire is considered sensitive and specific in 
measuring the severity of depressive symptoms and to 
be a reliable and a valid tool in assessing depression 
(21). The Post-Traumatic Stress Disorder Checklist 
measures symptoms of post-traumatic stress in the 
past week with a list of 21 problems rated on a scale 
from 0 (not at all) to 4 (very much), where 84 is the 
maximum score (22). A total score of 32 was used as 
cut-off for clinically significant post-traumatic stress. 
A recent systematic review showed acceptable internal 
consistency and test–retest reliability (23). 

Statistical analyses

χ2 tests were used to compare the MTBI group and the 
MHI group on categorical variables. Post-hoc analyses 
were also performed to compare men and women. 
Independent t-tests were used for continuous variab-
les with a normal distribution, while Mann–Whitney 
U tests were used for continuous variables without a 
normal distribution. Shapiro–Wilk tests, histograms, 
and skewness and kurtosis tests were used to assess 
normality. Standard deviations were presented when 
data were normally distributed and interquartile ranges 
when they were not. P-values not corrected for multiple 
comparisons are reported in the tables and in the text. 
Alpha was set at 0.05 for determination of statistical 
significance. Further, p-values still significant after 
Bonferroni correction for multiple comparisons are 
marked in the tables with an asterisk. Analyses were 
performed in IBM SPSS Statistics version 28.0.1.0 and 

version 30.0.0.0 (IBM Corp, Armonk, NY, USA), and 
version 17 of Stata (StataCorp LLC, College Station, 
TX, USA). Missing data were handled using a pairwise 
deletion/complete case approach.

RESULTS

Demographic characteristics
A total of 202 patients were invited to this study, and 
24 of the invited patients were not included or later 
excluded due to: no registered written consent (n  =  20), 
or withdrawal from the study (n = 4). Consequently, 
178 patients were included in the current study, 98 
in the MTBI group (55%), and 80 in the MHI group 
(45%). Their median age at injury was 37 years. 
Most of the sample were women (70%), had higher 
education (59%), had a domestic partner (72%), and 
were fully employed before their injury (90%). There 
were no significant differences between the groups on 
demographic characteristics (Table I).

Pre-injury self-reported health and functioning
In the total sample, pre-injury health problems such 
as previous head injuries (52%), headaches, (46%) 
and mental health problems (42%) were frequently 
reported, and there were no significant differences 
in proportions reporting these problems between 
the 2 groups (see Table I). The MHI group more 
frequently reported having experienced symptoms 
longer than 2 weeks after a previous head injury 
(MHI group = 25%, MTBI group = 9%, p = 0.003). 
For the majority of those with pre-injury problems, 

Table I. Demographic information and pre-injury health and functioning

Item Total sample (n = 178) MTBI (n = 98) MHI (n = 80) p-value

Age at injury, Md (IQR) 36.5 (25.0–49.0) 42.5 (24.8–53.0) 34.0 (26.0–42.0) 0.072
Sex, female, n (%) 124 (69.7) 71 (72.4) 53 (66.3) 0.371
University/College degree, n (%) 103 (58.9) 51 (52.6) 52 (66.7) 0.060
Marital status, partner1, n (%) 126 (71.6) 71 (72.4) 55 (70.5) 0.777
Caregiver for children, n (%) 62 (35.0) 36 (36.7) 26 (32.9) 0.596
Fully employed2, n (%) 160 (89.9) 85 (86.7) 75 (93.8) 0.123
Learning difficulties3, n (%) 23 (15.3) 14 (17.1) 9 (13.2) 0.516
Previous MTBI or MHI, n (%) 91 (51.7) 46 (47.4) 45 (57.0) 0.208
 Symptoms > 2 weeks 27 (16.1) 8 (8.6) 19 (25.3) 0.004
 Symptoms at the time of current injury 2 (1.2) 1 (1.1) 1 (1.3) –5

Headache problem, n (%) 81 (46.3) 41 (42.3) 40 (51.3) 0.235
 At the time of injury 39 (22.3) 17 (17.7) 22 (27.8) 0.109
Family history of headache, n (%) 56 (37.6) 30 (38.0) 26 (37.1) 0.917
Mental health problem, n (%) 73 (42.2) 39 (41.1) 34 (43.6) 0.737
 At the time of injury 23 (13.9) 13 (14.6) 10 (13.2) 0.789
Sleep problem, n (%) 59 (35.8) 32 (35.2) 27 (36.5) 0.860
 At the time of injury 41 (25.0) 22 (24.2) 19 (26.0) 0.786
Problems at time of injury, total, n (%)4 72 (40.4) 36 (36.7) 36 (45.0) –

Md: median; IQR: interquartile range; MTBI: mild traumatic brain injury; MHI: minimal head injury. The number of people with missing, unknown, or cannot 
answer values for each variable are as follows: education n = 3; civil status n = 2; caregiver for children n = 1; school difficulties n = 28; head injuries n = 2; headache 
problem n = 3; family history of headache n = 29; mental health problem n = 5; sleep problem n = 13.1Partner = boyfriend/girlfriend, married, or cohabitation. 2Fully 
employed = works/studies 80% or more of a full-time position, i.e., a minimum of 30 h per week. 3School difficulties = reading, writing, or learning difficulties or 
special education. 4Problems at time of injury, total = 1 or more of the following problems at the time of the current injury: symptoms from a previous head injury, 
headache problem, mental health problem, sleep problem. 5Too few participants to calculate a p-value. *Bonferroni correction for multiple comparisons, p = 0.003. 

P-values significant after Bonferroni correction are marked with an asterisk. Statistically significant p-values are marked with bold font.
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the problems were not ongoing at the time of injury. 
Some 40% of the entire sample confirmed at least 1 
of the above-mentioned pre-injury problems at the 
time of their current injury (MHI group = 45%, MTBI 
group = 37%; see Table I).

Injury-related characteristics 
There were several differences between groups on 
injury-related characteristics and symptom reporting. 
The location (p = 0.002) and mechanism (p = < 0.001) 
of injury differed between the groups (Table II). The 
MHI group more often sustained their injury in a sports 
or recreational setting (MHI group: 34%, MTBI group: 
20%), were more often hit by an object (44% vs 15%), 
were less often involved in traffic accidents (10% vs 
22%) and falls (41% vs 57%), and were also less likely 
to report that they were under the influence of alcohol at 
the time of injury (9% vs 22%, p = 0.018). In contrast, 
the MTBI group more often had an immediate onset 

of symptoms after the injury (80% vs 66%, p = 0.030), 
more often sought healthcare on the day of the injury 
(68% vs 33%, p < 0.001) and were more likely to be 
put under observation or admitted to the hospital (30% 
vs 4%, p < 0.001) than the MHI group – who typically 
saw only their general practitioner in the acute phase 
(60% vs 29%, p < 0.001). 

In the MTBI group, more had been referred for head 
CT (70% vs 43%, p < 0.001), and they were referred 
for CT sooner than in the MHI group (median 0 vs 5 
days, p = 0.011). Only 5 patients in the MTBI group 
(3% of all participants) had intracranial findings on CT. 
MRI was performed in 108 patients (62%), at a median 
of 17 weeks after the injury. Two patients (1% of all 
participants) had intracranial traumatic lesions on MRI, 
and in 1 of them, CT had already shown the intracranial 
lesion. All patients with findings on neuroimaging met 
the clinical criteria for MTBI in the acute stage, except 
1 where a chronic subdural hematoma evolved over 
time (see Table II). 

Table II. Injury-related characteristics and symptoms in the acute phase after injury

Item Total sample (n = 178) MTBI (n = 98) MHI (n = 80) p-value

Location of injury, n (%) 0.002*
 Sport/recreation 45 (26.5) 19 (20.4) 26 (33.8)
 Home 40 (23.5) 26 (28.0) 14 (18.2)
 Street/road 39 (22.9) 30 (32.3) 9 (11.7)
  Job/school 23 (13.5) 8 (8.6) 15 (19.5)
 Public place 23 (13.5) 10 (10.8) 13 (16.9)
Mechanism of injury, n (%) < 0.001*
 Fall 89 (50.0) 56 (57.1) 33 (41.3)
 Hit object 50 (28.1) 15 (15.3) 35 (43.8)
 Violence 9 (5.1) 5 (5.1) 4 (5.0)
 Traffic 30 (16.9) 22 (22.4) 8 (10.0)
Post-traumatic amnesia, n (%) 86 (49.1) 86 (88.7) 0 (0) –
Loss of consciousness, n (%) 28 (19.2) 28 (39.4) 0 (0) –
Other injuries, n (%) 31 (18.8) 19 (21.1) 12 (16.0) 0.403
Symptom onset immediately, n (%) 128 (74.0) 78 (80.4) 50 (65.8) 0.030
Symptom onset, n (%) 0.086
  Immediately 128 (74.0) 78 (80.4) 50 (65.8)
 < 24 h 23 (13.3) 9 (9.3) 14 (18.4)
 > 24 h 22 (12.7) 10 (10.3) 12 (15.8)
Neck pain in the acute phase, n (%) 55 (44.4) 34 (52.3) 21 (35.6) 0.061
Vomiting in the acute phase, n (%) 17 (10.7) 16 (19.0) 1 (1.3) < 0.001*
Influence of alcohol1, n (%) 28 (16.1) 21 (22.1) 7 (8.9) 0.018
Influence of other drugs1, n (%) 0 (0) 0 (0) 0 (0) –
Days to 1st contact physician2, Md (IQR) 0.0 (0.0–3.0) 0.0 (0.0–2.0) 1.0 (0.0 – 5.0) < 0.001*
Highest level of acute treatment n (%) < 0.001*
 General practitioner 75 (42.6) 28 (28.9) 47 (59.5)
 Municipal emergency clinic 56 (31.8) 32 (33.0) 24 (30.4)
 Hospital, not admitted 13 (7.4) 8 (8.2) 5 (6.3)
 Hospital, observation < 24 h 14 (8.0) 12 (12.4) 2 (2.5)
 Hospital, admitted > 24 h 18 (10.2) 17 (17.5) 1 (1.3)
CT, n (%) 103 (58.2) 69 (70.4) 34 (43.0) < 0.001*
 Findings3 (of all participants) 5 (2.8) 5 (5.1) 0 (0) –
 Findings3 (of those who had CT) 5 (4.9) 5 (7.2) 0 (0) –
 Days to CT4, Md (IQR) 2.0 (0.0–7.3) 0 (0.0–7.0) 4.5 (1.0–11.0) 0.011
MRI, n (%) 108 (61.7) 60 (62.5) 48 (60.8) 0.814
 Findings3 (of all participants) 2 (1.1) 2 (2.0) 0 (0) –
 Findings3 (of those who had MRI) 2 (1.9) 2 (3.3) 0 (0) –
 Weeks to MRI5, Md (IQR) 17 (7.0–33.0) 18.5 (9.0–32.8) 15.0 (5.0–34.0) 0.223

MTBI: mild traumatic brain injury; MHI: minimal head injury; CT: computed tomography; MRI: magnetic resonance imaging; Md: median; IQR: interquartile range. 
The number of people with missing, unknown, or cannot answer values for each variable are as follows: place of injury n = 8; post-traumatic amnesia n = 3; loss 
of consciousness n = 32; other injuries n = 13; symptom onset n = 5; acute neck pain n = 54; acute vomiting n = 19; influence of alcohol n = 4; influence of other 
drugs n = 14; days to first contact physician n = 7; highest treatment level acute phase n = 2; CT n = 1; MRI n = 3. 1Self-reported influence of alcohol or other drugs. 
2Days from injury to first contact with physician (includes by telephone). 3Imaging findings presented are intracranial traumatic injuries.4Number of days from 
injury to CT. 5Number of weeks from injury to MRI. *Bonferroni correction for multiple comparisons, p = 0.004. P-values significant after Bonferroni correction are 
marked with an asterisk. Statistically significant p-values are marked with bold font.
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Symptoms and functioning on the first visit to the 
Rehabilitation Clinic
The median time from injury to the first visit to the 
Rehabilitation Clinic was 6 months in the total sample 
(MTBI group = 5.8 months, MHI group = 6.4 months). 
Headache complaints in the past 3 months were repor-
ted by 91% of all participants and the median number 
of headache days per month was the maximum of 30 
(Table III). Dizziness and neck pain were common 
symptoms, as 68% of the participants confirmed cur-
rent dizziness and 46% reported neck pain. The mean 
RPQ total score was 30 (SD 12) for the MTBI group 
and 28 (SD 10) for the MHI group. Most participants 
had GOS-E scores of 5 or 6 (MTBI group = 76%, 
MHI group = 86%). There was a difference in Return-
to-work status between the groups such that the MHI 
group had not returned to working full-time after their 
injury to the same degree as the MTBI group, i.e., 
they significantly more often had a negative return-to-
work status (MHI group = 73%, MTBI group = 56%, 
p = 0.026; Table III).

Questionnaires on health and functioning
In total, 60% of the participants completed ques-
tionnaires (n = 106). When we compared those who 
completed questionnaires with those who did not, no 
differences were found in terms of demographics, pre-
injury, injury-related, or outcome measures. Among 

those with questionnaire data, 52% reported excessive 
fatigue and 42% reported moderate to severe depres-
sive symptoms (Table IV). There were no significant 
differences between the MTBI group and the MHI 
group on any of the measures assessing clinically 
relevant problems. There was, however, a difference 
between groups on total score on the Epworth Sleepi-
ness scale (median for the MTBI group = 8 points, the 
MHI group = 6 points, p = 0.006; Table IV). 

Sex differences in symptoms and functioning before 
and after the injury
Among the study participants, 70% were women. 
Because of this discrepancy, we performed additional 
analyses based on sex and reported significant dif-
ferences (Table V). Women had higher education, as 
64% of women reported a university or college degree, 
compared with 47% of the men (p = 0.038). Women 
also reported more pre-injury headaches (52% vs 31%, 
p = 0.011) and pre-injury mental health problems (48% 
vs 28%, p = 0.011) than men did. Men reported more 
often having 1 or several previous mild head injuries 
(65% vs 46%, p = 0.021) compared with women (no 
moderate or severe head injuries were reported). There 
were no significant differences between men and 
women on injury-related factors, symptom reporting, 
or functioning at the first Rehabilitation Clinic con-
sultation. However, there were differences in reported 

Table III. Symptoms and functioning on the first consultation at the Rrehabilitation Clinic

Item Total sample (n = 178) MTBI (n = 98) MHI (n = 80) p-value

Time to 1st consultation, months, Md (IQR) 5.9 (3.5–10.6) 5.8 (3.4–10.6) 6.4 (3.7–10.7) 0.809
RPQ total, M (SD) 29.4 (11.1) 30.4 (12.1) 28.2 (9.9) 0.203
GOS-E, Md (IQR) 6.0 (5.0–6.0) 6.0 (5.0–6.25) 6.0 (5.0–6.0) 0.297
GOS-E, n (%) 0.073
 Low: disability (5–6) 143 (80.3) 74 (75.5) 69 (86.3)
 High: good recovery (7–8) 35 (19.7) 24 (24.5) 11 (13.8)
Overall symptoms, n (%) 0.691
 Better 93 (55.7) 51 (58.0) 42 (53.2)
 Worse 14 (8.4) 6 (6.8) 8 (10.1)
 No change 60 (35.9) 31 (35.2) 29 (36.7)
Headaches past 3 months, n (%) 160 (91.4) 88 (90.7) 72 (92.3) 0.709
Headache severity past 3 months, n (%) 0.602
 Mild 61 (39.1) 31 (37.3) 30 (41.1)
 Moderate 83 (53.2) 44 (53.0) 39 (53.4)
 Severe 12 (7.7) 8 (9.6) 4 (5.5)
Headache duration past 3 months, n (%) 0.565
 < 4 h 24 (18.0) 11 (15.1) 13 (21.7)
 4 h–1 day 82 (61.7) 45 (61.6) 37 (61.7)
 1–3 days 11 (8.3) 6 (8.2) 5 (8.3)
 > 3 days 16 (12.0) 11 (15.1) 5 (8.3)
Headache days past month, Md (IQR) 30 (19.5–30.0) 30 (20.8–30.0) 30 (16.5–30.0) 0.747
Neck pain, n (%) 66 (45.5) 33 (42.9) 33 (48.5) 0.494
Dizziness, n (%) 97 (68.3) 53 (69.7) 44 (66.7) 0.695
Employment full time1, n (%) 48 (27.3) 31 (32.3) 17 (21.3) 0.101
Negative Return-to-work status2, n (%) 112 (63.6) 54 (56.3) 58 (72.5) 0.0263

MTBI: mild traumatic brain injury; MHI: minimal head injury; Md: median; IQR: interquartile range; M: mean; SD: standard deviation; RPQ: Rivermead Post-
Concussion Symptoms Questionnaire; GOS-E: Glasgow Outcome Scale-Extended. The number of people with missing, unknown, or cannot answer values for each 
variable are as follows: RPQ n = 10; overall symptoms n = 11; headache n = 3; headache intensity n = 22; headache duration n = 45; headache days past month 
n = 49; neck pain n = 33; dizziness n = 36; employment full time n = 2. Statistically significant p-values are marked with bold font. 1Employment full-time = employed/
studies 80% or more of a full-time position, i.e., a minimum of 30 h per week.2 Negative Return-to-work status = worked or studied full-time before the injury but 
not at the first rehabilitation clinic consultation. 3Bonferroni correction for multiple analyses, p = 0.004. P-values significant after Bonferroni correction are marked 
with an asterisk.
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symptoms in questionnaires. First, 60% of women 
reported excessive fatigue, compared with 29% of men 
(p = 0.004). Second, 46% of men reported excessive 
daytime sleepiness on the Epworth Sleepiness Scale, 
compared with 24% of women (p = 0.033; Table V).

DISCUSSION 

We examined clinical outcomes in an important, yet 
under-studied, group in head injury research: rehabili-
tation outpatients with PPCS after a mild head injury, 
and in particular the subgroup with an injury deemed 
too mild to meet diagnostic criteria for MTBI: those 
with MHI. In the total sample, there were frequent 
reports of pre-injury health problems, a high symptom 
burden, chronic headaches, depression and fatigue, 
functional disability, and a low Return-to-work rate. 
Despite the many symptoms and low functioning, 
exceptionally few had intracranial traumatic injuries. 
The MHI group comprised almost half of all parti-
cipants. The MTBI and MHI groups were clinically 

similar when presenting to the clinic, yet the MTBI 
group more often had traffic accidents as cause of 
injury, reported more immediate symptoms after the 
injury, sought healthcare earlier, and were more often 
hospitalized and referred for acute neuroimaging, all 
supporting that the MTBI group had sustained a more 
severe injury. 

Demographics
A clear majority of the patients were women. Although 
more men sustain MTBI (24), women are more likely 
to develop PPCS, and female sex has consistently 
been found to be a risk factor for PPCS (25, 26). Some 
explanatory factors may be social and psychological 
(27, 28) and others biological (28–30). We do not cur-
rently have sufficient knowledge and understanding 
of the specific gendered outcome after MTBI. Further 
research in this area is needed. 

Of all patients in this study, 59% had a university or 
college degree, and significantly more were women. 
This is, however, not very different from the general 

Table IV. Questionnaires completed after the first consultation

Questionnaires and measures Total sample n = 178 MTBI n = 98 MHI n = 80 p-value

Completion of ≥ 1 questionnaire, n (%) 106 (59.6) 56 (57.1) 51 (63.0) 0.469
Time to complete1, weeks, Md (IQR) 3.0 (1.0–10.0) 3.0 (1.0–11.5) 4.0 (1.0–9.5) 0.915
Epworth Sleepiness Scale, total score, Md (IQR) 7.0 (5.0–11.5) 8.0 (6.0–12.0) 6.0 (3.0–9.3) 0.0062

 Excessive daytime sleepiness, ≥ 11 points, n (%) 30 (29.7) 20 (36.4) 10 (21.7) 0.109
Fatigue Severity Scale total score, Md (IQR) 5.0 (3.9–5.9) 4.9 (3.8–6.0) 5.1 (4.0–5.9) 0.817
 Excessive fatigue ≥ 5 points, n (%) 55 (51.9) 28 (50.0) 27 (54.0) 0.681
Insomnia Severity Index, Md (IQR) 8.0 (4.0–14.0) 8.0 (5.0–13.0) 7.0 (3.0–14.0) 0.596
 Moderate/severe insomnia ≥ 15 points, n (%) 16 (15.8) 8 (14.5) 8 (17.4) 0.696
Generalized Anxiety Disorder-7 Scale, Md (IQR) 5.0 (3.0–7.0) 5.0 (3.0–7.8) 5.0 (2.0–6.0) 0.308
 Moderate/severe anxiety ≥ 10 points, n (%) 13 (12.3) 7 (12.5) 6 (12.0) 0.938
Patient Health Questionnaire (PHQ-9), Md (IQR) 8.0 (6.0–12.0) 8.5 (6.0–13.0) 7.0 (5.8–11.0) 0.180
 Moderate/severe depression ≥ 10 points, n (%) 44 (41.5) 26 (46.4) 18 (36.0) 0.277
Posttraumatic Stress Disorder Checklist, Md (IQR) 12.0 (8.0–24.0) 15.0 (9.0–27.0) 11.5 (5.8–17.3) 0.075
 Posttraumatic stress ≥ 32 points, n (%) 13 (12.9) 9 (16.4) 4 (8.7) 0.252

MTBI: mild traumatic brain injury; MHI: minimal head injury; Md: median; IQR: interquartile range. The number of people with missing, unknown, or cannot 
answer values for each variable are as follows: Epworth Sleepiness Scale n = 77; Fatigue Severity Scale n = 72; Insomnia Severity Index n = 77; Generalized 
Anxiety Disorder-7 Scale (GAD-7) n = 72; Patient Health Questionnaire (PHQ-9) n = 72, Posttraumatic Stress Disorder Checklist n = 77. 1Time from first consultation 
to completion of questionnaires. 2 Bonferroni correction for multiple analyses, p = 0.004. Statistically significant p-values are marked with bold font. P-values still 
significant after Bonferroni correction are marked with an asterisk.

Table V. Sex differences in symptoms and functioning before and after the injury

Item Total sample Women Men p-value

Sex, n (%) – 124 (69.7) 54 (30.3) –
Age, Md (IQR) 36.5 (25.0–49.0) 36.0 (25.0–48.8) 38.0 (24.0–49.3) 0.934
University/college degree, n (%) 103 (58.9) 78 (63.9) 25 (47.2) 0.0381

Pre-injury headache problem, n (%) 81 (46.3) 65 (52.4) 16 (31.4) 0.011
Headache problem at time of injury, n (%) 39 (22.3) 33 (26.8) 6 (11.5) 0.026
Family history of headaches, n (%) 56 (37.6) 46 (44.2) 10 (22.2) 0.011
Pre-injury mental health problems, n (%) 73 (42.2) 59 (48.4) 14 (27.5) 0.011
Previous MTBI / MHI, n (%) 91 (51.7) 56 (45.9) 35 (64.8) 0.021
 Symptoms > 2 weeks 27 (16.1) 13 (11.3) 14 (26.4) 0.013
Fatigue Severity Scale, total score, Md (IQR) 5.0 (3.9–5.9) 5.3 (4.4–6.0) 4.2 (3.7–5.6) 0.047
 Excessive fatigue ≥ 5 points, n (%) 55 (51.9) 47 (60.3) 8 (28.6) 0.004*
Epworth, excessive sleepiness ≥ 11 points, n (%) 30 (29.7) 18 (24.0) 12 (46.2) 0.033
Insomnia Severity Index, total score, Md (IQR) 8.0 (4.0–14.0) 7.0 (4.0–13.0) 11.5 (6.0–15.3) 0.010

Md: median; IQR: interquartile range; MTBI: mild traumatic brain injury; MHI: minimal head injury. The number of people with missing, unknown, or cannot 
answer values for each variable are as follows: University/college degree n = 3; pre-injury headache problem n = 3; family history of headaches n = 29; pre-injury 
mental health problems n = 5; previous mild head injury n = 2; Fatigue Severity Scale n = 72; Epworth Sleepiness Scale n = 77; Insomnia Severity Index n = 77. 1Only 
factors with significant differences are reported in the table above, with the exception of age. Epworth = Epworth Sleepiness Scale, excessive daytime sleepiness. 
Statistically significant p-values are marked with bold font.*P-values still significant after Bonferroni correction are marked with an asterisk. Bonferroni correction 
for multiple comparisons, p = 0.005.
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Norwegian population. In the age group corresponding 
to the median age of our participants (35–39 years), 
more than 50% have a university or college degree, and 
also in the general population, more are women (31).

Pre-injury health and functioning
More than half of the participants had sustained 1 
or more mild head injuries before the current injury; 
this was not surprising as we also included MHI. We 
do not know how prevalent MHI is in the general 
population as this group is excluded from most head 
injury research. However, we do know that having 
repeated head injuries is a potential prognostic factor 
for PPCS (25). While the prevalence of previous head 
injuries did not differ between groups, participants in 
the MHI group had more often experienced prolonged 
symptoms after a previous mild head injury (although 
these symptoms had ceased by the time of their cur-
rent injury). This finding supports the view that some 
people may have an underlying, individual vulnerabi-
lity for developing PPCS after an MHI. It may therefore 
be important to inquire about not only previous head 
injuries, but also about previous PPCS.

Pre-injury mental health problems were reported by 
42% of the participants. This is in line with previous 
research, often showing that a history of mental health 
problems is a risk factor for developing PPCS after 
MTBI (32). The current study adds to this knowledge 
by including the patients without a definite MTBI. Hea-
daches before the injury were also common, reported 
by almost half of the participants. Interestingly, all of 
the above-mentioned pre-injury problems were usually 
not ongoing problems at the time of injury, suggesting 
that even a remote history of health problems could 
constitute a long-term vulnerability for PPCS. 

Injury-related characteristics
There were marked differences between the groups 
regarding injury-related characteristics indicating 
that those with MHI had suffered a less severe injury. 
There were differences in immediate symptoms and 
acute treatment between the groups (e.g., time to seek 
healthcare, level of acute care, and referrals for neu-
roimaging), beyond the criteria originally separating 
the 2 groups into different injury severities. 

An important finding in this study was the low rate 
of intracranial traumatic injuries on neuroimaging. 
Only 1–3% of the entire sample had documented 
intracranial traumatic injuries on CT or MRI. This is 
remarkably less than in the much cited studies from 
TRACK-TBI and CENTER-TBI, conducted in the 
emergency departments of large trauma centres, where 
CT showed traumatic lesions in around 30–50% of the 
participants (33, 34), and where 27% of patients with a 

normal CT in a TRACK-TBI study had MRI findings 
(35). Neuroimaging findings have been associated 
with higher risk of worse outcome (34). Given our 
selection of patients with a high symptom burden, a 
greater number of neuroimaging findings could have 
been expected. In patients who were categorized as 
MHI based on clinical characteristics, only 1 had 
findings on later imaging (a chronic subdural haema-
toma). It is further interesting that the cause of injury 
differed between the MTBI and MHI groups. Only in 
the MHI group was it common to report having hit the 
head against an object, a mechanism that potentially 
is less forceful, compatible with a milder injury. The 
underlying pathophysiology of ongoing PPCS is not 
well characterized, and it is debatable to what degree 
PPCS represents an underlying structural brain injury 
or a functional disorder (36). We consider our results to 
support the hypothesis that PPCS is mostly not indica-
tive of brain injury. Rather, PPCS may be understood 
as a constellation of symptoms that are precipitated 
by the sensory input or the neurometabolic cascade 
induced by a mild head injury, but at a later stage may 
represent a dysregulation of brain functioning that can 
occur in the absence of a brain injury, and that is not 
specific to TBI. More research on the pathophysiology 
of PPCS is needed.

Symptoms and functioning at the first consultation
On the first consultation at the Rehabilitation Clinic, 
the total sample reported a number of symptoms and 
problems as well as functional limitations. Notably, 
headaches were reported among virtually all partici-
pants, and most had daily headaches. This overwhel-
ming frequency of post-traumatic headache likely 
reflects some degree of referral bias, whereby patients 
with chronic headaches are likely to be referred to this 
Rehabilitation Clinic. Teams treating patients with 
PPCS need expertise in the treatment of headache. 

On their first visit, most participants had not returned 
to full-time work. This was not surprising, because 
long-term sick leave often leads to referrals to specialist 
healthcare. One contributing factor to the overall low 
Return-to-work status could be the high occurrence 
of post-traumatic headaches in our sample, which has 
been associated with lower rates of Return-to-work 
(38, 39). Another contributing factor could be mental 
health problems, because a large number of the parti-
cipants reported depression and fatigue after the injury. 
Support for this association can be found in other 
studies (40–42). Hence, a joint focus on occupational 
needs and psychological status and coping after the 
injury is important in the rehabilitation of patients with 
PPCS. A surprising finding was that the MHI group had 
returned to full-time work significantly less than the 
MTBI group, despite the groups otherwise reporting 
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a similar symptom burden and functioning. We do not 
have a clear explanation for this finding, and it possibly 
represents a random finding. More research is needed 
to confirm this result. 

Many people with mild head injuries who subse-
quently develop PPCS only see their general practi-
tioner in the acute phase and beyond. Early collabo-
ration with specialty healthcare may be beneficial for 
individuals at risk of PPCS. Further, it highlights the 
important role of general practitioners; their identifica-
tion of patients at risk for PPCS, and their advice on 
post-injury care. 

Limitations
First, most of the data gathered on pre-injury and 
injury-related factors were retrospectively collected 
self-reported data, thus there is a risk of recall bias. 
However, the patients were interviewed at the first 
opportunity, most often by 6 months after the injury. 
Second, the questionnaire response rate was lower 
than desired, around 60%, but analyses comparing 
those who replied to the questionnaires with those who 
did not revealed no differences in demographics, pre-
injury, injury-related, or outcome measures between 
those with missing questionnaire data and those with 
complete data. Third, because our sample was deri-
ved from the healthcare-seeking population of mild 
head injury patients with PPCS who were referred to 
a rehabilitation clinic, findings do not generalize to 
the average person suffering PPCS. Last, we could 
have chosen the American Congress of Rehabilita-
tion Medicine’s new diagnostic criteria for MTBI (5). 
However, because our study sample comprised many 
patients who never sought emergency healthcare, we 
did not have sufficiently specific information to uti-
lize the new category “suspected MTBI”. Rather, we 
chose the term MHI, which is an established term in 
Scandinavian healthcare. 

Conclusion
We studied a large sample of patients referred to a 
specialized rehabilitation clinic because they had per-
sisting symptoms following a mild head injury. These 
patients had significant pre-injury health problems, a 
heavy burden of post-injury persisting symptoms and 
functional disability. Nevertheless, there were very few 
neuroimaging findings. Nearly half of the patients did 
not fulfil the diagnostic criteria for MTBI; they had an 
MHI. Although the MHI group had sustained a milder 
injury than the MTBI group, the groups were compara-
ble regarding symptom burden and functional limita-
tions. This lack of association between injury severity 
and negative clinical outcome challenges the view that 
PPCS represents the direct neurobiological effects of 

a lingering TBI, and it suggests that a biopsychosocial 
approach (where physiology, behaviour, cognition, 
emotions, and factors related to social, working, and 
family life are considered) is best suited to help us 
further investigate the underlying mechanisms of PPCS 
and develop evidence-based treatment.
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