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SUMMARY 

 Rationale: A new instrument for emergency medical services has been developed to detect 

symptoms of spinal cord injury and enables patients to receive appropriate care earlier. As 

well, it makes research possible on the effectiveness of spinal immobilization. With the 

implementation of the Neurologic Evolution Classification (NEC), the opportunity arises to 

describe barriers and facilitators of the implementation for the first time in the Dutch 

emergency medical services. 

Objective: The feasibility study explores whether emergency medical services staff is 

capable of using the NEC to detect symptoms of spinal cord injury. Furthermore, to gain 

insight into the barriers and facilitators of implementation and usability of the NEC, used by  

Dutch emergency medical services.  

Methods A mixed methods study which was conducted in April and May 2013. With 

telephone interviews, an online survey and patient chart review, we assessed how 

emergency medical services staff experienced the NEC and determined implementation 

factors. The population consisted of registered nurses and patients that were suspected of 

spinal injury in the region of Nijmegen and Arnhem, in the Netherlands. 

Results Although adjustments are needed, the paramedics found the NEC useful, fast and 

applicable to multiple types of patients. The NEC is used by 16 of all 160 ambulance nurses. 

The barriers of implementation were collaboration with emergency department staffs and 

simultaneous studies in an organization. Motivation of the registered nurses and a multi-

faceted implementation strategy with live training, are facilitating factors for implementation. 

Conclusion Detecting symptoms of spinal cord injury is feasible for emergency medical 

staff. The next step is to adjust and validate the NEC for national wide use. 

Burden/risk Approval of Medical Research Ethics Committee was not required.  

Keywords: EMS, Spinal cord injury, Emergency medicine, implementation. 
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SAMENVATTING 

 

Rationale: Er is een nieuw instrument voor ambulanceverpleegkundigen ontwikkeld om 

symptomen van traumatisch spinaal letsel te meten, zodat patiënten mogelijk eerder 

passende zorg ontvangen en onderzoek naar de effectiviteit van wervelimmobilisatie 

mogelijk is. De implementatie van de Neurologic Evolution Classification (NEC), maakt het 

mogelijk om de belemmerende en ondersteunende factoren van implementatie van een 

nieuw instrument in de ambulancezorg, voor het eerst te beschrijven. 

Doelstelling: De doelstelling is om de haalbaarheid en bruikbaarheid te bepalen van de 

NEC, uitgevoerd door ambulanceverpleegkundigen bij patiënten met mogelijk spinaal letsel. 

Daarnaast willen we de belemmerende of bevorderende factoren identificeren van 

implementatie binnen de Nederlandse ambulancezorg. 

Studiemethode: Een prospectieve, mixed methods studie, in april 2013 tot juni 2013. Met 

telefonische interviews, een online enquête en patiëntdossieronderzoek, werd onderzocht 

hoe ambulancepersoneel met de NEC werkten en werden de implementatiefactoren 

onderzocht. De studiepopulatie bestond uit ambulanceverpleegkundigen en patiënten die en 

verdacht werden van spinaal letsel na een trauma, in regio Arnhem en Nijmegen.  

Resultaten  Hoewel er nog aanpassingen nodig zijn, vonden de 

ambulanceverpleegkundigen de NEC bruikbaar, snel, prettig en toepasbaar bij meerdere 

typen patiënten. De NEC is gebruikt door 16 van alle 160 ambulanceverpleegkundigen. De 

factoren die implementatie van het instrument belemmeren waren communicatie met 

ketenpartners en teveel gelijktijdig onderzoek in één organisatie. Motivatie van 

verpleegkundige en een multi-facet implementatie strategie met live training, zijn 

bevorderende factoren voor implementatie. 

Conclusie Het meten van symptomen van spinaal letsel door ambulanceverpleegkundigen 

is haalbaar.  

Risico/belasting Er zal geen toestemming voor deze studie worden gevraagd aan de 

Medische Ethische Toets Commissie te Nijmegen.  

Sleutelwoorden ambulancezorg, implementatie, traumazorg, instrumentontwikkeling en 

immobilisatie. 
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INTRODUCTION 

Primary Traumatic Spinal Cord Injury (TSCI) can occur when the human body is hit by a 

blunt object or in a collision with a blunt surface, e.g. motor vehicle collision or fall1, 2. TSCI 

affects proximally 385 people in the Netherlands every year and is rated at 2 per 100,000 

inhabitants3. This is one of the lowest incidence rates of the world4. Symptoms of TSCI are 

loss of motor, sensor or deregulation of organ functions5, 6. Besides injury-related pathology, 

secondary TSCI can occur within minutes or days after trauma due to spinal manipulation7-12. 

In a cohort of 32,117 immobilized patients, Davis et al identified 10 patients with secondary 

TSCI who had an undiagnosed spinal column injury and was manipulated during 

endotracheal intubation12.  

To prevent spinal manipulation, prehospital Emergency Medical Services (EMS) immobilizes 

patients using a rigid collar, backboard with straps and head blocks2, 13. However, spinal 

immobilization causes severe adverse effects, e.g. increased intracranial pressure, 

ventilation problems or pressure ulcers14-20. Researchers suggest that the risk of spinal cord 

injury due to inadequate immobilization may be over-estimated and recommend research 

into the effectiveness of spinal immobilization15, 16, 19-22. An instrument to monitor symptoms of 

TSCI is a precondition for research of spinal immobilization. 

Currently, EMS lacks a uniform instrument to detect and describe symptoms of TSCI from 

the moment of impact to arrival at the Emergency Department (ED). TSCI symptoms of 

patients could remain undetected and patients are at risk of suboptimal care due to a 

delayed diagnose and treatment of TSCI 7, 23-26. In the Emergency Department (ED) the 

damage of the spinal cord of the patient is assessed by standards of the American Spinal 

cord Injury Association (ASIA-ICLOS)6, 27. The 188 points ASIA-ICLOS scale is not a usable 

instrument for EMS staff to detect symptoms of TSCI. Therefore, two EMS Registered 

Nurses (RNs), two TSCI rehabilitation physicians and an orthopedic trauma surgeon 

developed the Neurologic Evolution Classification (NEC) 17, 28-30. The NEC enables EMS to 

detect the loss of motor symptoms within 30 seconds31.  The first step is to study whether 

EMS is able to detect symptoms of TSCI, by means of the implementation of the NEC.  

In the process of knowledge transition, a customized implementation process is a 

predominating factor for success32, 33. The model of Grol guides processes of implementation 

in health care and prioritize to gain insight into facilitators and barriers32, 34-36. However, in 

Dutch EMS, there is a paucity of reports on barriers and facilitators of implementation37, 38.  
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Problem statement 

There is no instrument for EMS to detect symptoms of TSCI and vital TSCI symptoms remain 

undetected and possible beneficial treatment is delayed23, 24, 26, 28. The feasibility of EMS staff 

to detect TSCI symptoms and if the NEC is a usable instrument, is not studied. As well, 

barriers and facilitators of implementation of an instrument are not identified within Dutch 

EMS.  

OBJECTIVE  

The aim of this study is to gain insight in the feasibility of assessing the spinal neurologic 

function of patients by EMS with the NEC. Furthermore, we want to gain insight into the 

barriers and facilitators related to implementation of the NEC in Dutch EMS. Purposefully, to 

monitor the neurological function of patients suspected of spinal column injury after blunt 

trauma and to guide future innovations and research into the effectiveness of prehospital 

spinal immobilization. 

Research questions 

What is the feasibility of the NEC, used by Dutch EMS to measure TSCI symptoms of 

patients, suspected of spinal injury after blunt trauma? 

- What is the usability of the NEC that EMS uses to monitor symptoms of 

possible spinal cord injury? 

- What are the barriers and facilitators of implementation of the NEC in Dutch 

EMS? 
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METHODS 

Theoretical rationale and design 

The model of Grol advises to investigate the barriers and facilitators of implementation of an 

innovation on different levels34, 35, 39. The NEC feasibility study assessed the levels: the 

innovation, the patient, the professional and the organization. To understand the nature of 

implementation in Dutch EMS, quantitative data must be complemented with the perspective 

of the professional40. A prospective mixed methods design was used to study the NEC’s 

usability and facilitators and barriers of implementation in Dutch EMS41. The study was 

performed from the first of April until the first of June 2013. 

Setting and population and sampling 

The details of the population are summarized in table 1.Two ambulance EMS organizations 

participated: “Veiligheidsregio Gelderland Midden” (VGGM) and “Veiligheidsregio Gelderland 

ZUID” (VRGZ). The organizations provide emergency care in a region with 1.1 million 

inhabitants within the Netherlands42. In this region, 160 Registered Nurses (RNs) provide 

emergency care 13, 42. The RNs are trained as Emergency Medical Technicians level 4 and 

work unsupervised with the help of a medical assistant.  

The adult patients, who suffered a blunt trauma and were suspected of spinal column injury, 

were included in the study if the RN applied the NEC. Bobbink et al studied in the year 2011 

patients after trauma within VGGM and described a total of 887 adult patients were 

immobilized43.  For the organization VGGM and VRGZ, we estimated a total of 279 patients 

would have been eligible in the two months. Due to the nature of the feasibility study and the 

absence of comparative literature, no sample size could be calculated. Furthermore, 160 

RNs were invited to participate with the questionnaire by email. For interviews, we used a 

random purposeful sampling method by calling on duty RNs at their station. Sample size 

usability literature for indicated a sample size of ten RNs, five from each organization34, 44, 45 
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Materials 

The Neurologic Evolution Classification 

The NEC consists of four verbal commands. The RN observes if the verbal command leads 

to a movement of the muscle group against gravity, without help or added weight. The 

commands are: “Bend your arm, make a fist, pull your knee up and flex your foot”. The 

reaction is observed in two categories: “Normal” or “Not normal”. If the patient’s extremity 

sustained an injury and could not comply with a command, the RNs can use the category 

“injured”. The NEC form has a category “not conscious enough to execute” which can be 

used if a patient could not comply due to a lower level of consciousness. The RNs assesses 

the patient twice, before spinal immobilization and prior for entering the ED. The NEC is not 

validated and can be found in appendix 1. 

 

Implementation of the NEC instrument  

In February 2013 in VGRZ and in March 2013 in VGGM, the NEC instrument was 

implemented using a multi-facet strategy34, 35, 39, 46. The strategy consisted of an online 

instruction film, a personal instruction by email, information hosted on the website of the EMS 

organizations and of visual reminders on materials that were used for immobilization31, 34. 

Reported questions or problems with the NEC instrument were summarized in an email 

update and send to EMS staffs.  

Ethical considerations 

All data extracted from patient’s EPCs was anonymous. The questionnaire did not collect any 

personal data and when the RN was invited and informed by email, permission was assumed 

when the RN started the questionnaire. RNs gave informed consent prior to the interview and 

interviews were anonymous processed on transcript. 
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Methods of measurement 

 

NEC forms 

The returned forms were observed for the scores of the muscles observations, the injured 

extremity scores and for unconsciousness classification. As well the forms were checked for 

visual irregularities. The forms were ignored if the RN assessed a patient younger than 18 or 

if the reason for immobilization was not traumatic.   

 

Patient Chart review 

The patient’s data was retrieved by matching the NEC form with Electronic Patient Chart 

(EPC), provided by both EMS organizations. The data consisted of identification of the RN, 

baseline, trauma and treatment related information, as well on scene times and transport 

times. For calculation of the RN fidelity rate, information of the RN who had assessed the 

patients was retrieved. Baseline data consisted of information on gender and age. Trauma 

related data consisted of mechanism of injury and the Glascow Coma Scale (GCS). The 

mechanism of injury indicates the type of blunt trauma; a traffic accident or a fall from height.  

The GCS instrument is an international accepted instrument to assess the level of 

consciousness and is used to compare the scores of “not conscious enough” on the NEC 

forms. The GCS vary from a score from 3, meaning no eye movement, no muscle 

responses, no verbal response until 15, which is fully conscious47.  

 

Online questionnaire  

Grol et al developed an implementation model for health care and Peters et al 

operationalized the model into a questionnaire32, 34, 48. The questionnaire describes four 

domains: Instrument, Professional, Patient and Organization, with 28 statements with a 5 

point Likert scale34, 49. We adapted the questionnaire for the specific setting of the EMS and 

the NEC. The questionnaire is based on 25 reviewed observational studies and has an 

internal consistency of a Cronbach’s alpha of 0.87 till 0.9734, 48. The Dutch questionnaire is 

submitted in appendix 2. 

 

Telephone interviews  

The topics for the semi structured interviews were based on the results of the questionnaire, 

data from EPC study combined with observations from the NEC forms. One student, with a 

three months training course in qualitative research, executed the interviews.  
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Data analysis  

All NEC forms scores and the data from EPCs analyzed with descriptive statistics. The 

answers of the questionnaire were reported in most frequent answer (mode) and for analysis 

categorized in three categories: agree, neutral and disagree. For comparability, the answers 

of the questionnaire and de data from EPCs were tested for significant differences between 

the EMS organizations. Categorical data was tested a Fisher-exact- Chi 2 and continuous 

data was analyzed with the student-t-test. The interviews were digital recorded, typed 

verbatim and thematically analyzed with the use of Nvivo software version 1050. The digital 

records and transcripts of the interviews were checked by two research students. Both 

students debated similarities or conflicts. The final results were discussed in the research 

group. All statistics were calculated with IBM SPSS, version 2051. 

RESULTS 

The RNs assessed 36 patients using the NEC, 13 (36.1%) patients of VGGM and 23 (63.9%) 

patients of VRGZ. The data from 7 (19.4%) patients was ineligible, due to the fact that the 

patient was underage (5/13.9%), not immobilized (1/2.8%) or assessed twice (1/2.8%).  2 out 

of the remaining 29 patients had returned the NEC forms incomplete therefore only EPC data 

of the patient was used for analysis.  

Out of 160 RNs, 19 (11.9%) RNs completed the online questionnaire, 11(14, 1%) RNs out of 

78 RNs from VGGM and 8 (9.8%) RNs out of 82 RNs from VRGZ. 

In total 30 (18.8%) RNs were interviewed. 2 (2.5%) RNs of VGGM and 28 (34.1%) RNs of 

VRGZ. Of the 30 interviewed RNs, 4 RNs had assessed patients with the NEC. 

Usability of the Neurologic Evolution Classification 

NEC Forms 

The details of the NEC forms are reported in table 2. On the 27 completed NEC forms no 

symptoms of TSCI were reported. Also, no differences were reported between the moment 

before spinal immobilization and the moment upon arrival at the ED. According to the 

returned NEC forms, 2 (7.4%) patients were partially assessed due to sustained injuries.   

2 (7.4%) other patients were assessed as not conscious enough to execute the NEC.  
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EPC review of assessed patients 

The details of EPC data are reported in table 3. The RNs fidelity was 10%, meaning that 16 

(10.0%) different RNs out of 160 RNs assessed 29 eligible patients, 10 (12.9%) RNs of 

VGGM and 6 (7.3%) RNs of VRGZ. The 29 patients had a mean age of 43 years and 16 

(55.2%) patients were male.  17 (58.6%) patients sustained an injury from traffic and 10 

(34.5%) from a fall. The mean 29 assessed patients had a GCS of 14.6 points. One EPC 

indicated a patient with a GCS lower than eight points. No significant differences were found 

in the data of patients between VGGM and VRGZ.  

 

Questionnaire  

The details of the questionnaire are reported in table 4. The 19 respondents of the 

questionnaire agreed that the NEC is not time-consuming, the timing of assessment is 

convenient, the layout is practical, the NEC is complete, has no faults and there is enough 

working space in the ambulance to execute the NEC.  

Furthermore, the respondents agreed that the NEC can be used when patients are injured, in 

pain or considered elderly. The respondents agreed that in general patients collaborated, 

even when the patient has a low social status.  

The RNs stated that they were well informed and able to remember the information that was 

given. The knowledge obtained in advance was sufficient. RNs agreed that by studying 

information of the NEC they have increased their knowledge of TSCI. The results indicate 

that the NEC corresponds with the professional attitude of RNs and the NEC leaves room for 

RNs to integrate their own considerations. The statements between RNs of VGGM or VGRZ 

did not differ significantly.  

Interviews 

The aspects of usability are summarized in table 5. Most RNs stated that the NEC instrument 

is a simple, practical and fast instrument that offers a uniform measurement tool. Three out of 

four RNs reported a problem with the observation of the verbal command “Bend your knees!” 

during the second NEC test. RNs explained that the patient could not bend his knees due to 

the straps (Quote 1).  

The RNs reported that none of the patients experienced problems executing the NEC and 

the NEC could be easily explained to the patients (Quote 2). Furthermore, RNs explained 

that they felt motivated to assess patients with the NEC, even though they knew only 2.0% of 

all immobilized patients have symptoms of TSCI (Quote 3). None of the interviewed RNs 

assessed a patient with low GCS scores or with injuries to an extremity. One RN reported a 
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patient, who was classified by the NEC as “normal”. However, the patient had a sensory 

deficit due to a dislocated cervical vertebra. The RN labeled the disability to detect other 

symptoms of TSCI besides motor dysfunction as an incompetence of the NEC. 

The RNs, who used the NEC, experienced the application of the NEC as easy to integrate 

into their routine.  Other RNs did not use the NEC for different reasons. In most cases the 

NEC was not integrated in the RNs routine so they forgot to use it (Quote 4). An ineligible 

patient is another reason for not using the NEC. Some RNs stated that they did not read or 

study the information. Almost every RN expressed the motivation to apply the NEC and they 

considered the NEC as a uniform instrument that was lacking within the EMS. 

Barriers and  facilitators of implementation 

All identified barriers and facilitators to implementation are summarized in table 5. 

 

Attitude of the RN 

One facilitator is motivation. The interviewed RNs expressed a necessity for a uniform TSCI 

classification tool in prehospital EMS. They expressed feeling strongly affiliated with the topic 

of spinal immobilization as well. Most RNs explained their belief that spinal immobilization is 

a hazardous intervention for the patient with no protection to the spinal parenchyma. They 

expressed their motivation to contribute in EMS related research that leads to new, evidence 

based, less harmful, immobilization guidelines.  However, almost every RN from VRGZ 

expressed research fatigue or demotivation to participate in the NEC study due to 

concurrent, hospital related studies, a total of 5 (Quote 5). Therefore, concurrent studies 

within the same organization, was identified as a barrier. 

 

Another barrier is the collaboration between EMS and ED staffs. The majority of the RNs 

expressed a fear or concern that ED staff will be reluctant to collaborate with the NEC or 

adjusting immobilization guidelines. The RNs had experienced multiple occasions where ED 

staff would argue with RNs, when a RNs had not immobilized a patient, although the RNs felt 

he had followed the national guidelines (Quote 6).  A minority of the RNs stated to immobilize 

patients unnecessary to avoid an argument with ED staff. As well, RNs stated that ED staff 

needs to be informed of the NEC, so ED staff will understand the classification of TSCI 

symptoms. 
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Training and dissemination 

Live training and a multi-facet dissemination strategy have been identified as facilitator. In 

questionnaire and interviews, most RNs stated to feel well informed and well trained. 

However, the interviewed RNs preferred live training or a live presentation on a staff meeting 

in addition to the instructional film and emails. RNs expressed that live training could break 

with old routines. As well, RNs explained that attending a demonstration along with the 

opportunity to ask questions, would have contributed to their and their colleague’s motivation.  

DISCUSSION  

As perceived by RNs, the NEC seems to be usable on conscious and adult patients after 

blunt trauma and RNs are able to assess most patients for possible TSCI symptoms. 

Motivation of the RNs and multi-facet dissemination strategy with live training are identified 

as facilitators. Too many concurrent studies and collaboration between EMS and ED staffs 

are identified as barriers. 

Leonard et al thematically described 17 barriers and 12 facilitators of research participation 

within the EMS by interviewing 88 EMS staff and 35 EMS researchers46. Our study seems to 

be the first to describe the actual barriers and facilitators of implementation of a new 

instrument in the Dutch EMS and enables customization of implementation processes33-35, 46.  

Feasibility studies in EMS are not new. Dieperink et al implemented a device in Dutch EMS 

in 2002 and other major implementation successes are described in literature52-55. Most 

feasibility literature lacks information of experienced barriers and facilitators nor report the 

overall fidelity, based on unique RNs. Dieperink et al did not provided information of the 

patients who were not included or how many unique RNs used the new device. Spijker et al, 

researched the fidelity of RNs to apply the device and described a low intervention fidelity of 

27.0%52, 56. Therefore, researchers should report experienced barriers and facilitators of 

implementation and information of fidelity. 

Only 10.0% of the RNs assessed patients and 11.3% of the 160 RNs completed the 

questionnaire.  The low fidelity and response contradicts the expressed motivation and 

positive attitude of RN towards the NEC.  The contradiction can be explained by three 

factors. In the same time period, in the EMS organization VRGZ had 5 different studies run 

simultaneously. In both organizations made mayor changes in daily practices, like the 

implementation of a new patient monitor and a new computerized patient chart system in the 

months prior to the NEC implementation. Last, the study period was maybe too short for RNs 

to get used to the NEC and integrate the NEC in daily routine.  
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Although RNs was instructed to assess patient over 17 years, 5 (17,2%) children were 

assessed with the NEC, implying the NEC’s usability on children. On the NEC, 2 patients 

were assessed as unconscious, however, 1 patients had a corresponding GCS in the EPC. 

This data mismatch remains not clarified. Some RNs experienced a problem to apply the 

NEC on a patient who was strapped down on a backboard. As well, 1 RN described a 

possible problem of the validity of the NEC. The NEC is not validated however based on the 

motor score of the ASIA-ICLOS and observes the muscle movement against gravity  

force5, 6, 57, 58. In this particular patient, the NEC failed to detect symptoms of TSCI because 

the patient was able to move all four muscles against gravity. In future validation, revision of 

the second test, assessment of level of consciousness and the research of usability on 

children are necessary. 

 

Limitations 

One research student interviewed the RNs. Despite the fact that the transcripts were read by 

another student and the results were discussed within the research group, complete 

saturation cannot be assured. Furthermore, only 4 (25.0%) of 16 RNs that had assessed the 

NEC could be interviewed so saturation of usability is not accomplished. However, the 

usability was assessed by means of the questionnaire and confirmed the experiences of the 

RNs. Due to technical problems, no EPC data was retrieved of the total number of patients 

who were eligible in the study period. Purposefully, to compare characteristics between 

patients who were not assessed and assessed with the NEC. As well, the EPC data could be 

used for future fidelity and sample size calculation. 

 

CONCLUSION AND RECOMMENDATIONS 

To detect TSCI symptoms of patients after blunt trauma seems to be feasible in the EMS. 

Furthermore, some barriers and facilitators related to implementation of innovations in 

prehospital EMS have been identified. By identifying barriers and facilitators of 

implementation, and assessing the usability, this study contributes to earlier TSCI patient 

care and enables researchers to guide future innovations and research within the EMS.  

Future research should validate the NEC, in means of sensitivity, specificity and interclass 

correlation as well to study the feasibility of the NEC on children.  Furthermore, new research 

should study which implementation strategy enhances RNs fidelity and therefore success of 

implementation of innovations within the EMS.  
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 VRGZ VGGM Total 

Content  

 Inhabitants in region, 2011 534,234* 659,449* 1,193,683* 

Total calls, 2011 31,968* 34,431* 66,399* 

Calls with high priority, 2011 13,114* 14,333* 27,447* 

Eligible immobilized patients, total calls per year** 723** 887*** 1610** 

Immobilized patients over 17 years, high priority calls 495** 605** 1,100** 

Immobilized patients over 17 years, high priority call,  
during study period April until June 2013 

103** 145** 248** 

Total of RNs 82* 78* 160* 

Total of ambulances 21* 23* 44* 

Table 1: overview of both EMS organizations facts and estimations of target population. 

*  = 2011 Taken from “Ambulance in Zicht 2011” by Boers et al
42

  

** = 2011 estimations, based on Dutch article “Wervelkolomimmobilisatie” by Bobbink, R et al, 2012, Critical Care “Ämbulance in Zicht 2011” by 

Boers et al
42,43 

***= Data from Dutch article “Wervelkolomimmobilisatie” by Bobbink, R et al, 2012, Critical Care
43

. 



 
EMS 

Organization  

VRGZ 

EMS 
Organization  

VGGM 

Total 

Returned NEC forms 
 

 
Total NEC forms 13 23 36 

Eligible 10 19 29 

Incomplete/faulty 2 0 2 

Total remaining NEC 
forms 

8 19 27 

Scores NEC before 
immobilization 

 

 
Scored unconscious 0 2 2 

Full function 7 16 23 

Scored partial injured 1 1 2 

No function 0 0 0 

Total 8 19 27 

Scores NEC after 
immobilization 

 

 Scored unconscious 0 2 2 

Full function 7 16 23 

Scored partial injured 1 1 2 

No function 0 0 0 

total 8 19 27 

 

 

Table 2: Details of the returned NEC forms, per score, per organization and total scores. 



 
Total EPCs  

N=29 

EPCs VRGZ 

N=10 

EPCs 
VGGM 

N=19 

P-value 

Baseline 

 
Age, in mean years (SD) 43.3(16.6) 42.0(17.8) 45.3(14.6) .621† 

Male in n (%) 16(55.2%)   7(70.0%)   9(47.4%) .434‡ 

RN fidelity 
  

 
Unique RNs n (%)* 16 (10.0%) 6 (7.3%) 10 (12,2%) .297 

GCS 
  

 
Mean GCS, in gcs points(SD) 14.6(1.9) 14.9(0.3) 14.4(2.4) .388† 

GCS< 8 in n (%)   1(3,4%) 0(0%)   1(5.3%) N/A 

Mechanism 
  

 
Traffic n (%) 
Falls   n (%) 

17(58.6%) 
10(34.5%) 

4(40.0%) 
4(40.0%) 

13(68.4%) 
  6(31.6%) 

.415‡ 
 

Time 
  

 Time on scene, in min(SD)**  24(8) 25(9) 21(6) .170† 

Time of transport, in min(SD)** 18(10) 20(12) 15(5) .131† 

Table 3 Descriptive statistics of data taken from EPCs, consists of patient collected EPCs during 

study period, total and per EMS organization.  

* = out of 160 available RNs, 78 of VVGM, 82 of VGRZ 

** = Based on 28 EPC; 

† = two tailed, Student-t-test; 

‡ = two sided Fisher exact Test; 

N/A = Not applicable; 



Overal 

N=19  

VGGM 

N=11 

VRGZ 

N=8 

P-value 

 
Organization  

 Other disciplines were not collaborative. Neutral Neutral Neutral .486(*) 

Some colleague RNs didn’t collaborate 
with the NEC. 

Neutral Neutral Neutral 1.00(*) 

Management staff did not collaborate. Neutral Disagree Neutral .650(*) 

The application of this instrument is 
difficult due to little or no knowledge of my 
medical assistant. 

Disagree Disagree Neutral .098(*) 

Appling the NEC should be finically 
compensated. 

Disagree Disagree Disagree 1.00(*) 

Patient 

 The NEC is not applicable within elderly 
patient.  

Disagree Disagree Disagree 1.00(*) 

The timing when symptoms of TSCI were 
measured is not convenient. 

Disagree Disagree Disagree .604(*) 

Patient specific information can be 
merged within the classification of the 
NEC. 

Agree Agree Agree 1.00(*) 

Difficulties with patients who had different 
cultural status. 

Neutral Neutral Disagree .567(*) 

The NEC is not applicable to patients in 
pain. 

Disagree Neutral Disagree .307(*) 

Patients with low social status refused 
collaboration. 

Disagree Disagree Disagree 1.00(*) 

The application of the NEC is difficult on 
patients that are not (badly) injured. 

Disagree Disagree Disagree .633(*) 

Patients in general did not collaborate in 
application of the NEC. 

Disagree Disagree Disagree .546(*) 

Instrument 

 The NEC layout is practical. Agree Agree Agree .429(*) 

The NEC is likely to be misused in 
disciplinary hearings. 

Disagree Disagree Neutral .109(*) 

Some parts within the NEC are faulty. Disagree Disagree Disagree .462(*) 

Some parts are missing of the NEC. Disagree Disagree Disagree 1.00(*) 

There is insufficient working space in the 
ambulance to complete the NEC. 

Disagree Disagree Disagree .333(*) 

Applying the NEC consumes a lot of time. Disagree Disagree Disagree .546(*) 

Caregiver/EMS staff 

 My own considerations can be accounted 
for within the NEC. 

Agree Agree Agree 1.00(*) 

Thanks to the NEC, I now know more of 
TSCI. 

Agree Neutral Agree .627(*) 

I need more knowledge before I can work 
with the NEC. 

Disagree Disagree Disagree .550(*) 

I am not well trained for application of this 
instrument. 

Disagree Disagree Disagree 1.00(*) 

I dint not read or study or remember given 
information concerning the application of 
the NEC. 

Disagree Disagree Disagree .175(*) 

The application of the NEC does not fit in 
my professional attitude. 

Disagree Disagree Disagree .412(*) 

In general, i am reluctant to work 
according to standards. 

Disagree Disagree Disagree .603(*) 

I have difficulties to change routines. Disagree Disagree Disagree .164(*) 

I am reluctant to use the NEC because I 
was not involved in the development 

Disagree Disagree Disagree 1.00(*) 

Table 4: translated statements from the questionnaire with the mode responses of the RNs in 
each and both EMS organizations. VRGZ= Gelderland Zuid, VRGM= Gelderland Midden. Fisher 
exact test (*) 2-sided test was used to compare differences of the responses between the RNs of 
the organizations.  Significant below p= 0.05. Adapted from the Grol implementation model, 
described by Peters et al

27
. 
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VRGZ VGGM 

Barriers 
 

 Attitude - Simultaneous research 
- Research fatigue in general 
- Fear for arguments on EDs 
- Fear of missing a vertebra fracture 
- Frustration of EPC registration 
- Difficulty to break with routines 
- Forgot about study 

- Informing ED is important 
- Arguments with ED staff  
- Didn’t read or study material 

Training - Need for live training 
- Need for a demonstration 
- Need for opportunity for questions 
- Movie was too long 
- No received mail 

- No live training or demonstration 
at a staff meeting  

- No received mail.  
- No forms or reminders in 

ambulance or too late. 

Instrument - Not sensitive for sensory deficits 
- Patient cannot pull his knees up 

 

- Patient cannot pull knees up 

Facilitators 
 

 Attitude - RNs field of interest 
- Need for better guidelines 
- Need for evidence 
- Less material 
- Topic in Hospitals 
- Quality improvement  
- First study with a EMS topic 
- Less harmful for a patient 

 

- Need for TSCI measurement 
- Complications of spinal 

immobilization 
- Unnecessary immobilization 

 

Training - Good visual reminders 
- Good movie, 
- Clear text 
- Enough information  

Monitoring implementation was 
experienced as motivating 

Instructional online movie was 
enough. 

Instrument - Uniform instrument 
- Quick  
- Easy 
- Integration in physical assessment 
- Simple test 
- Applicable tool 

 

- easy to integrate with routine 

Table 5: Thematic analyses of 8 interviews of EMS organizations VRGZ and VGGM. Quote’s are 
translated and summarized. 



 

 

 

 

 

“I just incorporate the test in my physical assessment routine, so patients believed it was normal. They 

don’t think of it as obligatory but just part of a test.  I think it was experienced as fine.”  

“I dont share your view. Don’t get me wrong, I too only have seen two patients with TSCI in 

the last 20 years. How many times do you measure a patient’s blood pressure and it will 

probably be normal. It doesn’t demotivate you from doing it again the next time.” 

“I find it difficult to differentiate between the first and second test. When a patient is 

strapped down, he cannot pull his knees up.”  

 

“One time, a resident of the emergency department taunted me after I presented a patient without a 

rigid collar, stating it was procedure. That’s what I call a lack of common sense like applying rigid collar 

on a patient with lumbar spinal injury.” 

“At first, I though, o boy, what have we getting ourselves into. We are fatigue of all the research in our 

organization. But I just stumbled into it and read the information carefully. We have the form and placed the 

visual reminders. Let’s say it was wide accessible. Well, I got to used it twice and it was a piece of cake, 

done in a second!”   

“I have had some patients who required immobilization, but i just did not thought of it. It is not yet in my 

routine integrated.” 

Quote 2: Comment of VRGZ-02 who used the NEC on a question what who patients experienced executing the NEC. 

 

 

Quote 3:  Comment of subject VRGZ-01, on the statement if a low TSCI incidence of 2% is demotivating. 

Quote 1:  Comment of subject VRGZ-06, on the question if he experienced any problems when working with the NEC. 

Quote 6: Comment of VRGZ-01 on the question if he thought the NEC could be used in future research. 

Quote 5: Comment of VRGZ-06 on the question how he experienced the online movie and submitted instructions. 

Quote 4:  Comment of VRGZ-03 on if an opportunity was missed to apply the NEC. 



D.C. Sagel, 367994, definitief Afstudeeronderzoek, 4-7-2013 

Classifying symptoms of traumatic spinal cord injury by emergency medical services -a feasibility study.  

 
29 

Appendix 1: The Neurologic Evolution Classificattion 

 

- 
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Beste ambulanceverpleegkundige, 
 

 

Wat fijn dat je de moeite hebt genomen om de enquête in te gaan vullen. In een paar minuten, geef je het 

onderzoeksteam een helder overzicht van de knelpunten die te maken hebben met de verspreiding en implementatie 

van het meetinstrument. De resultaten van deze enquête worden anoniem verwerkt en besproken in focusgroepen. Met 

de uitkomsten van deze enquête, de focusgroepen en specifieke ritgegevens van patiënten, hopen we de bruikbaarheid 

van de Neurologic Evolution Classification te beoordelen. Je bijdrage is van groot belang. Onze dank daarvoor. 

 

veel succes met de enquête! 
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zeer oneens oneens niet oneens, niet mee eens mee eens zeer mee eens 

nmlkj nmlkj nmlkj nmlkj nmlkj 

 

zeer oneens oneens niet oneens, niet mee eens mee eens zeer mee eens 

nmlkj nmlkj nmlkj nmlkj nmlkj 

 

zeer oneens oneens niet oneens, niet mee eens mee eens zeer mee eens 

nmlkj nmlkj nmlkj nmlkj nmlkj 

 

Innovatie NEC studie Knelpunten voor Implementatie­ Algemeen. 

Hieronder volgt een aantal uitspraken over het werken met het meetinstrument, de Neurologic 

Evolution Classification. Het is de bedoeling dat u aangeeft in hoeverre u het met de uitspraak 'eens 

of 'oneens' bent. Dit kost u minder dan 5 minuten. 

 

1. Dit meetsinstrument laat genoeg ruimte voor mij om zelf afwegingen te 

maken. 

zeer oneens oneens niet oneens, niet mee eens mee eens zeer mee eens 

nmlkj nmlkj nmlkj nmlkj nmlkj 
 

2. Dit meetinstrument geeft mij genoeg ruimte om informatie van de 

patiënt mee te wegen in de calssificatie. 

 

 

 

 

3. Dit meetinstrument is een goed aanknopingspunt voor zelfstudie 

bijvoorbeeld: verdieping in de onderwerpen "wervelimmobilisatie" 

of meetmethodes om spinaal neurologisch letsel op te sporen. 

 

 

 

 

4. Dit meetinstrument kan makkelijk misbruikt worden in het verpleegkundig 

tuchtrecht. 

zeer oneens oneens niet oneens, niet mee eens mee eens zeer mee eens 

nmlkj nmlkj nmlkj nmlkj nmlkj 
 

5. Ik heb informatie over dit meetinstrument niet grondig genoeg gelezen of 

onthouden. 

zeer oneens oneens niet oneens, niet mee eens mee eens zeer mee eens 

nmlkj nmlkj nmlkj nmlkj nmlkj 
 

6. Ik wil graag (nog) meer over dit meetinstrument weten voordat ik 

besluit om deze toe passen in de praktijk. 

 

 

 

 

7. Ik heb moeite met het veranderen van mijn oude routines. 

zeer oneens oneens niet oneens, niet mee eens mee eens zeer mee eens 

nmlkj nmlkj nmlkj nmlkj nmlkj 
 

8. Ik denk dat bepaalde onderdelen van dit meetinstrument onjuist zijn. 

zeer oneens oneens niet oneens, niet mee eens mee eens zeer mee eens 

nmlkj nmlkj nmlkj nmlkj nmlkj 
 

9. Ik heb in het algemeen weerstand tegen het werken volgens protocollen. 
 

zeer oneens oneens niet oneens, niet mee eens mee eens zeer mee eens 

nmlkj nmlkj nmlkj nmlkj nmlkj 
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zeer oneens oneens niet oneens, niet mee eens mee eens zeer mee eens 

nmlkj nmlkj nmlkj nmlkj nmlkj 

 

 

 

10. Collega ambulance verpleegkundigen werkten niet mee aan het toepassen 

van dit meetinstrument. 

 

 

 

 

11. Andere hulpverleners, zoals spoedeisende hulp medewerkers, solo­ 

ambulances,etc, werkten niet mee aan het toepassen van dit 

meetinstrument. 

zeer oneens oneens niet oneens, niet mee eens mee eens zeer mee eens 

nmlkj nmlkj nmlkj nmlkj nmlkj 
 

12. Leidinggevenden werkten niet mee aan het toepassen van het 

meetinstrument. 

zeer oneens oneens niet oneens, niet mee eens mee eens zeer mee eens 

nmlkj nmlkj nmlkj nmlkj nmlkj 
 

13. Patiënten werkten niet mee aan het toepassen van het meetinstrument. 

zeer oneens oneens niet oneens, niet mee eens mee eens zeer mee eens 

nmlkj nmlkj nmlkj nmlkj nmlkj 
 

14. Het werken met dit meetinstrument kost veel tijd. 

zeer oneens oneens niet oneens, niet mee eens mee eens zeer mee eens 

nmlkj nmlkj nmlkj nmlkj nmlkj 
 

15. Dit meetinstrument past niet goed bij mijn werkstijl. 

zeer oneens oneens niet oneens, niet mee eens mee eens zeer mee eens 

nmlkj nmlkj nmlkj nmlkj nmlkj 
 

16. Het werken met dit meetinstrument vereist een financiële vergoeding. 

zeer oneens oneens niet oneens, niet mee eens mee eens zeer mee eens 

nmlkj nmlkj nmlkj nmlkj nmlkj 
 

17. De lay­out van dit meetinstrument maakt het handig voor het gebruik. 
 

zeer oneens oneens niet oneens, niet mee eens mee eens zeer mee eens 

nmlkj nmlkj nmlkj nmlkj nmlkj 
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zeer oneens oneens niet oneens, niet mee eens mee eens zeer mee eens 

nmlkj nmlkj nmlkj nmlkj nmlkj 

 

zeer oneens oneens niet oneens, niet mee eens mee eens zeer mee eens 

nmlkj nmlkj nmlkj nmlkj nmlkj 

 

zeer oneens oneens niet oneens, niet mee eens mee eens zeer mee eens 

nmlkj nmlkj nmlkj nmlkj nmlkj 

 

zeer oneens oneens niet oneens, niet mee eens mee eens zeer mee eens 

nmlkj nmlkj nmlkj nmlkj nmlkj 

 

zeer oneens oneens niet oneens, niet mee eens mee eens zeer mee eens 

nmlkj nmlkj nmlkj nmlkj nmlkj 

 

zeer oneens oneens niet oneens, niet mee eens mee eens zeer mee eens 

nmlkj nmlkj nmlkj nmlkj nmlkj 

 

zeer oneens oneens niet oneens, niet mee eens mee eens zeer mee eens 

nmlkj nmlkj nmlkj nmlkj nmlkj 

 

 
 
 

Nu volgt een aantal vragen over de knelpunten die met het implemtenteren van het meetinstrument 

te maken hebben. Welke knelpunten ervaart u momenteel? 

 

18. Ik vind het toepassen van dit meetinstrument een probleem omdat er 

onvoldoende kennis is bij de collega ambulance chauffeur. 

 

 

 

 

19. Ik vind het toepassen van dit meetinstrument een probleem omdat 

er onderdelen missen in het instrument. 

 

 

 

 

20. Ik vind het toepassen van dit meetinstrument een probleem omdat 

het moment waarop het meetinstrument wordt afgenomen onhandig 

is. 

 

 

 

 

21. Ik vind het toepassen van dit meetinstrument een probleem omdat er 

onvoldoende fysieke ruimte is om het meetinstrument te gebruiken zoals 

door de locatie van de patiënt of in de ambulance. 

 

 

 

 

22. Ik vind het toepassen van dit meetinstrument een probleem 

omdat ik niet ben opgeleid voor het toepassen van dit 

meetinstrument. 

 

 

 

 

23. Ik vind het toepassen van dit meetinstrument een probleem omdat ik 

niet betrokken ben bij de ontwikkeling van het meetinstrument. 

 

 

 

 

24. Ik merk dat het toepassen van dit meetinstrument moeilijk is bij 

patiënten met een andere culturele achtergrond 
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zeer oneens oneens niet oneens, niet mee eens mee eens zeer mee eens 

nmlkj nmlkj nmlkj nmlkj nmlkj 

 

25. Ik merk dat het toepassen van dit meetinstrument moeilijk is bij 

patiënten die overwegend gezond of niet gewond zijn. 

zeer oneens oneens niet oneens, niet mee eens mee eens zeer mee eens 

nmlkj nmlkj nmlkj nmlkj nmlkj 

nnovatie NEC studie Veiligheids en Gezondheidsregioregio 
Gelderland 

26. Ik merk dat het toepassen van dit meetinstrument moeilijk is bij 

patiënten met een lage­sociale­economische status. 

 

 

 

 

27. Ik merk dat het toepassen van dit meetinstrument moeilijk is bij oudere 

patiënten 

(60+) 

zeer oneens oneens niet oneens, niet mee eens mee eens zeer mee eens 

nmlkj nmlkj nmlkj nmlkj nmlkj 
 

28. Ik merk dat het toepassen van dit meetinstrument moeilijk is bij 

patiënten met veel pijn. 

zeer oneens oneens niet oneens, niet mee eens mee eens zeer mee eens 

nmlkj nmlkj nmlkj nmlkj nmlkj 
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