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Abstract 

Introduction: Many EMS agencies have de-emphasized or eliminated the use of long spinal 

boards (LSB) for patients with possible spinal injury. We sought to determine if implementation 

of spinal motion restriction (SMR) protocols, which reduce LSB use, was associated with an 

increase in spinal cord injury (SCI). 

Methods: This retrospective observational study includes EMS encounters from 1/1/2013 to 

12/31/2015 submitted by SMR-adopting ground-based agencies to a state EMS database with 

hospital discharge data. Encounters were excluded if SMR implementation date was unknown, 

occurred during a 3-month run-in period, or were duplicates. Study samples include patients with 

traumatic injury (TI), possible spinal trauma (P-ST), and verified spinal trauma (V-ST) using 

hospital discharge ICD-9/10 diagnosis codes. The incidence of SCI before and after 

implementation of SMR was compared using Chi-squared and logistic regression. 

Results: From 1,005,978 linked encounters, 104,315 unique encounters with traumatic injury 

and known SMR implementation date were identified with 51,199 cases of P-ST and 5,178 V-ST 

cases.  The incidence of SCI in the pre-SMR and post-SMR interval for each group was: TI, 

0.20% vs. 0.22% (p=0.390); P-ST, 0.40% vs. 0.45% (p=0.436); and V-ST, 4.04% vs. 4.37% (p = 

0.561). Age and injury severity adjusted odds ratio of SCI in the highest risk cohort of patients 

with V-ST was 1.097 after SMR implementation (95% CI 0.818-1.472). 

Conclusion: In this limited study, no change in the incidence of SCI was identified following 

implementation of SMR protocols. Prospective evaluation of this question is necessary to 

evaluate the safety of SMR protocols.   
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Introduction  

Traditional spinal immobilization (SI), defined as the combined use of a long spinal board (LSB) 

and cervical collar (c-collar), has been a mainstay of prehospital trauma care since the 1970s.[1] 

Both the safety and efficacy of traditional SI have come into question in recent years and as a 

result some emergency medical services (EMS) agencies have deemphasized the use of LSBs 

and c-collars.[2-5] These changes have been implemented based on new evidence that highlights 

the low incidence of spinal cord injury (SCI), potential harm from the application of these 

devices,[6-12] and lack of evidence demonstrating any positive effect on mortality, spinal 

stability, or neurologic injury.[5, 13] Several studies have highlighted specific associations 

between the use of SI devices and predictors of negative outcomes following trauma, including 

increased intracranial pressure with c-collar use after traumatic brain injury,[14] as well as 

increased time spent on scene by EMS personnel, decreased intubation success, and decreased 

respiratory capacity.[6-10, 15-18] Despite the goal of reducing the negative secondary effects of 

SI, the safety of a more selective approach to the use of c-collars and LSBs in the process of 

packaging, extrication, and transport of trauma patients, referred to as spinal motion restriction 

(SMR), remains unknown.  

 

There are over 12 million emergency department visits for falls and motor vehicle accidents and 

only 10-20,000 new cases of SCI diagnosed annually in the United States,[19-21] creating a very 

low incidence of SCI in patients with trauma.[22] The lowest rates of unstable spinal injury are 

in patients with penetrating trauma, nearing 0.01%,[10,12] with slightly higher rates in a more 

general trauma cohort.[23-25] The highest rates of SCI, in multi-system trauma patients with 

high injury severity scores, approach 7.5%.[17] This low incidence of SCI has formed the 
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underpinning of SMR protocols. These protocols, applied to a wide range of trauma patients 

(both low- and high-risk), seek to minimize harm from SI while maintaining the possible, albeit 

empirically unproven benefit to high-risk patients.   

 

Given the lack of evidence to support traditional SI as well as its potential complications,[2, 4-

13, 15, 18, 26-35] many EMS systems have implemented SMR protocols. These protocols 

emphasize the use of the least restrictive immobilization techniques to be applied only to those 

patients with significant risk factors or abnormal findings on examination. The implementation 

of these protocols has resulted in a significant decrease in the number of patients transported 

using traditional SI procedures and equipment, particularly LSBs.[36-38] The objective of this 

study was to determine if any change in the incidence of SCI could be identified after the 

implementation of SMR protocols in multiple EMS systems across a single state. 

 

Materials and Methods 

Data Sources and Study Groups: 

This was a statewide, retrospective, observational, multi-agency, prehospital study including 

encounters from January 1, 2013 to December 31, 2015. Linked prehospital and hospital data 

were obtained from the Arizona Prehospital Information and Emergency Medical Services 

Registry System (AZ-PIERS) with retrospective deterministic linkage of encounters to the 

Hospital Discharge Database (HDD) using a previously described method.[39] These data were 

made available to the researchers as a de-identified data set, compiled as part of a quality 

improvement project performed earlier by the Arizona Department of Health Services. No 

patient identifiers were available to the research team for this study. 
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The Arizona Department of Health Services maintains both data sources. The AZ-PIERS, which 

is managed by the Department's Bureau of Emergency Medical Services and Trauma System, is 

a voluntary patient registry that allows EMS agencies to collect and transmit electronic Patient 

Care Records (ePCR) to the State. The database includes both required and optional reporting 

elements and data are validated to meet National EMS Information System (NEMSIS) standards. 

The AZ-PIERS captures agency information, patient demographics, response times, incident 

location, and treatment provided. The HDD collects inpatient and emergency department visits 

from all Arizona-licensed hospitals. The HDD does not capture information from federal 

healthcare facilities such as the Veteran’s Administration, Department of Defense, or tribal 

hospitals. 

 

Prehospital encounters available from the AZ-PIERS system based on the defined study period 

were linked to the HDD using a stepwise deterministic linkage algorithm with direct identifiers 

(first name, last name, date of birth, social security number, gender, date of incident/hospital 

admission, hospital name). Exclusion criteria were applied to the linked datasets to remove air 

ambulance transports, inter-facility transfers, and encounters from agencies with unknown SMR 

implementation date. When two or more EMS agencies were involved in a patient’s care, the 

first responding agency report was included and any other duplicate records were removed.   

 

All EMS agencies submitting data to AZ-PIERS during the study period were contacted via 

email or phone in order to determine whether or not they had implemented a SMR protocol. 

Those using SMR were then asked to provide the date of implementation. Of the 85 agencies 
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included in this study, 16 (18.8%) were unable to provide protocol information and 1 (1.2%) 

additional agency was unable to verify SMR implementation date. These 17 agencies were 

excluded. Each encounter was designated as pre- versus post-SMR based on each agency’s date 

of implementation. Encounters were excluded if they occurred during a three-month run-in 

period including the month of SMR protocol implementation, the month prior, and the month 

following. Agencies who did not implement SMR during the study period were included in the 

pre-SMR group only.  

 

Three study groups were identified from the complete linked data set. Patients with a principal 

diagnosis of traumatic injury (ICD-9 code 800-959 or ICD-10 code S00-T34 or T79) were 

identified as the full study cohort, Traumatic Injury (TI). The Center for Disease Control and 

Prevention’s ICD-9-CM Barell Matrix[40] and the Proposed Framework for ICD-10-CM 

Diagnosis Codes[41] were used to identify cases of traumatic injury in which there was Possible 

Spinal Trauma (P-ST), defined as cases with a diagnosis of trauma to the head, face or neck, 

spinal cord or vertebral column.  Finally, cases with Verified Spinal Trauma (V-ST) were 

identified as those with a diagnosis of spinal cord injury, vertebral fracture or vertebral 

dislocation. 

 

The primary outcome for this study was SCI diagnosed at discharge by an ICD-9 or ICD-10 

hospital discharge code. Demographic characteristics of pre- and post-SMR cohorts were 

compared using descriptive statistics (Table 1). Relative risk and Chi-Square analyses were 

performed to compare the incidence of SCI before and after SMR implementation in the full 

study group as well as the two subgroups. Multivariate logistic regression was performed to 

https://www.cdc.gov/nchs/injury/injury_matrices.htm
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adjust for age, race, gender, and injury severity score (ISS). Unadjusted as well as adjusted odds 

ratios (OR) for all cohorts were reported with 95% CI. All analyses were performed using SAS 

software, version 9.4 (SAS Institute, Cary, NC). Statistical significance was assessed using a 

two-sided p-value of 0.05.  

 

The authors assumed that there would be some variation in the exact language contained in SMR 

protocols across the state. In order to assess any possible impact on study results, a sensitivity 

analysis was performed using data from only those agencies whose protocols could be reviewed 

by the authors (FCM, JG) to ensure they contained certain critical elements. An example of a 

typical SMR protocol is shown in Figure 1.  

 

Human Subjects Committee Review: 

This study was reviewed by the Arizona Department of Health Services Human Subjects Review 

Board and deemed exempt from IRB review. 

 

Results 

As illustrated in Figure 2, the AZ-PIERS contained EMS dataset was comprised of 1,123,178 

encounters that occurred during the study period and a total of 1,005,978 (89.6%) of those were 

successfully linked to a hospital encounter within the HDD. After excluding air ambulance 

transports (n = 30,996), no EMS agency identified on EMS encounter (n=3,747), inter-facility 

transfers (n = 238,085), agencies with unknown SMR status (n = 41,098) and duplicate records 

(n = 99,437) there were 592,615 records eligible for study inclusion. Of those, 110,395 had a 

primary diagnosis of injury/trauma at the time of hospital discharge. After excluding encounters 
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occurring during the three-month run-in period there were 104,315 patients from 68 EMS 

agencies included in the full TI group with 39,919 (38.3%) pre-SMR cases and 64,396 (61.7%) 

post-SMR cases. From the identified group with TI there were 51,199 patients transported to a 

hospital by EMS with a CDC Barrell matrix diagnosis of trauma involving the head or spine 

forming the P-ST group and 5,178 patients were transported with an ICD-9/10 code of spinal 

fracture, spinal cord injury or spinal dislocation forming the V-ST group. 

 

Patient demographics and hospital outcome measures are reported in Table 1. There were small 

but statistically significant differences in many of the available patient demographics. The post-

SMR cohort was in general slightly older, more likely to be white, have an ISS greater than 15, 

and a mechanism of injury documented as fall. Of note, these differences were found in the TI 

and P-ST cohorts but not identified in the V-ST cohort. In the V-ST cohort, there were no 

statistically significant differences between the pre-SMR and post-SMR demographics, other 

than race.  In this cohort, more patients were discharged to home in the pre-SMR group than in 

the post-SMR group (53.2% vs. 49.6%, p < 0.0001). The differences noted were small and likely 

reached significance related to the large sample size. 

 

As illustrated in Table 2, there was no significant change observed in the incidence of SCI 

following SMR protocol implementation. Within the full study cohort (TI) the rate of SCI was 

0.20% before SMR implementation and 0.22% after implementation (p=0.390). Within the P-ST 

group the incidence of SCI was 0.40% prior to SMR and 0.45% after implementation of SMR 

(p=0.436). Within the group of patients with V-ST the incidence of SCI was 4.04% prior to SMR 

implementation and 4.37% after SMR implementation (p = 0.561). The RR of SCI after 
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implementation of the SMR protocol in this very high-risk subgroup (V-ST) was 1.080 (95% CI; 

0.827-1.420).  

 

Results of the multivariate logistic regression analysis are shown in Table 3. In this analysis after 

adjusting for differences in severity of injury (ISS), age, gender, and race, no statistically 

significant differences in unadjusted or adjusted odds of SCI was found in any group.  A 

sensitivity analysis (data not shown) was performed using cases from only those agencies using 

verified SMR protocols and the findings are consistent with those from the primary analysis, 

supporting the assumption that minor variability in protocol language or design was unlikely to 

have a significant effect on incidence of SCI after protocol implementation.   

 

Discussion 

The purpose of this study is to assess the noninferiority of prehospital protocols aimed at limiting 

LSB use as well as to provide a framework for future studies evaluating the safety of prehospital 

protocol changes for spinal immobilization in trauma patients.  We found that after 

implementation of SMR protocols across multiple EMS agencies in Arizona, there was not a 

statistically significant increase in the incidence of SCI.  Our findings were consistent among 

trauma patients in general as well as within the highest risk cohort in our study, patients with 

confirmed SCI. Separately published data demonstrate that implementation of this protocol 

reduced LSB use even among patients with clear symptoms of SCI in the prehospital setting.[42]  

These data suggest that EMS agencies implementing SMR protocols to selectively immobilize 

traumatically injured patients are not putting their patients at increased risk of SCI compared 

with patients who receive traditional SI. We did not detect a statically significant increase in SCI 
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after SMR implementation in the age and severity adjusted analysis, indicating that differences in 

overall injury severity or age of the patients between the pre- and post-SMR cohorts did not 

affect the noninferiority of SMR as it relates to incidence of SCI.    

 

The primary outcome for this study was the rate of SCI following implementation of an SMR 

protocol. Patient outcome data were available and a small increase in the rate of discharge to 

skilled nursing or long-term care facilities as well increase in mortality after implementation of 

SMR were observed.  These data must be interpreted with thoughtful consideration as increasing 

overall injury severity or changing hospital discharge practices over the study period may have 

influenced these results. Given that implementation of an SMR protocol would not be expected 

to affect overall in-hospital mortality or hospital disposition, this study was not designed to 

evaluate these outcomes.  

 

The overall incidence SCI was low in this study, ranging from 0.20% to 4.37%.  This finding is 

consistent with other reports.[17, 19-21, 25, 43, 44]  As expected, patients in the V-ST subgroup 

had the highest incidence of SCI, with 4.04% and 4.37% of patients diagnosed in the pre- and 

post-SMR cohorts respectively. Within a sample where the incidence of an injury is low, it is 

difficult to perform a study large enough to determine if a significant change in the incidence of 

injury occurred. Given that this study describes the non-inferiority of an SMR protocol when 

compared to traditional SI, we estimate that this study would have detected a 1% change in the 

incidence of SCI with implementation of SMR considering the observed incidence and the study 

sample evaluated.  Although this study did not detect a significant change in the incidence of 

SCI, it cannot eliminate the possibility that a larger study might identify a clinically and 
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statistically significant increase in the incidence of SCI following implementation of a SMR 

protocol.  

 

A recently published, joint position statement published by the ACS-COT, the National 

Association of EMS Physicians, and the American College of Emergency Physicians, 

emphasized that spinal injuries can occur in a noncontiguous manner, and recommend that the 

entirety of the spine should be stabilized whenever SMR is employed. Specifically, they state 

that SMR cannot be properly performed with a patient in a sitting position.[45] It should be 

noted that the SMR protocols included in this study did allow for patients to be transported in 

Fowler’s or semi-Fowler’s positions with only a cervical collar applied, with some consideration 

given to airway and respiratory status, patient comfort, and an overall achievement of reduced 

spinal motion.  

 

There were several limitations to our study. First, these data did not contain information 

regarding how closely EMS personnel adhered to their agency’s SMR protocol. Other data 

obtained from the same study sample suggest there was a significant decrease in the rate of LSB 

use after SMR protocol implementation within the highest risk subgroup of patients (those with 

SCI).[42] Second, this study relied on ICD-9/10 codes to determine patient outcomes and 

independent verification of acute SCI could not be performed. It is possible that a small number 

of cases had pre-existing spinal cord disease and an ICD-9/10 diagnosis code was entered into 

the patient record to indicate a previous injury.  Third, inclusion in this study relied on EMS 

agency participation in a statewide, voluntary EMS patient registry, which could lead to 

inclusion of higher performing or larger EMS and better than expected patient outcomes. Fourth, 
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despite a high case linkage rate (89.6%), it is possible that we failed to identify some patients 

with SCI given the deterministic linkage methodology used. Finally, although a single set of 

SMR training materials was produced and distributed broadly, how each individual EMS agency 

delivered or modified that content could not be easily tracked. For this reason, the authors 

individually reviewed a subset of agency SMR protocols to ensure they contained certain 

common elements. It was not possible to review the protocols for every agency that participated 

in the study. We performed a sensitivity analysis using cases from only those agencies with 

verified SMR protocols to see if any variations might impact our study outcomes. The sensitivity 

analysis results were consistent with those of the primary outcome.  

 

Conclusion 

In conclusion, this study did not identify any significant increase in the incidence of SCI 

following implementation of an SMR protocol by multiple EMS agencies in a single state. This 

study adds to a growing body of evidence supporting the use of SMR techniques aimed at 

reducing the use of LSBs, but should not be used as the sole foundation to support the conclusion 

that SMR is safe. Further evaluation of SMR protocol safety is necessary before concluding that 

total elimination of the LSB is a safe practice. Future studies should focus on large-scale 

prospective evaluations of SMR protocols and quantify any associated risk or benefit.  
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