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Abstract 

 

Objective: To investigate the differences in return to work (RTW), participants’ 

satisfaction, and costs of early versus late vocational rehabilitation after acquired brain 

injury (ABI). 

 

Design: Longitudinal, prospective study. 

 

Setting: Two Dutch rehabilitation centres that implemented either the Early Vocational 

Rehabilitation (EVR) or the Late Vocational Rehabilitation (LVR) intervention. 

 

Subjects: Twenty-two EVR patients and 11 LVR patients (all working before ABI), and 

their employers and occupational physicians.  

 

Main measures: Time till RTW, defined as the number of days between ABI and being 

able to perform useful tasks for the employer. Secondary outcome measures: RTW 

proportion, defined as the percentage of patients who achieved RTW within 12 months 

after the start of rehabilitation; participants’ satisfaction with the received support and the 

intervention’s result (range: 0-10); intervention costs; and costs determined from different 

perspectives at 18 months after the start of rehabilitation.  

 

Results: No statistically significant differences between the EVR and LVR group were 

found on time till RTW (206 versus 190 days; p=0.82), RTW proportion (EVR group: 

32%, 58%, 79%, and 88% at 3, 6, 9, and 12 months after rehabilitation start; LVR group: 

40%, 67%, 89%, and 78%; p=0.48-0.66), satisfaction with the received support (8 versus 

7; p=0.84) and result (8 versus 8; p=0.08), intervention costs (€2108 versus €2165; 

95%CI -972-1069), and costs from a societal, healthcare, employer’s, and patient’s 

perspective. 

 

Conclusions: RTW, satisfaction, and costs did not differ significantly between the EVR 

and LVR interventions. Most patients returned to work within one year after the start of 

their rehabilitation.  
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Introduction 

 

Acquired brain injury (ABI), due either to a traumatic or non-traumatic cause, is one of the 

most disabling diseases in existence.
1
 As a result, return to work (RTW) is not always 

self-evident.
2
 There are indications that specialist vocational rehabilitation (VR) has a 

positive effect on RTW after ABI.
3,4

 Two existing models of VR are the case coordination 

model and the supported employment model.
5
 Key features of the case coordination 

model are the monitoring of the VR process by a case coordinator, integration of VR into 

an overall individualized rehabilitation plan, a focus on early intervention, continuity of 

care, and coordination of VR with other post-acute rehabilitation services.
5
 Key 

components of the supported employment model, on the other hand, are a quick job 

placement with minimal pre-employment training, individualized training and advocacy on 

the worksite, and job coaching on a one-to-one basis until job competence is reached.
5,6

 

Weak to moderate evidence exists that VR interventions designed according to these two 

models have a positive influence on the chance of placement in employment of people 

with ABI.
5,7-11

 

In two different rehabilitation centres in the Netherlands, one of the above-mentioned 

models was used for designing their VR intervention. The intervention designed 

according to the case coordination model is called the ‘Early Vocational Rehabilitation’ 

(EVR) intervention.
12,13

 The intervention designed according to the supported employment 

model is called the ‘Late Vocational Rehabilitation’ (LVR) intervention. Each intervention 

was implemented in the rehabilitation centres as part of usual care. The aim of both 

interventions was to support people with ABI during their RTW process in cooperation 

with their employer and occupational physician, in order to prepare them to return to 

work. Due to the differences in design, however, differences exist between both 

interventions with respect to their start, stakeholder engagement, location of the work 

training, and support during the work training. It can be hypothesized that those 

differences are associated with differences in outcomes and costs. First, a difference in 

the proportion of people that achieve RTW is expected. Because of the earlier start of the 

EVR intervention compared to the LVR intervention, more uncertainties about the extent 

of recovery that would occur are expected in the EVR group, leading to the inclusion of 

more patients for VR whose RTW outcome is uncertain at the start of the VR intervention. 

As a result, a lower proportion of people that achieve RTW is expected in the EVR group. 

However, because of the earlier start, it can be expected that EVR patients who achieve 

RTW will need fewer days between ABI and RTW than those in the LVR group. On the 

other hand, because work training in the LVR intervention starts at the patient’s worksite 

instead of in the rehabilitation centre, as in the EVR intervention, it can also be expected 

that LVR patients will need fewer days to start RTW than the EVR group. Another 

consequence of the above-mentioned difference with respect to the location of the work 

training is that EVR work training can be provided in groups, whereas LVR work training 
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can only be provided on an individual basis. As the costs per patient are lower when 

intervention strategies are provided in groups rather than on an individual basis, 

intervention costs per patient are expected to be lower in the EVR group than in the LVR 

group. If in reality the VR interventions have a positive influence on RTW, absenteeism 

costs will decrease. In addition, because people who are employed generally make use 

of fewer healthcare services than unemployed people
14-17

, achieving RTW will lead to 

lower healthcare expenditures. Consequently, it is expected that the investments made 

by providing the VR interventions during the standard rehabilitation process will be cost-

saving on the long term. 

Although there are indications that VR interventions designed according to the case 

coordination model and the supported employment model have a positive influence on 

RTW
5,7-11

, the differences in RTW and costs between both interventions are unknown. 

These differences need to be investigated in order to get an impression of which 

intervention should be considered as best practice, to maximize the RTW effects of 

implementation in other rehabilitation centres and to minimize the costs for society. 

Furthermore, as it is expected that the participants’ compliance with an intervention is 

better when they are satisfied with both the intervention itself and its result, participant 

satisfaction has to be taken into account as well. Consequently, the main purpose of this 

study was to investigate the differences in time till RTW between the EVR intervention 

and the LVR intervention. Secondary purposes were to investigate: the differences 

between the two VR interventions in RTW proportion within one year after the start of 

rehabilitation; the differences in patients’, employers’, and occupational physicians’ 

satisfaction with the VR interventions; and the differences in costs during the first 18 

months after the start of the rehabilitation. Since in the Netherlands the RTW process is 

the responsibility of the employer and employee during the first two years of sick leave
18

, 

cost-benefit analyses are not only provided from a societal and healthcare perspective, 

but also from the employer’s and patient’s perspective.  

 

 

Methods 

 

Participants 

Patients who started inpatient or outpatient rehabilitation in the EVR or the LVR centre 

between July 18
th
, 2011 and September 1

st
, 2012 were asked to participate if they fulfilled 

the following inclusion criteria: 1) having a non-progressive ABI; 2) aged between 18 and 

62 years; and 3) having a paid job before ABI. In addition, their aim of rehabilitation had 

to include return to work. Once the patients had provided informed consent, their 

employer and occupational physician were asked to participate as well.  

 

  



Early versus late vocational rehabilitation after acquired brain injury 

147 

Protocol 

In both rehabilitation centres, the VR intervention was part of usual care. In order to 

include all patients at the same stage of their rehabilitation, all eligible patients were 

asked by their medical doctor to participate during the intake of their rehabilitation 

process. After providing informed consent, the process of the patient’s VR intervention 

was monitored and the contact information of the employer and occupational physician 

were obtained from the patient. An information letter was then sent to the employer and 

occupational physician. 

Every three months after the start of the rehabilitation, the patients, employers, and 

occupational physicians received a questionnaire that had been self-designed by the 

investigators to gather information about time till RTW, RTW proportion, and costs. 

Another questionnaire was sent at the end of the VR intervention to gather information 

about the actors’ satisfaction with the intervention and its result. All questionnaires were 

sent either by mail or by email, depending on the participant’s preferences. If 

questionnaires were not completed within two weeks, a reminder was sent. If no 

completed questionnaire returned after the reminder, the questionnaire was sent again 

with the next questionnaire. If necessary, a reminder was sent again. If no completed 

questionnaire returned after this reminder, a letter was sent enquiring about the reason 

for not returning the questionnaires. If participants did not respond to this reminder, they 

were not contacted any more.  

The medical ethics committee of the Academic Medical Center, Amsterdam, the 

Netherlands approved the study (reference number WII-048 # 11.17.0590). 

 

Variables 

Baseline characteristics 

At baseline, the following characteristics of the patients were assessed by a rehabilitation 

professional: gender, age, diagnosis (i.e. stroke, subarachnoid haemorrhage, contusion, 

postanoxic encephalopathy, or infection); time since injury (days between injury and start 

of the rehabilitation process); presence of aphasia and neglect (yes/no); cognitive 

functioning (determined using the cognitive subscale of the Utrecht Scale for Evaluation 

of Clinical Rehabilitation (USER); 0-50 points)
19

; and physical functioning (defined by the 

mobility of the upper extremities, measured using the Action Research Arm Test (ARAT); 

0 (no movements can be performed) - 57 (normal performance) points)
20

, mobility/walking 

ability (measured using the mobility subscale of the USER (0-35 points), and the 

Functional Ambulation Category (FAC; 0 (non-functional ambulator) - 5 (independent 

ambulator who can walk freely on any surface) points)
19,21

, and the ability to take care of 

oneself (measured using the self-care subscale of the USER; 0-35 points)
19

).  

Three months after the start of the rehabilitation, a questionnaire was sent to the patients 

to investigate the following pre-injury characteristics: level of education (i.e. low (no or 

only lower (vocational) education), moderate (high school or moderate vocational 
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education), or high (bachelor or master)); profession (i.e. office jobs, (public) service jobs, 

and industrial and manual labour jobs
22

); number of working hours per week; number of 

years employed at the current company; and wages.  

 

VR interventions 

The VR intervention (scored as EVR or LVR) was considered to be the independent 

variable. A description of the interventions is given in appendix 1.  

 

Main outcome measure 

Time till RTW 

Time till RTW was defined as the number of days between ABI and being able to perform 

useful tasks for the employer. Whether useful tasks were performed, and since what date 

was determined by the employer and assessed every three months till one year after the 

start of the rehabilitation, using questionnaires. 

 

Secondary outcome measures 

RTW proportion 

RTW proportion was defined as the number of patients that returned to work and was 

determined at three, six, nine, and twelve months after the start of rehabilitation. On the 

questionnaire, the patient reported the number of hours that they worked in a paid job, an 

unpaid job, or partially while still on sick leave during the previous two weeks. 

Additionally, they reported the number of sick leave hours as well as the number of hours 

the patients took off due to reasons other than sick leave during the previous two weeks. 

If working hours (in a paid job or hours worked  while still on sick leave) or hours patients 

took off due to reasons other than sick leave were filled in, patients were considered to 

be returned to work, independent of the number of hours worked. If solely sick leave 

hours were filled in, patients were considered not to be returned to work. If the patient 

had lost his or her job, the patient was also considered as not returned to work.  

 

Satisfaction 

Satisfaction of the patient, employer, and occupational physician with: a) the support the 

actor received from the rehabilitation centre during the VR process; and b) the patient’s 

result of the VR process was determined at the end of the individual VR process. Using a 

questionnaire, all actors were asked to rate their satisfaction on a scale ranging from 1 

(not satisfied at all) to 10 (very satisfied). A mean score for each individual VR process 

was computed (including the available scores from the patient, employer, and 

occupational physician).  
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Costs 

Costs included intervention, medical (related to RTW), occupational health, informal care, 

travelling, and productivity costs. Unless otherwise stated, costs were assessed at 3, 6, 

9, 12, 15, and 18 months using questionnaires. 

Intervention costs were estimated by multiplying the patients’ time spent per discipline 

(based on time registration data) by the respective providers’ average gross hourly 

salaries including overhead costs. For this, all treatment hours that (partially or wholly) 

focused on RTW were included.  

Healthcare utilization, including primary and secondary care, was valued using Dutch 

standard prices.
23

 If unavailable, prices according to professional organizations were 

used. 

The use of occupational healthcare included support provided by the employer, 

colleagues, an occupational physician, and a behavioural therapist. The associated costs 

were valued using the providers’ gross hourly salaries including overhead costs or a 

previously established unit price.
22

 

Informal care included support provided by caregivers/relatives and was valued in 

accordance with the Dutch manual of costing.
23

 

Travelling costs included those of patients, rehabilitation professionals, occupational 

health professionals, and caregivers/relatives. Distances travelled by the patients in 

relation to their outpatient visits as well as those of rehabilitation professionals were 

derived from time registration systems. All others were assessed using questionnaires. 

Dutch guideline prices were used for valuing travelling costs.
23

  

Productivity costs included absenteeism and domestic task costs. Absenteeism costs 

were estimated by multiplying the patients’ number of sick leave days by their associated 

costs. The latter were calculated by dividing the patients’ gross annual salaries including 

overhead costs by their number of workable days per year.
23

 As only the number of sick 

leave days during the previous two weeks were reported, the total number of sick leave 

days during follow-up was estimated using linear interpolation. The Friction Cost 

Approach (FCA) was used for the societal perspective, with a 23-week friction period and 

an elasticity of 80%.
24

 For the employer’s perspective, the Human Capital Approach 

(HCA) was used, including the whole period of sick leave.
23

 Domestic tasks costs were 

estimated by assessing the extra time patients needed to perform activities of daily living. 

Domestic tasks costs were valued in accordance with the Dutch manual of costing.
23

 

An overview of the unit prices used for valuing resource use is provided in appendix 2. All 

costs were converted to 2012 euros using consumer price indices. Costs beyond one 

year were discounted at a rate 4%.
23

 

 

Sensitivity analyses 

With regard to the costs, two sensitivity analyses were performed: one in which the HCA 

was used instead of the FCA when the societal perspective was applied (SA1), and one 
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in which extreme outliers (i.e. >2SD deviating from the group’s mean number of VR 

treatment hours) were excluded (SA2). 

 

Process measures  

The following process measures were computed using information gathered from the 

patient files: time (measured in days) between the start of rehabilitation and: a) start of 

the VR intervention; b) end of the VR intervention; and c) end of the rehabilitation 

process. 

 

Data analysis 

To detect possible differences between the baseline characteristics and outcomes of the 

EVR and the LVR group, Chi-square tests were performed for the nominal and ordinal 

baseline characteristics, and RTW proportions. Mann-Whitney tests were performed for 

the continuous baseline characteristics and satisfaction rates.  

A Kaplan-Meier analysis was performed to investigate for both intervention groups the 

average time till RTW. A log-rank test was performed to assess whether differences 

between the two curves were statistically significant. If a statistically significant difference 

was found and the proportional hazards assumption was satisfied, a Cox regression 

analysis was performed to quantify the effect in a hazard ratio.  

The cost-benefit analysis was performed from a societal perspective in which all relevant 

costs were measured, regardless of who pays or benefits.
25

 Analyses were also 

performed from the healthcare, employer’s, and patient’s perspective. Missing data were 

multiply imputed using Fully Conditional Specification and Predictive Mean Matching.
26,27

 

Thirty different data sets were created (Loss of Efficiency ≤ 0.05) and pooled estimates 

were calculated using Rubin’s rules.
28

 The costs of both VR interventions were compared 

by determining the 95% confidence intervals (CIs) for the mean differences in costs, 

using Bias Corrected and Accelerated bootstrapping with 5000 replications.
29,30

 

In all analyses, significance was set at p ≤ 0.05. 

 

 

Results 

 

Participants 

A total of 562 patients started inpatient or outpatient rehabilitation because of ABI (Figure 

1). Of these, 34 were included and received VR. Since one of the 34 patients dropped out 

prior to the first questionnaire, analyses were based on the data of 22 EVR patients and 

11 LVR patients. No statistically significant differences in baseline characteristics were 

found between the two VR groups (Table 1).  
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Figure 1: Flow chart of the inclusion of the patients 

 

Number of patients starting 

rehabilitation between July 18
th
, 

2011 and September 1
st
, 2012 

because of ABI 

Number of patients fulfilling 

criteria of inclusion 

Number of patients included  

Number of patients receiving 

VR included for data analysis 

EVR centre 

406 

85 

49 

22 

Patients not receiving VR: 26 

(RTW already achieved: 1; 

conflict with employer: 2; 

medical problems: 4; 

receiving RTW support from 

employer/occupational 

physician or another institute: 

8; rehabilitation continued in 

another institute: 6; do not 

want to continue the VR 

process after the VR intake: 

4; practical problems: 1)  

Not willing to participate: 22; 

medically not justified to ask 

for participation: 3; missed: 8; 

rehabilitation in the EVR 

centre too short to ask for 

participation: 3 

Drop outs: 1 

LVR centre 

156 

49 

18 

11 

Patients not receiving 

VR: 7 

(RTW already achieved: 

3; conflict with employer: 

1; medical problems: 3)  

Not willing to participate: 

9; medically not justified 

to ask for participation: 8; 

missed: 13; reason 

unknown: 1 

Drop outs: 0 
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Table 1: Baseline characteristics of the patients with regard to their age, gender, 

consequences of ABI, and pre-injury working situation 

VR approach  EVR (n=22)  LVR (n=11) 

Variable  n 

Number of subjects per 

characteristic  n 

Number of subjects per 

characteristic 

Gender 

  

 22 Men:  

Women: 

17 

5 

 11 Men: 

Women: 

8 

3 

Diagnosis  22 Stroke: 

SAH: 

Contusion: 

PAE: 

Infection: 

9 

4 

4 

1 

4 

 11 Stroke: 

SAH: 

Contusion: 

PAE: 

Infection: 

9 

1 

0 

1 

0 

Aphasia  22 Yes: 

No: 

6 

16 

 11 Yes: 

No: 

3 

8 

Neglect  22 Yes: 

No: 

2 

20 

 11 Yes: 

No: 

2 

9 

Walking ability 

(FAC) 

 22 0: 

1: 

2: 

3: 

4: 

5: 

1 

0 

1 

0 

4 

16 

 11 0: 

1: 

2: 

3: 

4: 

5: 

0 

0 

0 

0 

4 

7 

Education level  22 Low: 

Average: 

High: 

7 

7 

8 

 11 Low: 

Average: 

High: 

5 

2 

4 

Job type  22 Office:  

(Public) 

service field:  

Industry and 

manual labour:  

7 

 

7 

 

8 

 11 Office:  

(Public) service 

field:  

Industry and 

manual labour: 

6 

 

5 

 

0 

  n Median 

Minimum-

Maximum  n
*
 Median 

Minimum-

Maximum 

Age (years)  22 52 25 – 62  11 50 30 – 55 

Time since injury 

(days) 

 22 23 7 – 642  11 21 6 – 427 

Cognitive 

functioning 

(points) 

 22 43.5 28 – 50  9 46 30 – 50 

Physical 

functioning (points) 

- ARAT 

- USER - mobility 

- USER - self-care 

  

 

22 

22 

22 

 

 

57 

30.5 

35 

 

 

0 – 57 

3 – 35 

7 – 35 

  

 

11 

10 

10 

 

 

57 

34.5 

35 

 

 

0 – 57 

23 – 35 

29 – 35 

Number of working 

hours/week 

 22 40 15 – 40  11 40 23 – 46 

Years working in 

same company 

 22 7 1 – 39  10 11 2 – 32 

Abbreviations: n: number; SAH: subarachnoid haemorrhage; PAE: postanoxic encephalopathy; 

FAC: Functional Ambulation Category; ARAT: Action Reach Arm Test; USER: Utrecht Scale for 

Evaluation of clinical Rehabilitation   

*Number of participants in the LVR group vary between the analyses due to some missing values  
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In the EVR group, 20 employers and 14 occupational physicians participated, of whom 

two employers and five occupational physicians completed all questionnaires. For one 

patient, no employer and occupational physician could be contacted because the fixed-

time contract of the patient had expired shortly after inclusion. In the LVR group, eight 

employers and 11 occupational physicians were willing to participate, of whom zero 

employers and three occupational physicians completed all questionnaires.  

 

Time till RTW 

In the EVR group, data of 19 patients were available for analysis. Median time till RTW 

was 206 days (range 59-509). Data of five patients were censored (i.e. employers 

dropped out of the study so the patients’ RTW status was unknown during the remainder 

of the study, or RTW was not started within one year). In the LVR group, data of eight 

patients were available for analysis. Median time till RTW was 190 days (range 66-446). 

Data of one patient were censored. The inverse Kaplan-Meier curves of both intervention 

groups are given in figure 2. No statistically significant difference between the curves was 

found (p=0.82).  

 

 

 

  

Figure 2: The inverse Kaplan-Meier curves of the EVR and LVR intervention groups 

7 



Chapter 7 

154 

Table 2: Number of people that achieved (partially or wholly) RTW at 3, 6, 9, and 12 

months after the start of rehabilitation 

  EVR  LVR p- 

value   n* RTW (%) No RTW (%)  n* RTW (%) No RTW (%) 

3 months  19 6 (32%) 13 (68%)  10 4 (40%) 6 (60%) 0.65 

6 months  19 11 (58%) 8 (42%)  9 6 (67%) 3 (33%) 0.66 

9 months  19 15 (79%) 4 (21%)  9 8 (89%) 1 (11%) 0.52 

12 months  17 15 (88%) 2 (12%)  9 7 (78%) 2 (22%) 0.48 

*Number of patients in both group varies between the analyses because patients dropped out 

 

 

RTW proportion 

The number of people that returned (partially or wholly) to work per intervention group is 

given in table 2. The differences between the groups were not statistically significant.  

 

Satisfaction 

No statistically significant differences in median satisfaction scores with regard to the 

support received from the rehabilitation centre were found between the groups (EVR: 8 

points (range 6-9); LVR: 7 points (range 5-9); p=0.84) and in median satisfaction scores 

with regard to the result of the EVR process for the patient (EVR: 8 points (range 6-9); 

LVR: 8 points (range 7-9); p=0.08). 

 

Costs 

The mean number of patient-related VR intervention hours was 43 (+/- 38.7) hours in the 

EVR group and 43 (+/- 22.9) hours in the LVR group. Mean intervention costs per patient 

were €2108 (SEM: 401) in the EVR group and €2165 (SEM: 338) in the LVR group and 

did not differ statistically significantly (95%CI -972 to 1069). In table 3 the mean costs per 

patient and the differences in costs between the EVR and the LVR groups are presented 

per cost category and per perspective. Mean costs per patient were lower in the EVR 

group than in the LVR group when the societal, healthcare, and employer’s perspectives 

were applied. When the patient’s perspective was applied, mean costs were higher in the 

EVR group than in the LVR group. However, none of these between-group differences 

were statistically significant.  

 

Sensitivity analyses 

The results of the sensitivity analyses (Table 4) revealed that the findings of the main 

analysis were robust and did not change when using the HCA instead of the FCA (SA1),  
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Table 3: Mean costs in euros per patient in the EVR and LVR intervention groups and 

mean cost differences between both groups during the 18-month follow-up, presented 

per perspective  

Cost category 

EVR (n=22)  LVR (n=11) 

Mean difference 

(95% CI) 

Mean (SEM) 

costs in euros  

Mean (SEM) 

costs in euros 

Societal perspective        

VR intervention 2108  (401)  2165  (338) -57 (-972 to 1069) 

Medical costs (related to 

RTW) 

1571  (261)  2094  (318) -523 (-1406 to 202) 

Primary care 1329  (250)  1707  (250) -378 (-1077 to 261) 

Secondary care 243  (45)  387  (143) -144 (-658 to 41) 

Occupational health costs 2522  (287)  3054  (864) -533 (-3569 to 639) 

Informal care 570  (99)  609  (108) -38 (-328 to 252) 

Travelling costs 939  (323)  788  (240) 151 (-475 to 1176) 

Patient 880  (307)  709  (236) 171 (-439 to 1142) 

Rehabilitation 

professional 

11  (2)  5  (2) 6 (1 to 12)
a
 

Occupational  17  (4)  57  (28) -40 (-148 to -7)
a
 

Caregiver/relative 31  (15)  17  (7) 13 (-10 to 63) 

Productivity 21236  (1752)  24552  (2382) -3316 (-8323 to 3708) 

Absenteeism (FCA) 20903  (1780)  24379  (2393) -3475 (-8545 to 3527) 

Domestic tasks costs 333  (92)  173  (37) 160 (22 to 447)
a
 

Total 28947 (2194)  33263 (2840) -4316 (-10432 to 3923) 

Healthcare perspective        

VR intervention 2108  (401)  2165  (338) -57 (-972 to 1069) 

Medical costs (related to 

RTW) 

1571  (261)  2094  (318) -523 (-1406 to 202) 

Primary care 1329  (250)  1707  (250) -378 (-1077 to 261) 

Secondary care 243  (45)  387  (143) -144 (-658 to 41) 

Travelling costs        

Rehabilitation 

professional 

11 (2)  5  (2) 6 (1 to 12)
a
 

Total 3691  (580)  4264  (529) -573 (-2012 to 1034) 

Employer’s perspective        

Occupational health costs 2522  (287)  3054  (864) -533 (-3569 to 639) 

Travelling costs        

Occupational 17  (4)  57  (28) -40 (-148 to -7)
a
 

Absenteeism (HCA) 35280  (3968)  36877  (4850) -1596 (-14581 to 9632) 

Total 37819  (4136)  39988  (4948) -2169 (-15343 to 9630) 

Patient’s perspective        

Travelling costs        

Patient 880  (307)  709  (236) 171 (-439 to 1142) 

Productivity        

Domestic tasks costs 333  (92)  173  (37) 160 (22 to 447)
a
 

Total 1213  (319)  881  (319) 331 (-309 to 1291) 

Abbreviations: n: number; SEM: Standard Error of the Mean; CI: Confidence Interval; FCA: 

Friction Cost Approach; HCA: Human Capital Approach 
a
Statistically significantly different (p ≤ 0.05) 
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Table 4: Mean total costs in euros per patient and mean cost differences between both 

groups during the 18-month follow-up as computed in the sensitivity analyses 

Cost category 

EVR (n=22)  LVR (n=11) 

Mean difference (95% CI) 

Mean (SEM) 

costs in euros  

Mean (SEM) 

costs in euros 

Using HCA instead of FCA       

Societal perspective        

Total 43324 (4489)  45760 (5021) -2463 (-16007 to 10123) 

Outlier excluded        

Societal perspective        

Total 28339 (2211)  33263 (2840) -4924 (-11087 to 3172) 

Healthcare perspective        

Total 3280 (430)  4264 (529) -984 (-2330 to 331) 

Employer’s perspective        

Total 36521 (4119)  39988 (4948) -3467 (-16571 to 7950) 

Patient’s perspective        

Total 1224 (335)  881 (319) 342 (-306 to 1312) 

Abbreviations: n: number; SEM: Standard Error of the Mean; CI: Confidence Interval; FCA: 

Friction Cost Approach; HCA: Human Capital Approach 

 

 

or when the data of one outlier were excluded in the EVR group (SA2). In other words, 

between-group differences in costs were not statistically significant in all sensitivity 

analyses as well. 

With regard to the intervention, in SA2 the mean number of patient-related EVR 

intervention hours was 36 (+/- 24.7) hours, leading to a mean cost of the intervention per 

patient of €1799 (SEM: 269). These costs also did not differ statistically significantly from 

the mean costs of the LVR intervention (95%CI -1223 to 422).  

 

Process measures 

The EVR intervention started at a median of 0 days (range 0-41) from the start of the 

rehabilitation, and the LVR intervention at a median of 146 days (range 72-237). The 

median number of days between the start of rehabilitation and the end of the VR process 

was 215 (range 71-486) in the EVR group and 307 (range 218-384) in the LVR group. 

The median number of days between the start and end of rehabilitation was 266 (range 

54->750, while the rehabilitation process of one of the patients has not been ended on 

the day the analysis was performed) in the EVR group and 358 (range 245-441) in the 

LVR group.  
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Discussion 

 

The purpose of this study was to investigate the differences in RTW, satisfaction, and 

costs between the EVR and LVR interventions. No statistically significant differences 

were found with respect to the time till RTW. In addition, no differences in RTW 

proportions were found between the groups. So both interventions lead to a comparable 

RTW result at one year after the start of rehabilitation. There were also no statistically 

significant differences between both groups in satisfaction with the support the actors 

received from the rehabilitation centres and the result of the VR intervention. Moreover, 

costs did not statistically significantly differ between both groups, irrespective of the 

applied perspective. 

The main reason for the lack of statistically significant differences between the 

interventions is probably the fact that the study was underpowered for all outcome 

measures due to the relatively low number of participants. Especially in the LVR group, 

fewer patients participated than expected. The underpowerment of the study makes it 

difficult to draw valid conclusions about which intervention gives the best results and/or 

lowest costs. With regard to the time till RTW, another possible reason for the lack of 

statistically significant differences may be the heterogeneity of the time since injury of the 

patients. Since in both rehabilitation centres inpatient and outpatient patients are 

admitted to their VR interventions, both patient groups were included in the study. 

However, the heterogeneity of the time since injury led by definition to large ranges in 

time till RTW (measured from ABI), making it difficult to find statistically significant 

differences in this underpowered study. 

Although not significant, it is noteworthy that the directions of the differences between the 

groups were as hypothesized in the introduction: the EVR group needed more time till 

RTW, a higher relative RTW proportion was found in the LVR group compared to the 

EVR group during the first three quarters after the start of rehabilitation but the relative 

RTW proportion became higher in the EVR group than in the LVR group during the fourth 

quarter, and the intervention costs were lower in the EVR group than in the LVR group. 

Adequately powered trials are necessary to confirm the hypotheses.  

It is not possible to decide whether one of the interventions should be considered as best 

practice. It can be discussed, however, whether the RTW results of both interventions are 

clinically relevant and could help in making a decision about whether it would be 

beneficial to implement one or both of the interventions. There are no studies known in 

which the case coordination model and the supported employment model were 

compared. However, in previous studies that evaluated one of the models, 47-80%
7-9

 of 

the people receiving a VR intervention designed according to the vocational case 

coordinator model
5
, and 41-70%

10,11
 of the people receiving a VR intervention designed 

according to the supported employment model
5
 achieved RTW within a mean of two to 

six years after injury. Although differences in inclusion criteria and RTW definitions make 
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it difficult to compare the results of the different studies in detail, compared to the results 

of the studies performed earlier, which are currently the best indicators of the possible 

success of the interventions, the time till RTW and the RTW proportions of the EVR and 

the LVR interventions are promising while 78-88% of the people started working. 

The results with respect to the participants’ satisfaction were also promising: both groups 

rated their satisfaction with a score in the upper 30% of the range of possible scores. 

However, these scores may have been expected since in a study performed earlier in 

which patients’ experiences with Dutch hospitals were evaluated during three different 

years, comparable scores in the upper 30% of the range of possible scores were found.
31

 

However, while high scores in another study do not automatically mean that high scores 

are guaranteed in our study, the satisfaction scores with regard to the EVR and the LVR 

interventions can be considered as promising.  

When the cost-benefit analysis was applied from the societal perspective, the average 

costs per patient in the EVR group were about €4000 lower than those of the LVR group. 

If these results are confirmed in studies with sufficient power, a difference of €4000 per 

patient can lead to a large difference in costs for society per year, if multiplied by the 

number of patients possibly eligible to receive a VR intervention per year.  

 

Strengths and limitations of the study 

An important strength of the study was its practice-based design (i.e. no artificial situation 

was created for the study), which increases the generalizability of the results to the 

situation in a rehabilitation centre. Another strength is that multiple imputation was used 

to fill in missing cost data. With this technique, multivariate regression analyses are used 

to predict missing values on the basis of observed factors. Multiple imputation of the 

missing cost data was of particular importance for two reasons. First, very few patients 

had complete cost data, which is caused by the fact that their total costs were the sum of 

numerous cost components. Thus, if only one cost item is missing, total costs are missing 

as well. Second, cost data tend to follow a highly skewed distribution and therefore 

require relatively large sample sizes.
32,33

  

Several limitations are worth mentioning as well. The most important limitation of the 

study was its underpowerment, making it difficult to draw valid conclusions about possible 

differences between the groups. Performing research in one rehabilitation centre per VR 

intervention has the implication that the number of possible eligible participants is limited 

to the number of patients that is registered for rehabilitation in that particular rehabilitation 

centre. In addition, not all eligible patients participated in the study. Furthermore, the 

number of completed questionnaires decreased over time, especially the employers’ and 

occupational physicians’ questionnaires, leading to missing data. The reasons for this 

were diverse (for example, no RTW expected within considerable time, RTW already 

achieved, termination of the patient’s work contract, or a change of corresponding 

employer or occupational physician who does not know the patient well enough). It is 
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expected that during the first months after ABI, no RTW expected within considerable 

time is the main reason for drop outs. Consequently, an overestimation of the results 

could have occurred.  

Another limitation concerns the generalizability of the study: the results of the study are 

only generalizable to people admitted to inpatient or outpatient rehabilitation because of 

ABI and who seem able to achieve RTW but are expected to need some support only 

while these people were included in the study.  

A point of discussion is whether the assessment interval of three months led to a recall 

bias, for example with regard to the support the patients received or the number of times 

travelling during the previous three months: do people remember exactly what happened 

during the previous three months or do they forget events? As a result, an 

underestimation of the outcomes could have occurred. However, the interval of three 

months was chosen to ease the burden on the participants and to increase compliance. 

Since the interval was the same in both intervention groups, it is expected that the 

interval did not lead to differences in outcome between the two groups.  

Because of the disabling consequences of ABI, it is expected that most people are not 

able to achieve 100% of their productivity before ABI. Because the productivity level was 

unknown in the current study, 100% productivity was chosen for every patient that 

received RTW. If the participants achieved lower productivity percentages in real life, an 

underestimation of the absenteeism costs occurred in our study. 

Finally, it should be mentioned that it was difficult to make a strict distinction between 

standard rehabilitation treatment hours and VR treatment hours as the interventions are 

interweaved with standard rehabilitation. Strategies learned during rehabilitation can be 

applied to situations encountered during work, and, vice versa, the RTW motivation of 

people is used as motivation for rehabilitation training. This supports the idea of including 

VR into standard rehabilitation, as is done in both interventions. In addition, it should be 

mentioned that the reported intervention costs include only the patient-related 

rehabilitation treatment hours that (partly) focused on RTW between the start and the end 

of the VR intervention instead of the total rehabilitation costs, and that housing costs or 

the costs for making work samples were not included. The overnight stays during 

inpatient rehabilitation and the hours without a focus on work were excluded. While the 

unit price of an overnight stay in a rehabilitation centre was about €360 in 2012
23

, total 

rehabilitation costs are expected to be much higher than the intervention costs presented 

in this study. It is expected that the duration of the inpatient stay did not depend on the 

VR interventions and that the hours without a focus on work do not influence RTW and 

do not differ between the groups. While EVR work training is provided in the rehabilitation 

centre, not including housing costs could have led to an underestimation of the EVR 

intervention costs. Costs for making work samples are expected to be minimal because 

most of them consist of standard rehabilitation tasks but clearly focused on work, or are 
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derived from the employer. Overall, it is expected that including these costs would not 

have changed the conclusions of the study. 

 

Recommendations 

It is recommended to implement the EVR and the LVR interventions in other rehabilitation 

centres in order to support people with ABI during their RTW process. Because no 

differences in RTW outcome, costs, or satisfaction between the EVR and the LVR 

intervention were found, the specific context of each rehabilitation centre should 

determine which intervention is to be implemented. Future adequately powered 

multicentre studies are necessary to obtain better estimates of the effects of the 

interventions. 

During the rehabilitation process, only the first step of the RTW process is made, trying to 

achieve a certain amount of readiness for work. However, the main part of the costs for 

the society are formed by the absenteeism costs. These costs are not only determined by 

the time till RTW and the RTW proportions, but also by the number of hours one remains 

on sick leave, and sustainability of RTW. Therefore, in addition to the short-term effects, 

the longer-term effects must also be taken into account. Future research should 

investigate whether those people who become ready for work within one year after the 

start of the rehabilitation were able to return in a sustainable way and whether long-term 

differences between the groups exist. In addition, differences in regained productivity 

while at work (i.e. presenteeism) have to be investigated. To minimize the chance of 

missing data, methods to maximize the participation of each actor group have to be 

tested first. 

 

 

Conclusion 

 

No differences in time till RTW, RTW proportions, satisfaction of the participants with the 

VR interventions and the results of the interventions, or costs were found between the 

EVR and the LVR intervention groups. In both the EVR and the LVR group, about 80 to 

90% of the patients were able to achieve RTW within one year after rehabilitation. 

Implementation of both interventions in other rehabilitation settings is recommended in 

order to help more people with ABI during their RTW process. Additionally, multicentre 

studies should be performed to investigate long-term differences between the 

interventions, and long-term effects of both interventions on sustainability of RTW and 

costs.  
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Appendix 1: Description of the EVR and the LVR intervention 

 

 EVR intervention LVR intervention 

Start moment On the first day of the (inpatient 

or outpatient) rehabilitation 

process 

Starts when the patient lives at 

home independently (thus after 

the inpatient rehabilitation 

stopped) 

Coordination of the 

process 

Provided by a vocational 

rehabilitation specialist (or EVR 

specialist) who is a member of 

the rehabilitation team and has 

knowledge about ABI and 

about the rules and legislations 

concerning sick leave and RTW 

Provided by the occupational 

therapist and neuropsychologist 

that are involved in the standard 

rehabilitation process of the 

patient 

Stakeholder 

engagement 

The employer and occupational 

physician are involved. 

Information about the patient’s 

job and working capacities is 

exchanged. At the end, the 

patient, partner, employer, and 

occupational physician receive 

advice about the continuation of 

the RTW process 

During three meetings (start, 

half-way, end) all stakeholders 

(patient, partner, employer, 

colleague, and occupational 

physician) are informed about 

working capacities. Consensus 

about the vocational programme 

is acquired 

Location of the work 

training 

At the rehabilitation centre. If 

possible, training is continued 

on the workplace 

At the patient’s workplace 

Support during the work 

training 

Provided by an interdisciplinary 

team of ABI and/or work 

specialists 

Provided by the occupational 

therapist, neuropsychologist, 

and a co-worker (usually a 

colleague of the patient); the co-

worker is supported by the 

coordinating occupational 

therapist 

Duration of the VR 

intervention 

Varies across the patients, 

depending on the duration of 

the standard rehabilitation 

process and the individual 

effects of EVR 

The programme lasts four 

months 
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Appendix 2: Specification of the costs categories, the unit prices (in 

euros) used for valuing resource use, and the resource of information 

 

Cost category Unit prices (euros 2012) Source resource use information 

VR intervention Per hour
a
  

Rehabilitation physician 90.71 Rehabilitation centres’ TRS
b
 

Psychologist 60.68 Rehabilitation centres’ TRS
b
 

Clinical linguist 53.98 Rehabilitation centres’ TRS
b
 

Vocational rehabilitation 

specialist 

46.47 Rehabilitation centres’ TRS
b
 

Work trainer 46.47 Rehabilitation centres’ TRS
b
 

Occupational therapist 46.47 Rehabilitation centres’ TRS
b
 

Physical therapist 46.47 Rehabilitation centres’ TRS
b
 

Social worker 46.47 Rehabilitation centres’ TRS
b
 

Speech therapist 46.47 Rehabilitation centres’ TRS
b
 

Cognitive trainer 41.24 Rehabilitation centres’ TRS
b
 

Medical costs  

(concerning RTW) 

Per standard  

consult
c
 

 

Primary care   

General physician 29.70 Patient’s questionnaire
f
 

Psychologist or cognitive 

trainer 

84.85 Patient’s questionnaire
f
 

Social worker 68.94 Patient’s questionnaire
f
 

Occupational therapist or 

physical therapist 

30.76
d
 Patient’s questionnaire

f
 

Speech therapist 35.00 Patient’s questionnaire
f
 

Secondary care   

Rehabilitation physician 110.31 Patient’s questionnaire
f
 

Vocational rehabilitation 

specialist 

38.18
e
 Patient’s questionnaire

f
 

Occupational health costs Per hour  

Employer 200% of the wages  

of the patient
g
 

Patient’s questionnaire
f
 

Co-worker / colleague Same wage as  

the patient
g
 

Patient’s questionnaire
f
 

Occupational physician 167.18
h
 Patient’s questionnaire

f
 

Behavioural therapist 

specialized in traffic 

152.35
i
 Patient’s questionnaire

f
 

Informal care Per hour
j
  

Support related to RTW of 

the patient provided by 

caregiver/relative 

13.26 Patient’s questionnaire
f
 

Support provided by 

caregiver/relative during 

performing activities of 

daily living 

13.26 Patient’s questionnaire
f
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Appendix 2 (continued) 

 

Cost category Unit prices (euros 2012) Source resource use information 

Travelling costs Per kilometre by car or 

public transport 

 

Patient during outpatient 

rehabilitation 

0.21 Rehabilitation centres’ time 

registration systems
k
 

Patient related to RTW 0.21 OR 2.12 (+ 3.71 

basic price) by taxi 

Patient’s questionnaires
l
 

Rehabilitation professional 0.21 Rehabilitation centres’ time 

registration systems
m
 

Employer 0.21 OR 2.12 (+ 3.71 

basic price) by taxi 

Employer’s questionnaire
l
 

Co-worker / colleague 0.21 OR 2.12 (+ 3.71 

basic price) by taxi 

Employer’s questionnaire
l
 

Occupational physician 0.21 OR 2.12 (+ 3.71 

basic price) by taxi 

Occupational physician’s 

questionnaire
l
 

Caregiver/relative 0.21 Patient’s questionnaires
l
 

Productivity costs Per hour  

Absenteeism Wages of the patient
g
 Patient’s questionnaire

f,n 

Domestic tasks costs 13.26
j
 Patient’s questionnaire

f,o 

a
Based on the average gross salaries per discipline including holiday allowances and premiums; 

b
Number of patient-related hours that were spent per discipline per patient as registered in the 

time registration system (TRS); 
c
According to Dutch guidelines for costing studies

23
; 

d
Average of 

the prices of both professions (€ 38.18 & € 23.33); 
e
Cost price of a physical therapist according to 

the Dutch guidelines for costing studies
23

; 
f
Number of times support provided by the actor during 

the last three months, assessed every three months; 
g
Based on the gross salaries of the patients 

before ABI, including holiday allowances and premiums; salaries were converted into prices per 

hour based on the patient’s number of working hours per week before ABI, corrected for the fixed 

number of days off in the Netherlands
23

; 
h
Derived from Nachtegaal et al.

22
; 

i
Derived from the 

therapist; 
j
According to the price of informal care of the Dutch guidelines for costing studies

23
; 

k
Number of days of outpatient rehabilitation during the VR intervention was used to determine 

number of travelling; distance between patient’s house and the rehabilitation centre was used to 

determine travelling distance; 
l
Type of transport, number of travelling, and mean travelling 

distances per time during the last three months, assessed every three months; 
m
Number of times 

VR treatment was given outside the rehabilitation centre was used to determine number of 

travelling; distance between patient’s workplace and the rehabilitation centre was used to 

determine travelling distance; 
n
Number of sick leave hours during the previous two weeks, 

assessed every three months; the number of days was interpolated to get an indication of the 

total number of sick leave hours over the last three months; 
o
Number of hours the patient needed 

extra time to perform activities of daily living during the previous three months, assessed every 

three months 
 

 

 


