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Juan Carlos Arango‑Lasprilla11, Olli Tenovuo12,13, Philippe Azouvi14,15, Helen Dawes16,17, Cecilie Roe1,3,8 and 
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Abstract 

Background: Despite existing guidelines for managing mild traumatic brain injury (mTBI), evidence‑based treat‑
ments are still scarce and large‑scale studies on the provision and impact of specific rehabilitation services are 
needed. This study aimed to describe the provision of rehabilitation to patients after complicated and uncomplicated 
mTBI and investigate factors associated with functional outcome, symptom burden, and TBI‑specific health‑related 
quality of life (HRQOL) up to six months after injury.

Methods: Patients (n = 1379) with mTBI from the Collaborative European NeuroTrauma Effectiveness Research in TBI 
(CENTER‑TBI) study who reported whether they received rehabilitation services during the first six months post‑injury 
and who participated in outcome assessments were included. Functional outcome was measured with the Glasgow 
Outcome Scale – Extended (GOSE), symptom burden with the Rivermead Post Concussion Symptoms Questionnaire 
(RPQ), and HRQOL with the Quality of Life after Brain Injury – Overall Scale (QOLIBRI‑OS). We examined whether transi‑
tion of care (TOC) pathways, receiving rehabilitation services, sociodemographic (incl. geographic), premorbid, and 
injury‑related factors were associated with outcomes using regression models. For easy comparison, we estimated 
ordinal regression models for all outcomes where the scores were classified based on quantiles.

Results: Overall, 43% of patients with complicated and 20% with uncomplicated mTBI reported receiving rehabili‑
tation services, primarily in physical and cognitive domains. Patients with complicated mTBI had lower functional 
level, higher symptom burden, and lower HRQOL compared to uncomplicated mTBI. Rehabilitation services at three 
or six months and a higher number of TOC were associated with unfavorable outcomes in all models, in addition to 
pre‑morbid psychiatric problems. Being male and having more than 13 years of education was associated with more 
favorable outcomes. Sustaining major trauma was associated with unfavorable GOSE outcome, whereas living in 
Southern and Eastern European regions was associated with lower HRQOL.
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Conclusions: Patients with complicated mTBI reported more unfavorable outcomes and received rehabilitation 
services more frequently. Receiving rehabilitation services and higher number of care transitions were indicators of 
injury severity and associated with unfavorable outcomes. The findings should be interpreted carefully and validated 
in future studies as we applied a novel analytic approach.

Trial registration: ClinicalTrials.gov NCT02210221.

Keywords: Rehabilitation, Mild TBI, PROM

Introduction
A high number of patients experience prolonged symp-

toms, disabilities, and diminished health-related qual-

ity of life (HRQOL) after mild traumatic brain injury 

(mTBI) [1, 2]. In the first six months after injury, 

patients with complicated mTBI (presence of intracra-

nial injury on computed tomography, CT) report higher 

symptom burden, poorer functional outcomes and 

lower HRQOL than those with uncomplicated injury [1, 

3–5]. A subgroup of patients with mTBI and extra-cra-

nial injuries also report more symptoms and functional 

deficits [2]. These patients tend to have longer acute 

hospital stays and several different care pathways [6] 

and are often in need of regular follow-up and provision 

of acute and post-acute rehabilitation services [7]. Sub-

stantial geographical variation exists in the organization 

and provision of acute and post-acute rehabilitation ser-

vices, which influences outcomes of TBI and challenges 

comparison of results across studies [8].

Although several guidelines exist on how to manage 

prolonged symptoms after mTBI, evidence-based treat-

ments are lacking, leading to a risk of inadequate reha-

bilitation or no rehabilitation at all. In general, there are 

several challenges in the context of mTBI rehabilitation 

research, including relatively small sample sizes, and 

heterogeneity in clinical characteristics, interventions, 

and outcome measures [9]. A recent systematic review 

on specialized rehabilitation after mTBI highlighted a 

need for studies with a larger age range, applying sensi-

tive outcome measures focusing on aspects influenced 

by mTBI, and assessment at an early stage to identify 

those with an increased risk of long-term symptoms in 

need of rehabilitation [10].

This study will use the large patient sample of adults 

and elderly from the Collaborative European Neuro-

Trauma Effectiveness Research (CENTER-TBI) study [11] 

to investigate rehabilitation services provided after mTBI 

and factors associated with global functioning, symptom 

burden, and TBI-specific HRQOL six months after injury.

The specific objectives are to

– Describe transition of care (TOC) pathways and 

rehabilitation provision to patients after complicated 

and uncomplicated mTBI in the first six months after 

the injury.

– Investigate the association between sociodemo-

graphic (incl. geographic), premorbid, and injury-

related factors, rehabilitation and transitions of care 

and functional outcome, symptom burden, and TBI-

specific HRQOL six months after complicated and 

uncomplicated mTBI.

Based on the literature, we assume that patients with 

mTBI, in general, are provided few rehabilitation ser-

vices. However, we expect that patients with complicated 

mTBI receive more rehabilitation services than those 

with uncomplicated mTBI. We also hypothesize that pro-

vision of services will be related to the severity of brain 

injury and overall injury severity, regardless of functional 

level and symptom burden.

Methods
Study design and participants

Participants were recruited between December 19, 

2014 and December 17, 2017 within CENTER-TBI, 

a multicenter, prospective observational longitudi-

nal cohort study conducted in Europe and Israel. The 

trial was registered at ClinicalTrials.gov on 06.08.2014 

(#NCT02210221, https:// clini caltr ials. gov/ ct2/ show/ 

NCT02 210221). The core study covered all spectrums 

of TBI severity (i.e., mild, moderate, and severe) and 

included N = 4509 patients from 65 centers. Included 

patients had a clinical diagnosis of TBI, an indication for 

CT scan, and presented to a medical center within 24 h 

post-injury. Individuals with severe pre-existing neu-

rological disorders were excluded from the core study. 

First, all patients were evaluated in the emergency room 

(ER). Then, depending on patients’ needs, three clini-

cal care pathways were differentiated: ER (patients seen 

in the ER and then discharged), admission to a hospital 

ward (ADM), or to an intensive care unit (ICU). Further 

details on the main descriptive findings of CENTER-TBI 

can be found elsewhere [12].

In the present study, we included N = 1379 individu-

als aged 16  years and above who had sustained a mTBI 

based on baseline Glasgow Coma Scale (GCS) [13] val-

ues (i.e., 13–15). All participants completed the outcome 

https://clinicaltrials.gov/ct2/show/NCT02210221
https://clinicaltrials.gov/ct2/show/NCT02210221
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instruments and provided information on receiving reha-

bilitation services or not within the first six months after 

injury.

Ethical approval

The CENTER-TBI study (EC grant 602,150) was con-

ducted in accordance with all relevant laws of the Euro-

pean Union (EU) and all relevant laws of the countries 

where the recruiting sites were located. Informed con-

sent was obtained from the patients and/or the legal 

representative/next of kin, according to the local regu-

lations for all participants recruited in the Core Data-

set of CENTER-TBI and documented in the electronic 

case report form (e-CRF). For the full list of sites, ethical 

committees, and ethical approval details, see the official 

CENTER-TBI website (https:// www. center- tbi. eu/ proje 

ct/ ethic al- appro val).

Data and instruments

Sociodemographic, premorbid, and injury‑related data 

(independent variables)

Sociodemographic and injury-related data were collected 

at the time of study enrollment. Data comprised the fol-

lowing variables: sex (female or male), age (continuous 

and dichotomized at median value), education (continu-

ous, i.e., in years, and dichotomized at median value), 

living situation (living alone or not alone), work partici-

pation (employed, unemployed, and others, i.e., retired, 

studying, or homemaker).

The geographical region was determined based on the 

country of the participating sites using the EU Vocabu-

laries classification (EuroVoc) [14]. Austria, Belgium, 

France, Germany, the Netherlands, and the United King-

dom were grouped into Western European countries; 

Italy and Spain into Southern region; Denmark, Finland, 

Latvia, Lithuania, Norway, and Sweden into Northern 

region; Hungary, Romania, and Serbia represented East-

ern Europe. Southern and Eastern European regions were 

collapsed into one group due to the small number of par-

ticipants. Because we were mainly interested in assessing 

rehabilitation and outcomes across Europe, we limited 

the analyses to European countries.

The premorbid somatic health status (healthy, mild 

systemic disease, severe systemic disease, and severe 

systemic disease with constant threat to life) was deter-

mined based on the classification of the American Soci-

ety of Anesthesiologists Physical Status Classification 

System [15]. Due to a low number of cases, both severe 

groups were collapsed into one (i.e., severe systematic 

disease). Premorbid psychological problems were self-

reported by the participants (yes/no).

Injury-related data included injury mechanism (road 

traffic accident, fall, and others), clinical care pathways 

(ER, ADM, and ICU), the most frequent TOC pathways 

(ER, ICU, neurological hospital ward [WN], other ward 

[WO], rehabilitation [RE], home [HO], nursing home 

[NS]), number of TOC, TBI severity as measured by the 

GCS with additional classification based on informa-

tion on the presence of any intracranial abnormalities on 

the first CT scan (uncomplicated mTBI: GCS ≥ 13 and 

no abnormalities on the CT scan; complicated mTBI: 

GCS ≥ 13 and visible abnormalities on the CT scan), 

brain injury severity assessed by the Abbreviated Injury 

Scale [16] (AIS; Brain injury AIS, score ≥ 3 considered as 

severe intracranial injury), and extracranial injury sever-

ity as measured by the Injury Severity Score (ISS) [17]. 

The ISS ranges from 0 (no trauma) to 75 (not survivable), 

and a score > 15 is considered as major overall trauma 

[18].

Rehabilitation

The information on rehabilitation was based on the self-

reported rehabilitation services received within the first 

six months (i.e., either at three or six months) after TBI 

and distinguished between no rehabilitation (0) and any 

kind of rehabilitation including in- and out-patient ser-

vices (1). Additionally, we summarized information on 

TOC reporting all transitions including information on 

discharge to a rehabilitation unit.

The number of rehabilitation services provided was 

determined by summation of the self-reported infor-

mation on rehabilitation provision received in various 

domains (i.e., occupational therapy, physiotherapy, cog-

nitive rehabilitation, speech therapy, and psychological 

services). Since multiple answers were allowed, we aggre-

gated this information by distinguishing between three 

groups: no help provided, help provided at least for one 

domain, and at least for two domains.

The timing of rehabilitation was defined as: early reha-

bilitation (within one to three months after injury) and 

late rehabilitation (later than three months after injury).

Outcome instruments (dependent variables)

The functional recovery status of the participants was 

assessed using the Glasgow Outcome Scale – Extended 

(GOSE) [19]. The GOSE is a clinician-reported outcome 

instrument evaluating functional recovery after TBI 

on an eight-point scale (1: dead, 2: vegetative state, 3/4: 

lower/upper severe disability, 5/6: lower/upper moderate 

disability, 7/8: lower/upper good recovery). Additionally, 

information can be obtained from the patients or their 

proxies using the questionnaire version—GOSE-Q [20]. 

In the present study, missing information on the GOSE 

was centrally replaced by values substituted from the 

GOSE-Q or clinical ratings to avoid data loss. Since the 

GOSE-Q is not able to differentiate between vegetative 

https://www.center-tbi.eu/project/ethical-approval
https://www.center-tbi.eu/project/ethical-approval
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state and lower severe disability, GOSE levels 2 and 3 

were collapsed into one category (2 or 3). The missing 

values at six-months outcome assessments were imputed 

using a multi-state model [21].

The symptom burden was quantified using the River-

mead Post-Concussion Symptoms Questionnaire (RPQ) 

[22]. The RPQ is a patient-reported outcome meas-

ure (PROM) using a five-point Likert scale (from 0: not 

experienced at all to 4: a severe problem) to evaluate 16 

post-concussion symptoms during the past 24  h com-

pared with the condition before the accident: headache, 

dizziness, nausea and/or vomiting, noise sensitivity, sleep 

disturbance, fatigue, irritability, depression, frustration, 

forgetfulness and poor memory, poor concentration, 

slow thinking, blurred vision, light sensitivity, double 

vision, and restlessness. As advised by King et  al. [22], 

all scores of 1 (indicating that the problem was the same 

as before the injury) were removed. The RPQ total score 

ranges from 0 to 64.

The TBI-related HRQOL was measured by the Qual-

ity of Life after Brain Injury—Overall Scale (QOLIBRI-

OS) [23]. The QOLIBRI-OS is a short PROM assessing 

physical condition, cognition, emotions, daily life and 

autonomy, social relationships, and current and future 

prospects. The six items are rated on a five-point Likert 

scale (from 0: not at all to 4: very). The transformed total 

score ranges from 0 to 100.

Statistical analyses

Descriptive analyses were carried out to summarize the 

characteristics of the patients. We report mean, stand-

ard deviation, median, and range for continuous data 

and absolute and relative frequencies for categorical data. 

Mann–Whitney U tests for continuous data and Chi-

square tests for categorical data were applied for com-

parative analyses.

The number of missing values in independent variables 

varied from < 1% (premorbid somatic health status) to 

15% (education). Missing data – assumed as missing at 

random (MAR) – were imputed using multivariate impu-

tation by chained equations (MICE).

Three independent regression models were applied to 

estimate the associations between sociodemographic 

(incl. geographic), premorbid, and injury-related factors 

and respective outcomes (functional recovery status, 

symptom burden, and TBI-specific HRQOL). We also 

performed regression analyses in the subsample of the 

patients with more severe overall trauma (i.e., ISS > 15) 

to receive a more accurate picture of the influence of the 

factors on the outcomes in this subsample.

To allow for easy comparison of the results from 

the regression analyses, we estimated ordinal regres-

sion models for all outcomes grouping the scores based 

on quantiles (i.e., 25%, 50%, and 75%). This classifica-

tion resulted in three categories for the GOSE since the 

75% quantile represented the maximum of the scale: 

GOSE ≤ 6 (up to moderate recovery), GOSE = 7 (average 

good recovery), and GOSE 8 = (full recovery). The quan-

tiles for the RPQ resulted in the following four categories: 

RPQ = 0 (no symptom burden), 0 < RPQ ≤ 6 (low aver-

age symptom burden), 6 < RPQ ≤ 16 (high average symp-

tom burden), and RPQ > 16 (high symptom burden). The 

QOLIBRI-OS had the following four groups: QOLIBRI-

OS ≤ 58 (low HRQOL), 58 < QOLIBRI-OS ≤ 75 (low 

average HRQOL), 75 < QOLIBRI-OS ≤ 83 (high average 

HRQOL), and QOLIBRI-OS > 83 (high HRQOL).

Since the main goal was to find associations between 

the outcomes and the chosen factors, we did not focus 

on the validation of the regression models and did not 

report the goodness of model fit.

All analyses were performed with the R version 4.0.2 

[24] using the packages table 1 [25] for descriptive analy-

ses and mice [26] for the imputation of the missing val-

ues. The significance level was set at 5%.

Results
Sample characteristics

The total sample comprised of 1379 participants (62.9% 

males, 96% White) with an average age of 52 ± 19 years 

(Mdn = 54, range 16–93). For more details, see the sam-

ple attrition plot in Fig. 1.

The distribution of uncomplicated and complicated 

mTBI was equal (51% and 49%, respectively). Injuries 

were predominantly caused by falls (47.2%) followed by 

road traffic accidents (39.3%). At six months after TBI, most 

individuals (72.9%) showed good recovery (GOSE: 7–8).

The uncomplicated and complicated mTBI group com-

parisons revealed significant differences regarding age, 

years of education, employment status, and injury- and 

rehabilitation-related factors (see Table 1).

Transition of care (TOC) pathways

Overall, most of the patients were discharged from the 

ER back home (26.8%), of whom the majority had sus-

tained an uncomplicated mTBI (85.2%). The average 

number of TOC differed significantly between the mTBI 

groups averaging 2 ± 1 in the uncomplicated mTBI group 

and 3 ± 1 in the complicated mTBI group (W = 89.28, 

p < 0.001). Admission to an inpatient rehabilitation facil-

ity at least once during the TOC pathways amounted to 

9% of the total sample and 24% for those who reported 

receiving any kind of rehabilitation during the first half 

year after TBI. For visualization of the most frequent 

TOC pathways (n > 20), see Fig.  2. Additional visuali-

zation of the TOC pathways of the patients with major 

trauma is provided in Additional file 1 – Figure A1.
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Rehabilitation and provided professional help after mTBI

Rehabilitation services were more frequently provided to 

patients with complicated mTBI compared to uncompli-

cated mTBI (42.6% vs. 20.0%). Among those who received 

any kind of rehabilitation services within six months after 

mTBI (n = 439), 87.9% were treated within the first three 

months after TBI.

Professional help was provided primarily in physical and 

cognitive domains. Physical therapy ranked first (76.1%), 

followed by occupational therapy (27.6%), and cogni-

tive rehabilitation (26.4%). Most of those who received 

rehabilitation (45.1%) received professional help in more 

than one domain. The trend was similar between the 

mTBI groups, with individuals receiving professional 

help less frequent after uncomplicated mTBI (see Fig. 3). 

For details on the subsample with major trauma, see 

Additional file 1 – Figure A2.

Regression analyses results

Functional recovery (GOSE)

Higher probability of better functional recovery was asso-

ciated with the following factors: being male (compared 

Fig. 1 Sample attrition plot
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Table 1 Sociodemographic, premorbid, and injury‑related characteristics of the study sample

mTBI

Total samplea Uncomplicated Complicated

Variable Group/value (N = 1379) (N = 661) (N = 638) p-value

Age Mean (SD) 52.0 (19.0) 50.0 (18.8) 54.6 (19.1)  < .001

Median [Min, Max] 54.0 [16.0, 93.0] 52.0 [16.0, 89.0] 58.0 [16.0, 93.0]

Sex Female 512 (37.1%) 262 (39.6%) 219 (34.3%) 0.054

Male 867 (62.9%) 399 (60.4%) 419 (65.7%)

Education years  < 13 458 (33.2%) 207 (31.3%) 219 (34.3%) 0.019

 ≥ 13 715 (51.8%) 381 (57.6%) 299 (46.9%)

Missing 206 (14.9%) 73 (11.0%) 120 (18.8%)

Living situation Alone 1103 (80.0%) 529 (80.0%) 506 (79.3%) 0.800

Not alone 276 (20.0%) 132 (20.0%) 132 (20.7%)

Employment status Employed 742 (53.8%) 379 (57.3%) 317 (49.7%) 0.042

Unemployed 76 (5.5%) 30 (4.5%) 42 (6.6%)

Other 497 (36.0%) 232 (35.1%) 241 (37.8%)

Missing 64 (4.6%) 20 (3.0%) 38 (6.0%)

Geographical region Western Europe 635 (46.0%) 327 (49.5%) 285 (44.7%) 0.007

Northern Europe 386 (28.0%) 184 (27.8%) 159 (24.9%)

Southern/Eastern Europe 358 (26.0%) 150 (22.7%) 194 (30.4%)

Premorbid physical health status Healthy 777 (56.3%) 376 (56.9%) 348 (54.5%) 0.209

Mild disease 464 (33.6%) 214 (32.4%) 232 (36.4%)

Severe disease 133 (9.6%) 70 (10.6%) 55 (8.6%)

Missing 5 (0.4%) 1 (0.2%) 3 (0.5%)

Premorbid psychological problems No 1207 (87.5%) 583 (88.2%) 553 (86.7%) 0.600

Yes 166 (12.0%) 78 (11.8%) 82 (12.9%)

Missing 6 (0.4%) 0 (0%) 3 (0.5%)

Injury cause Road traffic accident 542 (39.3%) 265 (40.1%) 245 (38.4%) 0.675

Fall 651 (47.2%) 305 (46.1%) 310 (48.6%)

Violent/Other 186 (13.5%) 91 (13.8%) 83 (13.0%)

Clinical care pathways ER 393 (28.5%) 328 (49.6%) 57 (8.9%)  < .001

ADM 640 (46.4%) 274 (41.5%) 317 (49.7%)

ICU 346 (25.1%) 59 (8.9%) 264 (41.4%)

Transition of care
pathways

ER‑HO 370 (26.8%) 320 (48.4%) 42 (6.6%) n.a

ER‑WN‑HO 250 (18.1%) 101 (15.3%) 133 (20.8%)

ER‑CU‑WN‑HO 125 (9.1%) 25 (3.8%) 93 (14.6%)

ER‑WO‑HO 116 (8.4%) 75 (11.3%) 37 (5.8%)

ER‑WARD‑HO 77 (5.6%) 44 (6.7%) 28 (4.4%)

ER‑CU‑WO‑HO 48 (3.5%) 14 (2.1%) 30 (4.7%)

ER‑CU‑WN‑RE 23 (1.7%) 4 (0.6%) 16 (2.5%)

ER‑CU‑CU‑WN‑HO 18 (1.3%) 4 (0.6%) 13 (2.0%)

ER‑CU‑WN‑OT 17 (1.2%) 0 (0%) 15 (2.4%)

ER‑CU‑OT 16 (1.2%) 2 (0.3%) 12 (1.9%)

ER‑CU‑WN‑OT‑HO 12 (0.9%) 3 (0.5%) 8 (1.3%)

ER‑WN‑OT 11 (0.8%) 1 (0.2%) 9 (1.4%)

Otherb 274 (19.8%) 64 (9.6%) 185 (28.9%)

Missing 22 (1.6%) 4 (0.6%) 17 (2.7%)

Number of TOC Mean (SD) 2.30 (1.28) 1.73 (0.921) 2.84 (1.35)  < .001

Median [Min, Max] 2.00 [1.00, 18.0] 2.00 [1.00, 9.00] 3.00 [1.00, 18.0]

Missing 22 (1.6%) 4 (0.6%) 17 (2.7%)
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to being female: OR = 1.86,  CI95%:1.48–2.34), having 

more than 13 years of education (compared to having less 

than 13  years of education: OR = 1.38,  CI95%:1.09–1.76), 

being retired, student, or homemaker (collapsed 

into one category called “other” compared to being 

employed: OR = 1.45,  CI95%:1.13–1.86), and sustain-

ing a fall (compared to road traffic accident: OR = 1.60, 

 CI95%:1.25–2.04). In contrast, the following factors 

showed lower probability of a better recovery compared 

to respective reference groups: having premorbid psycho-

logical problems (OR = 0.65,  CI95%:0.47–0.90), sustaining 

a complicated mTBI (OR = 0.67,  CI95%:0.51–0.89), having 

a higher number of TOC (OR = 0.76,  CI95%:0.67–0.86), 

being discharged to another facility (OR = 0.33, 

Table 1 (continued)

mTBI

Total samplea Uncomplicated Complicated

Variable Group/value (N = 1379) (N = 661) (N = 638) p-value

Endpoint of TOC HO 1190 (86.3%) 630 (95.3%) 500 (78.4%) n.a

NH 14 (1.0%) 4 (0.6%) 10 (1.6%)

OH 75 (5.4%) 10 (1.5%) 56 (8.8%)

RE 75 (5.4%) 12 (1.8%) 53 (8.3%)

Otherc 3 (0.3%) 1 (0.2%) 2 (0.4%)

Missing 22 (1.6%) 4 (0.6%) 17 (2.7%)

Brain injury AIS Mean (SD) 2.54 (1.12) 1.87 (0.904) 3.20 (0.897)  < .001

Median [Min, Max] 3.00 [1.00, 5.00] 2.00 [1.00, 5.00] 3.00 [1.00, 5.00]

Missing 8 (0.6%) 1 (0.2%) 6 (0.9%)

Total ISS Mean (SD) 14.1 (11.5) 9.89 (8.99) 18.3 (12.1)  < .001

Median [Min, Max] 10.0 [1.00, 75.0] 8.00 [1.00, 59.0] 16.0 [1.00, 75.0]

Missing 7 (0.5%) 0 (0%) 6 (0.9%)

ISS categorized No major trauma 863 (62.6%) 531 (80.3%) 288 (45.1%)  < .001

Major trauma 509 (36.9%) 130 (19.7%) 344 (53.9%)

Missing 7 (0.5%) 0 (0%) 6 (0.9%)

Rehabilitation within six months after TBI No rehabilitation 940 (68.2%) 529 (80.0%) 366 (57.4%)  < .001

Rehab. at 3 and/or 6 months 439 (31.8%) 132 (20.0%) 272 (42.6%)

GOSE at six months Vegetative state/lower severe disability 37 (2.7%) 8 (1.2%) 27 (4.2%)  < .001

Upper severe disability 49 (3.6%) 13 (2.0%) 33 (5.2%)

Lower moderate disability 104 (7.5%) 30 (4.5%) 70 (11.0%)

Upper moderate disability 184 (13.3%) 60 (9.1%) 111 (17.4%)

Lower good recovery 365 (26.5%) 174 (26.3%) 179 (28.1%)

Upper good recovery 640 (46.4%) 376 (56.9%) 218 (34.2%)

RPQ at six months Mean (SD) 10.3 (12.4) 9.05 (12.0) 12.0 (12.8)  < .001

Median [Min, Max] 6.00 [0, 64.0] 4.00 [0, 61.0] 8.00 [0, 64.0]

QOLIBRI-OS at six months Mean (SD) 69.5 (21.5) 71.1 (21.0) 67.2 (21.7)  < .001

Median [Min, Max] 75.0 [0, 100] 75.0 [0, 100] 71.0 [0, 100]

Note. M Mean, SD Standard deviation, Min Minimum, Max Maximum; n.a.: No comparisons are carried out due to high number of categories and low number of cases; 

Employment status: employed (full-time employed, part-time employed, on sick leave, special/sheltered employment), unemployed (looking for work, unemployed, 

unable to work), other (retired, student/school going, homemaker); Geographical regions: Western Europe (Austria, Belgium, France, Germany, the Netherlands, 

United Kingdom); Northern Europe (Denmark, Finland, Latvia, Lithuania, Norway, Sweden); Southern/Eastern Europe (Italy, Spain, Hungary, Romania, Serbia); ER 

Emergency room, CU (high/intensive) Care unit, WN Neurological hospital ward, WO Other ward, RE Rehabilitation, HO Home, NH Nursing home, OH Other hospital, 

PSYCH Psychiatric unit or substance misuse care unit, AIS Abbreviated Injury Scale, ISS Injury Severity Score; ISS > 15 is considered major trauma; GOSE Glasgow 

Outcome Scale – Extended, RPQ Rivermead Post-Concussion Symptoms Questionnaire, QOLIBRI-OS Quality of Life After Brain Injury—Overall scale; p-values are 

obtained from the mTBI group comparisons for pairwise complete data (continuous and ordinal variables: Mann–Whitney U-test; categorical variables: chi-square 

test); significant p-values are provided in bold (α = .05)

a Due to missing values in the mTBI groups (i.e., missing information on CT findings, n = 80, 5.8%), the total sample values (sum and percentage) can exceed the sum 

between uncomplicated and complicated mTBI frequencies

b For transition of care, only pathways containing n > 10 are reported, other pathways are collapsed into category “Other”

c For the TOC endpoint, only destinations containing n > 10 are reported, others are collapsed into category “Other”
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 CI95%:0.11–0.99) or being discharged to a rehabilitation 

facility (OR = 0.59,  CI95%:0.36–0.97). In addition, sus-

taining major trauma (OR = 0.70,  CI95%:0.52–0.95) and 

receiving rehabilitation (OR = 0.40,  CI95%:0.31–  0.52) 

was associated with lower probability of a more favora-

ble recovery. For an overview, see Fig. 4; for more details 

on regression analyses results, see Additional file  2 

– Table A1.

Symptom burden (RPQ)

The probability of a lower symptom burden was associ-

ated with the following factors: being male (OR = 0.52, 

 CI95%:0.42–0.65), having more than 13  years of educa-

tion (OR = 0.77,  CI95%:0.61–0.98), being retired, student/

school going, or homemaker (collapsed into one category 

called “other”; OR = 0.74,  CI95%:0.59–0.94), and sustain-

ing a fall (OR = 0.66,  CI95%:0.53–0.83). The following 

factors were associated with probability of a higher symp-

tom burden: having a severe premorbid health condition 

(OR = 1.47,  CI95%:1.01–2.16), premorbid psychological 

problems (OR = 2.27,  CI95%:1.66–3.10), a higher number 

of TOC (OR = 1.13,  CI95%:1.01–1.26), and receiving reha-

bilitation (OR = 2.30,  CI95%:1.81– 2.92). For an overview, 

see Fig. 5; for more details on regression analyses results, 

see Additional file 2 – Table A2.

HRQOL (QOLIBRI‑OS)

The probability of better HRQOL was associated 

with the following factors: being male (OR = 1.32, 

 CI95%:1.07–1.63) and having more than 13 years of educa-

tion (OR = 1.36,  CI95%:1.09–1.70).

In contrast, the following factors showed a lower 

probability of a higher HRQOL: being unemployed 

(OR = 0.36,  CI95%:0.23–0.58), living in Southern or East-

ern Europe (OR = 0.51,  CI95%:0.40–0.66), having a mild 

(OR = 0.77,  CI95%:0.60–0.97) or severe health condi-

tion prior to TBI (OR = 0.37,  CI95%:0.25–0.55), suffer-

ing from psychological problems before TBI (OR = 0.40, 

 CI95%:0.29–0.56), having a higher number of TOC 

(OR = 0.87,  CI95%:0.78–0.97), and receiving rehabilitation 

(OR = 0.46,  CI95%:0.36– 0.59). For an overview, see Fig. 6; 

for more details on regression analyses results, see Addi-

tional file 2 – Table A3.

Additional analyses in the subsample of the patients 

with major trauma were carried out for the functional 

recovery status only as the ISS in the main analyses was 

Fig. 2 Visualization of the most frequent TOC pathways (n > 20). From the starting point (emergency department), patients were either discharged 
home or transferred to other locations (neurological ward, intensive care unit, or other ward). The end point of the care transition pathways is either 
discharge to home or admission to a rehabilitation facility. The width of the pathways corresponds to the number of patients in a care transition 
pathway, with colors representing one pathway
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associated with lower probability of a better functional 

outcome. However, the sub-analyses did not find other 

important associations of interest. For further details, see 

Additional file 2 – Table A4.

Discussion
This is the first European study to describe the provi-

sion of rehabilitation to patients with complicated 

and uncomplicated mTBI. Further, to investigate the 

association between TOC pathways, rehabilitation, 

sociodemographic (incl. geographic), premorbid, and 

injury-related factors and functional outcome, symp-

tom burden and TBI-specific HRQL up to 6  months 

after injury.

Approximately one third of patients with mTBI were 

discharged from the ER directly to home. The vast 

majority of these sustained an uncomplicated mTBI. 

In those admitted to the hospital, the final discharge 

destination was home as well, and there were few 

transitions of care to inpatient rehabilitation. Consist-

ent with our first hypothesis, only one fifth of patients 

with uncomplicated mTBI received rehabilitation 

services in the first six months after injury. However, 

for patients with complicated mTBI, the number of 

care transitions was significantly higher and more 

complex, showing that 43% received rehabilitation 

services. The rehabilitation services were primarily 

provided within the first three months (i.e., acute and 

sub-acute phase); thus, we could not use this variable 

in the advanced modeling. The importance of early 

rehabilitation is, however, assessed in other stud-

ies where it has been highlighted that targeted early 

intervention programs for patients with mTBI might 

be cost-effective [27].

Physiotherapy was the most frequent service deliv-

ered in both patient groups, in line with previous stud-

ies [7, 8]. This finding might be related to the fact that 

physical therapy is the most available service across 

countries.

Fig. 3 Professional help provided within six months after TBI for rehabilitants. Red symbols indicate professional services provided to less than 25% 
of patients. Orange symbols indicate that 25% to 75% of rehabilitants received services. Green markers indicate services provided to 75% or more 
patients
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The second most frequent services were occupational 

therapy and cognitive rehabilitation, most frequently 

delivered to patients with complicated mTBI. In con-

trast, psychological services were provided to less than 

one-fourth of the total sample and represented one of 

the services with the lowest coverage in this study, along 

with speech therapy. A previous study on all TBI severity 

levels also reported under-provision of these services [7].

Most of the included cases showed good recov-

ery (GOSE) with low symptom burden (RPQ) and 

Fig. 4 Odds Ratios and 95% CIs for the ordinal logistic regression for the functional recovery status (GOSE)

Fig. 5 Odds Ratios and 95% CIs for the ordinal logistic regression for the symptom burden groups (RPQ)
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non-impaired HRQOL (QOLIBRI-OS) at 6 months after 

injury. Nonetheless, we found significantly reduced func-

tional level, higher symptom burden and lower quality 

of life in complicated mTBI compared to uncomplicated 

cases. This is in line with previous studies that consider 

complicated mTBI as a more severe brain injury than 

uncomplicated mTBI  [1, 2, 4]. Indeed, Scandinavian 

guidelines for initial management of minimal, mild, and 

moderate TBI [28] recommend that patients with mTBI 

(GCS 13–15) who have intracranial findings on CT-scans 

should be managed as patients with moderate TBI. This 

further highlights the large heterogeneity within the 

mTBI spectrum.

We found that a higher number of TOC and receiv-

ing rehabilitation services was associated with a lower 

probability of better outcomes. As mentioned previously, 

higher numbers of TOC and rehabilitation were more 

frequent in patients with complicated mTBI. Thus, in line 

with previous studies [6, 29, 30], rehabilitation services 

provided in this study could be interpreted as an indica-

tor of injury severity.

In addition, sustaining injury due to a fall and more 

severe injury, as measured by lower GCS score, higher 

ISS, presence of extracranial injuries and longer acute and 

rehabilitation hospitalization has previously been found 

to predict poorer outcomes after TBI [31, 32]. Thus, this 

finding is unlikely to reflect the effectiveness of rehabili-

tation services, but rather the nature of the injury. More-

over, poorer outcomes were associated with premorbid 

somatic and psychological problems. Pre-existing condi-

tions are known to negatively influence outcomes after 

mTBI [33, 34]. While sustaining a mTBI may exacerbate 

underlying health conditions, it is also possible that the 

additive effects of a TBI and existing somatic or psycho-

logical problems further complicate the recovery process.

Male gender and higher education was associated with 

a higher probability of better outcomes, in line with other 

studies [33–35]. These findings may indicate that indi-

viduals at risk of developing incomplete recovery after 

mTBI, such as females and those with lower education 

should be offered regular follow-up programs.

Interestingly, in the modeling of HRQOL, we found 

that residency in Southern/Eastern Europe versus West-

ern Europe was associated with a lower probability of 

better HRQOL. Whether this finding is due to differences 

in TBI care across the geographical regions is unclear 

and the result should be interpreted with caution. Previ-

ous reports from this project, however, have highlighted 

substantial variations in TBI care [36] across Europe that 

might influence patient outcomes. The results showing 

a negative association between the Southern/Eastern 

region and HRQOL are in contrast with a recent health 

inequalities analysis in Europe that showed the worst 

health outcomes for participants from the UK (Western 

Europe) and best outcomes for participants from Italy 

(Southern Europe) [37]. Analyses based on data obtained 

from general population samples using the QOLIBRI-

OS showed the highest HRQOL reported by Dutch 

Fig. 6 Odds Ratios and 95% CIs for the ordinal logistic regression for the HRQOL groups (QOLIBRI)
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individuals (Western Europe) followed by Italian partici-

pants, while respondents from the UK displayed the low-

est HRQOL [38].

A previous CENTER-TBI study found that living in 

Central and Eastern Europe was a significant negative 

predictor of access to rehabilitation in the first 12 months 

after TBI [8]. This may reflect the different organization 

of health care systems in Europe including funding, cov-

erage of rehabilitation services, and referral policies lead-

ing to fragmented rehabilitation provision, and serving 

as important access barriers to rehabilitation after TBI. 

Future studies are needed to better understand these 

barriers and their influence on rehabilitation outcomes 

including HRQOL.

Strengths and limitations

The present study’s strengths are its large sample size 

and the high number of participating European coun-

tries, which together render a robust overview of mTBI 

and rehabilitation provision. However, a substantial pro-

portion of trauma centers involved in this study are from 

urban areas in North-Western Europe. Therefore, the 

generalizability of findings to other regions is limited.

Further, more than half of patients that received reha-

bilitation did not provide detailed information on the 

type of rehabilitation services. In addition, we do not 

know if rehabilitation services provided in this study were 

targeted to consequences of TBI or extracranial injuries. 

Participants were asked to “indicate any help in specific 

areas that you have been given because of your injury”. 

Physiotherapy, as the most provided service in this study, 

is often given due to extracranial injuries.

To avoid loss of statistical power, we imputed missing 

predictor values using the MICE approach. However, to 

date, there is no consensus on the goodness-of-fit pool-

ing procedure (e.g., Nagelkerke  R2) for ordinal logistic 

regressions with multiply imputed data. Therefore, we 

relied on the significance of predictors to derive conclu-

sions about the influence of selected factors on outcomes 

after traumatic brain injury. Our statistical approach 

allows easy comparisons between differently scaled out-

comes, although grouping outcome values by quantiles 

may result in a loss of information. A methodological 

extension to assess goodness of fit in ordinal regression 

models using multiply imputed data would allow a more 

accurate assessment of model fit.

Conclusion
Patients with complicated mTBI reported lower func-

tional recovery, higher symptom burden, and lower 

HRQOL and were more frequently offered rehabilita-

tion services. Received rehabilitation services and higher 

numbers of care transition pathways as an indicator of 

injury severity were associated with lower probability of 

better outcomes in this study. These findings, however, 

should be interpreted carefully and validated in future 

studies as we used a novel regression analysis approach 

for easy comparisons between differently scaled outcome 

measurements.
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