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Objective: To explore activity limitations in a
biopsychosocial context in a randomized controlled
trial studying sub-symptom threshold aerobic exer-
cise after mild traumatic brain injury.

Design: Qualitative and quantitative approaches.
Patients: Eighty-one participants (58% female;
median age 32.3) with persistent post-concussion
symptoms and exercise intolerance.

Methods: Activity limitations assessed with the
Patient Specific Functional Scale were categorized
into main and subcategories using thematic analy-
ses. Subcategories were linked to the International
Classification of Functioning, Disability and Health.
Group differences and changes over time were exa-
mined using linear mixed-effects models.

Results: Of 390 activities, 6 main categories and 24
subcategories were identified: physical activity and
exercise (31%), work/education (16%), activities
of daily living (15%), social activities (15%), cog-
nition/energy (14%), and sensory-demanding envi-
ronments (9%). Most subcategories (86%) were
linked to the activity and participation domain. There
were no group differences in activity limitations at
3 (p=0.60) and 6 (p=0.48) months. However, all
patients improved from 3.3 (2.9-3.7) at baseline to
5.4 (5.0-5.9, p<0.001) at 3 months, and 6.2 (5.8-
6.7, p<0.001) at 6 months.

Conclusion: Limitations in daily activities were
reported across multiple domains. While no diffe-
rences were found between groups, patient-repor-
ted limitations showed significant improvement
over time and may inform individualized rehabilita-
tion strategies.
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Mild traumatic brain injury (mTBI) is common,
with an estimated incidence of 302 per 100,000

/LAY ABSTRACT )

Many people continue to experience symptoms for
months after a mild traumatic brain injury, and these
symptoms can make everyday activities difficult. This
study explored which activities people found challen-
ging and how these difficulties changed over time.
Eighty-one adults took part about 6 months after their
injury. They described activities they struggled with,
including exercising, working, studying, socializing,
managing daily tasks, thinking clearly, or coping in
busy or noisy environments. Most of these challen-
ges were related to everyday activities and participa-
tion in daily life. Participants rated how difficult these
activities were to perform, and their scores showed
meaningful improvement after 3 and 6 months follo-
wing inclusion in a study evaluating aerobic exercise
tailored to avoid worsening symptoms. Overall, the
findings highlight the broad impact of mild traumatic
brain injury on everyday functioning and emphasize
the importance of addressing participation in everyday
\activities during recovery. J

person-years in Norway (1). While most patients reco-
ver within the first months post-injury, approximately
30-40% experience persisting symptoms beyond 3
months, referred to as persistent post-concussion symp-
toms (PPCS) (2, 3). PPCS encompass a wide range of
difficulties across physical, cognitive, emotional, and
social domains, which may substantially affect activities
of daily living and quality of life (4, 5).

The presentation and severity of PPCS are hetero-
geneous, commonly including headache, dizziness,
fatigue, and psychological distress (2, 3). There
is growing recognition that recovery trajectories
following mTBI are complex, highly variable, and
influenced by multiple factors like age, sex, prior
history of mTBI, and premorbid conditions (6).
Exercise intolerance, defined as symptom exacerba-
tion during physical activity and typically confirmed
with an incremental exercise test, such as the Buffalo
Concussion Treadmill Test (BCTT) (7), has been
increasingly recognized in this population, although
it has primarily been studied in young athletes (8).
Emerging evidence suggests that sub-symptom thres-
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hold aerobic exercise may help improve exercise
intolerance and support recovery, although its effects
on broader aspects of functioning are not yet fully
understood (9, 10). Although symptom manifestation
varies among patients, exercise intolerance seems to
occur across a broad range of post-mTBI symptom
profiles (8). Given this complexity, rehabilitation
following mTBI requires a multidisciplinary and
patient-centred approach that addresses multiple
domains of functioning, including physical, psycho-
logical, and social health (11, 12).

Standardized patient-reported outcome measures
(PROMs) and clinical tests may not fully capture
the individual functional limitations most relevant
to patients. Patients’ perspectives are essential for
understanding post-injury activity limitations and
restrictions for developing rehabilitation strategies
that are both effective and individually tailored. In-
corporating patient-specific measures, such as the
Patient-Specific Functional Scale (PSFS) (13), may
enhance the evaluation of individual outcomes and
provide more meaningful guidance for personalized
rehabilitation planning (14, 15). In addition, evaluating
patient-identified activity limitations may offer valua-
ble insight into how rehabilitation interventions, such
as sub-symptom threshold aerobic exercise, influence
everyday functioning over time (14).

The International Classification of Functioning,
Disability and Health (ICF) provides a comprehensive
framework for assessing functioning across physical,
cognitive, emotional, and social domains, while also
accounting for environmental and personal factors
(16). Greater insight into the health domains reported
as sources of functional limitation may yield valuable
insights into the types of challenges faced by patients
with PPCS and exercise intolerance. This approach
supports a holistic perspective in rehabilitation as-
sessment, planning and evaluation. Despite increasing
recognition of exercise intolerance as a component of
PPCS, limited knowledge exists regarding how these
factors influence patients’ everyday functioning and
participation within a biopsychosocial context. Hence,
the present study had 3 aims:

1. To explore perceived activity limitations in patients
with PPCS and exercise intolerance after mTBI,
using the PSFS.

2. To map the activity limitations reported on the
PSFS to the ICF and describe the health domains
of greatest concern to patients living with PPCS
and exercise intolerance.

3. Toassess group differences and changes in patient-
specific activity limitations, measured with the
PSFS, at 3 and 6 months following inclusion in a
randomized controlled trial (RCT).

p. 20of 9

METHODS

This sub-study is part of a single-blind RCT exploring
the effects of sub-symptom threshold aerobic exer-
cise in the persistent phase after mTBI. The primary
results of the RCT, which showed no between-group
differences on the main outcome, the Rivermead Post-
Concussion Symptoms Questionnaire, are published
elsewhere (9). The RCT is registered in the Clinical
Trials Registry (ClinicalTrials.gov: NCT05086419)
and approved by the regional ethical committee for
Medical and Health Research Ethics (256109) and
the Oslo University Hospital (OUH) Data Protection
Officer.

Participants

The study participants were recruited between March
2022 and December 2023 from the outpatient TBI
clinic at the Department of Physical Medicine and
Rehabilitation at OUH. Inclusion criteria were pa-
tients aged 18-60 years with mTBI, PPCS (3 to 24
months post-injury) and self-reported exacerbation of
symptoms during physical activity and/or exercise.
Patients were excluded if they had severe neurological
or psychiatric conditions documented in the medical
record, cardiovascular disease or extremity injuries
that prevented testing and exercising, or insufficient
command of the Norwegian language. They were
also excluded if they had a negative test of exercise
intolerance (BCTT).

Procedures and interventions

The recruitment procedures and interventions are
described in detail elsewhere (9, 11). Briefly, the
treating physician or rehabilitation professionals at the
outpatient TBI clinic screened and referred potentially
eligible patients to the study physical therapist/resear-
cher (LJVV) who conducted the baseline assessments.
The baseline assessment included patients completing
patient-reported outcome measures (PROMs), partici-
pating in an interview regarding problems in functio-
ning on the PSFS, and performing the exercise intole-
rance test (BCTT). All patients were assessed prior to
group allocation in the RCT, and eligible patients were
subsequently included in the study and randomized to
the intervention or control group. Both groups received
the usual multidisciplinary outpatient rehabilitation
provided at OUH. Patients allocated to the intervention
group completed a 12-week sub-symptom threshold
aerobic exercise programme that was individually
adapted with supervision and follow-ups every third
week. Patients allocated to the control group received
general advice regarding physical activity based on
recommendations from the Norwegian Directorate of
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Health (9, 17). In the current study, patients in both the
intervention and control group were included. Follow-
up assessments were performed at 3 and 6 months.

Data and outcome measures

Demographic data and injury-related factors were col-
lected from the patient’s medical records and during
the baseline assessments.

The PSFS was used to assess the patient’s self-
perceived activity limitations. The PSFS (13) is a
patient-specific outcome measure in which patients
identify 3-5 activities they are unable to perform or
have difficulty performing due to their PPCS after
mTBI. Patients rate the current level of difficulty
associated with each activity using a Numeric Rating
Scale (NRS) ranging from 0 (unable to perform the
activity) to 10 (able to perform the activity with no
difficulty or as before the injury). The PSFS therefore
provides text-based descriptions of functional limi-
tations for analysis in addition to numerical data. At
the follow-up assessments, the patients were asked if
they still had difficulties with the activities listed at
the baseline assessment and were asked to re-rate the
level of difficulty on the NRS scale. The mean score
of the reported PSFS items scores is calculated, and a
change of > 2 is considered a clinically and statistically
relevant change (14, 15).

Data analysis

The PSFS rendered data analysed by qualitative and
quantitative approaches. The text data were analysed
in 2 steps similar to methods proved to be feasible
in an earlier study by Valovich McLeod et al. (18);
first by applying elements from thematic analysis to
identify patterns within the reported activities (19,
20), and second by linking these thematic categories
to the ICF, applying the ICF linking rules (21). In this
process, patient-specific activities were organized
into main categories and subcategories by a 4-person
research team consisting of 2 senior researchers and
physiotherapists (MR and IK), and 2 junior resear-
chers (physiotherapist JM and occupational therapist
TM). Thematic analysis is a method used to analyse
qualitative data and involves several steps including
reading, coding, and interpretation of the data (19, 20).
In the current study the text data were brief sentences
of functional limitations; however, we used the fol-
lowing steps as suggested by Braun and Clarke: (7)
Familiarization with the data: The responses from
the PSFS were read through systematically to get an
overall sense of the content. (i7) Initial coding: Initial
impressions and recurrent activities were noted. (iii)
Collate codes with supporting data: The activities were
assigned codes capturing the essence of the content.

p. 30f 9

Similar codes were grouped to form subcategories
representing different aspects of the data. (iv) Gene-
rate themes: The subcategories were synthesized into
broader main categories that reflect the overarching
patterns in the data. (v) Review and refine main cate-
gories: The main categories were evaluated to ensure
that they accurately reflected the data and were distinct
from each other. (vi) Define and name main categories:
The main categories were given a descriptive and
informative name (19, 20).

To preserve the specificity of participants’ perceived
activity limitations and problems in functioning, the
linking to the ICF was conducted at the subcategory
level of the qualitative analysis, in accordance with
established ICF linking rules (21). The linking was
performed by the same 4-person research team in 2
steps. First the linking was done separately by (7) a
physiotherapist/researcher (IK) and (ii) a physioth-
erapist (JM) and an occupational therapist (TM).
Subsequently, disagreements in linking were discussed,
and consensus was reached in cooperation with a third
physiotherapist/researcher (MSR).

Statistical analyses

Descriptive statistics were used to summarize baseline
demographics, injury-related factors, and PSFS scores
for all main and subcategories. Normality was assessed
using visual inspection of histograms and Q—Q plots.
Normally distributed data are presented as mean and
standard deviation (SD) whereas non-normally dist-
ributed data with low n are presented as median and
interquartile range (p25-p75).

The between-group differences for the PSFS scores
were estimated from baseline to 3 and 6 months by a
repeated measures linear mixed-effect model (LMM)
with maximum likelihood (ML) estimation, accounting
for intra-individual correlations over time.

Changes in patient-specific activity limitations for
all patients were analysed for both the overall PSFS
score and for each main category using LMMs with
a random intercept for each participant. Assumptions
were verified by visual inspection of scatterplots and
examination of residual plots. In the overall model,
assessing the total PSFS score, time, group, age, sex,
and time since injury were included as fixed effects.
In the model examining the PSFS scores for the
main categories, the main category was added as an
additional fixed effect. Group, age, sex, and months
since injury were treated as covariates. Age and sex
were included as standard confounders. Group alloca-
tion accounted for differences between intervention
arms, and time since injury was included to adjust for
variability in recovery trajectories, as participants were
enrolled between 3 months and 2 years post-injury.
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All models were estimated using maximum likeli-
hood. Adjusted marginal means with 95% confidence
intervals were calculated, and pairwise comparisons
across time points were corrected using Holm’s met-
hod. The Statistical Package for the Social Sciences
(SPSS) version 30.0 was used for descriptive statistics
(IBM Corp, Armonk NY, USA). Repeated measure
LMMs were conducted in STATA v. 17 (StataCorp
LLC, College Station, TX, USA) using “meglm” and
“metobit” commands, respectively, with constraints
applied to adjust for baseline values. Statistical analy-
ses of the PSFS scores were conducted using RStudio
(v.2025.02.2; R Foundation for Statistical Computing,
Vienna, Austria).

RESULTS

A total of 81 patients diagnosed with mTBI, 47 (58%)
females, median age 32.3 years (P25-P75 29.3-43.5)
with PPCS and exercise intolerance were included
in this study at approximately 6 months post-injury.
Demographic and injury related data are presented in
Table I.

The adjusted mean difference on the PSFS score
between intervention and control groups at 3 and
6 months were 0.21, p=0.60 and 0.30, p=0.48 respec-
tively (Table II). As no between-group differences were
found between the intervention and control groups,
the groups were merged for the analyses of the PSFS
outcomes.

Regarding the PSFS the 81 patients nominated 390
activities at baseline, which were grouped into 6 main
categories comprising 24 subcategories. The most fre-
quently nominated main category was physical activity

Table I. Demographic and injury-related variables (n=81)

Demographic or injury-related variable Value

Age (years), median (p25-p75) 32.3 (29.3-43.5)

Female, n (%) 47 (58)
Marital status, n (%)

Married/cohabitating 41 (51)
Single/divorced 37 (45)
Other 3(4)
Education in years, mean (SD) 17.7 (3.5)
Employment status pre-injury, n (%)

Employed/studying 77 (95.1)
Unemployed/social support 4 (4.9)
Post-injury sick leave status, n (%)

Non/partial 43 (52.5)
Full time 38 (47.5)
Days since injury, median (p25-p75) 182 (137-248.5)
GCS, median (p25-p75), n=66 15 (15-15)
Complicated, n (%)

Positive CT/MRI scan 2 (2.5)
Negative CT/MRI scan/unknown 79 (97.5)
Cause of injury, n (%)

Fall 27 (33.3)
Bike and traffic 17 (21.0)
Sport 14 (17.3)
Violence 4 (4.9)
Other 19 (23.5)

n:samplesize; p: percentile; SD: standard deviation; CT: computed tomography;
MRI: magnetic resonance imaging.

p. 4 of 9

and exercise (31%) followed by work and education
(16%), activities of daily living (15%), social activities
(15%), cognition and energy functions (14%), and
activities in sensory demanding environments (9%)
(Fig. 1 and Table III). The main category rated as most
difficult was activities in sensory demanding environ-
ments followed by work and education and physical
activity and exercise. Activities of daily living were
reported as the least difficult main category (Table I1I).

The subcategories most frequently reported by > 20
patients were: aerobic exercise (66), being social (39),
strength training (26), cognition (23), watching screens
(21), work capacity (20), recreational activities (20)
(see Fig. 1 and Table III).

The difficulty in performing the activities in each
subcategory at baseline varied from 0 to 9 with median
PSFS scores ranging from 1 to 5. The subcategory rated
as most difficult to perform at baseline was different
kinds of sport activities (median 1, p25—p75: 0-5.5).
The subcategories reported least difficult were hous-
ework (median 5, p25—p75: 4-6) and activities with
children (median 5, p25—p75: 3-5) (see Table III).

The subcategories were linked to the ICF, with most
(86%) linked to the domains of “Activities and partici-
pation”; 11% were linked to the “Body function” do-
main, and 3% were linked to “Environmental factors”.

The subcategories represented 10 different ICF chap-
ters, including “Mental functions” in the body structure
and function domain of the ICF to “Community, social
and civic life”, “Major life areas”, and “Domestic life
and mobility” in the activities and participation domain
of ICF. In total, 32 ICF categories were represented,
with “Recreation and leisure” being the most frequent
category (Table SI).

The adjusted mean total PSFS scores increased from
3.26 (95% CI 2.85-3.67) at baseline to 5.41 (95% CI
4.96-5.86, p<0.001) at 3 months and 6.22 (95% CI
5.75-6.69, p<0.001) at 6 months (Table SII). Linear
mixed effects models indicated that the adjusted mean
change scores for both time intervals were statisti-
cally significant (p<0.001). Pairwise improvements
from baseline to 3 months (B=2.15, SE=0.22) and 6
months (3=2.96, SE=0.23) were statistically signifi-
cant (p<0.001), with no significant covariates (group
[p=0.727]; age [p=0.320], sex [p=0.976], time since
injury [p=0.442]) (Table SII).

TableII. PSFS scores and between-group differences from baseline
to 3 and 6 months

Intervention Control Adjusted

group group mean

Adjusted mean Adjusted difference p-
Time (CI) mean (CI) between groups  value

Baseline 3.27 (2.87-3.67)* 3.27 (2.87-3.67)*
3 months 5.52 (4.93-6.11) 5.31 (4.73-5.89) 0.21 (=0.56 to 0.98) 0.60
6 months 6.38 (5.76-6.99) 6.08 (5.47-6.69) 0.30 -0.52 to 1.11) 0.48

*Adjustment for baseline values eliminated baseline differences between groups.
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Frequencies of perceived activity limitations

PHYSICAL ACTIVITY AND EXERCISE

W Main categories

Subcategories

Aerobic exercise
Strength training 26
Recreational activities 20

WORKAND EDUCATION

Sports 8

Work capacity 20
Cognitive worktasks 13
Studying 11
Working on screens 9
Meetings at work 8

ADL ACTIVITIES

Housework 19
Activities with children 12
Transportation 10
ADL mobility 9
Shopping 6
Walking on stairs 3
Sexual activity 1

SOCIALACTIVITIES

Being social - friends,

family

Going out - concert, movie, pub 19

39

Cognition 23
Reading 14
Fatigue 13

Sleep 6

Watching screens 21
Sensory demanding environments 14

0 20

35

40

120

100 120

Fig. 1. Main categories (in black) with corresponding subcategories (in grey) from the PSFS. Numbers represent the actual count of reported
activities within each category. ADL: activities of daily living.

Table III. Mean and median PSFS scores (0-10, unable-able to perform the activity) for the main and subcategories at baseline

Main category

T Mean PSFS score per
main category (SD)

Subcategory

Median PSFS score per
subcategory (p25-p75)

Physical activity and
exercise

Work and education

ADL activities

Social activities

Cognition and energy
functions

Activities in sensory
demanding environments

2.88 (2.16)

2.83 (2.03)

4.36 (1.83)

3.52 (1.85)

3.56 (1.69)

2.76 (1.57)

Aerobic exercise (running, swimming, jogging, walking, biking/spinning, group 3 (1-5)

training, cross-country skiing)
Strength training

3 (2-4)

Recreational activities (dancing, mountain skiing, hiking hills, hiking mountains, 3.5 (0.5-6.5)

rowing a boat, kayaking, playing piano, gardening, activities with increased

gravity like waterjets)

Sports (tennis, football, handball, ice hockey, sand volleyball, paddle tennis)

Work capacity

Cognitive task at work
Working on screens

Meetings at work

Studying

Housework (cleaning, cooking)

1 (0-5.5)
2.5 (0.5-4.5)
3 (2-4)

2 (0.5-3.5)
2 (2-3)

4 (2.5-5.5)
5 (4-6)

Activities with children (playing, carrying, baking, taking to activities, reading) 5 (3-5)

Transportation (public, biking in city, driving)

Mobility (lifting, carrying, bending)

Shopping

Walking down steep stairs/walking downstairs

Sexual activity

3 (2-6)
3 (3-5)
4 (3-5)
4 (3.5-4)
4 (4-4)

Being social for more than 1 hour (with several people, dinner with friends, dinner 4 (2-4.5)

party, eating with colleagues, party with music, meeting friends)
Going out (to a café, party, pub, to the city, concerts, cultural events, shows,

shopping malls, galleries, movies)
Cognition (remembering, concentration, receiving information, analytic thinking, 3.5 (2.5-5)
keeping appointments, conversations/communication, getting things done,
organizing and planning activities, thinking slower, problem solving, looking/

searching for things)
Reading

Fatigue (capacity dual/multi-tasking)

Sleep
Watching screens

Sensory demanding environments (noise/light sensitivity)

2 (1-4.5)

3 (2-4)
3(2-3)
4 (4-6)
2 (1-4)
2(2-3)

JRM

T If 1 patient scored same categories multiple times, average score per patient.
PSFS: Patient Specific Functional Scale; SD: standard deviation.
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Physical activity and exercise

Work and education

p. 6 of 9

ADL activities

Social activities

Cognitive and energy functions

Activites in sensory demanding
environments

adjusted mean PSFS,

per main category (95%Cl)

Baseline 3 months 6 months Baseline

3 months

6 months Baseline  3months 6 months

Fig. 2. Change in Patient Specific Functional Scale (PSFS) scores for each main category from baseline to 3 and 6 months. CI: confidence interval.

From baseline to 3 months and from baseline to 6
months, all main categories showed significant im-
provement. Each category also improved significantly
between 3 and 6 months, although the changes were
smaller during this later period. The largest improve-
ment was seen in physical activity and exercise (p=3.3,
SE=0.30, p<0.001), while the smallest improvement
occurred in work and education (3=2.59, SE=0.41,
p<0.001) (Fig. 2).

DISCUSSION

This study demonstrates that individuals with PPCS
accompanied by exercise intolerance experience
a broad spectrum of activity limitations that affect
multiple aspects of daily life following mTBI. The
patient-nominated activities predominantly reflected
restrictions within the “Activities and participation”
domain of the ICF, with limitations related to physical
activity and exercise reported most frequently. All
participants demonstrated statistically and clinically
meaningful improvements over the course of this study,
which aimed to promote physical activity and exercise
after mTBI. However, no added effects of the RCT
intervention were observed. This pattern is consistent
with the findings from the other patient-reported out-
come measures in the RCT study (9).

To our knowledge, this is the first study to report on
activity limitations in adult patients living with PPCS
and exercise intolerance after mTBI. The high frequency
of activity limitations related to physical activity and
exercise should be interpreted in light of the study con-
text. Because data were collected within a clinical trial
focusing on aerobic exercise, where participants self-
reported exacerbation of symptoms during physical ac-
tivity and/or exercise, they may have been more attuned
to limitations related to these activities. Furthermore,
this is particularly relevant for individuals with persis-
tent symptoms after mTBI, as difficulties with physical
activity and exercise are common in this population (8,
22). As a result, activities directly related to physical
activity and exercise may have been prioritized over
other challenges that are nonetheless clinically important
but less likely to be spontaneously reported. Future stu-
dies would also benefit from comparing patients with
PPCS who exhibit exercise intolerance with those who
do not, as this may help clarify whether activity-related
limitations differ between these subgroups.

Our study also identified limitations across several
other aspects of life, including work and education,
activities of daily living (ADL), social participation,
cognitive functioning, and activities in sensory-deman-
ding environments. These results are consistent with
previous studies demonstrating that patients with PPCS
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often experience restrictions across multiple aspects of
functioning, including social roles, occupational and edu-
cational participation, ADL functioning, and cognitive
activities (6, 23-25). Overall, our findings point to the
need for rehabilitation strategies that extend beyond a
narrow focus on physical activity and exercise. Instead,
a more comprehensive, multidimensional approach is
warranted that addresses the diverse activity limitations
reported by patients across physical, cognitive, social,
and environmental domains (6). However, recent shifts
in clinical recommendations — from prolonged rest until
full symptom resolution to earlier resumption of activity
—suggest that incorporating acrobic exercise may be be-
neficial as part of rehabilitation following mTBI (26-30).
Such an approach not only facilitates gradual physical
re-engagement but may also facilitate patients’ return to
meaningful activities, potentially preventing the vicious
circle of inactivity and deconditioning often seen in this
population (31, 32).This is particularly relevant given
that many participants in our study identified physical ac-
tivity and exercise themselves as key activity limitations.
Although emerging evidence highlights the potential role
of aerobic activity in mTBI rehabilitation, our findings
did not show differential benefits of the programme on
patient-specific functioning or activity limitations. This
may be due to the similar levels of physical activity
observed in both groups in our RCT. Furthermore, all
participants were tested for exercise intolerance and
received general advice concerning physical activity (9).

With regard to the PSFS scores, the overall mean
baseline rating was 3.3 points, positioned below the
midpoint of the scale between “unable to perform the
activity” and “able to perform the activity without
difficulty or as before the injury”. This indicates that
participants reported moderate to severe limitations in
their identified activities at baseline. Most participants
did not report on activities they were entirely unable to
do. Instead, in accordance with previous studies (33, 34),
they primarily identified problems with activities that
were difficult to perform or that required modification.

Activities in sensory-demanding environments were
rated as the most difficult, particularly those involving
screens, noise, and bright light. These symptoms
are well recognized after brain injuries (35, 36) and
reflect disruptions in sensory-gating mechanisms that
reduce the brain’s ability to filter visual and audi-
tory input (37). As a result, everyday stimuli such as
digital screens, fluorescent lighting, and background
noise can trigger headaches, dizziness, and cognitive
fatigue (37). Such sensitivities can substantially limit
participation in work, social, and daily activities (35).
The improvements observed in our cohort suggest that
sensory intolerance may be responsive to rehabilitation
strategies that gradually increase sensory tolerance and
support autonomic regulation.
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Work and education were rated as the second most
difficult activities, which is consistent with evidence
showing that returning to cognitively demanding, time
pressured, and socially complex environments is one
of the greatest challenges after mTBI (12, 38—40).
These tasks typically require sustained attention, rapid
information processing, multitasking, and tolerance
of sensory stimulation, domains commonly affected
in individuals with PPCS, which was also confirmed
in this study. Activities of daily living were reported
as the least difficult, suggesting that basic functional
abilities are less affected at this stage of recovery,
whereas higher level activities place greater demands
on cognitive and physical endurance.

From baseline to 3 months, the mean overall PSFS
change surpassed the minimal detectable change of 2
points and equalled the minimal clinically important
difference of 2.2 points reported in previous studies
(13, 15,41). This suggests that the observed improve-
ments not only represented a relevant statistical change
but also a clinically relevant change. By 6 months,
these improvements had progressed further, although
the magnitude of change from 3 to 6 months was less
pronounced. Furthermore, all main categories showed
significant improvement from baseline to 3 months and
again to 6 months, indicating broad functional gains.
The largest improvement was seen in the physical
activity and exercise category, which may reflect both
the focus of the study and the guidance provided to all
participants to gradually resume physical activity. In
contrast, the work and education category showed the
smallest improvement across timepoints, which reflects
the need for environmental accommodations, and the
cumulative cognitive load associated with returning to
work or study (12, 38—40). The clinically meaningful
change during this phase underscores the potential for
continued functional recovery and adaptation-provided
treatment addressing individual rehabilitation needs
and targeted support for work and education. However,
the results also highlight that improvements in physical
activity may not necessarily translate into equivalent
gains in more complex participation domains.

All identified subcategories could be linked to the
ICF framework, with the majority mapping to the
domains of activities and participation. This pattern
aligns with previous studies (18, 34), and reflects the
structure of the PSFS, which explicitly asks patients
to identify activities they find difficult to perform.
While many standardized PROMs primarily assess
symptoms and body functions, the PSFS serves as a
valuable complement by capturing patient-identified
limitations in real-world activities. In this way, the
PSFS highlights specific and individualized challenges
faced by patients with PPCS and exercise intolerance
after mTBI, providing clinically relevant information
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that might otherwise be overlooked. By integrating
patient-identified activity limitations from the PSFS
within the ICF framework, rehabilitation efforts can
more effectively target the domains of functioning
that are most meaningful to patients. This alignment
not only strengthens the patient-centred nature of
assessment but also provides a structured foundation
for tailoring individualized rehabilitation strategies.

Limitations

This study has some limitations that should be acknow-
ledged. The patients were recruited from a university
hospital and represent a sample of individuals with long-
lasting PPCS and exercise intolerance referred to an
outpatient TBI clinic. Additionally, approximately 20%
of the invited patients were excluded due to a negative
BCTT, indicating no exercise intolerance. However, the
sex distribution and median age of the included partici-
pants were comparable to those of other patients with
PPCS referred to the clinic (42), supporting the overall
generalizability of the findings to mTBI populations
typically seen in university hospital settings. Although
participants had a higher mean educational level than
the general population in Norway, this likely reflects
the higher educational attainment within the OUH
catchment area and the typical demographic profile of
patients referred to our clinic (42). Nevertheless, this
characteristic may limit the generalizability of the fin-
dings to populations and clinical settings with different
sociodemographic profiles.

Conclusion

This study demonstrates that patients with PPCS and
exercise intolerance after mTBI experience activity
limitations across multiple domains of daily life. Most
reported restrictions were linked to the ICF domains
of activities and participation, with physical activity
and exercise emerging as the most frequently affected
categories. Changes in perceived activity limitations
from inclusion in this study to 3 and 6 months were
clinically meaningful and statistically significant.
These findings underscore the importance of assessing
patient-identified activity limitations to better capture
the breadth and complexity of challenges experienced
by individuals with PPCS. Incorporating such patient-
derived insights into rehabilitation planning may facili-
tate the development of more targeted, individualized,
and patient-centred interventions.
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