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Military Spinal Injuries
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The Normal Cervical Spine Lateral / Side View




The Normal Cervical Spine Posterior / Back View

The Normal Lumbar Spine Anterior / Front View

The Normal Lumbar Spine Lateral / Side View

The Normal Lumbar Spine Posterior / Back View
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Spinal Cord Injury

» Of 569 patients admitted
to Spinal Cord Injuries
Centre in UK:

— 9% missed at presentation

— 5% experienced further
avoidable deterioration

— Y5 of those missed had
significant head injury
» Multiple Fractures in 5%
» Use of Steroids
— NOT recommended

Published by the British Orthopaedic Association.

January

British Orthopaedic Association

THE INITIAL CARE AND TRANSFER OF
PATIENTS WITH SPINAL CORD INJURIES

2006
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Suspecting a Spinal Injury

Mechanism of Injury
Unconscious

Neurological Deficit
Spinal Pain / Tenderness




Goals of Spine Trauma Care Management of Spinal Injury

. « ABCDE / ATLS Approach
Protection

Detection * Protection -

O timi diti f — Maintain airway with spine control
p IMiZe conditions Tor neuro recovery — Always aim to have a team of 6 for transfers (min 4 for log rolls)

Maintain / restore spinal alignment .
Minimize | f spinal bilit * Detection
inimize loss of spinal mobility _ Lovafia
Obtain healed and stable spinal column = CompiGieie O A
— Spinal or Neurogenic shock
Rehabilitation

Immobilise The Entire Spine Assessment

» History
— Pain
— Mechanism
— Immediate post injury neurology
— Associated injury
+ Examination
— Spine
« Tenderness
« Gap
« Step
* Marked spasm
— Spinal cord

Stiff Neck Collar * Imaging

Examination Examination

 Spinal Cord SCI in the Unconscious Patient
* Partial / Complete SCI — Flaccid areflexia

— Sensory level — Diaphragmatic breathing

— Sensory modality — Pain response above clavicle

— Motor level — Bradycardia / Hypotension

— Sphincter tone — Priapism

— Bulbocavernosus reflex




Spinal “Shock”

Refers to the flacid paralysis, areflexia and
lack of sensation secondary to physiologic
spinal cord “shut down” in response to injury
Usually resolves within 24 hours when reflex
arcs caudal to injury return

Lowest that can be tested clinically
— bulbocavernosus reflex

Importance of spinal shock

— determining whether a patient has a complete or
incomplete spinal cord inju

Spinal Cord Injury

Primary (at the time of injury)
Secondary (occurring after the injury)

Complete spinal cord injury

— no sensation or voluntary motor function below the level
of the injury

It can only be confirmed after the resolution of

spinal shock when reflex activity has returned

The overall prognosis for recovery of neurological
function in complete lesions is poor

Spinal Injury Screening

¢ Clinically

— Cooperative patient

— Alert and orientated

— Able to concentrate on spine

— Normal neurological exam

— No spinal pain or tenderness

— No pain or tenderness with voluntary movement

Neurogenic Shock

State of inadequate tissue perfusion and
oxygenation due to:

Reduced sympathetic outflow (T1-L2) with
resultant unopposed vagal tone

Hypotension due to loss of blood vessel tone with
resultant venous pooling
Bradycardia due to reduced cardiac stimulation

— distinguishes neurogenic shock from other types of
shock (e.g. hypovolaemic, cardiac, anaphylactic)

Spinal Cord Injury

Incomplete spinal cord injury means that there is
some function caudal to the injury
In general, the greater the function the faster the
recovery and better the prognosis

Sacral sparing after spinal cord injury

— the presence of sacral sensation, voluntary rectal tone
and great toe movement

— indicates intact long tract neurones and the potential for
recovery

Prognostic for predicting recovery except in lesions
involving the conus medullaris or cauda equina

Spinal Injury Screening

+ Altered consciousness or symptoms

— Radiological imaging required
— Presume the spine is unstable
— Protect




Spinal Injury Screening CT Indications

 Plain Radiographs have failed to visualise all
the cervical spine
— Cervico-thoracic junction

— Intubated patient (no odontoid peg view) —
continue brain CT down to C3

* Lateral Cervical X-Ray
— Detects 85% cervical fractures

* Image the entire spine

—10% with one fracture have another non
contiguous injury
* Plain Radiographs show injury
— Confirm and further categorise extent of injury

MRI in Spinal Trauma

Overview for exclusion of injury in difficult
cases (ankylosing spondylitis)

dislocation with
Ligamentous injury normal neurology

Radiology of Cervical Spine

Unexplained neurology

Prognosis in neurological injury

Is surgical fixation safe? reduction

— Extruded disc may be made worse by surgical
manipulation

The Spinal Board

Transport device
Remove ASAP
Regular log rolls

Pressure sores
Same goes for some collars...




Consequences of SCI Management of Spinal Injury

* Inadequate ventilation Treat life threatening injuries first
* Abdominal evaluation compromised Ventilation and Oxygenation

Maintain blood pressure
* Occult compartment syndrome Maintain spinal cord perfusion

Management of Hypotension

* Haemorrhagic shock until proven otherwise
» Consider neurogenic shock

* Monitor urine output

Echelon 1

— In the field — combat medics

Echelon 2

— Forward surgical team: gen surgeon / orthopod
Echelon 3

— Combat support hospital within field of operation

— CT scanner Transfer usually 24-48hrs \

Echelon 4

— Regional Medical Centre (Germany) /
Echelon 5

— Military treatment facility




The military medical management of missile
injury to the spine: A review of the literature and
proposal of guidelines

N Buxton

Resuscitation
Assessment
Stabilisation
Evacuation

Civilian GSW 2nd-3rd most common cause
of SCIl in USA

2012

THE
SPINE
JOURNAL

Operation Iragi Freedom

The Surge - 4122 soldiers
7.4% (29 / 390) spinal injuries
Blunt / explosive injuries 65%
Open injuries 7%

Spinal Column Injuries Among Americans
in the Global War on Terrorism

James A. Blair, MD, Jeanne C. Patzkowski, MD, Andrew . Schoenfeld, MD, Jessica. iera, MD, Eric S. Grenier, MD,
Ronald A. Lehman Ji, MD, Joseph R. Hsu, MD, and the Skeletal Trauma Consortium (STReC)

Number 250
of

Injured 200
Patients

Mechanism of Injury
Fes

Freedom

of injury. MVA = motor vehicle accident, and GSW = gunshot wound.

the entire cohort of patients.

THE
SPINE

2012

JOURNAL

+ 2000 to 2009

* 4048 cervical spine fractures in
13,813,333 service members Rate 0.29
per 1000

* Ass SCI 70 per million

Spinal Column Injuries Among Americans
in the Global War on Terrorism

James A. Blair, MD, Jeanne C. Patzkowski, MD, Andrew J. Schoenfeld, MD, Jessica D. Cross Rivera, MD, Fric . Grenier, MD,
Ronald A. Lehman ., MD, Joseph R. Hsu, MD, and the Skeletal Trauma Research Consortium (STReC)

» 2001 — 2009 OIF OEF

* 10,979 evacuated casualties

» 598 Spine +/- SCI (5.5%)

* 17% SCI

* 72% Blunt : 33% Penetrating (5% Both)
* 56% Explosion : 29% MVC : 15% GSW

Spinal Column Injuries Among Americans
in the Global War on Terrorism

James A. Blair, MD, Jeanne C. Patzkowski, MD, Andrew J. Schoenfeld, MD, Jessica D. Cross Rivera, MD, Eric $. Grenier, MD,
Ronald A. Lehman Ji, MD, Joseph R. Hsu, MD, and the Skeletal Tr scarch Consortium (STReC)

Spinal Cord
5% (104)

Lumbar
41% (857)

Fig. 1
Individual spinal injuries distributed by anatomic location. The figur
parentheses represent the number of individual spinal column lesi




Spinal Column Injuries Among Americans
in the Global War on Terrorism

James A. Blmr MD, Jeanne C. Patzkowski, MD, Andrew J. Schoenfeld, MD, Jessica D. Cross Rivera, MD, Eric . Grenier, MD,
onald A. Lehman Jr,, MD, Joseph R. Hsu, MD, and the Skeletal Trauma Research Consortium (STReC)
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Fig. 2. Blast Wave form.

Mechanisms of blast injury,

Time (millisec)

Category

Characteristics

Body part affected

Types of injuries

Primary

Unique to HE, resulsfrom the
impact of the ization

Gas filled structures are

ware with bodysasfacests

t suscep ngs,
Gl tract, and middle ear.

Blast lung (pulmonary barotrauma)

TM rupture and middle car

damage

Abdominal hemorrhage and perforation
— globe (eye) rupture- concussion

(TBI without physical signs of head injury)

Traumatic amputations

Secondary

Results from flying debris and
bomb fragments.

Any body part may be
affected.

Penetrating ballistic (fragmentation) or
blunt injuries

Eye penetration (can be occult)

Tertiary

Results from individuals being
thrown by the blast wind.

Any body part may be
affected.

Fractures

Closed and open brain injury

Quaternary

All explosion-related injuries,
illnesses, or diseases not due

to primary, secondary, or tertiary
‘mechanisms.

Includes exacerbation or

complications of existing conditions.

Any body part may be
affected.

Burns (flash, partial, and full thickness)
Crush injuries

Closed and open brain injury,

asthma, COPD, or other breathing
problems from dust, smoke,

or toxic fumes

Angina

Hyperglycemia, hypertension

LE (low-order explosives) are classified differently because they lack the self-d
of injuries are characterized as due from ballistics (fragmentation), blast wind
between LE descriptive mechanisms and HE's Secondaty, Tertiary, and Quatern

84
(From DHHS-CDC http:/ /www.btc.cdc.gov/masstrauma/explosions.asp Accessed 8/18/2005)

wave. LE’s

o e TG overlap
ary mechanisms.

1950-1991
— Combat Spinal Injuries = 1%

* Recently
—upto 7%
— Asymmetric warfare — sniper attacks, ambush,
oadside bombs, improvised explosive devices

Combat Spinal Injuries

THE 2012
SPINE
JOURNAL
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Distance/Time

[ Death from primary blast injury and fragments (130 to 250 psi)

[ Possible lunginjury; death from fragments (30 to 120 psi)

[0 Possible

injury (2 to 15 psi)

[O] Noprimary blast injury; possible fragment injury

Overview of explosive-related injuries.

System

Injury or condition

Auditory
Eye, orbit, face

Respiratory

Digestive

Circulatory

CNS injury

Renal injury

Exlmnny
injury

TM rupture, ossicular disruption, cochlear
damage, foreign body

Perfoated globe, freign body, air embolis,
actures

Blast lung,

Mass casualty a

High energy explosives

nd blast trauma types of explosives.

Low energy explosives

Nitroglycerine
Dynamite

Pipe bombs
Gun powder

Pure petroleum based bombs
“Molotov cocktail”

Ammonium Nitrate Fuel Oil (ANFO)

Victim groups according to blast loading.

Group - Overpressure
a)

Blast loading

pulmonary contusion and hemorrhage,

A-V fistulas (source of air embolism),

airway epithelial damage, aspiration
pneumonitis, sepsis

Bowel perforation, hemorrhage, ruptured liver
or spleen, sepsis, mesenteric ischemia from
air embolism

Cardiac contusion, myocardial infarction from
air embolism, shock, vasovagal hypotension,
peripheral vascular injury, air embolism
induced injury

Concussion, closed and open brain injury,
stroke, spinal cord injury, air embolism-
induced injury

Renal contusion, laceration, acute renal failure
due to thabdomyolysis, hypotension, and
hypovolemia

Traumatic amputation, fractures, crush
injuries, compartment syndrome, burns, cuts,
lacerations, acute arterial occlusion, air
embolism-induced injury

(From DHHS-CDC http://www.btc.cdc.gov/masstrauma/.
explosions.asp Accessed 8/18/2005)

<150

150-350

350-550

>550

Minor: Maximum overpressure
sustained sufficient to cause
ruptured tympanic membrane
Moderate: Higher overpressure than
Group 2, but probably insufficient
to cause primary lung damage in

a significant number of casualties
Severe:Sufficient overpressure to
cause primary lung damago n

2 slgnificant propostion of casualties
Very severe: Sufficient overpressure
to cause severe primary lung
damage with a significant incidence

From Mellor SG, Cooper GJ:

Analysis of 828 servicemen killed or

injured by explosion in Northern Ireland 1970-1984: the Hostile
Action Casualty System. Br ] Surg 1989,76:1006-1010.




THE 2012

Flexible Conal

« Thoracolumbar junction .

fractures commonest in

civilians Normal

— low lumbar fractures are rare / ;;;’;:;';
- Military - higher incidence of '

low lumbar fractures and

lumbosacral dissociation —

— Body armour protects Flexible L

thoracolumbar junction
— more challenging to treat

T Spine Joamal 12 Q012) 756761

Clinical Study

Daniel R. Possley. DO, LI
Ronald A. Lehman, MD*, Joseph R. H:

2001 — 2009 OIF OEF

598 Spine +/- SCI

Complications 3% Non Op vs 25% Op
Major complications = 9%

Increased risk

— Dismounted, penetrating injuries, surgery
10% Surgical infections

Injry | Care Inured 40 (2009) 1321345

Contants lsts vailble at ScienceDirect
Injury
journal homepage: www.slsevier.com/locate/injury preces
Learning the lessons from conflict: Pre-hospital cervical spine stabilisation
following ballistic neck trauma

Ramasamy**, Mark Midwinter?, Peter Mahoney *®, Jon Clasper®
Dgence

Conclusions: Penetrating ballistic trauma to the neck is associated with a high mortality rate. Our data
suggests that it is very unlikely that penetrating ballistic trauma to the neck will result in an unstable
cervical spine in survivors. In a hazardous environment (e.g. shooting incidents or terrorist bombings),
the risk/benefit ratio of mandatory spinal immobilisation is unfavourable and may place medical teams
at prolonged risk. In addition cervical collars may hide potential life-threatening conditions.

THE 2012
SPINE
JOURNAL

2001 - 2009

Operation Iraqi Freedom and Operation
Enduring Freedom

78% of spinal injuries had at least 1 other
associated injury — mean 3.4

62% explosive injuries
Musculoskeletal > chest > abdo > brain
76% had multiple spinal fractures

« 2001 — 2009 OIF OEF
» 598 Spine +/- SCI
* Penetrating Injuries
— Higher rates SCI
— Increased trend towards operation
— Decreased neurological improvement

7 R drmy Med Corps 2001;147: 168-172

The military medical of missile
injury to the spine: A review of the literature and
proposal of guidelines

N Buxton

Take care not to mask neck injuries by collar

— Check wounds regularly

Complete SCI unlikely to require surgery
Surgery for progressive neurological deficit, CSF
leaks, delayed infection, FB reaction, copper or
lead FB in joint, radicular pain due to FB

Steroids — no role

High dose broad spectrum antibiotics > 7 days

Prognosis a presenting neurology
— 90% permanent

10
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Summary

* Remember ABCDE / ATLS
— Treat life threatening injuries first

* Protect then Detect
* Think second injury

16



PAH -

for the

Initial and

of Cervical Spinal Injuries

Are any of the following present?
1.6CS < 14 or atarad sensation
2 Newrolegicaldefict or istory of

newrological symptors (eg.
any

3.0ther msjor njury that may

4 Neck pain or midine nack
tenderness.

Nourological dafict?

No

2 Viaw conical spin

Abnormal or
Singoatonpt it am vacton. w‘m

Normal

! pain or cliicsl concern
bi0 o aciivoly fotato nack
45 aftor righ.

Nul

C-SPINE CLEARED

Yes

T

o

No
Yos NO RADIOLOGY
NECESSARY
C-SPINE CLEARED
Normat
e C-SPINE CLEARED

ol convcal spine at tme of
i o other body part / or

Queensland
Government

Dependig on grade of instabity

i goneral condi
il determire the use of

2View cenviai spine seres. Notfy Spinal Crtho Rogisirar

iton, Spinal Ortho

Notéy spinal oo and SIU, + Soft Col
Discuss neod for CT/ MRI ool Managomentas porSpinal [~ . 5of ollar+ Sandbags.
with rtha spisd Tean. « Skull Tongs Traction
« o Fixator
++/- Dontive Surgical Managorant
Organisn orhopaods: review In
T ENTIRE CERVICAL SPINE 1010 %4 diays for flexor
ORMRI [y ¥tonsion views  clnucal
Normal concern persists.

Distribution of error types

Error Type

Inadequate standard C-spine series
Lateral view only
Nonvisualization of T-1
No cervical roentgenograms in uncon-
scious patient
Misread roentgenograms
With adequate standard series
With inadequate standard series
Lateral view only
Nonvisualization of C-7-T-1

graptic inings

Complications of missed cervical spine injuries

Attributed Complication
Error

Death Quad/Hemiplegia Deficit None

Inadequate C-spine series 1
Misread roentgenograms 2
Error in judgment 1
Indeterminable 0

Totals 4

EXPLOSION INJURED PATIENT

NO EXTERNAL SIONS OF TRAUMA — | exrernaL sions o Trauma

EVALUATE FOR PRIMARY BLAST INJURY

HISTORY FOR PBI RISK STRATIFICATION
- Closed vs. open space
Proximity of victim
ind type of explosive
~ Flash burns
Symptoms: dyspnea, hemoptysis — BLI
chest pain, arrhthmia, focal neurological
deficit — Air embolism

PHYSICAL EXAM —————————————

— Tachypnea, pharyngeal petechiae
— Hypoxia (sats < 90% on room air)

— Auscultation: decreased breath sounds
— Palpation: Crepitance

— EKG: Arrhythmia

‘ NO

(R )

BLAST LUNG

NO BLAST LUNG

TREAT ACCORDING TO ATLS

STABILIZE

EVAULATE FOR OCULAR, AURAL OR BRAIN INJURY

OPHTHALMOLOGY, OTOLARYNGOLOGY, BEHAVIORAL
MEDICINE/PSYCHIATRY CONSULTS AS NEEDED

Pulmonlry infiltrates

Figure 2.

0022-5282/93/3403-0342803.00/0
THE JOURNAL OF TRA!
Copyright € 1993 by Wi

IF NO
4-6 HOURS AFTER INJURY

Primary blast injury algorithm. PBI, primary blast injury; BLI, blast lung injury.

Vol. 34, No. 3
Printedin U S A

THE ETIOLOGY OF MISSED CERVICAL SPINE INJURIES

James W. Davis, MD, FACS,* David L. Phreaner, MS-4,> David B. Hoyt, MD, FACS,” and

Robert C. Mackersie, MD, FACS®

Missed or delayed diagnosis of cervical spine (C-spine) injuries may lead to

extension of those
Previous reports examining the incidence of missed C-spi

juries and subsequent preventable mortality or morbidity.

juries
ical errors made or the extent to which these

missed injuries;

I errors leading to the delays; and (3) to

determine nl these errors are the result of fundamental problems or a lack of

skills or

Between August 1985 and February 1991,

d
delayed or missed in 34 patients (4.6%). Ten of the 34 patients (29%) developed

permanent sequelae as a result of th
the failure to obtain an adequate series of C-s|
diagnosis could have been avoided
of a standard three-view C-:

se dellys The single most common error was

roentgenograms. Delayed
at least 31 of 34 mlunu by the appropriate use

roentgenogram: Plllents at risk !or C-lpine Inluriu require a technically adequate
i terpretation. Cervical spine

h risk patients, until appropriate

in
and expert review of the cervical spine roentgenograms can be obtained.

Classification and Characteristics of Blunt Trauma Patients Requiring

Clearance

Group Classification

Important
Characteristics

1 Asymptomatic

Temporariy nonassessatle

Symptomatc

Obtunded

Aweke, alert

No neck painftenderness

Normal neurolegic function

No intoxication

No distracting injuries

Asymptomatic

Intoxicated or has distracting injuries

Expect resolution in 24-48 h

Cervical pain of tendemess

Neurologic deficits

Abnormal cogritive funcsion that interferes
with cinical examination

17



Awake, alert

No neck pain

No midline tendernoss
Normal neurologic examination

No

Canadian corvical spno
functional test: 45° right
d loft rotation

Carvical spine cleared Evalato as
Remave collar symplomatic patient
Discontinue restricti

Canadian C-Spine Rule
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Fig3. Diagram of a measuroment of abnormal trans-

fatlon at o Gincal

‘Unstab love

1
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e
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[Canadian cervical spine functional test Evavate as
45° right and et rotation symotomate patent
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‘Option 1: Thioa radographc
views of cervical spine

Unexplained neut
Suspecied igar

Possila MRl ‘Spine consutation
o Catlar mmobilzaton

reat as corvical spine | | Actity restrction
injury







Positive

Option 1: Clear cery ne
Discontinue collar and restrictions

e
Option 22 MAI | | Spine consultation
———— | cotar immabiization

Actvey restrctons

A
(tat suppression
o STIR)

Clear cervical consutation
Discontinue colar and restrctons ot zaton
L Activity restrictions




History of the Treatment of Spinal Injuries
Silver JR. 2003. Published by Kluwer

A Celizharetyis Stedy by the National Spins! Cord 'nivin Miodel Systems

Waters RL and Adkins RH
Spine 1991; 16(8): p934-9.

A Collahc rativa Study by the National Sgiria! Coni Initrry Mailel Systems

Waters RL and Adkins RH
Spine 1991; 16(8): p934-9.

History of the Treatment of Spinal Injuries
Silver JR. 2003. Published by Kluwer

A Colizhciate Study by the National Sgiril Cord riun Mo~el Systems

Waters RL and Adkins RH
Spine 1991; 16(8): p934-9.

A Collaterative Study by the National Spinal Cord Injury Model Systems

Waters RL and Adkins RH
Spine 1991; 16(8): p934-9.
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