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Abstract

Background Surgical stabilization of rib fractures (SSRF) is associated with improved respiratory symptoms and

shorter intensive care admission in patients with flail chest. For multiple rib fractures, the benefit of SSRF remains a

topic of debate. This study investigated barriers and facilitators of healthcare professionals to SSRF as treatment for

multiple traumatic rib fractures.

Methods Dutch healthcare professionals were asked to complete an adapted version of the Measurement Instrument

for Determinants of Innovations questionnaire to identify barriers and facilitators of SSRF. If C 20% of participants

responded negatively, the item was considered a barrier, and if C 80% responded positively, the item was considered

a facilitator.

Results Sixty-one healthcare professionals participated; 32 surgeons, 19 non-surgical physicians, and 10 residents.

The median experience was 10 years (P25–P75 4–12). Sixteen barriers and two facilitators for SSRF in multiple rib

fractures were identified. Barriers included lack of knowledge, experience, evidence on (cost-)effectiveness, and the

implication of more operations and higher medical costs. Facilitators were the assumption that SSRF alleviates

respiratory problems and the feeling that surgeons are supported by colleagues for SSRF. Non-surgeons and residents

reported more and several different barriers than surgeons (surgeons: 14; non-surgical physicians: 20; residents: 21;

p\ 0.001).

Conclusion For adequate implementation of SSRF in patients with multiple rib fractures, implementation strategies

should address the identified barriers. Especially, improved clinical experience and scientific knowledge of healthcare

professionals, and high-level evidence on the (cost-) effectiveness of SSRF potentially increase its use and

acceptance.

Introduction

Rib fractures occur in 10–39% of patients with blunt chest

trauma, accounting for 10% of all trauma admissions [1–3].

Rib fractures are associated with morbidity and long-term

impaired quality of life [1, 4–6]. A typical pattern of

multiple fractures is a flail chest, which is defined as three

or more consecutive ribs fractured in at least two places

[7, 8]. Other fracture patterns with three or more fractured

ribs are often called multiple rib fractures.
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Increasingly, surgical stabilization of rib fractures

(SSRF) of a flail chest shows superior results over non-

operative treatment [9–12]. For patients with multiple rib

fractures without a flail chest, particularly low-level evi-

dence suggests that SSRF results in shorter Intensive Care

Unit (ICU) and hospital stays, lower rates of pneumonia

and empyema, reduced need for opioid analgesics and

mechanical ventilation, and earlier return to work and

social activities [13–16]. Currently, a multicenter ran-

domized controlled trial investigates the effects of SSRF

versus nonoperative treatment of multiple rib fractures in

patients without a flail chest (FixCon trial) [17].

Concomitantly to growing evidence, an implementation

strategy should be developed to successfully implement

SSRF as a treatment for multiple rib fractures [18]. Barriers

and facilitators possibly influencing the implementation of

SSRF should be identified, such as experience, knowledge,

and available resources, to ensure that the implementation

strategy includes relevant determinants, is feasible, and is

tailored to the context [19]. Therefore, this study identified

barriers and facilitators of healthcare professionals (HCPs)

to SSRF for treatment of trauma patients with multiple rib

fractures. The secondary aim was to compare barriers and

facilitators between groups of HCPs.

Material and methods

Study design, setting, and participants

This cross-sectional questionnaire study was reported fol-

lowing the ‘Checklist for Reporting of Survey Studies’

(CROSS) (Online Resource 1) [20]. This study was con-

ducted alongside the earlier described FixCon trial [17].

The online questionnaire was programmed in LimeSurvey

(Version 2.06lts) [21] and disseminated via the project

team and FixCon [17] study group to surgeons (trauma/

thoracic/general surgeons), non-surgical physicians (in-

tensivists, pulmonologists, anesthetists, rehabilitation spe-

cialists), and residents involved in treatment of adults with

rib fractures after blunt trauma from Dutch hospitals that

do and do not participate in the FixCon trial. Recipients

were encouraged to forward it to colleagues. The survey

platform registered IP addresses to prevent submitting

more than one response. Data were collected between April

8 and August 31, 2021.

Questionnaire

The Measurement Instrument for Determinants of Inno-

vations (MIDI) was used [19, 22]. MIDI identifies barriers

and facilitators of implementation and guides the devel-

opment of implementation strategies in healthcare settings.

MIDI contains 29 items that should be adapted to the

specific setting [22]. For this study, items were adapted to

identify barriers and facilitators to the extended indication

for SSRF. Twenty MIDI items (transposed in 44 questions)

were included, two items of the Barriers and Facilitators

Assessment Instrument (BFAI) [23], and 13 items that

were developed after consultation with nine HCPs involved

in SSRF (Online Resource 2). Questions covered deter-

minants on the indication for SSRF for multiple rib frac-

tures; concept and experience; perceived (dis)advantages;

organizational aspects; other potential barriers. Each

question had five response options, ranging from ‘totally

disagree’ (1) to ‘totally agree’ (5). One additional open-

ended question asked about any other perceived barriers.

These responses were analyzed qualitatively. Furthermore,

HCP characteristics were requested, including sex, age,

years of clinical experience, and specialty. It was also

asked whether their hospital participated in the FixCon trial

and if SSRF was routinely performed in their hospital.

Statistical analyses

Questionnaire responses were anonymously analyzed in

SPSS version 25.0 (SPSS, Chicago, Ill., USA). Continuous

variables were reported as median and quartiles, and cat-

egorical variables as numbers with percentages. Conform

previous studies [24–26], positively worded statements to

which C 20% of the HCPs responded ‘(totally) disagree’

were considered barriers. Positively worded statements to

which C 80% of the HCPs responded ‘(totally) agree’

were considered facilitators. For negatively worded state-

ments the opposite was applied.

Fisher exact tests were used to compare barriers and

facilitators between subgroups. Subgroup comparisons

included: (1) Surgeons versus non-surgical physicians

versus residents; and (2) Surgeons from a FixCon trial

center versus surgeons from a non-FixCon trial center.

Results

Sixty-one HCPs participated: 32 surgeons, 19 non-surgical

physicians, and 10 residents with various backgrounds

(Table 1). Most HCPs were aged 36–45 years (n = 28;

46%). The majority were male (n = 51; 84%), and most

were (trauma) surgeons (n = 28; 46%). The median clinical

experience was 10 years (P25–P75 6–14) for (trauma) sur-

geons, 10 years (P25–P75 5–15) for non-surgical physicians,

and 0 years (P25–P75 0–4) for residents About half of the

HCPs worked in a hospital participating in the FixCon trial

(n = 33; 54%). Twenty-four (39%) respondents performed

SSRF themselves, whereas for 29 (48%) respondents, a

colleague performed SSRF.
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Barriers and facilitators to SSRF

Overall, 16 barriers and two facilitators were identified

(Table 2 and Online Resource 2) indicating a negative

attitude towards implementing SSRF for multiple rib

fractures without a flail chest. Major differences in barriers

and facilitators between surgeons, non-surgical physicians,

and residents were revealed (Table 3 and Online Resource

3). Twenty determinants were statistically significantly

different among the three subgroups. Non-surgical physi-

cians and residents reported more barriers than surgeons

(surgeons: 14; non-surgical physicians: 20; residents: 21,

p\ 0.001). Furthermore, surgeons reported seven and

residents six facilitators, while non-surgical physicians

reported none. Surgeons working in a hospital participating

in the FixCon trial reported fewer barriers (n = 15 vs.

n = 19, p\ 0.001), but also fewer facilitators (n = 7 vs.

n = 10, p\ 0.001) than surgeons working in a non-FixCon

trial center. Only eight barriers and six facilitators

overlapped, and eight determinants differed statistically

significantly between the FixCon and non-FixCon trial

centers (Table 4 and Online Resource 3).

Indication for SSRF

For setting the indication for SSRF, six barriers and no

facilitators were identified (Table 2 and Online Resource

2). Most frequently, HCPs indicated that they are too

inexperienced (n = 22; 36%) and have insufficient knowl-

edge (n = 19; 31%) about which patient will benefit from

SSRF, and the rib level (n = 10; 31%) and location on the

rib (n = 10; 31%) where SSRF could be beneficial. They

also lacked belief that SSRF is based on sound scientific

knowledge (n = 17; 28%) and lacked awareness of for

whom rib fixation is indicated (n = 14; 23%). Subgroup

analysis demonstrated that surgeons did not indicate inex-

perience, insufficient knowledge, or unawareness as a

barrier to indication setting for SSRF (Table 3 and Online

Resource 3).

Concept and experience

Two barriers and two facilitators were identified for con-

cept and experience with SSRF. The goal to promote

normal breathing with SSRF was a facilitator (n = 50;

82%). Solely for surgeons, a facilitator was that they can

rely on sufficient support from colleagues (n = 30; 94%).

Respondents assumed that pulmonologists (n = 15; 25%)

and anesthetists (n = 15; 25%) do not consider SSRF as a

treatment option for patients with multiple rib fractures.

Perceived (dis)advantages

Three barriers were perceived as disadvantages: the

assumed increases of pressure on the surgical schedule

(n = 38; 62%), medical costs (n = 25; 41%), and workload

(n = 15; 25%). Interestingly, subgroup analysis revealed

that only the non-surgical physicians perceived the

increased workload as a barrier (surgeons:13%; non-sur-

gical physicians: 53%; residents: 10%; p = 0.001).

Organizational aspects

One organizational aspect was a barrier: limited regular

feedback from their department on the application of SSRF

(n = 22; 36%). Remarkably, availability of staff (surgeons:

6%; non-surgical physicians: 21%; residents: 0%;

p = 0.012) and easy access in the organization to knowl-

edge and experience concerning the implementation of

SSRF (surgeons: 9%; non-surgical physicians: 26%; resi-

dents: 0%; p\ 0.001) were facilitators for surgeons, but

barriers for non-surgical physicians. Surgeons also

Table 1 Participant characteristics

Total (n = 61)

Sex (male) 51 (84%)

Age (years)

18–35 11 (18%)

36–45 28 (46%)

46–55 19 (31%)

[ 55 3 (5%)

Specialty

(Trauma) surgeon 29 (49%)

Thoracic surgeona 3 (5%)

Intensivist 4 (7%)

Pulmonologist 4 (7%)

Anesthetist 10 (16%)

Rehabilitation specialist 1 (2%)

Resident 10 (16%)

Experience (years) 10.0 (3.5–12.0)

FixCon trial centerb 33 (54%)

(Trauma) surgeon 14 (44%)

Hospital performing SSRF

I perform SSRF 24 (39%)

My colleagues perform SSRF 29 (48%)

No 5 (8%)

Not sure 3 (5%)

Data are shown as n (%) or as median (P25-P75)

SSRF, surgical stabilization of rib fractures
aPlease note that in the Netherlands, the specialty ‘thoracic surgery’

can include both cardiac and lung surgery
bHospitals that participate in the multicenter FixCon trial
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Table 2 Summary of barriers and facilitators influencing the implementation of surgical stabilization of rib fractures for multiple rib fractures

after blunt trauma in adults (n = 61)

(Totally) 

disagree (%)

(Totally) 

agree (%)

Indication for SSRF

I am aware in which patients, according to the current literature, rib fixation is 

indicated for multiple rib fractures (+)

23 53

The indication for rib fixation of multiple rib fractures after blunt trauma is based on 

sound scientific knowledge (+)

28 23

Knowledge: I have sufficient knowledge to assess who will benefit from rib fixation 

for multiple rib fractures (+)

31 46

I have sufficient experience to assess who will benefit from rib fixation for multiple 

rib fractures (+)

36 39

I am aware of the current literature on which level rib fixation can be beneficial (+) a 31 44

I am aware of how to perform rib fixation on different locations on the rib (e.g.

parasternal or paravertebral) (+) a
31 53

Concept and experience with rib fixation for multiple rib fractures

Outcome: I perform rib fixation for multiple rib fractures to facilitate normal 

breathing (+)

3 82

Support: I can rely on sufficient support from my colleagues if I need help with rib 

fixation for multiple rib fractures (+) a

3 94

Normative beliefs: The following colleague or person expects me to perform rib 

fixation for multiple rib fractures (+): - Pulmonologist

25 13

Normative beliefs: The following colleague or person expects me to perform rib 

fixation for multiple rib fractures (+): - Anesthetist

25 25

Advantages and disadvantages of rib fixation for multiple rib fractures

Personal benefits: Rib fixation for multiple rib fractures increases my workload (-) 46 25

Outcomes expectations: Rib fixation increases the pressure on the surgical schedule 

(-)

15 62

Outcomes expectations: Rib fixation reduces medical costs (+) 41 10

Organizational aspects of applying rib fixation for multiple rib fractures

My department provides feedback regularly about the implementation of rib fixation 

for multiple rib fractures (+)

36 41
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indicated time available to integrate SSRF in their orga-

nization was a facilitator, in contrast to the non-surgical

physicians and residents (surgeons: 84%; non-surgical

physicians: 16%; residents: 70%, p\ 0.001).

Other barriers

Four other barriers were reported: lack of evidence about

effectiveness (n = 33; 54%) and cost-effectiveness

(n = 29; 48%); the belief that SSRF is not cost-effective

(n = 14; 23%); and having expert centers for SSRF would

be a barrier (n = 23; 38%). Surgeons, in contrast to other

HCPs, implied that a considerable risk of postoperative

complications is a barrier (surgeons: 25%; non-surgical

physicians: 16%; residents: 10%; p\ 0.001). Residents

indicated that a practical guideline or advice from the

national trauma surgery association would be a facilitator

(90%).

The open-ended question on other potential barriers was

answered by 31 (51%) respondents. Most responses

(n = 14; 45%) were about the lack of evidence about the

(cost-)effectiveness and the indication of SSRF for multi-

ple rib fractures (n = 4; 13%). Other concerns were about

logistical factors including the operating room schedule

(n = 4; 13%) and the availability of local expertise (n = 3;

10%).

FixCon versus non-fixCon trial centers

Responses differed between surgeons working in FixCon

and non-FixCon trial centers (Table 4). Having sufficient

skills to perform SSRF was a barrier for FixCon trial sur-

geons, but a facilitator for those not working in a FixCon

trial center (barrier: 36 vs. 0%; p = 0.024). SSRF was

expected to increase the hospital length of stay by non-

FixCon surgeons, but not by FixCon surgeons (28% vs.

7%; p = 0.038). Barriers to non-FixCon surgeons were that

pulmonologists (28 vs. 14%; p = 0.023) and patients (28

vs. 14%; p = 0.003) do not expect them to perform SSRF;

absence of a formal policy about SSRF (e.g. in protocols)

(44 vs. 7%; p = 0.042); and they were not convinced that

SSRF for multiple rib fractures effectively improves out-

comes (22 vs. 7%; p = 0.027). The lack of evidence about

the effectiveness of SSRF was a stronger barrier for non-

FixCon surgeons than for surgeons from a FixCon trial

center (83 vs. 43%; p = 0.041).

Discussion

Sixteen barriers and two facilitators for implementing

SSRF were identified. Most barriers concerned lacking

scientific evidence for the indication and (cost-)effective-

ness of SSRF. Surgeons perceived fewer barriers and more

facilitators than non-surgical physicians and residents;

especially in the workload and organizational aspects.

Facilitators were the assumption that SSRF alleviates res-

piratory problems, and for surgeons, the feeling that they

are supported by colleagues for SSRF. Barriers and facil-

itators differed between surgeons from centers that do and

do not participate in the FixCon trial. Differences consisted

mostly of the extent to which they were convinced that

Table 2 continued

Other potential barriers to rib fixation for multiple rib fractures

The lack of evidence about the effectiveness hinders me from implementing rib 

fixation for multiple rib fractures (-)

13 54

The lack of evidence about the cost-effectiveness hinders me from implementing rib 

fixation for multiple rib fractures (-)

16 48

I am convinced that fixation for multiple rib fractures is cost-effective (+) 23 21

Expert centers should perform rib fixation for multiple rib fractures (+) 38 38

(Totally) 

disagree (%)

(Totally) 

agree (%)

( ?) indicates positive statement; (-) indicates negative statement. Data are shown as percentages. Barriers are highlighted in red; facilitators are

highlighted in blue
*Indicates that the question applies exclusively to surgeons, therefore only the surgeon’s responses are displayed
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Table 3 Comparison of barriers and facilitators influencing the implementation of surgical stabilization of rib fractures for multiple rib fractures

after blunt trauma in adults between healthcare providers from different specialties

Specialty

Surgeons (n=32) Non-surgical 

physicians (n=19)

Residents (n=10)

Questionnaire item
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Indication for SSRF 

I am aware in which patients, according to the current literature, rib 

fixation is indicated for multiple rib fractures (+)
3 72 63 21 10

The indication for rib fixation of multiple rib fractures after blunt 

trauma is based on sound scientific knowledge (+)
31 31 32 16 10

Relevance for the patient: I find rib fixation a suitable procedure for 

adults with multiple rib fractures caused by blunt trauma (+)
9 59 11 53 20

The indication for rib fixation provides me with the opportunity to 

make my own consideration (+) 
3 75 32 5 0

Knowledge: I have sufficient knowledge to assess who will benefit 

from rib fixation for multiple rib fractures (+)
13 69 63 16 30 30

I have sufficient experience to assess who will benefit from rib fixation 

for multiple rib fractures (+)
16 63 58 16 60 10

I am aware of the current literature on which level rib fixation can be 

beneficial (+) a
31 44

I am aware of how to perform rib fixation on different locations on the 

rib (e.g. parasternal or paravertebral) (+) a
31 53

Concept and experience with rib fixation for multiple rib fractures

Compatibility: Rib fixation of multiple rib fractures is compatible with 

how I am used to working with other indications and procedures (+)
9 59 11 11 20 70

Complexity: I have sufficient skills to perform rib fixation (+) a 16 75

Outcome: I perform rib fixation for multiple rib fractures to achieve the 

following goals for my patients (+):

-Pain relief 9 72 5 58 0 100

-Facilitate normal breathing 3 91 5 58 0 100

-Recontour the chest wall 13 53 5 42 30 40

Support: I can rely on sufficient support from my colleagues if I need 

help with rib fixation for multiple rib fractures (+) a
3 94

Motivation to comply: I value the opinion of my close colleagues about 

rib fixation for multiple rib fractures (+)
6 91 5 42 0 100

Normative beliefs: The following colleague or person expects me to 

perform rib fixation for multiple rib fractures (+)

- Pulmonologist 22 16 21 16 40 0

- (Trauma) surgeon 6 66 11 37 0 80

- Thoracic surgeon 19 9 16 16 30 10

- Patient with multiple rib fractures 19 38 16 21 30 20

- Critical care specialist/ Intensivist 6 66 16 32 30 20

- Anesthetist 19 31 26 21 40 10

The following colleague or person expects me not to perform rib 

fixation for multiple rib fractures (-)

- Anesthetist 38 6 16 21 50 10
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Table 3 continued

Advantages and disadvantages of rib fixation for multiple rib fractures

Personal benefits: Rib fixation for multiple rib fractures increases my 

workload (-)
63 13 16 53 50 10

Outcomes expectations: Rib fixation increases the pressure on the 

surgical schedule (-)
19 53 5 74 20 70

Outcomes expectations: Rib fixation reduces the number of patients 

needing mechanical ventilation (+)
16 53 16 53 20 30

Outcomes expectations: Rib fixation reduces medical costs (+) 44 6 37 16 40 10

Outcomes expectations: Rib fixation increases the number of visits to 

the outpatient clinic (-)
41 9 16 21 30 10

Organizational aspects of applying rib fixation for multiple rib fractures

Formal ratification by management: The management of my institution 

needs to make a formal policy about rib fixation (in management plans, 

protocols, etc.) (+)

28 50 5 79 10 80

Coordination: It is necessary to have one or multiple persons assigned 

to coordinate the implementation of rib fixation in my institution (+)
28 66 0 79 20 60

Unsettled organization: Other current or expected changes influence the 

implementation of rib fixation (for example, a reorganization, merger, 

budget cuts, staffing changes, or other innovations) (-)

53 13 32 21 20 0

Replacement: There is a continuum of expertise to facilitate the 

implementation of rib fixation for multiple rib fractures (+)
3 88 16 68 0 60

Staff: The current staff is sufficiently available for correctly 

implementing rib fixation for multiple rib fractures (+)
6 88 21 47 0 70

Time available: My institution allows me sufficient time to integrate rib 

fixation for multiple rib fractures in my daily clinical practice (+)
3 84 11 16 0 70

Information accessible: Knowledge and experience concerning the 

implementation of rib fixation for multiple rib fractures are easily 

accessible in my institution (+)

9 91 26 42 0 70

Feedback: My department provides feedback regularly about the 

implementation of rib fixation for multiple rib fractures (+)
28 59 58 5 20 50

The COVID19 pandemic prohibits me from performing rib fixation for 

multiple rib fractures (-)
78 3 21 5 30 20

Other potential barriers to rib fixation for multiple rib fractures

The lack of evidence about the effectiveness hinders me from 

implementing rib fixation for multiple rib fractures (-)
19 66 5 37 10 50

The lack of evidence about the cost-effectiveness hinders me from 

implementing rib fixation for multiple rib fractures (-)
22 50 5 37 20 60

The considerable risk of postoperative complications hinders me from 

implementing rib fixation for multiple rib fractures (-)
59 25 11 16 40 10

I am convinced that fixation for multiple rib fractures effectively 

improves the outcomes for my patients (+)
16 38 16 42 20 50

I am convinced that fixation for multiple rib fractures is cost-effective 

(+)
22 25 26 21 20 10

A practical guideline or advice from the Netherlands Association of 

Trauma surgery would stimulate me to implement rib fixation for 

multiple rib fractures (+)

13 63 0 58 0 90

Expert centers should perform rib fixation for multiple rib fractures (+) 44 31 26 47 40 40

Specialty

Surgeons (n=32) Non-surgical 

physicians (n=19)

Residents (n=10)

Questionnaire item
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( ?) indicates positive statement; (-) indicates negative statement. Data are shown as percentages. Barriers are highlighted in red; facilitators are

highlighted in blue. Bold numbers indicate statistically significant differences between subgroups
aIndicates that the question applies exclusively to surgeons
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Table 4 Comparison of barriers and facilitators influencing the implementation of surgical stabilization of rib fractures for multiple rib fractures

after blunt trauma in adults between surgeons from centers participating and centers not participating in the FixCon trial

Surgeons

FixCon trial center

(n=14)

Non-FixCon trial 

center (n=18)

Questionnaire item
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Indication for SSRF

The indication for rib fixation of multiple rib fractures after blunt trauma is based on sound 

scientific knowledge (+)
14 36 44 28

I have sufficient experience to assess who will benefit from rib fixation for multiple rib 

fractures (+)
21 50 11 72

I am aware of the current literature on which level rib fixation can be beneficial (+) 50 36 17 50

I am aware of how to perform rib fixation on different locations on the rib (e.g. parasternal 

or paravertebral) (+) 
50 43 17 61

Concept and experience with rib fixation for multiple rib fractures

Complexity: I have sufficient skills to perform rib fixation (+) 36 57 0 89

Outcome: I perform rib fixation for multiple rib fractures to achieve the following goals for 

my patients (+):

b. Facilitate normal breathing 7 86 0 94

c. Enhance lung capacity 7 71 22 39

e. Improve satisfaction with the recovery 7 50 28 22

Satisfaction: In general, my patients will be satisfied when I perform rib fixation for multiple 

rib fractures (+)
21 57 6 50

Support: I can rely on sufficient support from my colleagues if I need help with rib fixation 

for multiple rib fractures (+)
7 93 0 94

Motivation to comply: I value the opinion of my close colleagues about rib fixation for 

multiple rib fractures (+)
14 86 0 94

Normative beliefs: The following colleague or person expects me to perform rib fixation for 

multiple rib fractures (+)

- Pulmonologist 14 36 28 0

- Thoracic surgeon 29 14 11 6

- Patient with multiple rib fractures 7 71 28 11

- Anesthetist 7 43 28 22

Advantages and disadvantages of rib fixation for multiple rib fractures

Personal benefits: Rib fixation for multiple rib fractures increases my workload (-) 57 21 67 6

Outcomes expectations: Rib fixation shortens the ICU length of stay (+) 7 93 17 56

Outcomes expectations: Rib fixation shortens the hospital length of stay (+) 7 71 28 39

Outcomes expectations: Rib fixation increases the pressure on the surgical schedule (-) 14 43 22 61

Outcomes expectations: Rib fixation reduces the number of patients needing mechanical 

ventilation (+)
7 71 22 39

Outcomes expectations: Rib fixation reduces medical costs (+) 36 7 50 6

Outcomes expectations: Rib fixation increases the number of visits to the outpatient clinic (-) 36 0 44 17
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patients with multiple rib fractures benefit from SSRF; e.g.,

surgeons from non-FixCon trial centers expected SSRF to

increase the length of hospital stay, contrasting evidence

showing that SSRF is associated with equal or shorter

hospital length of stay [12, 27].

To the best of our knowledge, this is the first study

investigating barriers and facilitators to implementing

SSRF for trauma patients with multiple rib fractures

including surgeons and non-surgeons. A previous study

surveyed 450 surgeons in 2007 for their opinion about

SSRF and sternal fracture repair [28]. Many respondents

reported that the scientific literature was insufficient for the

indication for SSRF, which is similar to our findings.

Interestingly, a large majority of respondents in that survey

Table 4 continued

Organizational aspects of applying rib fixation for multiple rib fractures

Formal ratification by management: The management of my institution needs to make a 

formal policy about rib fixation (in management plans, protocols, etc.) (+)
7 57 44 44

Coordination: It is necessary to have one or multiple persons assigned to coordinate the 

implementation of rib fixation in my institution (+)
21 64 33 67

Replacement: There is a continuum of expertise to facilitate the implementation of rib 

fixation for multiple rib fractures (+)
7 93 0 83

Staff: The current staff is sufficiently available for correctly implementing rib fixation for 

multiple rib fractures (+)
14 79 0 94

Support available: There is sufficient financial and material support for correctly 

implementing rib fixation for multiple rib fractures (+)
7 64 6 83

Time available: My institution allows me sufficient time to integrate rib fixation for multiple 

rib fractures in my daily clinical practice (+)
0 86 6 83

Information accessible: Knowledge and experience concerning the implementation of rib 

fixation for multiple rib fractures are easily accessible in my institution (+)
7 93 11 89

Feedback: My department provides feedback regularly about the implementation of rib 

fixation for multiple rib fractures (+)
21 79 33 44

The COVID19 pandemic prohibits me from performing rib fixation for multiple rib fractures 

(-)
64 7 89 0

Other potential barriers to rib fixation for multiple rib fractures

The lack of evidence about the effectiveness hinders me from implementing rib fixation for 

multiple rib fractures (-)
36 43 6 83

The lack of evidence about the cost-effectiveness hinders me from implementing rib fixation 

for multiple rib fractures (-)
21 36 22 61

The considerable risk of postoperative complications hinders me from implementing rib 

fixation for multiple rib fractures (-)
57 14 61 33

I am convinced that fixation for multiple rib fractures effectively improves the outcomes for 

my patients (+)
7 64 22 17

I am convinced that fixation for multiple rib fractures is cost-effective (+) 21 36 22 17

Expert centers should perform rib fixation for multiple rib fractures (+) 43 36 44 28

Surgeons

FixCon trial center

(n=14)

Non-FixCon trial 

center (n=18)

Questionnaire item
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( ?) indicates positive statement; (-) indicates negative statement. Data are shown as percentages. Barriers are highlighted in red; facilitators are

highlighted in blue. Bold numbers indicate statistically significant differences between subgroups
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stated that they did not know any published randomized

trials about SSRF. Although many studies about SSRF

have been published since then, this unawareness of the

scientific literature for the indication of SSRF could also

have played a role in our study. Several studies have

described barriers and facilitators for implementing rib

fracture management protocols [29–31]. For example, a

dedicated rib fracture consultation service was started

when it was realized that many trauma patients who could

have benefitted from SSRF were missed [29]. Conse-

quently, embedding consultation with a team of dedicated

surgeons who regularly perform SSRF was included in the

care of patients with rib fractures. Insufficient knowledge,

experience, and availability of staff were considered bar-

riers to SSRF, which is similar to the barriers found in the

current study. Another study showed that an important

facilitator for an analgesic protocol for rib fractures

patients was the practical fact that starting the new protocol

became the least labor-intensive method for initiating

patient care upon admission [31].

Although not for SSRF specifically, several barriers and

facilitators were described for the implementation of a

chest injury care bundle, including a standard set of

interventions for patients with chest injuries [32]. HCPs

identified that new interventions must be evidence-based,

easy to follow, and easily accessible [32]. Also, the belief

that the intervention improves patient care and the support

from colleagues was considered very important. Our find-

ings share these themes.

A strategy for implementing SSRF for patients with

multiple rib fractures is most likely to succeed when it

enhances the identified facilitators and focuses on dimin-

ishing the barriers [18, 33, 34]. Not surprisingly, the most

important barrier to implementation was the lack of evi-

dence. At the time of the survey, there was a paucity of

data from clinical trials about SSRF in patients with mul-

tiple rib fractures without a flail chest. However, several

trials were recently published [12, 35] and more are

expected soon [17, 36]. With increasing scientific evidence

for the (cost-)effectiveness of SSRF becoming available,

the barrier related to lack of evidence will likely diminish.

Nevertheless, as the field of implementation science has

shown multiple times, sound scientific evidence alone does

not guarantee uptake [18, 33, 34]. Likely, disseminating

SSRF also relies heavily on the opinion and practices of

colleagues and mentors. Our results demonstrate that sur-

geons perceived the fewest barriers in knowledge and

experience, and generally felt most facilitated by their

close colleagues and their organization. An implementation

strategy is likely to be most successful when it allows

surgeons to disseminate their knowledge and experience to

their colleagues, residents, and non-surgical colleagues in

the anesthesia and pulmonology departments. As for

organizational aspects, the strategy should focus on opti-

mizing the planning of SSRF in a busy operation room

schedule and providing regular feedback about the imple-

mentation of SSRF to all HCPs involved.

This study has several strengths and limitations. A

strength includes the use of the widely-used MIDI to

identify barriers and facilitators. Another strength is the

diversity of HCPs that completed the questionnaire which

allowed subgroup analyses. However, non-surgical physi-

cians could potentially have confounded the overall results

concerning aspects more specific to surgery. Another lim-

itation includes that some respondents were invited via the

FixCon trial network, who might be more positive about

SSRF because of their connection with a surgeon who is

involved in a clinical trial specifically studying SSRF for

multiple rib fractures. Because our questionnaire study was

performed anonymously and with an open link, we have no

insight into the response rate and we were unable to

determine whether non-responders differed from respon-

ders. Also, although IP addresses were registered, double

submissions could theoretically not be completely pre-

vented. The study is limited by the relatively small number

(n = 61) of respondents, which raises the suspicion that the

non-responders were less interested and therefore less

positive about SSRF in general than the respondents. In

addition, most respondents (87%) worked in a center that

already performs SSRF. Potentially, the results of this

study are not directly generalizable to HCPs working in a

center that does not have an established SSRF program. As

a final limitation, 16% of the respondents were residents

with relatively limited experience, which might have

affected their insights into barriers and facilitators. Despite

these limitations, the questionnaire results provide impor-

tant insights to develop implementation strategies. How-

ever, potentially other not surveyed factors could become

apparent later in the implementation process. In the end,

changing behavior is a complex process, for which an

implementation strategy provides a starting point. Natu-

rally, when progressing in the implementation process,

continuing awareness for identifying new barriers and

facilitators is warranted.

In conclusion, successfully implementing SSRF for

trauma patients with multiple rib fractures requires grow-

ing scientific and clinical knowledge. Besides this, devel-

oping implementation strategies for SSRF for multiple rib

fractures should aim at overcoming the other barriers and

enhancing the facilitators identified in this study.
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