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Objective: In patients with traumatic brain injury, 
to compare functioning measured using the 12-item 
patient and proxy World Health Organization Disa-
bility Assessment Schedule (WHODAS-12) with 
assessments made by professionals.
Patients and methods: At discharge from rehabilita-
tion, 89 consecutive patients with traumatic brain 
injury (10 mild, 36 moderate, 43 severe) and their 
proxies completed the WHODAS-12. Professionals 
assessed functioning simultaneously using the WHO 
minimal generic set of domains of functioning and 
health and Functional Independence Measure (FIM).
Results: From mild to severe traumatic brain injury, 
increasing disability was found in: sum, component 
and item scores of patient and proxy WHODAS, 
except for emotional functions in patients’ ratings; 
in sum and item scores of the WHO minimal generic 
data-set, except for pain; and in FIM total score and 
sub-scores. The WHODAS participation component 
was more impaired than activities. Although prox-
ies rated functioning more impaired than patients, 
the correlation between patient and proxy WHO-
DAS was strong (0.74). The correlation between 
patient/proxy WHODAS and FIM was also strong 
(–0.56 and –0.78, respectively). Proxy WHODAS 
differentiated mild and moderate traumatic brain 
injury more accurately than the other assessments. 
Conclusion: We recommend using the WHODAS-12 
when planning patient- and family-oriented rehabi-
litation services after traumatic brain injury. 

LAY ABSTRACT
In this study, 89 patients with traumatic brain injury 
were enrolled with the aim of comparing the accuracy 
of the patient- and proxy-rated 12-item World Health 
Organization Disability Assessment Schedule (WHO-
DAS-12) with the professional-rated World Health  
Organization (WHO) minimal generic data-set and Fun-
ctional Independence Measure (FIM) in differentiating 
mild, moderate and severe traumatic brain injury. Al
though proxies rated functioning more impaired than  
patients, all ratings correlated strongly. In all assessments,  
significantly increasing disability was found from mild 
to moderate and severe traumatic brain injury. Proxy 
WHODAS-12 differentiated, however, mild and moderate 
traumatic brain injury more accurately than the other 
assessments. In both WHODAS-12 assessments, par-
ticipation component was found to be more impaired 
than activities, especially in mild and moderate trauma-
tic brain injury. We recommend using the WHODAS-12 
when planning patient and family-centred rehabilitation 
services after traumatic brain injury.
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Worldwide, traumatic brain injury (TBI) is a 
major source of health loss and disability, 

even death. Each year, 27–69 million individuals 
of all ages are estimated to sustain a TBI (1, 2). 
When patients with different injuries are evaluated, 
the consequences of TBIs are the most severe (3), 
causing long-lasting physical, cognitive and emo-
tional health issues and problems in behaviour and 

communication (4) irrespective of the severity of 
the injury (5).

Proper assessment is an essential part of effective 
patient management. A comprehensive assessment 
requires both subjective and objective perspectives  
(6, 7). Previously, a variety of measures have been used 
to categorize patients with TBI (8); hence comparisons 
between studies, individuals and populations are dif-
ficult (9). In spite of its costs, Functional Independence 
Measure (FIM), created for assessing dependence and 
need of care in activities of daily living (10), is one of 
the most widely used functional measures in rehabilita-
tion patients around the world, including rehabilitants 
with TBI (8, 9, 11). Later, another measure of global 
disability, the World Health Organization Disability 
Assessment Schedule (WHODAS), was developed for 
self-assessment of patients and proxies for perceived 
difficulties in activities and participation. The World 
Health Organization (WHO) developed WHODAS to 
unify the assessment of functioning around the world 
and to permit comparisons between different health 
conditions and populations (12, 13). WHODAS is 
free and accessible for everybody. As participation 
has been associated with quality of life more strongly 
than other impairments (14–16) and as many problems 
after TBI have been linked to participation in addition 
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to activities (17, 18), participation ability most likely 
is an important target of rehabilitation if aiming to 
improve quality of life after TBI. 

WHODAS has been found to be a useful and bene-
ficial tool in many diagnostic groups in neurological, 
psychiatric and rehabilitation patients (19). To date, 
however, only a few studies have used WHODAS in 
the context of TBI (20, 21), assessing disabilities after 
TBI or its consequences (7, 22–24), or comparing TBI 
with other diagnostic groups (25–27). In chronic TBI, 
WHODAS has been found to correlate with Commu-
nity Integration Questionnaire and Quality of Life after 
Brain Injury Overall Score (28) and with the WHO mi-
nimal generic set of domains of functioning and health 
(7). In a recent study post-stroke, WHODAS has been 
found to correlate strongly with FIM, the gold standard 
measure of outcome after rehabilitation (29). In TBI, 
however, there are no previous studies investigating 
concurrent validity between these 2 measures. Valida-
tion of WHODAS for TBI from a multidisciplinary 
perspective has been called for (25). 

Thus, we decided to initiate a study aiming to in-
vestigate the correlation of WHODAS with FIM after 
rehabilitation of patients with TBI and to compare 
the accuracy of these 2 measures in discriminating 
different severities of TBI. To enhance comparability 
between various populations, we also applied the WHO 
minimal generic set of domains of functioning and 
health, as previously recommended (30).

METHODS

On a university hospital specialized inpatient reha-
bilitation ward, 89 consecutive patients with TBI 
(diagnosis according to the International Classifica-
tion of Diseases 10th revision (ICD-10) criteria) were 
enrolled between August 2015 and November 2022. 
The patients were mostly referred to the neurological 
rehabilitation unit for assessment and/or rehabilitation 
from the neurosurgical unit or neurological outpatient 
clinic of the same university hospital. Sometimes the 
patient had to wait after the acute care on a general 
ward for stabilization of their medical condition before 
intensive rehabilitation or due to lack of capacity of 
the rehabilitation unit. After acute care, a proportion 
of the patients with milder severity of TBI had been 
discharged into the community to wait for admission 
to the rehabilitation unit.

The rehabilitation programme included home-train-
ing visits, especially during weekends, accompanied by 
significant other(s), who completed an unofficial ques-
tionnaire on the rehabilitants capabilities and needs 
during the home stay. Before home-training visits/
weekends, a rehabilitation planner made a home call 
accompanied by the rehabilitant, significant other(s) 

and 1 or 2 other members of the multi-professional 
team. Patients with milder TBI could be partly out-
patient rehabilitants. Significant others were also en-
couraged to participate in daily activities, in different 
therapy and social work sessions on the rehabilitation 
ward and in at least 1 meeting with the entire multi-
professional team, to discuss the current medical and 
functional status of the rehabilitant and the future goals 
and plans including discharge destination.

After rehabilitation, the patients were discharged 
back to community either without social services or 
with the aid of services, or to an institution, which usu-
ally meant discharge to a residential health care centre 
where assisted living residence or other long-term 
facility was arranged locally. Sometimes, however, 
the permanent facility was arranged directly from the 
rehabilitation ward. 

Inclusion criteria were previously independent living 
and age 16 years or more at the time of injury. Patients 
with a current major medical or psychotic condition or 
another neurological diagnosis including spinal cord 
injury, and those with medical reasons for interrupted 
rehabilitation were excluded. 

Mild TBI (miTBI) was classified according to the 
American Congress of Rehabilitation Medicine (31) 
and WHO (32) criteria, i.e. focal neurological deficit(s) 
that may or may not be transient, but the severity of the 
injury does not exceed the following: loss of consci-
ousness of approximately 30 min or less; after 30 min, 
an initial Glasgow Coma Scale (GCS) of 13–15; and 
post-traumatic amnesia (PTA) not greater than 24 h. 
TBI was considered moderate (moTBI) if the GCS at 
admission was 9–12 or duration of PTA 1–7 days, and 
severe (sTBI) if GCS at admission was 8 or lower or 
duration of PTA longer than 1 week. All the patients 
had a history of a clear head trauma and a period of loss 
of consciousness or loss of memory or other transient 
neurological abnormality and GCS 15 or less. 

In addition, socio-demographic data including age in 
years, gender (male, female or other), living situation 
(cohabiting, yes/ no), years of official education, and 
working status (work or study, yes/ no) were collec-
ted. Informed consent and information regarding the 
study were also included. Clinical information (date 
of diagnosis and comorbidities according to ICD-
10) was collected from the participants and hospital 
medical files, and the total number of comorbidities 
was counted (33).

A rehabilitation nurse qualified in agreement with 
the Uniform Data System standards assessed the level 
of dependence of each rehabilitant at admission and 
discharge using an electronic FIM® tool. At discharge, 
a neurologist assessed functioning using the WHO 
minimal generic data-set. The rehabilitants and their 
significant others completed the 12-item patient and 
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proxy WHODAS 2.0. To avoid missing data, in a few 
cases the participants were assisted by a clinician, 
either technically completing the questionnaire or by 
explaining the WHODAS items and severities using 
examples. However, 6 patients were not capable of 
responding themselves due to severe cognitive im-
pairment or aphasia. Proxy responses were collected, 
however, from all 89 participants. The participants 
were blinded for each others’ responses to avoid any 
influence. 

Measurement scales

FIM (http://udsmr.org) is the most widely used in-
strument to measure rehabilitation outcome. It was 
designed to measure physical and cognitive disability 
among rehabilitation inpatients in 18 items on a scale 
of 1–7, ranging from “total dependence” to “complete 
independence”. It is focused on need for assistance in 
activities of daily living. The total score varies between 
18 and 126, motor sub-score (self-care routines, sphin-
cter management, transfers, locomotion) between 13 
and 91 and cognitive sub-score (communication and 
social cognition) between 5 and 35 (8, 9, 34). 

The WHODAS 2.0 (http://www.who.int/classifi-
cations/icf/whodasii/en/) is a generic International 
Classification of Functioning, Disability and Health 
(ICF)-based measure. The WHODAS-12 includes 12 
items from 6 domains in 2 components, i.e. Activities: 
cognition (learning and concentration), mobility (stan-
ding and walking), and self-care (washing and dressing 
oneself); and Participation: relationships (dealing with 
strangers and maintaining friendships), life activities 
(doing housework and ability to work or study), and 
social participation (emotional functions and engaging 
in community). Each of these 12 items is rated accor-
ding to a 5-point Likert-type scale, which grades the 
difficulty experienced by the participant in performing 
a given activity. Each of the 12 items is scored from 0 to 
4, where 0 means no (0–4%), 1 means mild (5–24%), 2 
means moderate (25–49%), 3 means severe (50–95%), 
and 4 means extreme or complete (96–100%) difficulty 
in this specific activity. The total score of WHODAS is 
the sum of all these 12 sub-scores, ranging from 0 to 48, 
with lower scores indicating better functioning. Total 
scores of 1–4 belong to mild disability, 5–9 to moderate 
disability, and 10–48 to severe disability (13, 35–38). 

The WHO minimal generic set of domains of  
functioning and health (the WHO minimal generic 
data-set) consists of 7 domains in 3 ICF components, 
i.e. body functions, activities and participation: energy 
and drive functions, emotional functions, sensation 
of pain, carrying out daily routine, walking, moving 
around, and remunerative employment. Generic means 
that this assessment is applicable to all people despite 

their health conditions. Minimal means that the scale 
consists of the least number of domains of functioning 
that can be used to explain significant differences bet-
ween people with health issues. The scoring system is 
similar to WHODAS, the sum score ranging from 0 to 
28, with lower scores indicating better functioning (30). 

To investigate the accuracy of these measures/
assessments in distinguishing different severities of 
TBI, the patients were divided into 3 severity groups, 
i.e. mild, moderate and severe (severe TBI subgroups: 
those with severe TBI who could respond to WHO-
DAS, all who had severe TBI, and those with severe 
TBI who needed constant surveillance, guidance and/
or assistance). In patients with TBI, concurrent (crite-
rion) validity of WHODAS in measuring rehabilitation 
outcome compared with FIM has not been established 
previously. To be able to score functioning with FIM 
and WHODAS simultaneously, it was decided to col-
lect WHODAS responses as early as at discharge from 
rehabilitation. Hence, WHODAS ratings were made 
according to the current functional status at the time 
of discharge, not in the preceding 30 days. 

Statistical analysis

The comparison between the 3 patient groups (miTBI, 
moTBI and sTBI) was carried out within categorical 
variables using χ2 test, or, in the case of too many small 
cell frequencies, Fisher’s exact test. In numerical va-
riables the comparisons between the 3 patient groups 
were carried out by the Kruskal–Wallis test. Normality 
assumptions were evaluated visually using Q-Q-plot, 
box-plot and histogram. Subgroup comparisons were 
carried out with Mann–Whitney U test or with χ2 test 
or Fisher’s exact test. Bonferroni correction was used 
with subgroup analyses. 

Univariate associations between the discharge dis-
position (home without service, home with service and 
institution) and patient WHODAS, proxy WHODAS 
and FIM were calculated using multi-nominal logistic 
regression analysis. The same method was used with 
TBI (mild, moderate and severe with response).

The difference between patient and proxy WHODAS 
sum scores was analysed using paired t-test.

The Spearman correlation coefficient was used to 
test the correlation between variables. The correlations 
of 0 – 0.29 were considered weak, 0.30–0.49 moderate, 
0.50 – 0.79 strong, and ≥ 0.80 very strong. 

Cronbach alpha’s was calculated for patient and 
proxy WHODAS sum scores and for the WHO mi-
nimal generic data-set and FIM total score and sub-
scores. 

Statistical analyses were performed using SAS 9.4 
for Windows. p-values below 0.05 (2-tailed) were 
considered statistically significant. 
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RESULTS

Of the 89 patients, who met the inclusion criteria and 
participated in the study, 10 patients had miTBI, 36 
moTBI and 43 sTBI. Eleven patients with sTBI needed 
constant surveillance, guidance and/or assistance at 
discharge, and 5 were unable to respond to the WHO-
DAS questionnaire due to severe cognitive impairment. 
One additional patient with sTBI was unable to respond 
due to aphasia. 

Of the 89 participating significant others, 43 were 
spouses, 22 were parents, 6 were children, 4 were 
siblings, 2 were other relative, 11 were close friends 
and 1 was a trained caregiver.

Of the accidents 40 were falls, 18 of which were on the 
same level and 22 > 1.5 m and 39 accidents were traffic-
related, mostly motor vehicle accidents as a driver or a 
passenger (in 4 cases the patient had been a pedestrian 
when the collision with a motor vehicle occurred, and in 
10 cases the patient had been cycling, in 6 out of these 
10 accidents the cyclist had a collision with a motor 
vehicle). The remainder were blows to the head, 7 due 
to violence or assaults, and 3 were work-related blows.

Patients with severe TBI were oldest and most often 
non-working, they had the longest time since injury 
at admission and discharge and the longest length 
of stay in rehabilitation, and they were most often 
institutionalized after rehabilitation. No between-
groups differences were found in gender, co-habiting  
or comorbidities (Table I).

In the WHO minimal generic data-set assess-
ment (Table II) and in patient and proxy WHODAS  
(Table III) significant differences between miTBI, 
moTBI and sTBI were found in all item level com-
parisons, except for emotional functions in patients’ 
ratings and pain. 

Significant differences (p < 0.0001) were also found 
between the 3 TBI severity groups in sum scores of the 
WHO minimal generic data-set and patient and proxy 
WHODAS, in both WHODAS components activities 
and participation and in FIM total score and motor and 
cognitive sub-scores. However, the between-group dif-
ferences in miTBI and moTBI were most significant in 
proxy WHODAS sum and component scores, followed 
by the WHO minimal generic data-set, FIM total score 
and sub-scores and patient WHODAS sum and compo-
nent scores in declining order of significance (Table IV).

Correlation between patient and proxy WHODAS 
was strong (0.74). The strongest correlation (0.93) was 
found between proxy WHODAS sum and the WHO 
minimal generic data-set assessment, lower but still 
strong (0.56 – 0.79) correlations were found between 
the other assessments (Table V). 

Proxy WHODAS sum (median) was scored more 
impaired in moTBI and sTBI groups compared with 
patient WHODAS self-ratings (Table IV). The mean 
difference between patient and proxy WHODAS sum 
scores (n = 83) was 4.4 (range –8 to 24, percentile 
(Pctl) –1, 7), 95% confidence interval (95% CI) 3.0 
to 5.9, p < 0.0001.

Participation was scored more impaired than acti-
vities, the mean difference between participation and 
activity mean scores in patient WHODAS (n = 83) be-
ing 0.3 (range –1.8 to 1.8; 25, 75 Pctl 0.0, 0.7), 95% CI 
0.1 to 0.4, p = 0.0001 and in proxy WHODAS (n = 89) 
0.5 (range –1.0 – 1.8; 25, 75 Ptcl 0.2, 0.8), 95% CI 0.3 
to 0.6, p < 0.0001. 

The ratio between mean scores of participation and 
activity was 2.1 (SD 2.1, p < 0.0001) in patients’ ra-
tings and 1.8 (SD 1.2, p < 0.0001) in proxies’ ratings. 
In TBI severity groups miTBI, moTBI and sTBI with 

Table I. Demographic and clinical data of the patients with mild, moderate, and severe traumatic brain injury

Variables median (range) 
or n (%)

Mild 
(n = 10)

Moderate with 
response (n = 36)

Severe with 
response (n = 37) p-value

All severe
(n = 43) p-value

Constant 
surveillance
(n = 11*)

Age at injury onset, years 31.5 (19.9–67.2) 36.7 (16.5–71.2) 53.4 (16.2–79.7) 0.002 53.4 (16.0–79.7) 0.006 60.6 (16.0–79.7)
Gender, male 8 (80) 30 (83.3) 30 (81.1) 1.0 36 (83.7) 1.0 8 (72.7)
Education, years 13 (7–20) 12 (8–20) 11 (6–24) 0.3 11 (6–24) 0.09 10 (8–20)
Working/ studying 9 (90) 27 (75) 17 (46) 0.006 21 (48.8) 0.01 6 (54.6)
Cohabiting 4 (40) 18 (50) 19 (51.4) 0.9 21 (48.8) 0.9 6 (54.6)
Comorbidities 0 8 (80) 20 (55.6) 13 (35.1) 0.1 17 (39.5) 0.2 5 (45.5)
 1–2 2 (20) 14 (38.9) 5 (45.5) 5 (45.5) 5 (45.5)
 ≥ 3 0 (0) 2 (5.6) 3 (8.1) 3 (7.0) 1 (9.1)
Charlson Index 0 10 (100) 32 (88.9) 30 (81.1) 0.3 34 (79.1) 0.2 9 (81.8)
 1–2 0 (0) 4 (11.1) 7 (18.9) 9 (20.9) 2 (18.2)
 ≥ 3 0 (0) 0 (0) 0 (0) 0 (0.0) 0 (0.0)
Time since injury on admission, 
days 

24.5 (4–268) 38 (8–300) 70 (19–544) < 0.0001 76 (19–544) < 0.0001 131 (29–544)

Length of stay, days 5 (2–15) 11 (7–32) 19 (3–85) < 0.0001 18 (3–110) < 0.0001 16 (4–110)
Time since injury at discharge, 
days

32 (18–273) 52 (18–309) 112 (33–576) < 0.0001 112 (33–576) < 0.0001 160 (45–576)

Discharge disposition: home, 
no service

10(100) 27 (75) 3 (8.1) < 0.0001 3 (7.0) < 0.0001 0 (0.0)

 Home with service 0 (0) 7 (19.4) 19 (51.4) 20 (46.5) 0 (0.0)

  Institution 0 (0) 2 (5.6) 15 (40.5) 20 (46.5) 11 (100.0)
*6/11 patients belong to the group ”severe with response”, 5/11 were not able to respond.
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response, the ratio between mean scores of participa-
tion and activities in patients’ ratings were 2.7 (SD 
2.4), 2.8 (2.7) and 1.2 (SD 0.8), respectively (between-
group difference p = 0.004) and in proxies’ ratings 2.6 
(SD 1.9), 2.4 (SD 1.3) and 1.3 (SD 0.4) (p < 0.0001), 
respectively. Eight patient-ratings and 6 proxy-ratings 
were excluded due to a value 0 in either component. 

When patient or proxy WHODAS sum increased by 
1 point, the odds ratio (OR) of being institutionalized 
instead of discharged to community with social servi-
ces was 1.07, 95% CI 1.00 to 1.14 and 1.11, 95% CI 
1.04 to 1.20, respectively (p < 0.0001), the correspon-
ding OR being 0.90, 95% CI 0.84 to 0.97 (p < 0.0001) 
when applying FIM. When proxy WHODAS increased 
by 1 point, the OR of belonging to the sTBI (with 
response) instead of moTBI group was 1.65, 95% CI 
1.27 to 2.14 (p < 0.0001), the corresponding figures 
being 1.21, 95% CI 1.10 to 1.32 (p < 0.001) and 0.74, 
95% CI 0.63 to 0.86 (p < 0.0001) when using patient 
WHODAS and FIM, respectively.

Cronbach’s alpha value for reliability (internal con-
sistency) of the sum score of patient WHODAS was 
0.89 and proxy WHODAS 0.94. The corresponding 
figures for the WHO minimal generic data-set and FIM 
total score, motor and cognitive sub-scores were 0.85, 
0.94, 0.94 and 0.78, respectively.

DISCUSSION

In this study of 89 consecutive patients with TBI, a 
significant increase in disability was found from mild 
to severe TBI: in patient and proxy WHODAS sum 
and item scores, except for emotional functions in 
patients’ ratings; in both WHODAS component scores 
(activities and participation); in sum and item scores 
of the WHO minimal generic data-set, except for 
pain; and in FIM total score and motor and cognitive 
sub-score. The median patient and proxy WHODAS 
sum scores were rated as mild, moderate and severe 
in the corresponding TBI severity groups, participa-
tion being more impaired than activities, especially 
in miTBI and moTBI. The most significant between-
group differences were found in proxy WHODAS sum 
and component scores, followed by the WHO minimal 
generic data-set, FIM total score and sub-scores, and 
patient WHODAS assessments in declining order of 
significance. Proxy WHODAS differentiated mild and 
moderate TBI most accurately. Even if proxies rated 
functioning more impaired than patients, especially 
in moTBI and sTBI, the correlation between patient 
and proxy WHODAS was strong (0.74). Very strong 
correlation was found between proxy WHODAS and 
the WHO minimal generic data-set (0.93), the correla-

Table II.  Patient and proxy World Health Organization Disability Assessment Schedule (WHODAS) item scores in mild, moderate, and severe 
traumatic brain injury at discharge from rehabilitation

Variables 
(median; 
25, 75 
percentile)

Patients Proxies

Proxies 
all severe 
(n = 43) p-value

Proxies 
constant 
surveillance 
(n = 11)

Mild
(n = 10)

Moderate
(n = 36)

Severe with 
response
(n = 37) p-value

Mild
(n = 10)

Moderate
(n = 36)

Severe with 
response 
(n = 37) p-value

Standing 
(0–4)

0.0 (0.0, 0.0) 0.0 (0.0, 1.0) 2.0 (1.0, 3.0) < 0.0001 0.0 (0.0, 0.0) 0.0 (0.0, 1.0) 2.0 (1.0, 4.0) < 0.0001 2.0 (1.0, 4.0) < 0.0001 4.0 (4.0, 4.0)

Household 
tasks

0.0 (0.0, 1.0) 0.5 (0.0, 1.0) 2.0 (1.0, 3.0) < 0.0001 0.0 (0.0, 0.0) 1.0 (0.0, 1.0) 3.0 (2.0, 4.0) < 0.0001 3.0 (2.0, 4.0) < 0.0001 4.0 (4.0, 4.0)

Learning 0.5 (0.0, 1.0) 1.0 (0.0, 1.0) 2.0 (1.0, 2.0) 0.0006 0.0 (0.0, 0.0) 1.0 (1.0, 2.0) 3.0 (2.0, 3.0) < 0.0001 3.0 (2.0, 3.0) < 0.0001 3.0 (3.0, 3.0)
Community 

life
0.0 (0.0, 1.0) 1.0 (0.0, 2.0) 1.0 (1.0, 2.0) 0.027 0.5 (0.0, 1.0) 1.0 (0.0, 1.0) 2.0 (2.0, 3.0) < 0.0001 2.0 (2.0, 3.0) < 0.0001 3.0 (3.0, 3.0)

Emotional 
functions

0.5 (0.0, 1.0) 1.0 (0.0, 2.0) 1.0 (1.0, 3.0) 0.073 0.5 (0.0, 1.0) 1.0 (0.0, 2.0) 2.0 (1.0, 3.0) 0.0006 2.0 (1.0, 3.0) 0.0001 2.0 (2.0, 3.0)

Concentrating 0.0 (0.0, 1.0) 0.5 (0.0, 1.0) 1.0 (0.0, 2.0) 0.029 0.0 (0.0, 0.0) 1.0 (0.0, 2.0) 2.0 (1.0, 3.0) < 0.0001 2.0 (1.0, 3.0) < 0.0001 3.0 (2.0, 3.0)
Walking 0.0 (0.0, 0.0) 0.0 (0.0, 1.0) 2.0 (1.0, 4.0) < 0.0001 0.0 (0.0, 0.0) 0.0 (0.0, 1.0) 3.0 (1.0, 4.0) < 0.0001 3.0 (1.0, 4.0) < 0.0001 4.0 (4.0, 4.0)
Washing 

oneself
0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 1.0 (0.0, 2.0) < 0.0001 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 1.0 (1.0, 2.0) < 0.0001 1.0 (1.0, 3.0) < 0.0001 4.0 (3.0, 4.0)

Dressing 
oneself

0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 1.0 (0.0, 2.0) < 0.0001 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 1.0 (0.0, 2.0) < 0.0001 1.0 (0.0, 3.0) < 0.0001 3.0 (3.0, 4.0)

Dealing with 
strangers

0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 2.0) 0.020 0.0 (0.0, 0.0) 1.0 (0.0, 1.0) 2.0 (1.0, 3.0) < 0.0001 2.0 (1.0, 3.0) < 0.0001 3.0 (3.0, 3.0)

Maintaining 
friendships

0.0 (0.0, 0.0) 0.0 (0.0, 1.0) 1.0 (0.0, 2.0) 0.020 0.0 (0.0, 0.0) 0.0 (0.0, 1.0) 1.0 (1.0, 2.0) < 0.0001 2.0 (1.0, 3.0) < 0.0001 3.0 (2.0, 4.0)

Working ability 1.0 (1.0, 2.0) 2.0 (1.0, 3.0) 3.0 (2.0, 4.0) 0.0009 1.0 (1.0, 2.0) 3.0 (3.0, 4.0) 4.0 (4.0, 4.0) < 0.0001 4.0 (4.0, 4.0) < 0.0001 4.0 (4.0, 4.0)

Table III.  The World Health Organization minimal generic data-set item scores in traumatic brain injury at discharge from rehabilitation

Variable (median, range; 
25,75 percentile)

Mild 
(n = 10)

Moderate 
(n = 36)

Severe with response 
(n = 37) p-value 

All severe 
(n = 43) p-value 

Constant surveillance
(n = 11)

Energy and drive functions 1 (0–2; 0, 1) 1 (0–2; 1, 2) 2 (1–4; 2, 3) < 0.0001 2 (1–4; 2, 3) < 0.0001 3 (2–4; 2, 4)
Emotional functions 0 (0–1; 0, 1) 1 (0–2; 0, 1) 2 (0–4; 1, 2) < 0.0001 2 (0–4; 1, 3) < 0.0001 2 (0–3; 1, 3)
Sensation of pain 1 (0–2; 0, 2) 0 (0–2; 0, 0.5) 0 (0–3; 0, 1) 0.064 0 (0–3; 0, 1) 0.077 0 (0–3; 0, 1)
Daily activities 0 (0–1; 0, 1) 1 (0–2; 1, 2) 3 (1–4; 2, 3) < 0.0001 3 (1–4; 2, 3) < 0.0001 4 (3–4; 3, 4)
Walking 0 (0–0; 0, 0) 1 (0–1; 0, 1) 2 (0–4; 1, 3) < 0.0001 2 (0–4; 1, 3) < 0.0001 3 (1–4; 3, 4)
Moving around 0 (0–2; 0, 0) 1 (0–1; 0, 1) 3 (0–4; 2, 3) < 0.0001 3 (0–4; 2, 3) < 0.0001 4 (2–4; 4, 4)
Remunerative employment 1 (0–4; 1, 2) 3 (1–4; 2, 4) 4 (4–4; 4, 4) < 0.0001 4 (4–4; 4, 4) < 0.0001 4 (4–4; 4, 4)
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tion between patient WHODAS or FIM and the WHO 
minimal generic data-set being lower, but still strong 
(0.72 and –0.79, respectively). The correlation between 
patient/proxy WHODAS and FIM was strong (–0.56 
and –0.78, respectively), as well. 

The fact that disability levels measured with WHO-
DAS increased significantly with increasing severity 
of TBI is in accordance with a large Taiwanese register 
study (25) and our previous study in patients with ch-
ronic TBI, which showed that the overall WHODAS 
disability scores and the WHO minimal generic data-
set scores were higher in those with more severe TBI 
compared with milder injuries, and in more severe TBI 
physical motor functions were impaired in addition to 
cognitive and emotional functions (7). In the current 
study, individuals with mild, moderate and severe TBI 
were found to have, in median mild, moderate and 
severe disability according to WHODAS disability ca-
tegories, between-group differences exceeding the mi-
nimal clinically important difference of WHODAS-12 
derived in mild TBI (39). WHODAS was also found 
to be associated with discharge destination supporting 
previous research (25) showing that WHODAS is able 
to predict institutionalization after TBI (22). Even if 
proxies rated functioning more impaired than patients, 

the correlation between patient and proxy WHODAS 
was strong, which is in accordance with previous lite-
rature (40). Obviously, in case of brain injury, indivi-
duals with more severe injury may lack insight into the 
consequences of injury and the most subtle and least 
observable, but still important difficulties perceived 
by patients with mild injury, on the other hand, might 
be more difficult for proxies to notice. In patients with 
more severe injury and severe cognitive impairment or 
aphasia, the proxy version might be more suitable than 
patient’s self-rating. 

Previously, it has been shown that individuals with 
TBI have higher disability scores on WHODAS than 
those without TBI (20, 21). Patients with TBI and high 
overall disability have been found to perceive more dif-
ficulties and rated higher WHODAS scores than those 
with spinal cord injury of equally high overall disabi-
lity assessed with the WHO minimal generic data-set 
(26). However, when comparing the sTBI group in the 
current study and rehabilitants in our previous study 
with severe stroke and equally high disability asses-
sed with the WHO minimal generic data-set (29), the 
2 groups (i.e. individuals with sTBI and those with 
severe stroke) rated compatible WHODAS sum scores. 
Compared with other diagnostic groups with severe 

disability (25), the consequences of brain 
injury regardless of injury type (41) might 
be perceived as particularly disabling. 

In the current study, both activity li-
mitations and participation restrictions 
were found to increase significantly with 
increasing severity of TBI. In addition to 
activities of daily living, it is crucial to 
measure the participation component of 
functioning, such as ability to participate in 

Table IV.  Patient and proxy World Health Organization Disability Assessment Schedule (WHODAS) scores, the World Health Organization (WHO) 
minimal generic data-set scores and Functional Independence Measure (FIM) scores in mild, moderate, and severe traumatic brain injury at 
discharge from rehabilitation

Variable (median, 
range; 25,75 
percentile)

Mild
(n = 10)

Moderate
(n = 36)

Severe with
response 
(n = 37) pa

All severe
(n = 43) pa pb pc pd

Constant 
surveillance
(n = 11)*

WHODAS patient sum 3.5 (1–9, 2, 6) 8.0 (0–20, 5, 11.5) 20 (1–41, 13, 25) < 0.0001 0.05 < 0.0003 < 0.0003 29.5 (18–41, 
24, 34)

  Activities 0.2 (0.0–0.5, 0.2, 
0.2)

0.4 (0.0–2.2, 0.2, 
0.7)

1.7 (0.0–3.3, 0.8, 
2.2)

< 0.0001 0.08 < 0.0003 < 0.0003 2.5 (2.0–3.3, 2.2, 
2.8)

  Participation 0.4 (0.0–1.3, 0.2, 
0.8)

0.9 (0.0–2.5, 0.3, 
1.3)

1.5 (0.0–3.7, 1.0, 
2.0)

< 0.0001 0.2 0.0018 0.0006 2.2 (1.0–3.5, 1.7. 
3.0)

WHODAS proxy sum 3.0 (0.0–8.0, 2, 6) 10.5 (6–21, 
7.0–14.0)

25 (15–40, 20, 33) < 0.0001 27 (15–44, 20, 
34)

< 0.0001 < 0.0003 < 0.0003 < 0.0003 40 (26–44, 34, 
40)

  Activities 0.1 (0.0–0.3, 0.0, 
0.2)

0.5 (0–1.7, 0.3, 
0.8)

1.8 (0.7–3.7, 1.5, 
2.3)

< 0.0001 2.2 (0.7–3.7, 1.5, 
3.0)

< 0.0001 < 0.0003 < 0.0003 < 0.0003 3.3 (2.5–3.7, 3.0, 
3.7)

  Participation 0.4 (0.0–1.3, 0.2, 
0.8)

1.1 (0.5–2.5, 0.8, 
1.7)

2.2 (1.3–3.7, 2.0, 
2.8)

< 0.0001 2.3 (1.3–3.7, 2.0, 
3.2)

< 0.0001 0.0006 < 0.0003 < 0.0003 3.2 (2.2–3.7, 2.7, 
3.5)

WHO minimal generic 
data-set

3 (1–8; 3, 7) 8 (4–13; 6, 9) 16 (10–22; 13, 16) < 0.0001 16 (10–23; 13, 18) < 0.0001 0.002 < 0.0003 < 0.0003 20 (16–23; 18, 22)

Discharge FIM total 125.5 (120–126; 
123, 126)

121.5 (111–125; 
120, 124)

108 (48–124; 99, 
117)

< 0.0001 105 (44–124; 93, 
115)

< 0.0001 0.008 < 0.0003 < 0.0003 57 (44–93; 54, 
89)

  FIM motor 91 (88–91; 90, 91) 89.5 (78–91; 88, 90) 81 (28–91: 74, 87) < 0.0001 80 (28–91; 70, 87) < 0.0001 0.04 < 0.0003 < 0.0003 36 (28–73; 33, 62)
  FIM cognitive 34.5 (32–35; 32, 35) 33 (28–35; 31, 34) 28 (17–35; 23, 30) < 0.0001 27 (9–35; 22, 30) < 0.0001 0.1 < 0.0003 < 0.0003 21 (9–27; 18, 22)

aAll 3 severities. bMild vs moderate. cModerate vs severe. dMild vs severe,
In between-group comparisons Bonferroni correction has been used. Activities and participation scores used were mean values of the 6 items in the component in question.
p-values between different severity groups were equal when using either “severe with response” or “all severe” groups. *Patient WHODAS assessment n = 6.

Table V. Spearman correlation coefficients of sum scores (n = 89 except for in patient 
WHODAS assessment n = 83)

Scored at discharge The WHO 
minimal 
generic 
data-set

FIM 
total

FIM 
motor 
subscore

FIM 
cognitive 
subscore

WHODAS 
patient sum

WHODAS 
proxy sum

WHODAS patient sum 0.74 0.72 –0.56 –0.55 –0.48
 Proxy sum 0.74 0.93 –0.78 –0.70 –0.69
The WHO minimal 
generic data-set

0.72 0.93 –0.79 –0.74 –0.69

All correlations were significant at the level of p < 0.001. WHODAS: World Health Organization Disability 
Assessment Schedule; WHO: World Health Organization; FIM: Functional Independence Measure
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relationships, in the community and work, as participa-
tion ability has been found to be associated with quality 
of life even more strongly than other impairments 
(14–16). Also, previously, patients with chronic TBI 
have reported perceiving a diversity of significant dif-
ficulties in both WHODAS activities and participation 
components irrespective of the severity of the injury, 
and even after miTBI patients may have reported 
remarkable cognitive and emotional difficulties (7). 
High long-term disability on WHODAS in individu-
als with miTBI has been found to be associated with 
various psychiatric anxiety and depressive disorders 
(42). In miTBI and/or post-traumatic stress disorder, 
cognitive test performances have been less associated 
with WHODAS scores than mood and post-concussion 
syndrome (24). Vestibular dysfunction has been found 
to be directly and independently associated with post-
concussive symptoms and functional disability asses-
sed with WHODAS (23). At 3 months after injury, 
pain interference, but not cognition, has been found 
to partially explain the impact of miTBI on functio-
nal outcomes measured with WHODAS (43). In the 
current study, pain was mostly mild or non-existent 
with no significant differences between the TBI seve-
rity groups. Impairment in emotional functions was 
found to increase with increasing severity of TBI in 
assessments made by professionals and proxies, and 
a similar pattern was found in patients’ self-ratings. 
Post-traumatic stress disorder or other injuries, such 
as musculoskeletal trauma or vestibular dysfunction, 
which can potentially exacerbate the early psychoso-
cial outcome of TBI (44), were not diagnosed. Thus, 
in the current study, patients with miTBI were found 
to have significantly lower overall WHODAS scores 
than those with moTBI or sTBI.

A large number of studies have investigated the 
concurrent validity of WHODAS. In chronic TBI, a 
moderate inverse relationship has been found between 
WHODAS and Community Integration Questionnaire, 
and a strong inverse correlation between WHODAS 
and Quality of Life after Brain Injury Overall Score 
(28), and a strong to very strong correlation has been 
found between patient and proxy WHODAS and the 
WHO minimal generic data-set (7). In various popula-
tions, WHODAS has also been found to correlate with 
other self-reported measures of lived health, such as 
the World Health Organization Quality of Life and the 
Short-Form Health Survey, the correlations ranging 
from moderate to strong. Furthermore, WHODAS has 
been found to correlate with many disease-specific 
measures of activity limitations in various diagnostic 
groups, in general population samples in diverse 
countries and cultures, and in rehabilitation patients, 
the reported correlations varying from moderate to 
strong (19). In our previous study post-stroke, a strong 

to moderate correlation was found between WHO-
DAS and the WHO minimal generic data-set, FIM 
and a stroke-specific measure National Institutes of 
Health Stroke Scale (NIHSS) at discharge from stroke 
rehabilitation (29). The findings of the current study 
show a very strong correlation between WHODAS 
and the WHO minimal generic data-set, even slightly 
stronger than in our previous studies in chronic TBI 
(7) and in subacute stroke (29). Compared with stroke 
rehabilitants, however, evidence of similar concurrent 
validity between WHODAS and FIM has been lacking 
in patients with TBI.

As far as we know, this is the first study to investi-
gate concurrent validity of WHODAS compared with 
FIM after TBI. For this reason, the assessments were 
made simultaneously at discharge from rehabilita-
tion. In this study, WHODAS and FIM were found 
to correlate strongly in spite of their differences in 
functional items and perspectives. The correlation 
between proxy WHODAS and FIM was even stronger 
than between patient WHODAS and FIM. Almost as 
strong correlations were found in our previous study 
after subacute stroke rehabilitation (29). In addition, 
the current study showed that proxy WHODAS sum 
score and component scores differentiated miTBI 
from moTBI more accurate than FIM total and sub-
total scores and the other assessments. While FIM 
describes the burden of care from the point of view 
of the healthcare system, WHODAS is more patient- 
and family-centred describing problems perceived by 
patients and their significant others. FIM score defines 
how much assistance a person may need in order to 
achieve the optimal level of his or her functioning 
rather than the actual performance in everyday life 
without any assistance. Compared with FIM, a scale 
based on the ICF is meant to define difficulty level and 
may be more comprehensive for assessing the level 
of functioning, as it is able to take into account both 
concepts of capacity and performance (45). As FIM is 
a measure of dependence in activities of daily living, 
WHODAS, on the other hand, measures perceived 
activity limitations and participation restrictions. Many 
problems after TBI have been linked with participation 
(18, 25). In the current study, WHODAS participation 
component was found to be even more impaired than 
activities, especially in miTBI and moTBI, unlike in 
our previous study post-stroke with more equal distri-
bution of difficulties in the 2 components (29). In more 
severe TBI, in addition to participation difficulties also 
physical motor impairment is prominent, leading to 
increasing difficulties in activities of daily living. As-
sessing participation in addition to activities is crucial 
when assessing consequences of TBI across different 
severities and when planning rehabilitation targets for 
individuals with TBI. Thus, in clinical practice, the 
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impact of WHODAS as a valid, reliable and usable 
patient and proxy-reported outcome measure seems 
to be significant.

Study limitations

Although the number of participants in the study was 
limited, it was large enough for the purpose of this re-
search and to achieve useful results. The patients with 
severe TBI were older than those with milder severities; 
however, the median age in all severity groups was in 
working age range and the range was also equally wide 
in each group. The data were collected from a single 
academic hospital in Finland only, and therefore may 
not be generalizable to other settings as medical, social 
and cultural features and administrative practices may 
differ worldwide. Nevertheless, WHODAS and the 
WHO minimal generic data-set have been developed 
to study comparability across different populations 
and nations. The application of cross-sectional study 
design does not allow confirmation of causal relation-
ships of disability. However, the study included only 
rehabilitants with premorbid independent living and 
comorbidities were assessed carefully. As WHODAS 
was compared with FIM after rehabilitation, both 
measures had to be applied simultaneously at discharge 
from rehabilitation. The participants in different seve-
rity groups responded to WHODAS in median from 
1 to just over 2 months after TBI. Hence, WHODAS 
was applied according to the current functional status 
at the time of discharge, not in the preceding 30 days. 

Conclusion
At discharge from rehabilitation, strong correlation was 
found between patient and proxy WHODAS and FIM. 
However, proxy WHODAS was more accurate than 
FIM in differentiating mild and moderate TBI. Proxy 
WHODAS-12 seems to be superior to FIM in asses-
sing disabilities in patients with TBI. We recommend 
using the short and understandable 12-itemWHODAS 
2.0, when assessing the consequences of TBI, in order 
to enhance more individualized approach for setting 
rehabilitation goals and making future plans.

ACKNOWLEDGEMENTS

The study was approved by the Ethics Committee of 
the University and University Hospital (19.5.2015, 
73/2015). The ethics standards of the World Medical 
Association Helsinki Declaration of 1975, as revised 
in 1983 were followed.

The authors accept and agree with the United 
Nations’ Declaration of Human Rights.
The authors have no conflicts of interest to declare.

REFERENCES
1.	Dewan MC, Rattani A, Gupta S, Baticulon RE, Hung Y-C, 

Punchak M, et al. Estimating the global incidence of trau-
matic brain injury. J Neurosurg 2018; 130: 1080–1097. 
DOI: 10.3171/2017.10.JNS17352

2.	GBD 2016 Traumatic Brain Injury and Spinal Cord Injury 
Collaborators. Global, regional, and national burden of 
traumatic brain injury and spinal cord injury, 1990–2016: a 
systematic analysis for the Global Burden of Disease Study 
2016. Lancet Neurol 2019; 18: 56–87. DOI: 10.1016/
S1474-4422(18)30415-0 

3.	Laursen B, Moller H. Long-term health effects of unin-
tentional injuries in Danish adults. Dan Med J 2012; 59: 
A4423. 

4.	Ponsford JL, Downing MG, Olver J, Ponsford M, Acher R, 
Carty M, et al. Longitudinal follow-up of patients with 
traumatic brain injury: outcome at two, five, and ten 
years post-injury. J Neurotrauma 2014; 31: 64–77. DOI: 
10.1089/neu.2013.2997 

5.	Rickels E, von Wild K, Wenzlaff P. Head injury in Germany: 
a population-based prospective study on epidemiology, 
causes, treatment and outcome of all degrees of head-
injury severity in two distinct areas. Brain Inj 2010; 24: 
1491–1504. DOI: 10.3109/02699052.2010.498006

6.	Koskinen S, Hokkinen EM, Wilson L, Sarajuuri J, Von 
Steinbuchel N, Truelle JL. Comparison of subjective and 
objective assessments of outcome after traumatic brain 
injury using the International Classification of Functio-
ning, Disability and Health (ICF). Disabil Rehabil 2011; 
33: 2464–2478. DOI: 10.3109/09638288.2011.574776

7.	Tarvonen-Schroder S, Tenovuo O, Kaljonen A, Laimi K. 
Usability of World Health Organization Disability Assess-
ment Schedule in chronic traumatic brain injury. J Rehabil 
Med 2018; 50: 514–518. DOI: 10.2340/16501977-2345

8.	Tso S, Saha A, Cusimano MD. The Traumatic Brain Injury 
Model Systems National Database: a review of published 
research. Neurotrauma Rep 2021; 2: 149–164. DOI: 
10.1089/neur.2020.0047

9.	Tate RL, Godbee K, Sigmundsdottir L. A systematic review 
of assessment tools for adults used in traumatic brain 
injury research and their relationship to the ICF. NeuroRe-
habilitation 2013; 32: 729–750. DOI: 10.3233/NRE-130898

10.	Granger CV, Hamilton BB, Keith RA, Zielezny M, Sherwin 
FS. Advances in functional assessment for medical reha-
bilitation. Topics Geriatric Rehabil 1986; 1: 59–74. DOI: 
10.1097/00013614-198604000-00007

11.	Velikonja D, Oakes J, Brum C, Sachdeva M. Assessing the 
validity of Task Analysis as a quantitative tool to measure 
the efficacy of rehabilitation in brain injury. Brain Inj 2017; 
31: 68–74. DOI: 10.1080/02699052.2016.1212090

12.	World Health Organization (WHO). International Clas-
sification of Functioning, Disability and Health. Geneva: 
World Health Organization; 2001. https://www.who.int/
standards/classifications/international-classification-of-
functioning-disability-and-health.

13.	Üstün TB KN, Chatterji S, Rehm J. Measuring Health 
and Disability: Manual for WHO Disability Assessment 
Schedule (WHODAS 2.0). Geneva, Switzerland: World 
Health Organization; 2010. [Accessed June 16, 2012] 
Available from: https://www.who.int/publications/i/
item/measuring-health-and-disability-manual-for-who-
disability-assessment-schedule-(-whodas-2.0)

14.	Dijkers M. Quality of life after spinal cord injury: a meta 
analysis of the effects of disablement components. Spinal 
Cord 1997; 35: 829–840. DOI: 10.1038/sj.sc.3100571

15.	Cicerone KD. Participation as an outcome of traumatic 
brain injury rehabilitation. J Head Trauma Rehabil 2004; 
19: 494–501. DOI: 10.1097/00001199-200411000-00006

16.	Chung P, Yun SJ, Khan F. A comparison of participation 
outcome measures and the International Classification of 
Functioning, Disability and Health Core Sets for trauma-
tic brain injury. J Rehabil Med 2014; 46: 108–116. DOI: 

J Rehabil Med 55, 2023

https://www.who.int/publications/i/item/measuring-health-and-disability-manual-for-who-disability-assessment-schedule-(-whodas-2.0
https://www.who.int/publications/i/item/measuring-health-and-disability-manual-for-who-disability-assessment-schedule-(-whodas-2.0
https://www.who.int/publications/i/item/measuring-health-and-disability-manual-for-who-disability-assessment-schedule-(-whodas-2.0
https://medicaljournalssweden.se/index.php/jrm/index


JR
M

JR
M

Jo
ur

na
l o

f 
R

eh
ab

ili
ta

ti
on

 M
ed

ic
in

e
JR

M
Jo

ur
na

l o
f 
R

eh
ab

ili
ta

ti
on

 M
ed

ic
in

e

 WHODAS 2.0 vs FIM in traumatic brain injury p. 9 of 9

10.2340/16501977-1257
17.	Laxe S, Zasler N, Robles V, Lopez-Blazquez R, Tormos JM, 

Bernabeu M. ICF profiling of patients with traumatic brain 
injury: an international professional survey. Disabil Rehabil 
2014; 36: 82–88. DOI: 10.3109/09638288.2013.780641 

18.	Kersey J, McCue M, Skidmore E. Domains and dimen-
sions of community participation following trauma-
tic brain injury. Brain Inj 2020; 34: 708–712. DOI: 
10.1080/02699052.2020.1757153

19.	Federici S, Bracalenti M, Meloni F, Luciano JV. World 
Health Organization disability assessment schedule 2.0: 
an international systematic review. Disabil Rehabil 2017; 
39: 2347–2380. DOI: 10.1080/09638288.2016.1223177

20.	Cetty L, Abdin E, Vaingankar JA, Jeyagurunathan A, 
Chua BY, Picco L, et al. Prevalence and correlates of 
traumatic brain injury (TBI) in older adults: results from 
the Well-being of the Singapore Elderly (WiSE) study. 
Int Psychogeriatr 2017; 29: 1899–1907. DOI: 10.1017/
S104161021700134X

21.	Ilie G, Adlaf EM, Mann RE, Ialomiteanu A, Hamilton H, 
Rehm J, et al. Associations between self-reported lifetime 
history of traumatic brain injuries and current disability 
assessment in a population sample of Canadian adults. 
PloS One 2018; 13: e0188908. DOI: 10.1371/journal.
pone.0188908

22.	Huang SW, Chang KH, Escorpizo R, Chang FH, Liou TH. 
WHODAS 2.0 Can Predict Institutionalization among 
patients with traumatic brain injury. Int J Environ Res Public 
Health 2019; 16: 1484. DOI: 10.3390/ijerph16091484

23.	Denby E, Murphy D, Busuttil W, Sakel M, Wilkinson D. 
Neuropsychiatric outcomes in UK military veterans with 
mild traumatic brain injury and vestibular dysfunction. J 
Head Trauma Rehabil 2020; 35: 57–65. DOI: 10.1097/
HTR.0000000000000468

24.	Stika MM, Riordan P, Aaronson A, Herrold AA, Ellison RL, 
Kletzel S, et al. Cognition and other predictors of functional 
disability among veterans with mild traumatic brain injury 
and posttraumatic stress disorder. J Head Trauma Rehabil 
2021; 36: 44–55. DOI: 10.1097/HTR.0000000000000611

25.	Kuo CY, Liou TH, Chang KH, Chi WC, Escorpizo R, Yen CF, 
et al. Functioning and disability analysis of patients with 
traumatic brain injury and spinal cord injury by using the 
World Health Organization Disability Assessment Schedule 
2.0. Int J Environ Res Public Health. 2015; 12: 4116–4127. 
DOI: 10.3390/ijerph120404116

26.	Tarvonen-Schroder S, Tenovuo O, Kaljonen A, Laimi K. 
Comparing disability between traumatic brain injury and 
spinal cord injury using the 12-item WHODAS 2.0 and 
the WHO minimal generic data set covering functioning 
and health. Clin Rehabil 2018; 32: 1676–1683. DOI: 
10.1177/0269215518785945

27.	Tarvonen-Schröder S KA, Laimi K. Disability in amyotrophic 
lateral sclerosis compared with traumatic brain injury using 
the World Health Organization Disability Assessment Sche-
dule 2.0 and the International Classification of Functioning 
minimal generic set. Int J Rehabil Res 2018; 41: 224–229. 
DOI: 10.1097/MRR.0000000000000292

28.	Comley-White N, Mudzi W, Gouws H. Community 
reintegration of people with traumatic brain injury in 
South Africa. Brain Inj 2022; 36: 1187–1195. DOI: 
10.1080/02699052.2022.2111027

29.	Tarvonen-Schroder S, Hurme S, Laimi K. The World Health 
Organization Disability Assessment Schedule (WHODAS 
2.0) and the WHO Minimal Generic Set of Domains of 
Functioning and Health versus conventional instruments 
in subacute stroke. J Rehabil Med 2019; 51: 675–682. 
DOI: 10.2340/16501977-2583

30.	Cieza A, Oberhauser C, Bickenbach J, Chatterji S, Stucki 
G. Towards a minimal generic set of domains of functio-
ning and health. BMC Public Health 2014; 14: 218. DOI: 
10.1186/1471-2458-14-218

31.	Kay T, Douglas E, Adams R, Anderson T, Berrol S, Cicerone 
K et al. Definition of mild traumatic brain injury. J Head 
Trauma Rehabil 1993; 8: 86–87. 

32.	Carroll LJ, Cassidy JD, Holm L, Kraus J, Coronado VG. 
Methodological issues and research recommendations for 
mild traumatic brain injury: the who collaborating centre 
task force on mild traumatic brain injury. J Rehabil Med 
2004; 36: 113–125. DOI: 10.1080/16501960410023877

33.	Silva AG, Queiros A, Sa-Couto P, Rocha NP. Self-reported 
disability: association with lower extremity performance 
and other determinants in older adults attending primary 
care. Phys Ther 2015; 95: 1628–1637. DOI: 10.2522/
ptj.20140323

34.	Dodds TA, Martin DP, Stolov WC, Deyo RA. A validation 
of the functional independence measurement and its 
performance among rehabilitation inpatients. Arch Phys 
Med Rehabil 1993; 74: 531–536. DOI: 10.1016/0003-
9993(93)90119-u

35.	Andrews G, Kemp A, Sunderland M, Von Korff M, Ustun T. 
Normative Data for the 12 Item WHO Disability Assess-
ment Schedule 2.0. PloS One 2009; 4: e8343. DOI: 
10.1371%2Fjournal.pone.0008343

36.	Snell DL, Iverson GL, Panenka WJ, Silverberg ND. Prelimi-
nary Validation of the World Health Organization Disability 
Assessment Schedule 2.0 for Mild Traumatic Brain Injury. 
J Neurotrauma 2017; 34: 3256–3261. DOI: 10.1089/
neu.2017.5234

37.	Herrold AA, Kletzel SL, Mallinson T, Pape TLB, Weaver JA, 
Guernon A, et al. Psychometric measurement properties 
of the world health organization disability assessment 
schedule 2.0 (WHODAS) evaluated among veterans 
with mild traumatic brain injury and behavioral health 
conditions. Disabil Rehabil 2021; 43: 1313–1322. DOI: 
10.1080/09638288.2019.1660914

38.	Snell DL, Siegert RJ, Silverberg ND. Rasch analysis of the 
World Health Organization Disability Assessment Schedule 
2.0 in a mild traumatic brain injury sample. Brain Inj 2020; 
34: 610–618. DOI: 10.1080/02699052.​2020.1729417.

39.	Snell DL, Silverberg ND. Derivation of a minimal clinically 
important difference score for the WHODAS 2.0 in mild 
traumatic brain injury. NeuroRehabilitation 2023; 52: 
249–257. DOI: 10.3233/NRE-220004

40.	Hernandez JD SM, Pyares K, Posada AM, Salinas FA et 
Garcia HI. Assessment by proxy of the SF-36 and WHO-
DAS 2.0. A systematic review. J Rehabil Med 2023; 55: 
jrm4493. DOI: 10.2340/jrm.v55.4493

41.	Stocchetti N, Zanier ER. Chronic impact of trau-
matic brain injury on outcome and quality of life: 
a narrative review. Crit Care 2016; 20: 148. DOI.
org/10.1186%2Fs13054-016-1318-1

42.	O’Donnell ML, Alkemade N, Creamer MC, McFarlane AC, 
Silove D, Bryant RA, et al. The long-term psychiatric seque-
lae of severe injury: a 6-year follow-up study. J Clin Psy-
chiatry 2016; 77: e473–479. DOI: 10.4088/JCP.14m09721

43.	Hume CH, Mitra B, Wright BJ, Kinsella GJ. Mild trauma-
tic brain injury and functional outcome in older adults: 
pain interference but not cognition mediates the rela-
tionship between traumatic injury and functional dif-
ficulties. J Head Trauma Rehabil 2022. DOI: 10.1097/
HTR.0000000000000846

44.	Stiers W, Carlozzi N, Cernich A, Velozo C, Pape T, Hart 
T, et al. Measurement of social participation outcomes 
in rehabilitation of veterans with traumatic brain injury. 
J Rehabil Res Dev 2012; 49: 139–154. DOI: 10.1682/
jrrd.2010.07.0131

45.	Tarvonen-Schroder S, Laimi K, Kauko T, Saltychev M. 
Concepts of capacity and performance in assessment of 
functioning amongst stroke survivors: a comparison of the 
Functional Independence Measure and the International 
Classification of Functioning, Disability and Health. J Reha-
bil Med 2015; 47: 662–664. DOI: 10.2340/16501977-1974

J Rehabil Med 55, 2023

https://medicaljournalssweden.se/index.php/jrm/index

