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Chapter one 
 

 

 

General introduction and outline of the thesis 
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General introduction 
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essential.13,14 To do this, different research approaches are necessary to gain a thorough 

understanding. Quantitative data (often from randomised controlled trials) is standard to 

describe the effects of an intervention. This type of data helps to address ‘what’ questions 

(what really works?). At the same time, quantitative data provides limited insight into ‘why’ 

differences exist between intervention groups and ‘how’ they relate to their context (e.g., 

patient- or healthcare professionals’ perspectives). Qualitative data, used in mixed-method 

studies or qualitative studies, can be useful to provide such answers. This complete 

evaluation of solutions can identify otherwise hidden barriers and facilitators which remain 

unknown. These results can be used to enhance implementation speed and efficacy. In a time 

when the healthcare system is desperate to alleviate the increasing strain, studying such 

combined approaches is not only desirable but also necessary. 

 

The Direct Discharge Protocol 

Worldwide, approximately 30% of all patients with musculoskeletal injuries presenting at the 

Emergency Department (ED) have low-complex and stable musculoskeletal injuries.15,16 

Normally, patients with these injuries are treated with a cast or sling at the ED and receive at 

least one outpatient clinic follow-up appointment. In 2011, the Direct Discharge (DD) 

approach was first designed and tested in the United Kingdom (UK).15  

With DD, these patients receive no routine outpatient follow-up but are discharged directly 

from the ED. This is facilitated by removable immobilisation instead of a cast and extensive 

information from the treating physician at the ED (regarding the injury, red flags, and 

rehabilitation exercises). To support patients during recovery, a telephone helpline was added 

as a safety net for any inquiries during the recovery period. 

Previous pilot studies focusing on quantitative data demonstrated reductions in secondary 

healthcare utilisation (SHU) (i.e., outpatient follow-up and imaging) without negatively 

affecting primary healthcare utilisation (i.e., general practitioner (GP) or physiotherapist 

visits), functional outcomes, patient satisfaction with treatment, or complications.17  

Since its introduction in 2011, DD has become the standard of care in more than eighty 

British hospitals. Despite its widespread adoption in the UK, DD has not been implemented 

in the British guidelines due to a lack of evidence regarding its injury-specific safety and a 

lack of studies describing the patient and stakeholder experiences, according to the British 

Orthopaedic Association.18 This lack of evidence created a gap between daily practice and 

guidelines in the UK.  
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Dutch adaptation of Direct Discharge 

 DD was first introduced to the Dutch healthcare system in the OLVG Hospital in 2018 to 

deal with the drastic increase in the number of patients with musculoskeletal injuries after the 

bankruptcy of a nearby hospital.19,20 

In its Dutch adaptation, DD was redesigned by healthcare professionals and included twelve 

treatment protocols for patients with low-complex, stable traumatic orthopaedic injuries with 

additional patient-related and injury-related inclusion criteria.21 In addition to DD, a mobile 

self-care application, the Virtual Fracture Care (VFC) app was designed to assist patients 

during recovery and rehabilitation. The VFC app assists patients through information and 

videos to increase self-care and reduce routine outpatient follow-up (e.g., exercises or red 

flags). To maintain the (perceived) safety of the treatment and to provide service, a telephone 

helpline for any concerns regarding the recovery was available during working hours. 

Following the Dutch implementation, the pilot study showed a significant reduction of SHU 

without negatively influencing secondary outcomes.21 These results sparked the interest of 

other Dutch hospitals as in the Netherlands, 11% of all ED visits are due to one of the 

included injuries in the DD protocol, which accounts for 36% of all patients who present at 

the ED with a musculoskeletal injury.22. This interest peaked even further during the COVID-

19 pandemic as DD provided continuation of quality care during social distancing measures.  

In August 2020, the St. Antonius Hospital, with locations in Nieuwegein and Utrecht, was 

one of the first centres to adopt DD after the OLVG Hospital Amsterdam. 

 

Current knowledge gaps in the literature 

Although the first results of DD in the Netherlands and UK were very promising, these were 

merely based on 

small pilot studies or larger studies including heterogeneous populations.17,21 These results 

showed the potential of DD, but external validation of these results in a larger cohort and/or 

an external cohort remained warranted. Interestingly, despite the widely accepted need to 

further evaluate DD, there was, in fact, no substantial scientific evidence advising routine 

follow-up for these injuries . Thus, one could argue that standardised follow-up in the 

outpatient clinic may have already been redundant before the introduction of DD.  

Whether patients require further assistance during the recovery after DD injuries remains 

unknown, as the feasibility of DD with the assistance of the VFC app has not been studied 

from a patient experience perspective or a healthcare professional experience perspective. It 
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is important to study these topics to understand the feasibility, efficacy, and safety of DD in 

the long term.  

The existing pilot studies were small or included multiple injuries, resulting in heterogeneous 

or unpowered results. Therefore, larger studies focusing on specific injuries should be 

conducted to study the injury-specific outcomes. These insights could help refine the criteria 

for DD-eligible injuries and contribute to the evaluation of the safety of DD. 

 

From a wider perspective than musculoskeletal injuries and DD, many eHealth solutions and 

pathways for improving efficiency were introduced to cope with social distancing measures 

during the COVID-19 pandemic.23 Despite its rapid adoption during COVID-19, it remains to 

be seen whether these solutions are here to stay or whether healthcare professionals revert to 

the old way of seeing patients face to face. To allow for continuous adoption of eHealth 

solutions such as DD, the attitudes towards its usefulness should be studied among healthcare 

professionals and patients involved in orthopaedic trauma surgery as well as in other areas. 

Furthermore, more injuries at the ED that may be eligible for a DD approach. To safely add 

these new injuries to DD, potential new injuries should be studied prior to implementation 

with a similar approach as the aforementioned injury-specific studies. A combination of 

quantitative and qualitative answers is required to gather data regarding these previously 

mentioned knowledge gaps. These types of data could provide more insight into ‘what’ the 

differences between DD and traditional treatment are, ‘how’ users perceive these differences, 

and ‘why’ DD works or does not work in Dutch orthopaedic trauma surgery. In order to study 

these important questions, we used the interest of other hospitals during the wider 

implementation of DD in the Dutch healthcare system.  

 

Aim of this thesis 

The aim of this thesis was to study patient and professional experiences, injury-specific 

outcomes, and attitudes towards the Direct Discharge protocol during its implementation in 

Dutch orthopaedic and trauma surgery. In doing so, the following study questions were used 

to provide a structured answer. 
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Outline of this thesis 
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Part I 

 

 
Experiences and evaluation of the Direct Discharge protocol 
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Chapter Two 

 

 
Healthcare Utilization and Satisfaction with Treatment before 

and after Direct Discharge from the Emergency Department 

of Simple Stable Musculoskeletal Injuries in the Netherlands 
 
T.H. Geerdink, J.F. Spierings, H.J. Schuijt, H.A.J. Eversdijk, J.M. van Dongen, 

M.C. Kokke, B.A. Twigt, J.C. Goslings, R.N. van Veen 
 

 

European Journal of Trauma and Emergency Surgery. 2022. doi: 10.1007/s00068-021-01835-5 
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ABSTRACT 
 

Purpose 

To evaluate healthcare utilization and satisfaction with treatment before and after 

implementing direct discharge (DD) from the Emergency Department (ED) of patients with 

simple, stable musculoskeletal injuries. 

 

Methods 

Patients with simple, stable musculoskeletal injuries were included in two Dutch hospitals, 

both level-2 trauma centres: OLVG and Sint Antonius (SA), before (pre-DD-cohort) and after 

implementing DD (DD-cohort). With DD, no routine follow-up appointments are scheduled 

after the ED visit, supported by information leaflets, a smartphone application and a 

telephone helpline. Outcomes included: secondary healthcare-utilization (follow-up 

appointments and X-ray/CT/MRI); satisfaction with treatment (scale 1-10); primary 

healthcare-utilization (general practitioner (GP) or physiotherapist visited, yes/no). Linear 

regression was used to compare secondary healthcare-utilization for all patients and per SSI 

subgroup. Satisfaction and primary healthcare-utilization were analysed descriptively. 

 

Results 

A total of 2,033 (OLVG=1,686; SA=347) and 1,616 (OLVG=1,396; SA=220) patients were 

included in the pre-DD-cohort and DD-cohort, respectively. After DD, the mean number of 

follow-up appointments per patient reduced by 1.06 (1.13–0.99; p<0.001) in OLVG and 1.07 

(1.02–0.93; p<0.001) in SA. Follow-up appointments reduced significantly for all injury 

subgroups. Mean number of follow-up X-rays per patient reduced by 0.17 in OLVG 

(p<0.001) and 0.18 in SA (p<0.001). Numbers of CT/MRI-scans were low and comparable. 

In OLVG, mean satisfaction with treatment was 8.1 (pre-DD-cohort) versus 7.95 (DD-

cohort), versus 7.75 in SA (DD-cohort only). In OLVG, 23.6% of pre-DD-cohort patients 

visited their GP, versus 26.1% in the DD-cohort, versus 13.3% in SA (DD-cohort only). 

Physiotherapist use was comparable. 
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Conclusions 

This study performed in a large population and additional hospital confirms earlier pilot 

results, i.e. that DD has the potential to effectively reduce healthcare utilization, while 

maintaining high levels of satisfaction. 
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INTRODUCTION 
There is growing evidence that direct discharge (DD) from the Emergency Department (ED) 

of patients with certain simple, stable musculoskeletal injuries is a safe and effective 

alternative to ‘traditional’ care with routine follow-up. That is, DD reduces secondary 

healthcare utilization, i.e. number of follow-up appointments and radiographs, without a shift 

to primary healthcare utilization (i.e. visits to a general practitioner (GP) or physiotherapist), 

while patient-reported outcomes (e.g. functional outcome), experiences (e.g. satisfaction) are 

non-inferior, and adverse outcomes (e.g. non-unions, delayed-unions and secondary 

surgeries) are comparable.1-6 

 

DD from the ED of a large proportion of patients with simple, stable musculoskeletal injuries 

was first described by Jenkins et al. in 2011.1 After DD had been well-established within the 

United Kingdom (UK), it was implemented in the OLVG hospital in the Netherlands in May 

2019.7 Currently, one previous pilot study was performed in the Netherlands.8 While results 

indicated that effects of DD in the Netherlands are comparable to earlier UK results, this was 

a single-centre study with relatively small sample size. Furthermore, no stratified analyses 

were performed to assess the effects of DD per injury subgroup. Nevertheless, based on this 

first Dutch pilot study, and accelerated by the increased demand for remote care during the 

coronavirus pandemic, there was a rapid rise in the number of Dutch hospitals adopting DD 

in 2020 and the beginning of 2021.9-13  

 

The aim of the current study was to assess whether effects of DD are similar with regard to 

healthcare utilization and satisfaction with treatment, both in a larger cohort within the pilot 

hospital (OLVG) as well as a second Dutch hospital. Additionally, it was evaluated whether 

effects of DD on secondary healthcare utilization differed per injury subgroup.  
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METHODS 

Design 

This was a before-and-after study comparing DD versus ‘traditional’ fracture care for patients 

with simple, stable musculoskeletal injuries in two hospitals: 1) the OLVG hospital (OLVG): 

a level-2 trauma centre with two locations in Amsterdam, the Netherlands, and 2) the Sint 

Antonius hospital (SA): a level-2 trauma centre with two locations in Utrecht and Nieuwegein, 

the Netherlands.  

 

After visiting Glasgow Royal Infirmary in 2018, the trauma team of OLVG decided to change 

treatment protocols and implement DD from the ED for eleven types of simple, stable 

musculoskeletal injuries. Table 1 provides all the criteria for a patient’s injury to be eligible for 

DD according to these treatment protocols. Apart from the criteria mentioned in Table 1, the 

protocols did not contain any other predefined restrictions regarding age, comorbidities, 

cognitive impairment, language barrier, medication use etc. However, the ED staff were 

instructed to evaluate whether DD was the most suitable treatment for each patient, for 

instance, if a language barrier did not allow the ED physician to provide adequate instructions, 

a follow-up appointment with a translator might be scheduled for this purpose.  

 

The DD treatment protocols took effect in May 2019 in OLVG, location West, and in 

September 2019 in OLVG, location Oost. The same treatment protocols were shared with SA 

and were implemented in August 2020. 
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Table 1. Simple and stable injuries, criteria and immobilization 

Injury Paediatric/adult Criteria Immobilization after 
DD 

Paediatric clavicle Fx Paediatric 
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information regarding the injury and expected recovery, which was also summarized in a 

discharge leaflet. Patients were also advised to download a smartphone application containing 

a digital version of these leaflets, videos of exercises to improve recovery and videos with 

instructions on how to reapply immobilization. Furthermore, a telephone helpline was available 

on weekdays for questions or concerns. Eligibility for DD was reassessed each day by an 

(orthopaedic) trauma surgeon and radiologist, during a routine daily review of all cases and X-

rays of patients that presented to the ED on the previous day. Subsequently, patients who were 

discharged directly incorrectly (e.g. the injury was not a simple, stable injury) were contacted 

by telephone to schedule a face-to-face follow-up appointment.  

 

Outcomes 

Outcomes included “secondary healthcare utilization”, “satisfaction with treatment”, and 

“primary healthcare utilization”. To assess these outcomes, OLVG data were prospectively 

collected from 15 November 2018 - 29 February 2021. DD was implemented on 20 May 2019 

in OLVG, location West, and on 2 September 2019 in OLVG, location Oost, dividing all 

OLVG patients into a pre-DD-cohort and a DD-cohort. SA data were collected prospectively 

during the first three months after implementing DD in August 2020 (DD-cohort), and 

retrospectively during the same period in the previous year (pre-DD-cohort). Consequently, the 

periods during which patients were included in each cohort differed per hospital, location, and 

outcome type (Figure 1). 

Figure 1 - Inclusion periods of both cohorts in the different centres, to assess healthcare utilization and 
satisfaction. 
DD, Direct Discharge; loc., location.  
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Secondary healthcare utilization 

Secondary healthcare utilization was evaluated by the total number of follow-up appointments 

with a physician after visiting the ED, as well as the total number of follow-up radiographs, 

CT scans, and MRI scans. Data on these outcomes were derived from electronic patient records 

(EPRs). 

 

Satisfaction with treatment and primary healthcare utilization 

Satisfaction with treatment was assessed on a scale ranging from 0 (very dissatisfied) to 10 

(very satisfied). Primary healthcare utilization was evaluated by the number of GP visits and 

the number of physiotherapist visits related to the simple, stable injury, both dichotomized into 

“yes” or “no”. Data on these outcomes were assessed at three months post-injury. In OLVG, 

this was part of a survey study and patients received a survey via e-mail or post. In SA, this 

was part of a clinical audit conducted after implementing DD (i.e. there were no pre-DD-cohort 

data), and data were collected by a telephone call three months after the ED visit. In case a 

child was not able to answer these questions, a parent/caregiver was also allowed to respond.  

In both hospitals, the following patient characteristics were collected from EPRs: age (years); 

gender; type of injury (Table 1). Furthermore, for patients with a simple stable musculoskeletal 

injury in the DD-cohort, who were not discharged directly by the ED, the reason was recorded  

for not following the new DD treatment protocols. 
 

Recruitment and consent 

For the current study, we included all patients presenting to the ED of the two participating 

hospitals with an isolated simple, stable musculoskeletal injury according to the criteria 

mentioned in Table 1. Exclusion criteria were: initial treatment in the ED of a different hospital; 

multiple injuries; reason for follow-up other than the injury (e.g. social care reasons); 

Eye/Motor/Verbal-score <15 at presentation, high-energy trauma; treatment continued in 

different hospital (e.g. closer to home); alcohol/drug intoxication. Since these outcomes were 

assessed by means of a survey, an additional exclusion criterium for the assessment of 

“satisfaction with treatment” and “primary healthcare utilization” was: inability to 

understand/complete a Dutch survey. 

In both hospitals, for the assessment of secondary healthcare utilization within the pre-DD-

cohort, all consecutive ED patients with simple, stable musculoskeletal injuries were included, 

while the DD-cohort included all consecutive ED patients with simple stable musculoskeletal 



646012-L-bw-Spierings646012-L-bw-Spierings646012-L-bw-Spierings646012-L-bw-Spierings
Processed on: 29-7-2024Processed on: 29-7-2024Processed on: 29-7-2024Processed on: 29-7-2024 PDF page: 25PDF page: 25PDF page: 25PDF page: 25

25

injuries who were discharged directly from the ED. In OLVG, assessments of primary 

healthcare utilization and satisfaction with treatment were part of a previous survey study 

conducted in OLVG, location West.8 Participants for this survey were enrolled in the ED and 

provided written informed consent and received a survey after three months. In SA, 

assessments of primary healthcare utilization and satisfaction was part of a clinical audit that 

was conducted after implementing DD, i.e. for these outcomes there was no pre-DD data. 

Participants for this clinical audit were contacted by telephone after three months and provided 

verbal informed consent. 
 

Statistical analysis 

Statistical analysis was performed using SPSS version 27.0 and STATA v16.14, 15 Baseline 

characteristics were reported descriptively using numbers and proportions for categorical 

variables, and mean with standard deviation (SD) or median with interquartile range (IQR) as 

appropriate. 

To assess secondary healthcare utilization before and after DD in both hospitals, between-

group differences were assessed for the DD-cohort versus the pre-DD-cohort for both hospitals 

separately, and per injury subgroup. Between-group differences were assessed using linear 

regression models, adjusted for the patients’ propensity-score to account for the non-

randomised nature of this study. A propensity-score indicates the probability of a patient being 

assigned to an intervention group, given a set of baseline characteristics.16 In our study, the 

propensity-score was estimated using: cohort (pre-DD-cohort/DD-cohort), age, gender, and 

injury type, using the p-score package in STATA. In case of non-normally distributed data, 

Bias Corrected and Accelerated bootstrapping was performed using 5,000 replications to 

estimate uncertainty. A p-value of <0.05 was considered statistically significant. Satisfaction 

with treatment and primary healthcare utilization were analysed descriptively. 
 

Patient and public involvement 

Patients were not involved in the design, intervention, research question, or outcome measures 

of the current study. 

 

Ethics 
The study was conducted in accordance with the Declaration of Helsinki and was approved by 

the local ethical committee of OLVG (Ref.no. 18.071), and SA (Ref.no. W21.122). 
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RESULTS 
The number and flow of the included patients per hospital and outcome type is shown in Figure 

2. In OLVG, 1,686 patients presented to the ED with a simple stable musculoskeletal injury 

before the implementation of DD (pre-DD-cohort), versus 1,492 patients thereafter. Of these 

1,492 patients, 1,369 (91.8%) were discharged directly according to the DD treatment protocols 

(DD-cohort). In SA, 347 patients with a simple, stable injury were included in the pre-DD-

cohort, and 256 patients presented to the ED with a simple, stable injury after implementing 

DD. Of these 256 patients, 220 patients (85.9%) were discharged directly (DD-cohort). This 

means that DD protocols were not followed in 123 and 36 patients with simple, stable 

musculoskeletal injuries, in OLVG and SA, respectively. In both hospitals, the most common 

reason for not discharging a patient directly after DD treatment protocols were implemented 

was “non-compliance to the protocol” (86/123 (69.9%) patients in OLVG, and 33/36 (91.7%) 

patients in SA). Other reasons included a language barrier, a patient insisting a cast to be 

applied, or cognitive impairment (Figure 2). 

Table 2 provides an overview of the included patients’ baseline characteristics. In SA, the 

proportion of children with a forearm fracture in the DD-cohort was relatively large, resulting 

in a slightly lower median age compared to the pre-DD-cohort. Furthermore, a relatively large 

proportion of patients had an avulsion type ankle fracture in OLVG, compared to SA. Data of 

all of these patients were used to evaluate the effect of implementing DD on secondary 

healthcare utilization. 

In OLVG, location West, 144 (pre-DD-cohort) and 153 participants (DD-cohort) completed 

the survey at three months post-injury. In SA, 173 of 220 DD-cohort patients participated in 

the clinical audit. Baseline characteristics of these patients can be found in Appendix Table A1. 

Data of all of these patients were used to evaluate the effect of implementing DD on satisfaction 

and primary healthcare utilization. 

 

Secondary healthcare utilization 

In OLVG, in the pre-DD-cohort, the mean number of follow-up appointments was 1.29 (SD 

1.18) per patient, versus 0.22 (SD 0.68; Table 3) in the DD-cohort (mean difference -1.06; p < 

0.001). In SA, the mean number of follow-up appointments per patient was 1.19 (SD = 1.04) 

and 0.13 (SD = 0.52) in the pre-DD-cohort and DD-cohort, respectively (mean difference -

1.07; p < 0.001).  
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In OLVG, the mean number of follow-up X-rays per patient was 0.22 (SD 0.60) in the pre-DD-

cohort, versus 0.05 (SD = 0.31) in the DD-cohort (mean difference -0.17, p < 0.001). In SA, 

the mean number of follow-up X-rays was 0.19 (SD = 0.49) and 0.01 (SD = 0.10) in the pre-

DD-cohort and DD-cohort, respectively (mean difference -0.18; p < 0.001). The mean number 

of CT and MRI scans were relatively low and comparable across all cohorts. Table 3 also shows 

the difference in number of follow-up appointments before and after DD per injury subgroup. 

 

Satisfaction with treatment and primary healthcare use 

In OLVG, the mean satisfaction with treatment was 8.1 (SD 1.5) in the pre-DD-cohort, versus 

7.95 (SD 1.7; Table 4) in the DD-cohort. In SA, the mean satisfaction with treatment in the 

DD-cohort was 7.75 (SD 1.7). In OLVG, the proportion of patients that visited their GP for the 

treatment of their injury in the pre-DD-cohort was 23.6%, versus 26.1% in the DD-cohort. In 

SA, this proportion was 13.3% in the DD-cohort. In OLVG, the proportion of patients that 

visited a physiotherapist in the pre-DD-cohort was 26.4%, versus 20.9% in the DD-cohort. In 

SA, this proportion was 21.4% in the DD-cohort. 
 

Table 2. Baseline characteristics of included patients 

 OLVG Hospital (n = 3,055)  Sint Antonius Hospital (n = 567) 

Characteristic Pre-DD (n = 1,686) DD (n = 1,369)  Pre-DD (n = 347) DD (n = 220) 

Age; median (IQR) 30 (13 – 50) 28 (12 – 48)  27 (11 – 52) 22 (9 – 50) 

Age <18; n (%) 501 (29.7) 437 (31.9)  136 (39.2) 95 (43.2) 

Gender male; n (%) 878 (52.1) 718 (52.4)  170 (49.0) 105 (47.7) 

Type of injury; n (%)      

Paediatric clavicle Fx 78 (4.6) 49 (3.6)  42 (12.1) 16 (7.3) 

Radial head-/neck Fx 320 (19.0) 215 (15.7)  46 (13.3) 24 (10.9) 

Paediatric forearm Fx 215 (12.8) 210 (15.3)  60 (17.2) 57 (25.9) 

Fifth metacarpal neck Fx 98 (5.8) 48 (3.5)  17 (4.9) 10 (4.5) 

Mallet finger 84 (5.0) 61 (4.5)  22 (6.3) 14 (6.4) 

Weber A ankle Fx 93 (5.5) 78 (5.7)  19 (5.5) 13 (5.9) 

Avulsion Fx ankle 246 (14.6) 208 (15.2)  11 (3.2) 16 (7.3) 

Fx of fifth metatarsal base 149 (8.8) 135 (9.9)  29 (8.4) 23 (10.5) 

Fx of greater toe 176 (10.4) 145 (10.6)  32 (9.2) 14 (6.4) 

Fx of lesser toe 135 (8.0) 91 (6.6)  50 (14.4) 20 (9.1) 

Bicycle spoke injury 92 (5.5) 129 (9.4)  19 (5.5) 13 (5.9) 

DD, Direct Discharge, Fx, fracture,  IQR, interquartile range; 
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Figure 2 – Depiction of number and flow of the patients included per hospital and outcome type.  
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confirmed 

musculoskeletal injury
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Soft-tissue injuries, 
contusions
(n = 6,406)

Secondary healthcare utilization
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Patient with simple, 
stable injury
(n = 1,686)

Injury does not fall 
under DD protocol

(n = 5,787)

Patients presenting to 
ED with a suspected 

musculoskeletal injury
(n = 12,551)

Patients in ED with 
confirmed 

musculoskeletal injury
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contusions
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(n = 1,492)
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discharged directly 
from the ED
(n = 1,369)

Not treated according to DD protocol
  - non-compliance (n = 86)
  - possible non-accidental trauma (n = 6)
  - patient insisted (n = 13)
  - cognitive impairment (n = 4)
  - language barrier (n = 14)

Pre-DD-cohort (n = 144)

Patients discharged directly 
(n = 813)

DD-cohort (n = 153)

Patients with SSI 
(n = 676)

Willing to participate in 
survey study

(n = 370)

Willing to participate in 
survey study

(n = 348)

Completed survey
(n = 153)

Completed survey
(n = 144)

Satisfaction and primary 
healthcare utilization

OLVG, loc. West

 
Figure 2-a – Depiction of number and flow of the patients included in OLVG, and outcome type. 

DD, Direct discharge; loc., location; SSI, Simple stable injury. 
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(n = 1,442)

Patients presenting to 
ED with a suspected 

musculoskeletal injury
(n = 2,308)

Patients in ED with 
confirmed 

musculoskeletal injury
(n = 1,654)
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(n = 174)
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Figure 2-b – Depiction of number and flow of the patients included in Sint Antonius, and outcome type. 

DD, Direct discharge; loc., location; SSI, Simple stable injury. 
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Figure 3 –Infographic providing a summary of the results of this study. 
Patients were included in two hospitals before and after changing treatment protocols for eleven types of simple, 
stable musculoskeletal injuries. After treatment protocols were changed, patients with these injuries were no 
longer followed-up routinely, but discharged directly from the Emergency Department instead using self-
removable orthoses and an available telephone helpline in case of questions or concerns. In Sint Antonius 
hospital, the pre-DD-cohort was included retrospectively and consequently it was not possible to assess primary 
healthcare utilization and satisfaction with treatment.  
DD, Direct discharge; ED, Emergency Department; GP, General Practitioner; loc., location 
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DISCUSSION 

 
The results of this study conducted in two Dutch hospitals confirm the results of the previous 

Dutch pilot study, i.e. that DD of patients with simple, stable musculoskeletal injuries from 

the ED reduces secondary healthcare utilization, without increasing primary healthcare 

utilization, while maintaining relatively high levels of satisfaction with treatment (i.e. mean 
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injury would indicate that DD might not be as feasible for that specific type of injury. Our 

stratified analyses show that DD reduces secondary healthcare utilization for all injury 

subgroups, and that the mean number of follow-up appointments after DD was very low for 

all types of simple, stable musculoskeletal injuries. In both hospitals, this reduction was 

greatest among patients with a fifth metacarpal neck fracture or base of fifth metatarsal 

fracture, while the reduction was smallest for patients with a lesser fracture of the toe or 

mallet finger injury. For the mallet finger injury, a possible explanation for the relatively high 

number of follow-up appointments in the DD-cohort is that patients are instructed to contact 

our telephone helpline in case their mallet splint needs replacement, either due to loosening 

of the splint following decreased swelling, or for hygienic purposes. For the lesser toe 

fracture, the fairly small reduction in appointments is most likely a result of the fact that 

patients with these injuries were already often, but not consistently, discharged from the ED 

without follow-up.  

While this was not the aim of the current study, our stratified analyses per injury also provide 

the opportunity to directly compare the effects of DD on secondary healthcare utilization 

between the UK and the Netherlands. For example, in the study by Mackenzie et al., the 

mean number of follow-up appointments of patients with a fifth metatarsal base fracture in 

the pre-DD-cohort was 2.08, versus 0.33 after DD.5 In our study, similar reductions were 

found. That is, in the pre-DD-cohort, the mean number of follow-up appointments was 2.20 

and 2.55 for OLVG and SA, respectively, versus 0.22 and 0.35 appointments in the 

corresponding DD-cohorts. For radial head fractures, Mackenzie et al. reported a mean 

number of follow-up appointments of 1.25 before DD and 0.22 after DD, which is more or 

less comparable to our results: 1.29 (OLVG) and 1.50 (SA) in the pre-DD-cohort, versus 0.10 

and 0.13 in the DD-cohort.5 For fifth metacarpal fractures, Mackenzie et al. reported a mean 

number of follow-up appointments of 1.08 (pre-DD-cohort) versus 0.08 (DD-cohort), while 

in our study this was 1.94 and 2.00 (pre-DD-cohort) versus 0.21 and 0.00 in the OLVG and 

SA DD-cohorts, respectively.5 This illustrates that DD is likely to produce comparable results 

in hospitals in other countries, even if healthcare systems are different. 

Remarkably, the proportion of DD patients visiting a GP for the treatment of their injury in 

SA was nearly twice as low compared to OLVG. This might be attributed to the baseline 

difference in the types of injuries between both hospitals, which in turn was likely (at least 

partly) caused by a change in incidence of certain injuries while lockdown measures were in 

effect due to the coronavirus pandemic (i.e. only the SA DD-cohort was included during this 

period). To illustrate, the proportion of patients with paediatric fractures was higher in the SA 
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DD-cohort, and we assume that these paediatric patients visit their GP less frequently, for 

example when compared to adult patients with a Weber A or avulsion type ankle fracture. It 

must also be noted that the lockdown itself might also be a reason for less frequent face-to-

face GP visits. Nevertheless, primary healthcare utilization within the SA DD-cohort was 

low. 

Strengths of the current study include that it assessed whether the effects of DD remain 

comparable within a larger cohort, as well as within another hospital that was not involved in 

the development of the concept, whereas sample sizes of the previous Dutch pilot study was 

relatively small (i.e. <800 patients) and performed in a single-centre.7, 8 This indicates that the 

concept is scalable and this is an important step towards the adoption of DD as standard-of-

care.17 Furthermore, to account for the non-randomised nature of this study, all effect 

measures were adjusted for the patients’ propensity-score using regression models, in order to 

prevent confounding by indication.  

This study also has several limitations. First, data regarding satisfaction and primary 

healthcare utilization were not available for the SA pre-DD-cohort. Consequently, for SA, it 

could not be assessed whether these outcomes changed following the implementation of DD. 

Second, data regarding satisfaction and primary healthcare utilization were available for a 

relatively small proportion of all patients and consequently no injury subgroup analyses could 

be performed for these outcomes. Moreover, while most effects were statistically significant, 

the injury subgroups of the SA cohorts were relatively small to perform stratified analyses of 

secondary healthcare utilization. Third, in OLVG, the last patient in the DD-cohort presented 

to the ED eleven months prior to the assessment of secondary healthcare utilization by EPR 

evaluation, while this was only six months in SA. However, we do not expect the conclusions 

of this study to change if these data would be reassessed in six months, as the vast majority of 

patients are no longer in follow-up after six months. 

Future studies should focus on the comparison of adverse outcomes in the pre-DD-cohort and 

DD-cohort, including delayed union, non-union and secondary surgery rates, preferably per 

specific type of simple, stable injury. Furthermore, multiple hospitals are currently 

implementing DD, allowing standardized collection of data across these hospitals regarding, 

for example, satisfaction with treatment and functional outcome. Preferably, a 

multicentre/national database should be established to this end, as it is likely that this will be 

necessary to increase sample sizes to numbers that provide sufficient levels of power for 

subgroup analyses of patient-reported outcome and experience measures. These data could 

then be used to optimize treatment protocols, e.g. when indicating that, on average, patients 
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within a certain age group return more frequently or have relatively low levels of satisfaction, 

after being discharged directly. A more qualitative approach in assessing patient experience 

might also help to further optimize DD, e.g. with regard to patient information and 

expectation management. 

In conclusion, this study shows that DD from the ED of patients with simple, stable 

musculoskeletal injuries is likely to produce comparable results across multiple hospitals. 

That is, after implementing DD, secondary healthcare utilization of patients with simple, 

stable musculoskeletal injuries will likely reduce, without increasing primary healthcare 

utilization, while the patients’ satisfaction levels with treatment remain high. Future studies 

should focus on tailoring the optimal treatment strategy to each individual patient by 

assessing if certain patient characteristics are predictive of (dis)satisfaction, levels of return 

for review, or adverse outcomes,. This might be achieved more easily if multiple hospitals 

collect data cooperatively, and in a standardized manner. 
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APPENDIX 
Table A1 – Baseline characteristics of participants included in patient-reported experience outcome 

 OLVG Hospital  Sint Antonius Hospital 

Characteristic Pre-DD 

 (n = 144) 

DD  

(n = 153) 

 Pre-DD 

 (n = 0) 

DD 

 (n = 173) 

Age; median (IQR) 26 (11 – 55) 36 (13 – 54)  - 22 (9 – 51) 

Age <18; n (%) 59 (41.0) 48 (31.4)  - 74 (42.8) 

Gender male; n (%) 76 (52.8) 68 (44.4)  - 81 (46.8) 

Type of injury; n (%)      

Paediatric clavicle Fx 8 (5.6) 8 (5.2)  - 14 (8.1) 

Radial head-/neck Fx 24 (16.7) 28 (18.3)  - 21 (12.1) 

Paediatric Fx distal radius 36 (25.0) 27 (17.7)   43 (24.9) 

Fifth metacarpal neck Fx 6 (4.2) 1 (0.7)  - 6 (3.5) 

Mallet finger 6 (4.2) 4 (2.6)  - 12 (6.9) 

Weber A type ankle Fx 11 (7.6) 14 (9.2)  - 9 (5.2) 

Avulsion type ankle Fx 8 (5.6) 12 (7.8)  - 13 (7.5) 

Fx of fifth metatarsal 

base 

17 (11.8) 20 (13.1)  - 19 (11.0) 

Fx of greater toe 10 (6.9) 11 (7.2)  - 10 (5.8) 

Fx of lesser toe 10 (6.9) 18 (11.8)  - 17 (9.8) 

Bicycle spoke injury 8 (5.6) 10 (6.5)  - 9 (5.2) 

DD, Direct Discharge; Fx, fracture; IQR, interquartile range;  
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Chapter Three 
 
 
Patient experiences of a mobile self-care solution for low-
complex, stable, isolated musculoskeletal injuries: a mixed 
method study 
 
J.F. Spierings, G.J.A. Willinge, M.C. Kokke, B.A. Twigt, S. Repping, W.F.M. 

de Lange, T.H. Geerdink, R.N. van Veen, van der Velde D., Goslings J.C.; 

Collaboration group 
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ABSTRACT  
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Conclusion 

This study shows that patients consider DD a feasible and safe alternative to traditional 

treatment, with a favorable perception of its acceptability, efficacy, applicability, and 

demand. Nevertheless, personal nuances and preferences must be considered when 

implementing DD. Clinicians, researchers, and policymakers can use the insights of this 

study to enhance the integration of DD into their clinical practice and future guidelines. 
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INTRODUCTION  
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METHODS  

Design 

An observational mixed-method study was conducted among patients and parents of patients 

younger than twelve who sustained low-complex, isolated, stable musculoskeletal injuries 

parallel to the implementation of DD in three Dutch level-2 trauma centers from September 

2021 to July 2022 with an inclusion period of three months per hospital (Figure 1). 

Quantitative data and qualitative data were collected and analyzed separately by a 

quantitative team (GW and JS) and a qualitative team (WL and EM). The Bowen feasibility 

framework was used to organize the data within the following parameters: implementation, 

acceptation, preliminary efficacy, and demand.8 After separate analyses, quantitative data and 

qualitative data were triangulated with the Pillar Integration Process.9 This study was 

reported according to the Good Reporting on a Mixed Methods Study (GRAMMS) criteria10, 

and according to the ‘Improving and Standardizing Evaluation Reports of Web-based and 

Mobile Health Interventions from the CONSORT-EHEALTH.11 

 

Figure 1. Summary of study procedures and models used to evaluate the Direct Discharge 
protocol among patients 

 
*Type of data organized with the Bowen feasibility parameters: implementation, acceptation, preliminary 
efficacy, demand and applicability 
^Triangulation with the Pillar integration Synthesis of qualitative data and quantitative data  
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Traditional treatment 
Before DD was implemented, patients were treated according to local trauma protocols. 

These protocols consisted of immobilization or support with either a cast, sling, bandage, or 

splint and brief information about the injury at the ED. At least one outpatient follow-up 

appointment was scheduled at the plaster room or in the outpatient clinic within two weeks 

after the injury for review, extensive information, and definitive management planning.   

 

Direct Discharge protocol 

This protocol was derived from the British model of a VFC and adapted to the Dutch 

healthcare setting in 2018. In its Dutch adaptation, DD includes twelve treatment protocols 

for low-complex, stable traumatic orthopedic injuries with additional injury-related criteria 

(Table 1).6 Patients who met the injury-related inclusion criteria in Table 1 and spoke Dutch 

or English fluently were included. No further predefined restrictions (e.g., age or 

comorbidity) were used. Patients were excluded from the protocol if they had: initial 

treatment in another hospital, follow-up in another hospital (e.g., closer to home), multiple 

injuries, reason for follow-up other than the injury (e.g., social-care reasons), 

Eye/Motor/Verbal-score < 15 at presentation, or intoxication. With DD, patients were 

discharged directly from the ED without routine outpatient follow-up. They receive a 

removable orthosis or a sling (e.g., brace instead of a cast), and extensive information at the 

ED, summarized in a mobile self-care application, the VFC app. Apart from the criteria in 

Table 1 and Dutch or English language skills (level B1), the protocols did not contain any 

predefined restrictions (e.g., age or comorbidity). If, however, the ED staff believed physical 

follow-up was the most suitable treatment, outpatient follow-up was scheduled accordingly. 

Patient eligibility for the protocol was re-evaluated on the next workday (within 24 hours) by 

a team consisting of an (orthopedic) trauma surgeon and a radiologist. Patients who were 

incorrectly discharged directly were contacted by phone and scheduled for a face-to-face 

appointment. 
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Table 1. Additional criteria and immobilization for treatment of low-complex, traumatic 

orthopedic injuries with the Direct Discharge protocol 

Injury Pediatric/adult Criteria Immobilization after DD 

Pediatric clavicle Fx Pediatric 
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to its success it was implemented in other hospitals. No major changes occurred during the 

study period. 
 

Figure 2. English and Dutch in-app screenshots of the Virtual Fracture Care app used in the 
Direct Discharge protocol 

 
 

 

Study population 

Patients who met inclusion criteria and consented to participate in the surveys in the VFC app 

were included. Based on the annual number of patients (1200-1800 per hospital), and the 

inclusion time of three months per hospital, the estimated number of eligible patients was 

between 900 and 1350. Parents were asked to fill out the surveys if patients were twelve 

years or younger. If patients were between 13 and 16 years old, patients and parents were 

allowed to complete the surveys. Patients aged above 16 years could fill out the surveys 

alone. The exclusion criteria for this study were the same as previously mentioned exclusion 

criteria for DD. 
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Sampling and recruitment 

Before discharge from the ED, in a face-to-face setting, eligible patients were asked to 

download and open the VFC app. An in-app pop-up asked for consent to participate in two 

surveys and an interview. After consent, patients were redirected to a RedCap environment, a 

web-based survey system, to fill out the primary survey and were given an opt-out form by 

the treating physician.12 And additional information was given about the study and 

withdrawal methods. Age, sex, type of injury, and hospital were used to select a purposive 

sample among the quantitative population for interview patients. Eligible patients were 

contacted a minimum of six weeks after injury to schedule a semi-structured interview. 

During data collection, authors WDL and EM considered whether the qualitative data had 

gained sufficient depth to perform a thorough analysis. Patients were reminded by e-mail to 

complete the survey, and the second survey was sent three months post-injury. Additional 

patient data were collected from Electronic Patient Records (EPRs).  

 

Data collection 

Data were collected from surveys, semi-structured interviews, and system data. 

 

Surveys 

Two surveys, one directly after the ED visit and one three months after the ED visit, with 63 

questions, including close-ended questions, multiple-choice questions, five-point Likert 

Scales, Visual Analogue Scales (VAS), and free-text questions, measured five Bowen 

feasibility parameters.8 As no golden standard for the evaluation of innovations exists, the 

surveys and topic list were developed by four researchers (JS, GW, BT, THG) and checked 

by two experts on relevance: a professor in trauma surgery (JCG) and an associate professor 

in-process evaluations of healthcare innovations (JT). We pre-tested the survey with five 

patients to improve clarity.  

 

Semi-structured interviews 

Two independent researchers specialized in qualitative research, not involved in daily clinical 

practice or the VFC research team, conducted digital semi-structured interviews to minimize 

social-desirability bias. The interviews were held within six and ten weeks post-injury to 

warrant an optimal recall. The interviews were guided by a topic list based on literature, 

including previously mentioned Bowen feasibility parameters (Appendix A).8 The research 

team piloted the topic list for clarity and completeness and modified it during data collection.  
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System data 

Quantitative data were extracted from the EPR after three months of follow-up. The patient 

characteristics included compliance to therapy, complications (yes/no), type of complications, 

follow-up (yes/no), type of follow-up, and imaging. Downtime from the app was extracted 

from the log record of the VFC app. 
 

Data Analysis 

Quantitative data were analyzed using IBM Statistical Package for the Social Sciences 

(SPSS), version 27, IBM Corporation.13 Baseline characteristics were reported descriptively 

using numbers and proportions for categorical variables and mean with standard deviation 

(SD) or median with interquartile range (IQR) as appropriate. Normal distribution of 

continuous data were assessed with visual analysis. Discrete variables were reported as 

numbers (percentages of the total population). The paired t-test or the Mann-Whitney U test 

was used to determine statistical significance of parametric variables for normally and non-

normally distributed data. 

Qualitative data were analyzed according to the six phases of thematic analysis of Braun and 

Clark.14 Data analysis started after the first five interviews. Interviews were audiotaped, 

transcribed verbatim, and analyzed using the software program NVivo.15 Two researchers 

(WL and EM) used an inductive thematic analysis with methods to ensure reliability and 

validity.141617 One researcher (WL) independently analyzed the data, and another researcher 

(EM) reviewed the analysis. Discrepancies and remarks were discussed until they reached 

consensus about data interpretations. Memos were made to track research decisions during 

analysis. Code saturation was reached when no new categories or themes emerged from the 

new raw data.14,16 The final themes were used to describe the value and feasibility of DD 

from the perspective of patients. 
 

Triangulation  

After the separate quantitative and qualitative analyses, findings were triangulated with a 

simplified approach of the Pillar Integration Process technique.9 This approach uses a 

transparent and rigorous four-stage technique for integrating and presenting qualitative and 

quantitative findings in a joint display (Microsoft Excel, 2018).18 One of the researchers 

presented the quantitative findings (JS) per study parameter, and another the qualitative 

findings (WDL). (Dis)similarities and self-contained themes were objectified. One of the 
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researchers (EM) merged these themes into a meaningful narrative (the pillar), reviewed by 

researchers JS and WDL. 
 

Patient and public involvement 

Patients were not involved in the design, intervention, research question, or outcome 

measures of the current study. The study, including the process analysis, was ethically 

reviewed and approved by the Medical Ethical Committee of Utrecht, Netherlands 

(W21.261). 
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RESULTS  
Demographics  

Of the 429 patients who started the primary survey, 203 did not provide any data or contact 

details and did not complete the first survey and 88 did not complete both surveys (Figure 3). 

Of the 138 patients that completed both surveys (response rate 32%), 83 (60%) were female, 

and the median age was 50 years (IQR 12 to 61) (Table 2). Patients who provided contact 

details at baseline varied significantly from responders regarding age (p = 0.01) but not sex (p 

= 0.14). Most patients were native Dutch speakers, who had attended primary school in the 

Netherlands (n = 136; 98%), and over half had a minimum of a bachelor’s degree (n = 82; 

59%) (Table 2). In addition, eighteen patients sampled from the quantitative source 

participated in an online semi-structured interview, of which 15/18 (83%) were female and 

6/18 (33%) were parents of children (Table 3). 

 
Figure 3. Flow Diagram of eligible patients to evaluate the Direct Discharge protocol
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Table 2. Baseline characteristics of included patients in quantitative analysis of DD 

Characteristic Included in quantitative analysis 
(n=138) 

Age; median (IQR) 50 (12-61) 
Age <18; n (%) 51 (37) 
Gender female; n (%) 83 (60) 
Country of primary school; n (%) 

Netherlands 
Philippines 
Italy 

 
136 (98) 
1 (1) 
1 (1) 

Primary language; n (%) 
Dutch 
Philipino 
Italian 

 
136 (98) 
1 (1) 
1 (1) 

Highest level of education; n (%) 
Elementary school 
High school 
Vocational school 
College 
University 
Other 

 
4 (3) 
21 (15) 
28 (20) 
50 (36) 
32 (23) 
3 (2) 

Hospital treated; n (%) 
Center A  
Center B  
Center C  

 
54 (39) 
26 (19) 
58 (42) 

IQR interquartile range 
 

 

Table 3. Demographics of interviewed patients or parents regarding experiences with the 

Direct Discharge protocol 

ID Sex  Type of injuries Year of 
birth  

#1 F Mallet finger 1969 
#2 F Weber A Fx / Avulsion Fx 1971 
#3 F Weber A Fx / Avulsion Fx 2000 
#4 M Fifth metatarsal Fx 1956 
#5 F Radial head/neck Fx 1957 
#6 F Ankle distortion 1992 
#7 F Radial head/neck Fx 1963 
#8 F Torus Fx of the radius 2011 
#9 M Radial head/neck Fx 1959 
#10 F Hallux fx 1964 
#11 M Fifth metatarsal Fx 1980 
#12 F Hallux fx 2010 
#13 F Spoke injury 2017 
#14 F Greenstick Fx 2014 
#15 F Radial head/neck Fx 1974 
#16 F Torus Fx 2014 
#17 F Torus Fx 2011 
#18 F Weber A Fx / Avulsion Fx 1956 
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Implementation  

Both data sources indicated that most patients were satisfied with their ED visit and the 

introduction of the application, despite some mentioning the hectic ED environment and 

difficulty downloading the app due to poor Wi-Fi connection. The physiological distress, and 

the hectic ED environment, resulted in an inability to recollect all the information provided 

by the ED physician. Several patients pointed out that the information in the VFC app was a 

valuable supplement to their ED visit (quote 1). Mobile app stability was excellent, with only 

one patient reporting issues accessing the app. The helpline could not be reached in four 

cases, resulting in two patients contacting the ED directly. The app was available 99.6% of 

the time, with the only downtime (five hours in three months) caused by a software problem 

that was fixed by the application builder.   
 

Quote 

number  

Quote of patient  ID  

1 "Because… it always goes quickly. It is always busy. But still, you 

know, this was completely clear; what I could expect and that I could 

download the app.” 

#10 

 

Acceptation 

The median satisfaction with treatment was 7.8 (IQR 6.6 to 8.8) on a ten-point scale. 

Qualitative data complemented to quantitative data, as most patients mentioned that they 

were satisfied with DD (quotes 2 and 3). 

 

Quote 

number  

Quote of patient  ID  

2 "I would give DD a 7 or 8. Yeah, let’s say 7, because I do feel that it 

might be difficult for older people. Especially because they don’t 

always understand technology, you know.”  

 

#15 

3 "To be honest, I think it’s better. You know, often it’s like, you go to a 

hospital, and it takes half a day just to get there, and come back, and all 

those things, and then it’s just like: “O, it looks fine”  

#5 
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VFC app acceptation 

Most patients (106/138; 77%) reported that the quality of the information in the app was good 

and reported that the information answered the questions they had during their recovery 

(82/138; 58%). Additionally, 59% (79/138) would prefer the app over face-to-face follow-up 

if they were to have a similar injury (Figure 4). However, in qualitative data, some patients 

expressed concerns that the app may not be suitable for people with limited digital skills. 

Even though none of the patients identified themselves as ‘vulnerable,’ many reported that 

the app may not be appropriate for vulnerable individuals. Patients expressed that DD should 

not be mandatory for all in order to protect potentially vulnerable patients for whom DD 

would not be suitable. 

 

Figure 4. 5-point Likert scale distribution of acceptance-related outcomes regarding the VFC 

app 

5-point Likert scales with 1 and red indicating ‘ totally disagree’ to 5 and green ‘totally agree’ 
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Brace acceptation 

One hundred and twenty-two patients (89%) used the brace for the prescribed period. Most 

patients (116/138; 84%) removed the brace or the sling during showering, at night (118/138, 

86%), and (72/138; 52%) during non-weight bearing exercises. Most patients (97/138; 71%) 

found the brace comfortable, and 94/138 (68%) found the brace convenient for these types of 

injuries (Figure 5). These findings were complementary to the qualitative data. Patients 

preferred the brace to a cast as it allowed for better mobility because it was less bulky and 

less rigid compared to a cast (quote 4). However, the increased mobility made it tempting to 

overexert oneself, resulting in increased pain and insecurity for some patients (quote 5). The 

smaller size of the braces made some injuries seem less serious and burdensome, reportedly 

leading to social pressure to return to work earlier than advised by the doctor or app. 

Additionally, the less rigid nature of the brace resulted in increased skin friction, causing a 

superficial ulcer in one patient in the qualitative data.  

 

Quote 

number  

Quote of patient  ID  

4 “I really like the brace because it allowed me to move. So, I was not 

stuck with a bulky cast on my leg, but rather, I had a lot of flexibility. I 

could actually determine what I wanted to do or not. So, I found that 

very enjoyable.  

 

#2 

5 “The brace was sometimes the reason I went over my limit. I could 

move more and was in the process of moving to a new home. But then 

the pain came back. I found it very difficult to ‘guard’ my limits. 

#18 

 

Figure 5. Five-point Likert scale distribution of acceptance-related outcomes regarding 
experiences with a brace 

5-point Likert scales with 1 and red indicating ‘ totally disagree’ to 5 and green ‘totally agree’ 
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Helpline and perceived safety  

Most patients found the helpline important (116/138, 84%) and that the helpline offered them 

a sense of security 86/138 (62%). For some patients, the helpline was a way of checking if 

their recovery was still on track (quote 6). Most patients (94, 68%) in both data sources 

expressed that treatment with a brace and a helpline is safe for these types of injuries. 

However, some expected that if injuries were more severe, they would need more assistance 

than a brace and a smartphone application (quote 7).  

 

Self-empowerment  

An increase in perceived self-empowerment was reported in 67 (49%) of all patients, 51 

(37%) reported neutral results, and 20 (14%) reported no increase. Enhanced treatment 

engagement was reported in 58 (42%) patients, while 49 (36%) reported neutral results, and 

31 (23%) reported no enhanced engagement (Figure 6). In the qualitative data, some of the 

interviewed patients stated that this type of treatment provided more self-empowerment and 

therefore, more control in their recovery (quote 8).  
 

Quote 

number  

Quote of patient  ID  

6 “After about a week or three, I had a setback. I couldn’t find this in the 

app, so I decided to call the helpline. The pain came back, and I was 

afraid I had broken something or something like that. They reassured 

me that it could not happen so quickly and that I just needed to rest for 

24 hours. They were right! It was nice to be able to check this.” 

 

#11 

7 “Yes, I believe it is safe, given the circumstances. Because it wasn’t that 

serious. Yes. I do have the confidence that if it is something serious I 

won’t receive this type of treatment.” 

 

#17 

8 “It was nice that I could read what I was allowed to do and what I was 

not. I think that gave me more control over my recovery. I knew what I 

could do myself in terms of exercises, and that was very helpful.” 

#2 
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Figure 6. Self-empowerment and perceived safety of care with DD 

 
5-point Likert scales with 1 and red indicating ‘ totally disagree’ to 5 and green ‘totally agree’ 
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Table 4. Frequency of limitation per week in physical function, activities of daily living, and 

school or work in patients treated with DD at three months follow-up 

 Activities of 

daily living 

Sports 

activities 

Limited in 

school or work 

Not (0 times per week) 84 (61%) 72 (52%) 81 (59%) 

Sometimes (1-2 times per week) 28 (20%) 35 (25%) 39 (28%) 

Often (3-5 times per week) 15 (11%) 17 (12%) 17 (12%) 

Very often (every day) 11 (8%) 14 (10%) 1 (1%) 

 

Pain 

Ninety-two patients (67%) have used painkillers in the first three weeks of recovery. Of these 

patients, 70 (76%) have used acetaminophen, 17 (12%) have used non-steroidal anti-

inflammatory drugs, or other undefined analgesics 5 (4%). Seven patients (5%) used cooling 

of the injury site to reduce pain. Analgesic use in the second week was lower (35/92, 38%) 

and further declined in the third week (9/92, 9.8%) and in the fourth week or after (9/92). 

Qualitative data showed limited pain complaints after immobilization of the initial trauma. 

Pain complaints in the first weeks were treated with analgesics. After the immobilization, a 

few patients had persistent pain symptoms. Most of these patients sustained a Weber A ankle 

fracture or ankle distortion. Those patients were most limited in their daily activities, 

specifically during more intense physical activities (e.g., labor and sports) (quote 9). 
 

Quote 
number  

Quote of patient  ID  

9 “The eight weeks of recovery are over, I believe. So now I should be 

able to start exercising again, well I do karate but I’ll wait a little 

longer for that.”  

#4 

 

Demand 

Almost all patients used the app during recovery (133/138, 95%) with a median of 4 times 

(IQR 2 to 6.5, range 0-30). Reasons to use the app included checking recovery exercises 

(91/138, 68%), treatment rules (69/133, 51%), the phase of recovery (68/133, 51%), seeking 

helpline information (57/133, 42%), and analgesics (10/133, 8%). Qualitative data supported 

the quantitative data. App usage was focused on the first weeks post-injury, and parents 

consulted the app more than children. They occasionally showed it to their child, 



646012-L-bw-Spierings646012-L-bw-Spierings646012-L-bw-Spierings646012-L-bw-Spierings
Processed on: 29-7-2024Processed on: 29-7-2024Processed on: 29-7-2024Processed on: 29-7-2024 PDF page: 58PDF page: 58PDF page: 58PDF page: 58

58

predominantly if the information contained photos and videos (quote 10). Among the 

interviewed patients, almost all patients reported not requiring face-to-face follow-up for 

these types of injuries. The biggest advantage of DD is that it is timesaving on a personal 

level. Nevertheless, a few patients expressed a preference for outpatient follow-up. Especially 

if they had persistent complaints or when the recovery was slower than expected. Patients 

expressed that this led to insecurity, which was also expressed by patients who used the app 

more frequently or later in the recovery phase (quote 11).  

A minority of patients reported a lack of human contact and the physicians’ reassurance of 

adequate recovery. Subsequently, as a minimal substitute, these patients suggested a feedback 

system (e.g., pain scores or communication tools) to assist them further.  

 

Quote 
number  

Quote of patient  ID  

10 “As for the app, he did see it, but you know, whatever! The only thing 

they find really interesting are pictures. What I liked that in the app is 

that they actually showed what was going on and what it looks like.”  

 

#17 

11 " I was constantly looking for confirmation in the app, online, or at the 

fracture helpline.” 

#11 
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DISCUSSION  
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inequities in an already digitally-oriented world. 29 However, it is important to note that DD 

targets relatively young patients, who are considered capable by the treating physician. 

While previous studies have highlighted the potential for increased self-empowerment and 

patient engagement with eHealth, this study did not explicitly confirm it.30,31 Despite positive 

study results, individual nuances in patients and injury types require a continuous assessment 

to ensure personalized patient care. 

Information demand and app usage varied among patients, implying different levels of 

demand among users. A minority of patients expressed a desire for more human contact and 

reassurance. A possible suggested solution was developing an in-app a numerical feedback 

system, such as a questionnaire or communication tool. 

 

Strengths and limitations 

This study has several strengths. To our knowledge, it is the first to provide in-depth 

interviews with patients treated using DD, providing valuable insights. Secondly, the research 

team’s multidisciplinary involvement ensured a comprehensive evaluation and analysis of the 

data from multiple perspectives. Thirdly, the mixed-method approach, including the separate 

collection of both data sources until data saturation, combined with the triangulation, 

increased the likelihood of realistic and rigorous results. Additionally, using a validated 

framework provided a structured insight into each feasibility parameter.  

However, limitations include potential responder and selection bias due to a younger sample 

of patients with higher education levels and Dutch literacy rates than the general Dutch 

population. This age difference could be caused by the twelve selected injuries, of which half 

only occur in pediatric patients. Nevertheless, the differences in literacy and education may 

limit the generalizability of the findings to a broader Dutch population, especially those with 

lower health literacy or digital skills. Furthermore, the timing to measure functional outcomes 

might have been suboptimal in these patients, as for some injuries (e.g., mallet finger 

injuries), the immobilization period had just ended, resulting in limitations in daily activities. 

 

Implications for clinicians and policymakers, and future perspectives  

DD has emerged as a promising approach to reduce outpatient follow-up while maintaining 

positive effects on PHU, patient satisfaction, complications, and functional outcomes.4,5 By 

delivering follow-up care close to home, associated healthcare costs and societal costs 

decrease.32 In addition, it limits unnecessary patient travel to the hospital thereby reducing the 

environmental impact of healthcare. Including patients’ perspectives in evaluating new care 
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pathways, whether digitally assisted or not, is crucial for sustainable adoption and quality of 

care. Clinicians, researchers, and policymakers should prioritize patient involvement 

throughout the design, prototype, pilot, and evaluation phases. ‘Design thinking,’ a validated 

approach widely recognized in user experience and implementation literature, can be utilized 

to design these pathways. For example, replacing hospital care with DD involves changes in 

location and care deliverers, which presents new needs, challenges, and opportunities suitable 

to solve with design thinking. This study has identified areas for improvement of DD in terms 

of functions, features, and adjusted language to lower literacy. Future studies should focus on 

co-designing in-app feedback systems that address patient and healthcare professional needs 

for reassurance and monitoring like communication tools or questionnaires.  

 

Conclusion   

Patients consider DD a feasible and safe alternative to traditional treatment, with a favorable 

perception of its acceptability, efficacy, applicability, and demand. Nevertheless, personal 

nuances and preferences must be considered when implementing DD. Clinicians and 

policymakers can use the insights of this study to enhance integration of DD into clinical 

practice and future guidelines. 
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APPENDIX 
  
Appendix A. Topic list used in semi-structured interviews to evaluate the DD-protocol 
General questions 
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Chapter Four 
 
 
Healthcare professionals’ experiences with a mobile self-care 
solution for low complex orthopedic injuries: a mixed method 
study 

 
J.F. Spierings, G.J.A. Willinge, M.C. Kokke, B.A. Twigt, W.F.M. de Lange, 
T.H. Geerdink, D. van der Velde, S. Repping, J.C. Goslings; collaboration 
group.  
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ABSTRACT 
 
Background 

To cope with the rising number of trauma patients in an already constrained Dutch healthcare 

system Direct Discharge (DD) has been introduced in over twenty-five hospitals in the 

Netherlands since 2019. With DD, no routine follow-up appointments are scheduled after the 

Emergency Department (ED) visit, and patients are supported by information leaflets, a 

smartphone application, and a telephone helpline. DD reduces secondary healthcare 

utilization, with comparable patient satisfaction and primary healthcare utilization. Currently, 

little is known about the experiences of in-hospital healthcare professionals with DD.  

 

Objective 

The aim of this study was to explore the experiences of healthcare professionals with the DD 

protocol to enhance durable adoption and improve the protocol.  

 

Methods  

A mixed-method study was conducted parallel to the implementation of DD in three 

hospitals. Data were collected through a pre-implementation survey, post-implementation 

survey, and semi-structured interviews. Quantitative data were reported descriptively, and 

qualitative data using thematic analysis. Outcomes included the Bowen feasibility 

parameters: implementation, acceptation, preliminary efficacy, demand, and applicability. 

Pre-implementation expectations were compared with post-implementation experiences. 

Healthcare professionals involved in the daily clinical care for patients with low-complex, 

stable injuries were eligible for this study. 

 

Results  

Of the 217 eligible healthcare professionals, 128 started the primary survey, 37 completed 

both surveys (response rate 17%), and 15 participated in semi-structured interviews. 

Healthcare professionals expressed satisfaction with the DD protocol (median 7.8, IQR 6.8 to 

8.9) on a 10-point scale, with 82% of participants noting improved information quality and 

uniformity, and 73% of patients perceiving reduced outpatient follow-up and imaging. DD 

was perceived as safe by 79% in its current form, but a feedback system to reassure 

healthcare professionals that patients had recovered adequately was suggested to improve 
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DD. The introduction of DD had varying effects on workload and job satisfaction among 

different occupations. Healthcare professionals expressed intentions to continue using DD 

due to increased efficiency, patient empowerment, and self-management.  

 

Conclusion 

Healthcare professionals perceive DD as an acceptable, applicable, safe, and efficacious 

alternative to traditional treatment. A numerical in-app feedback system (e.g., in-application 

communication tools or recovery scores) could alleviate healthcare professionals’ concerns 

about adequate recovery and further improve DD protocols. DD can reduce healthcare 

utilization, which is important in times of constrained resources. Nonetheless, both 

advantages and disadvantages should be considered while evaluating this type of treatment. 

In the future, clinicians and policymakers can use these insights to further optimize and 

implement DD in clinical practice and guidelines.   
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INTRODUCTION  
 
The global increase in the number of trauma patients present a major challenge to already 

strained healthcare systems.1,2 To achieve more sustainable healthcare digital alternatives to 

face-to-face outpatient follow-up have been introduced as a supported strategy.3–5 These 

alternatives, also known as ‘eHealth’, are defined by Eysenbach et al. as the intersection of 

medical informatics, public health and business, referring to health services and information 

delivered or enhanced through the Internet and related technologies. In a broader sense, the 

term characterizes not only a technical development, but also a state-of-mind, a way of 

thinking, an attitude, and a commitment for networked, global thinking, to improve health 

care locally, regionally, and worldwide by using information and communication 

technology.6 

 

Based on a British example, a Dutch teaching hospital implemented the Direct Discharge 

protocol (DD) to maintain the quality of care for trauma patients  in 2019.7,8 The DD protocol 

involves discharging patients from the Emergency Department (ED) without scheduled 

follow-up, while providing patients with information through a self-care mobile eHealth 

application. DD significantly reduces secondary healthcare utilization (SHU) with similar 

levels of patient satisfaction and primary healthcare utilization (PHU).9–11 Based on these 

results and catalyzed by the COVID-pandemic, over twenty-five Dutch hospitals have 

implemented this protocol since 2019.12  

 

The successful and sustainable adoption of digital health technology is complex and 

influenced by factors at organizational, technological, and social levels.13,14 This complexity 

is widely recognized in eHealth and eHealth evaluation frameworks.15–17 The organizational 

and logistic benefits, and patient satisfaction scores following DD have been well described 

in the literature.18–20 However, the social aspects of the DD protocol for healthcare 

professionals remain underreported.21 An in-depth exploration is warranted to better 

understand the adoption of the DD protocol within its social context, including insight into 

the experiences of stakeholders. The aim of this study was to explore the experiences of 

healthcare professionals with the DD protocol parallel to the implementation of this protocol 

in three Dutch hospitals to enhance durable adoption and improve the protocol. 
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METHODS  
 
Design 

An observational mixed-method study was conducted among healthcare professionals from 

August 2021 to June 2022, parallel to the implementation of DD in three hospitals. Both 

quantitative data and qualitative data were collected and analyzed separately by a quantitative 

team (GW and JS) and a qualitative team (WL and EM). The Bowen feasibility framework 

was used to organize both data sources with the following parameters: implementation, 

acceptation, preliminary efficacy, demand, and applicability.22 After separate analyses, 

quantitative data and qualitative data were triangulated with the Pillar Integration Process.23 

This study was reported according to the Good Reporting on a Mixed Methods Study 

(GRAMMS) criteria.24  

 

Context  

The three participating centers were urban, level-2 trauma centers with up to three locations 

per hospital, treating between 1200 and 1800 patients with low complex traumatic 

musculoskeletal injuries annually. Each center had a similar size and structure. All centers 

consisted of three locations with one large location focusing on low-to-high complex 

traumatic injuries and had  an ED with more rooms compared to the other locations. The two 

other locations were smaller and had no particular focus on trauma patients, but treated low-

complex trauma patients if they sought care at these locations Per center, all three locations 

have one team taking care of all patients. These teams consisted of (orthopedic) trauma 

surgeons, residents, plaster technicians, ED physicians, and ED nurses. In total, 217 eligible 

healthcare professionals were exposed to DD based on provided data from participating 

hospitals. Changes in tasks per healthcare professional were described in Figure 1. These 

changes apply per center, including all three hospital per center. Variance in number of 

employees was correlated with the size of the hospital. Two centers implemented DD in 

September 2021 and one in March 2022.  
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Figure 1. Treatment protocols before and after implementation of DD and changes in 

location, involved stakeholders and tasks 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

Traditional treatment 

Before DD was implemented, patients were treated according to the local trauma protocols. 

These protocols consisted of immobilization or support with either a cast, sling, bandage, or 

splint and brief information about the injury at the ED. At least one outpatient follow-up 

appointment was scheduled at the plaster room or in the outpatient clinic within two weeks 

after the injury for review, extensive information, and definitive management planning.  

 

Direct Discharge protocol 

This protocol was derived from the British model of a Virtual Fracture Clinic (VFC) and 

adapted to the Dutch healthcare setting in 2019.25 In its Dutch adaptation, DD includes eleven 

treatment protocols for low-complex, stable traumatic orthopedic injuries with additional 

injury-related criteria (Table 1).10 If patients met the injury-related inclusion criteria in Table 

1 and spoke Dutch or English fluently, they were included; no further predefined restrictions 

(e.g., age or comorbidity) were used. Patients were excluded from the protocol at the ED if 

they had initial treatment in another hospital, follow-up in another hospital (e.g., closer to 

home), multiple injuries, reason for follow-up other than the injury (e.g., social-care reasons), 

Eye/Motor/Verbal-score < 15 at presentation, or intoxication. With DD, patients were 
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discharged directly from the ED without routine outpatient follow-up. They received a 

removable orthosis or a sling (e.g., brace instead of a cast), and extensive information at the 

ED, summarized in a mobile self-care application, the Virtual Fracture Care application (VFC 

app). Patient eligibility for the protocol was re-evaluated on the next workday (within 24 

hours) by a team consisting of an (orthopedic) trauma surgeon and a radiologist. If patients 

were incorrectly discharged directly based on the injury-related or social inclusion criteria 

during second review the next day. They were contacted by phone and scheduled for a face-

to-face appointment. This re-evaluation was a standard procedure in both protocols, and was 

used to check previous decisions of young doctors by a senior group of medical professionals 

based on the radiographs and electronic patient record. 

 
Table 1. Additional criteria and immobilization for low-complex, traumatic orthopedic 

injuries included in the Direct Discharge protocol 

Injury Pediatric/adult Criteria Immobilization after DD 

Pediatric clavicle Fx Pediatric 
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VFC app 

The VFC app provided self-care assistance through information, videos, and a helpline and 

can be downloaded for free at the Google Play Store and iOS App Store. Injury-specific 

leaflets with recovery information, treatment rules, and red flags were included. Furthermore, 

frequently asked questions, audiovisual exercise-, immobilization- and analgesic instructions 

were included to assist patients. If patients required human contact in addition to the 

information, a helpline by phone operated by a healthcare professional was available during 

working hours. The VFC app aimed to increase self-management and self-care during 

recovery and to substitute face-to-face follow-up.  

 
Implementation tools and materials  

Interested centers contacted one of the trauma surgeons or the main e-mail address of the 

initiating OLVG Hospital, Amsterdam, the Netherlands. The OLVG Hospital created several 

tools to assist the implementation in other hospitals. The tools were created to streamline the 

implementation process as hospitals had similar questions during implementation and 

medical doctors struggled with the implementation of eHealth in their daily practice, partly 

due to inexperience with implementation and accompanying barriers and facilitators. These 

tools consisted of an e-mail address that healthcare professionals could contact, an 

implementation guide, a digital PowerPoint presentation with an overview of the concept, and 

a set with standardized information. This information set included posters, pocket cards, 

training guides, smart phrases for Electronic Patient Records, standardized discharge letters, 

and a tool to personalize the layout of the VFC app. Participating centers started 

implementation preparations three months before the actual start of DD as the standard of 

care. Based on the experiences of the implementation in previous centers, three months was 

considered a sufficient amount of time to implement DD.  There were minor differences 

between hospitals to optimize local fit (e.g., the available hours of the manned helpline). 

 
Study population 

Healthcare professionals involved in the in-hospital treatment of patients with eligible low-

complex, stable traumatic orthopedic injuries on a daily basis were included in this study 

(Figure 1). Healthcare professionals were excluded from the final analysis if they did not 

provide the correct contact details or did not complete both surveys.  
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Sampling and recruitment 

Four weeks before the implementation of DD, the 217 potentially eligible healthcare 

professionals were asked to participate in the study through education moments, e-learnings, 

and by e-mail. The healthcare professionals were given a survey distribution link by e-mail to 

a pre-implementation survey in RedCap, a digital survey system.26 Potential eligible 

participants were remembered two times one week after the initial e-mail. Participants were 

excluded if,  they did not complete both surveys, or if they did not provide any contact details 

to send the second survey to. Within the survey, consent for an additional semi-structured 

interview was asked. Age, sex, occupation, medical specialty, and hospital were used to 

select a purposive sample among healthcare professionals who consented. During sample 

selection for the interviews, ED nurses and plaster technicians were under-represented. 

Through an open call, non-responders were recruited via e-mail, after which the definitive 

sample was selected. Eligible healthcare professionals were contacted to schedule an online 

semi-structured interview. Healthcare professionals were reminded via e-mail to complete the 

survey. The second survey was sent three months after the implementation of the DD 

protocol (Figure 2). We aimed to collect completed quantitative data from 100 healthcare 

professionals, and qualitative data of fifteen healthcare professionals. 

 

Figure 2. Summary of hospitals, procedures, and models used to evaluate the Direct 
Discharge protocol among healthcare professionals 

 
All centers consisted of three hospitals with similar teams and similar sizes 
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Data collection 

Data were collected from surveys and semi-structured interviews. 

 

Surveys 

Two surveys, a pre-implementation survey and a post-implementation survey, with 46 

questions, including close-ended questions, multiple-choice questions, 5-point Likert Scales, 

Visual Analogue Scales (VAS), and free-text questions, measured five Bowen feasibility 

parameters. As no golden standard for the evaluation of innovations exists, the surveys and 

topic list were developed by four researchers (JS, GW, BT, THG) and checked by two 

experts on relevance: a professor in trauma surgery (JCG) and an associate professor in-

process evaluations of healthcare innovations (JT). We pretested the survey with five 

healthcare professionals to improve clarity. After data collection, the pre-implementation 

expectations were compared with the post-implementation experiences. 

 

Semi-structured interviews 

Two independent THINC researchers, not involved in daily clinical practice or the VFC 

research team, conducted digital semi-structured interviews to minimize social-desirability 

bias. The online interviews were held at least 8 -12 weeks after the implementation of DD to 

warrant an optimal recall. The interviews were guided by a topic list based on literature, 

including previously mentioned Bowen feasibility parameters (Appendix A). The research 

team piloted the topic list for clarity and completeness and modified it during data collection. 

A pragmatic choice was made to interview five different types of healthcare professionals 

from each participating center, which was deemed sufficient to get a good understanding of 

the experiences of healthcare professionals and to reach saturation. No new themes were 

identified in last step of the analysis, indicating that saturation was reached. 

 

Data Analysis 

Quantitative data 

Quantitative data were analyzed using IBM Statistical Package for the Social Sciences 

(SPSS), version 27, IBM Corporation.27 Baseline characteristics and outcomes were reported 

descriptively using numbers and proportions for categorical variables and mean with standard 

deviation (SD) or median with interquartile range (IQR) for continuous variables as 

appropriate. Normal distribution of continuous data was assessed with visual analysis of 

boxplots. The paired t-test or the Mann-Whitney U test was used to determine statistical 
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significance of parametric variables for normally and non-normally distributed data, 

respectively. 

 

Qualitative data 

Qualitative data were analyzed by using an inductive approach. Data analysis started after the 

first five interviews. Interviews were audiotaped, summarized, and analyzed using the 

software program NVivo version 12.28 Two researchers (WL and EM) used an inductive 

analysis with methods to ensure reliability and validity.29,30 One researcher (WL) 

independently analyzed the data, and another researcher (EM) reviewed the analysis. 

Discrepancies and remarks were discussed until they reached a consensus about the 

interpretations of the data. Memos were made to track research decisions during analysis. 

Code saturation was reached when no new categories or themes emerged from the new raw 

data.31 Fifteen interviews were considered sufficient to reach saturation and get a good 

understanding of the experiences of professionals. Therefore, the number of interviews was 

limited by a pragmatic choice of available time. The final themes were used to describe the 

value and feasibility of DD from the perspective of involved healthcare professionals. 

 

Triangulation  

After the separate quantitative and qualitative analyses, findings were triangulated with a 

simplified approach of the Pillar Integration Process technique.23 This approach uses a 

transparent and rigorous four-stage technique for integrating and presenting qualitative and 

quantitative findings in a joint display (Microsoft Excel, 2018).32 One of the researchers 

presented the quantitative findings (JS) per study parameter, and another the qualitative 

findings (WDL). (Dis)similarities and self-contained themes were objectified. One of the 

researchers (EM) merged these themes into a meaningful narrative (the pillar), reviewed by 

researchers JS and WDL. 

 

Patient and public involvement 

Patients or healthcare professionals were not involved in the design, intervention, research 

question, or outcome measures of the current study. The study, including the process 

analysis, was reviewed and approved by the Medical Ethical Committee of Utrecht, 

Netherlands (W21.261). 
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RESULTS  
 

Demographics  

Of the 217 estimated eligible healthcare professionals, 128 started the primary survey, 42 did 

not complete the primary survey, and 49 did not complete both surveys (Figure 3). Of the 37 

included healthcare professionals (response rate 17%), 23 (62%) were female, and the median 

age was 38 years (IQR 32 to 45). Current occupations were medical specialists (14/37; 38%), 

residents (14/37; 38%), plaster technicians (7/37; 19%), and ED nurses (2/37; 5%) (Table 2). 

Baseline characteristics of healthcare professionals who solely filled out the primary surveys 

did not vary statistically significantly in age (p = 0.98) or sex (p = 0.28) as compared to those 

who filled out both surveys. Fifteen healthcare professionals, five per hospital, participated in 

the online semi-structured interviews, of which 9/15 (60%) were female. 

 
Table 2. Baseline characteristics of healthcare professionals included in a mixed-method 

evaluation of Direct Discharge 

Characteristics Survey (n=37) Interview (n=15) 
   
Female; n (%) 23 (62) 9 (60) 
Age in years; median (IQR)§ 38 (32 to 45) 40 (32 to 44) 
Hospital; n (%)   
 Hospital A 19 (51) 5 (33) 
 Hospital B 11 (30) 5 (33) 
 Hospital C 7 (19) 5 (33) 
Current function; n (%)   
 Trauma surgeon 5 (13) 3 (20) 
 Orthopedic surgeon 1 (3) 0 (0) 
 Emergency Physician 8 (22) 2 (13) 
 Surgery resident in training 8 (22) 3 (20) 
 Surgery resident not in training 6 (16) 1 (7) 
 Plaster technician 7 (19) 3 (20) 
 ED nurse
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Figure 3. Flow Diagram of included healthcare professionals in the evaluation of the Direct 

Discharge protocol 
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Quote section 1. Quotes regarding implementation of Direct Discharge Among Healthcare 

professionals. 

Quote 

Number 

Quote  Healthcare 

Professional 

1 Some of my colleagues have difficulty with the materials. How 

does it work and what goes where? It takes a bit longer for some 

of them to get the hang of it. Having to learn so many new things 

sometimes causes resistance.”  

ED nurse 

 

Acceptability  

Quantitative data showed a median satisfaction with treatment of 7.8 (IQR 6.8 to 8.9) on a 

10-point scale. This finding complemented to qualitative data, as most healthcare 

professionals were satisfied with DD (quote 2). Healthcare professionals suggested that in-

app patient feedback, such as pain scores or Patient Reported Outcome Measures, could 

further increase healthcare professional satisfaction levels and address healthcare 

professionals’ possible concerns about adequate recovery. Some healthcare professionals 

were hesitant about DD due to its novelty, limited education during implementation, changes 

in work activities, and concerns about the short- and long-term outcomes of certain injuries.  

 

VFC app acceptation 

The introduction of the VFC app at the ED yielded both advantages and disadvantages. Both 

qualitative and quantitative data  showed that introducing the VFC app and treatment 

information in the ED required more time than the traditional treatment (n=19; 52%) (Figure 

4). Qualitative data showed that this time decreased once DD was fully implemented but 

remained longer than traditional treatment. Despite the increased time to inform patients, the 

perceived reduction in logistics at the outpatient clinic was perceived as more valuable 

(quotes 3 and 4). Both data sources underline the benefits of the application in terms of 

uniform-, on-demand, and adequate information for patients after discharge. The downsides 

of the VFC app include less personal healthcare and the current limited language availability 

(Dutch and English). 
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Figure 4. 5-point Likert scales describing acceptation of the Direct Discharge protocol 

among healthcare professionals 
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Quote section 2. Quotes regarding acceptation of the Direct Discharge Among Healthcare 

professionals. 

Quote 

number 

Quote  Healthcare 

professional 

2 “This is a significant improvement for patients and appeals to 

their autonomy and control, as well as their own influence on the 

healing process. I believe it is motivating and in line with the 

current times.”  

 

ED nurse 

3 “I no longer have to do these routine outpatient clinical check-

ups. I could only provide limited contributions besides providing 

information, allowing me to have more peace and tranquility in 

the clinic. I can use that time for other patients to add more 

value.” 

 

Trauma 

surgeon 

4 “Both among doctors and nurses, DD has been widely embraced 

and well implemented, but for both professions, it requires 

valuable extra minutes due to additional explanation. Currently, 

the workload is very high.” 

 

Resident  

5 “But if that care is taken away from us, I do believe that we have a 

responsibility towards the patients to ensure the proper transition 

of that care.” 

Plaster 

technician 

 

Preliminary efficacy 

 

Quality of care 

Quantitative data showed that the quality of care with the DD protocol is perceived as 

comparable to traditional treatment (25/37; 67%). Healthcare professionals reported an 

improvement in the quality of information and uniformity (30/37; 82%) (Figure 5). No 

statistically significant differences were found between expectations and experiences of 

quality of care (p = 0.86), quality of information (p = 0.42), and quantity of information (p = 

0.18). Qualitative data supported these findings, highlighting the benefits of uniform, injury-
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specific information (quotes 6 and 7). In both the survey and interviews, most healthcare 

professionals reported a reduction in outpatient follow-up and injury-related imaging (27/37; 

73%). Qualitative data showed that (orthopedic) trauma surgeons experienced the reduction 

as beneficial, whereas some plaster technicians experienced the reduction as a disadvantage. 

Most residents and ED physicians reported that the logistical benefits at the outpatient clinic 

outweighed the slight increase in time at the ED. 

 

Figure 5. 5-point Liker Scales regarding preliminary efficacy of the Direct Discharge Among 

Healthcare professionals. 
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However, some residents stated that during crowding at the ED, they limited their 

explanation to downloading the VFC app with minimal instructions. The frequency of calling 

varied per injury, with patients with a greenstick fracture rarely requiring contact. Reasons to 

call the helpline were similar among the three centers. Patient questions were related to a 

poor recall of the ED visit, suboptimal information provision at the ED, doubts about their 

recovery, or insufficient reading of the application content. The daily multidisciplinary 

radiologic evaluation and helpline were considered effective safety nets.  

 

Quote section 3. Quotes regarding preliminary efficacy of the Direct Discharge Among 

Healthcare professionals. 

Quote 

number 

Quote  Healthcare 

professionals 

6 “We now have a tool in our hands to change healthcare without 

it deteriorating, which convinces people who tended towards 

over-treatment.” 

 

ED physician 

7 “The quality is not affected, assuming the doctor was already 

good. It is mainly more efficient. Information provision has 

improved. It has become more modern. I think DD is not worse, 

but we’re not certain yet.” 

 

Trauma 

surgeon 

8 “We are sometimes called about 2-3 times per day on the 

fracture line. I don’t think that’s a bad score.”  

Plaster 

technician 

 

Demand  

Qualitative analysis revealed that some healthcare professionals had prior knowledge or 

experience with the DD protocol (quote 9). The COVID-pandemic positively influenced their 

perceptions of digitally assisted care. Some healthcare professionals reported that it fits the 

general demand to develop more efficient outpatient follow-up models and that the DD 

protocol is an example of ‘tomorrow’s healthcare.’ Reduced outpatient follow-up, hospital 

use (e.g., treatment rooms or parking lot), and staff were mentioned as benefits. Healthcare 

professionals expected the DD protocol to stay and intended to continue using it. Healthcare 

professionals reported that the DD protocol could improve patient empowerment and enhance 
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self-management and independence, especially among younger patients. Healthcare 

professionals had different experiences integrating the DD protocol into daily activities. 

(Orthopedic) trauma surgeons perceived a decrease in patients at the outpatient clinic 

following DD implementation and stated that their workload was starting to decrease due to 

DD (quote 10). Plaster technicians also reported a decrease in patients. However, they 

perceived this sometimes as a disadvantage as they no longer treat these low-complex 

injuries, which is considered a loss of a fun part of their job. No reduction in workload was 

perceived among plaster technicians due to additional tasks and an increase in a patient 

population with more complex injuries (quote 11). 

Residents reported that extensive information has changed from the ED and outpatient clinic 

to solely the ED. The ED nurses reported applying fewer casts and more orthoses such as 

braces or walking boots.  

 

Quote section 4. Quotes regarding demand for Direct Discharge Among Healthcare 

professionals 

Quote 

number 

Quote  Healthcare 

professionals 

9 “I was already familiar with DD because I was looking for good 

and reliable information on injuries during my training as an ED 

nurse. I came across the article published by OLVG and started 

using the app in my work.” 

 

ED nurse  

10 "Every day, a few patients are treated through the app. I am 

starting to notice the reduction in daily practice!” 

 

Trauma 

surgeon 

11 "In my work, it has changed that we see less patients, but new 

things have also been added. However, we no longer see minor 

injuries. The easier type of care has decreased a bit.”  

Plaster 

technician 

 

Applicability  

Before implementation, some healthcare professionals expressed concerns about the incorrect 

use of immobilization materials. However, after implementation, the types of immobilization 

materials were perceived as adequate, with 74% of healthcare professionals finding the 
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braces easy to use for patients (Figure 6). The braces were less immobilizing than a cast, 

which was perceived as a benefit (quote 12). The less immobilizing treatment regimens could 

result in an earlier return to full function. However, some were concerned that the braces 

could lead to inferior long-term functional outcomes, even though the scientific evidence for 

these concerns was lacking (quote 13).  

 

Quote section 5. Quotes regarding applicability of the Direct Discharge Among Healthcare 

professionals 

Quote 

number 

Quote  Healthcare 

professionals 

12 “I see the advantage of a brace instead of a cast, a great 

improvement. I would also prefer DD myself.” 

Resident 

13 "The walking boot is difficult to fit, which poses a risk of misuse. 

This results in most complications being caused by misuse. What 

does that do to the recovery process?” 

ED physician 

 

Figure 6. 5-point Likert scales regarding applicability of the Direct Discharge Among 
Healthcare professionals. 
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DISCUSSION  
 

Principal findings 

Dutch healthcare professionals considered the DD protocol a safe and satisfactory alternative 

to traditional treatment, leading to a perceived decrease in SHU. Although providing 

information with DD required more (explanation) time for residents and ED-physicians at the 

ED, the logistical benefits (i.e., reduced number of follow-up appointments) outweighed the 

slight increase in time. Before and after implementation, no statistically significant 

differences were found regarding workload or job satisfaction. However, qualitative data 

reported benefits in workload and job satisfaction for trauma surgeons and residents, and 

disadvantages for some plaster technicians in terms of job satisfaction and workload. 

Furthermore, healthcare professionals reported increased quality of information and 

comparable quality of care. Almost all healthcare professionals would like to continue using 

DD after implementation. To improve DD, several new application functionalities were 

suggested, and the earlier involvement of stakeholders who performed new tasks was 

suggested. 

 

Comparison with existing literature 

The study results show that DD is an acceptable alternative to traditional follow-up for 

healthcare professionals. Healthcare professionals reported similar, high satisfaction scores 

with treatment as previously reported patient satisfaction scores for similar protocols.10,33 To 

further improve healthcare professionals’ satisfaction scores, healthcare professionals in this 

study suggested a short numerical feedback system to monitor injury recovery remotely (e.g., 

recovery questions after three months). In literature, healthcare professionals have also 

mentioned this as an important feature of eHealth developed for patients with 

musculoskeletal injuries.34,35 

A challenge to incorporate this is that these functions would require a more enhanced 

application that complies with current laws and regulations for data storage, and requires 

substantial financial investment. In addition, this request might also be a sign of early stage 

adoption where healthcare professionals feel a bit uncertain about the patients they would 

normally see for follow-up but who are now out of sight. As time progresses, it seems likely 

they would feel more comfortable with not seeing these patients anymore as this is then 

considered standard of care. 
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Preliminary efficacy was partly in line with the literature.10,20,33 Most healthcare professionals 

considered DD a safe alternative to face-to-face follow-up, leading to a perceived reduction 

of SHU. This finding is consistent with previous articles, which concluded that DD is safe 

based on low, comparable complication numbers, with significantly reduced SHU compared 

to traditional treatment.18,33 This perceived reduction in SHU varied among stakeholders. The 

reduction was perceived as most beneficial in qualitative data regarding workload for 

(orthopedic) trauma surgeons and least beneficial for plaster technicians, as they enjoyed this 

particular part of their workload. The current study has been unable to demonstrate 

statistically significant differences regarding workload and job satisfaction before and after 

implementation. Even though the introduction of DD at the ED increased valuable treatment 

time for some stakeholders, which decreased but remained longer after implementation, 

almost all reported that the benefits of less SHU outweighed this downside. These findings 

are interesting as the increase in time has been reported as one of the most important personal 

barriers to implementing and adopting eHealth but was not reported as an important 

disadvantage in this study.14,34 

Similar quality of care and increased quality of information after the introduction of DD is in 

accordance with earlier findings.11,20,33,35 Particular advantages of DD were uniform, injury-

specific, and on-demand information, consistent with a study pointing out the current 

heterogeneity in treatments of these injuries and the demand for uniform treatment.36 

Disadvantages of DD were: care being less personal, the loss of care activities for several 

stakeholders, and the inability to monitor recovery. A previous article described that VFCs 

might influence learning curves as residents become less experienced with the follow-up and 

full recovery of these injuries.37 This was not supported by our results. However, a lack of 

follow-up has led to a tendency for some (often inexperienced) residents to be more 

explanatory at the ED to ensure the patient had received all information during the only 

contact moment. To reassure themselves and identify the small group of patients with 

persistent complaints some healthcare professionals suggested a feedback system to ensure 

they had recovered adequately. Such a system should not increase workload but only filter 

patients with remaining questions, pain, or complications. This should be developed with 

patients and healthcare professionals, and could contain anchor-based questions, or Patient 

Reported Outcome Measures with predefined cut-off values. 

Healthcare professionals report that DD fits the public demand to develop more efficient 

(outpatient) care, and digital assistance could help deal with constrained resources. This 

partly aligns with the literature, as attitudes towards the usefulness of eHealth vary.38–40 
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Almost all healthcare professionals would like to continue using DD after the 

implementation. This finding complements current literature showing the widespread 

implementation of DD protocols and VFCs in the United Kingdom, Australia, New Zealand, 

and India.8,33,41,42 This further strengthens the idea of at least adequate acceptance and the 

general applicability of this concept in different countries. The applicability of DD varied 

among stakeholders and was influenced by the increase or loss of tasks after implementation 

of the protocol and their experience with that particular increase or loss of tasks. Even though 

evaluation of applicability for healthcare professional and healthcare professional satisfaction 

with the protocol seems vital to determine feasibility it has not been reported previously for 

DD protocols, despite the many centers that have implemented similar protocols. Healthcare 

professionals reported that early stakeholder involvement during implementation could be 

beneficial to cope with the changes in tasks and transfer of knowledge, which aligned with 

the results of Logishetty et al. reporting the importance of early stakeholder involvement 

during VFC implementation in a quality improvement approach.21 The lack of early 

involvement of stakeholders and limited feasibility among healthcare professionals are a 

known risk for non-adoption or abandonment.3,43,44 

  

Strengths and limitations 

This study has several strengths. To date, this is the first study to explore the in-depth views 

of several stakeholders involved in DD protocols and VFCs. The COVID-19 pandemic has 

accelerated the implementation of DD in the Netherlands, emphasizing the demand for a shift 

in patient care, where eHealth alternatives have become the new standard.45 The views and 

perceptions of healthcare professionals of different eHealth services are valuable to further 

tailor these services to their needs and preferences. A second strength of this study is the 

multidisciplinary involvement of the research team during evaluation and analysis. This 

approach ensured that data was analyzed from all possible angles. A third strength is a mixed-

method approach to evaluate DD because the separate collection of both data sources 

combined with the triangulation increased the likelihood of our results being a realistic 

representation of the daily clinical activities of the involved healthcare professionals. The 

fourth strength is the use of a validated framework to evaluate DD, which allowed for a 

structured insight into each feasibility parameter. The fifth strength was the heterogeneity in 

the sizes and locations of the three study sites. This allowed us to investigate the applicability 

within different types of hospitals.   
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This study also has limitations that need to be addressed. The first limitation is the small 

quantitative sample size and low response rate. Even though the response rate among 

healthcare professionals is 10-15% lower compared to patient studies, the quantitative sample 

size remains limited.46 Nevertheless, for almost all parameters quantitative and qualitative 

data were similar, indicating a realistic response of most healthcare professionals. A third 

limitation is that ED nurses were not involved in the initial design of this study and did not 

provide quantitative data. Nevertheless, they have been included in the qualitative data to 

strengthen the study results.  

 

Implications for clinicians and policymakers, and future perspectives 

DD protocols reduce SHU without negatively influencing PHU, satisfaction, complications, 

and functional outcomes.17 By assisting patients through the VFC app, they can receive care 

at home, potentially reducing healthcare costs.9 Healthcare costs in the Netherlands have 

increased drastically, particularly due to specialized in-hospital care. In addition, there is 

growing shortage of personnel. Digitally assisted solutions are suggested to cope with the rise 

of these costs and limited personnel, but implementation remains difficult.14 Technical (e.g., 

compliance and complication numbers) and logistic outcomes of this concept are well 

explored, but the social and cultural elements of DDs had not been explored. These findings 

help optimize future implementation strategies for eHealth in orthopedic- and trauma surgery 

by providing preconditions and learned lessons such as early stakeholder involvement. These 

findings might be generalizable for other short treatment processes in other (surgical) 

departments with high volumes of relatively low-complex surgical patients (e.g., low-

complex dermatology or otorhinolaryngology). 

As DD is introduced rapidly to cope with constrained financial and human resources, and 

healthcare professionals expect DD to stay, a thorough evaluation of caregivers and patients 

is essential to ensure sustainable adoption. Results of this study have improved our DD 

protocol and have led to two corresponding major points of improvement among all 

stakeholders and many points of improvement, such as ideas for illustrations, adjusted 

language (levels), and adjustable font size from one or more healthcare professionals. Future 

studies should focus on co-designing numerical feedback with patients and healthcare 

professionals. Furthermore, a thorough evaluation of patient perspectives should be 

performed to gain insight into the end-user perspective of this innovation. Particularly to 

investigate the potential link between different levels of literacy (health literacy, digital 

literacy, and literacy) and health equity, as suggested in previous studies.47,48  
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Conclusion 

Healthcare professionals perceive DD as an acceptable, applicable, safe, and efficacious 

alternative to traditional treatment. A short numerical feedback system could alleviate 

concerns about a full recovery and further improve DD protocols. DD can reduce SHU, 

which is important in times of constrained resources. Nonetheless, both advantages and 

disadvantages should be considered while evaluating this type of protocol. In the future, 

clinicians and policymakers can use these insights to further optimize and implement DD and 

VFC in clinical practice and guidelines.   
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APPENDICES 
Appendix A. Topic list for healthcare professionals the Direct Discharge protocol 

 

Topic list used for healthcare professionals to evaluate the Direct Discharge Protocol 

Acceptation  
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Chapter Five 

 

 
Attitudes toward the adoption of eHealth amongst healthcare 

professionals in trauma surgery – the new digital normal? 
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ABSTRACT  

Background 

As in many other countries, the Dutch emergency healthcare system is under pressure due to 

increasing numbers of patients, limited budgets, and constrained (human) resources.1,2 eHealth, 

enlarged by the COVID-19 pandemic, has been advocated to substitute face-to-face care to 

alleviate the pressure of the burden of care.3,4 In order for eHealth solutions to be adopted in 

daily practice, is it essential to assess healthcare professionals’ attitudes toward its usefulness. As 

this is currently lacking, this study explores the use of eHealth in daily practice, opportunities of 

eHealth, implementation barriers, and desired functions and features amongst healthcare 

professionals working in Dutch orthopedic surgery and traumatology. 

 

Methods 

A cross-sectional, web-based survey among the 605 members of the Dutch Society of Trauma 

Surgery and related healthcare professionals on the attitudes towards eHealth in daily practice 

was performed between November 4, 2021, and March 31, 2022. The survey consisted of five 

sections with 42 questions, including close-ended questions, multiple-choice questions, 5-point 

Likert Scales, Visual Analogue Scales, and free-text questions. 

 

Results 

Of the 111 responding healthcare professionals, 59/111 (53%) were male, and the median age 

was 40 years (IQR 26 to 67). Almost all participants owned smartphones (109/111, 98.2%). Most 

participants reported that the COVID-19 pandemic had influenced their attitude towards the 

usefulness of eHealth positively (80/111, 72%). Most participants (59%) would use a digital 

alternative instead of face-to-face follow-up if proven a safe technology, and expect that 64% of 

all patients would prefer a digital option. Most healthcare professionals stated that eHealth could 

reduce healthcare costs (94/111, 85%) and improve patient satisfaction (81/111, 73%) but is 

hindered most by a lack of financial support during implementation (57/111, 51%), followed by 

complex laws and regulations (54/111, 49%). 
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Discussion 

Results of this cross-sectional survey show that attitudes of orthopedic surgery or traumatology-

related healthcare professionals toward the usefulness of eHealth are positive and may have 

increased during the COVID-19 pandemic. Even though healthcare professionals believe eHealth 

could reduce costs and improve patient satisfaction, daily clinical use remains low possibly due 

to a lack of long-term and short-term financial support and complex laws and regulations. 
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INTRODUCTION 
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solutions).18 Categorizing barriers and the level of impact per stakeholder group (e.g., nurses, 

doctors or hospital management) helps pinpoint specific problems. Mentioning and measuring 

the size of a barrier per stakeholder group could further contribute to designing targeted solutions 

to cope with strained healthcare resources and enhance implementation in orthopedic trauma 

surgery. 

During the COVID-19 pandemic, eHealth was rapidly introduced into daily practice, to provide 

continuation of healthcare during social distancing measures. Three in ten patients visit the 

Emergency Department due to a musculoskeletal injury, contributing to the large volume of 

patients requiring in-hospital acute care.19 Therefore, a substantial degree of organizational 

changes (e.g., substitution of care in terms of place, mode and frequency) were required to deal 

with the disruption of daily activities in orthopedics and traumatology during the COVID-19 

pandemic.  

One of the eHealth solutions that was introduced to cope with social distancing measures in 

orthopedic trauma surgery during the COVID-19 pandemic was the Direct Discharge protocol. 

This protocol includes twelve low-complex musculoskeletal injuries that received routine 

outpatient follow-up and a cast after their initial Emergency Department visit. With DD, patients 

receive no routine outpatient follow-up, and a sling or a brace. After extensive information, 

patients receive the Virtual Fracture Care app (VFC). The VFC app is a self-care application and 

contains audiovisual support, red flags, and a helpline for questions. The app has been 

implemented in over 30 hospitals since the start of the COVID-19 pandemic, contrasting with the 

usual slow implementation in this field. DD has shown to be an effective protocol to significantly 

reduce secondary healthcare utilization, without compromising patient satisfaction, primary 

healthcare utilization, and functional outcomes negatively. DD is an example of how eHealth can 

improve patient outcomes and serve humanity, despite saving resources.  

Perhaps that the involuntary exposure to digital alternatives has forced healthcare professionals 

to overcome ‘individual barriers’ (e.g., motivation or trust) and explore the extent of 

‘environmental-’and ‘technical barriers’ in their daily activities and organizations to maintain 

healthcare accessible during the COVID-19 pandemic. 

These forced experiences with multiple types of eHealth (e.g., tele monitoring or Direct 

Discharge) might have influenced their attitudes toward the usefulness of eHealth in daily 

practice. In the literature, this potentially permanent paradigm shift has previously been 
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mentioned as ‘the new digital normal’ but the level of penetration of this shift has not been 

mentioned.20–22 Even though adoption of eHealth occurred rapidly during the early stages of the 

COVID-19 pandemic, sustainable use of eHealth is not self-evident and reasons for non-use 

should be mentioned too. In the current literature no particular studies have focused on 

individual motivations for non-use of eHealth in orthopedic trauma surgery, but have been 

performed for major surgery cases.14 In this study, participants reported that eHealth could 

diminish the personal interaction with patients, and may not be useful for all patients (and 

healthcare professionals) due to a lack of digital literacy.23 Additionally, an important and 

underreported factor in preventing abandonment of eHealth is the perceived usefulness of 

innovation among involved healthcare providers (e.g., nurses or doctors).24 Assessing the 

attitudes of healthcare professionals to eHealth is important to increase adoption and prevent 

abandonment of eHealth. The aim of this study was therefore to survey the use of eHealth in 

daily practice, perceived opportunities of eHealth in Dutch (orthopedic) trauma surgery, 

perceived implementation barriers, and desired functions and features amongst healthcare 

providers working in (orthopedic) trauma surgery. 
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prompt assessment, resuscitation, surgery, intensive care and stabilization of injured patients and 

emergency operations.  Healthcare professionals treating patients with traumatic injuries in all 

hospital settings could fill out the survey (e.g., level-2 trauma center or private clinic). 

 

Recruitment and consent 

The link to a web-based survey was distributed through a QR-code via flyers and presentations at 

the 2021 Dutch Traumatology Congress, the congress website, and the NVT newsletter after the 

congress. If participants only partially filled out the survey, a reminder was sent automatically by 

the RedCap program seven days after the initial start. This was not traceable for the researchers. 

The survey was closed on March 31, 2022. The disclaimer stated that all participants provided 

digital informed consent for the anonymous use of their data for open-source publication. For 

this study, a waiver was obtained by the local scientific and medical ethical committee of the St. 

Antonius Hospital (P22.010). This study was performed in accordance with the declaration of 

Helsinki and the required ethical guidelines of BMC Health Services. The demographic data of 

participants of the congress and the NVT were requested but were not provided due to privacy 

regulations. The response rate could not be calculated, as solely the number of members of the 

NVT was shared. 

 

Survey Items 

The survey consisted of five sections with 42 questions, including close-ended questions, 

multiple-choice questions, 5-point Likert Scales (with 1 meaning absolutely not and 5 meaning 

absolutely), Visual Analogue Scales (VAS), and free-text questions. The survey was reported 

according to the Checklist for Reporting Results of Internet E-surveys (CHERRIES).25 The 

survey included the following sections: (1) demographics: Age, occupation, type of trauma 

center, sex, smartphone ownership, amount of patients treated with a self-care application instead 

of follow-up, expected percentage of patients which would prefer digital follow-up over face-to-

face follow-up. (2) Current use of eHealth in daily practice: Changed attitude towards usefulness 

of eHealth after the COVID-19 pandemic, Electronic Patient Record (EPR) use, patient portal 

use, type of data collection in EPR, usage of telemonitoring, type of applications integrated in 

EPR. (3) Opportunities and attitudes of eHealth in daily practice: Related to a positive attribution 

to daily activities, healthcare costs, patient satisfaction, patient information, the burden of care, 
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and on-demand care. (4) Implementation barriers of eHealth: Related to scientific evidence, 

financial support during implementation, long-term financial support, demand from patients, 

digital literacy among patients, demand from healthcare professionals, and complex integration 

of external applications in local EPRs, data protection, law and regulations.  

, and (5) relevance of functions and features of eHealth in Orthopedic- and trauma surgery: 

Related to automated reminders, timely information describing recovery processes, additional 

injury-specific information, immobilization-related information, behavioral rules during 

recovery, telemonitoring, direct communication (e.g., patient to doctor), analgesic-related 

information, free of surcharge, privacy conditions. At the end of the survey a free-text field was 

available for additional opportunities, barriers, and functions and features. Currently, there is no 

golden standard for surveys on eHealth particularly focusing on orthopedic trauma surgery. This 

survey was based on questions developed by German medical experts in digitization and survey 

development.26,27 These questions were adjusted, translated to Dutch, and checked by a Dutch 

research center specialized in healthcare innovation research (THINC).28 We pretested the survey 

with five medical professionals to improve clarity. eHealth was defined as any form of digital 

care that helps deliver and organize health services and information using the internet and related 

technologies.29 Patient portals were defined as a mean by which patients can access their health 

information, including diagnostic test results.30 Respondents were able to review and change 

their answers through a ‘back button’. RedCap has an automated function which performs a 

completeness check and requires confirmation after completion of the survey.  

 

Statistical analysis 

All data were collected using a web application for building and managing surveys and 

databases, RedCap.31 Completed questionnaires were exported, and all statistical analyses were 

conducted using IBM Statistical Package for the Social Sciences (SPSS), version 27, IBM 

Corporation.32 Baseline characteristics were reported descriptively using numbers and 

proportions for categorical variables, and mean with standard deviation (SD) or median with 

interquartile range (IQR) as appropriate for numerical variables. For sections opportunities and 

attitudes of eHealth in daily practice, implementation barriers, and relevance of functions and 

features, the mean of the 5-point Likert scales was used to rank answers within sections from 

highest mean to lowest mean. Pearson chi-square tests were used to determine whether there was 
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a statistically significant association between the variables. Statistical significance was 

considered as an alpha less than 0.05.  
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Current use of eHealth in daily practice 

All participants worked with an Electronic Patient Record (EPR) in daily practice (111/111, 

100%). The majority of the EPRs had an integrated patient portal (92/111, 83%). Reported types 

of applications integrated with EPRs were video consultation (11/111, 10%), doctor-to-patient 

communication (8/111, 7%), and digital questionnaires prior to outpatient follow-up (16/111, 

14%), or none (11/111, 10%). Types of data collected through an EPR were pain scores (11/111, 

10%), injury symptoms (7/111, 6%), Patient Reported Outcome Measures (PROMs) (26/111, 

23%), and Patient Reported Experience Measures (PREMs) (8/111, 7%). Most participants use a 

computer (41/111, 37%), followed by a smartphone (17/111, 15%), telephone (16/111, 14%), 

and tablet (11/111, 10%) to communicate digitally with patients. 

 

Opportunities and attitudes of eHealth in daily practice 

The distribution of eHealth opportunities measured in 5-point Likert scales are presented in 

figure 1.  

Opportunities for eHealth were scored with positive values in all categories by at least 50% of all 

answers. The majority of the respondents stated that eHealth could: reduce healthcare costs 

(94/111, 85%), improve patient satisfaction (81/111, 73%), attributes positively to their clinical 

activities (79/111, 72%), improve patient information (74/111, 67%), provide 24/7 on-demand 

care (66/111, 59%), and reduce the burden of care for healthcare professionals (56/111, 50%). 

The distribution of attitudes towards eHealth measured in 5-point Likert scales are presented in 

figure 2. Most participants reported that the COVID-19 pandemic has influenced their attitude 

towards the usefulness of eHealth positively 80/111, 72%, 19/111 (17%) were neutral, and 

12/111 (11%) reported that it has not influenced their attitude positively. 66/111, (60%) of all 

participants would choose a digital alternative over face-to-face follow-up if proven a safe 

technology. Participants expected that 64% of all patients would prefer a digital self-care 

application over face-to-face follow-up at the outpatient clinic. 
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Figure 1. 5-point Likert scale distribution of eHealth opportunities in orthopedic surgery and 

traumatology 

 



646012-L-bw-Spierings646012-L-bw-Spierings646012-L-bw-Spierings646012-L-bw-Spierings
Processed on: 29-7-2024Processed on: 29-7-2024Processed on: 29-7-2024Processed on: 29-7-2024 PDF page: 112PDF page: 112PDF page: 112PDF page: 112

112

Implementation barriers of eHealth  

The distribution of eHealth opportunities measured in 5-point Likert scales is presented in figure 

3, arranged from most important barriers to least important barriers. Responders mentioned that 

in their view eHealth was hindered most by a lack of financial support during implementation 

(57/111, 51%), followed by complex laws and regulations (54/111, 49%), a lack of long-term 

financial support (48/111, 43%), complex integration of external applications into local EPR 

(40/111, 36%), and a lack of sufficient data protection (38/111, 34%). Responders mentioned 

that in their view eHealth was hindered least by a lack of: demand from healthcare professionals 

(13/111, 12%), demand from patients (14/111, 13%), digital literacy among patients (18/111, 

16%), and scientific evidence (20/111, 18%) 
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Figure 3. 5-point Likert scales of implementation barriers of eHealth in orthopedic surgery and 
traumatology 
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conditions (96/111, 87%), a reminder of follow-up appointment (85/111, 77%), possibility to 

perform tele monitoring (72/111, 75%).  

Healthcare professionals were less positive regarding the following functions: timely information 

describing the phase of the recovery process (50/111, 45%), and direct patient-to-doctor 

communication (39/111, 35%) (Figure 4). Other functional features mentioned were high 

usability for all users, such as minorities with different native languages (n=2), nationwide 

integration with EPR (n=3), the possibility of finalizing the care process (n=2), and red flags 

during the recovery process (n=1). 

  



646012-L-bw-Spierings646012-L-bw-Spierings646012-L-bw-Spierings646012-L-bw-Spierings
Processed on: 29-7-2024Processed on: 29-7-2024Processed on: 29-7-2024Processed on: 29-7-2024 PDF page: 115PDF page: 115PDF page: 115PDF page: 115

115

Figure 4. 5-point Likert scales of relevance of eHealth in orthopedic surgery and traumatology  
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DISCUSSION  

Results of this cross-sectional survey show that attitudes of orthopedic surgery or traumatology-

related healthcare professionals toward the usefulness of eHealth are positive after the COVID-

19 pandemic. 

 

Comparison to the literature 

The results of this study show that all healthcare professionals work with a digital patient portal 

and EPR. However, the actual use of additional features, such as digital collection of PROMs 

(23%), remains limited. These results are partly in line with the literature. Multiple British, 

Iranese, and Brazilian systematic reviews describe an increase in studies regarding eHealth but 

solely point out the increased number of studies publishing on this topic.33–37 Despite this 

increase of publications, epidemiological studies describing eHealth use are lacking. A German 

survey study that reported ‘actual use’ described similar user rates (79%) of eHealth and 

smartphone ownership rates (100%) compared to this study but did not report further data of 

‘type of use (e.g., PROMs or telemonitoring).38  Overall, it can be concluded that there has been 

an increasing number of studies describing eHealth solutions and reviews describing overall 

characteristics of these studies but actual use among all potential users per country and 

specialism are lacking. To improve the knowledge regarding the current condition, nationwide 

surveys could be performed. 

 

Attitudes toward eHealth 

The changed attitude of healthcare professionals regarding the usefulness of eHealth in daily 

clinical practice during the COVID-19 pandemic is mostly in line with the literature published 

after the COVID-19 pandemic. Multiple recent interview and cohort studies performed in Dutch 

and Flemish healthcare professionals describe that the COVID-19 pandemic has been the turning 

point for their perceived usefulness of eHealth in clinical practice. Furthermore, these studies 

describe that eHealth is now an essential complementary addition to healthcare that can decrease 

the burden of care, increase the accessibility of care, enhance participation, and increase safety 

for users.39–42 In these studies, safety of these interventions was mentioned as proper protection 
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of personal data and similar outcomes terms of functional scores or complications. As a 

comparison to patient attitudes, a recent British scoping review, reported positive patient 

attitudes regarding eHealth, particularly video consultations. One exception were elderly 

patients, which preferred face-to-face appointments.43 When compared to healthcare professional 

attitudes, data from Uganda, Sweden, and Norway prior to the COVID-19 pandemic, healthcare 

professionals attitudes varied from skeptical to (very) positive but were reported in small sample 

sizes, aligning with these findings.44–46 

The high levels of perceived usefulness among both patients and healthcare professional 

including a positive attitude towards eHealth is interesting, as the actual use remains low and the 

use of telemonitoring measured in all specialties has slightly decreased over the course of 2022.47 

This suggests that sustainable adoption of eHealth remains challenging and the return to face-to-

face care is imminent. Even though attitudes remain generally positive, eHealth should be a 

(tested) solution to an existing problem to enhance positive attitudes towards its usefulness after 

implementation, particularly for those at risk for poor- or non-adoption (e.g., due to low digital 

literacy). Perhaps the reason for low levels of use have other causes, as the attitudes have been 

and remain generally positive. 

 

Opportunities of eHealth in daily practice 

Healthcare professionals were positive regarding all the proposed opportunities of eHealth in 

daily clinical practice. The proposed opportunities were among the top six reported facilitators in 

the literature up to 2019.18 German, Dutch, English and Iranian studies and reviews performed 

after the era of the COVID-19 pandemic-restriction-measures emphasize on ‘personalized 

information,’ ‘behavioral rules during recovery,’ ‘the potential to reduce costs, while maintaining 

high levels of healthcare professionals and patient satisfaction’ as important 

opportunities.35,36,39,48 Studies from after the COVID-19 pandemic with a patient perspective 

report the opportunity of ‘increased self-management’, ‘better healthcare experiences’, ‘better 

health information’ and ‘more personalized care’.43,49,50 Even though the results of both 

healthcare professionals and patient perspective align, patients tend to focus more on their 

personal relation to care and have less attention for solutions to ‘societal challenges’ such as 

healthcare costs. In the literature, the types of perceived opportunities are similar compared to 

this survey, but the level of importance varies. A possible explanation for this variety in 
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importance is that each eHealth intervention is different, designed for a different problem (e.g., 

shortage of staff, poor accessibility), with different end-users (e.g., patients with low-complex 

problems versus chronically ill patients), and different settings (e.g., at home, in hospital). It 

should be mentioned that eHealth can only be implemented in those areas where it solves a 

problem for particular patients who accept this as an alternative to face-to-face treatment. Major 

opportunities described in the literature, such as ‘the availability of resources (e.g., financial or 

staff)’ and ‘early stakeholder involvement’, have been mentioned as antonyms in the barriers 

sections (e.g., lack of financial resources).18 Overall, it can be concluded that the opportunities 

are perceived similarly among patients and healthcare professionals both from a personal and 

societal level. 

 

Implementation barriers of eHealth  

Although attitudes have positively changed and potential opportunities are reported widely, 

barriers to implementing eHealth in daily practice remain. Participants reported that the 

implementation of eHealth is hindered mainly by a lack of long-term financial support, complex 

laws and regulation (such as privacy laws), and a lack of short-term financial support. Based on 

the literature, these barriers can be categorized as ‘environmental’(e.g., lack of financial 

reimbursement or political barriers) and technical barriers (e.g., security or poor fitting solutions) 

and have been reported widely in previous studies.18,39,48,51 ‘Individual’ barriers, such as disbelief 

or resistance, were not perceived as important in this survey but were an important barrier 

category in studies published prior to the COVID-19 pandemic18,52 This difference of importance 

in barrier categories is in line with the literature published after the emergence of the COVID-19 

pandemic.39–41 This difference in perceived barriers is interesting, as personal resistance of Dutch 

healthcare professionals working in orthopedic- and trauma surgery does not seem to limit the 

implementation of eHealth anymore. The Direct Discharge protocol is a positive example of an 

eHealth solution that was implemented during the COVID-19 pandemic in the Dutch orthopedic 

trauma surgery departments and implemented in over thirty hospitals since.11,53 Due to its wide 

adoption, this example seems to be led by motivation of user and stakeholders based on 

healthcare professional- and patient experiences.11,53 Nevertheless, attitudinal and behavioral 

changes could also be a result of fear, necessity and anxiety during the COVID-19 pandemic.54 
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Therefore, based on our results it unlikely that the accelerated introduction will contribute to the 

continued use of eHealth innovations as the complexities are persistent and affect new 

implementation processes. Hospitals and policy makers should gather recommendations made to 

develop a sustainable strategy for further development of fast and effective implementation of 

eHealth.55,56 

 

Relevance of potential functions and features of eHealth  

In the design of digital tools, the majority of mentioned features were perceived as important. 

Additional information regarding ‘behavioral rules’, ‘type of immobilization’, ’information 

regarding specific injuries’, and ‘ no surcharge for patients’ were reported as most important for 

potential eHealth solutions. The importance of functions and features of eHealth in orthopedic 

surgery and traumatology is partly in line with the literature. A recent Dutch study underlines the 

need for reliable information and a prediction of how a patient recovery trajectory is evolving.10 

Dittrich et al. report ‘intuitive usability’ and ‘no advertising’ as the most important features 

among German (orthopedic) trauma surgeons.57 

Even though the most important features vary per study, these studies underline the importance 

of excellent usability, and reliable and uniform information regarding immobilization, injury, and 

recovery in orthopedic surgery and traumatology.10,57 In general, there is a paucity of studies 

focusing on specific demands and needs for eHealth solutions in orthopedic trauma surgery. 

Potentially studies describing needs or challenges post-injury can be used to enhance acceptance 

among patients and healthcare professionals, such as qualitative studies during recovery.58  

 

Strengths 

One of the strengths of this study is the diverse sample of different healthcare professionals 

included in this study. As reported, (early) stakeholder involvement and engagement is one of the 

most reported facilitators of implementing eHealth in the literature.18 This approach underlines 

that a transformation from face-to-face care physical care to eHealth influences all related 

stakeholders instead of only patients and doctors. Furthermore, this study describes the use of 

eHealth tools in daily practice in orthopedic surgery and traumatology departments, which has 

been underreported in the literature. Another strength is that the study was performed after 
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several COVID-19 pandemic waves, and no new waves occurred during the study period. During 

the time of inclusion, the COVID-19 pandemic restrictions (e.g., social distancing and 

lockdowns) were lifted gradually. This allowed healthcare professionals to get used to eHealth 

solutions and see pros and cons during daily activities less dominated by social distancing. 

 

Limitations 

This study has some major limitations to address. Firstly, the response of 111 participants may 

not represent all healthcare professionals working in orthopedic surgery and traumatology in the 

Netherlands, introducing potential selection bias and responder bias. Furthermore, no response 

rate, page visitor comparison of demographics has been made due to privacy regulations. This 

may have led to overly positive results. Even though the generalizability of this study is 

debatable based on this sample, the results are in line with the most recent literature, which 

includes high-level evidence such as systematic reviews, meta-analyses, and a narrative review. 

Answers to this observational survey were forced-choice answers but respondents were given the 

option to add additional free-text comments at the end of the survey. Nevertheless, this design 

could have overlooked opportunities and barriers which may have been present among 

healthcare professionals. 

 

Clinical relevance and generalizability 

This study gives insight into the adoption and use of eHealth in Dutch orthopedic surgery and 

traumatology, which are currently lacking in the literature, particularly in surgical departments. 

Even though the sample was small and response rates could not be calculated, results were 

homogenous compared to the literature published  after the COVID-19 pandemic, making these 

results more generalizable. The results of this study are clinically relevant, as they can be used to 

provide an overview of perceived barriers, opportunities and functions and features. Besides 

being clinically relevant, these results are also interesting from a political- and organizational 

perspective, as healthcare professionals are willing to use eHealth but express the need for help 

with barriers outside their level of influence in daily clinical practice. Unfortunately, due to a low 

response no sub analysis between stakeholders could be made. In terms of generalizability it is 
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important to mention that most studies published in this field studies setting in middle-to-high or 

high income countries, making these results only applicable to those countries. It seems 

considerable that studies in middle to low income countries will lead to different results as a 

different healthcare setting will lead to different opportunities and barriers. Nevertheless, this 

should be studies in future studies. 

 

Future research 

Future studies should focus on monitoring eHealth trends and actual use over time to measure 

the permanent effect of the COVID-19 pandemic on the adoption of eHealth. Identifying risk 

factors for non-adoption or abandonment and exploring the reasons for the low use of eHealth in 

daily practice could further optimize eHealth adoption. To overcome the perceived barriers, 

future studies should also explore perceived barriers on a macro-level (e.g., national 

governmental level), as these could influence ‘environmental’ or ‘technical’ barriers. This study 

focused on eHealth attitudes in orthopedic trauma surgery, and did not use a validated standard 

to measure healthcare acceptance or digital literacy, such as the Technology Acceptance Model 

(TAM), the Unified Theory of Acceptance and Use of Technology 2 (UTAUT-2), or the eHealth 

literacy scale ( EHEALS). Using such a uniform tool could help the generalizability and 

comparability and is adviced to be used in future studies, accompanief with study-specific 

questions.  

 

Conclusion 

Results of this cross-sectional survey show that attitudes of orthopedic surgery or traumatology-

related healthcare professionals toward the usefulness of eHealth are positive after the COVID-

19 pandemic. 

The majority of healthcare professioansl would use eHealth if proven safe and believes patients 

would prefer this too. Healthcare professionals report that eHealth could reduce costs, improve 

satisfaction, improve patient information, and attribute positively to daily clinical activities. 

Nevertheless, healthcare professionals also report that the implementation of eHealth is hindered 
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mostly by financial, law, and regulatory barriers. Future studies should focus on alleviating 

persistent barriers so durable implementation of this ‘new digital normal’ becomes feasible. 
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Part II 
 
 
Evaluation of injuries (potentially) included in the Direct 

Discharge protocol  
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Chapter Six 
 
 
Direct Discharge for children with a greenstick or torus 
fracture of the wrist is a non-inferior satisfactory 
solution to traditional treatment 
 
J.F. Spierings, G.J.A. Willinge, H.J. Schuijt, D.P.J. Smeeing, M.C. Kokke, 
J.W. Colaris, J.C. Goslings, B.A. Twigt; collaboration group. 

 
 
European Journal of Trauma and Emergency Surgery. 2024. doi: 10.1007/s00068-023-02391-w 
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ABSTRACT  
 

Purpose 

Direct Discharge protocols (DD) can alleviate strain on healthcare systems by reducing 

routine outpatient follow-up. These protocols include low-complex musculoskeletal injuries, 

such as isolated greenstick fractures or torus fractures of the wrist in children. While there is 

consensus on the effectiveness of DD, there is a lack of injury-specific powered studies. This 

study compares treatment satisfaction between DD and traditional treatment in children with 

a greenstick fracture or torus fractures of the wrist. 

 

Methods  

Children with isolated torus or greenstick fractures of the distal radius or ulna were eligible 

for inclusion before (pre-DD cohort) and after (DD cohort) the implementation of DD in four 

hospitals. Traditionally, patients receive a (soft)cast and minimally one routine outpatient 

follow-up appointment. With DD, patients are discharged directly from the ED after 

receiving a brace and information, summarized in a smartphone app and a helpline for 

questions during recovery. The primary outcome was patient or proxy treatment satisfaction 

(0 to 10), and a power analysis was performed to assess non-inferiority. Secondary outcomes 

included complications, functional outcomes measured in Patient-Reported Outcomes 

Measurement Information System Upper Extremity (PROMIS UE), primary healthcare 

utilisation, and secondary healthcare utilisation (follow-up appointments and imaging).  

 

Results  

In total, 274 consecutive children were included to analyse the primary endpoint. Of these, 

160 (58%) were male with a median age of 11 years (IQR 8 to 12). Pre-DD and DD treatment 

satisfaction did not vary statistically significantly for greenstick fractures (p=0.09) and torus 

fractures (p=0.93). No complications were observed.  PROMIS UE showed no statistically 

significant differences before and after implementation of direct discharge protocol for torus 

(p=0.99) or greenstick (p=0.45) fractures. Secondary healthcare utilisation regarding follow-

up was significantly lower in the DD-torus cohort compared to the pre-DD torus cohort, with 

a mean difference (MD) of -1.00 follow-up appointments (95% Confidence Interval (CI): -

0.92 to -1.13). Similar results were found in the pre DD-greenstick cohort compared to the 

pre-DD-greenstick cohort (MD): -1.17 follow-up appointments, 95% CI: -1.09 to -1.26). 
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Conclusion 

Direct Discharge is non-inferior to traditional treatment in terms of treatment satisfaction for 

paediatric patients with greenstick or torus fractures of the wrist compared to children treated 

with rigid immobilisation and routine follow-up. Furthermore, the results demonstrate no 

complications, comparable functional outcomes, and a statistically significant reduction of 

secondary healthcare utilisation, making DD a good solution to cope with strained resources 

for children with an isolated greenstick fracture or torus fracture of the wrist. 

 

 

��  
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INTRODUCTION  
��

Fractures of the wrist are among the most common injuries in paediatric patients, of which 

over 40% are low-complex, minor injuries.1 Isolated torus and greenstick fractures without 

substantial displacement recover quickly and are most often treated with a cast.2,3 Low-

complex paediatric wrist fractures, such as torus fractures or isolated greenstick fractures of 

the radius or ulna, have increasingly been managed through Direct Discharge protocols (DD) 

and Virtual Fracture Clinics (VFC).4–7 In its Dutch adaptation, DD involves discharging 

patients directly from the Emergency Department (ED) without routine follow-up, providing 

them with a removable orthosis or sling, and information through a mobile self-care 

application called the Virtual Fracture Care application (VFC app). Evidence supports DD’s 

overall safety and effectiveness as an alternative to traditional treatment protocols while 

reducing the need for secondary healthcare utilisation, resulting in comparable patient-

reported outcomes (e.g. functional outcome and satisfaction scores) and little to no adverse 

outcomes (e.g. complications and persistent complaints).7–9 This method has gained 

popularity in the Netherlands, catalysed by the COVID-19 pandemic, and is currently 

standard care in over 30 of 80 Dutch hospitals. Although current evidence proves that the DD 

concept is satisfactory and safe, powered injury-specific results are lacking. Consequently, 

the optimal follow-up frequency for specific types of injuries remains unclear.����

Therefore, the aim of this study was to determine whether treatment with a Direct Discharge 

protocol resulted in non-inferior child- and parental satisfaction in children with an isolated 

greenstick fracture or torus fracture of the wrist, compared to children treated with rigid 

immobilisation and routine follow-up. ��
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METHODS  ��
 
Design 

This multicentre, prospective observational cohort study took place in four Dutch level 2 

trauma teaching hospitals from the 1st of December 2021 to the 31st of August 2022, 

alongside the implementation of DD. Eligible patients had isolated torus or greenstick 

fractures of the distal radius or ulna with acceptable angulation according to the Dutch 

guideline based on age-related residual growth (Figure 1).10 Furthermore, eligible patients 

had isolated injuries, low-energy trauma, Glasgow Coma Scale over 14, and spoke Dutch or 

English fluently. The study comprised two cohorts, a pre-DD cohort and a DD cohort, 

divided by the hospital implementation date. No comorbidity or cognitive impairment 

restrictions were applied. However, patients were excluded if healthcare professionals 

deemed DD unsuitable (e.g., social care reasons or language barrier) or if they received initial 

treatment in another hospital or requested follow-up in a hospital close to home.  

 

Figure 1. Examples of torus fractures and greenstick fractures of the distal radius included in 
the Direct Discharge protocol 

Minimally angulated greenstick fracture of the radius       Torus fracture of the distal radius 

 

Pre-DD (Traditional treatment) 

Before DD, patients were treated according to local trauma protocols, which varied between 

hospitals but often involved (soft) cast immobilisation for two to four weeks and verbal 

injury-related information at the ED. At least one outpatient follow-up appointment was 
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scheduled for review, detailed information, and definitive management within two weeks 

after the injury.  

 

Direct Discharge Protocol 

Derived from the British Virtual Fracture Clinic (VFC) model, DD included twelve treatment 

protocols for low-complex musculoskeletal injuries, including greenstick- and torus fractures 

of the distal radius or ulna.10 With DD, patients were discharged directly from the ED without 

routine follow-up. They received a removable orthosis instead of a cast and verbal 

information at the ED, which is summarized in a mobile self-care application, the VFC app. 

During the review of all ED cases the next working day, eligibility for DD was verified by an 

orthopaedic or trauma surgeon and radiologist. DD varies from traditional treatment in (1) the 

mode of routine outpatient follow-up (changing from physical to none, (2) the immobilisation 

(changing from a (soft)cast to removable orthosis), and (3) the delivery of uniform 

information (changing from verbal to digital).  

 

Outcomes 

Satisfaction 

The primary outcome of this study was satisfaction on a scale ranging from 0 to 100, 0 

meaning very dissatisfied, to 100, meaning very satisfied, at three months after injury. 

Satisfaction was assessed in the three domains that change most with DD: overall treatment, 

immobilisation, and recovery information with patients or proxies (if patients were below the 

age of twelve years). All scores were rounded to numbers from one to ten to improve 

readability. The minimal clinically important difference (MCID) was set at 1.0 on a ten-point 

scale.6 Treatment preferences were reported as face-to-face, neutral, or an application (such 

as the VFC app).  

 

Immobilisation related outcomes 

Immobilisation-related outcomes included ‘complications,’ ‘functional outcomes,’ and 

‘analgesic use.’ Complications were evaluated by complication rate and type. Functional 

outcomes were measured with the Patient Reported Outcomes Measurement Information 

System for Upper Extremity (PROMIS UE).7 Currently, no musculoskeletal Patient Reported 

Outcome Measures are validated for children. To provide a holistic perspective of functional 

outcomes, relevant parameters of the CORE-kids outcomes have been used to provide 

additional data, including return to manual dexterity, return to sports, and return to activities 
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of daily living (ADL).11 These were measured in four-point Likert scales ranging from 1, 

meaning complete return, to 4, no return at all. Additionally, analgesic use was measured in 

binary (yes/no), and by the type of analgesic used, including injury-site cooling, 

acetaminophen, and non-steroid anti-inflammatory drugs (NSAID). The timing of analgesic 

use was measured binary per week during the first four weeks (yes/no).  

 

Healthcare Utilisation 

Healthcare utilisation was evaluated by ‘primary healthcare utilisation ’ and ‘secondary 

healthcare utilisation’. Primary healthcare utilisation was evaluated by the number-, and 

frequency of injury-related follow-up appointments with a general practitioner or 

physiotherapist after the ED visit. Secondary healthcare utilisation was assessed based on the 

frequency of injury-related follow-up appointments and imaging procedures, including 

radiographs, Computed Tomography (CT), and Magnetic Resonance Imaging (MRI).  

 

VFC App use 

VFC app use was evaluated by the frequency of use during the first three months of recovery 

as reported by patients or proxies. 

 

Recruitment and consent 

After consent at the ED, eligible children or proxies were contacted by phone three months 

post-injury for a short survey, and an opt-out form was sent. Satisfaction scores, functional 

outcomes, and primary healthcare utilisation were collected, coded, and data were stored in 

an online database using RedCap.8 The Electronic Patient Record was used to collect 

secondary healthcare utilisation and demographic data (age in years and sex) at least three 

months post-injury.  

 

Statistical Analysis 

Statistical analysis was performed using SPSS version 26.0.0.2 (IBM Corporation, Armonk, 

NY, United States)12. Normal distribution of continuous data was assessed with visual 

analysis of histograms, Kolmogorov and Shapiro-Wilk tests. Discrete variables were reported 

as numbers (percentages of the total population). The Chi-square test was used to determine 

the statistical significance of categorical variables. The Mann-Whitney U test was used to 

determine the statistical significance of non-parametric independent data. All reported p-

values were 2-sided and considered statistically significant if they were lower than 0.05.  



646012-L-bw-Spierings646012-L-bw-Spierings646012-L-bw-Spierings646012-L-bw-Spierings
Processed on: 29-7-2024Processed on: 29-7-2024Processed on: 29-7-2024Processed on: 29-7-2024 PDF page: 136PDF page: 136PDF page: 136PDF page: 136

136

 

Power Analysis 

The primary outcome was treatment satisfaction at three months post-injury. This study 

aimed to demonstrate non-inferiority in satisfaction with traditional treatment compared to 

DD. A calculation was made based on the average satisfaction of 7.95 (standard deviation 

(SD) 1.7) on a 10-point scale in the pilot study.9 Assuming a Minimal Clinically Important 

Difference (MCID) of 1.0 points on a 10-point scale, 90% power, one-�V�L�G�H�G���.��� �����������������D�Q�G���D�Q��

SD of 1.7, 124 patients (62 per arm) were required to show non-inferiority.6 Allowing for a 

10% loss to follow-up during the inclusion period, the minimum sample size was set at 136 

per injury. This resulted in a total of 68 patients per injury per treatment type.  

 

Patient and public involvement 

Patients were not involved in the design, intervention, research question, or outcome 

measures of this study. 

 

Ethics 

The study was conducted under the Declaration of Helsinki and was approved by the local 

medical ethical review board Utrecht (W21.261). 
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RESULTS  

Demographics 

Between the 1st of December 2021 to the 31st of August 2022, 457 patients were screened. Of 

those, 267 (58%) were male. A total of 221 patients were treated with traditional treatment, of 

which 130 sustained a torus fracture and 91 a greenstick fracture. Treatment with DD was 

given to 236 patients, of whom 138 sustained a torus fracture and 98 a greenstick fracture. 

Study follow-up was completed on the 30th of November 2022, with collected primary 

outcomes of at least 68 patients per treatment group and a total of 274 patients. Baseline 

demographics were similar in both treatment groups (Table 1). During the recruitment period, 

over 1.4 times as many children presented to the ED with a torus fracture compared to a 

greenstick fracture in both the pre-DD cohort (130/91) and the DD cohort (138/98).  

Table 1. Baseline characteristics of included patients with a greenstick- or torus fracture of 
the wrist in the evaluation of Direct Discharge compared to traditional treatment  
 Torus Fracture Greenstick fracture 

 Pre-DD 

(n = 68) 

DD 

(n = 68) 

p-value Pre-DD 

(n =68) 

DD 

(n =70) 

p-value 

Age; median (IQR) 11 (7.8 to 
12.3) 

11 (8 to 13) 0.95 9 (6.5 to 
12) 

11 (8 to 
13) 

0.08 

Gender male; n (%) 39 (57) 43 (63) 0.73 36 (53) 42 (60) 0.16 

IQR: Interquartile range, DD: Direct Discharge 
 

Satisfaction 

No statistically significant differences in treatment satisfaction were found between the pre-

DD cohort (median 8.0, IQR 7.5 to 8.5) and the DD cohort for torus fractures (median 8.0, 

IQR 7.6 to 8.5) (p=0.93). The same applied to pre-DD (median 8.0, IQR 8.0 to 8.5) and DD 

patients (median 8.0 IQR 7.9 to 8.0) (p=0.09) with a greenstick fracture. Similar scores were 

observed for satisfaction with immobilisation for torus fractures pre-DD (median 8.0, IQR 

8.0 to 8.5) and with DD (median 8.0, IQR 7.5 to 9.0) (p=0.89) , and greenstick fractures pre-

DD (median 8.0, 8.0 to 8.8) and with DD (median 8.0 to 8.1) (p=0.39), and satisfaction 

concerning information during recovery for torus fractures pre-DD (8.0, IQR 8.0 to 9.0) and 

with DD (8.0, IQR 8.0 to 9.0) (p=0.79) and greenstick fractures pre-DD (median 8.0, IQR 8.0 

to 9.0) and with DD (median 8.0, IQR 8.0 to 8.5) (p=0.23) (Figure 2). Among included 
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patients and proxies in the pre-DD cohort, 89 (65%) preferred an application (such as the 

VFC app), 42 (31%) preferred face-to-face follow-up, and 5 (4%) had no preference. 

 

Figure 2. Box plot diagrams with median satisfaction scores on a 10-point scale of children 
with a greenstick or torus fracture of the wrist in the evaluation of the Direct Discharge 
protocol compared to traditional treatment 
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Immobilisation related outcomes 

Complications 

Patients who sustained a torus fracture in the pre-DD and DD cohort reported no 

complications. In the pre-DD cohort of patients with a greenstick fracture, 2/68 (3%) reported 

persistent pain three months after injury. Both patients were scheduled for an outpatient 

follow-up. After reassurance and information, no interventions were required. One patient 

(1/70, 1%) with a greenstick in the DD cohort reported skin irritation due to the removable 

orthosis. This patient switched from a removable orthosis to a soft cast to support the 

fracture, after which follow-up was completed. 

 

Functional outcomes 

PROMIS UE scored at three months post-injury did not differ significantly between pre-DD 

and DD patients in the torus-cohort (p=0.99), and the greenstick cohort (p=0.65) with a 

median score of 8.0 (IQR 8.0 to 8.0) in all groups (Table 2). Almost all patients with a torus 

fracture in the pre-DD group had a full return to previous manual dexterity, sports, and ADL, 

except one (1/68, 1%) who was somewhat limited in all three. In the DD group, all patients 

with a torus fracture had a full return to previous manual dexterity, sports, and one (1/68, 1%) 

was somewhat limited in return to ADL. All patients with greenstick fractures in the pre-DD 

group had a full return to previous manual dexterity. In the DD group, all patients had a full 

return of function, except two (2/68, 3% ) who were somewhat limited in return to sports and 

one (1/68, 1%) who was somewhat limited in return to ADL (Table 2). 

 

Analgesic use 

Analgesic use was high in the first week post-injury in all four groups and declined rapidly in 

the second week (Figure 4). Most pre-DD torus patients used analgesics (42/68, 62%), mostly 

acetaminophen (39/42, 93%), and some NSAIDs (2/42, 3%) or cooling (1/42, 1%). Most DD 

torus patients (52/68, 76%) used analgesics, all using acetaminophen. A similar number of 

pre-DD greenstick fracture patients (43/68, 63%) used analgesics, all using acetaminophen 

and one combining this with NSAIDs. Most DD greenstick patients 45/70 (64%) used 

analgesics, with 44/45 (98%) using acetaminophen and one using NSAIDs (Table 2). 
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Table 2. Immobilisation related outcomes per treatment group in paediatric patients with an 
isolated greenstick- or torus fracture of the distal forearm 

 Torus fracture p-value Greenstick fracture p-value 
 Pre-DD¥ 

(n = 68) 
DD¥ 
(n = 68) 

 Pre-DD¥ 
(n = 68) 

DD¥ 
(n = 70) 

 

Complications 0 0  2 1  
 Persistent pain (VAS 

<3)�K 
0 0  2 0  

 Skin irritation 0 0  0 1  
Functional outcome       
PROMIS UE (from 8 to 40)�  ̂ 8.0 (8.0 to 8.0) 8.0 (8.0 to 8.0) 0.99 8.0 (8.0 to 8.0) 8.0 (8.0 to 8.0) 0.65 
Return to manual dexterity       
 Full return (%) 67 (99) 68 (100)  68 (100) 70 (100)  
 Somewhat limited; n (%) 1 (1) 0 (0)  0 (0) 0 (0)  
Return to sports       
 Full return; n (%) 67 (99) 68 (100)  68 (100) 70 (100)  
 Somewhat limited (%) 1 (1) 0 (0)  0 (0) 0 (0)  
Return to ADL�W       
 Full return; n (%) 67 (99) 67 (99)  68 (100) 69 (99)  
 Somewhat limited; n (%) 1 (1) 1 (1)  0 (0) 1 (1)  
Used analgesics during 
recovery (yes/total) 

42 (62) 52 (76)  43 (63) 45 (64)  

Type of analgesic used       
 Cooling 1 0  0 0  
 Acetaminophen 39 52  43 44  
 NSAID« 2 0  1^ 1  
Timing of analgesic use       
 First week 42 52  43 45  
 Second week 2 4  2 6  
 Third week 1 0  0 1  
 Fourth week 0 0  0 1  
 After fourth week 0 0  0 0  

¥ Direct Discharge, �> Confidence Interval, �K���9�L�V�X�D�O���$�Q�D�O�R�J�X�H���6�F�D�O�H, « Non-steroidal anti-inflammatory drugs,  
�� Not Available, �  ̂Patient Reported Outcomes Measurement Information System for Upper Extremity   
^ Patient used NSAID and acetaminophen, �W��Activities of Daily Living 
 
 

Healthcare utilisation 

Primary healthcare utilisation  

In the pre-DD and DD cohort, four patients with a torus fracture utilised primary healthcare. 

Four patients with a greenstick fracture in the pre-DD cohort used primary healthcare during 

recovery, and six patients in the DD cohort, of which two patients visited both the 

physiotherapist and general practitioner (Table 3). 

 

Secondary healthcare utilisation 

The mean number of secondary healthcare appointments in the pre-DD cohort of torus 

fractures was 1.16 (SD 0.54) versus 0.16 (SD 0.47) in the DD cohort, resulting in a mean 

difference (MD) of 1.00 (95% CI 0.92 to 1.13). The mean number of secondary healthcare 

appointments in the pre-DD cohort of patients with a greenstick fracture was 1.34 (SD 0.64) 
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versus 0.17 (0.39) in the DD cohort, with an MD of 1.17 (95% CI 1.09 to 1.26). Imaging was 

comparable and low in all four groups (Table 3). 

 

Table 3. Healthcare utilisation and preferences per treatment group in paediatric patients with 

an isolated greenstick- or torus fracture of the distal forearm 

 Torus fracture Greenstick fracture 
 Pre-DD 

(n = 68 ) 
DD 
(n =68 ) 

Pre-DD 
(n = 68) 

DD 
(n = 70) 

Primary Healthcare Utilisation     
General practitioner 1 3 4 4 
Physiotherapist 3 1 0 4 
Secondary Healthcare Utilisation     
Face-to-face follow-up     
 0 6 59 7 59 
 1 47 7 37 10 
 2 16 2 27 1 
 >2 0 0 0 0 
Follow-up by phone 
 0 64 68 67 70 
 1 4 0 1 0 
 2 0 0 0 0 
 >2 0 0 0 0 
Additional imaging     
 X-ray 1 0 3 1 
 CT-scan 0 0 0 0 
 MRI-scan 0 0 0 0 

DD: Direct Discharge, CT: Computed Tomography, MRI: Magnetic Resonance Imaging 
 

VFC app use 

The mean frequency of application use during recovery was 2.1 (SD 2.2) times during 

recovery in patients with a torus fracture and 1.5 (SD 2.3) times during recovery in patients 

with a greenstick fracture.��
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DISCUSSION  
 

Results of this prospective multicentre cohort study showed that DD is non-inferior in terms 

of satisfaction regarding overall treatment, immobilisation, and information during the 

recovery process compared to traditional treatment for patients with torus fracture or an 

isolated greenstick fracture of the distal forearm, compared to patients treated with rigid 

immobilisation and routine follow-up. 

The satisfaction results of this study are in line with the current literature. In previous 

underpowered studies with cohorts comparable to the pre-DD and DD cohort, treatment and 

immobilisation satisfaction levels were similarly high.13–15 Comparable to other studies, a 

removable orthosis with immediate discharge was preferred over a cast with routine follow-

up.3,14 One study reported the preference for a cast on day one post-injury due to pain.3 

However, this preference was not observed in the study at six weeks or after, showing no 

differences in satisfaction scores or pain scores for both treatment methods. Furthermore, in 

this study, high levels of perceived safety and the preference for DD and a self-care 

application, such as the VFC app, over face-to-face follow-up for patients with torus- or 

greenstick fractures of the wrist were mentioned. These parameters have been reported in 

eHealth evaluation studies but are a novelty in DD and VFCs.16 

Similar to the literature, a low amount of complications and good functional outcomes were 

detected in both cohorts for both injuries individually, indicating comparable results between 

traditional treatment and DD.3,9 Both PROMIS UE and the parameters of the CORE kids 

score, were comparably high, indicating good functional outcomes of these injuries at three 

months follow-up. Analgesic use was comparable to previous studies, showing high levels of 

analgesic use in the first week, followed by a rapid decline showing limited analgesic 

requirement throughout recovery, further strengthening the limited need for analgesics for 

these injuries and immobilisation types.3 The treatment of torus fractures with less rigid 

immobilisation than a cast is supported by current literature, as these are widely regarded as 

stable, self-limiting fractures.3,13,14,17 This has been less evident for greenstick fractures, with 

study results reporting further displacement during the first 14 days after manually realigned 

greenstick fractures.17 However, this secondary displacement never resulted in a change in 

fracture management, and this study excluded realigned fractures.17 The lack of surgical 

intervention might be explained by the excellent remodelling capacities of distal epiphysis of 

the radius, which is the most active epiphysis in the growing child.18 
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Based on the low complications, good functional outcome, and satisfactory results with 

immobilisation, we believe treatment with DD is safe. The statistically significant reductions 

in secondary healthcare utilisation were consistent with previous research and 

estimations.5,19–21 This shows that treatment of both fracture types can safely be reduced to 

one ED visit without negatively influencing satisfaction. The findings could make treatment 

strategies for greenstick fractures more uniform between hospitals regarding follow-up and 

immobilisation materials whilst reducing secondary healthcare utilisation.  

This study has several strengths. First, the comprehensive outcomes provided a holistic 

perspective of patient satisfaction, functional outcome and treatment safety. Second, the study 

was adequately powered to detect an MCID in satisfaction with a representable study 

population. Third, the pragmatic pre-post multicentre design alongside the implementation of 

DD provided a cheap, effective, and quick alternative to often time-consuming and often 

expensive RCTs with an acceptable level of evidence. This study also has limitations. Only 

patients who responded to the phone call were included in the study, potentially leading to 

selection bias. Furthermore, the timing of functional outcome at three months follow-up 

might have been suboptimal to measure functional outcome, as almost all patients had fully 

recovered by then. Nevertheless, all scores were high with both protocols.  

The outcomes of this study, along with previously published studies, can be used to support 

the implementation of DD as the new standard of care for specific injuries, which could 

support the reduction of secondary healthcare utilisation whilst maintaining non-inferior 

treatment satisfaction. Furthermore, DD reduces the heterogeneity in treatment of these low-

complex injuries.22 The study design used can be applied to rapidly and comprehensively 

assess differences between treatment options without hindering implementation in interested 

hospitals. A central registry with uniform parameters could be considered to improve DD 

further and potentially include new injuries in the protocol. Future studies should focus on the 

optimal timing to measure functional outcomes in paediatric patients and the validation of 

PROMs in children. Our future efforts will be focused on developing similar protocols for 

other and also more complex injuries to  alleviate the burden on healthcare systems already 

under strain. 

To conclude, the results of this multicentre cohort study on children with a greenstick fracture 

or torus fractures of the wrist. showed that Direct Discharge is non-inferior in terms of 

satisfaction with treatment, satisfaction with immobilisation, and satisfaction with 

information during the recovery process compared to traditional treatment. These results 
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could help de-medicalise these injuries and prevent the overuse of healthcare resources for 

these common fractures. 
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ABSTRACT  
 

Purpose 

There is currently no consensus on nonoperative management in adult patients after a stable 

type B ankle fracture. The aim of this review is to compare a removable orthosis versus a cast 

regarding safety and functional outcome in the NOM of stable type B ankle fractures. 

 

Methods 

A systematic review and meta-analysis were performed using randomized clinical trials and 

observational studies. The methodological quality of the included studies was assessed with 

the methodological index for non-randomized studies instrument. Nonoperative management 

was compared using the number of complications and functional outcome measured using the 

Olerud and Molander Score (OMAS) or the American Academy of Orthopaedic Surgeons 

Ankle Score. 

 

Results 

Five studies were included. Two were randomized clinical trials, and three were 

observational studies, including a total of 516 patients. A meta-analysis showed statistically 

significant higher odds of developing complications in the cast group (odds ratio (OR), 4.67 

(95% Confidence Interval (CI) 1.52 to 14.35)).  

Functional outcome in OMAS did not vary significantly at six weeks, mean difference (MD) 

-6.64 (95% CI -13.72 to +0.45), and at 12 weeks, MD -6.91 (95% CI -18.73 to +4.91). The 

mean difference of functional outcome in OMAS at 26 weeks or longer was significantly 

better in the removable orthosis group; MD -2.63 (95% CI -5.01 to -0.25).  

 

Conclusion 

Results of this systematic review and meta-analysis show that a removable orthosis is a safe 

alternative type of NOM, as complication numbers are significantly lower in the orthosis 

group. In addition, no statistically significant differences were found in terms of functional 

outcome between a removable orthosis and a cast at six and twelve weeks. The 6-week and 

the 26-week OMAS results show that in patients with stable type B ankle fractures, a 

removable orthosis is non-inferior to a cast in terms of functional outcome. 
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INTRODUCTION 
��

The incidence of ankle fractures is between 160 - 187 fractures per 100.000 person-years and 

is rising.1–3 Ankle fractures are the most common lower extremity fracture, and two-thirds of 

all ankle fractures are fractures of the distal fibula at the level of the tibiofibular 

syndesmosis.4,5 These injuries are caused by supination external rotation trauma and are 

considered stable if there is no additional medial or posterior injury.6,7 Stability assessment of 

these fractures is crucial, as it dictates further treatment strategy.8,9  

The most commonly used methods for stability assessment are Mortise radiographs with 

additional criteria, external stress rotation radiographs, and gravity stress radiographs.10  

Stable fractures are classified as type 44-B1 (type B) ankle fractures by the AO 

Foundation/Orthopedic Trauma Association (AO/OTA), or as Lauge-Hansen supination 

external rotation stage II, or as stable, isolated Weber B ankle fractures.11  

Type B fractures have a major impact on affected individuals, families, social life, and 

societal costs due to (occupational) disability and loss of independence for prolonged 

periods.12 Traditionally, nonoperative management (NOM) of these fractures involves a 

below-the-knee immobilization for six weeks, consisting of four weeks of non-weight-

bearing followed by two weeks of weight-bearing, or six weeks of non-weight-bearing. This 

type of NOM facilitates bone union but can result in joint stiffness, muscle wasting, or deep 

venous thrombosis (DVT).13–15 

Removable orthoses have proven their value in the recovery process of other fractures of the 

long bones, andare increasingly suggested as an alternative to a cast for stable type B 

fractures.16,17 Orthoses can be taken  

off, allowing early (weight-bearing) mobilization, potentially preventing the consequences of 

rigid immobilization and accelerating recovery.16,18 

Both types of NOM have benefits and drawbacks, but no consensus on NOM for stable type 

B ankle fractures has been reached. The aim of this review was to compare a removable 

orthosis versus a cast regarding safety and functional outcome in the NOM of stable type B 

ankle fractures. 
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METHODS 

��

Study design 

No ethical committee approval was necessary for this study. No published protocol for this 

review exists. This systematic review and meta-analysis was performed according to the 

Preferred Reporting Items for Systematic Reviews and Meta-analysis Statement (PRISMA).19  

 

Search Strategy and Selection of studies 

A systematic PubMed, Embase and Cochrane literature search was conducted on the 15th of 

July 2022. All relevant synonyms for two search terms, ‘ankle fracture’ and ‘orthosis’ were 

included in the search syntax (Appendix 1). Studies were included if: (1) NOM with a cast 

versus removable orthosis after stable type B ankle fractures were compared, (2) included 

patients were skeletally mature (16 years or older), (3) complications (e.g. DVT, stiffness) 

and functional outcome measured in Patient Reported Outcome Measures (PROMs) up to 52 

weeks were described, (4) available in Dutch, English, or German, (5) original data was 

reported (no reviews, editorial letters, or expert opinions). Rayyan was used for data 

management and selection of the studies.20 After the removal of duplicates, titles and 

abstracts were screened for relevance. If full-texts were not obtained via PubMed or the 

journal of publication and the author of the article had not been reached, the additional 

databanks from Google Scholar and Research Gate were searched. Obtained full-texts of 

eligible studies were read before final inclusion. Screening for relevance by title, abstract and 

full text before final inclusion has been performed by two independent researchers (JS and 

TN). Reference checking was performed to search for additional relevant studies. 

 

Assessment of methodological quality 

Two independent researchers (JS and TN) assessed the methodological quality according to 

the Methodological Index for Non-Randomized Studies (MINORS) for all full-texts of 

included studies.21 The MINORS score for comparative studies ranges from 0 to 24, with a 

higher score representing a better methodological quality.  

For this review, a score of less than 14 was considered poor quality, 15-19 moderate quality, 

and 20-24 for good quality for comparative studies.22 Other quality-assessment tools focus on 

a specific study design, while the MINORS is externally validated on RCTs making it a 
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suitable instrument for meta-analyses of different study designs.21 This index is validated to 

assess the quality of non-randomized and randomized studies.   

Disagreements were resolved by discussion with a third reviewer (DS) until consensus was 

reached. 

 

Data Extraction 

The following paper-related data were extracted: first author, year of publication, country in 

which the study was conducted, and study design (e.g. cohort study, randomized clinical trial 

(RCT)). Extracted patient-related data were: included number of patients, age in years, sex of 

included patients, number of patients treated with a removable orthosis, type of orthosis (e.g. 

walker, air-stirrup brace), number of patients treated with a cast, duration of NOM in weeks 

(e.g. immobilization in cast in weeks). Extracted diagnostic criteria to assess fracture stability 

were extracted: type of diagnostics (radiograph, CT, ultrasound), classification system 

(Lauge-Hansen, Weber), sub-classification (Supination External Rotation type II, Weber B), 

additional radiological criteria (Superior Clear Space (SCS) in millimetre (mm)), Medial 

Clear Space (MCS) in mm, MCS and SCS ratio, fibular dislocation in mm, MCS under 

external rotation stress in mm, additional clinical diagnostic criteria (e.g. medial side 

tenderness), time to performance diagnostics in days (e.g. at primary visit, or 10-14 days after 

trauma). The following weight-bearing related data were extracted: weight-bearing 

permission by a medical specialist (yes/no), percentage of allowed weight-bearing in the 

affected limb (0-100), time to start weight-bearing after injury in days, reported number and 

type of complications, including Confidence Intervals (CI) or, if CIs are unavailable p-values, 

used scale and timing of reported functional outcomes (e.g. PROMs, including CIs and p-

values). Contact with the corresponding author was attempted for missing data. Additional 

data was successfully obtained from van den Berg et al.23  

 

Outcome measures 

The safety of NOM during posttraumatic care management was evaluated using the reported 

number of complications up to one year after injury. Complications of NOM consisted of 

persistent joint stiffness, pressure injuries caused by orthosis, or casts (epidermal excoriation, 

dermal excoriation), persistent pain (Visual Analogue Scale (VAS) lower than 3), persistent 

perceived instability at final follow-up, failure of immobilization material (e.g. breakage), or 

clinically diagnosed DVT. Complications requiring surgical intervention were delayed or 
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non-union, or secondary displacement. Delayed union was defined as incomplete 

radiographic healing after six months. A patient was considered to have a non-union if 

incomplete radiographic healing remained after twelve months. 

Functional outcomes of studies were evaluated, obtained and included two patient-reported 

outcome measures (PROMs): the American Academy of Orthopaedic Surgeons Ankle Score 

(AAOS) and Olerud Molander Score (OMAS).24,25 

 

Data analysis 

Data management, statistical analyses, and graphical representation were performed using 

Review Manager software (RevMan v 5.4.1) provided by the Cochrane Collaboration.26 

Study results were reported by absolute numbers with percentages. Outcomes reported by 

two or more studies were pooled in a meta-analysis. To perform a meta-analysis, missing 

means or SDs that were not reported in an article and which could not be retrieved after the 

attempt to contact the corresponding author were estimated if possible using the available 

information. If the range was available for outcome variables, the SD was estimated as range 

divided by 4.27 The SD was estimated from the standard error (SE) using the formula SE = 

SD / �¥�Q, where n is the sample size. The SE was estimated from the 95% CI by dividing the 

width of the CI by 2 x 1.96 = 3.92.27 Data were converted into the same units if needed. 

The assessment of statistical heterogeneity was performed by estimating statistical measures 

of heterogeneity: Cochrane Q (chi-square test), I2, and �22 (tau-square). The random-effects 

model was used for meta-analyses. The overall-effect Z test was used to determine 

significance. A 2-sided p-value of 0.05 or less was considered statistically significant. The 

inverse variance statistical method was used to construct a 95% CI. A pooled odds ratio (OR) 

was estimated for dichotomous outcomes. The Mantel-Haenszel statistical method was used 

to construct a 95% CI.28 A mean clinically important difference (MCID) was set at 4.4 points 

on the OMAS scale as suggested by Nilsson et al.29 The data of OMAS are presented as mean 

between-group difference (with 95% confidence interval). A negative difference means that 

the participants in the removable orthosis group reported higher OMAS for that time point. 

For the secondary outcome, functional outcome,12 weeks follow-up was considered the most 

appropriate timing for measuring OMAS. Other time-points were OMAS at 6 weeks or the 

closest shorter timing of follow-up (e.g. 4 weeks), and OMAS at 26 weeks or the closest 

timing of later time-points (e.g. 52 weeks).  
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RESULTS��

Search 

In total, 1479 (PubMed), 2081 (Embase), and 81 (Cochrane) articles were identified. After 

removing duplicates, 2274 articles were screened for title and abstract. A total of 20 full-text 

of studies were screened for eligibility, of which five were included.23,30–33 Of all included 

studies, two were RCTs,23,32 and three were observational studies.30,31,33 Of these 

observational studies, two were prospective studies,31,33 and one was a retrospective study.30 

The study selection is illustrated in figure 1 using the PRISMA flow diagram. 

 

Figure 1. PRISMA Flow Diagram of search process in a systematic review and meta-analysis 
of stable type B ankle fractures comparing removable orthosis and casting. 
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Baseline Characteristics 

A total of 516 patients (43% male) with a mean age of 44 years (ranging from 16 to 92 years) 

were included. Studies did not apply different inclusion or exclusion criteria for the NOM-

groups in terms of age, comorbidities and time of presentation after trauma. Sample size 

ranged from 37 to 247 patients. A total of 303 patients were immobilized with a cast versus 

213 patients treated with an orthosis. All studies reported lower rates of male participants, in 

particular the study of Port et al. (29%).31 Detailed study characteristics are described in table 

1. The type of removable orthosis varied from elastic support bandages to long walking boots 

(Table 2). Two studies used the Lauge-Hansen classification system to describe fracture 

types,31,33 and three studies used the Weber Classification with additional criteria.23,30,32 

Definition of clinical or radiological stability was described in four out of five included 

studies and varied throughout all studies (table 3).23,30–32  

 

Table 1. Study Characteristics of the included studies comparing removable orthosis and 
casting in patients with a stable type B ankle fracture 

¥ Randomized Clinical Trial 
�� Standard deviation, no range was described 
† Not available 
�K The study of Kortekangas et al described three groups. Orthosis during three weeks has been compared with a 
cast of three weeks. 

  

First author Year  Country Study design Number 
of 
patients 

Fracture 
classification  

Mean age in 
years 
(range) 

% of 
patients 
male 

Abdelaal30 2021 United 
Kingdom 

Retrospective 
cohort study 

123 Weber 52 (18 to 92) 43 

Kortekangas*32 2019 Finland Multicentre 
RCT¥ 

247 Weber 45 (16 to 85) 51 

Stuart33 1989 United 
Kingdom 

Prospective 
cohort study 

37 Lauge-Hansen N/A† N/A† 

van den Berg23 2018 Netherlands RCT¥ 44 Weber 43 (18 to 74) 55 
Port31 1996 England Prospective 

cohort study 
65 Lauge-Hansen 48 (18 to 87) 29 
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Table 2. Immobilization type and distribution in studies included in a systematic review of 
stable type B ankle fractures comparing removable orthosis and cast as nonoperative 
management 

Study Patients treated 
with removable 
orthosis; n (%) 

Type of removable orthosis  Patients 
treated with 
cast; n (%) 

Duration of 
nonoperative 
management 
in weeks 

Abdelaal30 61 (49.6) Long Walking Boot 62 (50.4) 6 weeks 

Kortekangas32 80 (32.3) Dynacast-Orthoglass 3 weeks: 83 
(33.6)* 
6 weeks: 84 
(34) 

 

Orthosis 3  
weeks 
cast 3 or 6 
weeks* 

Stuart33 19 (51.4) Air Stirrup 18 (48.6) 4 weeks 

van den Berg23 23 (52.3) Bauerfeind Malleoloc 21 (47.7) 6 weeks 

Port31 30 (46.2) Elastic Support Bandage 35 (53.8) 4 weeks 

* The study of Kortekangas et al. described three groups. Orthosis during three weeks has been compared with 
cast of  three weeks. 

 

Table 3. Definition of stability used in a systematic review of stable type B ankle fractures 

comparing removable orthosis and cast as nonoperative management 

Study Stability test Criteria of stability Timing of 
testing (in 
days) 

Weight-bearing* 

Abdelaal30 Weight-bearing 
radiograph 

MCS† < SCS�K Secondary 
visit (7-14) 

Yes, after stability 
test 

Kortekangas32 External 
rotation stress 
test under 
fluoroscopy 

MCS† < 5mm under external 
rotation stress. 

Primary 
visit 

Yes, immediate  

Stuart33 Anterior 
posterior 
Radiograph 

No medial side tenderness, unclear 
radiographic criteria. 

Primary 
visit 

Yes, after 48 hours 

van den Berg23 Mortise and 
lateral 
Radiograph 

MCS† <4mm and (MCS† < SCS�K + 
1mm) 
Dislocation < 2mm on Mortise + 
lateral x-rays. 

Primary 
visit 

No, non-weight-
bearing splint 

 Mortise and 
lateral 
Radiograph 

MCS† <4mm and (MCS† < SCS�K + 
1mm) 
Dislocation < 2mm on Mortise 
view + lateral x-rays. 

Secondary 
visit (7)  

Yes, after stability 
test 

Port31 Radiograph No medial side tenderness, unclear 
radiographic criteria. 

N/A�� Yes, immediate 

† Medial Clear Space, �K Superior Clear Space, �� Not Available 
 
  



646012-L-bw-Spierings646012-L-bw-Spierings646012-L-bw-Spierings646012-L-bw-Spierings
Processed on: 29-7-2024Processed on: 29-7-2024Processed on: 29-7-2024Processed on: 29-7-2024 PDF page: 158PDF page: 158PDF page: 158PDF page: 158

158

Assessment of methodological quality 

Table 4 shows the distribution of the study quality across the studies. Three studies were of 

poor quality 30,31,33 and both RCTs were of good quality.23,32 

 

Table 4. Risk of bias appraisal following MINORS criteria of studies included in a 
systematic review of stable type B ankle fractures comparing removable orthosis and cast as 
nonoperative management 

0 indicating that it was not reported in the article evaluated, 1 indicating that it was reported but inadequately, 
and 2 indicating that it was reported adequately. 
 

Safety 

Complications were statistically significantly higher in the cast group (OR 4.67, 95% CI 1.52 

to 14.35) (figure 2). DVTs occurred in 11 patients in the cast group versus none in the 

removable orthosis group. The cast group in van den Berg et al, was the only treatment group 

to receive thromboprophylaxis.23 Other reported cast related complications were nerve 

compression (n=2), non-union (n=2), secondary displacement (n=3), cast related pain (n=2), 

delayed-union (n=2), and breakage of immobilization (n=1). Only Abdelaal et al. reported 

failure of NOM.30 Three patients in the cast group developed secondary displacement, 

requiring open reduction and internal fixation (table 5).30  
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Figure 2. Complications in a systematic review of type B ankle fractures comparing 
removable orthosis and a cast 

 

* The three-week cast group of Kortekangas et al was compared with the three-week orthosis group. The six-
week cast has not been used during this analysis. 

 

Functional outcome 

All included studies reported functional outcomes. Functional outcome was assessed through 

PROMs in four studies. No statistically significant differences in OMAS were found between 

a cast or removable orthosis at six weeks and twelve weeks, with a mean difference (MD) of -

6.64 (95% CI -13.72 to +0.45) at six weeks23,31,32, and -6.91 (95% CI -18.73 to +4.91) at 

twelve weeks, both in favour of the removable orthosis.23,31,32 A more detailed description of 

the MD at twelve weeks can be found in figure 3. A statistically significantly difference in 

OMAS was found between a cast or removable orthosis at 26 weeks in favour of the 

removable orthosis, with an MD of -2.63 (95% CI -5.01 to -0.25).23,30–32 The 95% CI of the 6-

week and the 26-week OMAS results do not overlap the MCID of 4.4 points, showing that in 

patients with stable type B ankle fractures, a removable orthosis is non-inferior to a cast in 

terms of functional outcome. No statistically significant differences were found in the AAOS 

used in one study, with a mean score of 92 in the cast group, and 95 for the removable 

orthosis group (p=0.39).23 Timing of the PROMs as an outcome measure varied from 6 to 52 

weeks after injury. Stuart et al. described functional outcome as symptom-free after three 

months in range of motion, pain, and level of activity.33 A higher percentage of patients in the 

orthosis group (n=16, 84%) was symptom-free compared to the cast group (n=12, 66%).33  
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Figure 3. The mean difference (SD) on functional outcomes measured in OMAS after type B 
ankle fractures comparing removable orthosis and a cast at twelve weeks 

 

The data is presented as mean between-group difference (with 95% confidence interval) at twelve weeks. A 
negative difference means that the participants in the removable orthosis group reported higher OMAS at the 
12-week point than the cast group. 

* The three-week group of Kortekangas et al was compared with the three-week orthosis group. The six-week 
cast group has not been used during this analysis. 
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DISCUSSION 

 

Results of this systematic review and meta-analysis show that a removable orthosis is a safe 

alternative type of NOM, as complication numbers are significantly lower in the orthosis 

group. In addition, a removable orthosis shows no statistically significantly differences 

compared to a cast in terms of functional outcomes in patients with stable type B ankle 

fractures at 6 or 12 weeks follow-up. The 6-week and the 26-week OMAS results show that 

in patients with stable type B ankle fractures, a removable orthosis is non-inferior to a cast in 

terms of functional outcome.  

 

Comparison with other studies 

This review found fewer complications in the orthosis group compared to the cast group and 

similarly high scores of functional outcome in both NOM-groups, partly in keeping with 

previous literature.  

Several other studies, which were not included in this review, described complications after 

management with a removable orthosis or cast after an ankle fracture. These studies had 

several important differences in study design.34–37 They were either non-comparative, used 

cast or orthosis as post-operative management, or included more types of ankle fractures.34–37 

Studies comparing a removable orthosis and cast as post-operative management have 

described similar high scores of functional outcomes but reported higher numbers of 

complications, predominantly in the orthosis group, compared to this review. 13,38–40 These 

differences in complication numbers are caused by the dominance of surgical wound-related 

complications (e.g. wound dehiscence or infection) in the post-surgical groups.37 This high 

attribution of soft-tissue complications could be caused by friction between the NOM and the 

surgical site, resulting in higher numbers of superficial wound infections of the surgical 

wound.41 No statistically significant differences were found regarding types of complications 

(e.g. DVT, joint stiffness, or complex regional pain syndrome).35,38,39  

Functional outcome was good to excellent in both NOM-groups and is partly in line with 

previous study results.13,38–40,42 This study describes no statistically significant differences at 

6 or 12 weeks, but does describe statistically significant differences at or after 26 weeks in 

favour of the removable orthosis. The 95% CI of the six-week and 26-weeks result did not 

overlap the MCID of 4.4 points, resulting in non-inferiority in terms of functional outcome 

for a removable orthosis compared to a cast at these two time points. Previous studies have 



646012-L-bw-Spierings646012-L-bw-Spierings646012-L-bw-Spierings646012-L-bw-Spierings
Processed on: 29-7-2024Processed on: 29-7-2024Processed on: 29-7-2024Processed on: 29-7-2024 PDF page: 163PDF page: 163PDF page: 163PDF page: 163

163

described similar or significantly improved functional outcomes in favour of the removable 

orthosis compared to a cast in the short-term (less than 12 to 16 weeks) and no significant 

differences in both groups in the long-term (over 16 weeks).13,38,39 Even though these studies 

included multiple types of ankle fractures, of which some required surgery, functional 

outcome was non-inferior in a removable orthosis compared to a cast for short-term results 

and not statistically significant for long-term results.  

 

Factors that influence recovery 

Three factors that seem to influence recovery in NOM are the rigidity of the used 

management, the permission of weight-bearing, and the duration of NOM.  

The rigidity of removable orthoses in the included studies varied from rigid (e.g. long 

walking boots) to flexible, minimally supporting variants (e.g. elastic support or bandages), 

all resulting in good functional outcome. These functional scores are in line with a study 

comparing two types of orthosis in stable type B ankle fractures.43 The fundamental similarity 

in the used orthoses is that they restrict the repetition of supination and external rotation (the 

trauma mechanism of the treated ankle fracture). These findings suggest that even minimal 

support is sufficient in the NOM of stable type B ankle fractures. All patients were allowed 

full weight-bearing directly after the fracture was deemed stable. In three studies, the duration 

of NOM was shortened to three or four weeks.31–33 This resulted in secondary displacement, 

delayed union, or non-union in only eight out of 303 (%) patients in the (rigid) cast group in 

three studies.30–32  

Since complications were low and functional outcomes were excellent, NOM that restricts 

repetition of the trauma mechanism, early weight-bearing, and shortened duration of NOM 

seem a justified option for stable type B ankle fractures. 

 

Strengths and limitations 

To our knowledge, this is the first literature overview that compares NOM for stable type B 

ankle fractures. The meta-analyses give profound insight into two important outcomes for 

NOM: complications, describing the safety of NOM with an orthosis or cast, and functional 

outcome. The comprehensive search strategy led to a minimal chance of missing relevant 

studies and gave a realistic overview of all published information. Using a small scope of 

included injuries in the search strategy made this review and meta-analysis more applicable 

to daily practice. This is in line with a recent appraisal of a published study. This study 

included a broader range of ankle fractures prior to immobilization.3844 Furthermore, this 
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literature review could contribute to the decrease in secondary healthcare utilization, 

healthcare costs and societal costs related to these injuries. If fractures are deemed stable and 

nonoperative management does not require substitution (e.g. change of cast), routine physical 

outpatient follow-up is debatable.42,45,46 Previous studies showed that stable type B fractures 

could successfully be treated without additional face-to-face follow-up or imaging.42,47,48 

This study has several limitations that need to be addressed. First, selection bias may have 

been introduced because of the heterogeneity in the used classification systems, diagnostic 

methods and criteria to exclude additional medial or posterior injury. This may have led to an 

incorrect selection of patients with a ‘true’ Lauge-Hansen ankle fracture. Recently two 

reviews aimed to pinpoint one optimal strategy to exclude medial or posterior injury in stable 

type B ankle fractures, but no consensus has been reached.10,49 Second, the small number of 

studies, with relatively small sample sizes, conducted on this issue reduces the 

generalizability of findings. Last, the length of follow-up and timing of OMAS varied across 

studies and affected functional outcome as they were measured at different stages of healing. 

To minimalize this limitation, all corresponding authors were contacted for missing data, and 

data were converted to comparable estimations.  

Clinical implications and future perspectives 

Current literature describes promising results in terms of complications and functional 

outcome for a removable orthosis compared to a cast as NOM for stable type B ankle 

fractures. After stability assessment, using a removable orthosis for patients with a stable type 

B ankle fracture is advisable. No consensus has been reached on optimal techniques to assess 

stability. Future research should focus on developing a practical, more sensitive and specific 

technique to exclude additional medial or posterior injury. To increase the comparability of 

future studies, a more uniform design in terms of classification systems, endpoints of follow-

up, and short-term and long-term outcomes to evaluate ankle fractures should be used. 

Furthermore, limited evidence on the optimal rigidity of removable orthosis exists, and 

should be further investigated to optimize NOM after stable type B ankle fractures.  

 

Conclusion 

Results of this systematic review and meta-analysis show that a removable orthosis is a safe 

alternative type of NOM, as complication numbers are significantly lower in the orthosis 

group. In addition, the 6-week and the 26-week OMAS results show that in patients with 
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stable type B ankle fractures, a removable orthosis is non-inferior to a cast in terms of 

functional outcome. 
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APPENDICES 
 
Appendix 1 – Search syntax used in PubMed, Embase, and Cochrane to identify eligible 
studies for a systematic review of type B ankle fractures comparing removable orthosis and a 
cast as nonoperative management 
 

Pubmed: 15th July 2022  

("ankle fractures"[mesh] OR "ankle injuries"[mesh]) OR (("weber B"[tiab] OR “type B”[tiab] 
OR "Lateral malleolus"[tiab] OR “distal fibula” [tiab] OR "fibula*"[tiab] OR “Supination-
eversion”[Tiab] OR “Supination-exorotation” [tiab] OR “SE-II”[Tiab] OR “Lauge 
Hansen”[Tiab] OR “Lauge-Hansen”[tiab] AND "fracture*"[tiab])) AND ("braces"[MeSH] 
OR "brace*"[tiab] OR "bracing"[tiab] OR "Orthotic Devices"[Mesh:NoExp] OR "Orthotic 
Device*"[tiab] OR "Foot Orthoses"[Mesh] OR "orthoses"[tiab] OR "orthosis"[tiab] OR "non-
operative*"[tiab] OR "nonoperative*"[tiab] OR “conservative*” [tiab]) 

Embase: 15th July 2022  

 ('ankle fracture'/exp OR 'ankle fracture' OR 'ankle injury'/exp OR 'ankle injury' OR (('weber 
b':ti,ab OR 'type b':ti,ab OR 'lateral malleolus':ti,ab OR 'distal fibula':ti,ab OR 'fibula*':ti,ab 
OR 'supination-eversion':ti,ab OR ‘supination-exorotation’:ti,ab OR 'se-ii':ti,ab OR 'lauge 
hansen':ti,ab OR 'lauge-hansen':ti,ab) AND 'fracture*':ti,ab)) AND ('brace'/exp OR 'brace' OR 
'brace*':ti,ab OR 'bracing':ti,ab OR 'orthosis'/exp OR 'orthosis' OR 'orthotic device*':ti,ab OR 
'foot orthosis'/exp OR 'foot orthosis' OR 'orthoses':ti,ab OR 'orthosis':ti,ab OR 'non-
operative*':ti,ab OR 'non operative*':ti,ab OR 'conservative*':ti,ab) 

Cochrane: 15th July 2022 

(weber B:ti,ab OR type B:ti,ab OR Lateral malleolus:ti,ab OR distal fibula:ti,ab OR 
fibula*:ti,ab OR Supination-eversion:ti,ab OR supination-exorotation:ti,ab OR SE-II:ti,ab OR 
Lauge Hansen:ti,ab OR Lauge-Hansen:ti,ab) AND fracture*:ti,ab AND (brace*:ti,ab OR 
bracing:ti,ab OR (Orthotic NEXT Device*):ti,ab OR orthoses:ti,ab OR orthosis:ti,ab OR non-
operative*:ti,ab OR non operative*:ti,ab OR conservative*:ti,ab) 
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Chapter Eight 
 

 
Is Routine follow-up after a First-time Anterior 

Shoulder Dislocation necessary? 

 
J.F. Spierings, R.C.M. Vermeulen, G.J.A. Willinge, M.C. Kokke, J.C. 

Goslings, R.N. van Veen, D. van der Velde, B.A. Twigt 
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ABSTRACT 
��

Introduction 

First-time anterior shoulder dislocations, common in young males from sports-related 

injuries, pose chronic instability risks. Early surgical stabilization may risk recurrence but 

lacks clear selection criteria. In contrast to surgery, multiple hospitals use Direct Discharge 

(DD) protocols for these patients, reducing follow-up to one Emergency Department visit. 

This study compares DD and traditional non operative treatment in first-time anterior 

shoulder dislocation patients, assessing complications, outcomes, satisfaction, and healthcare 

use. 

 

Methods 

A retrospective study was conducted in two Dutch level 2 trauma centers from May 2020 to 

May 2021. Adult patients with first-time isolated anterior shoulder dislocations, and 

successful reduction at the Emergency Department were included. Those lost to follow-up or 

with prior connective tissue disease were excluded. One hospital used traditional treatment 

(TT), with routine outpatient follow-up and a sling. The other used a DD protocol, 

discharging patients after the Emergency Department visit with a sling, extensive 

information, and a discharge-leaflet. The primary outcome was the complication rate after 

one year. Secondary outcomes included primary- and secondary healthcare utilization, 

patient-reported outcomes and experiences. 

 

Results 

The TT cohort included 44 patients, predominantly male (75%), with a median age of 44. The 

DD cohort included 91 patients, mostly males (80%), and a median age of 29. No statistically 

significantly different complication rates were found between the TT cohort (3/44, 7%) and 

the DD cohort (15/91, 16%) (p=0.093). Outpatient follow-up was statistically significantly 

lower in the DD cohort (mean 0.15, Standard Deviation (SD) 0.90) than in the TT cohort 

(mean 1.02, SD 0.78) (p=0.02). Between both cohorts, no statistically significant differences 

were found in QuickDASH scores (p=0.19) and patient satisfaction with treatment scores 

(p=0.69). 
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Discussion 

Direct Discharge (DD) significantly reduces secondary healthcare utilization without 

affecting complications, primary healthcare use, functional outcomes, or patient satisfaction 

in first-time anterior shoulder dislocation patients compared to traditional treatment. The 

study highlights the potential benefits of DD but also the need for careful patient selection. 

Future research should identify which first-time anterior shoulder dislocation patients benefit 

from follow-up.  
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INTRODUCTION  
 
Dislocation of the glenohumeral joint is the most common type of dislocation, with an 

incidence of anterior dislocations between 15.3 and 56.3 per 100,000 person-years.1,2 This 

injury is particularly prominent among young adult males who sustain high-energy shoulder 

injuries (mostly during sports).3 As these patients are at risk of developing chronic instability, 

this injury poses a substantial health burden for patients and a challenge for their treating 

clinicians.4,5 Furthermore, patients who have experienced a first traumatic anterior shoulder 

dislocation (FTASD) have a substantially higher risk of recurrent dislocation, with reported 

recurrence rates as high as 60% within two years.6,7 These recurrences are generally defined 

as having experienced either redislocation or subluxation.6,7  

Early (arthroscopic) stabilization of the glenohumeral joint has been proven successful in 

restoring structural integrity and reducing recurrence risk.8–11 Delaying surgical management 

in cases of recurrent instability may lead to cumulative anatomical injuries and increased 

failure risk after shoulder stabilization, warranting early intervention in these patients.12,13 

Nonetheless, identifying those who benefit from early surgical intervention remains unclear 

due to the ambiguity of specific risk factors. This ambiguity is caused by the variance in 

follow-up duration, study inclusion criteria, and (post-surgical) rehabilitation.13 Additionally, 

only a few surgeons recommend surgical interventions after FTASD, and current treatment 

approaches have considerable diversity between surgeons and disciplines.14,15  

In contrast to early surgical intervention, several studies, protocols, and models have recently 

recommended omitting outpatient follow-up after FTASD without concurrent bony 

injuries.16–18 With these Direct Discharge (DD) protocols, mostly derived from the British 

Virtual Fracture Clinics (VFC), FTASD patients are directly discharged from the Emergency 

Department (ED) with extensive information. These protocols were designed to encourage 

patient self-care and self-management and thus increase levels of personal engagement and 

responsibility during recovery. These protocols, recommend hospital contact only if the 

return to activities stagnates or perceived instability interferes with daily tasks. Even though 

these protocols are used in daily clinical practice, scientific substantiation for DD of FTASD 

patients is lacking.  

The aim of this study was to determine whether treatment with DD results in comparable 

complications, functional outcomes, patient satisfaction, and healthcare utilization in patients 

18 years or older after FTASD compared to traditional nonoperative treatment. 
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METHODS  
 
Design 

This retrospective observational cohort study was conducted in two Dutch level 2 trauma 

teaching hospitals from 1 May 2020 to May 2021. Eligible patients were 18 years or older, 

Dutch or English speaking, sustained a traumatic isolated primary anterior shoulder 

dislocation with no additional bony injuries, or were suspected of neurovascular injuries at 

presentation. 

Patients were included if they sustained an isolated FTASD, Glasgow Coma Scale >14, no 

additional ossal injuries during first-visit imaging, and had a successful reduction at the ED. 

Patients were excluded if they had prior connective tissue disease or were lost to follow-up. 

During the inclusion period, OLVG treated these patients with a Direct Discharge protocol 

(DD). DD includes direct discharge from the ED without routine outpatient follow-up. These 

patients receive extensive information about the injury and recovery. During a review 

meeting of all ED cases the next working day, eligibility based on the inclusion criteria for 

DD was verified by an orthopaedic or trauma surgeon and radiologist. The Antonius Hospital 

treated patients with traditional treatment (TT) following the Dutch guideline for these 

injuries, which consisted of at least one routine outpatient follow-up appointment and 

imaging if deemed necessary. Both hospitals are part of the Santeon group, an alliance of 

eight large urban hospitals comparable in size, setting, and patient numbers.19 This study has 

been approved by the local Medical Ethical Review Board Utrecht (W21.122). 

 

Primary Outcome 

Complications 

The primary outcome of this study is the number and type of complications after one year of 

follow-up. Complications were defined as unexpected outcomes that arise after the initial 

shoulder dislocation and can have a negative impact on the patients’ health and well-being. 

These complications may result from the dislocation itself, the treatment provided, or other 

related factors. Impaired range of motion was defined as any self-reported decreased range of 

motion during follow-up, and persistent pain was defined as pain scores higher than three on 

the 10-point Visual Analogue Scale. 
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Secondary outcomes 

Healthcare utilization 

Healthcare utilization included primary healthcare utilization and secondary healthcare 

utilization.  

Primary healthcare utilization was measured by the number and type of follow-up 

appointments with a general practitioner or physiotherapist related to the injury. Secondary 

healthcare utilization was measured by the number of follow-up appointments with a 

physician and injury-related imaging after the ED visit. Imaging included radiographs, 

ultrasound, Computed Tomography (CT), and Magnetic Resonance Imaging (MRI). Data on 

these outcomes were extracted from electronic patient records (EPRs). In both hospitals, the 

following patient characteristics were collected from EPRs: age (years), sex, and additional 

radiographic injuries. If patients were eligible for DD but were treated with routine outpatient 

follow-up, the reason was reported. 

 

Patient-reported Outcome and Experience Measures 

Functional outcomes were measured with the Patient-Reported Outcome Measure (PROMs) 

QuickDASH score at least one year after injury.20 Patient Reported Experience Measures 

(PREMs) were measured by assessing treatment satisfaction on a hundred-point scale, 

ranging from 1, meaning very dissatisfied, to 100, meaning very satisfied. These scores were 

rounded to a 10-point scale to improve readability. Additionally, the perceived usefulness of 

the outpatient follow-up appointment (yes, no, not applicable), and preference of the mode of 

treatment (face-to-face, by phone, a self-care application, no preference) were collected. 

 

Recruitment and consent 

A case record form was developed to identify eligible patients and extract relevant study data 

from EPRs through local Business Intelligence. Eligible patients were contacted by phone 

during a clinical audit to collect PROMs, PREMs, and data regarding primary healthcare 

utilization and were asked to consent to study participation. If patients were not reached by 

phone, they were contacted by phone again after two weeks. After verbal data collection, data 

regarding complications and secondary healthcare utilization were collected from the EPR. 

 

 

 

Statistical Analysis 
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Statistical analysis was performed using SPSS version 27.0 (IBM Corporation, Armonk, NY, 

United States)21. Normal distribution of continuous data was assessed with visual analysis of 

histograms, Kolmogorov, and Shapiro-Wilk tests. Normally distributed data were described 

as mean with standard deviation (SD). Discrete variables were reported as frequencies 

(percentages of the total population). The Chi-square test was used to determine the statistical 

significance of categorical variables. The Mann-Whitney U test was used to determine 

statistical significance for non-parametric independent data. All reported p-values were 2-

sided. p-values lower than 0.05 were considered statistically significant. 
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RESULTS 
 
Demographics 

In the TT cohort, 44 patients were included; in the DD cohort, 91 patients were included 

(Figure 1a+b). Of the 44 included TT patients, 33 (75%) were male, the median age was 44 

(33 to 68), and 19 (44%) were reached by phone (Table 1). Of the 91 DD patients, 73/91 

(80%) were male, with a median age of 29 (IQR 22 to 41), and 24 (26%) were reached by 

phone (Table 1). Statistically significant baseline differences were found regarding age (p = 

0.001) but not in sex (p = 0.67). 

 

Table 1. Baseline characteristics of included patients with traumatic, primary, anterior 
shoulder dislocations 

Characteristics; n (%) TT cohort  DD cohort p-value 
Age; median (IQR)« 44 (33 to 68)  29 (22 to 41) 0.001 
Gender male 33 (75)  73 (80) 0.67 
Prior Shoulder injury  0  0  
Injury side; right 25 (57)  50 (55)  
Handedness;     
Left 1 (2)  3 (3)  
Right 24 (55)  53 (58)  
Missing 19 (43)  35 (39)  
Reached by phone  19 (44)  24 (26)  
Total 44  91   

IQR: Interquartile range 
TT: traditional treatment 
DD: Direct Discharge 

 
Figure 1a. Flowchart of included patients included patients in the traditional treatment cohort 
after first-time anterior shoulder dislocations after nonoperative treatment with follow-up 
  

Included after EPR assessment (n=44) 
 

Completed phone survey (n=19) 

Eligible patients in TT cohort (n=62) 

Did not meet additional injury criteria (n=6) 
Did not meet additional patient criteria (n=6) 
Multiple injuries (n=5) 

Not reached by phone (n=17)   
Did not consent to survey (n=5) 
Incorrect contact details (n=3) 
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Figure 1b. Flowchart of included patients included patients in the traditional treatment cohort 
after first-time anterior shoulder dislocations after nonoperative treatment without follow-up 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

Primary outcome 

Complications  

 No statistically significant differences were found in the number of complications between 

the TT cohort (3/44, 7%) and the DD cohort (15/91, 16%) (p = 0.093). In the TT cohort, 

complications consisted of decreased range of motion (n = 1), rotator cuff injury (n = 1), and 

one missed glenoid fracture at the ED (n = 1) (Table 2). None of the FTASD patients 

underwent surgical intervention. In the DD cohort, complications consisted of recurrent 

dislocations (n = 9), of which two occurred within three months after FTASD, and seven 

occurred three months after FTASD, rotator cuff injury (n = 4), decreased range of motion (n 

= 1), and frozen shoulder symptoms (n = 1) (Table 2). 

  

Included after EPR assessment (n=91) 
Did not meet additional patient criteria 
(n=6) 
Multiple injuries (n=5) 

 (n=91) 

 

Completed phone survey (n=24) 

 

Eligible patients in DD cohort (n=99) 

 

Did not meet additional injury criteria (n=2) 
Did not meet additional patient criteria (n=4) 
Multiple injuries (n=2) 
 

Not reached by phone (n=53)   
Did not consent to survey (n=8) 
Incorrect contact details (n=6) 
 



646012-L-bw-Spierings646012-L-bw-Spierings646012-L-bw-Spierings646012-L-bw-Spierings
Processed on: 29-7-2024Processed on: 29-7-2024Processed on: 29-7-2024Processed on: 29-7-2024 PDF page: 180PDF page: 180PDF page: 180PDF page: 180

180

Table 2. Complications in included patients after first-time anterior shoulder dislocations 
after nonoperative treatment with and without follow-up 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TT: 

Traditional Treatment; DD: Direct Discharge 
 
 
Secondary outcomes 

Healthcare utilization 

In the TT cohort, primary healthcare utilization varied; none of the patients visited the GP, 

and 10/19, 53% visited the physiotherapist. Primary healthcare utilization in the DD cohort 

consisted of 4/24, 17% of patients visiting the GP, and 17/24, 71% visiting the 

physiotherapist (Table 4). For secondary healthcare utilization, most TT patients (36/43, 

84%) received face-to-face follow-up. Outpatient follow-up was statistically significantly 

lower in the DD cohort (mean 0.15, SD 0.90) than in the TT cohort (mean 1.02, SD 0.78)  

(p=0.02) (Table 3). Follow-up by phone occurred in 14/43 (33%) patients in the TT cohort 

compared to 14/91 (15%) in the DD cohort. Additional imaging was performed in the TT 

cohort to rule out rotator cuff injuries via CT (n=1) and a radiograph (n=1). In the DD 

cohort, five ultrasounds and ten radiographs were made in eleven patients to rule out 

additional shoulder injuries (Table 3). 
  

Characteristics; n (%) TT cohort DD cohort p-value 
Decreased range of motion 1 0  
Pain 0 1  
Surgical intervention 0 0  
Rotator cuff injury 1 4  
Mal- or non-union 0 0  
Second dislocation 0 0  

Before 3 months 0 2  
Over 3 months up to 12 months 0 7  

Missed glenoid fracture 1 0  
Frozen Shoulder 0 1  
Total (%) 3/44 (7%) 15/91 (16%) 0.09 
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Table 3. Secondary Healthcare Utilization in included patients after first-time anterior 
shoulder dislocations after nonoperative treatment with and without follow-up 

 TT cohort DD cohort 
Face-to-face follow up;    

1 time 28 10 
2 times 6 1 
>2 times 2 2 
   

Follow up by phone   
1 time 8 10 
2 times 5 4 
>2 times 1 0 
   

Additional imaging   
Ultrasound 1 5 
Radiograph 0 10 
CT-scan 1 0 
MRI-scan 0 0 

CT: Computed Tomography 
MRI: Magnetic Resonance Imaging 
TT: traditional treatment  
DD: Direct Discharge 
 

Table 4. Primary Healthcare Utilization in included patients after first-time anterior shoulder 
dislocations following nonoperative treatment with and without follow-up 

Frequency of General 
Practitioner visits 

TT cohort* DD cohort* 

0 0/19 20/24 
1 0/19 4/24 
2 0/19 0/24 
Physio visit   
0 11/19 7/24 
1 1/19 0 
2 0 4/24 
>2 9/19 13/24 

*Samples based on patients who responded to phone calls. 
TT: Traditional Treatment 
DD: Direct Discharge 
  



646012-L-bw-Spierings646012-L-bw-Spierings646012-L-bw-Spierings646012-L-bw-Spierings
Processed on: 29-7-2024Processed on: 29-7-2024Processed on: 29-7-2024Processed on: 29-7-2024 PDF page: 182PDF page: 182PDF page: 182PDF page: 182

182

Patient-reported Outcome and Experience Measures 

QuickDASH scores showed no statistically significant differences between the TT cohort 

(median 0, IQR 0 to 0) and DD cohort (median 0, IQR 0 to 12)  (p=0.19) (Table 5). 

No statistically significant differences were seen in patient satisfaction scores with treatment 

between the TT cohort (median 8.0, IQR 8.0 to 10) and the DD cohort (median 8.0, IQR 7.7 

to 9.9) (p= 0.69). In the TT cohort, 12/19 (63%) perceived follow-up as useful, 6/19 (32%) as 

not useful, and 1/19 (5%) had no follow-up planned. Of TT patients, 8/19 (42%) would prefer 

outpatient follow-up face-to-face, 5/19 (26%) by phone, and 6/19 (32%) through a self-care 

application. In the DD cohort, 13/24 (54%) would prefer outpatient follow-up face-to-face, 

6/24 (25%) by phone, 3/24 (13%) through a self-care application, and 2/24 (8%) had no 

preference. All patients in the TT cohort perceived the treatment as totally safe (19/19, 

100%). In the DD cohort, 18/24 (75%) perceived the treatment as totally safe, 3/24 (13%) as 

safe, 1/24 (4%) had a neutral opinion, and two perceived it as totally not safe 2/24 (8%).  

 

Table 5. Patient Reported Outcome and Experience Measures in included patients after first-
time anterior shoulder dislocations after nonoperative treatment with and without follow-up 

Patient Reported Outcome and 
Experience Measures 

TT cohort DD cohort 

Perceived usefulness of follow-up   
Yes 12/19 (63) N/A 
No 6/19 (32) N/A 
No opinion  0/19 (0) N/A 
No visit planned 1/19 (5) N/A 
missing 0  
Preference for follow-up   
Outpatient clinic 8/19 (42) 13/24 (54) 
By phone 5/19 (26) 6/24 (25) 
Self-care application 6/19 (32) 3/24 (13) 
No preference 0/19  (0) 2/24 (8) 
   
Perceived safety on a 5-point Likert Scale   
Totally not 0 2 
Not 0 0 
Neutral 0 1 
Safe 0 3 
Totally safe 19 18 
Median satisfaction with treatment (IQR) 8.0 (8.0 to 10.0) 8.0 (7.0 to 9.9) 
Median QuickDASH (IQR) 0.0 (0.0 to 0.0) 0.0 (0.0 to 11.9) 

N/A Not available 
IQR Interquartile range 
TT Traditional treatment 
DD Direct Discharge 
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DISCUSSION 

Primary findings 

Results of this study show that in this population, no differences were found regarding 

complications, primary healthcare utilization, functional outcome, and satisfaction with 

treatment scores in patients 18 years or older with an FTASD compared to traditional 

conservative treatment. Furthermore, DD leads to a statistically significant decrease in 

secondary healthcare utilization. 

Comparison with literature 

The number of complications in both study cohorts, particularly recurrence and rotator cuff 

injuries, was lower than in the current literature.6,7  The lower overall rate might result from 

the strict inclusion criteria, which only included FTASD without concomitant bony injuries 

on the radiograph after reduction. 

Complications in both cohorts did not vary statistically significantly but were substantially 

higher in the DD cohort compared to the TT cohort. This adds to the literature, as no 

comparison of nonoperative follow-up treatment schemes after FTASD has been previously 

reported. Notably, this study's complication rate was lower than the results from other 

FTASD studies. However, it was higher when compared to studies regarding other injuries 

treated with a DD protocol (e.g., torus- or radial head fractures).19,22 This indicates that 

FTASD potentially cannot be regarded as simple and stable as these other injuries and may 

not meet requirements for inclusion in the DD protocol.  

Furthermore, compared to the simple and stable injuries in previous studies, patients after 

FTASD have a substantial risk of subsequent worsening of complications due to recurrence 

(e.g., bone loss) with a higher risk of failure after an intervention.12 An important side note is 

that these studies have included all patients (including those with additional bony injuries), 

and are often performed in high-demand military professionals or athletes. This potentially 

results in overestimating recurrence rates compared to a less demanding population. Despite 

the number of complications, none of the patients in both cohorts underwent (planned) 

surgical intervention surgery after FTASD. This may be associated with the relatively low 

tendency of (Dutch) surgeons to perform shoulder stabilizing surgery after FTASD.14,15  

As described in previous literature, DD reduces secondary healthcare utilization 

significantly.23,24 This also applies to patients after FTASD. In contrast to previously reported 
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DD studies, primary healthcare utilization after FTASD is higher (but comparable) in both 

cohorts as more patients required additional physiotherapy after FTASD.19,22  

QuickDASH scores showed positive functional outcomes in both cohorts. This only partly 

aligns with the current literature because using well-defined and validated functional outcome 

measures such as PROMs, including patient-derived quality-of-life measures, is often 

lacking.25–27 Between both cohorts, no differences in treatment satisfaction were found, 

similar to other DD evaluation studies.28,29 Patients preferred face-to-face follow-up in both 

cohorts, which has not been reported previously. Interestingly, 42% of patients did not 

perceive the follow-up appointment as useful in the TT cohort, indicating that this could be 

optimized. A combined version of DD with digital triage for those who require or prefer face-

to-face follow-up might offer a better alternative.  

Strengths and limitations 

This study is the first to include FTASD patients after implementing a DD protocol, 

comparing it to a traditional cohort to optimize outpatient follow-up. These results provide a 

new insight into the efficiency of follow-up schedules for FTASD. Furthermore, this study 

provides insights into the trade-off between efficiency and treatment safety, further 

sharpening the definition of simple and stable injuries included in VFCs and DD protocols. 

There are also several limitations to address. First, the study had a statistically significant 

difference in age at baseline, making the groups incomparable regarding age. As younger age 

has been mentioned as a risk factor for recurrences, the results of both cohorts might be less 

comparable, which makes these results and conclusions less specific. Second, the number of 

respondents for the phone surveys was low, and surveys were administered after a prolonged 

period post-injury. This may have introduced selection bias and recall bias among patients. 

Nevertheless, no previous studies have reported outcomes for this type of comparison. 

Future Studies and Clinical implication 

This study shows that DD of patients after an FTASD can reduce secondary healthcare 

utilization. However, it remains unclear who might benefit from an intervention based on 

demographic, patient and injury characteristics, and risk factors for recurrence. Current 

treatment approaches are influenced by patient age, previous history of dislocation, 

occupation, level of activity, general health, ligamentous laxity, and expectations of patient 

adherence to a prescribed therapeutic regime.27 Therefore, it remains difficult to make clear 

specific inclusion criteria for this injury in the DD protocol. The optimal timing of follow-up 
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remains unclear in the literature and is beyond the scope of this study. Future studies should 

focus on the timing of follow-up and identify specific risk factors for chronic complications 

to optimize the treatment strategy and identify patients who (do not) require follow-up from a 

personal and medical perspective. Nevertheless, the current follow-up includes extensive 

information and shared decision-making during (often) one specific moment of follow-up, 

which could cause information overload and result in low recall.30 A combination of digital 

care with tailored discharge leaflets and pre-outpatient follow-up questions prior to face-to-

face outpatient follow-up could contribute to optimizing shared decision-making and 

planning. Combining studies on risk factors and the optimization of follow-up should occur, 

and could be executed simultaneously.  

 

Conclusion 

Similar to previous evaluations, DD leads to a statistically significant decrease in secondary 

healthcare utilization after FTASD compared to traditional treatment without negatively 

influencing patient satisfaction with treatment. DD after FTASD could further relieve the 

burden of care. Nevertheless, complication numbers associated with FTASD are higher than 

other included injuries in DD protocols, and complications could, if left (surgically) 

untreated, worsen over time, leading to chronic instability. Therefore, follow-up after FTASD 

with a specialist might be warranted for certain patient populations. However, more research 

is needed to identify the population that might benefit from face-to-face follow-up. 
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Part III 
 
 
 
Preconditions for self-care protocols after experience 
evaluations  
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Chapter Nine 
 

 

Virtual Fracture Care - Direct Discharge of isolated, stable, 

musculoskeletal injuries. Is once enough? 

��
J.F. Spierings, G.J.A. Willinge, T.H. Geerdink, M.C. Kokke, B.A. Twigt, J.C. 
Goslings 

 

 
Journal of Human Factors. 2023.  
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 INTRODUCTION 

Maintaining high-quality orthopedic trauma care is becoming a challenge due to  an increase 

in the incidence of bone fractures and a lack of qualified personnel. To address this increase, 

hospitals in the United Kingdom (UK) developed Direct Discharge (DD), which is currently 

standard-of-care in over 80 UK hospitals.1 DD concerns patients with isolated, stable 

musculoskeletal injuries, which recover well with limited immobilization. Traditionally, such 

patients attended at least one outpatient follow-up appointment. Alternatively, with DD, they 

are discharged directly from the Emergency Department (ED), and receive removable 

immobilization instead of a cast, an informative brochure, and a telephone helpline for any 

inquiries during recovery. Prior studies demonstrated significant reductions in secondary 

healthcare utilization (i.e., outpatient follow-up and imaging) (SHU), without negatively 

affecting functional outcomes, patient satisfaction, or complications.2 Nevertheless, evidence 

on DD’s feasibility from a patients’ perspective, healthcare professional’s perspective is 

lacking, leading to a discrepancy between the UK guidelines and practice. 

Inspired by the UK’s success, OLVG Hospital adapted DD to the Dutch healthcare system, 

including twelve isolated, stable musculoskeletal injuries, and adding a self-care smartphone 

application called ‘the Virtual Fracture Care app’ to support patients during recovery.3 The 

adoption of DD has accelerated during the COVID-19 measures, due to social distancing,  

and has led to implementation in thirty Dutch hospitals. This quick adoption may cause 

discrepancy between Dutch guidelines and practice, similar to the UK setting. Therefore, 

experiences from both the patient and healthcare perspective are essential to establish 

prerequisites for the durable adoption of DD. The accelerated adoption of DD presented a 

unique opportunity to gather these experiences within various hospitals. Recognizing this, 

ZonMw, the Netherlands Organization for Health Research and Development, provided an 

unrestricted grant to execute these studies. 

These studies aimed to gather prerequisite knowledge for the successful implementation of 

DD as a standard alternative to face-to-face care in three hospitals.  

This article describes the patient and healthcare professional perspective with Direct Discharge, 

which discharges patients with isolated, low-complex musculoskeletal injuries from the 

Emergency Department and assists them with a smartphone application and a brace or sling. 

These findings show that Direct Discharge is perceived as a feasible, satisfactory, and safe 

alternative to traditional treatment with a cast and routine outpatient follow-up, but sometimes 

requires personal nuances. 
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METHOD  
 

Design 

Two mixed-method studies were performed between August 2021 and July 2022 alongside 

the implementation of DD in three teaching hospitals, treating between 1200 and 1800 DD 

patients annually per hospital. Both studies, including the process analysis, were ethically 

reviewed and approved by the Medical Ethical Committee of Utrecht, Netherlands 

(W21.261). 

 

Traditional treatment 

Before DD implementation, healthcare professionals treated patients according to local 

trauma protocols. These protocols consisted of support with a cast, sling, bandage, or splint 

and brief injury-related information at the Emergency Department (ED). Follow-up schemes 

for these injuries vary per hospital in the Netherlands. However, at least one outpatient 

follow-up appointment was scheduled in the outpatient clinic within two weeks after the 

injury for review, extensive information, and definitive management planning. 

 

Direct Discharge protocol 

The Dutch version of DD included Dutch or English-speaking patients with isolated, stable 

musculoskeletal injuries with additional injury-related criteria.3 Patients were not treated with 

DD if they had initial treatment or follow-up in a hospital not involved in the study, multiple 

injuries, social care reasons (e.g., intellectual disability), or altered mental state during the ED 

visit. With DD, patients were discharged directly from the ED without routine outpatient 

follow-up, received a removable orthosis or sling, and comprehensive information at the ED, 

summarized in the Virtual Fracture Care app (VFC). Physical follow-up was scheduled if 

deemed necessary by the ED staff. As a safety net, all decisions and x-rays were re-evaluated 

by a multidisciplinary team supervised by a trauma surgeon the next workday, and patients 

were rescheduled for follow-up if necessary. 

 

Virtual Fracture Care Application 

The VFC app offered self-care assistance through injury-specific leaflets with recovery 

information, treatment rules, red flags, frequently asked questions, audiovisual exercise-, 

immobilization- and analgesic instructions. Additionally, the app included a telephone 
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helpline operated by a healthcare professional during working hours for any injury-related 

inquiries.  

 

Mixed-method study among patients 

To collect patient experiences, a mixed-method study was conducted at three hospitals during 

DD implementation. In- and exclusion criteria for this study were identical to the criteria for 

DD. Eligible patients or parents (if patients were below 16 years) were asked to download the 

VFC app at the ED and consent to the study. Data were collected through a survey 

immediately after the ED visit to gather DD-expectations, and one three months post-injury 

collecting DD-experiences, and semi-structured interviews was performed in a sample. A 

purposive sample was selected based on age, sex, type of injury, and hospital for interviews 

six weeks post-injury. The research team developed the surveys and topic list. Quantitative 

and qualitative data were collected and analyzed separately by different teams. The Bowen 

feasibility framework organized data into the parameters: implementation, acceptation, 

preliminary efficacy, applicability, and demand. Satisfaction was measured on a 10-point 

scale varying from 1, meaning very dissatisfied to 10 very satisfied. 5-point Likert Scales 

were used to assess feasibility statements with 1 meaning, completely not and 5 meaning 

completely. Data triangulation was performed to present data per feasibility parameter and 

identify (dis)similarities.  

 

Mixed-method study among healthcare professionals 

To collect experiences of healthcare professionals involved in the daily clinical care for DD 

patients, a mixed-method study was performed in the same hospitals. These participants 

ranged from ED nurses to trauma surgeons. Healthcare professionals were contacted by e-

mail to participate in a pre-implementation, post-implementation survey, and semi-structured 

interview. Frameworks, data handling, and analysis were identical to the mixed-method study 

among patients. 
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RESULTS  

 
Mixed-method study among patients 

In total, 138 patients completed both surveys, and 18 semi-structured interviews were 

conducted.  

Most patients are women (60%), native Dutch speakers (98%), attended Dutch primary 

schools (98%), and had a minimum of a bachelor’s degree (59%). Patients had a median age 

of 50 years. 

Patients are satisfied with the introduction of DD at the ED. Some mention the hectic ED 

environment and difficulty downloading the app due to poor Wi-Fi connection. The in-app 

information after the ED visit is beneficial, as the physiological distress and the hectic ED 

environment limited information recollection. Patients report a median satisfaction with 

treatment of 7.8 (IQR 6.6 to 8.8). Enhanced treatment engagement is reported in 58 (42%) 

patients, caused by increased self-empowerment in 67 (49%) patients. Patients prefer the 

removable orthosis over a cast because it is lighter and less rigid than a cast, leading to better 

mobility. Nevertheless, patients mentioned it could also lead to over-exertion due to the 

smaller size of the brace and decreased perceived injury severity.  

Most patients (68%) perceive DD as safe, but a few report a lack of reassurance. They 

propose implementing a feedback system with pain scores or communication tools.  

Most patients consider the helpline important (138, 84%) as it provides a sense of security ( 

62%). Some patients expect that they would require more assistance, if injuries are more 

severe than DD injuries. SHU was low (5%), and two patients re-attended the ED after 

discharge due to anxiety or pain at the fracture site and were scheduled for outpatient follow-

up. 

Almost all patients (95%) used the VFC app during recovery, primarily in the first week post-

injury to check recovery exercises and phase, treatment and analgesic rules, and the helpline. 

Parents consult the app more than children and occasionally show it to their child, 

particularly when it contains visual content. Most patients prefer DD over face-to-face 

follow-up, highlighting the timesaving advantage.  

 

Mixed-method study among healthcare professionals 

Of the 217 eligible healthcare professionals, 124 started the primary survey, with 37 

completing both. Additionally, 15 participated in semi-structured interviews. The respondents 
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are 23 females (62%), with a median age of 38 (IQR 32 to 45). Their occupations include 

medical specialist (38%), resident (38%), plaster technician (19%), and ED nurse (5%).  

Most consider DD as safe (73%) and a satisfactory alternative (median rating 7.8, IQR 6.8 to 

8.9) to traditional treatment providing similar quality of care (82%). They believe DD leads 

to decreased SHU and hospital use (e.g., building and parking lot) (37; 73%). Although 

introducing DD requires more (explanation) time for residents and ED-physicians at the ED, 

the logistical benefits (i.e., SHU) outweigh this slight increase in time. To improve DD 

implementation, adequate schooling and early involvement of healthcare professionals in new 

tasks should be optimized. Some nurses report difficulty applying the braces due to sub-

optimal or delayed schooling. Participants report that DD offers advantages like uniform, on-

demand, and adequate information. However, DD also has disadvantages, such as reduced 

personal human attention, limited language options, and less suitability for those with poor 

digital literacy. The daily multidisciplinary radiologic evaluation and helpline are considered 

effective safety nets. In-app feedback like pain scores or surveys are proposed to address 

personal concerns about patient recovery. The lack of follow-up introduces more explanatory 

behavior from some (often inexperienced) residents at the ED. However, crowding could also 

lead to rushed app delivery to cope with high patient volumes. 

After implementation, all professionals intend to continue using DD due to its efficiency, 

patient empowerment, and self-management benefits. The COVID-pandemic strengthened 

these beliefs, and positively influenced perceptions of eHealth. Integrating DD into daily 

activities varies among healthcare professionals. Orthopedic trauma surgeons experience 

decreased SHU and workload, leading to increased job satisfaction. In contrast, plaster 

technicians lose a satisfactory part of their job and mention that treating fewer low-complex 

injuries negatively affects their job satisfaction (Figure 1). 
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Figure 1. Treatment protocols before and after implementation of Direct Discharge and 
changes in location, involved stakeholders and tasks in daily care��

��
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DISCUSSION  
 
Conclusion 

Both mixed-method studies show that patients and healthcare professionals consider DD a 

feasible, satisfactory, and safe alternative to traditional treatment. These studies show that, 

according to healthcare professionals, one visit is enough for most patients with isolated, 

stable musculoskeletal injuries, but not for all. Therefore, attention should be paid to personal 

nuances, preferences, and safety nets to maintain optimal individual care. For healthcare 

professionals, DD reduces SHU, which helps to cope with strained resources. This reduction 

can influence job satisfaction both positively and negatively. Already high satisfaction rates 

can be enhanced by the early involvement of healthcare professionals with new tasks and 

developing numerical in-app patient feedback systems such as pain scores or communication 

tools. 

 

Comparison with literature 

Patient satisfaction and perceived safety with DD aligned with previous studies, emphasizing 

the value of additional visual and written information in the chaotic ED environment and 

psychological distress.3 Understanding the injury is crucial to follow self-care protocols and 

recognizing red flags adequately. Preliminary efficacy results were consistent with previous 

research, while the quality of care, number of complications, quality of information, and 

treatment satisfaction remained similarly high, SHU decreased.2 Most patients preferred the 

VFC app over face-to-face follow-up. The use of apps is not new in (orthopedic) trauma 

surgery, but adding a self-care application to DD is a novel approach. Patients and healthcare 

professionals acknowledged the safety of DD, appreciating the timesaving benefits. 

Nevertheless, some patients would prefer face-to-face interaction if injuries were more severe 

than DD injuries. A hybrid form of physical and digital care could be successful in these 

cases. Though the introduction of DD at the ED increased treatment time for some, almost all 

healthcare professionals reported that the benefits of DD (e.g., less SHU) outweighed this 

downside. This contrasts with the numerously reported barrier ‘eHealth increases time.’4 

Although feasible, it should be noted that DD may not be suitable for those with low digital 

literacy, potentially exacerbating existing health disparities in an already digitally-oriented 

world. Patients’ information demand and app usage varied, with a minority desiring contact 

that is more human. To address this, an in-app numerical feedback system was suggested, 
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like a questionnaire or communication tool. Nonetheless, adding such systems would require 

a more enhanced application that complies with current laws and regulations for data storage. 

Healthcare professionals saw DD as a response to the public demand for more efficient 

outpatient care, especially in an era of scarce resources. The willingness to continue using 

DD after implementation mirrored findings from other countries, indicating its widespread 

acceptance and applicability. The varying applicability of DD among stakeholders depended 

on changes in tasks and experiences after implementation, emphasizing the importance of 

early stakeholder involvement during the process, as highlighted in a related study.5 

 

Strengths and limitations  

This study’s strengths include the multidisciplinary approach to collecting, analyzing, and 

reporting qualitative and quantitative data, providing a valuable, organized, and realistic 

representation of DDs’ human factors from a patient and healthcare professional perspective. 

Limitations include the poor response rate among healthcare professionals, potential 

responder- and selection bias due to a younger, more native Dutch, and higher educated 

sample compared to the Dutch population, potentially limiting generalizability. Another 

limitation is that the ED nurses were not included initially but were added to the qualitative 

data during the study.  

 

Evaluation of this study on human factors criteria 

These studies add to the domain of human factors by describing the factors for implementing 

DD in the Dutch healthcare system. We assessed the views of different stakeholders, i.e. 

patients and healthcare professionals, on DD’s impact on multiple feasibility parameters, 

such as implementation, acceptance, preliminary efficacy, demand and applicability. DD is a 

feasible solution to cope with scarce resources from a patient and healthcare professional 

perspective. This feasibility is also recognized by the 30 Dutch hospitals that have 

implemented DD as the standard of care since 2019. Both study results and implementation 

experiences have led to general preconditions for self-care applications (Table 1 and 

Appendix A). Early stakeholder involvement for healthcare professionals with new tasks and 

numerical feedback, such as pain scores, could be implemented to further improve DD.  
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Table 1. Summary of prerequisites during all phases for the Direct Discharge protocol a 
substitute to face-to-face care for patients with isolated, stable musculoskeletal injuries. 
Pillar Themes Prerequisites 
Demand Usefulness  The application should be a solution for a work and/or 

patient-perceived problem. 
Preliminary 
efficacy 

Quality of care The perceived quality of care with the new (digitally 
assisted) protocol should be non-inferior to the 
previous protocol. 

 Perceived 
safety 

A safety net is necessary and should be available 
during the hours described in the digital solution. 

Applicability Accessibility  The digital solution is available and free of charge 
through the most used databases (e.g., Play Store of 
iOS app store). ��

 Workload The digital solution should not lead to an increase of 
workload for healthcare professionals.��
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Summary of this thesis 

The Dutch healthcare system faces challenges related to accessibility, affordability, 

sustainability, and quality due to an ageing population and a shortage of healthcare 

personnel.1–3 

This thesis focused on the Direct Discharge Protocol (DD), which aims to reduce secondary 

healthcare utilisation (SHU) of patients visiting the Emergency Department (ED). Previous 

pilot and cohort studies have used quantitative data to indeed demonstrate significant 

reductions in secondary healthcare utilisation (i.e., outpatient follow-up and imaging) without 

negatively affecting primary healthcare utilisation (PHU) (i.e., general practitioner or 

physiotherapist visits), functional outcomes, patient satisfaction with treatment, or 

complications.4,5 Although these results have led to its adoption in some hospitals, DD had 

not been widely implemented. This was mainly caused by a lack of evidence on patient- and 

healthcare professionals’ experiences, injury-specific safety, and perceived barriers. This PhD 

thesis addressed these remaining questions to ensure further successful implementation of 

DD. 

 

In Chapter 2, we explored the effects of DD in two hospitals in the Netherlands. We studied 

whether the previous results in the pilot study from Geerdink et al. remained the same within 

the OLVG Hospital after a longer period  and whether the results were comparable before 

and after implementation in a second large Dutch hospital, the St. Antonius Hospital (SA).5 

The findings showed that the results regarding SHU remained the same in OLVG over a 

longer period (mean difference (MD) of 1.06 (1.13-0.99; p < 0.001)). Similarly, the results of 

DD in SA (MD 1.07 (1.02-0.93; p < 0.001) were almost identical to the pilot study and to the 

larger cohort in the OLVG Hospital. Patient satisfaction with treatment (8.1 on a 10-point 

scale in the pre-DD cohort and 7.95 in the DD-cohort) stayed the same, and PHU was 

comparable (pre-DD 23.6% versus 26.1% in the DD-cohort versus 13.3% in SA (DD-cohort 

only)). These results suggest that DD is scalable and can be adopted by other hospitals, 

encouraging its integration as a standard of care. 

 

In Chapter 3, the experiences of patients with DD were explored to ensure durable adoption 

and to improve the treatment protocol. A mixed-method study parallel to the implementation 

in three hospitals was performed. A total of 138 surveys and 18 semi-structured interviews 

were performed, showing similar median satisfaction scores as reported in Chapter 2 (7.8, 
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Interquartile range (IQR) 6.6 to 8.8)). The elements that were scored as most important were 

the availability of additional information at the ED, treatment with a removable orthosis, high 

perceived safety, and self-care tools provided by the application and helpline. The demand 

for information and app use frequency varied largely among patients, emphasising personal 

variability among patients. Based on these results, patients consider DD a feasible and safe 

alternative to traditional treatment, with a favourable perception of its acceptability, efficacy, 

applicability, and demand. Personal nuances and preferences (e.g., additional languages) 

must be considered when executing this protocol. 

 

In Chapter 4, the experiences of healthcare professionals with the DD protocol were 

explored with 37 surveys and 15 semi-structured interviews in a mixed-method study. Most 

importantly, median satisfaction scores were similar for healthcare professionals as for 

patients reported in pilot studies and Chapters 2 and 3, with a median score of 7.8 (IQR 6.8 to 

8.9). Healthcare professionals perceived the information quality and uniformity, reduced 

outpatient follow-up, and imaging as the most positive points. They further reported that DD 

was safe in its current form, but a feedback system to reassure healthcare professionals that 

patients had recovered adequately was suggested to improve DD. The introduction of DD had 

varying effects on workload and job satisfaction among different occupations working with 

DD (e.g., plaster technician or trauma surgeon). Healthcare professionals intended to 

continue using DD due to increased efficiency, patient empowerment, and self-management.  

The results of this study support the idea that healthcare professionals perceive DD as an 

acceptable, applicable, safe, and efficacious alternative to traditional treatment. Nonetheless, 

both advantages and disadvantages should be considered while evaluating this type of 

treatment. 

 

In Chapter 5, a cross-sectional web-based survey among Dutch healthcare professionals 

working in orthopaedic surgery and traumatology was performed to study the use of eHealth 

in daily practice, opportunities for eHealth, implementation barriers, and desired functions 

and features.  

Results of this cross-sectional survey showed that attitudes of most orthopaedic surgery or 

traumatology-related healthcare professionals toward the usefulness of eHealth are positive 

and may have increased during the COVID-19 pandemic (80/111, 72%). Even though 

healthcare professionals believe eHealth could reduce costs (94/111, 85%) and improve 

patient satisfaction (81/111, 73%), daily clinical use remains low, possibly due to a lack of 
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long-term and short-term financial support (57/111, 51%),  and complex laws and regulations  

(54/111, 49%). 

This indicates that even though the introduction of eHealth tools increased during the 

COVID-19 pandemic and health care professionals believe it can help significantly to reduce 

costs and increase patient satisfaction, actual use remained low. Healthcare professionals 

report an intention to use eHealth in daily practice but feel hindered by the current barriers. 

Further studies need to be performed to address these barriers. 

 

In Chapter 6, we studied whether treatment satisfaction of DD in children with a greenstick 

fracture or torus fracture of the wrist was non-inferior compared to traditional treatment in a 

multi-centre prospective cohort study. 

The primary outcome was patient or proxy treatment satisfaction on a ten-point scale, and a 

power analysis was performed to assess non-inferiority. Secondary outcomes included 

complications, functional outcomes measured in the Patient-Reported Outcomes 

Measurement Information System Upper Extremity (PROMIS UE), and secondary healthcare 

utilisation (follow-up appointments and imaging).  

In total, 274 consecutive children were included to analyse the primary endpoint. Pre-DD and 

post-DD treatment satisfaction did not vary statistically significantly for greenstick fractures 

(p=0.09) and torus fractures (p=0.93).  

No complications were observed. PROMIS UE showed no statistically significant differences 

before and after implementation of direct discharge protocol for torus (p=0.99) or greenstick 

(p=0.45) fractures. Secondary healthcare utilisation regarding follow-up was significantly 

lower in the DD-torus cohort compared to the pre-DD torus cohort, with an MD) of -1.00 

follow-up appointments (95% Confidence Interval (CI): -0.92 to -1.13). Similar results were 

found in the pre-DD-greenstick cohort compared to the pre-DD-greenstick cohort (MD): -

1.17 follow-up appointments, 95% CI: -1.09 to -1.26). It can be concluded that DD is a good 

solution to cope with strained resources for children with an isolated greenstick fracture or 

torus fracture of the wrist and should be considered the standard of care. 

 

In Chapter 7, the possibility of treating patients with a Type B ankle fracture with a 

removable orthosis instead of a cast after a primary week of cast immobilisation was studied. 

Treatment with a removable orthosis (or less) is a precondition for allowing possible DD. We 

studied this subject by systematically searching the literature and by performing a meta-

analysis. A total of five studies were included. Two were randomised clinical trials, including 
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291 patients. Three were observational studies, including 225 patients, resulting in a total of 

516 patients.  

A meta-analysis showed statistically significant higher odds of developing complications in 

the cast group [OR 4.67 (95% CI 1.52–14.35)]. Functional outcome in OMAS did not vary 

significantly at 6 weeks, mean di�I�I�H�U�H�Q�F�H�����0�'�����í ���������������������&�,���í �������������W�R�×���×���������������D�Q�G���D�W��

12 �Z�H�H�N�V�����0�'���í ���������������������&�,���í �������������W�R�×���×���������������7�K�H���P�H�D�Q���G�L�I�I�H�U�H�Q�F�H���R�I���I�X�Q�F�W�L�R�Q�D�O���R�X�W�F�R�P�H��

in OMAS at 26 weeks or longer was significantly better in the removable orthosis group; MD 

�í ���������������������&�,���í 5.�������W�R���í 0.25). Thus, we conclude that a removable orthosis is a safe 

alternative type of nonoperative management. Nevertheless, only some studies with a high 

level of evidence report this type of treatment. Given the limited strength of the included 

studies in the meta-analysis, further high-quality studies should be performed to validate 

these results.  

 

In Chapter 8, DD and traditional nonoperative treatment (TT) in first-time anterior shoulder 

dislocation patients were studied in a prospective cohort in two hospitals. Outcomes were 

complications, PHU and SHU, QuickDASH scores for functional outcome, and patient 

satisfaction with treatment. 

The TT cohort included 44 patients, predominantly male (75%), with a median age of 44. The 

DD cohort included 91 patients, mostly males (80%), and a median age of 29. No statistically 

significantly difference in complication rates was found between the TT cohort (3/44, 7%) 

and the DD cohort (15/91, 16%) (p=0.093). Outpatient follow-up was statistically significant 

lower in the DD cohort (mean 0.15, Standard Deviation (SD) 0.90) than in the TT cohort 

(mean 1.02, SD 0.78) (p=0.02). Between both cohorts, no statistically significant differences 

were found in QuickDASH scores (p=0.19) and patient satisfaction with treatment scores 

(p=0.69). 

The main findings showed that DD significantly reduces secondary healthcare utilisation 

without affecting complications, primary healthcare use, functional outcomes, or patient 

satisfaction in first-time anterior shoulder dislocation patients compared to traditional 

treatment. The study highlights the potential benefits of DD but lacked power and 

comparability at baseline. Future research should identify which first-time anterior shoulder 

dislocation patients benefit from follow-up.  

 

In Chapter 9, the data of Chapters 3 and 4 were used to gather knowledge for the successful 

implementation of DD as a standard alternative to face-to-face care in three hospitals. To this 
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data, the experiences of the implementation of DD in 30 hospitals in the Netherlands were 

added. The most important results showed that DD is perceived as a feasible, satisfactory, 

and safe alternative to traditional treatment with a cast and routine outpatient follow-up, but 

sometimes requires personal nuances. The most important preconditions for self-care to 

substitute face-to-face care for patients with isolated, stable musculoskeletal injuries were the 

following: 

• An innovation should solve a healthcare professional-perceived and/or patient-

perceived problem.  

• The perceived quality of care with the new (digitally assisted) protocol should be non-

inferior to the previous protocol. 

• A safety net is necessary and should be available during the hours described in the 

digital solution. 

• The digital solution is available and free of charge through the most used databases 

(e.g., Play Store or iOS app store).  

• The digital solution should not lead to an increase in workload for healthcare 

professionals. 

 

 

This PhD thesis studied patient and healthcare professional experiences with DD, assessed 

the readiness of orthopaedic trauma surgery professionals for eHealth application, conducted 

injury-specific studies using DD, and examined potential additional injuries to be added to 

the DD protocol. In all, our findings suggest that in the context of the Netherlands, patients 

and healthcare professionals are ready to widely implement DD for multiple injuries while 

remaining alert to address individual preferences. We also learned that new versions of DD or 

other eHealth interventions should use a patient-centred design and continuous evaluation 

with patients and healthcare professionals to ensure further rapid adoption with an inclusive 

design. If designed and executed well, eHealth solutions can help cope with the ongoing 

mismatch in supply and demand, potentially preventing the pending healthcare infarction. 
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General Discussion and Implications for Future Research  
 
Research questions 

The aim of this thesis was to study injury-specific outcomes after Direct Discharge (DD), 

patient and professional experiences with DD, and attitudes towards DD during its 

implementation in Dutch orthopaedic and trauma surgery. 

 

What was already known? 

Previous pilot and cohort studies have used quantitative data to demonstrate significant 

reductions in SHU without negatively affecting primary healthcare utilisation PHU, 

functional outcomes, patient satisfaction with treatment, and complications.1,2 Although these 

results have led to its implementation in some hospitals, DD was not widely adopted at the 

start of this PhD. Mainly due to a lack of evidence on patient- and healthcare professionals’ 

experiences, injury-specific studies reporting safety, and perceived barriers. This PhD thesis 

aimed to address these questions. 

 

Comparison of results to the international literature 

The results of Chapter 2 showed that DD was scalable to other hospitals, yielding similar 

outcomes: a significant reduction of SHU whilst maintaining similar levels of satisfaction and 

quality of care.1,3 This scaling to a second hospital occurred within two years, contrasting to 

the 17 years it takes on average for research evidence to reach clinical practice. 4 The swift 

uptake of DD, likely accelerated by the COVID-19 pandemic, facilitated coping with social 

distancing measures whilst maintaining quality of care.5 DD was among many other eHealth 

applications rapidly introduced during the COVID-19 pandemic, but not all eHealth 

applications have remained common practice.6–8 However, even post-pandemic, DD 

remained helpful in coping with supply and demand mismatches without hindering important 

secondary outcomes (e.g., satisfaction with treatment). For example, virtual mental health 

counselling (i.e., telemedicine through video consultation) rapidly increased during the 

pandemic but saw decreased usage due to patient preference for in-person sessions, reduced 

pandemic-related anxiety, and increased availability of face-to-face resources.9 This example, 

alongside multiple studies, suggests a temporary rather than a lasting uptake for many 

eHealth solutions.10,11 

Barriers to durable eHealth implementation, outlined in Chapter 5 and the Dutch eHealth 

monitor of 2022, described a similar increase in the use of eHealth during the COVID-19 
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pandemic. Despite this, the eHealth monitor also reported a lack of knowledge among 

healthcare professionals and patients on optimal usage.12 These findings showed that 

implementation and subsequently durable adoption of eHealth remains complex and 

sometimes even undesirable, contrasting with the overall positive findings for DD. 

 

Why DD is here to stay 

The positive experiences with DD, particularly reported in Chapters 3 and 4, arise from its 

simplicity and alignment with the basic principles of successful innovation: fulfilling 

patients’- and healthcare professional needs (desirability), maintaining quality of care while 

reducing SHU (feasibility), and functioning effectively across various hospitals (viability). 

These three elements form the ‘innovation sweet spot’ according to user-experience design 

principles.13,14 DD works because it remained an effective solution regarding these three 

principles before, during, and after the COVID-19 pandemic, addressing both the acute 

challenges with social distancing measures and persistent imbalances in supply and demand 

mismatches.  

In contrast to DD, less successful eHealth solutions introduced during the COVID-19 

pandemic were reported too, such as virtual consultation platforms for orthopaedic patients 

(i.e., emergency teleconsultation).15 These platforms were a desirable solution to cope with 

social distancing measures. Yet, post-pandemic success rates were lower due to feasibility 

challenges caused by the inability to physically examine new patients with sometimes urgent 

cases. In this case, in-person consultation was more desirable than virtual consultation in a 

post-pandemic world, leading to its partial abandonment.9,15 

Similar to DD, effective solutions like the Dutch ‘Moet Ik Naar De Dokter-app’ (Should I 

See A Doctor?-app) had a substantial uptake during the COVID-19 pandemic. This solution 

benefited healthcare professionals and patients by reducing strain on resources and waiting 

times, and enhanced patient self-assessment and self-care, successfully diverting non-urgent 

cases in 38% of all instances.16,17 

This app and DD are a simple solution to a pre-COVID-19 perceived problem by both 

healthcare professionals and patients for low-complex cases, enhancing their desirability. 

Furthermore, both are feasible in reducing SHU in clinical practice (before), during, and after 

the COVID-19 pandemic. Lastly, the substantial uptake among many Dutch hospitals 

underlined the persistent viability, completing the basic principles of innovation for the two 

of them. 
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Additionally, both apps navigated reported barriers and leveraged facilitators outlined in 

Chapter 5 and the international literature, indicating their durability in coping with strained 

resources without being hindered by laws, regulations and financial concerns.18,19 

 

International uptake of DD during the COVID-19 pandemic 

During the global challenge of the COVID-19 pandemic, orthopaedic trauma surgery 

departments worldwide faced significant challenges in providing care. DD and its extended 

versions, Virtual Fracture Clinics, were introduced in the Netherlands, Ireland, Australia, 

New Zealand and India to address social distancing measures.3,5,20–23 Studies across these 

nations reported a consistent reduction of SHU results for DD with a mean follow-up of 1.00-

2.08 pre-DD versus 0.00-0.33 post-DD.3,5,20–23 Despite the overall beneficial effects in 

previous research, Virtual Fracture Clinics yielded varying results, which should be critically 

analysed by those wishing to add new injuries to DD.24,25 

A Virtual Fracture Clinic aims to optimise healthcare pathways for all injuries, including both 

DD injuries treated with DD and more severe injuries (e.g., displaced distal radius fractures) 

that do require follow-up after the initial discharge at the ED. These more severe injuries 

receive all information the next working day, including all follow-up appointments and, if 

required, operation date. The overall results of these clinics are successful and showed SHU 

reduction without compromising satisfaction rates.5,25 However, a British study during the 

COVID-19 pandemic reported that patients in these clinics, receiving reduced follow-up 

beyond the pre-established pathways due to social distancing measures, reported lower 

satisfaction rates and higher reattendance.24 

This suggests that while only one visit suffices for simple injuries, more severe cases require 

additional attention and follow-up for optimal care than the initial ED treatment. The optimal 

mode of treatment (e.g., digital, in-person or hybrid), and specific reasons for dissatisfaction 

remain unknown, warranting further investigation of the patients’ needs. 

 

General additional outcomes for DD 

The findings of Chapters 6 to 8 suggest that injuries considered for DD should be evaluated 

across three categories: organisational outcomes (e.g., SHU and PHU), patient-specific 

outcomes (e.g., age, sex, occupation, and experiences like perceived safety), and injury-

related outcomes (e.g., complications or functional outcomes). 

Unlike the injuries included in DD, stable Type B ankle fractures and first-time anterior 

shoulder dislocations (FTASD) needed additional criteria for inclusion in the DD protocol. 
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While generally favourable, results highlighted challenges in diagnosing stability for Type B 

ankle fractures (i.e., injury-related) and uncertainty about which FTASD patients would 

benefit from follow-up (i.e., patient-specific).26 These findings underscore the importance of 

comprehensive evaluation before implementation. Other study groups also considered 

potential injuries for inclusion in DD, such as paediatric supracondylar humeral fractures 

(Gartland type 1) and volar plate injuries of the phalanges.27,28 Nonetheless, these studies had 

diverse patient groups and lacked powered outcomes per injury.27,28 To prevent similar issues 

in the future, (international) study groups could collaborate to establish a standardised 

outcome set for DD injuries. This outcome set can contribute to the safe inclusion of new 

injuries by defining the injury-specific and patient-specific criteria for new injuries. The 

growth of DD could facilitate gathering data for these powered prospective natural 

experiments.29 

The standardised outcome set should be used to study the outcomes of potential eligible 

injuries for DD. Such injuries should be mostly self-limiting, have low complication rates, 

have homogeneous recovery length and demand (e.g., questions, analgesics), result in good 

functional outcomes, and involve minimal patient-related problems during recovery (e.g., 

minimal pain). For instance, proximal humerus fractures with acceptable dislocation in older 

patients (>60 years) may be eligible, as imaging is often unnecessary and outpatient follow-

up does not change the chosen therapy (conservative treatment). However, these patients 

commonly experience substantial pain during recovery, leading to fear of moving the injured 

limb and joint stiffness.30 As a result, they require more personalised attention and 

encouragement to begin mobilising the injured arm again, making this injury less suitable for 

DD in its current version. Perhaps in future versions, timely information or specifically 

designed audio-visual support during recovery could help these patients during recovery as 

well.31,32 

 

The assessment of digitally assisted protocols 

Compared to other eHealth applications, the assessment of DD has been extensive, focusing 

on experiences, attitudes, and injury-specific data to provide a user-centred evaluation.33 

However, with the increasing and rapid evolution of eHealth solutions, adequately measuring 

their impact and quality remains a challenge.34,35  Fortunately, various study groups from 

diverse backgrounds (e.g., health technology assessment, psychology, healthcare, ICT) have 

proposed frameworks and roadmaps to address this issue, dividing evaluation criteria into 

technical, social and organisational categories.34,36,37 In a previous PhD thesis and the results 
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of Chapter 2, DD’s technical and organisational categories were thoroughly explored.2 In 

Chapters 3 and 4, the underexplored social criteria were studied, completing the three 

elements important to eHealth evaluation. In the absence of an (international) golden standard 

for validating protocols like DD, the Knowledge Centre of Digital Care assesses such 

protocols in the Dutch context. Following careful evaluation, they deemed DD a safe 

approach for treating patients with simple and stable musculoskeletal injuries.  

 

Recruitment challenges and limitations 

Despite overall successful outcomes, a recurring theme in our studies and international 

literature is the risk of lower quality of care with DD or similar protocols for patients with 

limited digital-, health- and general literacy skills. These findings, though new to DD 

research, have been reported previously, suggesting that individuals with poorer digital skills 

may struggle to adapt to digital efficiency protocols.38–40 Unfortunately, we were unable to 

include these patients as they received follow-up for social care reasons (e.g., due to 

cognitive impairment or intellectual disability) and were excluded from DD at baseline. In 

daily practice, this means that those without a smartphone or with poor perceived usability of 

digital tools (e.g., a smartphone) were deemed unfit for DD. This could have led to two 

outcomes: the exclusion of these high-risk patients before they used DD altogether and a 

potential overestimation of the positive results mentioned by patients in Chapter 3. This 

highlights the need for future studies to explore strategies for recruiting these patients. A 

potential solution to identify these patients could be temporarily using the ‘eHealth Literacy 

Scale’ (EHEALS) to measure digital literacy.41 Once identified, it should be assessed whether 

DD is desirable for these patients at all, and if so, which tools they would need to use DD 

adequately in their daily activities (e.g., an optimised leaflet or outpatient follow-up). 

In both studies involving healthcare professionals, the inclusion rates were relatively low as 

getting and maintaining their engagement in completing the surveys is a well-known 

challenge. This difficulty is commonly observed among healthcare professionals and might 

have been amplified by the length of our questionnaires (52 questions).42 Perhaps the shorter 

and standardised tools such as the ‘Technology Assessment Tool (TAM)’ or the ‘Unified 

Theory of Acceptance and Use of Information Technology 2 (UT-AUT 2)’ would have led to 

higher response rates. Despite the low response rates, the data remain valuable as these 

studies are the first to explore this topic. 
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Towards user-centred design and early evaluation 

Based on our mixed-method studies, DD is feasible, acceptable, and scalable reasonably 

quick. Nevertheless, this user-centred evaluation occurred mostly after the design phase, and 

did not include patient involvement during design. This could be optimised during the design 

and evaluation of new healthcare tools. To do so, switching from the patient as a tester to a 

co-creator from the idea phase until the product phase could be an interesting approach. 

Furthermore, it could help close the gap between health equity and efficiency as it reduces the 

chance of poor acceptability among the patients at risk.43 Traditionally, patients have been 

used as test objects to evaluate the (quantitative) effects of interventions in drug-related 

research. With this approach, patients are often only involved in testing medication after the 

design (and test phases). This traditional, rather paternalistic approach has influenced modern 

research and negatively influences the evaluation of (digital) efficiency solutions. Instead of 

using patients as testers, they should be used as part of the design process, as they are often 

the ones who need to use the intervention (end-user). Therefore, an earlier, more social 

approach to evaluating solutions is warranted. Such a social approach is used in industrial 

design and is called design thinking.44–46 Design thinking is a problem-solving method 

focusing on human behaviour and needs, and offers a framework for this approach focusing 

on five stages to create a prototype: emphasise, define, ideate, prototype and test.47 As a 

result, interventions are developed with end-users (e.g., patients), including risk populations 

and other stakeholders (e.g., related healthcare professionals), aiming to make smooth and 

intuitive solutions. Subsequently, these solutions fit the demands and needs of the target. In 

other words, it aims to find an effective, seamless, intuitive solution to an existing real-world 

problem, which was also one of the preconditions described in Chapter 9.  

An exemplary application of design thinking is the Ada Health App, an AI-powered symptom 

checker developed with input from medical experts and patients.48,49 By employing the 

design thinking principles, Ada Health created a user-friendly and informative platform for 

self-diagnosis and healthcare guidance, with widespread adoption across various medical 

specialities, with 13 million users in over 190 countries.17 

Nevertheless, evidence regarding design thinking in healthcare remains limited and requires 

further exploration.44 Engaging patients and stakeholders as co-creators may improve fit, 

reduce implementation challenges, and lower non-adoption risk among vulnerable 

populations. Additionally, this approach allows for early and easy evaluation of intervention 

value for the end-user (e.g., patients) and relevant stakeholders (doctors, nurses, hospital 
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management) before it is completely designed and created, enhancing the efficiency and 

scientific evaluation of a new tool. 

 

Conclusions and recommendations for clinical practice and future research 

Conclusions 

This PhD thesis studied patient and healthcare professional experiences with DD, assessed 

the readiness of orthopaedic trauma surgery professionals for eHealth, conducted injury-

specific studies using DD, and examined potential additional injuries to be added to the DD 

protocol. In all, our findings suggest that in the context of the Netherlands, DD is a feasible 

and safe approach while remaining alert to address individual preferences. These results 

showed that DD is scalable and can and should be easily adopted by other hospitals. The 

attitudes of orthopaedic surgery or traumatology-related healthcare professionals toward the 

usefulness of eHealth are positive and may have increased during the COVID-19 pandemic. 

The COVID-19 pandemic played a constructive role in DD's swift adoption in the 

Netherlands, benefiting from reduced barriers during the disruption of daily workflows.  

At an injury-specific level, DD is non-inferior to traditional treatment in terms of treatment 

satisfaction for paediatric patients with greenstick or torus fractures of the wrist compared to 

children treated with rigid immobilisation and routine follow-up. For patients with a stable 

AO/OTA Type B ankle fracture, a removable orthosis is a safe alternative type of non-

operative management compared to a cast and non-inferior in terms of functional outcomes. 

Nevertheless, injury-related inclusion criteria require higher specificity and sensitivity before 

a reduction of routine follow-up can be implemented. For FTASD patients, DD significantly 

reduces SHU without significantly influencing complications, PHU, functional outcomes, and 

patient satisfaction compared to patients treated with traditional treatment. However, to safely 

include FTASD patients in DD, this injury requires additional patient-specific criteria through 

research to identify those who benefit from follow-up. 

 

Implications for clinical practice 

DD was initially implemented in two teaching hospitals in 2020 and has since expanded to 40 

hospitals, constituting 59% of all Dutch hospitals by the end of 2023. With a mean reduction 

of 1.08 routine outpatient follow-up appointments per patient per hospital, hospitals treating 

approximately 2000 patients per hospital annually, the scale of the reduction is estimated to 

be around 80.000 outpatient follow-up appointments per year. Based on an estimated 40 

outpatient clinic patients treated per day, 2000 outpatient clinic days were saved. Per hospital, 
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this would reduce outpatient clinics with approximately one day per week after the 

introduction of DD (50 days in 52 weeks per hospital). Other specialities implementing 

eHealth could use a comparable strategy to maintain engagement across participating 

hospitals. We held, and continue to hold, a bi-annual consensus meeting with participating 

centres to discuss potential improvements and challenges with DD implementation. We 

advise future study groups to do the same, as this prevents abandonment from a new protocol. 

Scientific evidence has played an important role in convincing critics of DD’s safety and 

efficacy, making it a cornerstone in improvement protocols. Additionally, scientific data can 

also be used for management purposes as it systematically describes and monitors an 

innovation. Based on our findings and the lack of evidence for follow-up, DD should be 

integrated into Dutch guidelines for orthopaedic trauma surgery. The Dutch Association of 

Trauma Surgery and the Dutch Association of Trauma-Orthopaedic Surgery should facilitate 

structures to develop DD further. Such efforts are underway, including the design of a new 

hybrid pathway for patients with (type B) ankle fractures. 

The DD concept must not be limited to orthopaedic trauma surgery. It could inspire other 

medical specialities to redesign follow-up pathways to cope with supply and demand 

imbalances in Dutch healthcare. Medical departments treating high-volume, low-complexity 

conditions (e.g., general surgery or dermatology) could benefit from reshaping their peri-

operative and low-complex (chronic) outpatient follow-up. By considering which follow-up 

appointments could be redundant or how peri-operative outpatient care could be shaped with 

hybrid models (e.g., intake and follow-up information), SHU could be reduced drastically 

across different medical specialities. 

Given DD’s predominant testing in high-income countries, international scaling should 

primarily be initiated in such contexts before translation to middle-income or low-to-middle-

income countries. 

A collaboration between healthcare insurances, Dutch associations of medical specialities, 

governmental programs, funding programs, knowledge centres, doctors, and patients was 

formed during the adoption of DD. This collaboration has helped in scaling this simple 

innovation in a complex context. Such collaborations should be encouraged (in terms of 

financial- and human resources) to further accelerate approaches to alleviate the pressure on 

the Dutch healthcare system. DD has been placed on the implementation agenda of the 

national ‘Healthcare Evaluation and Appropriate Use’ (ZE&GG) program in October 2023. 

Part of the ZE&GG approach is that within two years, all Dutch will have to have 
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implemented DD. This national collaborative approach can help implement other care that 

has been proven beneficial. 

DD is currently being evaluated for multiple guidelines and is recommended in at least one 

guideline as of 2024.50 This guideline advises the use of DD as a non-inferior standard 

alternative to traditional treatment for a specific injury. Even though this marks a crucial step 

toward its definitive adoption, a greater degree of obligation would further reduce SHU for 

these injuries. 

 

Implications for future research 

Future research on DD should prioritise identifying high-volume, low-complexity injuries 

which could be eligible for DD and study additional injury-specific and patient-specific 

criteria using powered, prospective-matched cohort studies (i.e., natural experiments).29 Such 

studies could quickly evaluate new injuries with high-level evidence in a short time, 

especially when data is collected from the 40 participating hospitals. 

Evaluating clinical substantiation of follow-up for conditions would be desirable in every 

medical department to cope with strained resources but especially for high-volume, low-

complexity cases concerning the ED or outpatient clinic. Given their substantial contribution 

to care volume and relatively low severity, such conditions are more likely to fit in efficiency 

pathways with good results. 

As mentioned, the implementation of DD and its research should be wider than in the 

Netherlands, UK, Australia and New Zealand, and collaboration to start international studies 

ought to be encouraged with standardised outcome sets to reach study results even more 

swiftly. Risk groups for poor adoption must be identified, contacted, and included to further 

enlarge DD its inclusion. Patients currently excluded at the ED could be interviewed to 

explore why they were excluded. These results could show how this group could overcome 

barriers to successful DD use and whether that would be desirable for them.  

Solutions for patients with more severe injuries must be hybrid, alternating between face-to-

face and digital care to optimise healthcare (i.e., personal attention) whilst coping with 

strained resources. Such solutions should explore patient needs for both conservative and 

operative treatment, while particularly focusing on maintaining high levels of high perceived 

safety. It is advisable for the study designs to be twofold, similar to the ‘Ankle Injury 

Rehabilitation Trial’ or the ‘Children’s Radius Acute Fracture Fixation Trial’.51,52 These 

study groups executed a Randomised Clinical Trial and a qualitative study on the same topic. 
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This data provides a high level of evidence answers to ‘what’ questions, while qualitative 

studies give insights into ‘why’ these differences exist. 

Additionally, sustainability is one of the main elements for future-proof healthcare.53 

Therefore, the effects of DD in terms of carbon footprint and life cycle assessment of 

materials used must be explored and potentially improved. 

The following recommendations are made based on the experiences with DD for those 

wishing to design effective solutions to cope with strained resources. Aim for a 

multidisciplinary research team with different expertise to evaluate the possible solution. 

Preferably from a broad field, as this type of research requires skills that can be found in 

industrial design, healthcare sciences, medicine, information technology, communication, 

psychology and technical healthcare evaluation. Young doctors and nurses should be 

educated in project management and healthcare evaluation to effectively cope with strained 

resources and benefit long-term from the effects. These employees understand the medical 

world, could learn to understand hospital management and work the longest period in this 

new hybrid world.  

To finalise, future studies and protocols need to focus on patient-centred design and 

continuous evaluation with end-users and its most important stakeholders to ensure further 

rapid adoption with an inclusive design. Only if designed well and implemented thoroughly, 

healthcare solutions can help cope with the ongoing mismatch in supply and demand, 

potentially preventing the pending healthcare infarction.  
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De Nederlandse samenvatting 

   
De Adoptie van Direct Ontslag in de Nederlandse Orthopedische Traumachirurgie 

Een gebruikersgerichte evaluatie en op weg naar gebruikersgericht ontwerp 

��

De toegankelijkheid, betaalbaarheid, duurzaamheid en kwaliteit van het Nederlandse 

gezondheidszorgsysteem staat onder druk door een vergrijzende bevolking en een tekort aan 

zorgpersoneel.1–3 Dit proefschrift beschrijft het Direct Ontslag Protocol (DO), dat tracht deze 

uitdagingen aan te pakken door het tweedelijnszorggebruik te verminderen. Eerdere pilot- en 

cohortstudies hebben met kwantitatieve gegevens significante afnames in 

tweedelijnszorggebruik (bijv. poliklinische follow-up en beeldvorming) aangetoond binnen 

de orthopedische traumachirurgie. 4,5 De vermindering van tweedelijnszorg had géén 

negatieve invloed op het gebruik van eerstelijnszorg (d.w.z. huisarts of fysiotherapeut 

bezoeken), functionele uitkomsten, complicaties of de tevredenheid van patiënten over de 

behandeling.4,5 Deze resultaten hebben er voor gezorgd dat DO in sommige ziekenhuizen 

werd ingevoerd, echter was er van wijdverspreide implementatie geen sprake. Een 

belangrijke oorzaak hiervan was het gebrek aan wetenschappelijk bewijs over de ervaringen 

met DO van patiënten en zorgprofessionals, letsel-specifieke studies die de veiligheid 

beschrijven en ervaren barrières. Dit proefschrift heeft deze punten onderzocht om zo verdere 

succesvolle implementatie van DO te waarborgen.  

 

In Hoofdstuk 2 werden effecten van DO in twee ziekenhuizen in Nederland beschreven. In 

deze studie is onderzocht of de eerdere resultaten van de pilotstudie van Geerdink et al. 

hetzelfde bleven binnen het OLVG Ziekenhuis na een langere periode.5 Daarnaast werd 

gekeken of de resultaten vergelijkbaar waren vóór en na implementatie in een tweede 

Nederlands ziekenhuis, het St. Antonius Ziekenhuis (SA). De resultaten lieten zien dat het 

tweedelijnszorggebruik hetzelfde bleef in het OLVG over een langere periode (gemiddeld 

verschil (MD) van 1.06 (1.13-0.99; p < 0.001)). De resultaten van DO in SA (MD 1.07 (1.02-

0.93; p < 0,001)) waren bijna identiek aan de pilotstudie en aan het grotere cohort in het 

OLVG Ziekenhuis. Daarnaast bleef ook de patiënttevredenheid over de behandeling (8.1 op 

een tien-puntenschaal in het pre-DO-cohort en 7.95 in het DO-cohort) hetzelfde. 

Eerstelijnszorggebruik was vergelijkbaar (pre-DO 23.6% versus 26.1% in het DO-cohort 



646012-L-bw-Spierings646012-L-bw-Spierings646012-L-bw-Spierings646012-L-bw-Spierings
Processed on: 29-7-2024Processed on: 29-7-2024Processed on: 29-7-2024Processed on: 29-7-2024 PDF page: 229PDF page: 229PDF page: 229PDF page: 229

229

versus 13.3% in SA (alleen DO-cohort)). Deze resultaten suggereerden dat DO schaalbaar is 

en kan worden overgenomen door andere Nederlandse ziekenhuizen. 

 

In Hoofdstuk 3 zijn de ervaringen van patiënten met DO beschreven. Dit werd onderzocht 

om een goede acceptatie van DO te garanderen en om het behandelprotocol te verbeteren. 

Parallel aan de implementatie in drie ziekenhuizen werd een mixed-method studie uitgevoerd. 

In totaal werden 138 enquêtes en 18 semigestructureerde interviews afgenomen onder 

patiënten. Hierbij werden vergelijkbare mediane tevredenheidsscores gevonden als in 

Hoofdstuk 2 (7.8, met een interquartile range (IQR) van 6.6 tot 8.8). De DO-elementen die 

patiënten het meest positief ervaarden waren de extra aanvullende informatie op de SEH, de 

behandeling met een afneembare orthese, vertrouwen in de veiligheid van DO, en de zelfzorg 

middelen (b.v. leefregels en ‘red flags’) die werden aangeboden door de Smartphone 

applicatie en telefoonlijn. Echter, de behoefte naar informatie en het app-gebruik varieerde 

aanzienlijk onder patiënten, hetgeen de persoonlijke verschillen tussen patiënten benadrukt. 

Op basis van deze resultaten werd geconcludeerd dat patiënten DO een veilig en haalbaar 

alternatief vinden voor de traditionele behandeling gericht op de thema’s: acceptatie, 

effectiviteit, toepasbaarheid en behoefte. Echter, de persoonlijke nuances en 

persoonsgebonden voorkeuren (bijvoorbeeld taalvoorkeuren) moeten blijven worden 

overwogen in het dagelijks gebruik en gedurende de verdere ontwikkeling van DO. 

 

In Hoofdstuk 4 werden de ervaringen van zorgprofessionals met DO onderzocht middels 37 

enquêtes en 15 semigestructureerde interviews in een mixed-method studie. De mediane 

tevredenheidsscores van zorgprofessionals waren vergelijkbaar met die van patiënten, zoals 

gerapporteerd in de pilotstudie en Hoofdstukken 2 en 3, met een mediane score van 7.8 (IQR 

6.8 tot 8.9). Zorgverleners vonden de kwaliteit en uniformiteit van de informatie, 

verminderde poliklinische follow-up en beeldvorming de meest positieve punten van DO. Ze 

gaven aan dat DO veilig is in zijn huidige vorm, maar gaven ook aan aan dat een 

feedbacksysteem dat kan laten zien dat patiënten adequaat zijn hersteld (ter geruststelling van 

de zorgprofessional) DO nog zou kunnen verbeteren. De introductie van DO had 

verschillende effecten op de werkdruk en het werkplezier van de verschillende beroepen die 

met DO werken, zoals gipsverbandmeesters of traumachirurgen. Zorgprofessionals gaven aan 

in de toekomst DO te blijven willen gebruiken vanwege de toegenomen efficiëntie, 

empowerment en zelfmanagement van patiënten. De resultaten van dit onderzoek lieten zien 

dat zorgprofessionals DO een acceptabel, toepasbaar, veilig en doeltreffend alternatief vinden 
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voor de traditionele behandeling. Desalniettemin vond men dat zowel de voordelen als de 

nadelen moeten worden overwogen bij de evaluatie van dit type behandeling. 

 

In Hoofdstuk 5 werd een cross-sectionele web-based enquête afgenomen onder Nederlandse 

zorgprofessionals werkzaam in de orthopedische chirurgie en traumatologie. Middels deze 

enquête werd het gebruik van eHealth in de dagelijkse praktijk, kansen voor eHealth, 

implementatiebarrières, en gewenste functies en features bestudeerd. 

Resultaten van deze enquête toonden aan dat de attitudes van de meeste zorgprofessionals, 

werkzaam binnen de (orthopedische) traumachirurgie, ten opzichte van de bruikbaarheid van 

eHealth positief zijn en dat deze mogelijk zijn toegenomen tijdens de COVID-19 pandemie 

(80/111, 72%). Hoewel zorgprofessionals geloven dat eHealth de zorgkosten zou kunnen 

verlagen (94/111, 85%) en de patiënttevredenheid zou kunnen verbeteren (81/111, 73%), 

blijft het dagelijkse klinische gebruik laag. Dit wordt mogelijk veroorzaakt door een gebrek 

aan financiële ondersteuning op de korte en langere termijn (57/111, 51%) en complexe wet- 

en regelgeving rondom eHealth (54/111, 49%). 

Deze studie laat verder zien dat zorgprofessionals geloven dat eHealth kan helpen bij het 

verlagen van zorgkosten en het verhogen van de patiënttevredenheid. Echter, het 

daadwerkelijke gebruik in de praktijk was laag, ondanks dat zorgprofessionals meldden dat 

ze eHealth in de dagelijkse praktijk zouden willen gebruiken. Hierbij speelden de eerder 

genoemde barrières een rol. Toekomstig onderzoek moet aantonen hoe deze barrières 

aangepakt kunnen worden. 

 

In Hoofdstuk 6 werd onderzocht of de tevredenheid over DO bij kinderen met een 

greenstickfractuur (twijgbreuk) of torusfractuur (knikje in het bot) van de pols non-inferior 

was ten opzichte van de traditionele behandeling door middel van een prospectieve 

multicenter cohortstudie. 

De primaire uitkomst was de tevredenheid over de behandeling van de patiënt of ouder op 

een tien-puntenschaal. Een poweranalyse uitgevoerd werd uitgevoerd om deze non-inferiority 

te kunnen beoordelen. Secundaire uitkomsten waren complicaties, functionele uitkomsten 

gemeten met de Patient-Reported Outcomes Measurement Information System Upper 

Extremity (PROMIS UE) en tweedelijnszorggebruik (follow-upafspraken en beeldvorming). 

In totaal werden 274 kinderen geïncludeerd om het primaire eindpunt te analyseren. Er 

werden géén statistisch significante verschillen gevonden tussen de tevredenheid over de 

behandeling vóór en na DO voor greenstickfracturen (p = 0.09) en torusfracturen (p = 0.93). 
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Er werden geen complicaties in de groepen waargenomen. Voor en na de implementatie van 

DO werd geen statistisch significant verschil gevonden tussen PROMIS UE scores voor 

patiënten met torusfracturen (p = 0.99) of greenstickfracturen (p = 0.45). 

Tweedelijnszorggebruik was significant lager in de DO-torusgroep vergeleken met de pre-

DO-torusgroep, met een mean difference (MD) van -1.00 follow-up afspraken (95% 

betrouwbaarheidsinterval (BI): -0.92 tot -1.13). Soortgelijke resultaten werden gezien in de 

pre-DO-greenstickgroep in vergelijking met de pre-DO-greenstickgroep, met een MD van -

1.17 follow-upafspraken (95% BI: -1.09 tot -1.26). Op basis van deze resultaten werd 

geconcludeerd dat DO een goede oplossing is voor kinderen met een geïsoleerde 

greenstickfractuur of torusfractuur van de pols en dat DO als standaardzorg kan worden 

beschouwd voor dit type letsels.  

 

In Hoofdstuk 7 werd beschreven of patiënten met een type B enkelbreuk (na één week 

gipsimmobilisatie) met een verwijderbare orthese in plaats van een gips behandeld kunnen 

worden. Behandeling met een verwijderbare orthese (of minder) is een voorwaarde voor de 

letsels die worden geïncludeerd in DO. Dit onderwerp is bestudeerd door systematisch 

literatuuronderzoek en een meta-analyse uit te voeren. In totaal werden vijf studies 

geïncludeerd. Twee waren gerandomiseerde klinische trials (291 patiënten) en drie waren 

observationele studies (225 patiënten). Totaal werden er 516 patiënten geïncludeerd. 

De meta-analyse toonde statistisch significant hogere kansen op het ontwikkelen van 

complicaties in de groep met gips [odds ratio (OR) 4.67 (95% BI 1.52–14.35)]. Functionele 

uitkomsten, gemeten met de Olerud en Molander Score (OMAS) lieten geen statistisch 

significante verschillen zien op 6 weken (MD -6.64 (95% CI -�������������W�R�W�×�����������������R�I���R�S��������

weken (MD -6.91 (95% CI -�������������W�R�W�×�������������������'�H���0�'���L�Q���I�X�Q�F�W�L�R�Q�H�O�H���X�L�W�N�R�P�V�W�H�Q���P�H�W���G�H��

OMAS op 26 weken of langer was significant beter in de verwijderbare orthese groep (MD -

2.63 (95% CI – 5.01 tot -0.25)). Op basis van deze resultaten werd geconcludeerd dat een 

verwijderbare orthese een veilig alternatief is voor niet-operatief management bij type B 

enkelfracturen. Desalniettemin, waren er slechts een beperkt aantal studies met bewijs van 

een hoog niveau voor dit type behandeling. Gezien de beperkte bewijskracht van de 

opgenomen studies in de meta-analyse zouden verdere studies van hoge kwaliteit gedaan 

moeten worden om deze resultaten te valideren.  

In Hoofdstuk 8 werd de vergelijking middels een prospectieve cohortstudie van DO en de 

traditionele niet-operatieve behandeling (TB) bij patiënten met een primaire anterieure 

schouderluxatie beschreven. Uitkomsten waren complicaties, eerstelijnszorggebruik en 
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tweedelijnszorggebruik, functionele uitkomsten middels de Quick Disability Arm and Hand 

score (QuickDASH) en patiënttevredenheid over de behandeling. 

Het TB-cohort bestond uit 44 patiënten, voornamelijk mannen (75%), met een mediane 

leeftijd van 44 jaar. Het DO-cohort bestond uit 91 patiënten, grotendeels mannen (80%), met 

een mediane leeftijd van 29 jaar. Er werd geen statistisch significant verschil gevonden in 

complicaties tussen het TB-cohort (3/44, 7%) en het DO-cohort (15/91, 16%) (p = 0.093). 

Poliklinische follow-up was statistisch significant lager in het DO-cohort (gemiddelde 0.15, 

standaarddeviatie (SD) 0.90) dan in het TB-cohort (gemiddelde 1.02, SD 0.78) (p = 0.02). Er 

werden tussen beide cohorten geen significante verschillen gevonden in QuickDASH scores 

(p = 0.19) en ook niet tussen de patiënttevredenheid over de behandeling (p = 0.69). 

Deze studie liet een significant lager tweedelijnszorggebruik zien voor het DO cohort, zonder 

dat deze resultaten de complicaties, het eerstelijnszorggebruik, functionele uitkomsten of 

patiënttevredenheid negatief beïnvloedde bij patiënten met een primaire anterieure 

schouderluxatie in vergelijking met de traditionele behandeling. Deze studie benadrukte de 

potentiële voordelen van DO voor dit letsel, maar miste power. Daarnaast waren de groepen 

op baseline niet vergelijkbaar. Toekomstig onderzoek moet identificeren welke patiënten met 

een primaire anterieure schouderluxatie baat hebben bij fysieke follow-up en welke middels 

DO behandeld kunnen worden. 

 

In Hoofdstuk 9 werd de data van Hoofdstukken 3 en 4 gebruikt om kennis te verzamelen 

over de succesvolle implementatie van DO als een standaardalternatief voor face-to-face zorg 

in drie ziekenhuizen. Aan deze gegevens werden de ervaringen van de implementatie van DO 

in 30 ziekenhuizen in Nederland toegevoegd. De resultaten toonden aan dat DO beschouwd 

wordt als een haalbaar, bevredigend en veilig alternatief voor traditionele behandeling met 

een gips en routine poliklinische follow-up, maar soms persoonlijke nuances vereist. De 

belangrijkste voorwaarden voor zelfzorg applicaties om face-to-face zorg te vervangen voor 

patiënten met geïsoleerde, stabiele musculoskeletale letsels waren als volgt: 

�x Een innovatie moet een probleem oplossen dat door zorgprofessionals en/of patiënten 

wordt waargenomen. 

�x De waargenomen kwaliteit van zorg met het nieuwe (digitaal ondersteunde) protocol 

mag niet inferieur zijn aan het vorige protocol. 

�x Een vangnet is noodzakelijk en moet beschikbaar zijn tijdens de uren zoals deze 

beschreven zijn in de digitale oplossing. 
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�x De digitale oplossing is gratis beschikbaar via de meest gebruikte databases (bijv. 

Play Store of iOS app store). 

�x De digitale oplossing mag niet leiden tot een toename van de werkdruk voor 

zorgprofessionals. 

Dit proefschrift heeft de ervaringen van patiënten en zorgprofessionals met DO onderzocht, 

de attitudes over de bereidheid van professionals in de orthopedische traumachirurgie voor 

eHealth-toepassingen bestudeerd, letsel-specifieke studies over DO uitgevoerd en potentiële 

aanvullende letsels onderzocht die aan het DO-protocol zouden kunnen worden toegevoegd.  

Samenvattend laten de bevindingen zien dat, in de Nederlandse context, patiënten en 

zorgprofessionals klaar zijn om DO breed te implementeren, zonder dat ze daarbij de 

individuele voorkeuren van patiënten uit het oog verliezen. Daarnaast werd geleerd dat 

toekomstige versies van DO of andere eHealth-interventies baat hebben bij een patiëntgericht 

ontwerp en dat evaluaties met patiënten en zorgverleners uitgevoerd moeten blijven worden 

om zo bij te dragen aan een snelle adoptie en een inclusief design. Alleen als nieuwe versies 

van DO (of soortgelijke protocollen) goed ontworpen en uitgevoerd worden, kunnen ze 

dienen als gezondheidsoplossingen die de mismatch tussen vraag en aanbod aanpakken. Op 

deze manier kunnen ze (gedeeltelijk) bijdragen aan het vermijden van het naderende 

zorginfarct. 
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Master Thesis   
S. van Gelder, Master Thesis 2021 1.0 
H.A.J. Eversdijk, Master Thesis 2022 1.0 
D. Tran, Bachelor Thesis 2022 1.0 
S. van der Heide, Master Thesis 2022 1.0 
B. van der Knoop, Master Thesis 2022 1.0 
J. Eeuwen, Master Thesis 2022 1.0 
   
Masterclass   
Masterclass residents, OOR-symposium, Leiden-The Hague, the Netherlands 2023 0.5 
Masterclass residents, efficiency and costs in healthcare, st. Antonius Ziekenhuis, the 
Netherlands 

2022 0.5 

 
3. Parameters of esteem Year Workload  
Grants   
ZonMw research grant 2022 - 
Innovation grant St. Antonius Ziekenhuis – improving the VFC app 2021 - 
Research grant st. Antonius Ziekenhuis – 2.0 fte 2023 - 
   
Nominations   
VGZ Samen voorop final rounds  2022 - 

 
4. Other Year Workload 
Organization   
Symposium Jong voor Oud 2021 1.0 
Project Leader Right Care, Right Place, Right Costs 2021-2023 - 
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Contributorship Statement 

�x T.H. Geerdink, J.F. Spierings, H.J. Schuijt, H.A.J. Eversdijk, J.M. van Dongen, M.C. 

Kokke, B.A. Twigt, J.C. Goslings, R.N. van Veen. Healthcare Utilization and 

Satisfaction with Treatment before and after Direct Discharge from the Emergency 

Department of Simple Stable Musculoskeletal Injuries in the Netherlands European 

Journal of Trauma and Emergency Surgery. 2022. doi: 10.1007/s00068-021-01835-5  

 

THG was responsible for the conduction of this study, the methodology, draft of the 

manuscript, collection of the data in OLVG, partial collection of data in SA, and 

analysis of all data. JFS was responsible for collection of the logistic data in SA, 

methodology, and  the  draft  of  the  manuscript.  HAJE  was  responsible  for  the  

collection  of  the  logistic data and patient-reported outcomes/experiences in SA. HJS 

was responsible for  the  implementation  of  DD  in  SA  as  well  as  the  data  

collection  and  draft  of  the  manuscript. JMvD was responsible for the statistical 

analyses, the methodology and the  draft  of  the  manuscript.  MCK  was  responsible  

for  the  implementation  of  DD  in  SA  and  has  contributed  to  the  draft  of  the  

manuscript.  BAT,  RNvV  and  JCG  all  have  contributed to the implementation of 

DD in OLVG, the methodology of this study, as well as the writing of the manuscript. 

JCG was the guarantor. 

 
�x J.F. Spierings, G.J.A. Willinge, M.C. Kokke, B.A. Twigt, S. Repping, W.F.M. de 

Lange, T.H. Geerdink, R.N. van Veen, van der Velde D., Goslings J.C.; Collaboration 

group. Patient experiences of a mobile self-care solution for low-complex, stable, 

isolated musculoskeletal injuries: a mixed method study. Submitted. 

 

JFS, GJAW, WDL and BT were responsible for the collection of data assisted by the 

collaboration group. JFS, GJAW, MCK, DvdV, RNvV, WdL, BAT, THG were 

responsible for triangulation of the data and final analysis. SG assisted in further 

analysis of the data and interpretation in the discussion. All authors contributed 

equally in the methodology and final version of the manuscript. JCG was the 

guarantor. 

 



646012-L-bw-Spierings646012-L-bw-Spierings646012-L-bw-Spierings646012-L-bw-Spierings
Processed on: 29-7-2024Processed on: 29-7-2024Processed on: 29-7-2024Processed on: 29-7-2024 PDF page: 241PDF page: 241PDF page: 241PDF page: 241

241

�x J.F. Spierings, G.J.A. Willinge, M.C. Kokke, B.A. Twigt, W.F.M. de Lange, T.H. 

Geerdink, D. van der Velde, S. Repping, J.C. Goslings; collaboration group. 

Healthcare professionals’ experiences with a mobile self-care solution for low 

complex orthopedic injuries: a mixed method study. Journal of Medical Internet 

Research: mHealth and uHealth. 2024. doi: 10.2196/51510 

 

JFS, GJAW, WdL, and BAT were responsible for the data collection, with assistance 

from the collaboration group. JFS, GJAW, MCK, DvdV, WDL, BAT, and THG 

conducted the data triangulation and final analysis. SR provided further analysis and 

interpretation of the data in the discussion. All authors contributed equally to the 

methodology and the final version of the manuscript. JCG acted as the guarantor. 

 

�x J.F. Spierings, G.J.A. Willinge, B.A. Twigt, S. Repping, M.C. Kokke, R.N. van 

Veen, D. Van der Velde. Attitudes toward the adoption of eHealth amongst healthcare 

professionals in trauma surgery – the new digital normal? Submitted. 

 

All authors contributed equally in building the manuscript. JFS and GJAW designed 

the initial versions of the manuscript. BAT, MCK, RNvV and DvdV helped 

distributing the survey during the congress and helped designing the second version of 

the survey after the pretest. They also assisted in the method and preliminary results 

of the analysis. The final analysis was performed with JFS, GJAW and supervised by 

BAT and SR. All authors contributed equally in writing the introduction, discussion 

and rebuttal of the manuscript. 

 

�x J.F. Spierings, G.J.A. Willinge, H.J. Schuijt, D.P.J. Smeeing, M.C. Kokke, J.W. 

Colaris, J.C. Goslings, B.A. Twigt; collaboration group. Direct Discharge for children 

with a greenstick or torus fracture of the wrist is a non-inferior satisfactory solution to 

traditional treatment. European Journal of Trauma and Emergency Surgery. 2024. doi: 

10.1007/s00068-023-02391-w. 

 

JFS, GJW and the collaboration group were responsible for the collection of the data. 

DPJS, HJS, JWC, GJW and JFS created the methodology for the study. MCK, JFS, 

GJAW, JCG, BAT, DPJS interpreted the data after the analysis of GJAW and JFS. All 
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authors contributed equally in the final version of the manuscript. BAT acted as the 

guarantor of the study.  

 

�x J.F. Spierings, T.M.P. Nijdam, L. van der Heijden, H. J. Schuijt, M.C. Kokke, D. van 

der Velde, D.P.J. Smeeing. Cast versus Removable Orthosis for the Management of 

Stable Type B Ankle Fractures; a Systematic Review and Meta-Analysis. European 

Journal of Trauma and Emergency Surgery. 2023. Doi. 10.1007/s00068-022-02169-6. 

 

JFS, TMPN, LvdH, HJS and DPJS assisted in the methodology of this study. Data 

collection and reference checking was performed by JFS and TMPN. JFS and DPJS 

performed the analysis. All authors contributed equally in writing of the manuscript. 

MCK and DvdV assisted in writing the introduction and discussion of this manuscript.  

 

�x J.F. Spierings, R.C.M. Vermeulen, G.J.A. Willinge, M.C. Kokke, J.C. Goslings, R.N. 

van Veen, D. van der Velde, B.A. Twigt. Is Routine follow-up after a First-time 

Anterior Shoulder Dislocation necessary? Submitted. 

 

JFS, RCMV, and GJAW collected the data for this study. These authors also 

performed the initial analysis. GJW, JFS, MCK, RNvV, BAT, DvdV assisted in the 

methodology of the study. BAT, DvdV, MCK, RNvV, JCG helped JFS and GJAW 

with the analysis of the data and interpretation. All authors contributed equally in the 

final manuscript of this study. BAT acted as a guarantor in the study. 

 
�x J.F. Spierings, G.J.A. Willinge, T.H. Geerdink, M.C. Kokke, B.A. Twigt, J.C. 

Goslings. Virtual Fracture Care - Direct Discharge of isolated, stable, musculoskeletal 

injuries. Is once enough? Journal of Human Factors. 2023. 

 

The data was collected by JFS, GJW, THG, BAT and MCK throughout the 

implementation of Virtual Fracture Care and previously collected data. The data were 

analysed by JFS, GJW, JCG, MCK and BAT. The final analysis was performed by all 

authors. All authors contributed equally in writing the introduction, discussion and 

rebuttal of the final versions of the manuscript. JCG acted as a guarantor.  
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Dankwoord 

 
Beste promotor prof. dr. Goslings, beste Carel, met uw ervaring als professor 

traumachirurgie, kennis over Virtual Fracture Care en rol als traumachirurg in het 

moedercentrum van Direct Ontslag was het Cruijffiaans logisch dat u mijn promotor zou 

worden. Dat ik grotendeels vanuit het St. Antonius Ziekenhuis werkte was voor u geen 

probleem. Na een kort overleg met concrete tips en een aanvullende opdracht om ook te 

zoeken naar kwalitatieve ondersteuning kon ik aan de gang. Uw doelgerichte en snelle 

feedback werkte inspirerend en heeft voor mij de samenwerking extra prettig gemaakt. Het is 

een eer om aan uw lange lijst van promovendi te mogen worden toegevoegd. 

Beste promotor prof. dr. Repping, beste Sjoerd, na een aantal keer sparren over kwalitatief 

onderzoek (en het beperkte aanbod daarvan binnen de orthopedie en traumachirurgie), kwam 

gelukkig de vraag: ‘maar Jelle, is je vraag nu eigenlijk of ik je promotor wil worden?’ 

Waarop het antwoord: ‘ja’ was. Uw stoel als professor ‘Zinnige Zorg’ sloot perfect aan op het 

onderwerp van dit proefschrift. Ik wil u bedanken voor de kleine duwtjes in de goede 

richting, de diepere vragen achter bepaalde methodologische keuzes en vooral het 

enthousiasme over het onderwerp en Zinnige Zorg. 

Beste copromotor dr. Twigt, beste Bas, teamarts van Jumbo (of Lease-a-Bike) Visma, 

buitensportliefhebber én kartrekker van Direct Ontslag. Of het nu vanaf vakantie, even tussen 

het OLVG-spoedprogramma door, of op de poli in BovenIJ was, tijd had je. Wout van Aert 

kan nog een puntje zuigen aan je grinta, enthousiasme en doorzettingsvermogen. Ik heb 

genoten van het uitdagende cross-parcours en ben blij dat we nu samen met modder 

besmeurde benen het podium op mogen. Ik wil je bedanken voor je aanstekelijke 

enthousiasme, de ingangen bij de NVT en bovenal je persoonlijke begeleiding. Tot op de 

fiets! 

Beste copromotor dr. Schuijt, beste Henk Jan, postdoc. Als ‘tegenpolen’ moesten we even 

aan elkaar wennen. Nu na drie jaar blijken we naast onze DISC-kleurverschillen met name 

overeenkomsten te hebben zoals liefde voor natuur en buitensport. Ondanks de (soms) 

fysieke afstand heb je altijd je best gedaan om nauw betrokken te blijven en je flexibel op te 

stellen als de situatie daar om vroeg. Ik wil je bedanken voor je strengheid (lees: rode 

strepen), aanpassingsdrift en bovenal de bemoedigende woorden (lees: het komt goed). 
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Geachte leden van de beoordelingscommissie, beste Prof. M.P. Schijven, beste Dr. A.J. 

Linn, beste dr. S. van Dieren, beste prof. dr. F.W. Bloemers, beste prof. dr. R.W. Poolman, 

beste dr. J.M. Hoogendoorn, hartelijk dank voor uw tijd, aandacht en inspanning gedurende 

het beoordelen van dit proefschrift. 

Beste Marike, bij de eerste ontmoeting was het voor mij duidelijk: vriendelijke 

traumachirurg, ontzettend enthousiast, maar niet gepromoveerd. Hierdoor kon je (helaas!) 

niet mijn copromotor worden. We zijn samen in een project gestapt waarvan we beiden 

vooraf niet hadden verwacht dat het zo zou groeien! Ondanks de situatie, ben je zowel op 

persoonlijk als professioneel vlak zo veel als mogelijk (en dat is, en was, veel) betrokken 

geweest. Ik heb zeer veel bewondering voor je als medisch specialist en als mens. Ik ben en 

blijf geïnspireerd door je extreme veerkracht. Ik wil je bedanken voor de frequente 

koffiemomenten, projectdrift, en je hulp in mijn persoonlijke groei. 

Beste Detlef, je onbegrensde enthousiasme is meer dan aanstekelijk. Toen je vanuit het st. 

Antonius Ziekenhuis als dagelijks begeleider naar voren kwam was het voor beiden duidelijk 

dat dit ‘wel lachen’ ging worden. Die match had Lizz van der Heijden, zoals verwacht, 

uitstekend ingeschat. De wederzijde voorkeur voor een laid-back-sfeer, heeft meer dan eens 

geleid tot een werkoverleg bij de Flater of een barbecue in je tuin. Dit vormde een 

uitstekende basis voor onze samenwerking. Je hebt me geleerd dat trots zijn op je werk 

noodzakelijk is, dat problemen meestal overbrugbaar zijn en dat alles leuker wordt als het 

gezellig is. Ik neem je grenzeloze enthousiasme mee en ik weet dat dit niet het einde is van 

onze samenwerking. Tot slot wil ik je bedanken voor de mogelijkheid om mijn PhD in het 

buitenland af te ronden. Dit is niet alleen een uitermate goed idee, maar ook iets wat meer 

gestimuleerd zou mogen worden binnen promotietrajecten en de zorg in het algemeen. 

Beste Diederik, een titel als postdoc-deluxe zou terecht zijn. Je betrokkenheid, passie voor 

het onderzoek en het artsen vak beperken zich bij jou niet tot kantoor-, avond-, vakantie- of 

zeiluren. Overleggen op vrije dagen, geblokte polimiddagen en weekenddagen, het maakt je 

niets uit. Dat je snel een vaste plek hebt gevonden verbaast me totaal niet. Ik heb in mijn 

leven nog nooit iemand ontmoet die epidemiologie zo simpel uit kan leggen. Je bent 

vakkundig in het uitkleden van onderzoeksvoorstellen en hebt me vaak genoeg met een rood 

gestreept papier teruggestuurd naar de tekentafel. Jij hebt ons, en ik zeg bewust ons (groetjes 

van Thomas), het verschil geleerd tussen een studie uitvoeren en onderzoek doen!  



646012-L-bw-Spierings646012-L-bw-Spierings646012-L-bw-Spierings646012-L-bw-Spierings
Processed on: 29-7-2024Processed on: 29-7-2024Processed on: 29-7-2024Processed on: 29-7-2024 PDF page: 245PDF page: 245PDF page: 245PDF page: 245

245��

De stafleden van de trauma unit OLVG, met in het bijzonder de stafleden Ruben van 

Veen, Robert Haverlag en Diederik Kempen. Dank voor het introduceren van Virtual 

Fracture Care in Nederland, jullie hulp én enthousiasme bij de (methodologische) 

ondersteuning in het tot stand komen van dit proefschrift. 

De stafleden van de traumachirurgie in het St. Antonius ziekenhuis, met in het bijzonder 

(naast de reeds genoemden) de stafleden Michiel Segers, Philippe Wittich, Jort Keizer en 

Christophe Wijffels dank voor jullie vertrouwen, support en de betrokkenheid.  

Het projectteam van ‘Juiste Zorg, Juiste Plaats, Juiste Kosten’ in het st. Antonius Ziekenhuis 

dank voor ondersteuning. In het bijzonder wil ik Marc Rouppe van der Voort bedanken 

voor de mogelijkheden, de kennis en de introductie binnen het vak ziekenhuismanagement. 

Het THINC-team van het Julius Centrum, beste Jaap Trappenburg, Elke Mathijssen en in 

het bijzonder Wendela de Lange dank voor jullie hulp! Jullie missie om de digitale zorg 

beter wetenschappelijk te borgen is mooi. Ik wil jullie bedanken voor jullie enthousiasme, 

kunde en de vrije aanvullende tijd die jullie in dit project hebben gestoken.  

Het VFC Direct Ontslag kernteam, beste Thijs. Dank voor je inhoudelijke hulp en 

analyses, de ‘Nitwitjes’ op de Groeneweg en uiteraard je introductie van Direct Ontslag in 

Nederland, zonder jouw plan en uitstekende uitwerking was dit proefschrift er niet geweest.  

Beste Gijs, het was erg prettig om met je samen te mogen werken. Ik had me geen betere 

collega aan de OLVG kant kunnen wensen. Je bent onwrikbaar, recht door zee en áltijd 

vrolijk! Samen hebben we dit project naar een hoger niveau kunnen tillen, dank. 

Geeske Duijzings, een algemene stelling is dat mensen vervangbaar zijn in hun werk. Dit 

geldt niet voor jou en dat hebben we gemerkt tijdens je verlof. Het viel ons op hoeveel je 

tegelijk doet en dat heb ik (lees: we) erg gewaardeerd. Je persoonlijke interesse en 

nuchterheid zijn verfrissend om mee te werken. Of het nu om Direct Ontslag, VFC-

besprekingen of zorgpaden gaat, jij weet de kneepjes. 

Onderzoekers van het st. Antonius Ziekenhuis te Leidsche Rijn. Beste Claudia, Britt, 

Emma, Thamar, Paulieke, Rogier, Duco, Annabel en Tess hartelijk dank voor de 

koffietjes, lunches om exact 12:00, borrels, congressen, gedeeld leed, gedeelde smart en 

bovenal alle vakanties die ik met én voor jullie heb mogen plannen. 
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Beste Thomas, soms mijmer ik weg en denk ik: ‘Wat als…. je toch straaljagerpiloot had 

kunnen worden? Daar zouden ze toch een hele goeie chirurg aan gemist hebben.’ Gelukkig is 

dat geen optie meer nu je aangenomen ben in regio Utrecht. Je bent doelgericht, punctueel, 

goed in het scheiden van hoofd- en bijzaken én ook nog een heel prettig mens. Ik ben heel 

blij dat wij samen dit pad hebben mogen doorlopen en wil je bedanken voor het leerproces 

wat we zowel op professioneel als persoonlijk vlak hebben doorgemaakt. Dus, waar fietsen 

we volgend jaar? 

Beste Cas, beste paranimf, samen buitensport doen naast de dagelijkse verplichte nummertjes 

in collegezaal 6 is hetgeen wat ons écht verbonden heeft. Het begon met dezelfde rugzak in 

jaar 1 Geneeskunde en is uitgegroeid tot veel plannen waarvan de meeste ook een uitvoering 

hebben gekregen. Intussen is de hoeveelheid uitstapjes niet meer op handen te tellen en 

springen er wat mij betreft vier boven uit: een enkeltje Oost-Europa op de fiets terug naar 

huis, een onvoorbereide hooggebergte wandeltocht, een pre-honeymoon-surf-scooter 

vakantie in Indonesië én trouwen in de kop van Noord-Holland. Dank voor altijd buiten 

spelen, je uitstekende Afrikaanse dolce far niente en de kunst van het ‘van niets, iets maken’.  

Beste Martijn, beste paranimf, we kennen elkaar van de Bildung academie en sindsdien 

hebben we veel momenten gedeeld als huisgenoten, vrienden en tegenwoordig als bijna 

buren. Ondanks dat we beiden heel ander werk doen, vinden we veel overeenkomst in 

maatschappelijke thema’s. Hierover wisselen we graag van gedachten (bij voorkeur met een 

Triple Karmeliet). Dank voor het filosoferen, relaxen en de assistentie in het hele PhD proces. 

Beste Marnix, Cannondale Supersix Evo Ultegra barbecue black. De naam klinkt als een 

racemonster en dat is het ook. Sinds jij op die fiets zit is het écht hard gegaan en vlieg jij als 

een cachectische acute internist over de Alpen. Hierbij kan ik slechts volgen en hopen op een 

gulle tijdslimiet. Ik waardeer de wederzijdse competitie op de fiets en schaats, het sparren 

over werk en bovenal je droge scherpzinnigheid. Opdat we nooit meer spaken breken op 

slechte momenten, ‘de Kogel van de Veen’ mag uitgroeien tot een gelukkig renner én 

bovenal dat we samen ooit de Elfstedentocht mogen rijden.  

Piet Hoogland, professor emeritus Anatomie en Neurowetenschappen, ten eerste een 

verbeterpunt. Het is macaber om een tienjarige jongen het mortuarium van de VU in te sturen 

om achter in de kelder een Giant Speeder Lite op te halen. Ondanks dat het was intens was, 

bleek het toch succesvol. Het is waarschijnlijk onbedoeld maar je bent een belangrijke 

inspiratiebron geweest om de weg als arts te bewandelen. Daarnaast ben je stiekem vaak 
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onderdeel geweest van debuutjes: De eerste voorzichtige slagen (en wedstrijden) op natuurijs, 

de eerste trappen op de racefiets en mijn eerste stappen in de medische wereld. Je functie als 

voorzitter van de ijsclub, professor anatomie, boekenschrijver, en gever van (lees: niet) 

subtiel advies zijn voor mij inspirerend geweest. Dat je daarnaast ook nog schipper en 

luisterend oor bent is mooi meegenomen. Groetjes aan de Animo en de wind op het 

IJsselmeer. 

Anne en Jacqueline, als ouders van Mirthe hadden jullie al een bijzondere rol in mijn leven. 

Deze is over de jaren heen alleen maar groter geworden. Ik waardeer het derde thuis enorm. 

Of het nu voor advies (van welke aard dan ook), even uitrusten (blijven eten/slapen/saunaën 

of klooien de tuin is), het kan altijd.  

Lieve Mirthe, wat fijn om jou naast me te hebben. Rustig, vrolijk, nuchter en lief. Je bent de 

perfecte persoon om tegen te zeuren en nog beter om dingen mee te vieren. Op veel rondjes 

samen rennen, koffiedrinken en zonsondergang op strand Zuid. Dit proefschrift was er niet 

geweest zonder jou, dank voor alle support in welke vorm dan ook. Deze is voor jou (en voor 

je nieuwe kruisband). 

Rick, soms vragen mensen weleens wie mijn voorbeeld is. Dan zeg ik eigenlijk altijd dat jij 

dat bent. Niet omdat je een (special) Olympiër, nationale tv-ster, lolbroek, de nummer één 

André Hazes en Michael Jackson fan bent, maar vooral omdat ik me geen leukere broer kan 

wensen. Met jou vergeet ik de tijd, het 8 uurjournaal, en of 50 cent meer is dan 1 euro. Ik ben 

blij zoals je bent. Dikke knuffel voor mijn bananenbroer. 

Carlien, je bent zorgzaam, lief en betrokken. We zijn samen opgegroeid en een grote zus is 

een fijn bezit. Ik ben trots op hoe jij je weg vindt en blij dat ik daar onderdeel van mag zijn. 

Nu de camper verkocht is, rijd ik graag met die van jou mee! 
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Papa en mama, 

Ik wil jullie ontzettend bedanken voor de mogelijkheden om me te ontwikkelen op sportief, 

persoonlijk en professioneel gebied.  

 

Mama, stiekem lijken we best op elkaar. We zijn beiden een tikkeltje chaotisch, (te) 

enthousiast, en maken vaak een niet haalbare to-do list voor één dag. Dank voor het 

controleren hoe het gaat, het altijd trots zijn en in het bijzonder dat je er onvoorwaardelijk 

voor ons bent. En in het bijzonder voor Rick. Daar mag je trots op zijn. 

Papa, onze gedeelde ijspassie is de brandstof geweest voor onze vele reisjes naar Thialf en 

spontaan georganiseerde natuurijs wedstrijden op dinsdagavond in een leeg Fries dorp. Al 

deze ritjes waren voor kunstijswedstrijden die zo kort mogelijk moesten duren en natuurijs 

tochten die van ons beiden nooit op hadden hoeven houden. De regel: “Het maakt niet uit wat 

je gaat doen, als er maar een plan is en je niet meer meeneemt dan nodig.” staat op mijn harde 

schijf gegrift. 

Omdat ik weet hoe trots je zou zijn.  

It Giet Oan. 
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