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The effects of a Virtual Fracture
Care review protocol on
secondary healthcare utilization
in trauma patients requiring
semi-acute surgery: a
retrospective cohort study
G. J. A. Willinge1*, J. F. Spierings2, T. H. Geerdink1, B. A. Twigt1,
J. C. Goslings1 and R. N. van Veen1

1Department of Trauma Surgery, OLVG Hospital, Amsterdam, Netherlands, 2Department of Trauma
Surgery, St. Antonius Hospital, Nieuwegein, Netherlands

Purpose: The demand for trauma care in the Netherlands is increasing due to a
rising incidence of injuries. To provide adequate trauma care amidst this
increasing pressure, a Virtual Fracture Care (VFC) review protocol was introduced
for treatment of musculoskeletal injuries to the extremities (MIE). This study
aimed to assess the influence of the Dutch VFC review protocol on secondary
healthcare utilization (i.e., follow-up appointments and imaging) in adult trauma
patients (aged ≥18 years) who underwent semi-acute surgery (2–14 days after
initial presentation) for MIE, compared to traditional workflows. We hypothesized
utilization of VFC review would lead to reduced secondary healthcare utilization.
Methods: This retrospective cohort study assessed the influence of VFC review on
secondary healthcare utilization in adult trauma patients (aged ≥18 years) who
underwent semi-acute surgery for a MIE. Patients treated before VFC review and
the COVID-19 pandemic, from 1st of July 2018 to 31st of December 2019,
formed a pre-VFC group. Patients treated after VFC review implementation from
January 1st 2021 to June 30th 2022, partially during and after the COVID-19
pandemic (including distancing measures), formed a VFC group. Outcomes were
follow-up appointments, radiographic imaging, time to surgery, emergency
department reattendances, and complications. The study was approved by the
local ethical research committee approved this study (WO 23.073).
Results: In total, 2,682 patients were included, consisting of 1,277 pre-VFC
patients, and 1,405 VFC patients. Following VFC review, the total number of
follow-up appointments reduced by 21% and a shift from face-to-face
towards telephone consultations occurred with 19% of follow-up
appointments performed by telephone in the VFC group vs. 4% in the pre-
VFC group. Additionally, VFC review resulted in a 7% reduction of radiographs,
improved time scheduling of surgery, and a 56% reduction of emergency
department reattendances. Registered complication rates remained similar.
Conclusion: The utilization of VFC review for management of adult patients with a
MIE requiring semi-acute surgery improves efficiency compared to traditional
workflows. It results in a 21% follow-up appointment reduction, a shift from
face-to-face to remote delivery of care, fewer radiographs, improved time
scheduling of surgery, and reduces emergency department reattendances by 56%.
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Introduction

In recent years, the rising incidence of musculoskeletal injuries

of the extremities (MIE) has increased the pressure on the trauma

care system in the Netherlands (NL) (1–3). From 2012 to 2022, the

incidence of injuries scored as moderate to severe that is, an AIS

score of 2+ (e.g., fractures), has risen by 16% and in 2022,

approximately 36% (661.000) of all ED visits in NL were due to

a traumatic injury (4). Two main driving forces for this trend are

population growth and shifts in population demographics (5).

Both younger and older age groups are expanding, coinciding

with the peak incidence of injuries within these demographics.

During the recent COVID pandemic, the strain on healthcare

resources and medical personnel grew ever more urgent with less

available personnel due to illness and infection risks,

overcrowding in emergency departments (ED), and reallocation

of resources and personnel to care for COVID-19 patients (6–8).

Furthermore, treatment for MIE is gradually shifting from non-

operative towards surgical management (3, 9). Due to the need

for additional pre-operative and post-operative check-ups and

imaging, this shift towards surgical treatment of MIE could

potentially increase secondary healthcare utilization and thus

further the increasing demand of trauma care. To address these

challenges, reorganizing surgical treatment pathways and

improving outpatient clinic management could alleviate the

increasing pressure on Dutch trauma care.

One of the reorganizations in the management of patients with

MIE is the Virtual Fracture Care (VFC) model, adopted by several

countries in several variations (10–14). Generally, the VFC model

consists of two parts: (1) a Direct Discharge protocol, through

which patients with a simple and stable injury are directly

discharged from the ED, and (2) a VFC review protocol, which

utilizes an organized meeting to optimize follow-up treatment

referral (14, 15). Additional to other VFC models, the Dutch

version of the VFC review protocol extends beyond merely

follow-up treatment referral. With this protocol, a

multidisciplinary team digitally comprises a follow-up treatment

plan (including all necessary appointments and imaging)

focusing on uniform treatment, efficient planning of follow-up,

and remote delivery of care, using pre-defined digital treatment

plans. This plan is comprised for the complete follow-up

treatment from start to finish. This approach is also used for

patients requiring semi-acute surgery (scheduled surgery

required in 2–14 days of initial presentation) and could

potentially result in more efficient utilization of hospital

resources and medical personnel. Previous studies on the

efficiency of the VFC model have shown positive results

regarding efficiency, cost-effectiveness and patient satisfaction but

these studies mainly concerned the Direct Discharge protocol or

VFC review protocols that only guide optimal patient referral

(i.e., contrary to the Dutch version that includes complete digital

follow-up treatment plans) (12–14, 16, 17).

Results on the efficiency of the Dutch VFC review protocol on

the entire follow-up treatment pathways of patients with MIE

requiring semi-acute surgery remain unknown. This knowledge

could aid clinicians in optimizing these treatment pathways.
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Therefore, the primary aim of this study was to assess the

influence of the Dutch VFC review protocol on secondary

healthcare utilization (i.e., follow-up appointments and imaging)

in adult trauma patients (aged ≥18 years) who underwent semi-

acute surgery for MIE, compared to the traditional workflow. We

hypothesized utilization of the VFC review protocol would lead

to a reduction of secondary healthcare utilization for these patients.
Materials and methods

Design and setting

This was a single-centre retrospective cohort study, performed

at an urban level 2 trauma centre and teaching hospital in the

Netherlands. A this hospital, a VFC review protocol was

introduced in April 2020, and was implemented as standard care

in January 2021 (15). With this new protocol, all Dutch or

English speaking ED patients with an MIE aged at least one

years old who required follow-up hospital treatment (e.g., both

non-operative treatment or scheduled operative treatment) were

treated according to the VFC review protocol (Figure 1).

Exclusion criteria for VFC review were: indication for acute

(≤24 h) surgical intervention or hospital admission (e.g., medical

indication such as an open fracture, hemodynamic instability,

severe soft-tissue damage, or a pending threat to soft-tissue, or

social indication such as inability to be self-reliant at home or

lack of support), pre-existing motor or cognitive impairment,

Glasgow Coma Scale <15, multiple injuries, no available phone

number, and initial treatment or follow-up elsewhere (due to the

geographic location of the patients’ residence or the patients’

wish). The local ethical research committee approved this study

(WO 23.073).

Study population
Patients were included in this study if they were aged ≥18

years, presented to the ED with a MIE that required semi-acute

surgery (scheduled surgery required in 2–14 days of initial

presentation) from 1st of July 2018—31st of December 2019

(pre-VFC group) and January 1st 2021—June 30th 2022 (VFC

group), and were eligible for VFC review according to the stated

inclusion and exclusion criteria. Indications for semi-acute

surgery were based on national trauma treatment guidelines (e.g.,

displaced fracture, unstable fracture pattern, inability to

successfully reduce the fracture, comminuted fracture). No other

inclusion or exclusion criteria were used. The inclusion date for

the VFC group was set on January 1st 2021 to account for the

transition period after implementation of the new VFC review

workflow. The inclusion period for VFC patients coincided with

several COVID-19 restrictions. Supplementary Appendix S1

shows a timeline for the main COVID-19 related events and

restrictions during this period (18). Notably, from the

implementation of VFC review in 2021 to the removal of the

final COVID-19 restriction in March 2022, the emphasis was

placed on remote delivery of care whenever possible by the study

institution board in response to governmental advice and policy
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FIGURE 1

Flowchart of patient inclusion for VFC review. ED, emergency department; VFC, virtual fracture care.
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during this period (18). However, no outpatient clinics were closed

and face-to-face consultations were continuously allowed if deemed

necessary by the treating physicians at the study institution. This

included obligatory wearing of face masks and restrictions on

accompanying visitors.
Treatment workflows

Pre-VFC workflow
Before VFC review implementation, decision-making for

surgical treatment was primarily done by (often inexperienced)

residents in the ED, with varying levels of supervision by surgical

staff. Treatment options were either discussed with the patient in

the ED, or this was postponed to an appointment at the

outpatient clinic or casting room shortly after the ED visit.

Typically, these appointments were conducted by residents, with

on-call supervision if deemed necessary. Additionally, to prevent

incorrect diagnoses, musculoskeletal ED radiographs from the

previous day were checked during a radiograph assessment

meeting (attended by a radiologist, ED staff and a trauma

surgeon) every workday. In case of an incorrect diagnosis, the

patient was planned for an outpatient clinic appointment to

discuss further treatment. After deciding on surgery, an

administrative planner was electronically notified through the

EPR and a date for the surgery was scheduled. The planner then

notifies the patient of the definitive date of surgery. The

scheduling process generally took 1–3 days. Further post-
Frontiers in Digital Health 03
operative follow-up treatment was scheduled at each subsequent

appointment by varying attending healthcare professionals. This

process resulted in treatment variation and impaired uniform

information provision and expectation management for patients.

Furthermore, this potentially led to excessive follow-up

appointments and imaging.

VFC—review workflow
The introduction of the VFC review brought about various

modifications to the established workflow. Table 1 presents a

summary of the differences between the pre-VFC and VFC

workflows. Additionally, Figure 2 offers a chronological depiction

of a typical semi-acute surgical treatment pathway in both the

pre-VFC and VFC review workflow. With the VFC review

workflow, ED healthcare professionals assessed VFC review

eligibility and, if deemed eligible, referred patients to a VFC

review meeting on the next workday. Patients were discharged

from the ED and received digital and written information on the

VFC workflow and their injury. To ensure all necessary patient

information was available for VFC review, ED healthcare

professionals were provided with orthopaedic pocket cards. These

contained specific points of attention to document and

instructions on when to perform an additional pre-operative

CT scan.

During the VFC review meeting, a multidisciplinary team

[comprising a casting technician, surgical resident, (orthopaedic)

trauma surgeon and administrative assistant] discussed all

referrals and assigned treatment plans to each patient, using pre-
frontiersin.org
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TABLE 1 Pre-VFC vs. VFC workflow for patients requiring semi-acute surgical treatment.

Phases Pre-VFC workflow VFC—review workflow
Treatment
protocols

• Local (hospital) and national orthopaedic trauma guidelines
• Perspective at each follow-up appointment as far as the next follow-up

appointment
• Follow-up susceptible to variation between physicians
• Information from multiple healthcare professionals, susceptible to

misinformation, variation and confusion

• 180 complete multidisciplinary comprised treatment pathways, based on
internal and external standards

• Focus on remote delivery of care, reduction of unnecessary follow-up
appointments and imaging, and uniform patient information provision

• Uniform treatment and information provision from start to finish under
direct supervision of experienced trauma surgeon

• Treatment pathways digitally integrated into the EPR system and built into a
separate interface. Using this interface, healthcare professionals could
efficiently select and adjust each treatment plan for each patient as deemed
appropriate through a series of dropdown menus.

ED visit Timing: day 0 Timing: day 0

• Initial care by ED healthcare professionals + consultation orthopaedic
resident

• Treatment discussed at the ED by resident, or postponed to fracture clinic
appointment shortly (within 7 days) after ED visit (e.g., if the resident or
required supervision is not readily available)

• Discharge from ED after evaluation by orthopaedic resident
• Additional pre-operative imaging at the outpatient clinic if necessary
• Acute surgical intervention or hospital admission are always directly

discussed at the ED with the orthopaedic consultant and treated
accordingly

• Initial care by ED healthcare professionals
• Check eligibility for VFC review by ED healthcare professionals according to

in- and exclusion criteria
• Patient electronically referred to the VFC review for the next workday
• ED healthcare professionals receive instructions on the need for pre-

operative imaging (e.g., CT-scan) and acquire this at the ED accordingly
• Discharge from ED without consultation orthopaedic resident
• Acute surgical intervention or hospital admission are always directly

discussed at the ED with the orthopaedic consultant and treated accordingly

Surgical
treatment
planning

Timing: day 3–5 Timing: day 1

• Final decision on treatment made at the ED or fracture clinic after ED visit
• An administrative planner is electronically notified through the EPR and a

date for the surgery is scheduled. The scheduling process generally takes
1–3 days. The planner then notifies the patient of the definitive date of
surgery

• Post-operative treatment planned by the varying healthcare professionals
at each subsequent follow-up appointment

• The attending physician decides on further imaging and immobilization
• Step-by-step planning: repeated scheduling of follow-up until treatment is

considered finished by the treating physician

• A multidisciplinary team, led by an orthopaedic trauma surgeon, discusses
referrals and documents a complete treatment plan, including surgery
specifics, follow-up appointments and imaging, required immobilization
and specific instructions for each follow-up appointment

• Patient receives information on the complete treatment plan directly after
VFC review by phone and consensus on definitive treatment is reached

• A date for surgery is scheduled by the attending administrative planner
directly after consent is reached. The planner then notifies the patient of the
definitive date of surgery.

• Post-operative follow-up treatment performed according to the VFC review
treatment plan from start to finish. Should any complications arise during
follow-up, deviation from the scheduled treatment plan is discussed with the
VFC review supervisor

VFC, virtual fracture care; ED, emergency department; CT, computed tomography; EPR, electronic patient record.
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defined digital treatment plans. A template for these treatment

plans is shown in Supplementary Appendix S2. In total, 180

digital pre-defined treatment plans designed for each injury and

required treatment (e.g., a distal radius fracture requiring

operative treatment or a metatarsal shaft fracture requiring non-

operative treatment) were established based on national fracture

treatment guidelines and joint consensus of orthopaedic trauma

staff, and were integrated into the EPR system based on this

template. These complete treatment plans were readily accessible

for the VFC team through a VFC interface within the EPR

system and focused on matching patient needs at each follow-up

appointment to the expertise of selected healthcare professionals,

efficiently allocating and distributing tasks for each injury and

treatment. Additionally, VFC review treatment plans focused on

remote delivery of care and optimal uniform patient information

provision (19). For surgical treatment, the VFC review treatment

plans included information on the surgical procedure, the

complete follow-up treatment and the recovery process (as

illustrated in Supplementary Appendix S2). Prior to the VFC

review, the attending resident prepares suggested treatment plans

for each patient using the pre-defined treatment plans, which can

then be efficiently checked and supervised by the complete VFC

team during the VFC review meeting. The resident presents each
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case, the casting technician advices on the possibilities for

immobilization and required follow-up in the casting room, and

the supervising (orthopaedic) trauma surgeon makes the final

decision on the most appropriate treatment plan. All required

treatment components are then selected and documented

through a series of dropdown menus, customizing the plan to fit

each patient’s needs. The VFC team (led by the orthopaedic

trauma surgeon) could adjust the pre-defined treatment plans for

each patient based on expert opinion, adding or deleting

treatment components if deemed necessary. During VFC review,

the attending surgical resident documents the treatment plans for

each patient within the EPR, directly entering and saving data to

each patient’s record. This process resulted in an individualized,

comprehensive, supervised and digital plan for surgery and

follow-up treatment within one workday after the initial ED visit.

Directly after VFC review, all patients who required operative

treatment were informed by phone by the VFC review supervisor

to discuss the treatment options and reach consent on definitive

treatment. If consent on definitive treatment could not be

reached during the VFC phone call, patients were scheduled for

an additional follow-up appointment by phone or at the

outpatient clinic to discuss treatment options and reach consent

on treatment at that time. For patients requiring surgery, an
frontiersin.org

https://doi.org/10.3389/fdgth.2024.1362503
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org/


FIGURE 2

General overview of semi-acute surgical treatment pathways in both the pre-VFC and VFC review workflow. ED, emergency department; VFC, virtual
fracture care.
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administrative planner scheduled the surgical procedure and all

follow-up appointments after consent was reached, and notified

the patient the same day via mail or their electronic patient
Frontiers in Digital Health 05
record. Should any deviations from the VFC review treatment

plan be required during follow-up treatment due to unforeseen

circumstances (e.g., new trauma, wound infection, delayed
frontiersin.org

https://doi.org/10.3389/fdgth.2024.1362503
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org/


Willinge et al. 10.3389/fdgth.2024.1362503
fracture recovery, this is always consulted with the VFC review

supervisor for that patient to make the necessary changes to the

treatment plan.. If this supervisor is not available, the supervising

orthopaedic trauma surgeon at that time is consulted.
Data collection

The data for this study were anonymously extracted from an

existing database. This database was set up as part of a clinical

audit of the VFC review protocol performed in our institution and

included patient records from patients treated between 2016 and

2023. Data in this database were directly extracted from EPR using

a query designed to only include patients who were eligible for the

VFC review workflow, both before and after VFC implementation

to ensure comparability between groups. The query included

registered patient characteristics in the EPR and detailed texts

extracted from ED and outpatient clinic documentation.

For all study patients included from the pre-existing database,

an additional manual check was performed by one of the

researchers with extensive experience with the VFC review

protocol (GW) to ensure VFC review eligibility before study

inclusion and data extraction. If a patient was not eligible for

VFC review, this patient was excluded from the study. The

following data were extracted for the purposes of this study: age,

sex, registered injury type (fracture, luxation, tendon/ligament

rupture), registered diagnosis related group (DRG) (20),

outpatient clinic follow-up appointments (face-to-face or

remotely by phone) with each healthcare professional contact

counting as one appointment (e.g., a combined appointment in

the casting room with a physician and a casting technician, was

counted as two separate appointments), type of healthcare

professionals performing follow-up appointments (physician or

casting technician), imaging during treatment (radiograph,

computed tomography (CT) scan and magnetic resonance

imaging (MRI) scan), time from first ED presentation to surgery

(days), ED reattendances and registered complications. All data

were collected for a period of up to one year after initial ED

presentation for each patient.

To evaluate adequate timing of surgery, patients were divided

into two groups based on the suggested optimal timeframe for

surgery per injury type in the VFC review treatment plans. One

group of injuries had a suggested optimal timeframe of ≤7 days

post-injury, the second group had a suggested optimal timeframe

of ≤14 days post-injury. These timeframes were based on joint

consensus of orthopaedic trauma staff, guided by available

literature on surgical timing and fracture guidelines (21–24). The

grouping of specific injuries in these suggested optimal

timeframes for surgery was reported at baseline.
Outcomes

The primary outcome was the number and type of outpatient

clinic follow-up appointments (face-to-face or remote), including
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the number and type of healthcare professionals performing

these follow-up appointments.

Secondary outcomes included radiographic imaging (in the ED

and outpatient clinic), the number of surgeries performed within

their suggested optimal timeframe (days from ED presentation to

surgery), ED reattendances and registered complications (e.g.,

wound infection, bleeding, wound dehiscence, nerve damage,

failed osteosynthesis).
Statistical analysis

The mean or median with appropriate measures of dispersion

(standard deviation [SD] or interquartile range [IQR]) were used to

present descriptive data for continuous variables. For categorical

variables, frequencies and percentages were used. The Chi-

squared test and the Mann-Whitney U test were applied to

compare categorical and continuous data between groups at

baseline. A p-value below 0.05 was deemed statistically

significant. Additionally, regression analyses were used to account

for potential differences in baseline characteristics and evaluate

the independent effect of VFC review. For count data outcomes

(e.g., follow-up appointments, imaging) Poisson regression and

negative binomial regression were used depending on variable

distribution (Poisson or overdispersed) (25). These outcomes

were presented as incidence rate ratios (IRR) using the pre-VFC

as a reference group. To illustrate: an IRR of 1.50 can be

interpreted as an increased rate of 1.5 (50%) in the outcome

parameter in the VFC group, compared to the pre-VFC group,

whereas an IRR of 0.50 represents a decreased rate of 0.5

(−50%). Additionally, accessory confidence intervals and p-values

were provided. For binary outcome data (surgery within

suggested optimal timeframe yes/no, complication yes/no), a

binary logistic regression analysis was performed. These

outcomes were presented as odds ratios (OR) with pre-VFC

patients as a reference group (26).

All regression analyses included the following factors and

covariates: age, sex, registered injury type and registered DRG.

Multiple imputation was not employed; missing data were

excluded from analysis if encountered. Data was analysed using

SPSS software, version 22 (IBM) (27).
Results

In total, 2,682 patients were included: 1,277 pre-VFC patients,

and 1,405 VFC patients (Table 2).

The groups differed at baseline in registered injury types and

registered DRGs. For both groups, fractures were the most

common injury type. The ankle and distal radius/ulna DRG were

most frequently registered in both groups.

The total number of follow-up appointments was reduced by

21% following VFC review implementation (IRR = 0.79, 95%

CI = 0.76–0.82, p < 0.01) (Table 3). Furthermore, the mode of

care delivery shifted from face-to-face towards remote care,

with a total reduction of face-to-face appointments of 33%
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TABLE 2 Baseline characteristics of pre-VFC and VFC patients.

Variables Pre-VFC
(n = 1,277)

VFC
(n = 1,405)

p-
value

Sex: n (%) 0.23

Male 712 (56) 751 (54)

Female 565 (44) 654 (46)

Age in years: median (IQR) 40 (27–
58)

41 (27–
57)

0.68

Registered injury type: n (%) <0.01

Fracture 1,207 (94) 1,282 (91)

Luxation 24 (2) 51 (4)

Tendon/ligament rupture 46 (4) 71 (5)

Registered DRG: n (%)
AC/SC joint 2 (0) 6 (1) 0.20

Clavicle 107 (8) 132 (9) 0.36

Glenohumeral/proximal humerus 39 (3) 52 (4) 0.36

Distal humerus/elbow 93 (7) 114 (8) 0.42

Radial head 32 (3) 15 (1) <0.01

Radial/ulnar shaft 42 (3) 30 (2) 0.06

Distal radius/ulna 243 (19) 332 (24) <0.01

Carpus 11 (1) 14 (1) 0.72

Metacarpus 123 (9) 120 (9) 0.33

Phalanges finger 148 (12) 142 (10) 0.22

Patella 29 (2) 22 (2) 0.18

Tibial plateau 36 (3) 33 (2) 0.44

Tibia/fibula shaft 36 (3) 33 (2) 0.44

Ankle 252 (20) 284 (20) 0.76

Achilles tendon 30 (2) 47 (3) 0.12

Tarsus 7 (1) 3 (0) 0.21

Metatarsus 32 (3) 20 (1) 0.04

Phalanges foot 15 (1) 6 (1) 0.03

Suggested optimal timeframe for
surgery: n (%)

0.94

≤7 daysa 817 (64) 901 (64)

≤14 daysb 460 (36) 504 (36)

VFC, virtual fracture care; IQR, interquartile range; DRG, diagnosis related group;

AC, acromioclavicular; SC, sternoclavicular.
aInjuries with a suggested optimal timeframe for surgery of ≤7 days post-injury:

AC/SC joint, humerus, radius/ulna, carpus, metacarpus, phalanges finger, Achilles

tendon, tarsus, metatarsus, phalanges foot.
bInjuries with a suggested optimal timeframe for surgery of ≤14 days post-injury:

Clavicle, patellar, tibial, ankle injuries.
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(IRR = 0.67, 95% CI = 0.64–0.70, p < 0.01) in the VFC group

compared to the pre-VFC group. In the VFC group, 19% of

follow-up appointments was done remotely vs. 4% in the pre-

VFC group (p < 0.01). Casting technicians performed a relatively

higher percentage of follow-up appointments in the VFC group

(69%) compared to the pre-VFC group (65%) (p < 0.01).

Nevertheless, due to the 21% reduction of total follow-up

appointments, VFC patients still had relatively fewer follow-up

appointments with both casting technicians (IRR = 0.92, 95%

CI = 0.86–0.98, p < 0.01) and physicians (IRR = 0.74, 95%

CI = 0.71–0.77, p < 0.01) compared to pre-VFC patients.

In total, fewer radiographs were performed in the VFC group

compared to the pre-VFC group, with a reduction of 7%

(IRR = 0.93, 95% CI = 0.89–0.98, p < 0.01) (Table 3). This total

reduction was the result of a 7% increase of radiographs

performed in the ED (IRR = 1.07, 95% CI = 1.01–1.14, p = 0.05)

vs. a 17% reduction of radiographs performed in the outpatient
Frontiers in Digital Health 07
clinic (IRR = 0.83, 95% CI = 0.79–0.88, p < 0.01) following VFC

review implementation. The VFC review protocol did not

significantly influence the total number of performed CT scans

(IRR = 1.08, 95% CI = 0.97–1.20, p = 0.14). However, the location

of where CT scans were performed shifted from the outpatient

clinic to the ED. The number of outpatient clinic CT scans

decreased by 23% (IRR = 0.77, 95% CI = 0.65–0.93, p < 0.01)

whereas the number of ED CT scans increased by 30% (IRR =

1.30,95% CI = 1.14–1.49, p < 0.01). The number of MRI scans did

not differ between groups in both the outpatient clinic and the ED.

For time to surgery, subgroup analysis showed that patients

with a suggested optimal timeframe to surgery of ≤7 days were

treated earlier in the VFC group, with a median of 7 (IQR:5–9)

days, compared to of 8 (IQR:6–11) in the pre-VFC group

(p < 0.01). This led to a greater proportion of patients operated

within the suggested 7-day timeframe in the VFC group,

reaching 57%, in comparison to 44% in the pre-VFC group

(Table 4). Regression analysis showed that VFC patients had 1.79

(OR = 1.79, 95% CI = 1.45–2.20, p < 0.01) times higher odds of

undergoing surgery within the suggested 7-day timeframe

compared to pre-VFC patients. Contrarily, patients with a

suggested optimal timeframe of ≤14 days to surgery were treated

later in the VFC group, with a median of 11 (IQR:9–13) days,

compared to 10 (IQR:9–12) days in the pre-VFC group

(p < 0.01). However, the proportion of patients who underwent

surgery within the suggested 14-day timeframe remained similar

at 91%. Consequently, the chance of undergoing surgery within

the suggested 14-day timeframe was comparable between both

groups (OR = 1.0, 95% CI = 0.64–1.56, p = 0.98).

ED reattendances more than halved in the VFC group

compared to the pre-VFC group, with a reduction of 56%

following VFC review implementation (IRR = 0.46, 95%

CI = 0.37–0.52, p < 0.01) (Table 3). The number of registered

complications was low and comparable in both groups, with 53

(3.8%) in the VFC group, compared to 39 (3.1%) in the pre-VFC

group (OR = 1.31, 95% CI = 0.85–2.01, p = 0.22). Registered

complications included wound infections, failed osteosynthesis,

bleeding, wound dehiscence and nerve damage. No significant

differences were observed for all types of complications.
Discussion

Implementation of a VFC review protocol significantly reduced

follow-up appointments in semi-acute surgical pathways for

patients with MIE, compared to traditional treatment protocols.

In addition, implementation of VFC review shifted the mode of

care delivery from face-to-face towards remote care, reduced

radiographic imaging and more than halved ED reattendances.

The reduction of follow-up appointments was primarily

achieved by efficiently organizing follow-up treatment planning

and limiting excessive treatment, similar to Direct Discharge

protocols (14, 28). Before implementation of VFC, follow-up

treatment was inconsistently scheduled step-by-step by varying

(often inexperienced) residents, leading to limited perspectives,

inefficient planning and treatment variation (29). The VFC
frontiersin.org
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TABLE 3 Secondary healthcare utilization for pre-VFC and VFC patients.

Descriptive outcome Effect (regression pre-VFC vs. VFC)

Outcome; n (median, IQR) Pre-VFC (n = 1,277) VFC (n = 1,405) IRR 95% CI p-value
Total FU appointments 7,654 (5, 4–8) 6,532 (4, 3–6) 0.79* 0.76–0.82 <0.01

Face-to-face 7,344 (5, 4–7) 5,295 (3, 2–5) 0.67* 0.64–0.70 <0.01

By telephone 310 (0, 0–0) 1,237 (1, 0–1) 3.59* 3.15–4.09 <0.01

FU appointments per HP type
Physician 5,275 (4, 3–5) 4,240 (3, 2–4) 0.74* 0.71–0.77 <0.01

Casting technician 2,379 (2, 1–3) 2,292 (1, 0–3) 0.92* 0.86–0.98 <0.01

Total radiographs 4,250 (3, 2–4) 4,328 (3, 2–4) 0.93** 0.89–0.98 <0.01

FU radiographs 2,418 (2, 1–3 2,192 (1, 1–2) 0.83** 0.79–0.88 <0.01

ED radiographs 1,832 (1, 1–2) 2,136 (1, 1–2) 1.07** 1.01–1.14 0.05

Total CT scans 649 (0, 0–1) 771 (1, 0–1) 1.08** 0.97–1.20 0.14

FU CT scans 274 (0, 0–0) 233 (0, 0–0) 0.77** 0.65–0.93 <0.01

ED CT scans 375 (0, 0–1) 538 (0, 0–1) 1.30** 1.14–1.49 <0.01

Total MRI scans 26 (0, 0–0) 20 (0, 0–0) 0.70** 0.37–1.21 0.23

FU MRI scans 26 (0, 0–0) 20 (0, 0–0) 0.70** 0.37–1.21 0.23

ED MRI scans 0 (0, 0–0) 0 (0, 0–0) – – –

ED reattendances 436 (0, 0–1) 200 (0, 0–0) 0.43* 0.37–0.52 <0.01

VFC, virtual fracture care; IQR, interquartile range; IRR, incidence rate ratio; CI, confidence interval; FU, follow-up; HP, healthcare professional; ED, emergency department;

CT, computed tomography; MRI, magnetic resonance imaging.

*Analysed with a negative binomial regression model with a reference value of 1 for the pre-VFC group.

**Analysed with a Poisson regression model with a reference value of 1 for the pre-VFC group.
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protocol replaces this with a supervised process and a

multidisciplinary review meeting for better treatment

coordination. Furthermore, by matching the needs at each

follow-up appointment to the required expertise, excessive

utilization of healthcare professionals can be limited and a more

efficient allocation of tasks is achieved. This allocation also

explains the higher percentage of follow-up appointments

performed by casting technicians. Many follow-up appointments

in these treatment plans involve adjustments or removal of

immobilisation material, suitable for a well instructed casting

technician without routine presence of a physician. Furthermore,

the documented VFC review treatment plans provide specific

instructions to support healthcare professionals during follow-up.

These results complement previous studies, suggesting this VFC

review model enhances complete follow-up treatment pathways,

beyond merely referring patients to the right healthcare

professional in the initial treatment phase (16).

In line with current literature, our results suggest the VFC

review protocol results in a shift from face-to-face to remote care

(28, 30, 31). New technologies, catalysed by the recent COVID-

19 pandemic, have sparked widespread utilization of remote

delivery of care through telemedicine due to its efficiency and

satisfactory results (32). Furthermore, previous studies have
TABLE 4 Surgery performed within suggested optimal timeframes for pre-VF

Outcomes Descriptive o

Injuries with suggested optimal timeframe ≤7 days Pre-VFC (n
Surgery within timeframe; n (%) 362

Injuries with suggested optimal timeframe ≤14 days Pre-VFC (n
Surgery within timeframe; n (%) 420

VFC, virtual fracture care; OR, Odds ratio; CI, confidence interval.

*Analysed with a binary logistic regression model with a reference value of 1 for the p
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reported societal and environmental benefits following

introduction of similar VFC protocols and remote care (33). This

is mainly attributed to reduced patient movements from-and-to

the hospital due to the reduction of face-to-face care. Our

findings show this also applies to the use of a VFC review

protocol for patients requiring semi-acute surgery and

subsequent hospital follow-up treatment. Notably, this may only

hold true in countries with well-established communication

infrastructure and high cell-phone saturation rates.

The reduction in radiographs in the VFC group aligns with

results from previous studies and can be attributed to the more

organized and supervised decision-making process during the

VFC review meeting, similar to the reduction of follow-up

appointments (28, 34). Additionally, the introduction of this

protocol has led to a shift in time and place for CT scans, from

the follow-up treatment phase in the outpatient clinic towards

the initial treatment phase in the ED. This shift may be

explained by the additional instructions for ED healthcare

professionals on when to perform a CT scan. As a result of this

shift, CT scans were readily available during the subsequent

review meeting allowing (earlier) interpretation by the VFC team.

Besides earlier interpretation, this also has a logistic patient

friendly advantage, as these patients (often with limited mobility)
C patients and VFC patients.

utcome Effect (Regression pre-VFC vs. VFC)

= 817) VFC (n = 901) OR* 95% CI p-value
(44) 509 (57) 1.79 1.45–2.20 <0.01

= 460) VFC (n = 504) OR* 95% CI p-value
(91) 459 (91) 1.0 0.64–1.56 0.98

re-VFC group.
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do not have to come back to the hospital for a CT-scan. However,

this advantage only applies to hospitals with sufficient resources to

perform CT scans in the ED.

In our study, patients with an injury benefitting from early

surgery (suggested optimal timeframe of ≤7 days) were

scheduled earlier after VFC review implementation, whereas

patients who were able to wait longer (suggested optimal

timeframe ≤14 days) were scheduled later. However, the latter

group of patients still adhered to the set suggested optimal

timeframe, highlighting the role of VFC review in prioritizing

patients and optimizing surgical scheduling planning accordingly.

To our knowledge, no other studies on VFC review protocols

have addressed this. Nevertheless, it should be noted that the

timely scheduling of surgery depends on more than just the

planning process. Factors like operating room capacity and

the availability of personnel can also play a role. In this regard,

timely scheduling of surgery may have been impaired in part of

the VFC group due to the COVID pandemic, during which

operating rooms and medical personnel were less available. This

potentially led to an underestimation of the beneficial influence

of VFC reviews on the optimization of surgical planning.

Notably, the effects of the adherence to these timeframes on

post-operative outcomes is unclear for most injuries. Future

studies are needed to specify the optimal time to surgery for

specific injuries, which can then be used to optimize the VFC

review treatment plans.

Both our results and previous literature show that patients

treated through VFC were less likely to reattend the ED

compared to pre-VFC treatment (13, 35). However, previous

studies mainly focused on the Direct Discharge protocols, only

including non-operative management of simple and stable

injuries. Our study indicates this also applies to trauma patients

requiring semi-acute surgery. We reckon this is primarily due to

the extensive information provision following VFC review, as one

of the main reasons for ED reattendance is uncertainty about the

recovery progress and timing of surgery and follow-up

appointments (36). Especially for patients requiring surgery, lack

of information may cause anxiety and concern (37).

Furthermore, the one-day time interval between the ED visit and

the VFC review phone consultation allows patients more time to

think about their concerns and questions, which they could then

address during the VFC review consultation. This may have

prevented patients from contacting the ED after their visit due to

these concerns. Fewer ED reattendances contribute to a reduction

of ED crowding, which is a major global healthcare issue and

known to significantly affect quality of care (38). Our current

study lacked data to evaluate the specific reasons for ED

reattendances, as this was not registered in the clinical audit

database from which the study data was extracted. Therefore, we

could only report on the number of ED reattendances. Detailed

evaluation of reasons for ED reattendances and patient

experiences could complement these results and provide more

in-depth insight into the specific reason behind this reduction.

Strengths of this study include the level of detail of secondary

healthcare utilization analysis, accounting for every contact with

diverse healthcare professionals during follow-up treatment.
Frontiers in Digital Health 09
Furthermore, the analysis was corrected for potential

confounding due to baseline differences. Combined, this

provided a detailed perspective on the independent effect of

VFC review on the study outcome parameters. This study also

had several limitations. First, we did not assess the number of

missed follow-up appointments, as these were not registered in

the study database. By changing the scheduling process and

mode of delivery for follow-up appointments, the number of

no-shows may have been affected. However, previous studies

have shown that telemedicine reduces no-show rates,

specifically in surgically treated patients (39–41). Additionally,

we could not account visits to healthcare professionals outside

of the hospital. This may have resulted in an underestimation

of primary healthcare resource utilization. Nonetheless, as all

patients and their general physicians were emphatically

instructed to contact the hospital in case of any concerns or

questions both before and after VFC review implementation, it

is unlikely this would have been affected. Another important

limitation is the potential bias from the COVID pandemic,

occurring partially during the VFC group inclusion period, as

the pandemic also influenced a shift to remote care. However,

the primary aim of VFC review was to streamline trauma care,

ensuring equal patient management with consistent resources,

beyond merely facilitating remote care during the pandemic. As

our study’s observed results are greater than just a shift to

remote care, we believe these stem from aspects unaffected by

the pandemic, such as organized supervision, multidisciplinary

planning, and treatment uniformity. Additionally, a prior study

comparing a similar VFC review workflow to pre-VFC

treatment during the same COVID period in two hospital sites

yielded positive results favoring the VFC review, reinforcing the

attribution of outcomes to the VFC review workflow (42).

Finally, the reduction of follow-up appointments, improved

allocation of tasks and shift to remote care following VFC

review suggests a concomitant cost reduction. However, our

data was insufficient to analyse the balance between the

resources the VFC review protocol requires and the benefits it

yields in terms of cost-effectiveness.

Parallel to healthcare resource utilization, the VFC review

may also affect patients perspectives, warranting further

research in patient satisfaction and experiences. In this regard,

the experiences of healthcare professionals with newly

introduced workflows should also be considered, as these

changes often significantly impact their daily routines. These

insights can aid successful integration of new workflows into

daily clinical practice. Furthermore, studies focusing on specific

treatment pathways and patient journeys are needed. This

knowledge may provide insights in how specific pathways can

be further tailored to fit varying needs of patients with different

injuries. For example, patients who have more anxiety

regarding their recovery may prefer face-to-face consultation

over teleconsultation. Incorporating such patient preferences

could enhance patient-friendliness and fit of treatment.

Finally, a detailed cost-effectiveness analysis would be needed to

determine the effect of the VFC review protocol on societal and

hospital costs.
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Conclusion

The utilization of a VFC review protocol for management of

adult patients (aged ≥18 years) with MIE requiring semi-acute

surgery improves efficiency compared to traditional treatment

protocols. By utilizing unified treatment pathways, organized and

detailed collective review of patients by a multidisciplinary team,

and complete treatment scheduling, secondary healthcare

utilization was optimized. This included a 21% reduction of

follow-up appointments, a shift from face-to-face remote delivery

of care, fewer radiographs, improved time scheduling of surgery,

and a 56% reduction of ED reattendances. This knowledge may

aid clinicians in optimizing follow-up treatment pathways,

providing uniform treatment and maintain quality of care while

alleviating the increasing pressure on Dutch trauma care.
Data availability statement

The data analyzed in this study is subject to the following

licenses/restrictions: Study data were anonymously extracted from

an exisiting dataset, which was comprised as part of an

institutional clinical audit. This dataset is only accessible to those

within our institution authorized for access. However, our

anonymous study data can be made available upon reasonable

request. Requests to access these datasets should be directed to

g.j.a.willinge@olvg.nl.
Ethics statement

The studies involving humans were approved by Advies

Commissie Wetenschappelijk Onderzoek. The studies were

conducted in accordance with the local legislation and

institutional requirements. The ethics committee/institutional

review board waived the requirement of written informed

consent for participation from the participants or the

participants’ legal guardians/next of kin because this was a

retrospective cohort study using only anonymous patient record

data without any possible effect on treatment or clinical

outcomes of anonymously involved patients.
Author contributions

GW: Conceptualization, Data curation, Formal Analysis,

Investigation, Methodology, Project administration, Resources,

Software, Validation, Visualization, Writing – original draft,

Writing – review & editing. JS: Conceptualization, Investigation,

Methodology, Visualization, Writing – original draft, Writing –

review & editing. TG: Methodology, Supervision, Visualization,

Writing – original draft, Writing – review & editing.
Frontiers in Digital Health 10
BT: Conceptualization, Methodology, Supervision, Writing –

original draft, Writing – review & editing. JG: Conceptualization,

Methodology, Supervision, Validation, Writing – original draft,

Writing – review & editing. Rv: Conceptualization, Data curation,

Formal Analysis, Investigation, Methodology, Project

administration, Supervision, Visualization, Writing – original

draft, Writing – review & editing.
Funding

The authors declare financial support was received for the

research, authorship, and/or publication of this article.

Unrestricted grant by health insurance company Zilveren Kruis

Achmea, Leiden, the Netherlands
Acknowledgments

On behalf of all contributing authors, we would like to thank
the Emergency Department staff and casting technicians for their
contribution to the implementation of the Virtual Fracture Care
review protocol and their efforts in sustaining high-quality
trauma care. We would also like to thank G. Duijzings (BSc) for
her efforts as project lead of the VFC project. Finally, we would
like to thank B. Dronkert for this efforts in realizing an accurate
clinical database for the VFC project.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fdgth.2024.

1362503/full#supplementary-material
frontiersin.org

mailto:g.�j.a.willinge@olvg.nl
https://www.frontiersin.org/articles/10.3389/fdgth.2024.1362503/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fdgth.2024.1362503/full#supplementary-material
https://doi.org/10.3389/fdgth.2024.1362503
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org/


Willinge et al. 10.3389/fdgth.2024.1362503
References
1. Goslings C, Gorzeman M, Offeringa-Klooster M, Berdowski J. Brandbrief
‘Regionale spoedzorg—de rek is er uit’. (2016):4.

2. Zorgautoriteit N. Marktscan Acute Zorg 2017. Utrecht: NZA (2018). p. 2017.

3. Beerekamp MSH, de Muinck Keizer RJO, Schep NWL, Ubbink DT, Panneman
MJM, Goslings JC. Epidemiology of extremity fractures in the Netherlands. Injury.
(2017) 48(7):1355–62. doi: 10.1016/j.injury.2017.04.047

4. VeiligheidNL. Cijferrapportage Letsels 2022; Kerncijfers LIS. Amsterdam,
Netherlands: Veiligheid NL (2023).

5. Statistics CBf. Statistics Population Growth Netherlands cbs.nl: Central Bureau for
Statistics. (2023). Available online at: https://www.cbs.nl/en-gb/visualisations/
dashboard-population/population-dynamics/population-growth (Accessed May 06,
2024).

6. Haut ER, Leeds IL, Livingston DH. The effect on trauma care secondary to the
COVID-19 pandemic: collateral damage from diversion of resources. Ann Surg.
(2020) 272(3):e204–e7. doi: 10.1097/SLA.0000000000004105

7. Hakkenbrak NAG, Loggers SAI, Lubbers E, de Geus J, van Wonderen SF,
Berkeveld E, et al. Trauma care during the COVID-19 pandemic in the
Netherlands: a level 1 trauma multicenter cohort study. Scand J Trauma Resusc
Emerg Med. (2021) 29(1):130. doi: 10.1186/s13049-021-00942-x

8. Firew T, Sano ED, Lee JW, Flores S, Lang K, Salman K, et al. Protecting the front line:
a cross-sectional survey analysis of the occupational factors contributing to healthcare
workers’ infection and psychological distress during the COVID-19 pandemic in the
USA. BMJ Open. (2020) 10(10):e042752. doi: 10.1136/bmjopen-2020-042752

9. Huttunen TT, Kannus P, Lepola V, Pihlajamaki H, Mattila VM. Surgical
treatment of clavicular fractures in Finland—a register based study between 1987
and 2010. Injury. (2013) 44(12):1899–903. doi: 10.1016/j.injury.2013.09.006

10. Jenkins P, Gilmour A, Murray O, Anthony I, Nugent M, Ireland A. The Glasgow
fracture pathway: a virtual clinic. BJJ News. (2014) 2:22–4.

11. Iyengar KP, Jain VK, Nallakumarasamy A, Jeyaraman M. Virtual fracture clinic
model in India: a technological innovation. Indian J Orthop. (2023) 57(1):1–6. doi: 10.
1007/s43465-022-00763-9

12. O’Reilly M, Wallace E, Merghani K, Conlon B, Breathnach O, Sheehan E.
Trauma assessment clinic: a virtual fracture clinic model that delivers on its
PROMise!. J Telemed Telecare. (2024) 30(3):579–88. doi: 10.1177/1357633X221076695

13. Cavka B, Cross E, Montvida O, Plunkett G, Oppy A, Bucknill A, et al.
Retrospective cohort study evaluating the efficacy and safety of an orthopaedic
consultant-led virtual fracture clinic in an Australian level 1 trauma centre. ANZ
J Surg. (2021) 91(7–8):1441–6. doi: 10.1111/ans.16574

14. Geerdink TH, Augustinus S, Groen JJ, van Dongen JM, Haverlag R, van Veen
RN, et al. Direct discharge from the emergency department of simple stable
injuries: a propensity score-adjusted non-inferiority trial. Trauma Surg Acute Care
Open. (2021) 6(1):e000709. doi: 10.1136/tsaco-2021-000709

15. Geerdink TH, Salentijn DA, de Vries KA, Noordman PCW, van Dongen JM,
Haverlag R, et al. Optimizing orthopedic trauma care delivery during the COVID-
19 pandemic. A closed-loop audit of implementing a virtual fracture clinic and fast-
track pathway in a Dutch level 2 trauma center. Trauma Surg Acute Care Open.
(2021) 6(1):e000691. doi: 10.1136/tsaco-2021-000691

16. Dey S, Mohammed R, Gadde R, Abraham A, Trivedi V, Unnithan A. Clinical
efficacy of the virtual fracture clinic: analysis of 17,269 referrals by type of injury.
Ann R Coll Surg Engl. (2023) 105(5):441–5. doi: 10.1308/rcsann.2022.0118

17. McKirdy A, Imbuldeniya AM. The clinical and cost effectiveness of a virtual fracture
clinic service: an interrupted time series analysis and before-and-after comparison. Bone
Joint Res. (2017) 6(5):259–69. doi: 10.1302/2046-3758.65.BJR-2017-0330.R1

18. (RIVM) NIfPHatE. Timeline COVID-19 measures 2020, 2021, 2022
www.rivm.nl: National Institute for Public Health and the Environment (RIVM).
(2022). Available online at: https://www.rivm.nl/gedragsonderzoek/tijdlijn-
maatregelen-covid-2022 (Accessed May 05, 2024).

19. Specialisten FM. Richtlijnendatabase. Utrecht, Netherlands: Federatie Medisch
Specialisten (2022). Available online at: https://richtlijnendatabase.nl/ (cited 2023 06).

20. Carroll JG. The diagnosis-related group (DRG) system. Qual Manag Health
Care. (2010) 19(1):1–2. doi: 10.1097/QMH.0b013e3181d1391c

21. Grier AJ, Chen KJ, Paul AV, Green CL, Richard MJ, Ruch DS, et al. Impact
of time to fixation on outcomes of operative treatment of intra-articular distal
Frontiers in Digital Health 11
radius fractures. HAND. (2023). doi: 10.1177/15589447231174642. [Epub ahead
of print].

22. Sanchez PH, Fleury IG, Parker EA, Davison J, Westermann R, Kopp B, et al.
Early versus delayed surgery for midshaft clavicle fractures: a systematic review.
Iowa Orthop J. (2023) 43(1):151–60.

23. Siebenburger G, Van Delden D, Helfen T, Haasters F, Bocker W, Ockert B.
Timing of surgery for open reduction and internal fixation of displaced proximal
humeral fractures. Injury. (2015) 46(4):S58–62. doi: 10.1016/S0020-1383(15)30019-X

24. Tantigate D, Ho G, Kirschenbaum J, Backer H, Asherman B, Freibott C, et al.
Timing of open reduction and internal fixation of ankle fractures. Foot Ankle Spec.
(2019) 12(5):401–8. doi: 10.1177/1938640018810419

25. Gardner W, Mulvey EP, Shaw EC. Regression analyses of counts and rates:
poisson, overdispersed poisson, and negative binomial models. Psychol Bull. (1995)
118(3):392–404. doi: 10.1037/0033-2909.118.3.392

26. Szumilas M. Explaining odds ratios. J Can Acad Child Adolesc Psychiatry. (2010)
19(3):227–9. doi: 10.1007/s00787-010-0087-7

27. IBM Corp. IBM SPSS statistics for windows (Version 27.0) [Computer software].
Armonk, NY: IBM Corp (2020).

28. Davey MS, Coveney E, Rowan F, Cassidy JT, Cleary MS. Virtual fracture clinics
in orthopaedic surgery—a systematic review of current evidence. Injury. (2020) 51
(12):2757–62. doi: 10.1016/j.injury.2020.11.001

29. Geerdink TH, Uijterwijk BA, Meijer DT, Sierevelt IN, Mallee WH, van Veen RN,
et al. Adoption of direct discharge of simple stable injuries amongst (orthopaedic)
trauma surgeons. Injury. (2021) 52(4):774–9. doi: 10.1016/j.injury.2020.11.026

30. Haider Z, Aweid B, Subramanian P, Iranpour F. Telemedicine in orthopaedics
during COVID-19 and beyond: a systematic review. J Telemed Telecare. (2022) 28
(6):391–403. doi: 10.1177/1357633X20938241

31. Wang CJ, Liu TT, Car J, Zuckerman B. Design, adoption, implementation,
scalability, and sustainability of telehealth programs. Pediatr Clin North Am. (2020)
67(4):675–82. doi: 10.1016/j.pcl.2020.04.011

32. Ekeland AG, Bowes A, Flottorp S. Effectiveness of telemedicine: a systematic
review of reviews. Int J Med Inform. (2010) 79(11):736–71. doi: 10.1016/j.ijmedinf.
2010.08.006

33. Ravindrane R, Patel J. The environmental impacts of telemedicine in place of
face-to-face patient care: a systematic review. Future Healthc J. (2022) 9(1):28–33.
doi: 10.7861/fhj.2021-0148

34. Thomas-Jones I, Kocialkowski C, Dominguez E, Williams J. Lessons from the
virtual fracture clinic: an efficient model with satisfied patients. Cureus. (2022) 14
(10):e30413. doi: 10.7759/cureus.30413

35. Vardy J, Jenkins PJ, Clark K, Chekroud M, Begbie K, Anthony I, et al. Effect of a
redesigned fracture management pathway and ‘virtual’ fracture clinic on ED
performance. BMJ Open. (2014) 4(6):e005282. doi: 10.1136/bmjopen-2014-005282

36. Rising KL, Padrez KA, O’Brien M, Hollander JE, Carr BG, Shea JA. Return visits
to the emergency department: the patient perspective. Ann Emerg Med. (2015) 65
(4):377–86.e3. doi: 10.1016/j.annemergmed.2014.07.015

37. Mitchell M. Patient anxiety and modern elective surgery: a literature review.
J Clin Nurs. (2003) 12(6):806–15. doi: 10.1046/j.1365-2702.2003.00812.x

38. Morley C, Unwin M, Peterson GM, Stankovich J, Kinsman L. Emergency
department crowding: a systematic review of causes, consequences and solutions.
PLoS One. (2018) 13(8):e0203316. doi: 10.1371/journal.pone.0203316

39. Priya L, Carey P, Shafi F. Conversion of no-show patients to telehealth in a
primary medicine clinic. Mo Med. (2022) 119(1):74–8.

40. Shao C, Wallace EL, Hare A, Gleason L, Marques I, Smith B, et al. Telemedicine
associated with decreased no-show visits among surgical specialties. J Am Coll Surg.
(2022) 235(5):S96–S7. doi: 10.1097/01.XCS.0000893704.12384.43

41. Sumarsono A, Case M, Kassa S, Moran B. Telehealth as a tool to improve access
and reduce no-show rates in a large safety-net population in the USA. J Urban Health.
(2023) 100(2):398–407. doi: 10.1007/s11524-023-00721-2

42. Willinge GJA, Spierings JF, Weert T, Twigt BA, Goslings JC, van Veen RN.
Efficiency of a virtual fracture care protocol in non-operative treatment of adult
patients with a distal radial fracture. J Hand Surg Eur Vol. (2023) 49:341–9. doi: 10.
1177/17531934231187830
frontiersin.org

https://doi.org/10.1016/j.injury.2017.04.047
https://www.cbs.nl/en-gb/visualisations/dashboard-population/population-dynamics/population-growth
https://www.cbs.nl/en-gb/visualisations/dashboard-population/population-dynamics/population-growth
https://doi.org/10.1097/SLA.0000000000004105
https://doi.org/10.1186/s13049-021-00942-x
https://doi.org/10.1136/bmjopen-2020-042752
https://doi.org/10.1016/j.injury.2013.09.006
https://doi.org/10.1007/s43465-022-00763-9
https://doi.org/10.1007/s43465-022-00763-9
https://doi.org/10.1177/1357633X221076695
https://doi.org/10.1111/ans.16574
https://doi.org/10.1136/tsaco-2021-000709
https://doi.org/10.1136/tsaco-2021-000691
https://doi.org/10.1308/rcsann.2022.0118
https://doi.org/10.1302/2046-3758.65.BJR-2017-0330.R1
https://www.rivm.nl/gedragsonderzoek/tijdlijn-maatregelen-covid-2022
https://www.rivm.nl/gedragsonderzoek/tijdlijn-maatregelen-covid-2022
https://richtlijnendatabase.nl/
https://doi.org/10.1097/QMH.0b013e3181d1391c
https://doi.org/10.1177/15589447231174642
https://doi.org/10.1016/S0020-1383(15)30019-X
https://doi.org/10.1177/1938640018810419
https://doi.org/10.1037/0033-2909.118.3.392
https://doi.org/10.1007/s00787-010-0087-7
https://doi.org/10.1016/j.injury.2020.11.001
https://doi.org/10.1016/j.injury.2020.11.026
https://doi.org/10.1177/1357633X20938241
https://doi.org/10.1016/j.pcl.2020.04.011
https://doi.org/10.1016/j.ijmedinf.2010.08.006
https://doi.org/10.1016/j.ijmedinf.2010.08.006
https://doi.org/10.7861/fhj.2021-0148
https://doi.org/10.7759/cureus.30413
https://doi.org/10.1136/bmjopen-2014-005282
https://doi.org/10.1016/j.annemergmed.2014.07.015
https://doi.org/10.1046/j.1365-2702.2003.00812.x
https://doi.org/10.1371/journal.pone.0203316
https://doi.org/10.1097/01.XCS.0000893704.12384.43
https://doi.org/10.1007/s11524-023-00721-2
https://doi.org/10.1177/17531934231187830
https://doi.org/10.1177/17531934231187830
https://doi.org/10.3389/fdgth.2024.1362503
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org/

	The effects of a Virtual Fracture Care review protocol on secondary healthcare utilization in trauma patients requiring semi-acute surgery: a retrospective cohort study
	Introduction
	Materials and methods
	Design and setting
	Study population

	Treatment workflows
	Pre-VFC workflow
	VFC—review workflow

	Data collection
	Outcomes
	Statistical analysis

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


