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Epidemiology 

Cervical spinal injury occurs in 2% of  victims 

of  blunt trauma 

The incidence is increased if  the GCS <8 or if  

there is a focal neurologic deficit.  

Secondary neurologic injury occurs in 2–10% 

of  patients after cervical spinal injury 



C2 was the most common level of  injury (24.0% 

of  all fractures) 

C6 and C7 are involved in 39% 

The vertebral body was the most frequent 

anatomical site of  fracture 

30% of  all injuries are clinically insignificant. 

Up to 50% of  cervical spine injuries are associated 

with TBI. 

Data is based on 35,000 patients with blunt 

trauma. 

Goldberg W, 2001  



Ligaments of  the atlantoaxial joint. View is from 

above, with the skull removed 

If  the transverse ligament alone 

is disrupted and the alar and 

apical ligaments remain intact, up 

to 5 mm of  movement may be 

seen.  

If  all the ligaments have been 

disrupted, 10 mm or more of  

displacement may be seen. 

Significant posterior displacement 

of  the dens reduces the space 

available for the spinal cord 

(SAC) 



The anterior column contributes more to the 

stability of  the spine in extension, and the 

posterior column exerts its major forces in 

flexion.  

Therefore, the anterior elements tend to be 

disrupted in hyperextension injuries, and the 

posterior elements tend to be disrupted in 

hyperflexion injuries.  



With extreme flexion or extension or if  

either a compressive or rotational force is 

added, both co Flexion injuries usually cause 

compression of  the anterior column and 

distraction of  the posterior column. Pure 

flexion trauma may result in wedge fracture 

of  the vertebral body without ligamentous 

injuries. 



These injuries are stable and are rarely 

associated with neurologic injuries. With more 

extreme trauma, elements of  the posterior 

column are disrupted as well, and facet joint 

dislocation may result.  

These injuries are unstable and are associated 

with a high incidence of  cord damage.  



Instable injury 

The National Emergency X-Radiography 

Utilization Study (NEXUS) group 

identified the following injuries as not 

clinically significant:  

1. Spinous process fractures 

2. Wedge compression fractures with loss 

of  25% or less of  body height 

3. Isolated avulsion fractures without 

ligament injury, 

4. Type 1 odontoid fractures 

5. End-plate fractures 

6. Isolated osteophyte fractures 

7. Trabecular fractures 

8. Isolated transverse process fractures. 



Neurologic recovery after 1 h of  cord compression occurred 

after immediate decompression but not when cord 

compression persisted for 6 h or more. Delamarter 1995 

Importance of  “gold hour” 

Data assessing the impact of  early decompression on neurologic 

outcomes was limited, class III-II evidence (retrospective), and class II 

(prospective) demonstrated a possible benefit to patients with 

incomplete injury only. New reviews showed in early decompression 

and conservative treatment neurological improvement and deterioration 

in some patients. 



A three-view cervical series 

supplemented by high-

resolution CT reduce the 

likelihood of  an occult 

fracture to less than 1%.  

After a technically adequate 

imaging series has been 

reviewed and cleared by a 

radiologist, it is prudent to 

remove cervical 

immobilization. 

Clearance of  Cervical Spine 

5 criteria to be associated with a low 

 probability of  injury: 

1. No midline cervical tenderness;  

2. No focal neurologic deficit; 

3. Normal alertness; 

4. No intoxication;  

5. No painful, distracting injury.  



Distracting injuries were defined as 

including long bone fractures; visceral 

injuries requiring surgical consultation; 

large lacerations; burns; degloving or crush 

injuries; or any injury that might impair the 

patient’s ability to participate in a general 

physical, mental, or neurologic 

examination. 



In a patient at high risk for cervical injury, who 

cannot be evaluated clinically, a three-view cervical 

series supplemented by high-resolution CT scanning 

with sagittal reconstruction will reduce the 

likelihood of  an occult fracture to less than 1%.  

After a technically adequate imaging series has been 

reviewed and cleared by a radiologist, it is prudent to 

remove cervical immobilization. 



The patients which meet the mentioned 

criteria should be withholding R-imaging 

(Sensitivity 99%, the negative predictive 

value 99.8%). 

If  there is evidence of  a neurologic 

deficit referable to the cervical spine 

despite the finding of  normal cervical 

radiography and CT, MRI should be 

considered 



Despite significant improvement in treatment of  spine injuries has been achieved 

during last 40 years, probably due to immobilization, the impact of  immobilization on 

mortality, neurologic injury, and spinal stability was uncertain and that direct evidence 

linking immobilization to improved outcomes was lacking 

However, the current consensus among experts remains that all patients with the 

potential for a CSI after trauma should be treated with spinal column immobilization 

until injury has been excluded or definitive management for CSI has been initiated 



The application of  cervical collars has also been 

associated with increased ICP by 3-5 mm Hg (clinical 

significance remains unclear). 
 

Problems and difficulties related to cervical spine immobilization: 

Pressure sores - the incidence increases after 48 h.  

Airway management, central venous access and line 

care, provision of  oral care, enteral nutrition, and 

physiotherapy regimes are all made more difficult. 



Collar makes airway management much more 

difficult 

Collar significantly reduced interincisor distance 

from a mean of  41±7 mm to 26±8 mm 
 Goutcher CM, Br J Anaesth 2005 

Removal of  the anterior portion of  the collar 

before attempts at tracheal intubation was 

encouraged 



In cadaveric studies: 

Application and removal of  cervical collar is associated with 

significant spine displacement (flexion/extension).  

MILI (manual in line intubation)  must be applied during 

manipulations with collar  

Parsarn, J Trauma Acute Care Surg 2012 

Horodyski, J Emerg Med 2011 

Placement of  cervical collars is very effective in reducing segmental 

motion in both stable and unstable cervical spine. 



The goal of  manual in-line stabilization is to apply sufficient forces to 

the head and neck to limit the movement, most notably, airway 

management. 

MILI should be applied in neutral position 

Avoid traction forces during the application of  MILI, it leads 

to spinal instability !!! 

Lennarson J Neurosurg 2001 

Kaufman JAMA 1982 

Bivins Ann Emerg Med 1988 

 



Impact of MILI on the View Obtained at 

Laryngoscopy 

MILI allowed less spinal movement than did cervical collar 

immobilization during laryngoscopy and intubation and was 
associated with improved laryngeal visualization. 

The laryngoscopic view deteriorates by one grade with the 
application of immobilizing forces. 

Heath Anaesthesia 1994 
Gerling Ann Emerg Med 2000; 

Hastings. ANESTHESIOLOGY 1994; 

MILI may increase laryngoscopic grade in some patients; this may be 
countered with anterior laryngeal or cricoid pressure. 



Ventilation by mask caused more cervical spine displacement (2.93 mm)  
than direct intubation (1.51 mm) and fiberoptic intubation (0.9 mm).  

Be careful: MASK VENTILATION! 

Hauswald  Am J Emerg Med 1991 

In the unstable spine with maximum flexion and extension, the SAC 

was narrowed by 6.1mm.  

Chin lift and jaw thrust reduced the SAC by 2.5 mm;  

Oral intubation and nasal intubation created a similar (1.6 mm) 

reduction of  SAC (space available for the cord).  

CONCLUSION: 

The SAC is narrowed to a greater degree by preintubation 

maneuvers than it was by intubation techniques and application of  

cricoid pressure produced no significant movement at the 

craniocervical junction. Donaldson Spine 1997 



Fluoroscopic study in non-trauma patients: 

Laryngoscope insertion is associated with minimal movement 

Blade elevation is associated with significant extension in all 

segments. 

Intubation itself  add a very small additional rotation. 

Savin, Anesthesiology 1996 



There is no difference in the spinal movement resulting from direct 

laryngoscopy relative to the type of blade used during 
laryngoscopy (Macintosh vs. Miller). 

MacIntyre,  Anaesthesia 1999 

HastingsANESTHESIOLOGY 
1995 

Laryngoscopy with the Macintosh resulted in spinal 

movement that was greater in magnitude than that 
measured during Bonfils fiberscopy. 

Rudolph, Anaesthesia 2005 



Spinal movement was reduced only at the C2–C5 segment by 50% 

when the Glidescope was compared with the Macintosh; 

Motion was not significantly altered at the three other segments 

studied (Oc-C1, C1-C2, C5-Th1). 

Visualization of  the glottis is also improved with the use of  the 

Glidescope, but the time to achieve the best view is somewhat 

longer. 

Turkstra Anesth Analg 2005; 



Cervical Spinal Movement and LMA. 

During the insertion of intubating LMA, C5 and superior segmental 

levels were flexed by less than 2° and flexed by an average of 1° 

during removal.  

There was some posterior displacement at the C2–C5 levels during 

insertion and intubation but not during removal. 

LMA exert high pressures against the upper cervical 

vertebrae during insertion, during inflation, and while in 

situ; these pressures could produce posterior displacement 

of the upper cervical C-spine.  

The clinical relevance of these findings as they relate to 
CSI has yet to be clarified. 

Kihara, Anesth Analg 2000 

Keller Anesth Analg 1999 



Airway Management of Cervical Spine–injured Patients:  
The Experience and Outcomes Reported. 



Retrospective study 

• 165 patients with critical cervical cord or spine injuries.  

• Underwent awake intubation within 2 months of injury 

• The direct laryngoscope was used in 36 patients (22%), the fiberoptic 

bronchoscope was used in 76 (46%), and 51 patients (32%) underwent 

blind nasal intubation.  

• There was no difference in the incidence of neurologic deterioration over 

time between the groups, and tracheal intubation was not associated 
with neurologic deterioration in any patient. Meschino,  Can J Anaesth 1992 



• Retrospective analysis of  

traumatic unstable cervical spine 

fractures  

• One hundred thirty-three 

patients  

• Ninety-four nasal intubations 

and 29 direct laryngoscopies 

with in-line stabilization. 

• No neurologic complications 

were recognized in any patient. 

Holley J, Jordan R: Airway 

management in patients with 

unstable cervical spine fractures. 

Ann Emerg Med 1989; 10:1237–9 

Prospective study 

81 patients with CSI, including 58 with 

unstable fractures, who received 

emergency orotracheal intubations  

Neurologic assessment before and after 

intubation 

No neurologic deterioration 

Scanell G, Waxman K, Tommaga G, 

Barker S, Anna C: Orotracheal intubations 

in trauma patients with cervical fractures. 

Arch Surg 1993; 128:903–6 



Shatney CH, Brunner RD, Nguyen 

TQ: The safety of  orotracheal 

intubation in patients with unstable 

cervical spine fracture or high spinal 

cord injury. Am J Surg 1995; 

170:676–80 

• 98 fractures who were 

neurologically intact on initial 

presentations. 

• Orotracheal intubation with 

MILI was performed in 48 

patients 

• No neurologic deteriorations 

were recognized. 

 

• Prospective study 

• 150 patients with traumatic CSI and 

well-preserved neurologic function 

presenting for operative 

stabilization. 

• 65 were intubated under GA with 

the direct laryngoscopy;  

• 22 - awake direct laryngoscopy.  

• 83 - awake or asleep fiberoptic.  

• Two patients experienced new 

neurologic deficits, both after direct 

laryngoscopy 

• However, both of  them had serious 

damage attributed to surgery itself. 

Suderman VS, Crosby ET, Lui A: 

Elective oral tracheal intubation in 

cervical spine-injured adults. Can J 

Anaesth 1991; 38:785–9 



Retrospective study 

60 cervical fractures, 53 of  them 

unstable. 

26 patients’ tracheas were intubated 

orally, 25 were intubated nasally 

2 were intubated by cricothyrotomy. 

One patient who underwent 

nasotracheal intubation had a 

neurologic deterioration 

Retrospective study 

62 patients with CSI required airway 

management.  

43% direct laryngoscopy 

27% fiberoptic intubation 

22% nasotracheal intubation 

3% tracheostomy (2%); in 4%, the 

method could not be determined.  

No patient had neurologic deterioration 

Wright SW, Robinson GG II, 

Wright MB: Cervical spine 

injuries in blunt 

trauma patients requiring 

emergent endotracheal 

intubation. Am J Emerg Med 

1992; 10:104–9 

Lord SA, Boswell WC, Williams JS, 

Odon JW, Boyd CR: Airway control in 

trauma patients with cervical spine 

fractures. Prehosp Disas Med 1994; 

9:44–9 



These studies are limited by both their small 

sample size and their retrospective nature. 

However, they do reveal that neurologic 

deterioration in CSI patients is uncommon 

after airway management, even in high-risk 

patients undergoing urgent tracheal 

intubation.  



They are not sufficient to rule out the 

potential that airway management provided 

in isolation or as part of  a more complex 

clinical intervention, even provided with the 

utmost care, may rarely result in neurologic 

injury. To do so would require a study of  

enormous proportions. As noted previously, 

progressive neurologic deterioration occurs 

in a minority of  CSI patients. 



There are about twenty case reports in the literature 

related to neurological deterioration in patients with 

unstable cervical spine after intubation by direct 

laryngoscopy. 

In waist majority of  the cases, airway management 

was not appropriate: 

Multiple attempts of  intubation without MILI, 

vigorous attempts of  intubation, misdiagnosed CSI 

leading to management without collar prior and after 

intubation etc. 



Although the deterioration has often been 

associated temporally with airway management, 

in most cases, it is impossible to determine with 

certainty the cause of  the deterioration because 

confounding factors are typically present and 

acknowledged by the reporting authors. 



The Use of the Flexible Fiberoptic Bronchoscope in CSI 

The overall success rate for intubation using the 

bronchoscope in the trauma setting has been cited at 
83.3% 

The advantages of  FBI: 

• Potential for use in awake patients 

• The minimal cervical movement 

• Ability to perform postintubation neurologic 

assessments (medico legal). Only in cooperative 

and cognitively intact patients. 

There are no published data in the English literature that would 

indicate that the cited advantages of the fiberoptic bronchoscope 

translate into improved outcomes among CSI patients compared 
with other intubation techniques. 



The use of  a direct laryngoscope after induction of  anesthesia is also deemed an 

acceptable practice option by the American College of  Surgeons as outlined in the 

student manual of  the ATLS; by experts in trauma, anesthesiology, and neurosurgery; 

and by the Eastern Association for the Surgery of  Trauma.  

Direct laryngoscopy PROs: 

It does not require especial skills  

It can be performed more quickly  

It does not require time to obtain and 

set up specialized equipment 

With MILI it was not associated with 

neurologic deterioration 

Direct Laryngoscopy CONs: 

Greater spinal movement 

If  laryngoscopy is performed after the 

induction of  general anesthesia, the 

potential for a cannot-intubate, cannot- 

ventilate scenario is possible.  



Retrospective study of  32,000 trauma patients required intubation within 

24 h from admission.  

Of  the 6088 patients in whom intubation was attempted within 1 h, the 

rate of  surgical airway access in emergencies was 0.3%. 

For 26,000 patients requiring airway management between 1 and 24 h of  

admission, a surgical airway rate was approximately 0.04%. 


