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Abstract
Background: The World Health Organization (WHO) recommends the WHO Disability Assessment Schedule
(WHODAS) 2.0 as a generic assessment instrument to collect data on functioning and disability. The questionnaire
was developed speci�cally to capture the activities and participation domain as de�ned by the International
Classi�cation of Functioning, Disability and Health (ICF). Evidence on the most relevant factors predicting WHODAS
2.0 outcome in the context of musculoskeletal injuries are controversial. This study aims to assess change in
functioning of patients with severe musculoskeletal injuries undergoing inpatient rehabilitation over time.

Methods: A longitudinal multicentre study was conducted, following up 571 participants with severe musculoskeletal
injuries over the course of a �rst inpatient rehabilitation stay until 3 months after discharge. At admission, data on
sociodemographic, health-related aspects, functioning and contextual factors were collected. WHODAS 2.0 assessed
functioning. Data were analysed using a multilevel model approach.

Results: The mean WHODAS 2.0 declined from admission to discharge and 3-month follow-up, indicating an
improvement in functioning. Multilevel analyses revealed age, duration of inpatient rehabilitation, severity of the injury,
injury localizations, number of comorbidities, emotional functioning, pain, being informed about the injury, subjective
prognosis on return to work and agreement on treatment targets as factors in�uencing change in functioning over
time.

Conclusions: In a rehabilitation setting, a healthcare professional can promote an increase in functioning, for example,
by ensuring that there are treatment targets de�ned and agreed on with the patient and that the patient feels
su�ciently informed about the injury. The identi�ed factors could potentially be used for a short screening at
admission to rehabilitation to estimate the patient’s change of functioning over time.

Trial registration number and date of registration: DRKS00014857; July 04, 2018.

Background
More than one billion people worldwide, corresponding to about 15% of the world’s population, live with some degree
of disability. Of these, 110 to 190 million experience considerable impairments in functioning (1). It is estimated that
injuries constitute about 10% of the global burden of disease (2), and the importance of injuries regarding substantial
impairment of health is con�rmed by latest analyses from the Global Burden of Disease Study 2017 (3). Nevertheless,
there has been a decrease in global mortality due to injuries over the last decades (3). Research and especially
rehabilitation outcome research is now focusing on functioning, quality of life and return to work (RTW) due to the
decline of mortality rate and the increase of survival rate (4–7).

As injuries are not only associated with physical functioning but also mental and social aspects, a biopsychosocial
perspective is recommended to be addressed in trauma rehabilitation research (8–12). Improving activities and
participation of patients in addition to restoring and improving their body structures and functions is becoming
increasingly important in rehabilitation as well (13).

The biopsychosocial perspective has been adopted by the World Health Organization`s (WHO) International
Classi�cation of Functioning, Disability and Health (ICF) (14). According to the conceptualization of the ICF,
functioning is an umbrella term for body structures (anatomical aspects), body functions (physiological and mental
functions), as well as activities and participation. Contextual factors are de�ned as environmental factors (physical,
social and attitudinal environment in which people live) and personal factors (14). The ICF can be used to map
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problems in functioning and contextual factors of persons with musculoskeletal injuries to the components of the
classi�cation mentioned beforehand.

To know about (long-term) consequences of musculoskeletal injuries and associations with functioning and disability
is essential for an optimal rehabilitation treatment and management (6, 13). Particularly patient-reported outcomes
play an important role in assessing functioning and health (15–17), as well as in evaluating the outcome quality of
rehabilitative treatment (17, 18). WHO’s recommended generic assessment instrument to collect data on functioning
and disability is the WHO Disability Assessment Schedule (WHODAS) 2.0 (19). The questionnaire has been developed
speci�cally to capture the activities and participation domain as de�ned by the ICF and covers six domains of life
(cognition, mobility, self-care, getting along, life activities, participation).

Evidence on the most relevant factors predicting WHODAS 2.0 outcome in the context of musculoskeletal injuries are
controversial, although various studies have shown that for instance the severity of the injury (20–23), comorbidities
(21–24), premorbid disability (21–23, 25) or the symptom severity (26–29) have an in�uence on the WHODAS score.
Thus, it remains unclear in which activities and participation domains patients are limited and restricted and whether
or how these limitations and restrictions change over time.

The objective of the study is therefore to assess the change in functioning of patients with severe musculoskeletal
injuries undergoing inpatient rehabilitation over time using the WHODAS 2.0 and by applying multilevel analyses. The
speci�c aims are:

1. to analyse how functioning of patients with severe musculoskeletal injuries changes over the course of a �rst
inpatient rehabilitation stay until three months after discharge; and

2. to identify the factors in�uencing these changes over time.

Materials And Methods

Design
We performed a longitudinal multicentre study within the project “Predicting the Rehabilitation Outcome after trauma
based on the ICF” (icfPROreha), which was carried out in ten rehabilitation centres throughout Germany. The project
aims to identify factors in�uencing RTW and quality of life in patients with severe musculoskeletal injuries at the time
of admission to inpatient rehabilitation by collecting data on sociodemographic, health-related aspects, functioning,
quality of life and contextual factors. In this study, the WHODAS 2.0 was applied to a large population with severe
musculoskeletal injuries in inpatient rehabilitation for the �rst time.

Within the project an expert panel was implemented including 24 experts with different backgrounds related to clinical
and rehabilitative practice, administration and research (physicians, therapists, rehabilitation managers,
representatives of accident insurances) which guided the conceptualization of the project and methodolgy.

The project is a cooperation effort of the Department for Workman’s Compensation Rehabilitation at the BG Hospital
Murnau and the Chair of Public Health and Health Services Research at LMU Munich.

LMU Munich and the respective ethic committees of the involved rehabilitation centres gave ethical approvals for the
study. Registration to the German Registry for Clinical Studies proceeded on July 04, 2018 (Registration number:
DRKS00014857).

Participants
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Our study sample consists of patients being admitted to rehabilitation at one of the ten participating rehabilitation
centres between August 2018 and December 2019. We included patients who ful�lled the following inclusion criteria:
(a) aged 18–65 years (working age), (b) diagnosis of severe musculoskeletal injury, (c) �rst inpatient rehabilitation
treatment after injury, (d) trauma or accident occurred a maximum of 16 weeks ago, (e) aim of the study was
understood and (f) participants provided informed consent.

We excluded patients with (a) lesions of the major nerves including spine injuries, (b) neurological symptoms, (c)
traumatic brain injuries and (d) insu�cient knowledge of the German language to �ll in patient-reported outcome
measures.

Measures
Within the project icfPROreha a comprehensive set of variables was used. This variable set was decided on and
operationalized during a two-day structured and consensus-building process by the expert panel. The panel decided
on the variables based on the results of scoping reviews and expert surveys performed by researchers of LMU Munich
prior to the workshop. Standardized instruments, and more speci�cally patient-reported outcomes, were used wherever
possible. For the present study, we selected a reduced set of variables which was chosen based on published literature
and discussions within the research team (see Table 1).

In this analysis, we used the following standardized patient-reported outcome measures:

Functioning was assessed with the German version of the WHODAS 2.0 12-item self-administered or interviewer-
administered version. The response options of the 12 items range from 0 = no di�culties to 4 = extreme
di�culties/cannot do which sum up to a total score of 0 to 48, with zero indicating maximum functioning (19).

Emotional functioning was assessed with the Patient-Health-Questionnaire 4 (PHQ-4), an ultra-brief self-report
measure which combines a 2-item depression scale (PHQ-2) and a 2-item anxiety scale (GAD-2) to a summed score
between 0 and 12 (30, 31).

Self-e�cacy was assessed with the General Self-E�cacy Short Scale (Allgemeine Selbstwirksamkeit Kurzskala,
ASKU). It was constructed for the general German-speaking population. The mean value of the three individual items
makes up the total score (32).

Resilience was measured with the Resilience Scale RS-11 which is a shortened version of the original scale by Wagnild
and Young (1993) (33). The 11 items on a 7-point likert scale are added up to a total score (34).

Heavy drinking and/or active alcohol abuse or dependence were identi�ed using the Alcohol Use Disorder
Identi�cation Test Consumption Questions (AUDIT-C). The values of the three questions are summed up resulting in a
possible score of 0–12 (35).

Data Collection
Patients ful�lling the above-mentioned inclusion criteria were informed about the aim and procedure of the study and
were invited to participate when admitted to one of the ten inpatient rehabilitation centres. Patients who were willing
to participate signed informed consent. Gender, age and funding agency of rehabilitation were collected for the
patients which did not agree to participate. Patients were recruited between August 2018 and December 2019. The
study coordinators and physicians involved in the study underwent a training in recruitment strategy and data
collection.
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Patients �lled in an electronic survey using a mobile device during the �rst three days after admission (T1) and one to
three days before discharge (T2). There was also the possibility to complete the survey using a paper-based form if
there was a problem with the electronic device or a patient wished to do so. Three-month follow-ups (T3) were
conducted by telephone interviews performed by trained interviewers. If the patients were contacted at least �ve times
by telephone and were not reached or if they speci�cally requested it, a questionnaire was sent to them by postal mail.

Data was collected and anonymously stored on a protected server at LMU Munich using the web-based application
Research Electronic Data Capture (REDCap) (36).

Data Analysis

Descriptive Analysis
We examined the distributions of the variables (mean, standard deviations, absolute and relative frequencies) to
ensure that the data met the assumptions for statistical tests. Some variables needed to be recoded due to low
frequencies of response options. Table 1 shows the recoding of these variables.
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Table 1

Set of variables, labels, response options and recoding of variables.
Variable Label Response

Options
Recoding of
variables

Demographics      

Age# †   [in years]  

Gender# †   1 = female

2 = male

0 = female

1 = male

Personal
Factors

     

Living
situation

Do you live… 1 = alone

2 = with others

 

Social burden How many �nancially dependent children do you have? [number] 0 = no socially
stressful
circumstances

1 = any
socially
stressful
circumstances

Are there any special circumstances in your family that
burden you?

0 = no

1 = yes, care for
a relative

2 = yes, single
parent

3 = yes, other

Education# What is your highest general school leaving certi�cate? a 1 = pupil

2 = no
graduation

3 = 8th or 9th
grade

4 = 10th grade

5 = entrance
quali�cation for
a university of
applied sciences

6 = higher
education
entrance
quali�cation

7 = other
graduation / free
text

Free text (7)
was allocated
to other
categories

Vocational
training

Do you have a completed vocational training? 0 = no

1 = yes

 

Cultural
background

What is/are your native language(s)? 1 = German

2 = Turkish

3 = Polish

0 = German

1 = Other
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4 = Russian

5 = Italian

6 = Other

Subjective
prognosis on
return to work
(RTW)# †

Do you think that, based on your current state of health,
you will still be able to do your current job in a year's
time?

1 = unlikely

2 = not sure

3 = very likely

 

Self-e�cacy 3 items (e.g. I can rely on my abilities in di�cult
situations)2

1 = strongly
disagree to 5 =
strongly agree

 

Satisfaction
with life

Before the accident, how satis�ed were you - all in all -
with your life?

Visual Analogue
Scale [0 =
completely not
satis�ed to 100 =
completely
satis�ed]

 

Resilience# † 11 items (e.g. I like myself.)3 1 = disagree to 7
= agree

 

Health-related
aspects

     

Overall health# How would you describe your overall health right now?4 1 = excellent

2 = very good

3 = good

4 = not that good

5 = bad

1 = very good
(1, 2)

2 = good (3)

3 = not good
(4, 5)

Body mass
index

Body weight [kg] / height [m]^2    

Severity of
injury# †

Physician’s assessment Up to �ve
diagnoses
marked as

(V) = non-severe
injury

(S) = severe
injury

0 = no injury
was marked
as severe

1 = at least
one injury was
marked as
severe

Injury
localizations#

†

Physician’s assessment 1 = head
(without facial
skull)

2 = facial skull,
face

3 = cervical spine

4 = chest

5 = abdomen

6 = back
(thoracic or

1 = one injury
localization

2 = two injury
localizations

3 = three or
more injury
localizations
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lumbar spine)

7 = arms
(including
shoulder)

8 = legs
(including hip
and pelvic
bones)

9 = external and
other injury

(Multiple
answers
possible)

Comorbidities#

†

In the following list, please mark your current diseases.
(e.g. cardiovascular diseases, cancer, etc.)5

0 = not present

1 = medical
diagnose

2 = own
diagnose

0 = no
(further)
comorbidities

1 = one
(further)
comorbidity

2 = two
(further)
comorbidities

3 = three or
more (further)
comorbidities

Smoking
status#

Do you smoke?6 1 = yes, daily

2 = yes,
occasionally

3 = no, not any
more

4 = never
smoked

 

Heavy drinking 3 items (e.g. How often do you drink alcoholic
beverages?)7

0 = never

1 = less than
once a month

2 = 1 time per
month

3 = 1 time per
week

4 = daily or
almost daily

5 = no
information*

 

Game
addiction#

On average, how much time do you spend playing
games on your computer, game console,
smartphone/tablet or sur�ng the Internet for private
purposes ("indeterminate sur�ng") on a normal working
day?

0 = < 60 min.

1 = 1 to < 2 hours

2 = 2 to < 3 hours

0 = less than
60 min (0)

1 = more or
equal 60 min
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3 = 3 to < 4 hours

4 = 4 to < 5 hours

5 = ≥ 5 hours

6 = no
information

(1-5)

2 = no
information
(6)

 

Duration of
rehabilitation#

†

Duration of inpatient rehabilitation; dates assessed by
clinic

[Dates] [Weeks]

Functioning      

Job situation
before the
accident#

How was your job situation before the accident? 1 = fully
employed

2 = partially
employed (half-
day, hourly)

3 = un�t for work

4 = registered
jobseeker

5 = other

Free text (5)
was assigned
to categories

Inability to
work before
the accident#

How many weeks in the last 12 months before the
accident were you unable to work in total?

[weeks]  

Pain # †      

       at rest How severe is your pain at rest? Visual Analogue
Scale [0 = no to
100 =
excruciating
pain]

Higher value
was used for
pain

       under
stress

How severe is your pain under stress? Visual Analogue
Scale [0 = no to
100 =
excruciating
pain]

 

Sleep
functions# †

How do you sleep? Visual Analogue
Scale [0 = very
well to 100 =
very badly]

 

Emotional
functioning# †

4 items (Over the last two weeks, how often have you
been bothered by the following problems? E.g. feeling
nervous, anxious or on edge)8

0 = not at all

1 = several days

2 = more than
half the days

3 = nearly every
day

 

Taking care of
health

How much do you care about your health in general?6

 

1 = very much

2 = much

1 = less (4, 5)
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3 = moderate

4 = less

5 = not at all

2 = moderate
(3)

3 = much (1,
2)

 

 

Environmental
Factors

     

Residential
situation#

What is your residential situation? 1 = ground level

2 = at a �oor

3 = accessible
via elevator

4 = accessible
without elevator

0 = not barrier-
free

1 = barrier-free

Income# What is the monthly net income of your household? [€] 1 = < 900

2 = 900 to <
1300

3 = 1300 to <
1700

4 = 1700 to <
2300

5 = 2300 to
<3200

6 = 3200 to <
4000

7 = 4000 to <
5000

8 = ≥ 5000

9 = no
information

1 = below
1700 (1-3)

2 = 1700 to <
2300 (4)

3 = 2300 to
<3200 (5)

4 = 3200 or
more (6-8)

5 = no
information
(9)

Financial
assets# †

Do you currently have �nancial di�culties? 0 = no

1 = yes

2 = no
information

 

Main earner The household income corresponds to my personal
income

0 = no

1 = yes

2 = no
information

 

Job pro�le In your current job, you are … 1 = self-
employed

2 = dependent
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Work-related
injury#

I had the accident … 1 = at work

2 = on my way
to/from work

3 = at my free
time/doing
sports

4 = in tra�c

5 = at home / in
the garden

0 = no work-
related injury
(3-5)

1 = work-
related injury
(1,2)

 

Support at
work#

How much do you feel supported by your employer and
colleagues?

1 = not
supported at all

2 = something
supported

3 = moderately
supported

4 = quite
supported

5 = very
supported

1 = not
supported (1)

2 =
moderately
supported
(2,3)

3 = supported
(4,5)

Ongoing legal
dispute#

Are there currently still legal disputes in connection with
the accident?

0 = no

1 = yes

 

Previous
rehabilitative
treatment

In connection with the current injury I have already
received rehabilitative treatment

0 = no

1 = yes

 

Information
about injury# †

Do you feel su�ciently informed about your injury and
the consequences of your injury?

0 = no

1 = yes

 

Case
management

Do you already have personal contact with a
professional helper, rehabilitation manager or an
insurance clerk?

0 = no

1 = yes

 

Treatment
targets# †

Are there treatment targets which were de�ned and
agreed on?

0 = no

1 = yes

 

Satisfaction
with assistive
devices and
therapy#

How satis�ed are you with the current supply of assistive
devices and therapy?

1 = completely
satis�ed

2 = satis�ed

3 = moderately
satis�ed

4 = rather not
satis�ed

5 = completely
not satis�ed

1 = less
satis�ed (3-5)

2 =
moderately
satis�ed (2)

3 = satis�ed
(1,2)

Social
insurance
bene�ts

Do you expect additional bene�ts from a private
insurance?

0 = no

1 = yes
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2 = no
information

Support by
family and
friends

How much do you feel supported by your family and
friends?

1 = not
supported at all

2 = something
supported

3 = moderately
supported

4 = quite
supported

5 = very
supported

1 = not
supported (1)

2 =
moderately
supported
(2,3)

3 = supported
(4,5)

Acceptance by
family/partner

How much does your family/partner accept the new
situation after the injury?

0 = no family /
partner

1 = not at all

2 = something

3 = moderate

4 = pretty much

5 = very

6 = no
information

0 = no family
/ information
(0, 6)

1 = not at all
(1)

2 = moderate
(2,3)

3 = much (4,5)

Stressful life
events#

Has there been at least one stressful life event (e.g. death
of spouse/partner/family member, divorce or separation
from spouse/partner, illness of a family member,
dismissal without notice, unemployment, change in
�nancial situation) in the last 12 months?

0 = no

1 = yes

 

# p-value < 0.05 in exploratory analysis; † included in multilevel models; * coded as missing; a ALLBUS: German
General Social Survey (51); b ASKU: General Self-E�cacy Short Scale (32); c RS-13: Resilience Scale (34); d POLO:
Polytrauma-Outcome-Chart (52); e WAI: Work Ability Index (53); f GEDA: Current Health in Germany (54); 

g AUDIT-C: Alcohol Use Disorder Identi�cation Test Consumption Questions (35); h PHQ-4: Patient-Health-
Questionnaire 4 (30)

 

Modelling Change of Functioning over Time
We analysed the outcome (WHODAS 2.0 score) based on a multilevel model with time treated as categorical variable
with the levels admission (T1), discharge (T2) and 3-month follow-up (T3). Model speci�cations were made according
to the recommendations of Singer (37).

Exploratory Analysis
We added each potential predictor without and with time interaction separately to the basic time model, and the model
�t was compared using the Akaike Information Criterion (AIC). The research team then decided on the variables to be
included in a model consisting of so-called basic factors (such as age) and injury-related factors, as well as additional
factors (personal factors, environmental factors).
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We added the selected variables concerning basic factors and injury-related factors step by step to the model,
beginning with the variables which showed the most improvement in AIC. To assess the effect of additional factors,
we included them separately in the model, again using the AIC to compare the goodness of �t of the models. To come
up with a �nal model, we included all selected basic, injury-related and additional factors in a full model and removed
non-signi�cant effects (p ≥ 0.05).

We imputed missing values in the standardized patient-reported outcome measures according to the respective
instructions for analysis. Otherwise, we did not undertake missing data imputation. SAS software (version 9.4) (38)
was used for all statistical analyses.

Results

Descriptive Analyses
In total, 797 of 1060 eligible patients agreed to participate in the study by the end of the recruitment period. Those
who refused to participate (n = 263, 24.8 %) did not differ in age and gender from those who decided to do so. In our
analysis we included 571 participants (72.7 % male (n = 415), mean age 47.4 years (SD = 12.2)) from whom complete
WHODAS 2.0 data over the three time points admission (T1), discharge (T2) and 3-month follow-up (T3) was
available.

The mean duration of the inpatient rehabilitation was 5.4 weeks (SD = 3.4); 28.2 % (n = 160) of the patients suffered a
polytrauma and 43.5 % (n = 247) were diagnosed with a severe injury. The characteristics of the study population is
shown in Table 2. The most frequent diagnoses were fractures and dislocation of the foot (anklebone/heel
bone/tarsals) and vertebra fractures, deformities and instabilities (9.2 % each) followed by fractures of the pelvic ring,
deformity or instability (6.3 %). Table 3 displays the six most frequent diagnoses according to the Index of Injuries for
Inpatient Treatment of the German Social Accident Insurance (DGUV) (39), as well as the corresponding ICD-10 codes
(40).
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Table 2
Characteristics of participants (n = 571).

Characteristics Mean SDa

Age 47.4 12.2

Duration of rehabilitation [weeks] (n = 568) 5.4 3.4

  n %

Gender    

Male 415 72.7

Female 156 27.3

Cultural background    

German 532 93.2

Non-German 39 6.8

Living situation    

Alone 145 25.4

With others 426 74.6

Injury localizations (n = 568)    

One injury localization 408 71.8

Two injury localizations 102 18

Three or more injury localizations 58 10.2

Severity of injury (n = 568)    

Non-severe injuryb 321 56.5

Severe injuryc 247 43.5

Comorbidities    

No comorbidity 38 6.7

One comorbidity 157 27.5

Two comorbidities 156 27.3

Three or more comorbidities 220 38.5

a SD: Standard deviation; b Diagnosis according to the Index of Injuries for Inpatient Treatment of the German
Social Accident Insurance DGUV (39)

 



Page 15/28

Table 3
The six most frequent diagnoses (n = 571; multiple answers possible).

Diagnosisa ICD-10 code n %

Fractures and dislocation of foot (anklebone/heel bone/tarsals) S92.0–92.2, S93.0, S93.31 85 9.2

Vertebra fractures, deformities and instabilities S12.0–12.7, S22.0–22.1,
S32.0

85 9.2

Fractures of the pelvic ring, deformity or instability S32.1–32.7 58 6.3

Fractures of the lower leg in case of multiple fractures, fractures of
levels or joint involvement

S82.5–82.7, S82.11,
S82.21, S82.31

52 5.6

Fractures of the thigh near the hip joint S72.0–S72.2, 47 5.1

Fractures of proximal lower leg with joint involvement S82.1, S82.41 47 5.1

a Diagnosis according to the Index of Injuries for Inpatient Treatment of the German Social Accident Insurance
DGUV (39); b ICD-10: International Classi�cation of Diseases (40)

 

The mean WHODAS 2.0 total score was 21.0 (SD = 9.9) at admission, 14.9 (SD = 8.3) at discharge and 12.5 (SD = 7.6)
at 3-month follow-up. Figure 1 shows details on the distribution of the WHODAS 2.0 mean score of the whole
population for the different domains.

Modelling Change of Functioning over Time
The development of the WHODAS 2.0 score from admission over discharge to 3-month follow-up can be described
with the following model: WHODAS score = 21.042–6.165*T2–8.524*T3

Exploratory Analyses
Out of our dataset which included 43 variables in total, 27 variables showed effects (p < 0.05) either alone or in
interaction with time when they were added one by one to the model just including time (see Table 1 variables marked
with #). Table 4 provides details on the improvement of model �t for these variables, as well as the chosen variables
to be included in further analyses based on consultations in the research team and their assignment to the blocks.
Although gender did not show signi�cance (p ≤ 0.101) when being added to the model of time, it was decided to be
entered as forced-in variable into further exploratory models.
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Table 4
AICa values for effects of single predictors with p-value < 0.05, without and with time

interaction, sorted from lowest AICa (i.e. best model �t) to highest AICa (i.e. worst model
�t).

Basic Time Model plus AICa

Variable

AICa

Variable * Time

Emotional functioning*§ 11551.8 11545.8

Duration of rehabilitation*# 11605.6 11588.4

Job situation before the accident 11616.7 11621.6

Injury localizations*† 11626.2 11627.1

Pain*§ 11633.4 11636.7

Severity of injury*† 11638.0 1164.5

Overall health 11642.3 11647.8

Subjective prognosis on RTW*§ 11647.3 11653.7

Satisfaction with assistive devices and therapy 11650.7 11656.6

Information about injury*§ 11657.2 11652.4

Comorbidities*† 11655.8 11665.5

Ongoing legal dispute 11667.0 11660.0

Sleep functions*§ 11661.5 11665.2

Education 11683.0 11680.7

Support at work 11685.0 11690.3

Stressful life events 11688.9 11687.4

Treatment targets de�ned and agreed on*§ 11688.6 11690.1

Financial assets*§ 11689.5  

Smoking   11689.7

Residential situation 11696.7 11699.9

Inability to work before the accident 11697.0 11697.3

Work-related injury   11697.4

Age*#   11698.3

a Akaike Information Criterion; bold: lower AIC;

* Included in further analyses; # basic factor; † injury-related factor; § additional factor
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Basic Time Model plus AICa

Variable

AICa

Variable * Time

Resilience*§ 11698.8  

Basic Time Model 11701.1  

Case management 11703.1 11703.0

Game addiction   11703.4

Income   11706.6

a Akaike Information Criterion; bold: lower AIC;

* Included in further analyses; # basic factor; † injury-related factor; § additional factor

 

The results obtained from the multilevel analysis of the basic and injury-related factors are presented in Table 5. Each
stepwise inclusion of both factors improved the AIC of the model. Except for the variables gender and severity of
injury, all factors consistently showed signi�cant effects in the models. Including the additional factors emotional
functioning, pain, subjective prognosis on RTW, information about injury, sleep functions, rehabilitative goal, �nancial
assets and resilience separately in the multilevel model also resulted in an improvement of the AIC for each variable
(see Table 6).
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Table 5
Results of multilevel models, stepwise addition of basic factors (age, gender, duration of inpatient rehabilitation) and

injury-related factors (severity of injury, injury localizations, number of comorbidities).
Model Time Age Gender Duration of

inpatient
rehabilitation

Severity
of injury

Injury
localizations

Number of
comorbidities

Variables Estimate
(p-value)

           

Intercept (T1) 21.042
(< 0.001)

19.719
(< 
0.001)

23.739
(< 
0.001)

19.850 (< 
0.001)

19.372
(< 
0.001)

19.187 (< 
0.001)

18.080 (< 
0.001)

T2 -6.165
(< 0.001)

-6.165
(< 
0.001)

-9.302
(< 
0.001)

-7.196 (< 
0.001)

-7.196
(< 
0.001)

-7.196 (< 
0.001)

-7.196 (< 
0.001)

T3 -8.524
(< 0.001)

-8.524
(< 
0.001)

-11.523
(< 
0.001)

-9.281 (< 
0.001)

-9.281
(< 
0.001)

-9.281 (< 
0.001)

-9.281 (< 
0.001)

Age (T1)   -0.015
(0.607)

-0.017
(0.565)

-0.017
(0.566)

-0.013
(0.6487)

-0.010
(0.723)

-0.048
(0.089)

Age*T2   0.066
(0.015)

0.066
(0.015)

0.065
(0.016)

0.065
(0.016)

0.065
(0.016)

0.065 (0.016)

Age*T3   0.063
(0.019)

0.063
(0.019)

0.061
(0.022)

0.061
(0.022)

0.061
(0.022)

0.061 (0.022)

Gender     -1.095
(0.111)

-1.458
(0.030)

-1.55
(0.021)

-1.638
(0.0135)

-0.842
(0.1952)

Duration of
rehabilitation

      0.829 (< 
0.001)

0.816 (< 
0.001)

0.764 (< 
0.001)

0.687(< 
0.001)

Duration of
rehabilitation*T2

      -0.380 (< 
0.001)

-0.380
(< 
0.001)

-0.380 (< 
0.001)

-0.380 (< 
0.001)

Duration of
rehabilitation*T3

      -0.398 (< 
0.001)

-0.398
(< 
0.001)

-0.398 (< 
0.001)

-0.398 (< 
0.001)

Severity of injury         1.256
(0.037)

1.000
(0.095)

1.442 (0.013)

Two injury
localizations

          1.591
(0.042)

1.411 (0.062)

Three or more
injury
localizations

          2.972
(0.003)

2.850 (0.003)

One comorbidity             -0.737
(0.544)

Two
comorbidities

            1.667 (0.173)

aAkaike Information Criterion; bold: p-value < 0.05
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Model Time Age Gender Duration of
inpatient
rehabilitation

Severity
of injury

Injury
localizations

Number of
comorbidities

Three or more
comorbidities

            4.077 (0.008)

AIC 11701.1 11698.3 11697.7 11583.0 11580.6 11573.5 11536.5

aAkaike Information Criterion; bold: p-value < 0.05

 
Table 6

AICa for models including basic factors, injury-related factors and
additional factors, sorted from lowest (i.e. best model �t) to highest

(i.e. worst model �t).
Variable AICa

Emotional functioning*Time 11413.6

Pain 11485.2

Information*time 11491.6

Subjective prognosis on RTW 11498.9

Sleep functions 11517.5

Treatment targets de�ned and agreed on 11526.0

Financial assets 11528.4

Resilience 11531.3

aAkaike Information Criterion; bold: p-value of effect estimate < 0.05

 

Final Model
A complete model including all predictors mentioned in Table 6 resulted in an AIC of 11356.6. The removal of the non-
signi�cant effects (p ≥ 0.05) gender, sleep functions, �nancial assets and resilience resulted in a drop of the AIC to
11352.1, which marked the best model. The �nal model describing functioning over time therefore included time, age,
duration of inpatient rehabilitation, severity of injury, injury localizations, number of comorbidities, emotional
functioning, pain, information about injury, subjective prognosis on RTW and treatment targets de�ned and agreed on
(see Table 7).
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Table 7
Results of the �nal multilevel model describing functioning measured by the WHODAS 2.0 total score.

Variable Details Model Estimate* p-
value

Time Categorical [Reference: T1] Intercept 18.266 < 
0.001

  T2 -6.701 < 
0.001

  T3 -9.572 < 
0.001

Age Continuous [Years] Age (T1) -0.033 0.196

  Age*T2 0.064 0.016

  Age*T3 0.058 0.030

Duration of rehabilitation Continuous [Weeks] Duration of rehabilitation
(T1)

0.569 < 
0.001

  Duration of
rehabilitation*T2

-0.364 < 
0.001

  Duration of
rehabilitation*T3

-0.377 < 
0.001

Severity of injury Dichotomous Severity of injury 1.069 0.034

Injury localizations Categorical [Reference: One
injury localization]

Two injury localizations 1.096 0.096

  Three or more injury
localizations

2.174 0.001

Comorbidities Categorical [Reference: No
comorbidities]

One comorbidity -0.430 0.682

  Two comorbidities 1.054 0.319

  Three or more
comorbidities

2.315 0.028

Emotional functioning Continuous [Range: 0–12] Emotional functioning (T1) 0.906 < 
0.001

  Emotional functioning *T2 -0.197 0.111

  Emotional functioning *T3 -0.325 0.009

Pain Continuous [Range: 0–100] Pain 0.048 < 
0.001

Information about injury Dichotomous Information (T1) -3.357 < 
0.001

  Information*T2 0.011 0.989

  Information*T3 1.607 0.047

* bold: p-value < 0.05
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Variable Details Model Estimate* p-
value

Subjective Prognosis on
RTW

Categorical [Reference:
Unlikely]

Not sure -1.254 0.208

  Very likely -2.925 0.003

Treatment targets de�ned
and agreed on

Dichotomous Treatment targets de�ned
and agreed on

-1.200 0.019

* bold: p-value < 0.05

Discussion
The present study shows that the mean total WHODAS 2.0 score measuring functioning in persons with severe
musculoskeletal injuries declines over the course of a �rst inpatient rehabilitation stay until 3 months after discharge,
with a larger difference between admission to and discharge from the hospital than between discharge and 3-month
follow-up. Of initially 43 possible factors in�uencing the development of functioning, the following ten variables were
included in the �nal model to predict change in functioning additionally to time: age, duration of inpatient
rehabilitation, severity of injury, injury localizations, number of comorbidities, emotional functioning, pain, information
about injury, subjective prognosis on RTW and treatment targets de�ned and agreed on.

The improvement in functioning over time - as measured with the WHODAS - seems plausible, since rehabilitation
does not only aim to restore body functions, but also to improve patient’s activities and participation (13). The general
tendency of the WHODAS 2.0 to decline after an injury is also supported by other studies (8, 20, 29, 41), however, these
studies most often refer to a longer period of time.

Prior studies are controversial about the in�uence of gender on the WHODAS 2.0 score in trauma patients (20, 21, 29).
In our analysis, gender did not show signi�cant effects when it was added to the basic time model. Despite this, we
decided to treat it as forced-in variable in the exploratory models based on expert consultation. Removing gender
resulted in an improved model �t. In line with this the �nal model did not contain the variable. This could be due to the
fact that in our cohort, comorbidity seems to be a stronger predictor for the development of functioning over time than
gender. Increasing age was associated with worsened functioning at discharge and 3-month follow-up in our �nal
model, even though it had no statistically signi�cant in�uence on the baseline WHODAS 2.0 score. This �nding is in
line with previous research (20, 21). A longer period of inpatient rehabilitation was associated with poorer functioning
at baseline, which might be explained by the nature of the injuries: Injuries resulting in worse functioning probably
also require a longer inpatient rehabilitation. In contrast, at discharge and 3-month follow-up every additional week of
inpatient rehabilitation positively in�uenced functioning which is also con�rmed by Soberg and colleagues (29).

In our study, injury severity was measured according to the Index of Injuries for Inpatient Treatment of the German
Social Accident Insurance (DGUV) (39). Nevertheless, having a severe injury was found to be associated with
functioning. This is also con�rmed in other studies measuring severity using the Injury Severity Score (ISS) (42) or
New Injury Severity Score (NISS) (43) (20, 21, 29, 44). Having three or more injury localizations as well as having three
or more comorbidities both resulted in an increase of the WHODAS 2.0 total score. This �ts well with the results of
Davie et al. (41) who found multimorbidity to be associated with poorer functioning.

We found that decreased emotional functioning was associated with worse functioning at baseline in our �nal model.
This is in good agreement with studies which reported depression (25, 27, 45), stress (25, 46, 47) or post-traumatic
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stress disorder (28, 45) to be related to a higher WHODAS 2.0 score. Pain showed an association with functioning.
With each additional point in pain on a visual analogue scale (ranging from 0 – no pain to 100 worst pain) the
WHODAS 2.0 total score increased by 4.8 points. This �nding is consistent with previous research by Saltychev et al.
(26) who found correlations of musculoskeletal pain with WHODAS 2.0 score, as well as Silva et al. (27) who
identi�ed global pain to be the most important predictor for the total score.

The aspect of being con�dent to go back to the pre-injury job and to be able to do the previous job in one year’s time
signi�cantly improved functioning. To our knowledge, there is no other study speci�cally asking for subjective
prognosis on RTW in a setting comparable to ours. However, evidence exists for the perception of the injury to be a
threat to life or long-term disability negatively in�uences the development of the WHODAS 2.0 (21–23). These
�ndings indicate that having a positive perspective or attitude concerning the future might positively effect
functioning. Also, de�ning and agreeing on treatment targets are considered to be a fundamental part of the
rehabilitation process in clinical practice. Yet, a systematic review by Levack et al. could not clearly conclude that
“goal setting” in�uences the patient’s engagement for their rehabilitation process or their functional outcome (48). For
the process of goal setting itself, Rose et al. identi�ed in their systematic review a clear value in the cooperation
between healthcare professionals and patients to decide on the best procedure for rehabilitation (49). In our study, an
existing agreement on a treatment targets as well as feeling informed about the injury and its consequences were
associated with improved functioning. These results support the importance of goal setting and the involvement of
patients in the patient-centred decision process. However, feeling informed did not show consistent effects at
discharge and 3-month follow-up. In fact, the model even showed an increase in WHODAS 2.0 at 3-month follow-up.
This suggests feeling su�ciently informed might change during the course of the inpatient rehabilitation. Further
research is needed to fully explain the reasons for this discrepancy.

We would like to stress that only data collected by the end of March 2020 was used for the analyses in this paper. By
the end of March 2020, restraining orders and curfews had been imposed by the federal and state governments in
Germany because of the COVID-19 pandemic. In telephone interviews, many participants reported that the restrictions
due to the COVID-19 pandemic negatively affected their mood and their answers to the WHODAS 2.0 questionnaire.
Therefore, we decided to exclude all data collected after this time point.

One major strength of our study was that the study population was comparable in terms of age and gender to the
German trauma population according to the German TraumaRegister DGU® (mean age 50.5; 70.2 % male) (50).
Furthermore, the study had a large sample size and different study sites across Germany. We used the WHODAS 2.0, a
short, valid and reliable instrument recommended by WHO, to measure functioning, as well as other standardized
instruments wherever possible. Since the second part of our study was of exploratory nature, the entire project team
was involved to ensure that the preselection of variables was done in a meaningful way by taking into account a
clinical and content-related perspective and was not based on statistical analyses only.

Several limitations might have in�uenced the reported results. First, one must be aware that the results only cover
patients with musculoskeletal injuries and are probably not transferable to other patient populations, especially to
patients with severe neurological injuries. Second, the order in which the variables were added to the model was
arbitrary, and a different order could have led to different results. Besides, it is unclear whether participants who could
not be contacted for their 3-month follow-up are missing at random. This could be a potential source for bias.

The self-administered and the interviewer-administered version of the WHODAS 2.0 were applied, therefore there might
be an effect on the participants’ answers. Finally, the �ndings from this study may not be transferable to a long-term



Page 23/28

change over time in functioning assessed with the WHODAS 2.0. The results can however be updated once the entire
project is completed and will include further time points up to 78 weeks after discharge from inpatient rehabilitation.

In conclusion, our study identi�ed several factors which can be collected at admission to inpatient rehabilitation to
predict functioning of patients with musculoskeletal injuries. The results highlight relevant factors which could be
targeted for intervention in rehabilitation settings. Providing support groups for instance could help to limit negative
in�uences of pain and impaired emotional functioning on patients’ every-day lives. In order to strengthen the
improvement of functioning, it could be bene�cial to timely de�ne and agree on a treatment targets and to ensure that
the patient feels su�ciently informed about the injury and its consequences.
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Figure 1

Mean WHODASa 2.0 scores at admission (T1), discharge (T2) and 3-month follow-up (T3) according to the domains.


