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ABSTRACT
Aims: To evaluate the implementation of advanced practice nursing for patients with minor
orthopedic injuries, including comparison of outcomes in relation to advanced practice nurse
versus standard (physician-led) care models.
Design: A non-inferiority study was performed in an emergency department in Norway, where
advanced practice nursing is in an initial stage of implementation. The non-inferiority design was
chosen to test whether the new advanced practice nursing model does not compromise quality of
care compared to the standard care model already in use.
Methods: Patients with minor orthopedic injuries were assessed and treated by either advanced
practice nursing or standard (physician-led) care models. Participating patients were assigned to
the professional available at presentation. In the nursing model, registered nurses worked at an
advanced level/applied advanced practice nursing following in-house-training. Senior orthopedic
specialists evaluated the diagnostic and treatment accuracy in both models. Data were collected
in a tool developed for this study, from May to October, 2019.
Results: In total, 335 cases were included, of which 167 (49.9 %) were assessed and treated in
the nursing model. Overall, correct diagnosis was found in 97.3 % (n = 326) of the cases, and
correct treatment was found in 91.3 % (n = 306) of the cases. In comparison of missed diagnosis
between advanced practice nurse and the standard (physician-led) care model showed
inconclusive results (risk ratio: 0.29, 95% CI: 0.06-1.36). In comparison of treatment outcomes,
the results showed that the advanced practice nursing model was non-inferior (risk ratio: 0.45,
95% CI: 0.21-0.97).

Conclusion: Advanced practice nursing care models can be used to diagnose and treat minor
orthopedic injuries without compromising quality of care. Further implementation of the
advanced practice nurse care model is encouraged.
Key words: Advanced practice nursing, Assessment, Emergency department, Emergency
services, Non-inferiority study, Orthopedics, Treatment.

What is already known about the topic?


Limited emergency care resources are an issue in Norway, as in many other countries
around the world. Throughput of patients can be increased by implementing advanced
practice nursing.



It has been demonstrated that advanced practice nursing can be improve health care
systems in a number of previous studies. Due to its recent introduction, research on
advanced practice nursing in the Norwegian healthcare system is, to date, limited.

What this paper adds?


Diagnostic and treatment accuracy were high in both the advanced practice nursing care
model and in the standard (physician-led) care model.



The study demonstrates that the advanced practice nursing care model was non-inferior in
treatment accuracy compared to the standard (physician-led) care model.



The study supports further implementation of the advanced practice nursing in orthopedic
service. However, some caution is necessary regarding rarely observed diagnoses and/or
diagnoses with lower treatment accuracy.

1. INTRODUCTION
Emergency department (ED) presentations have been shown to be increasing both in Norway
(Bjornsen, Uleberg, & Dale, 2013) and in other countries such as Sweden (af Ugglas et al.,
2020), Australia (Burkett et al., 2017) and the United States (Greenwood-Ericksen & Kocher,
2019). Delays to care are a common problem that can compromise patient safety (af Ugglas et
al., 2020; Morley et al., 2018; Velt et al., 2018). Advanced practice nursing is one approach to
meeting this increased demand and ED throughput may be increased by expanding nursing roles
and the scope of nursing practice (Elder, Johnston, & Crilly, 2015; Wilson, Zwart, Everett, &
Kernick, 2009). The study objective was to compare the quality of care provided for patients
with minor orthopedic injuries in terms of diagnostic and treatment accuracy between advanced
practice nursing versus standard (physician-led) care models. The study was set in the emergency
care context in Norway, where advanced nursing practice is in an initial stage of implementation.
1.1 Background
All Norwegian residents have access to a public healthcare system, covered by the National
Insurance Scheme. The municipalities organize the primary healthcare, including general
practitioner service (fastlege) and 24-h urgent care service (legevakt), while the state is in charge
of hospitals and the ambulance services (Sandvik & Hunskaar, 2018). Access to specialist
healthcare, including ED presentation, is generally referral based. Patients cannot meet at
hospital emergency rooms without a prior contact with prehospital healthcare. The urgent care
centers in Norway provide a pre-hospital level of care but do not have full diagnostic resources.
Therefore, if a patient is evaluated as needing further treatment, for example, radiography
services, they will be referred on to specialist health services such as the ED (Ringard, Sagan,
Sperre Saunes, & Lindahl, 2013). Applying this, so-called gatekeeper system, means that the

majority of the patients have a preliminary diagnosis prior to ED presentation (Blinkenberg et al.,
2019).
In Norway, the health care services have been assessed to be of high quality and most patients
are well cared for. However, patients‟ need for coordinated services may not be adequately met
(Ministry of Health and Care Services, 2009). As a result, there has been an initiative for better
coordination of services, including offering appropriate treatment, at the right place and time. In
order to achieve this one approach, the Government has approved the introduction of advanced
practice nursing (Ministry of Health and Care Services, 2009). Advanced practice nursing
involves, “nurses working in advanced roles beyond the standard registered nurses‟ (RN) scopeof-practice, after additional training” (Maier & Aiken, 2016). Advanced practice nursing can be
applied by formally educated advanced practice nurses (APNs) or nurse practitioners (NPs). It is
recommended that these nurses have added skills and knowledge derived from clinical
experience and post-basic education at Master‟s level (International Council of Nurses, 2020).
Advanced practice nursing can also be applied by registered nurses in advanced roles without
master education, including certain elements of the advanced scope of practice, but do not
practice to the same level of complexity as APNs or NPs (Maier, Aiken, & Busse, 2017).
Previous studies have shown advanced practice nursing to be equivalent to or better than
physician-led care in some cases in terms of outcomes (Cooper, Lindsay, Kinn, & Swann, 2002;
Roche, Gardner, & Jack, 2017; Wilson et al., 2009). Nurse-led care has been shown to have a
positive impact on wait times (Hiza, Gottschalk, Umpierrez, Bush, & Reisman, 2015; Jennings,
Clifford, Fox, O'Connell, & Gardner, 2015), patient satisfaction (Cooper et al., 2002; Jennings et
al., 2015; Martinez-Gonzalez et al., 2014) and quality of care (Jennings et al., 2015; MartinezGonzalez et al., 2014). Additionally, previous research has shown that APN is convenient for

non-urgent emergency care patients (Jennings, McKeown, O‟Reilly, & Gardner, 2013; Li,
Westbrook, Callen, Georgiou, & Braithwaite, 2013; van der Linden, Reijnen, & de Vos, 2010;
Wilson et al., 2009). However, it has been suggested that more research on the subject is required
(Jennings et al., 2015; Martinez-Gonzalez et al., 2014).
Due to its recent introduction, research on advanced practice nursing in the Norwegian
healthcare system is limited. This study adds to knowledge base on the quality of care provided
by advanced practice nursing models in comparison to physician-led care for minor orthopedic
injuries, i.e., injuries and/or closed fractures in the elbow and/or distal of elbow or knee and/or
distal of knee (Appendix S1). The results are expected to be applicable if introducing similar
advanced practice nursing services elsewhere. Also, to add knowledge on advanced practice
nursing in emergency care in general.

2. THE STUDY
2.1 Aim and objective
The aim was to evaluate the implementation of advanced practice nursing for patients with minor
orthopedic injuries.
The study objective was to compare the quality of care provided for patients with minor
orthopedic injuries in terms of diagnostic and treatment accuracy between advanced practice
nursing versus standard (physician-led) care models. The study took place in the emergency care
context in Norway, where advanced nursing practice is at an initial stage of implementation.
2.2 Design

A quasi-experimental non-inferiority study. Patients with minor orthopedic injuries were referred
to either advanced practice nursing or standard (physician-led) care model to evaluate if
advanced practice nursing model is not worse than standard model of care.
This research is part of a larger project entitled, “Providing person-centered healthcare – by new
models of advanced nursing practice in cooperation with patients, clinical field and higher
education”. A study protocol has been published prior to this study (Boman, Duvaland, Gaarde,
Leary, & Fagerström, 2020).
2.3 Setting
The study was performed in an emergency department in South-East Norway providing 24-hr
care. The hospital serves approximately 170,000 inhabitants, and the proposed ED unit receives
about 30,300 annual patient visits. The region is socio-economically below-average with a high
proportion of immigrants.
Traditionally, all patients presenting with minor orthopedic injuries has been assessed, diagnosed
and treated by a medical intern (LIS-1), here called „standard (physician-led) care model‟. At the
time, there were 13 medical interns rotating in this service. In parallel, an advanced practice
nursing model has been implemented. In the advanced practice nursing model, patients with
minor orthopedic injuries are being assessed, diagnosed (including analysis of radiographs),
treated and/or deemed in need of surgery by a RN, working at an advanced level/applying
advanced practice nursing following in-house-training. At the time, there were 9 nurses rotating
in the service. Five were in the final stage of NP education or recently graduated, two were RNs
with orthopedic (plaster) technician education and two were nurse specialists (postbasic nurse

education). All had worked more than 5 years in the emergency department and had a special
interest in orthopedics.
The nurses participated in a 1-day in-house education program and additional self-studies. The
training program included diagnostics (including radiograph reading) and treatment of minor
orthopedic injuries, and training on how to document in patient records. When needed, both the
nurses and the medical interns can consult the orthopedic surgeon on duty to support hands on
support and instruction.
2.4 Sample/Participants
Patients with minor orthopedic injuries were eligible. The inclusion criteria were patients with
suspected fractures/orthopedic injuries to the elbow and/or distal of elbow and/or distal of knee
(Appendix S1) who could be treated in either the advanced practice nursing or standard
(physician-led) care models in the outpatient clinic. There were no age limit regarding patients‟
age: the professionals at service were instructed to undertake the first patient on the list that they
felt confident to serve.
The study objective was to compare the quality of care provided for patients with minor
orthopedic injuries in terms of diagnostic and treatment accuracy between advanced practice
nursing versus standard (physician-led) care models. To estimate number of patient presentations
in each model, power calculation was performed in sealed envelope™
(https://www.sealedenvelope.com/power/ binary-noninferior/) and was set by: α = 5%; 1 − β =
90%; percentage success (both groups) = 90%; δ = 10%; an estimation based on results from
previous studies (Aitkenhead & Lee, 2019; Lee et al, 2014). According to power calculation,
data from 310 (155 in each group) was to be collected.

2.5 Data collection
To assess clinical accuracy, a data collection tool was developed (Appendix S1). One of the
evaluators, a senior orthopedic specialist, tested and assessed the data collection tool regarding
the assessment of diagnosis and treatment accuracy prior to data collection commencing and
found the data collection tool to be applicable after some minor revisions.
The data collection tool was used by senior orthopedic specialists to evaluate the diagnostic and
treatment accuracy of the care provided for patients with minor orthopedic injuries in either the
advanced practice nursing or standard (physician-led) care models. In total, three senior
orthopedic specialists took part in the study. They were all three (or at least two) taking part in
each of the evaluation sessions, ensuring consistency in ratings. When assessing diagnostic and
treatment accuracy in the two models, the senior orthopedics had information on applied model
(not blinded).
Background characteristics collected included patients‟ age, gender and diagnosis. The accuracy
of the recorded diagnosis and treatment was then scored by the senior orthopedic specialists. An
answer of “No” to the question “Correct diagnosis?” was scored 0 and an answer of “Yes” was
scored 1. Answers to the question “Correct treatment?” were scored in similar way.
Data were collected from May 15, 2019 until October 30, 2019. At that point data from 349
patients had been collected.
2.6 Data analysis
During the analysis process, some treatment episodes with incomplete information were
identified: lack of information on profession (n = 8), diagnosis (n = 1), treatment (n = 2), and
lack of injury and diagnosis and treatment (n = 3). These 14 cases were excluded from the

analysis. There were also two cases missing data on the patient‟s gender. These were included.
To assess risk of selection bias, a direct standardization by injury and by age group was
performed.
The results are presented in frequencies and percent of total population, and within advanced
practice nursing and standard (physician-led) care models, respectively. Differences in diagnostic
and treatment accuracy between advanced practice nursing model and the standard (physicianled) model were analyzed by means of Fisher‟s exact test (2-sided). A p-value of < 0.05 was
considered statistically significant. For non-inferiority testing, to assess if advanced practice
nursing model was no worse than standard (physician-led) care model, the upper bound of the
95% confidence interval of an observed risk ratio of missed diagnosis or treatment between
advanced practice nursing and standard care models should not exceed 1.10 (Head et al., 2012).
The analyses were conducted with SPSS version 26 (IBM SPSS Statistics for Windows, Version
22.0, IBM Corp., Armonk, NY, USA) and R (Package “fmsb”) (R Core Team, 2020).
2.7 Ethical considerations
The study protocol and data, shared with the research team, contained anonymized data (only
patients‟ age, gender, diagnosis and treatment). The Regional Committees for Medical and
Health Research Ethics (2019/173) approved the study.
Preliminary results were shared with key stakeholders at the study ED in January 2020 to allow
for changes to the organization, routines and/or training to be made to minimize future errors.
3 RESULTS
The results include 335 cases of which 167 (49.9 %) had been assessed and treated in the
advanced practice nursing care model and 168 (50.1) in the standard (physician-led) care model.

There was an equal gender distribution of the patients in total (male: 49.2 %), and in the
compared care models (advanced practice nursing, male: 53.7 %; standard, male: 46.3 %). The
median age of the patients was 26.0 (q1 = 14.0; q3 = 46.0).
Missed diagnosis and treatment was explored, in total, in different groups of injuries, and in the
compared care models (Table 1). In total, the most commonly presented injuries were ankle
contusion, followed by hand, wrist and foot contusion.
INSERT TABLE 1 ABOUT HERE.
Diagnostic accuracy was high overall: correct diagnosis was found in 97.3 % (n = 326) of the
cases. The senior orthopedic specialists revised the primary diagnosis in only 2.7% (n = 9) of the
cases. Treatment accuracy was also high overall though somewhat lower than diagnostic
accuracy: correct treatment was found in 91.3 % (n = 306) of the cases. The senior orthopedic
specialists revised suggested/initiated treatment in 29 (8.7 %) of the cases. Of these 29 revised
suggested/initiated treatments 20 (69.0 %) occurred in the standard (physician-led) care model.
Overall, correct diagnosis and treatment was seen more frequently in the advanced practice
nursing care model (98.8 % and 94.6 %, respectively) than the standard (physician-led) care
model (95.8 % and 88.1 %, respectively).
No statistically significant difference was found between the advanced practice nursing and
standard (physician-led) care models in terms of performance, but the p-value was just at the
limit value of significance in the comparison of treatment groups (Table 2). In further noninferiority testing, the comparison of missed diagnosis showed inconclusive results. In
comparison of treatment outcomes, the results showed that the advanced practice nursing model
was non-inferior (Table 2). To assess the possibility of selection bias, the treatment outcome risk

ratio (0.45) was also performed after direct standardization by injury and age. The standardized
ratios proved to be almost unchanged, 0.48 and 0.46, respectively.
INSERT TABLE 2 ABOUT HERE.

4 DISCUSSION
In both care models, diagnostic accuracy was high. There were only two cases of missed
diagnosis in the advanced practice nursing care model, compared to seven in the standard
(physician-led) care model. Treatment accuracy was also high, but still somewhat lower than
diagnostic accuracy. There were nine cases of missed treatment in the advanced practice nursing
care model, compared to twenty in the standard (physician-led) care model. The advanced
practice nursing model was found to be non-inferior in comparison of treatment accuracy. In
fact, the results indicate that the advanced practice nursing care model even may be superior in
treatment accuracy (as the confidence interval of risk ratio did not even include the value 1.00,
but were entirely below 1.00, which is a requirement for superiority trials (Head et al., 2012)).
The results are in line with previous research (Lau, Kerr, Law, & Ritchie, 2013; McClellan,
Cramp, Powell, & Benger, 2012; Sakr, 1999; van der Linden, 2010). Although the results was
inconclusive in diagnostic accuracy, there was only a 1.2 % risk of being wrongly diagnosed in
the nursing model and it is suggested that the advanced practice nursing care model can be used
to diagnose minor orthopedic injuries in the elbow and/or distal of elbow, and/or distal of knee.
The results also support that an advanced practice nursing model can be established to treat such
injuries, albeit with some caveats.

Analysis showed that some injuries were rarely represented and some were more challenging to
treat (for example, malleolar fractures, toe phalanx fractures, scaphoid fractures and
collum/caput radii fractures). As a result, it is reasonable to suggest that the treatment of injuries
linked to lower treatment accuracy in this study, irrespective of care model, should be confirmed
by consulting senior orthopedic specialists on-site.
In Norway, the Government has approved the introduction of advanced practice nursing. As
shown in this study, and elsewhere (for example in Maier and Aiken, 2016, and in Maier,
Köppen, Busse, & Munros team, 2018), advanced practice nursing can be applied by registered
nurses in advanced roles without master education. However, there is a support for formalizing
advanced practice nursing: regulatory bodies that specify levels of advanced practice based on
education and skills can update scope-of-practice faster (Maier & Aiken, 2016). In Norway, the
first NP educational program started in 2011 and there are now several NP Master‟s level
programs throughout the country (Henni, Kirkevold, Antypas, & Foss, 2018). In 2020, national
guidelines for master's education in advanced clinical general nursing were published (Lovdata,
2020). The learning outcomes are divided into four areas: Clinical assessments, decision-making
and competence to act; Health conditions/diseases, and patient education and guidance;
Leadership and coordination of care; Evidence-based professional development, quality
improvement and innovations.
This study was set in an emergency care context in Norway, a country with a “gatekeeper” care
system. The vast majority of all patients have a preliminary diagnosis when entering that ED.
Nonetheless, the results reveal that advanced practice nursing care models are a promising care
model for minor orthopedic injuries. In further studies, it would be of interest to explore more
quality outcomes such as patient satisfaction and how an advanced practice nursing care model

affects patient flow and/or improves capacity. It would also be of interest to study the
implementation of advanced practice nursing in gatekeeper care systems in the urgent care center
context, to see if advanced practice nursing models can further decrease pressure on advanced
practice nursing capacity.
4.1 Limitations
We did not perform any interrater reliability across the evaluators. The evaluators were not
blinded, that is, the senior orthopedic specialists had information on the model applied. This is
regarded as a potential source of bias in this study.
One can also claim selection bias. This, as randomization was not applied; the professionals at
service were instructed to undertake the first patient on the list that they felt confident to serve. It
could be claimed that, for example the nurses, strategically chose patients with injuries that are
assumed to be easier to assess and treat. However, there are no indications on that nurses in the
APN model, in general, have avoided one or more group of patients (see Table 1) and though
direct standardization we found that differences between groups in the treatment comparisons
could not be explained by age nor injury. Thus, the risk of selection bias was assessed to be low.
Nonetheless, none of the professionals (nurses nor medical interns) should take on the
responsibility to assess and treat patients if they do not find themselves confident; as stated in the
manuscript, both the nurses and the medical interns could and should consult the orthopaedic
surgeon on duty to give hands on support and instructions. This, to not jeopardizing patient
safety. It can also be added that no patients asked to be transferred to another professional/other
model of care.

In the comparison of diagnostic accuracy, the result became inconclusive. A non-significant pvalue and a wide confidence interval can be explained by the fact that diagnostic accuracy was
higher than expected in power calculations, and the sample size proved to be insufficient.
Also, the number of studied variables were limited. In similar studies, durance of appointment
and data on patient satisfaction has for example been collected. Results from previous studies
show that nurse-led care has a positive impact on patient satisfaction, but nurses tend to use
longer time for consultations (Maier et al., 2017). We do not find any reason to consider that the
situation would differ in the Norwegian context. However, further research to study the impact of
nurse-led care regarding patient satisfaction and cost-effectiveness in the Norwegian health care
system is emphasized.
The study was performed in Norway and caution will therefore be needed in generalizing the
results to other countries with different care systems and potential cultural differences. Also, the
study is a single center study. Thus, further studies are needed to verify the results.
5 CONCLUSION
The study was performed in the emergency care context in Norway, where advanced practice
nursing is at an initial stage of implementation. It can be concluded that advanced practice
nursing care models can be used to diagnose and treat minor orthopedic injuries without
compromising quality of care. However, a well-functioning system for collegial backing from
senior orthopedic surgeons, and a quality assurance system, is imperative in both advanced
practice nursing and standard (physician-led) care model. This, to secure patients safety, but also
for advanced practice nurses and medical interns to enhance their competence. Further
implementation of the advanced practice nursing care model is encouraged.
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Table 1. Presentation of cases within compared care models, including missed diagnosis and missed treatment.
Injury

Ankle contusion
Medial malleolar fracture
Lateral malleolar fracture
Bimalleolar fracture
Foot contusion
Tarsal fracture
Metatarsal fracture
Toe phalanx fracture 1
Toe phalanx fracture 2-5
Wrist contusion
Dislocated wrist fracture
Undislocated wrist fracture
Greenstick fracture
Hand contusion
Scaphoid fracture
Thumb fracture
Finger fracture 2-5
Metacarpal fracture 1
Metacarpal fracture 2-5
Elbow contusion
Elbow luxation
Olecranon fracture
Colum/caput radii fracture
Antebrachial fracture
Distal humerus fracture
Total

Cases within compared care models
Total
APN
Standard
n (%)
n (%)
n (%)
89 (26.6)
52 (31.1)
37 (22.0)
3 (0.9)
2 (1.3)
1 (0.6)
7 (2.1)
3 (1.8)
4 (2.4)
1 (0.3)
0
1 (0.6)
34 (10.1)
16 (9.6)
18 (10.7)
1 (0.3)
1 (0.6)
0
11 (3.3)
5 (3.0)
6 (3.6)
10 (3.0)
6 (3.6)
4 (2.4)
7 (2.1)
5 (3.0)
2 (1.2)
31 (9.3)
15 (9.0)
16 (9.5)
18 (5.4)
3 (1.8)
15 (8.9)
17 (5.1)
10 (6.0)
7 (4.2)
3 (0.9)
2 (1.2)
1 (0.6)
36 (10.7)
16 (9.6)
20 (11.9)
4 (1.2)
1 (0.6)
3 (1.8)
7 (2.1)
4 (2.4)
3 (1.8)
21 (6.3)
13 (7.8)
8 (4.8)
1 (0.3)
1 (0.6)
0
13 (3.9)
6 (3.6)
7 (4.2)
10 (3.0)
4 (2.4)
6 (3.6)
1 (0.3)
0
1 (0.6)
1 (0.3)
0
1 (0.6)
7 (2.1)
1 (0.6)
6 (3.6)
1 (0.3)
0
1 (0.6)
1 (0.3)
1 (0.6)
0
335 (100)
167 (100)
168 (100)

Missed diagnosis
Total
APN
n
n
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
2
1
1
0
1
0
0
0
2
1
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
9
2

Standard
n
0
0
0
0
0
0
1
0
0
1
1
1
0
1
1
0
0
0
0
0
0
0
1
0
0
7

Missed treatment
Total
APN
n
n
1
0
1
0
1
0
1
0
0
0
0
0
3
1
3
2
2
1
3
1
2
0
2
1
0
0
3
2
2
0
1
0
0
0
0
0
1
1
0
0
0
0
0
0
3
0
0
0
0
0
29
9

Standard
n
1
1
1
1
0
0
2
1
1
2
2
1
0
1
2
1
0
0
0
0
0
0
3
0
0
20

Table 2. Number and percentage of missed diagnosis and treatment within models and comparison between models.
Outcome

Missed
diagnosis
Missed
treatment

Total
n
9

%
2.7

Advanced practice nursing care
model (APN)
n
%
Risk
2
1.2
0.012

29

8.7

9

5.4

0.054

Standard (physician-led) care
model (standard)
n
%
Risk
7
4.2
0.042

P-value

0.174

APN vs. standard
model
Risk ratio 95% CI
0.29
0.06-1.36

20

0.050

0.45

11.9

0.119

0.21-0.97

