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ABSTRACT
Objective: A full understanding of an injury event and the mechanical forces involved should be
important for predicting specific anatomical patterns of injury. Yet, information on the mechanism
of injury is often overlooked as a predictor for specific anatomical injury in clinical decision-making.
We measured the relationship between mechanism of injury and risk for cervical spine fracture.
Methods: Our case–control study is a secondary analysis of data collected from the Canadian 
C-Spine Rule (CCR) study. Data were collected from 1996 to 2002 and included patients presenting
to the emergency departments of 9 tertiary care centres after sustaining acute blunt trauma to
the head or neck. Cases are defined as patients who were categorized in the CCR study with a
clinically important cervical spine fracture. Controls had no radiologic evidence of cervical spine
injury. Bivariate and multivariate unconditional logistic regression models were used. Results are
presented as odds ratios (ORs) with 95% confidence intervals (CIs).
Results: Among the 17 208 patients in the CCR study, 320 (2%) received a diagnosis of a cervical
spine fracture. Axial loads, falls, diving incidents and nontraffic motorized vehicle collisions (e.g.,
collisions involving snowmobiles or all-terrain vehicles) were injury mechanisms that were signifi-
cantly related to a higher risk of fracture. For motor vehicle collisions, the risk of cervical spine in-
jury increased with the posted speed, being involved in a head-on collision or a rollover, or not
wearing a seat belt (p < 0.05). The occurrence of cervical spine fracture was negligible in simple
rear-end collisions (1 in 3694 cases; OR 0.015, 95% CI 0.002–0.104]).
Conclusion: Our study quantitatively demonstrates the relationship between specific mechanisms
of injury and the risk of a cervical spine fracture. A full understanding of the injury mechanism
would assist providers of emergency health care in assessing risk for injury in trauma patients.

RÉSUMÉ
Objectif : Il importe de bien comprendre l’événement traumatique et les forces mécaniques en jeu
si l’on veut prévoir la nature anatomique précise de traumatismes. Pourtant, trop souvent, on ne
tient pas compte du mécanisme de blessure comme facteur prédictif de traumatismes précis dans
le processus décisionnel clinique. Nous avons mesuré le rapport entre le mécanisme de blessure et
le risque de fracture de la colonne cervicale. 
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Introduction

Background
A full understanding of an injury event and the mechanical
forces involved should be important for predicting the like-
lihood and severity of specific anatomical patterns of in-
juries. Many clinicians and researchers believe that under-
standing the mechanism of injury is vital in clinical
decision-making for trauma patients and that there is an in-
creasing need to make use of and improve on such infor-
mation.1–4 Although some believe this information is a reli-
able injury “marker,” others suggest that the mechanism of
injury is not a useful predictor for injury severity5–7 and that
clinical criteria alone are effective in predicting which pa-
tients have injury, particularly spinal injury.8

Observations that stem from the study of anatomical in-
jury patterns in motor vehicle collisions (MVCs) include
the occurrence of, among others, chance fractures seen
with lap belt use, and cases of hangman fracture, which is
a severe extension injury resulting when the face forcibly
strikes the dashboard.9–15 Other injury mechanisms associ-
ated with specific anatomical injury include Lisfranc joint
fractures, which often occur from a twisting fall,16 Colles
fracture, which is most commonly seen in patients who fell
on an outstretched hand,17 knee dislocation patterns from
axial loads18 and tracheobronchial injuries.19

Importance
Research that quantitatively assesses the relationship 

between an injury mechanism and anatomical injury out-
comes has been limited, despite observations of specific
injury mechanisms being associated with distinct patterns
of anatomical injury. The Canadian C-Spine Rule (CCR),20

used to predict the absence of cervical spine fracture, is
one decision rule that does make use of information on the
mechanism of injury.

Goals of our investigation
In this secondary analysis of CCR study data, information
was collected on injury event circumstances for individuals
who were at risk for cervical spine injury. This provided a
unique opportunity to measure risk for injury related to cer-
vical spine fractures for patients presenting to emergency
departments (EDs) with acute blunt trauma to the head or
neck. These data were collected prospectively as part of the
CCR study.20,21 Through collecting detailed information on
the injury event, our study assesses the utility of measuring
the risk (as odds ratios [ORs]) for one anatomical injury,
the clinically important cervical spine injury, that is associ-
ated with a series of injury mechanisms.

Methods

Study design
Our case–control study is a secondary analysis of the CCR
study data, a prospective cohort of individuals with acute
blunt trauma to the head or neck who presented to 1 of 9
Canadian community or academic hospital EDs between

Méthodes : Notre étude cas-témoins est une analyse secondaire de données recueillies de l’étude
sur la Règle canadienne concernant la colonne cervicale (Canadian C-Spine Rule ou étude CCR).
Les données, collectées de 1996 à 2002, portaient sur des patients s’étant présentés aux urgences
de 9 centres de soins tertiaires après avoir subi un traumatisme aigu à la tête ou au cou. Il s’agis-
sait de patients chez qui on avait posé un diagnostic de fracture grave de la colonne cervicale. Le
groupe-témoin n’avait pas de preuve radiologique de traumatisme cervical. Nous avons utilisé des
modèles de régression logistique bivariés et multivariés inconditionnels. Les résultats sont présen-
tés sous forme de ratio d’incidence approché (RIA) avec des intervalles de confiance (IC) à 95 %.
Résultats : Parmi les 17 208 patients de l’étude CCR, 320 ont reçu un diagnostic de fracture de la
colonne cervicale. Les charges axiales, les chutes, les accidents de plongeon et les collisions avec un
véhicule récréatif motorisé (p. ex., collisions impliquant une motoneige, un véhicule tout-terrain)
étaient des mécanismes de blessures pour lesquels le risque de fracture de la colonne cervicale
était significativement plus élevé. Pour ce qui est des accidents automobiles, le risque de fracture
de la colonne cervicale augmentait en fonction des limites de vitesse indiquées, ou lorsqu’il s’agis-
sait de collisions frontales, d’un accident comportant un capotage ou de cas de non-port de la
ceinture de sécurité (p < 0,05). Les cas de fractures de la colonne cervicale étaient négligeables
dans les collisions par l’arrière (1 pour 3 694 cas, RIA = 0,015, IC à 95 % de 0,002 à 1,04). 
Conclusion : Notre étude montre, sur le plan quantitatif, le rapport entre des mécanismes de
blessures précis et le risque d’une fracture de la colonne cervicale. Une pleine compréhension de
ces mécanismes aidera les fournisseurs de soins de santé des services d’urgence à évaluer les
risques de blessures chez les patients ayant subi un traumatisme.
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1996 and 2002. The CCR study was conducted in 
2 phases. The purpose of phase 1 was to derive the CCR,
based on a series of clinical questions in an algorithm. The
second phase of the study was for prospective validation of
the accuracy, reliability and clinical sensibility of the CCR
in a new set of trauma patients. For our analysis, we com-
bined subjects from both phases.

Selection of participants
The 9 participating hospitals had a combined annual ED
volume of approximately 450 000 patient visits. Cases
were defined as all patients who received a diagnosis of a
clinically important cervical spine injury. Controls were
enrolled patients who were not diagnosed with a radiologi-
cally evident cervical spine injury. Additional details on
subject recruitment and categorization for the CCR are de-
scribed elsewhere.21–23

Outcome measures
The presence of a clinically important cervical spine injury
was used as the primary outcome for our study. This was
defined in the CCR study a priori as fracture or ligamen-
tous instability. These injuries generally require internal
fixation or treatment with a halo, brace or rigid collar. Ra-
diologically evident injuries to the cervical spine were con-
sidered clinically unimportant if any of the following were
observed: isolated avulsion fracture of an osteophyte, iso-
lated fracture of a transverse process not involving the ver-
tebral body or facet joint, isolated fracture of a spinous
process not involving the lamina or a simple compression
fracture of less than 25% of vertebral body height. This
standardized distinction between clinically important and
unimportant cervical spine injuries was based on results of
a formal survey of neurosurgeons, spine surgeons, neurora-
diologists and emergency physicians.24 The 75 patients
with clinically unimportant cervical spine fractures were
excluded from all analyses to remain consistent with previ-
ously reported CCR study analyses.

The ethics review board of each participating hospital
approved the study without need for informed consent at
the time of enrolment. Radiography was ordered according
to the clinical judgment of the treating physician. Not all
trauma patients underwent cervical spine radiography be-
cause obligatory cervical spine imaging is not a standard
Canadian practice. For those patients who did not have ra-
diography, a registered nurse administered a structured 
14-day proxy outcome measure by telephone.25

Cases were identified as trauma patients who presented
to the ED with acute blunt trauma to the head or neck, met
the eligibility criteria and were subsequently diagnosed

with a clinically important cervical spine injury. The con-
trol population was drawn from the same cohort with the
same entry criteria as the eligible cases, but who were not
diagnosed with any form of radiologically evident cervical
spine injury. In total there were 17 208 patients included in
the CCR study from the derivation and validation phases.

Exposure measures
The main exposure variables being assessed in our sec-
ondary analysis are those describing the mechanism of in-
jury. The CCR study nurses collected information on these
variables from the patient hospital charts and ambulance
reports. Twelve broad categories of injury mechanism were
created, with additional subcategories of covariates de-
scribing the circumstances for MVCs and falls.

Imputed data values for MVC covariates
Full details on injury mechanism variables in MVCs were
not always explicitly recorded in the medical records. This
resulted in missing information on estimated speed, on
whether or not patients had been involved in simple rear-end
collisions, head-on collisions or rollover events, and whether
they were ejected or wearing a seat belt. For example, in a
case in which a patient was involved in a head-on collision,
and information on vehicle rollover was not explicitly
recorded, this covariate was coded as “unknown” in our data
set, even though the likelihood of a rollover was low.

Maintenance of unknown values in these data would re-
sult in the loss of these patients to a multivariate analysis
and greatly limit its power. Hence, we imputed recodes of
unknown values for subcategories of MVC mechanism if a
limited number of logical assumptions could all be satis-
fied. The specific assumptions made a priori in assessing
these data for potential recoding were as follows: that the
true classification of an unknown value was more likely to
be the most common or frequent response observed in that
category, and that a positive response for a collision sub-
category was more likely to be charted in the medical
record than a negative event, such that the true value of an
unknown was more likely to be the negative response.
Based on these assumptions, values for unknown informa-
tion in the dichotomous yes or no covariates of rear-end
collision, head-on collision, rollover and ejection were im-
puted to permit their recoding as a “no” and seat belt use
as a “yes” to enable multivariate analysis. Unknown values
for speed were not recoded. The effect of recoding on the
bivariate ORs for exposures was calculated.

Data analysis
The ORs of clinically important cervical spine injury and
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corresponding 95% confidence intervals (CIs) were esti-
mated for each major injury mechanism using uncondi-
tional logistic regression modeling. The software package
SAS version 8.1 (SAS Institute, Inc.) was used. An assess-
ment of effect by potential confounders from the CCR
study was conducted using multivariate modeling. Addi-
tional models were generated for falls and MVCs to make
use of the more detailed data available for these patterns of
injury. MVC covariates included speed, type of collision
(head-on, rollover, ejection, simple rear-end) and the use of
a seat belt. Information on height of fall was available for
falls. Potential confounders assessed were age and sex.

A distinct model was generated for simple rear-end col-
lisions, since this injury mechanism would not, by defini-
tion, be associated with involvement in a rollover, ejection
or head-on collision in the CCR study.

Results

Characteristics of study subjects
Among the 17 208 patients enrolled in the study, 320 (2%)

received a diagnosis of a clinically important cervical spine
injury. Of these cases, 65% were men and 35% were
women, with controls having a near equal distribution (i.e.,
52% men and 48% women). Age ranges were similar for
cases and controls (Table 1). Within the CCR study, there
were 75 patients diagnosed with a clinically unimportant
cervical spine fracture. These patients were excluded from
further analysis.

Table 2 shows the ORs for the association between a cer-
vical spine fracture and various injury mechanisms. The
risk for cervical spine injury was found to be lower for 
157 cases (49%) in the full MVC group (OR 0.5, 95% CI
0.4–0.6). Mechanisms of injury with statistically signifi-
cant increases in risk of cervical spine fracture included
axial load mechanisms, falls, diving incidents and nontraf-
fic motorized vehicle collisions (e.g., collisions involving
snowmobiles, all-terrain vehicles or personal watercraft).

Table 3 shows the frequencies and coding of MVC co-
variates (including those for unknown values) and their as-
sociated bivariate ORs. Recoding these unknown values re-
sulted in changes to crash mechanism covariates (rear-end,
head-on, rollover and ejection) in 16 of 157 (10%) fracture
cases and their associated controls. Recoding of seat belt
use was required for an additional 7 cases (4%). Recalcula-
tion of the bivariate ORs using the imputed codes resulted
in little change in the point estimates shown in Table 3. The
percent changes in ORs resulting from recoding were 0%
for simple rear-end collisions, + 10% for head-on colli-
sions, and + 2% for rollovers, ejections and seat belt use.

Main results
In fall-related injuries, the risk of cervical spine fracture in-
creased with the height of the fall and the patient’s age

Table 1. Characteristics of case patients with clinically 
important cervical spine injury versus controls 

Group; no. (%)* 

Characteristic Cases, n = 320 
Controls, 

n = 16 813 

Sex    
    Male 209 (65.3) 8665 (51.5) 
    Female  111 (34.7) 8148 (48.5) 
Age, yr     
    Mean (SD) 45.6 (20.6) 37.0 (16.0) 
    Range 16–94 15–100 
Mechanism of injury   
    MVC 157 (49.1) 11353 (67.5) 
    Motorcycle collision 5 (1.6) 139 (0.8) 
    Pedestrian involved in 

an MVC 
6 (1.9) 555 (3.3) 

    Bicycle collision 12 (3.8) 467 (2.8) 
    Axial load 38 (11.9) 305 (1.8) 
    Falls 80 (25.0) 2349 (14.0) 
    Other sports 2 (0.6) 417 (2.5) 
    Diving 10 (3.1) 45 (0.3) 
    All assaults 2 (0.6) 563 (3.3) 
    Hit head on a fixed 

object or struck by 
an object 

3 (0.9) 495 (2.9) 

    Collisions involving 
other motorized 
vehicles 

5 (1.6) 94 (0.6) 

    Other mechanisms 
of injury 

0 (0.0) 31 (0.2) 

*Unless otherwise indicated. 
MVC = motor vehicle collision; SD = standard deviation. 

Table 2. Bivariate analysis of mechanism of injury variables 
for patients with clinically important cervical spine injury 

Mechanism of injury OR (95% CI) 

MVC 0.5 (0.4–0.6) 
Motorcycle collision 1.9 (0.8–4.7) 
Pedestrian involved in an MVC 0.6 (0.3–1.3) 
Bicycle collision 1.4 (0.8–2.4) 
Axial load 7.3 (5.1–10.4) 
Falls 2.1 (1.6–2.7) 
Other sports 0.3 (0.1–1.0) 
Diving 12.0 (6.0–24.1) 
All assaults 0.2 (0.1–0.7) 
Hit head on a fixed object or struck 
by an object 

0.3 (0.1–1.0) 

Collisions involving other 
motorized vehicles 

2.8 (1.1–7.0) 

CI = confidence interval; MVC = motor vehicle collision; OR = odds ratio. 
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(Table 4). Compared with low falls of less than 1 m, pa-
tients who fell 1–3 m had a multivariate adjusted OR of 2.8
(95% CI 1.7–4.8). Patients falling from over 3 m had an
OR of 5.3 (95% CI 2.8–10.0).

Frequencies of occurrence and adjusted ORs for MVC
risk factors are presented in Table 5. There was only 1 per-
son in 3694 simple rear-end collisions who sustained a cer-
vical spine fracture. The adjusted OR associated with sim-
ple rear-end collisions was 0.02 (95% CI 0.002–0.1). (The
CCR study defined simple rear-end collisions as being hit
from behind in a 2-car collision that occurred at city speeds
or when 1 vehicle was stopped). The risk of cervical spine
fracture increased with the posted speed and other crash
characteristics. Significant increases in risk were observed
for high speeds (60–100 km/h) and highway speeds 
(> 100 km/h) (ORs of 10.4 and 12.0, respectively). In-
creased risk was associated with head-on collisions (OR
3.0, 95% CI 1.8–5.0) and rollover events (OR 5.9, 95% 

CI 4.1–8.6). When individuals did not wear seat belts, the
risk of cervical spine injury increased 3-fold (OR 3.0, 95%
CI 2.0–4.7). Ejection from the vehicle, which was a risk
factor in the bivariate analysis, was not an independent risk
factor in the multivariate analysis.

Discussion

Ours is one of few studies that has quantitatively assessed
the utility of collecting information on the mechanism of
injury for trauma patients and used multivariate techniques
to estimate the independent relative risk for a specific
anatomical injury associated with different injury mecha-
nisms. The results of our study support the importance of
making information on the injury event readily available to
treating clinicians in EDs.

Our study demonstrates that an increased risk for cervi-
cal spine injury is associated with broad categories of 

Table 3. Bivariate analysis of motor vehicle collision variables for 
clinically important cervical spine injury 

MVC category 

Clinically 
important spine
injury, n = 157 

Controls, 
n = 11 353 OR 95% CI 

Speed    
    0 = Stopped 5 1818 1.00 
    1 = City (< 60 km/h) 19 4227 1.63 (0.61–4.38) 
    2 = High  

(60–100 km/h) 
74 1222 22.01 (8.87–54.59)

    3 = Highway  
    (> 100 km/h) 

35 347 36.67 (14.27–94.22)

    4 = Unknown 24 3739 2.33 (0.89–6.12) 
Simple rear-end    
    0 = No 155 7310 1.00 
    1 = Yes 1 3693 0.01 (0.002–0.09) 
    3 = Unknown 1 350 0.14 (0.02–0.97) 
Head-on collision    
    0 = No 127 9247 1.00 
    1 = Yes 23 529 3.17 (2.01–4.98) 
    3 = Unknown 7 1577 0.32 (0.15–0.69) 
Ejection    
    0 = No 130 9987 1.00 
    1 = Yes 14 93 11.57 (6.43–20.82)
    3 = Unknown 13 1273 0.79 (0.44–1.39) 
Rollover    
    0 = No 77 9380 1.00 
    1 = Yes 71 686 12.61 (9.05–17.57)
    3 = Unknown 9 1287 0.85 (0.43–1.70) 
Seat belt    
    0 =Yes 103 8888 1.00 
    1 = No 35 717 4.21 (2.85–6.23) 
    3 = Unknown 19 1748 0.94 (0.57–1.53) 

CI = confidence interval; MVC = motor vehicle collision; OR = odds ratio. 

https://doi.org/10.1017/S1481803500010873 Published online by Cambridge University Press

https://doi.org/10.1017/S1481803500010873


Association between injury mechanism and cervical spine fractures

January • janvier 2009; 11 (1) CJEM • JCMU 19

injury mechanisms including axial loads (OR 7.3, 95% CI
5.1–10.4), falls (OR 2.1, 95% CI 1.6–2.7), diving incidents
(OR 12.0, 95% CI 6.0–24.1) and collisions involving non-
traffic motorized vehicles (snowmobiles, all-terrain vehi-
cles and personal water craft) (OR 2.8, 95% CI 1.1–7.0).

Axial load mechanisms, which include contact sports,
falling onto one’s head or having a heavy object fall onto
one’s head, were associated with a particularly high risk of
cervical spine fracture. Sports literature has cited that the
most common spinal injuries are those secondary to con-
tact sports such as football, hockey and rugby.26,27 Direct
collision creates higher axial loads than the neck can 

withstand, leading to high injury rates.28 Diving is often
cited as another significant cause of cervical spine injuries,
as found in our study. Injuries resulting from diving inci-
dents are often associated with devastating outcomes.29,30

For fall-related injuries, our study demonstrates a posi-
tive relationship between the height of a fall, increasing
age and the risk for cervical spine injury, thus supporting
the findings of previous work.31–34 Falls occurring from a
height of 1.5 to 3 m and greater than 3 m were of high risk
compared with falls less than 1 m, with ORs of 2.8 and
5.3, respectively. However, spine fractures did occur in
falls from all heights and in all age groups.35,36

Table 5. Adjusted odds ratio for the association between motor vehicle collision risk factors and clinically important cervical 
spine injury  

Group, no. (%) 

Risk factors Cases, n = 157 Controls, n = 11 353 ß SE (ß) Adjusted OR* (95% CI) 

Model 1†       
Simple rear-end‡       
    No 156 7660   1.00*  
    Yes 1 3693 –4.22 1.00 0.02 (0.002–0.10) 
Model 2§       
Head-on collision       
    No 134 10 824   1.00*  
    Yes 23 529 1.16 0.25 3.02 (1.83–4.97) 
Rollover       
    No 86 10 667   1.00*  
    Yes 71 686 1.71 0.20 5.90 (4.05–8.58) 
Speed       
    Stopped 5 1818   1.00*  
    City (< 60 km/h) 19 4227 0.29 0.51 1.34 (0.50–3.61) 
    High (60–100 km/h) 74 1222 2.34 0.48 10.37 (4.06–26.47) 
    Highway (> 100 km/h) 35 347 2.48 0.50 12.02 (4.47–32.33) 
    Unknown 24 3739 0.46 0.50 1.58 (0.60–4.20) 
Seat belt use       
    Yes 103 8888   1.00*  
    No 54 2465 1.13 0.21 3.01 (2.04–4.69) 

CI = confidence interval; OR = odds ratio; SE = standard error. 
*Reference category. 
†OR adjusted for age, sex and seat belt use. 
‡Simple rear-end collision refers to a collision involving 2 cars that occurred at city speed or when 1 vehicle was stopped. 
§OR adjusted for age and sex. 

Table 4. Adjusted odds ratio for the association between falls and clinically important cervical spine injury 

Group; no. (%) 

Risk factors Cases, n = 80 Controls, n = 2349 ß SE (ß) Adjusted OR (95% CI) 

Falls         
    Low falls (< 1 m) 30 (37.5) 1351 (57.5) — — 1.00 — 
    Medium falls (1–3 m) 32 (40.0) 698 (29.7) 1.00 0.3 2.82 (1.67–4.77) 
    High falls (> 3 m) 18 (22.5) 300 (12.8) 1.70 0.3 5.26 (2.75–10.04) 
Age 80 (100.0) 2349 (100.0) 0.05 0.004 1.05 (1.03–1.06) 
CI = confidence interval; OR = odds ratio; SE = standard error. 
Note: Cut-off for significance in model, p = 0.05.  
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In Canadian trauma hospitals, MVCs cause the majority
of serious injuries.37 The importance of collecting detailed
information about the injury event was demonstrated by
our finding that the risk for cervical spine fractures associ-
ated with our heterogeneous MVC category did not in-
crease (OR 0.5, 95% CI 0.4–0.6). The examination of mul-
tiple collision-related covariates revealed where significant
increases and decreases in risk exist. There was a negligi-
ble risk associated with simple rear-end collisions (OR
0.02, 95% CI 0.002–0.10), which represented 32% of all
MVC patients in our study. A higher risk was particularly
observed with increased speed, rollover events (OR 5.9,
95% CI 4.05–8.58) and head-on collisions (OR 3.02, 95%
CI 1.83–4.97).

Many researchers support the belief that triage decisions
should be based on accurate information that includes a
full understanding of injury mechanism.38 A study by 
Santana and Martinez39 illustrates the need for the use of
both medical and automobile collision factors to provide
the depth of information needed to best treat patients, and
to understand their injury patterns and the sources that
caused them.39 According to Peterson and colleagues,40

emergency physicians should be knowledgeable about
MVCs, injury mechanisms and the management of time-
critical injuries. The authors advocate that MVC injuries
should be managed as any other disease, including assess-
ing for predisposing risk factors through better understand-
ing the biomechanics of the injury event.

One Canadian study suggested that the direction and
type of impact in MVCs are strongly associated with the
pattern and severity of injuries. McLellan and coworkers41

collected information from patients, ambulance attendants
and police reports about the direction of impact, vehicle
speeds and the degree of vehicle intrusion. They concluded
that lateral impact MVCs, in particular, resulted in greater
injury severity and specific patterns of injury, such as more
intra-abdominal and chest injuries. Although we, unfortu-
nately, did not collect information to identify lateral impact
crashes, the work of McLellan and coauthors reinforces
the need for emergency physicians to be knowledgeable
about MVC injury mechanisms for the management of
time-critical injuries.

In our study, the negligible risk of cervical spine injury
related to simple rear-end collisions supports the need to
investigate ways to minimize the use of immobilization
and radiography in these patients. Although many studies
have investigated the relationship between rear-impact col-
lisions and chronic pain syndromes related to whiplash,
those that looked at spine fractures found little or no in-
creased risk.42–44

The use of seat belts is clearly a protective factor in re-
ducing the risk of cervical spine injury. Patients who were
not wearing seat belts experienced a 3-fold increase in the
risk for cervical spine injury compared with belted pa-
tients. Claytor and colleagues45 found similar results. Their
results indicated that the combined use of airbags and seat
belts had the greatest protective effect, compared with un-
restrained occupants, with an OR of 0.19. They found that
the use of a seat belts alone had a dampened protective ef-
fect with an OR of 0.40.

Limitations
Full details on the mechanism of injury variables that were
extracted from medical records and ambulance reports
were not always available for our study. Others have noted
similar limitations in using information about mechanisms
of injury from retrospective data collection, as well as an
increased likelihood by ambulance personnel to report
more detailed information on the more severely injured.1

Recoding of unknown data for the MVC covariates added
to this the potential for misclassification of subjects. How-
ever, misclassification as a result of recoding in our study
is likely to be nondifferential, as there was a similar distri-
bution of unknowns for cases and controls. We believe our
recoding of these variables permitted a more powerful and
accurate multivariate assessment of risk ratios.

This secondary analysis of the CCR study data was in-
herently limited to investigating the relationship between
mechanism of injury and the risk of cervical spine frac-
tures. Data on anatomical injuries other than cervical spine
injury were not available. The use of CCR data has pro-
vided an opportunity to quantitatively assess potential risk
factors for cervical spine injury, and to do so using multi-
variate modeling provides an enhancement over previous
studies. Despite the limitations of these data, our study col-
lected more detailed information on injury mechanisms
than other current studies and has more accurate data on
the presence or absence of cervical spine injury.

Conclusion

Our study has clearly demonstrated the utility of collect-
ing information on the mechanism of injury in the quanti-
tative assessment of risk for one anatomical injury pat-
tern. ED physicians who collect detailed information on
the injury mechanism can use these data to make more
effective and efficient clinical decisions when managing
trauma patients.

The importance of collecting detailed information on in-
jury mechanisms in the diagnosis and management of
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trauma patients clearly should extend beyond our study of
cervical spine injuries. Logically, similar relationships ex-
ist between the injury mechanism and other key anatom-
ical injury patterns. Continued investigation of those rela-
tionships may well support more efficient and accurate
diagnosis in the care of trauma patients.
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