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ABSTRACT
More than 90% of patients with minor orthopedic injuries are categorized as non-urgent which can result in prolonged waiting 
times in the emergency department. A total of 220 adults presenting between March and May 2023 with non-urgent orthopedic 
distal limb injuries were included in this single center, unblinded, randomized, parallel-group, controlled trial. A nurse per-
formed the physical examination and initiation of X-ray during triage in the intervention group while an emergency physician 
performed these after triage in the usual care group. The results of 108/110 (intervention) and 107/110 participants (usual care) 
were analyzed. The intervention group had a significantly lower flow time between emergency department registration and X-ray 
request. The usual care group had significantly lower flow time between X-ray request and emergency department discharge. 
There was no difference in total length of stay, patient satisfaction and treatment adjustment between groups. The nursing triage 
protocol reduced flow time between registration and request for X-ray but did not affect total length of stay.

1   |   Introduction

Emergency departments (EDs) around the world are under in-
creasing pressure. Growing patient volumes, limited resources, 
and rising expectations have made ED crowding a persistent 
global concern (Javidan et al. 2021). Among those contributing 
to this challenge are patients with minor orthopedic injuries—
individuals who are stable, ambulatory, and typically triaged as 
low acuity.

In Belgium, similar trends are observed. In 2019, nearly half of 
all hospital contacts took place via an emergency department, 

and the total number of ED admissions increased by 23% be-
tween 2010 and 2019 (Farfan-Portet et al. n.d.) . The majority 
of ambulatory patients (82%) present to the ED without refer-
ral from a general practitioner (GP) (Farfan-Portet et al. n.d.). 
Over one third arrive after an accident or trauma, of which 
only 9% result in hospitalization, suggesting that most involve 
minor injury or trauma (Farfan-Portet et  al. n.d.). Among 
adults with isolated limb trauma, 96% are assigned an emer-
gency severity index (ESI) level of 4 or 5 (Vermeir 2024), rep-
resenting non-urgent cases with limited need for additional 
diagnostic or therapeutic interventions (Figure  1) (Gilboy 
et  al.  2005; Elshove-Bolk et  al.  2007). Especially in EDs 
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without team triage or rapid evaluation programs, these pa-
tients often experience prolonged waiting times before diag-
nostic imaging or treatment is initiated (Javidan et  al.  2021; 
Kim and Cho 2017).

For patients with isolated limb trauma, the current tri-
age process often results in delays in assessment and treat-
ment (Gilboy et  al.  2005). For example, a patient requiring 
radiological examination for a suspected fracture is first 
triaged by a nurse, followed by physician assessment, the 
diagnostic procedure (X-ray), further medical review, and 
finally treatment (Tambimuttu et  al.  2002). These delays 
are mainly due to the time required for an emergency physi-
cian to become available to perform a physical examination, 
request appropriate investigations, and initiate treatment 
(Javidan et al. 2021; Lazarus et al. 2016; Erenler et al. 2016; 
Derksen et al. 2007).

The implementation of a nursing triage protocol (NTP) spe-
cifically aimed at patients with minor orthopedic injuries re-
quiring medical imaging could be a possible solution to this 
problem by eliminating waiting time for an available emer-
gency physician. Previous studies in other countries have 
shown that implementing NTPs can reduce total length of stay 
(TLOS) in the ED for this patient group (Derksen et al. 2007; 
Lindley-Jones and Finlayson 2000; Pedersen and Storm 2009; 
Sorensen et  al.  2012; Allerston and Justham  2000; Al Abri 
et al. 2020). Other potential benefits of nurse-initiated X-rays 
include an improved perception of waiting and greater satis-
faction with emergency services (Parris et al. 1997). In a cli-
mate of reduced healthcare resources, nurse-initiated X-rays 
represent one strategy that may improve both patient through-
put and satisfaction with emergency care (Javidan et al. 2021; 
Tambimuttu et al. 2002).

It remains to be determined whether introducing an NTP pro-
vides added value for the treatment of patients with minor 
orthopedic trauma in an ED without team triage or rapid eval-
uation programs. The aim of this randomized controlled trial 
was to determine whether an NTP affects flow times in the ED. 
In addition, accompanying treatment adjustments and patient 
satisfaction outcomes were compared between the control and 
intervention groups.

2   |   Materials and Methods

2.1   |   Trial Design

This is a single center, unblinded, randomized (with a 1:1 allo-
cation), parallel-group, controlled trial conducted in Belgium. 
Care provider allocation continued as usual: the triage nurse is 
assigned at the start of a shift; new patients are alternately as-
signed to an emergency physician using a 1:1 allocation between 
10 a.m. and 9 p.m. every study day.

2.2   |   Ethical Considerations

Written and signed informed consent was obtained from all 
patients. The study protocol was approved by the institutional 
and central ethics committees, ensuring that it conformed to the 
ethical guidelines of the 1975 Declaration of Helsinki (Project ID 
5197—BUN B3002023000049—approved 20/02/2023).

2.3   |   Trial Registration and Protocol

This trial is registered at a clinical trial registry (Clini​calTr​
ials.​gov, NCT05765045). Full details of the trial protocol 
can be obtained through the researchers upon request. The 

Summary

•	 This study showed no difference in total length of stay 
between the nursing triage protocol and usual care 
groups. The potential for reduction of flow times in 
the emergency department by using a nursing triage 
protocol is, however, evident.

•	 Significantly more participants in the usual care 
group sought additional medical care elsewhere (i.e., 
registration at another emergency department, ap-
pointment with a general practitioner, …).

•	 No significant difference in patient satisfaction scores 
for the physical exam between groups shows that 
trained triage nurses are perceived as qualified as 
emergency physicians by participants.

FIGURE 1    |    Emergency severity index triage algorithm (Tambimuttu 
et al. 2002).

http://clinicaltrials.gov
http://clinicaltrials.gov
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CONSORT reporting guidelines for parallel group randomized 
trials (of nonpharmacologic treatments) were used throughout 
this report.

2.4   |   Participants

A convenience sample of consecutive patients with minor 
peripheral orthopedic limb injuries was obtained from the 
ED of the Holy Heart hospital in Mol, Belgium from March 
14 to May 22, 2023. The Holy Heart hospital is a regional 
hospital that treated approximately 15 000 patients in the 
ED in 2020, of which nearly 73% were outpatient contacts 
(Hartziekenhuis 2020).

All triage nurses that received an instructive PowerPoint presen-
tation about the intervention were eligible to treat patients in the 
NTP group. There were no specific eligibility criteria for emer-
gency physicians considering that there was no need for them to 
adjust their usual care. Eligible participants were patients who 
met the eligibility criteria with the inclusion criteria being:

•	 Adults (aged 18 or over);

•	 ESI 4 or ESI 5 (non-urgent);

•	 Recent trauma (< 10 days after initial trauma);

•	 Accidental trauma mechanism (e.g., fall, stumble);

•	 Peripheral orthopedic limb injury (Distal to the elbow: fore-
arm, wrist, hand, finger OR distal to the knee: lower leg, 
ankle, foot, toe).

Exclusion criteria were:

•	 (Suspicion of) pregnancy;

•	 Additional, non-orthopedic, injuries (e.g., cuts, commotio 
cerebri);

•	 Reassessment of previously examined injury (i.e., increased, 
or continued pain, thigh plaster cast);

•	 Trauma due to an underlying somatic cause (e.g., vasovagal 
syncope, epileptic seizure)

•	 Atraumatic limb pain (e.g., joint pain without obvious trau-
matic cause).

2.5   |   Intervention

An NTP was developed by the researchers based on the Ottawa 
Ankle rules for ankle and foot injuries (Beckenkamp et al. 2017; 
Gorbachova et al. 2020; Smith et al. 2020) and on the presence 
of obvious deformity, functio laesa and localized tenderness or 
edema for all other distal limb injuries (Bussières et al. 2008). 
The NTP was submitted for approval to the heads or their rep-
resentatives of the ED, orthopedics department and radiology 
department. Subsequently a presentation was provided for the 
participating triage nurses in which the aim of the study and the 
protocol including the physical examination of peripheral limb 
injuries was explained. No measures were taken to assess or en-
hance adherence of care providers to the NTP or of participants 
to the study.

Patients in the intervention group were triaged using the NTP 
that is, physical examination and initiation of medical imag-
ing by a nurse during triage. Participants allocated to the NTP 
group were sent directly from triage to the radiology department 
if medical imaging was deemed necessary. The control group 
received usual care (UC) that is, physical examination and initi-
ation of medical imaging by the allocated emergency physician. 
Participants assigned to the UC group were to be directed to the 
waiting room or a treatment room after initial triage by a nurse. 
After medical imaging, both the NTP group and the UC group 
were treated the same.

2.6   |   Outcomes and Data Collection

2.6.1   |   Primary Outcomes

The primary outcomes of this study were flow times (in min-
utes) in the ED for patients with minor orthopedic limb injuries. 
Time variables to calculate flow times were collected retrospec-
tively using the electronic patient file and are defined as:

•	 T0: time of patient registration at the ED;

•	 T1: time of triage by a nurse;

•	 T2: time of digital request for medical imaging;

•	 T3: time of execution of medical imaging;

•	 T4: time of medical imaging protocol;

•	 T5: time of discharge from the ED or the request of addi-
tional imaging (i.e., CT or ultrasound) by an orthopedic 
surgeon.

TLOS was defined in the study protocol as the time be-
tween patient registration at the ED (T0) and discharge 
from the ED or the formal request of a bedside orthopedic 
advice. TLOS was defined as such because the request of 
an advice from an orthopedic surgeon, and any additional 
medical imaging (i.e., CT, ultrasound), can entail wait-
ing times and is seen separately from the flow at the ED. 
However, after commencement of the trial, the electronic 
patient record, where data were retrospectively collected, 
was changed by the participating hospital. This change 
made it not feasible to objectively collect the formal time 
of request of an advice from an orthopedic surgeon. To 
maintain the integrity and consistency of the primary out-
come measure across the study population, the definition 
of TLOS was adapted to the time between patient registra-
tion at the ED (T0) and discharge from the ED or the time 
of request of additional imaging (i.e., CT or ultrasound) by 
an orthopedic surgeon (T5). This revised endpoint was se-
lected as a clinically and operationally relevant proxy to 
the original endpoint. Although this adjustment modifies 
the initial definition, it does not affect the actual clinical 
outcome or interpretation. The request for advanced im-
aging often coincides with or follows the orthopedic con-
sultation, serving as a reliable surrogate marker for the 
transition of care away from the ED team. Furthermore, 
timestamps for imaging request are systematically and re-
liably recorded, ensuring data integrity and comparability 
across all participants.
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Initially, the other primary outcome of this study was to deter-
mine the effect of the NTP on flow time between time of triage 
(T1) and the digital request for medical imaging (T2).

After commencement of the trial, flow time between triage and 
digital request for medical imaging was replaced by flow time 
between registration at the ED (T0) and digital request for med-
ical imaging (T2). Furthermore, it was decided to add the flow 
time between the time of digital request for medical imaging 
(T2) and discharge from the ED or the time of request of addi-
tional imaging (i.e., CT or ultrasound) by an orthopedic surgeon 
(T5). For the purpose of this study, this change to the trial proto-
col better reflects the flow and waiting times in the ED and the 
effect of the NTP.

2.6.2   |   Secondary Outcomes

Secondary outcome measures were the effect of the NTP on 
patient satisfaction, treatment adjustment and additional 
traditional X-rays requested by emergency physicians after 
the triage nurse deemed this unnecessary in the NTP group. 
Patient satisfaction was surveyed by 10-point Likert scales at 
ED discharge. More specifically, participants were asked to 
score their overall satisfaction concerning their stay at the ED, 
their overall satisfaction concerning waiting times at the ED 
and their satisfaction with the physical exam performed by 
the triage nurse in de NTP group or the emergency physician 
in the UC group. The scores were registered using a standard-
ized data collection form.

For this study, treatment adjustment was defined as whether the 
treatment initiated by the emergency physician at the ED was ad-
justed at a later stage. For participants who made a follow-up ap-
pointment at the orthopedics department after 7–14 days, this was 
checked retrospectively in the electronic patient file. Participants 
without follow-up appointment were contacted by telephone to 
inquire whether they sought additional medical care elsewhere 
in a period of 2 weeks after their visit to the ED (i.e., registration 
at another ED with medical imaging, appointment with a gen-
eral practitioner, …). After contacting participants twice without 
response, they were considered lost to follow-up.

Participants in the NTP group who, according to the NTP, did 
not need medical imaging were physically examined by an 
emergency physician after triage. If the emergency physician 
determined that traditional X-rays were indicated for the par-
ticipant (i.e., based on clinical expertise, inadequate use of the 
NTP, …) a note was made on the study documents. The same 
approach was used for participants in the NTP group who got 
additional traditional X-rays after physical examination by 
an emergency physician. For this participant subgroup, the 
results of the medical imaging were retrospectively reviewed 
and reported separately (i.e., number of missed fractures in 
the NTP group).

Additionally, demographic characteristics (age and gender), 
pain score according to the visual analogue scale (VAS), result 
of the medical imaging protocol and information on the type of 
X-rays requested, were collected retrospectively using the elec-
tronic patient file.

2.7   |   Sample Size

An a priori sample size calculation was performed to detect a 
difference between the intervention and control group. A two-
tailed α of 0.05 and a power (1−β) of 0.80 were used to detect a 
15% difference in flow times between groups.

This estimate was based on a previous systematic reviews 
(Considine et al. 2019; Gottlieb et al. 2021) exploring the effect 
of nurse-initiated X-rays in patients with extremity injuries on 
reduction in TLOS which proved a decrease of approximately 
4–45 min (Thurston and Field  1996; Sorensen et  al.  2012). 
Although the overall quality of evidence was rated low to very 
low due to risk of bias, indirectness, and imprecision, these find-
ings support the plausibility of moderate improvements in flow 
times following such interventions.

Given the heterogeneity of study designs and populations in the 
existing literature, a precise expected effect size could not be 
derived directly. Therefore, the 15% threshold was chosen as a 
clinically meaningful estimate, grounded in both the approxi-
mate magnitude of effect observed in prior studies and expert 
consensus among the research team.

A minimum sample size of 100 participants per group was 
deemed necessary to demonstrate a significant difference. 
Considering an expected dropout rate of 10%, a sample size of 
220 participants in total was calculated.

A 4-week inclusion period was planned to recruit the required 
number of participants. However, patient inclusion was contin-
ued until the target sample size was achieved.

2.8   |   Randomization and Blinding

Patients who were eligible to participate in the study were ran-
domly assigned following simple randomization to the NTP 
group or the UC group. For allocation of the participants, a 
computer-generated list of random numbers was used with a 1:1 
allocation ratio. The allocation sequence was concealed from 
the triage nurses enrolling and assigning the participants in 
sequentially numbered, opaque, sealed envelopes. These enve-
lopes were prepared by an investigator with no clinical involve-
ment in the trial and kept at the triage desk.

The study was unblinded because all participants, emergency 
nurses, physicians, and outcome assessors were aware of ra-
diographic test requests by triage nurses who implemented 
the NTP.

2.9   |   Statistical Methods

All collected data were imported and analyzed using IBM SPSS 
Statistics version 28.0 for MAC OS. Independent t, Pearson's 
chi-squared or Fisher's exact tests were used for baseline com-
parison of participant characteristics. Descriptive statistics, 
including percentage, mean and standard deviation (SD) were 
used to summarize the data. The normality of the data was 
checked using z-scores and the Shapiro–Wilk test.
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Flow times in the ED were compared using the Mann–Whitney 
U test (MWU) and reported by giving the median, interquartile 
range (IQR) and effect size (r). Patient satisfaction scores were ana-
lyzed using MWU tests and reported using median, IQR and effect 
size (r). Descriptive statistics and the Fisher's exact test were used 
to compare treatment adjustment between the two groups and for 
further subgroup analysis. Subgroup analysis was performed for 
participants in the NTP group who got no or additional traditional 
X-rays after physical examination by an emergency physician by 
using descriptive statistics. To account for potential multiplicity 
within the flow time outcomes (T5−T0, T2−T0, T5−T2), we used a 
Bonferroni correction (α = 0.05/3 = 0.0167). Two-tailed p values of 
< 0.05 were considered significant for all statistical tests. Intention-
to-treat analysis was used to maintain the effect of randomization.

3   |   Results

3.1   |   Participant Flow and Characteristics

Eligible participants were recruited from March 14 till May 22, 
2023, at which time the pre-calculated sample size was reached. 
The diagram of participant flow is shown in Figure 2. No data 
was collected for the number of participants who were assessed 
for eligibility. The omission resulted from logistical constraints 
during the implementation of the trial in a busy ED environ-
ment, where pre-screening was performed informally by triage 
staff without systematic documentation.

As a result, it is not possible to precisely quantify the number 
of patients screened but not enrolled, which limits our ability to 
fully assess the presence of selection bias or evaluate the repre-
sentativeness of the study sample.

Ultimately, a total of 220 participants was randomized in the 
NTP (n = 110) or UC (n = 110) groups. The intervention was dis-
continued in one participant in the UC group who left the ED 
after triage but before physical examination by an emergency 
physician. One participant failed to mention an earlier visit to 
another ED for the same injury but was still included in further 
analysis despite not meeting the eligibility criteria for the inter-
vention (reassessment of previously examined injury) consider-
ing the intention-to-treat approach.

To minimize the risk of data loss, standardized procedures were 
implemented, including the use of secure, study-specific paper 
documentation stored in designated folders within the ED, as well 
as regular data entry into an electronic trial database by trained 
research staff. Despite these measures, the study documents of five 
participants (2%) were irretrievably lost after randomization, prior 
to complete data extraction. These cases occurred sporadically 
and without clustering in either treatment group, suggesting the 
loss was likely due to logistical factors (e.g., misplaced paper forms 
during shift transitions or incomplete transfers to the data collec-
tion system) rather than systematic error.

The results of 108 participants in the NTP group and 107 partic-
ipants in the UC group were analyzed for the primary outcome 
measures (N = 215).

Nonresponse was the main reason for lack of follow-up for the 
secondary outcome measure patient satisfaction (37/215, 17%). 
No phone number was available for two participants (2/215, 
0.01%). This resulted in system missing data for which no im-
putation techniques were used. The results of 178/220 partici-
pants were analyzed for the secondary outcome measure patient 
satisfaction (NTP: 84/110, UC: 94/110). The results of 215 

FIGURE 2    |    Participant flow diagram for primary outcome measures based on the CONSORT guidelines.
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participants were analyzed for the secondary outcome measure 
treatment adjustment, but subgroup analysis proved difficult 
due to nonresponse.

The UC and NTP groups were comparable for gender, mean age, 
VAS-score on admission, site of injury, identified fractures and 
patient disposal (Table 1).

3.2   |   Outcomes

3.2.1   |   Primary Outcome: Flow Times

Normality of continuous variables was assessed using both Z-
scores for skewness/kurtosis and the Shapiro–Wilk test. All pri-
mary time-based outcome measures (T5−T0, T2−T0, T5−T2) were 
non-normally distributed (p < 0.01), justifying the use of non-
parametric tests. Mann–Whitney U tests were performed to eval-
uate whether flow times differed by group (Table 2).

The results indicated that there was no significant difference 
(z = −1.26, p = 0.21) between TLOS (T5−T0) of the NTP group 
and the UC group with a small effect size (r = 0.09). The median 
(IQR) for the NTP group was 90 (63–120) and 97 (66–133) for the 
UC group as shown in Figure 3.

The NTP group had significantly lower flow times (in minutes) 
between registration at the ED and digital request for medical 
imaging (T2−T0) (z = −7.50, p < 0.01) with a large effect size 
(r = 0.51). The median (IQR) for the NTP group was 17 (11–27) 
and 38 (22–66) for the UC group as shown in Figure 4.

The UC group had significantly lower flow times between digi-
tal request for medical imaging and time of discharge from the 
ED or request of additional imaging by an orthopedic surgeon 
(T5−T2) (z = −3.58, p < 0.01) with a small-to-medium effect 
(r = 0.24). The median (IQR) for the NTP group was 67 (47–95) 
and 54 (34–74) for the UC group as shown in Figure 5. A drop 
in sample size from 215 participants to 212 participants is noted 

TABLE 1    |    Participants' characteristics.

Characteristics Usual care (n = 107)
Nursing triage 

protocol (n = 108) p

Gender, n (%) Male 47 (44) 46 (43) 0.89a

Female 60 (56) 62 (57)

Age in years, mean (SD) 18–92 44 (17) 43 (18) 0.84c

VAS-score, mean (SD) 0–10 3 (2) 3 (2) 0.33c

Site of injury, n (%) Upper limbs 48 (45) 50 (46) 0.55b

Lower limbs 59 (55) 56 (52)

Upper and lower limbs 0 (0) 1 (1)

Left 48 (45) 47 (44) 0.89b

Right 55 (51) 58 (54)

Left and right 4 (4) 3 (3)

Number of X-rays requested, n (%) Finger 16 (15) 13 (12) 0.56a

Hand 24 (23) 25 (23) 1.00a

Scaphoid 3 (3) 4 (4) 1.00a

Wrist 17 (16) 24 (22) 0.30a

Forearm 4 (4) 7 (7) 0.54a

Toe 8 (8) 9 (8) 1.00a

Foot 44 (42) 37 (35) 0.33a

Ankle 38 (36) 36 (34) 0.78a

Lower leg 1 (1) 4 (4) 0.37a

Fracture identified, n (%) Yes 39 (36) 46 (43) 0.57b

No 66 (62) 61 (57)

No X-ray 2 (2) 1 (1)

Patient disposal, n (%) Admitted 4 (4) 2 (2) 0.45a

Discharged 103 (96) 106 (98)

Abbreviation: SD, standard deviation.
aFisher's exact test.
bPearson chi-square.
cIndependent t test.
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in both flow times seeing that 3 participants did not receive 
an X-ray.

3.2.2   |   Secondary Outcomes

3.2.2.1   |   Patient Satisfaction.  The results of 178/220 (81%) 
participants were analyzed for the secondary outcome measure 
patient satisfaction with 84/110 (76%) participants in the NTP 
group and 94/110 (86%) participants in the UC group (Table 3). 
The discrepancy in numbers compared to the primary outcome 
analysis reflects missing or incomplete questionnaire data.

All satisfaction scores showed a skewed distribution after as-
sessing for normality using both Z-scores and the Shapiro–Wilk 
test (p < 0.01), justifying the use of non-parametric tests.

A Mann–Whitney U test indicated that there was no significant 
difference between overall satisfaction scores between the UC 

group and the NTP group (z = −1.67, p = 0.10) with a small effect 
size (r = 0.13). The median (IQR) for both groups was 9 (8–10) for 
overall satisfaction scores.

Satisfaction scores for waiting times and the physical exam per-
formed by the triage nurse in the NTP group, or the emergency 
physician in the UC group showed a skewed distribution. Mann–
Whitney U tests were performed. Satisfaction scores showed no 
significant difference between the NTP group and the UC group 
for waiting times (z = −1.28, p = 0.20, r = 0.10) or physical exam 
(z = −0.44, p = 0.66, r = 0.03). The median (IQR) for both groups 
was 8 (7–9) for waiting times and 9 (8–10) for physical exam.

3.2.2.2   |   Treatment Adjustment.  A Fisher's exact test 
showed a significant difference (p = 0.01) in number of partici-
pants who had a follow-up appointment at the orthopedics depart-
ment (Table 4). Of the participants who did not receive follow-up 
at the orthopedics department 11 participants indicated that they 
sought additional medical care elsewhere (i.e., registration at 

TABLE 2    |    Comparison of median flow times between usual care and nursing triage protocol groups in minutes.

Total sample 
(n = 215)

Usual care 
(n = 107)

Nursing 
triage 

protocol 
(n = 108) p

Effect 
size (r) U

TLOS (T5−T0), min Median 
(IQR)

91 (65–128) 97 (66–133) 90 (63–120) 0.21a 0.09 5205a

Registration to X-ray 
request (T2−T0), min

Median 
(IQR)

24 (15–45) 38 (22–66) 17 (11–27) < 0.01a 0.51 2270a

X-ray request to 
discharge (T5−T2), min

Median 
(IQR)

62 (40–85) 54 (34–74) 67 (47–95) < 0.01a 0.24 4021a

Abbreviations: IQR, interquartile range; SD, standard deviation; TLOS, total length of stay.
aMann–Whitney U test.

FIGURE 3    |    Boxplot of the difference in total length of stay (in minutes) (T5−T0) between the usual care and nursing triage protocol groups.
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another ED, appointment with a general practitioner, …) in the UC 
group versus 1 participant in the NTP group (p = 0.02).

Comparing the proportions of participants that had their ini-
tial treatment adjusted (19/119, 16%), either at the orthopedics 
department or elsewhere, showed no significant difference 
(p = 1.00) between the UC or NTP group. Subgroup analysis of 
participants who received follow-up at the orthopedics depart-
ment showed no significant difference (p = 0.58) for the adjust-
ment of the initiated treatment at the ED.

Subgroup analyses regarding treatment adjustments, particu-
larly among participants who did not receive follow-up at the 
orthopedics department, involved very small cell sizes (e.g., 4 in 
the UC group and 0 in the NTP group). The resulting p values 
(p = 1.00) may not reflect true lack of effect but rather the inabil-
ity to detect differences due to insufficient sample size.

These small groups should be interpreted with caution, and no 
definitive conclusions can be drawn regarding treatment adjust-
ment differences based on these findings alone.

FIGURE 4    |    Boxplot of the difference in flow time (in minutes) between registration at the ED and digital request for medical imaging (T2−T0) 
between the usual care and nursing triage protocol groups.

FIGURE 5    |    Boxplot of the difference in flow time (in minutes) between digital request for medical imaging and discharge from the department 
or the time of request for additional imaging (i.e., CT or ultrasound) by an orthopedic surgeon (T5−T2) between the usual care and nursing triage 
protocol groups.
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3.2.2.3   |   X-Rays Requested by an Emergency Physician 
in the NTP Group.  In one participant (1/108, 1%) the triage 
nurse deemed medical imaging unnecessary based on the NTP. 
An X-ray was requested by the emergency physician based on 
clinical expertise which did not identify a fracture.

Additional X-rays were requested by emergency physicians for 
2/108 (2%) participants in the NTP group. In one case (1/108, 1%) 
the NTP was not followed correctly, and a fracture was missed. 
In the other case (1/108, 1%) the emergency physician requested 
an additional X-ray based on clinical expertise which did not 
show a fracture.

3.2.3   |   Harms

No important adverse events occurred.

4   |   Discussion

The implementation of a NTP did not affect the TLOS of partic-
ipants in the ED in this study. Earlier studies concerning nurse-
initiated X-rays focus mainly on the use of the Ottawa ankle rules 
(OAR) by triage nurses for patients with ankle or foot injuries. 
The results in these studies (Sorensen et al. 2012; Allerston and 
Justham 2000; Al Abri et al. 2020; Lee et al. 2016; Ho et al. 2018; 
Fan and Woolfrey  2006) and other studies, where participants 
with other distal limb injuries were included (Parris et al. 1997; 
Thurston and Field 1996), ranged from a non-significant reduction 
of TLOS of 4 min (Thurston and Field 1996) (MD = −4, p = 0.10) to 
a significant reduction of 45 min (Sorensen et al. 2012) (MD = −45, 
p < 0.03). However, definition of TLOS and eligibility criteria 
differed between these studies and methodologic quality was 
moderate to very low as confirmed by recent systematic reviews 
(Considine et al. 2019; Gottlieb et al. 2021).

A significant difference in flow times between registration at the 
ED and digital request for medical was reported in favor of the 
NTP group. This is a logical consequence of requesting X-rays at 
the time of triage and was also reported in other studies (Bliss 
et al. 1971; Matteucci and Roos 2003). However, the significant 
difference, in favor of the UC group, in flow times between the 
time of patient registration at the ED and discharge from the de-
partment or request of additional imaging by an orthopedic sur-
geon, was unexpected. Informal interviews with care providers 
involved in the study were performed to determine a possible 
cause for this result: involved emergency physicians argued that 
it is possible that they are more aware of patients' presence when 
they themselves request X-rays and therefore are more inclined 
to expedite discharge once the X-ray is executed.

Furthermore, only one participant (1/108, 1%) in the NTP group 
did not receive an X-ray. This could be a sign of the NTP being 
too rigid. However, only two participants (2/108, 2%) did not 

TABLE 3    |    Median for satisfaction scores for overall satisfaction, waiting times and physical exam performed by the triage nurse in the nursing 
triage protocol group versus an emergency physician in the usual care group.

Usual care (n = 94)
Nursing triage 

protocol (n = 84) p Effect size (r)

Overall satisfaction Median (IQR) 9 (8–10) 9 (8–10) 0.10a 0.13

Waiting times satisfaction Median (IQR) 8 (7–9) 8 (7–9) 0.20a 0.10

Physical exam satisfaction Median (IQR) 9 (8–10) 9 (8–10) 0.66a 0.03
aMann–Whitney U test.

TABLE 4    |    Treatment adjustment between the usual care and 
nursing triage protocol groups.

Usual 
care 

(n = 107)

Nursing 
triage 

protocol 
(n = 108) p

Received 
follow-up at 
orthopedics 
department, 
n (%)

No 63 (59) 45 (42) 0.01a

Yes 44 (41) 63 (58)

Usual 
care 

(n = 44)

Nursing 
triage 

protocol 
(n = 63) p

Subgroup analysis: participants who received follow-up at the 
orthopedics department

Initial 
treatment 
adjusted, n (%)

No 39 (87) 53 (84) 0.58a

Yes 5 (11) 10 (16)

Usual 
care 

(n = 63)

Nursing 
triage 

protocol 
(n = 45) p

Subgroup analysis: participants who did not receive follow-up 
at the orthopedics department

Nonresponse, 
n (%)

No 26 (41) 16 (36)

Yes 37 (59) 29 (64)

Sought additional 
medical care 
elsewhere, n (%)

No 15 (58) 15 (94) 0.02a

Yes 11 (42) 1 (6.3)

Initial treatment 
adjusted, n (%)

No 7 (64) 1 (100) 1.00a

Yes 4 (36) 0 (0)

Note: Subgroup comparisons involving small cell sizes (n < 5) were included for 
completeness but should be interpreted with caution due to limited power and 
increased risk of Type II error (in italics).
aFisher's exact test.
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receive an X-ray in the UC group. Even though X-rays are useful 
to identify fractures in patients with orthopedic injuries, stan-
dard execution is not recommended. It increases health expen-
diture, radiation exposure of patients and TLOS (Mendelson and 
Bairstow 2010).

Patient satisfaction scores did not differ significantly between 
the NTP and UC groups. These results are in line with earlier 
studies (Fan and Woolfrey  2006; Sakr et  al.  1999). No signifi-
cant difference in patient satisfaction scores for the physical 
exam between groups shows that trained triage nurses are per-
ceived as qualified as emergency physicians by participants. 
Furthermore, the shift in waiting times (after request for X-ray 
in the NTP group and before request for X-ray in the UC group) 
did not seem to affect the satisfaction scores for waiting times. 
However, the lack of use of a validated patient satisfaction model 
(Ye et al. 2022; Sun et al. 2001) is a limitation in this study.

Significantly more participants in the NTP group received fol-
low-up at the orthopedics department. A follow-up appointment 
at the orthopedics department was offered to all participants but 
was not mandatory for participation in the study. Of the partic-
ipants who did not receive follow-up, significantly more partici-
pants in the UC group sought additional medical care elsewhere 
(i.e., registration at another ED, appointment with a general 
practitioner, …). These results could potentially indicate a study 
effect (where the NTP group was better informed by a nurse 
to book a follow-up appointment during informed consent). 
However, for patients who were lost to follow-up, treatment ad-
justment could not be assessed. This nonresponse caused an im-
portant reduction in sample size for this outcome; therefore, the 
results should be interpreted with caution.

Another limitation for this study is the lack of data collected 
for participants assessed which reduces external validity and 
could mask selection bias during recruitment of participants. 
To address this in future trials, we recommend conducting a 
pilot test for data collection procedures to assess feasibility and 
ensure the ability to track eligibility assessments reliably, even 
in fast-paced clinical environments. Moreover, a single center 
study design, with a specific patient population, ED design, 
staffing and patient flow characteristics limits generalizability 
to other EDs where nurse-initiated X-rays may have differing 
effects. Additionally, the study was performed in Belgium and 
caution will therefore be needed in generalizing the results to 
other countries with different care systems and potential cul-
tural differences. Finally, one participant was included in the 
analysis despite a protocol deviation related to eligibility (a prior 
ED visit for the same injury). While this was consistent with the 
intention-to-treat approach, no separate per protocol analysis 
was conducted given the minimal expected impact on study out-
comes; this nonetheless represents a minor limitation in proto-
col adherence.

Staff satisfaction was not assessed, but informal interview re-
vealed both nurses and emergency physicians welcomed the 
use of nurse-initiated X-rays in expanding the nursing role. 
The acceptance of such nurse-initiated practices by the emer-
gency physicians has important benefits for inter-professional 
staff development. Expanding the scope of practice of triage 

nurses by allowing them to order tests has been suggested to 
improve the triage process (Javidan et al., n.d.). The addition of 
nurse-initiated X-rays at triage may increase workload for triage 
nurses, resulting in delay in triage for other ED patients. We did 
not specifically observe the added time needed for assessment 
and ordering of X-rays at triage.

Further research relating to nurse-initiated X-rays is required 
to ensure that expanding the role of the triage nurse increases 
staff satisfaction and retention rates in the ED. In addition, 
further research is needed to determine if the introduction of a 
NTP is of added value. It should be linked to the introduction of 
nurse practitioners who have the autonomy to discharge patients 
which could shorten the length of stay and improve follow-up 
(Javidan et al., n.d.).

5   |   Conclusions

The study did not show a significant reduction in TLOS for pa-
tients with minor orthopedic trauma following the implemen-
tation of the NTP. The results showed a significant reduction in 
flow times between registration at the ED and digital request for 
medical imaging for participants in the NTP group. Participants in 
the UC group had significantly lower flow times between digital 
request for medical imaging and time of discharge from the ED 
or request of additional imaging by an orthopedic surgeon. The 
potential for reduction of flow times throughout the ED is, how-
ever, evident. In addition, patient satisfaction and treatment ad-
justment results did not differ significantly between both groups.

6   |   Relevance for Clinical Practice

This study shows that the implementation of a nursing triage 
protocol specifically aimed at patients with minor orthopedic 
injuries that require medical imaging can reduce flow times in 
the ED.
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