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VCT i vertebral column trauma.
SCIT spinal cord injury.

The primary management of spine injuriessists ofealignment (when necessaryjlecompression
of the neural elements (wherdicated), andtabilization.
7 if the spine is in good alignment and no decompression is necessary, external immobilizatior
may be all that is required to protect the neataments while healing occurs:
o this is particularly true when the major cause of the instabilityis/ injury.
o primaryligamentous instabilitygs much less likelya r es ol ve after i
early surgical stabilization.

N.B. MRI _can directly image ligamentous damb@®est sequences: STIR > T2)ormal ligaments
are dark, linear structures (on both T1 and T2); when acutely injured, they are outlined by bright

edema or blood, making torn ends quite conspicuous.
N.B. avulsed ligamentgfrom insertion point) may lookormal on MRI

FRACTURES ACCORDING TO MECHANISM

Any combination of forces may occur in any single case!

Flexion

Compression (wedge) fracture

Flexion teardrop fracture

Clay shoveler's fracture

Anterior Subluxation

Transverse ligament disruption, Anterior atlantoaxial dislocation + odontoid fracture
Atlantooccipital dislocation

ouhwnNE

Flexion-Distraction
1. Distractive flexion fracture, s. Chance ("seat belt") fracture
2. Bilateral facet dislocation

Flexion with Lateral component
1. Odontoid fracture with lateral displacement
2. Fracture of transverse process
3. Lateral flexion fracture

Flexion-Rotation
1. Unilateral facet dislocation
2. A S| i c e odislboaterg $. tonsi@nal injury
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3. Rotary atlantoaxial dislocation
1 failure of POSTERIORANAMIDDLE columns with varying degrees afTERIORCOlumn insuli’ due
to combination of:
1) rotation ( Y di s r popteriorigameaténdarticular facex
2) lateral flexion
3) = posterior-anteriorly directed force.
1 uncommon irthoracicregion due to limited range of rotation (at thoracic facet joints).

Extension
1. Posterior neural arch fracture
2. Hangmanés fracture (s. traumatic spon
3. Extension teardrop fracture
4. Distractive extension injury
5. Posterior atlantoaxial dislocation + odontoid fracture
6. Whiplash injury &. cervical sprain, hyperextension injury)
1 most common imeck
1 most are stablaslong as vertebral column is flexed.
T if ligamentum f | avumcebtwlacddsegnsronient o spi nal
1 prevertebral (retropharyngeal) swellinghay be the only sign (hyperextension injuries may

reduce spontaneously or when spine is placed in neutral position by paramedical personnel).

Vertical (axial) compression

1. Burst fracture of vertebral body
2. Cl1 fracture, incl. Jefferson fracture
3. Lateral mass fracture (C1)
4. Isolated fractures of articular pillar and vertebral body

71 force is applied from either above (skull) or below (pelvis).

1 fractures occur igervicalandthoracolumbar junctioregionsi they are capable of

straightening at time of impact.

Shearing(by horizontal force)
1. Translational fracturelislocation
2. Lamina fracture

MECHANICAL STABILITY

Cervical spine injuries in order of instabilifgost to least unstable):

Rupture of transverse ligament of atlas

Odontoid fracture

Flexion teardrop fracture (burst fracture with posterior ligamentous disruption)
Bilateral facet dislocation

Burst fracture without posterior ligamentous disruption
Hyperextension fracture dislocation

Hangman fracture

Extension teardrop (stable in flexion)

. Jefferson fracture (burst fracture of ring of C1)

10. Unilateral facet dislocation

11. Anterior subluxation

12.Simple wedge compression fracture without posterior disruption
13.Pillar fracture

14. Fracture of posterior arch of C1

15. Spinous process fracture (clay shoveler fracture)

©CoNoO~whE

GUNSHOT WOUNDS TO THE SPINE

1 SCldue tocivilian GSWs are primarily due to direct injury from the bullet (unhhiitary
weapons which may create injurgiin shock waves and cavitation).
1 steroids are not indicated

I NDICATIONS FOR SURGERY

Progressive neurologic deterioratibsuggestepidural hematoma
Compression of nerve robtauda equinfgwhether complete or incompléatgury)
CSF leak
Bullet lodged indisc spac& plumbism(anemia, encephalopathy, motor neuropathy,
nephropathy, abdominal cojic
To remove aopper jacketebullet: copper can cause intense local reaction
Debridemento reduce the risk of infection:
a) military GSW (massive tissue injujy
b) bullet has traverse@| or respiratorytract
Spinal instability: very rarewith isolated GSW to the spine.
Incomplete SCI very controversial some series show improvement with surgery, others show na
difference from unoperated patients

Wb

o o
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CERVICAL SPINE (C1-2)

Upper neck anatomy is specifiractures are different from other parts of vertebral column! (> 85%
cervical fractures occur belows@xcept in infants and young children)

Steele ule of thirds- dens spinal cord, andempty spacesach occupy approximately 1/3 of spinal
canal at arch of atlas.


http://www.neurosurgeryresident.net/

Tectorial Membrane
Apical Lig.
Cruciate Lig.

Ant,
Atlantooccipital

Lig Post.

Relying oncraniometric measuremer(®R or CT) to determineraniovertebral junction stabilityas
been described as hazardodsuse MRI

AOSPINE UPPER CERVICAL CLASSIFICATION SYSTEM (2018)

Dr. Vaccaro explanation:

Injury site vertically (bone and subjacent articulation):
Type |- occiptal and craniocervical region
Typell - atlas andC1-2 joints
Type Il - axis and CZ3 joints

[njury type:
AT bone injury(clearly stable)

B i ligamentous injury: bone(potentally unstable’ MRI is indicated)
Ci translationgclearly unstable)

A Type injuries

+ Bony injury only without significant
ligamentous, tension band, discal injury
* Most often stable injuries

* Non-operative, conservative
management is most often appropriate

B Type injuries
« Tension band/ligamentous injury
with or without bony injury
* May be unstable or stable
depending on injury specifics
« No complete separation
of anatomic integrity
« Management may be operative
or non-operative depending
on injury specifics

C Type injuries

* Any injury with significant
translation in any directional
plane and separation of anatomic
integrity
« Unstable injuries
« Often requires operative

management

Modifiers

M1 - potential forinstability

M2 - high risk ofnonunion(such as an odontoid waist fracture)

M3 - highriskpat i ent s 6 (age,@omarbidities; and bone diseases)
M4 - vasculaiinjury or abnormality

M2: Injury with significant
potential for instability
* i.e. Midsubstance injury
to transverse ligament

M1: Injuries at high risk « i.e. Displaced C1 unilateral
of non-union with lateral mass Tx
nonoperative Tx * i.e.>6.9 mm displacement
« i.e.Type Il odontoid fractures of C1 lateral masses

M3: Patient specific factors
affecting Tx
« Age, comorbidities,
neuro status, smoking,

other injuries, M4: Vascular injury
ankylosing spondylitis (AS) or abnormality affecting Tx
NO: Neurologically intact N2: Radiculopathy
N1: Transient neurologic deficit N3: Incomplete spinal cord injury
that has completely resolved N4: Complete spinal cord injury
by the time of clinical examination Nx: Unexaminable patient
(usually within 24 h +: Continued spinal cord
from the time of injury) compression

| INJURIES
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@mmm Notes VERTEBRAL COLUMN INJURY (SPECIFIC INJURIES) TrS9 @)

Occipital condyle injuries

* Type A-lsolated bony injury (condyle)
+ Simple or comminuted
* i.e occipital condyle Type A injury

Occipital condyle injuries

» Type B-Non-displaced ligamentous
injury (craniocervical)
« Signs of ligamentary injury with
or without condyle fracture
without any signs of displacement
between occiput and C-Spine

Occipital condyle injuries
* Type C
* Any injury with displacement
on spinal imaging
« i.e. occipital cervical Type C injury

C1 ring and C1-2 joint
» Type A-lIsolated bony only (arch)
« Anterior/Posterior/Combined
arch fracture
« Lateral Mass/Transverse
process

R

C1 ring and C1-2 joint
» Type B-Ligamentous injury
(Transverse Atlantal Ligament)
« TAL injury +/- bony injury,
without acute signs
of C1/C2 instability

o /
& Q
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C1 ring and C1-2 joint
« Type C-Atlantoaxial instability:
Translation in any plane
« Any injury with obvious
C1/C2 Instability
« C1/C2 translation, C1/C2 joint
distraction or disruption,
Jefferson + Capsule disruption etc.

- &

C2 body and C2/3 joint

« Type A-Bony injury only without ligamentous,
tension band, discal injury
« E.g. Type 1-3 Anderson D'Alonzo odontoid fractures;
C2 body fractures (axial, sagittal or coronal):
Benzel 1-3, Fujimura I-IV

s RS EE—

—
X N

C2 and C2/3 joint

« Type B-Tension band/ligamentous injury
with or without bony injury
« E.g. Type lIA Hangmans fracture

C2 and C2/3 joint

« Type C-Any injury that leads to vertebral
body translation in any directional plane
« E.g. Type Il Hangmans fracture, unilateral
or bilateral facet dislocation

OCCIPITAL CONDYLAR FRACTURES
See p. TrH5

ATLANTOOCCIPITAL D ISASSOCIATION

(unstable)
1 may be complete (dislocat) or incomplete (subluxation)

9 occurspredominantlyin children - pediatric occipital condyles are small and almost horizontal &

lack inherent stability

1 usuallybut not invariablyfatal dueto respiratory arrest caused by injury to lower brain stem
(complete disruption of al/l | i g a ménitsem s

stretching.

= =

along w/ joint capsules, tectorial membrane is.torn

r el

caused bygevere hyperextension with distractionnon traumaticauses Down's syndrome, RA.


http://www.neurosurgeryresident.net/
http://www.neurosurgeryresident.net/TrH.%20Head%20trauma/TrH5.%20Skull%20Fractures.pdf#OCCIPITAL_CONDYLAR_FRACTURES

v

1 48% patient have cranial nver deficits at presentation; 20% are normal at presentation.

RADIOLOGY

(detection is difficult in cases of partial disruption or if reduction occurs after initial subluxplkeom
XR has only 50% sensitivi}y

A. Condyle-Cl interval (CC1) s. atlanto-occipital interval (AOI) determined oi€T has100%
sensitivity andLO0%specificityin pediatric patientg§Class | evidence)llistance between occiput
& atlas > 5 mm at any point in joint
N.B. atlantcoccipital condyle distance should be <5 mm regardless 6f age
Lateral radiograph of pedestrian struck by car who sustained fatal atlantooccipital dislocation. Note marked
widening of space between base of skull and atlas:

B. CNS/AANS recommended meth@oroposed by Harris et al, 1994mostsensitive and
reproducible radiographic parameten lateral XR/ sagittal CT- increased distance between

clivus & dens

1) basionaxial interval (BAI) T distance betweelme drawn along posterior cortex axis
bodyandbasioni high interexaminer variability.

2) basion dental interval (BDI)T distance between tip of dens and basiof®2 mm on plain
XR, < 8.5 mm on CTmax 9.0 mm in normal aduilt

HARRIS' MEASUREMENTS
(BDI AND BAI)
RULE OF TWELVES

Pre=mame——— - B Dl (mm)

TiP OF DENS

& 140 cni Basionzdental
' ~interval (BDI): is

'\ ~€€———— normally less than 12mm.

Values greaterthan 12mm
suggest atlanto-occipital
dislocation (AOD) and
ligamentousiinjury

Anterior arch of C1

Dens of axis (C2)

C. Disruptionof basilar line of Wackenheinaliterior / posterior subluxatiyn
WACHENHEIM ‘s line - drawn down posterior surface of clivus and its inferior extension should

barely touch posterior aspect of odontoid tip;
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VIKTUR'S NoTtes VERTEBRAL COLUMN INJURY (SPECIFIC INJURIES) TrS9 (7)

- this relationship does not change in flexion and extension
- if this line runs behind odontoid, posterior sublicathasoccurredand vice versa;

Rowiét

L1NE

Opisthion - the midpoint on the posterior margin of the foramen magnum.
Basion- the midpoint on the anterior margin of the foramen magnum

McCRAE'S LINE

"0 e O
—ie_‘OPISTHION

THE CHAMBERLAIN LINE

HARD PALATE
—
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\>;

Wa/aN

= N Y

&

Basion
Opisthion

D \ 4

D. Powers ratio > lgnterior subluxatioyy normal < 0.9
PoweRsratio = BC/OA

BC - distance from basion to midvertical portion of posterior laminar line of atlas;
OA - distance from opisthion to midvertical portion of posterior surface of anterior ring of atlas

[

l I 36.1 mm/45.0mm = 0.8

N.B. this method is only sensitive in the evaluation of antexilanteoccipital

dissociationposterior dissociation or vertical distraction injury could result in a normal
value and consequently go undiagnosed.

E. Prevertebrasoft tissue swelling(70% patients)

TREATMENT

1 avoidflexion of G-spine(can occur on standard adult trauma boardstisure thamattressallows
child's head to remain in anatomic positibead is immobilized w/ sandbags

1 cervical traction is absolutely contraindicated Ystretchingof brainstemand vertebral arteriéé
i 10% patients experience neurological deterioration

1 definitive treatment occiput to C2 fusion

I rigid immobilization in halo allows adjustment to obtain reductiom&intains position during
and after operation

I some experts treat pediatric patients in halo.

ATLAS FRACTURES
Spinal Canal Stecledsrule: 1/3 cord, 1/3 dens, 1/3 empty

odontoid process

transverse ligament
Anterior Atlanto-Axial Joint (Superior View)

1 anatomical configuration affixes the atlas more to the skull than C2, predisposing the atlas to rot
more in conjunction with the skull base

1 primary stabilizig ligaments of the atlas are TAL and alar ligamenh#d; is the strongest
stabilizer, acting as agaifssteeadns bel t 0 t hat r «

GENERAL CLASSIFICATION

Landell type 1 (stable)i isolated fracture ofnterior arcfOR posterior arch

Landell type 271 burst fracture of €ring (Jeffer son fracture).
a) transverse ligament intact (stable)
b) transverse ligament disrupt@ehstable)

Landell type 3 (stable)i fracture througltateral massf Ci.
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Landells
Type |

Type I

Type I

1 rarely associated with neurological sequelae

GENERAL TREATMENT

No Class | or Class Il medical evidehce
Intact transverse ligamentY collar or halo [for Jeffersorfpr 8-12 weeks

Disrupted transverse atlantal ligament- seenJefferson fracture.

POSTERIOR NEURAL ARCH FRACTURE (Cy)

(potentially unstablé because of location but otherwise stable because anterior arch and transverse

ligament remain intacposterior C1 arch is routinely removed during Chiari decompréssion
-forced neck extension Y c¢ o mpbeteeersocapatandf p
heavy spinous process of axis.

Vertebral artery injury

Rim of toramen magnum

Vertebral artery compressed
with cervical hyperextension

Occipital
condyle

Vertebral
artery

C1 nerve root

RADIOLOGY

LATERAL VIEW - fracture line through posterior neural arch

Frocture
through postaricr
neural arch

Odontoid

process

ODONTOID VIEW - lateral masses ofi@nd articular pillars of €fail to reveal any lateral displacement
- differentiating from Jefferson fracture.

Lateral
masses

Odontoid

process

Articlar pillars

TREATMENT

C-collar (after differentiation from Jefferson fracture).

C1 BURST FRACTURE (JEFFERSON FRACTURE)

ClassicJEFFERSON fracture (s. C1 burst fracture) T burst fracture o€1ring in 4 place** +
disruption of transverse ligament
- vertical compression for&gtransmitted through occipital condyles to superior articular
surfaces of lateral masses of atldsyes lateral masses laterally
- extremely unstable if transverse ligament is disrupted
*e.g. in diving accidents
** or at least in two sitesone anterior and one behind lateral masses
1 usually spinal cord is not damagedanal of atlas is normally large (fracture fragments spread
outward to further increase canal dimensions).
9 fractures in other parts of cervical spine are found in 50% patients!!!
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VERTEBRAL COLUMN INJURY (SPECIFIC INJURIES) TrS9 (L0

RADIOLOGY

X-ray - difficult to recognize if fragments are minimally displaced,GT:

LATERAL view:
1) widening of atlantodental intersee below
2) prevertebral hemorrhage & retropharyngeal swelling.

ObonNTOID view: margins oflateral masseff C1)lie lateral tomargins ofarticular pillars(of C2)1
Spenceéesbelow | e .

CT is bestfor diagnosis.

Diagnosis ofTRANSVERSE ATLANTAL LIGAMENT (TAL) RUPTURET criteria:
1) MRI T most sensitive test (more sensitive than rule of Spence)

2) Rule of SPENCE (ROS): O7 mmlateraldisplacement dboth Cllateral masseiseyond the C2
superior articular processescoronalCT view (or > 8 mmon plain XR opermouth view to
consider effects of radiographic magnification)

Transverse ligament

N.B. rule of Spence was deribedin 1970 to indicate TAL rupture and the need for surgery

Sensitivity to detect TAL rupture is only <®B% (C1 lateral masses may recoil back
due to soft tissues)

Ot her authorso works:

1 Woods et al. proposeeducing cutoff to 3.8 mr(¥5% probability of TAL
failure)

1 for specificallyunilateral sagittal splifractures of C1 lateral mass, Park et al.
recommended cutoff of 5.9 mm (or unilateral fractside 4.3 mm)

1 Beckner et al. showetb difference in displacemertietween specimens with
intact TAL and those without.

1 Radcliff et al. demonstratatb significant relationshipbetween TAL injury and
C1 bony displacement on CT

N.B. ROS criterion by itself does not inform the decision for surgical versus
nonsurgicamanagement (many case series describing successful conservative
treatments$ see beloy ROS should be a starting point for deeper analysis and not a
decision making tool.

3) widening of atlantodental interval (ADI, s. predental spac2)mmin sagittal CT view in adults
(or>3 mmin men, > 2.5 mm in femaleag lateral XR view), > 4-5 mm in children
N.B. if > 12 mm- rupture of all ligaments about dens
Some experts say > 5 mm in adults.
Modern viewi ADI (esp. in flexion views) is much better criterion to indicate
instability than rule of Spencel!

4) posterior ADI PADI) < 14 mm- indication for surgery

Qdontoid process
Fracture through

poster

i
S
T

Lateral mass Odonteid process
(laterally displaced)

Laterol mass

Aricular
pi”ar

Ardicular
pillar

v

74 o «»
LY LN
o &

Axial view of stable Jefferson fracture (transverse ligament intact):

Axial view of unstable Jefferson fractufeansverse ligament ruptured)
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@.mum Notes VERTEBRAL COLUMN INJURY (SPECIFIC INJURIES) TrS9 1)

TREATMENT

A. Notransversdigament injuryY | eemng(10-12 weeks)
a) C-collar
b) halo (with mild cervical tractiof[for Jefferson]
c) C1 lateral mass screws connected with rod

B. Transversdigament(TAL) damage occC2 fusion.

Modern view TAL integrity itself does not necessarily impact the decision for surgical management
many case series describe successful conservative treatpestible explanations:
1) TAL heals along with the fracture;
2) TAL remains incompetent but subsequent scar tissue or secondary restraints provide stabilit
3) TAL was never incompetent (i.e. rule of Spence was inaccurate);
4) TAL that has avulsed off the bone with osseous union still possible without surgical
intervention
N.B. important aspect midligamentous tear vs. bony avulsion
I in biomechanical study by Koller et al., TAL disruption along with unilateral2C1
capsule incompetence did not inherently result in gross translational instability

Dickman et al. classification of TAL injuries
Type 1(intraligamentous injury) - direct TAL injuryeithermedially (1a) or laterally (1b) at
the tendinous insertigoointsi surgical treatment.
Type 2 (ostedigamentous injury) - avulsion fractureshat disrupthe tubercle at the
attachment point of the TAL alone (2&)in conjunction withpsilateral C1 LM fracture (2h)
external immobilization with halo for 8-12 weekq1/4 will need internal fixation eventually)

15% ADI increase between neutral and flexed XR visasghly suspicious of TAL impairment
requiring surgical stabilization

Atlas Fracture

I

' t
Isolated Combined with C2
Transverse Ligament (MRI) Treatment per C2 Fracture

: :

Intact Disrupted
l [
! ! ! }
LMD < 7 mm LMD > 7 mm Type Il (Bony Avulsion) Type | (Nonbony Avulsion)
C - Collar (2 mo) Halo Brace (3 mo)
y bl y
3 mo Follow-Up Dynamic X-Rays e ORIF C1-C2 Oc¢-C2 Fusion

LATERAL MASS FRACTURE (C 1)

A. Normal lateral cervical spine.
B. Axial CT - slightly displaced lateral mass fracture:
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TREATMENT

Transverse process fractuiesollar
Comminuted fracture:

a) collar (occipital condyle tends to migrate into fractured lateral mass and patient comes with
Afear on the shoulder o)

b) halo

c) surgery (apply axial tractiohligamentotaxypulls fragments togethét pl ace C1 | a
screws and connect with rod).

ROTARY ATLANTOAXIAL DISLOCATION  (S.ATLANTO -AXIAL
ROTATORY FIXATION )

(unstable because of locationdespite fact that facets may be locked)

- specific type olnilateral facet dislocation ati€C> level (rotational injury usually without
flexion).

ETiOLOGY

1) trauma
2) Griselsyndromé see below
3) abnormal ligament laxity, e.g. Down syndrome, connective tissue diseases, osteogenesis

imperfecta, neurofibromatosis type 1

RADIOLOGY

(oDONTOID View) - asymmetrybetween odontoid process and lateral masses, afn@aterally
magnified lateral magwink sign).

N.B. considerable care during interpretation of odontoid vietfvskull is shown obliquely
(asymmetrical basilar skull structures, esp. jugular foramina), there igfzd#ese asymmetry
between odontoid process and lateral masses. ¢f:@hree-position CT with C1-C2 motion
analysis

Foramen magnum

Jugular feramen

Cdontoid process

Lateral s

mass 1 Lateral mass C1
{meagnifiad)

1 > 5 mm of anterior displacement of arch efL@dicates disruption of both facet capsules as well

as transverse ligament (Fielding type 1lI)

TREATMENT

Steps
1) subluxation igeducedn:

a) halter traction (if < 4 weeks duration)
b) tong/halotraction (if > 4 weeks duration)

2) immobilizationto ensure ligamentous healing:

Fielding Type | (transverse ligament intact dmdteral facet capsulamjury) - soft collar

Fielding Type Il {ransverse ligamert unilateral facet capsulamjury) - Philadelphia collar
or SOMI brace

Fielding Type lll {ransverse ligamert bilateral facet capsulamjury) - halo

3) following 6-8 weeks of immobilizationstability is assessed [figxion-extension XRrecurrence

or residualinstability Y C1-2 arthrodesis.

GRISELG syndrome

- unilateral or bilateraC1-2 subluxationfrom inflammatory ligamentous laxity

)l

T
T

E g ]

etiology - inflammatory process in head and néelg. upper respiratory tract infections,
retropharyngeal abscess, tonsillectomy / adenotonsillectomy, otitis media)
causative organismStaphylococcus aureus, Group B streptococcus, oral flora.
anatomic studiesave demonstrated existence of periodontoidal vascular plexus that drains
posteror superior pharyngeal regionp tymph nodes are present in this plexus, so septic exudates
may be freely transferred from pharynx@®C 2 ar t i csynbvialtando/asculdr
engorgement¥ mechanical and chemical damage to transverse and facet capsular ligaments.
rare cause of torticollis
usually occurs imnfants / young children
neurological complication@®ccur in 15% of cas¢sange from radiculopathy to death from
medullary compression.
treatment manual reductonunder s edlart i on Y
if recurs- traction brace;
residual subluxatioafter 8 weeks of treatmenbéurological symptom¥ C1-2
arthrodesis
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ODONTOID (DENS) FRACTURES

a 10% of cervical spine fractures

Anderson and DAl onzo (1974)
J Bone Joint Surg Am. 2004 Sep;86(9):2081. Fractures of the odontoid process of the axis.
1974. Anderson LD, D'Alonzo RT.

Type I oblique fractures throughpper portiorof dens
Type IIT fractures acrosdensbasenear junction with axis body

Type IIA (Hadley,1988 - comminuteddens basé&acture with free fracture fragments
Type llI'T densfractures thaéxtend into axis body

Treatment

Odontoid Fractures
Typel Typell TypeIII

RI
TLd ted
Brace/halo

Posterior
@ Fusion

s
Antvs post fus

AOD 1 atlanteoccipital dslocation
TL T transverse ligament

1 all odontoid fractures are often effectively managed with external cervical immobilization, with
understanding that failure of external immobilization is significantly higher for2yggpe 2 has
lowest rate of unioihealing).

1 management of odontoid fracturesiderly patientss associated with increased failure rates, and
higher rates of morbidity and mortality irrespective of treatment offered

1 union is verified withCT (historical alternativé dynamic XR).

Indications for surgical fusion

1. Type 2 fracture in patient 50 yrs

2. Type 2 or 3 fracture witdensd i s p | a c e mpostatterapted mm
reduction(or inability to maintain alignmentwith external immobilization)
some experts say even > 2 mm

*e.g.> 5° angulatiorbetween supine and upright films

Denscomminution(type 2A fracture)
Transverse ligamerisruption
Atlanto-occipital dislocation

ok ow

TYPE 1

(stable)- fracture acrostp of dens

| s ‘%\wf \- ¢
1 treatedwith cervicalcollar (successful in 100% cases)
1 may be associated with lH@reateningatlanto-occipital dislocation(H: fusion).

TYPE 2

(mostunstablaype!) - fracture abase of densmost common type;

) (W

™~ 4 - e ) “}‘.”Z‘.; &
il o “‘1},\%‘[ \ \ \‘:‘ (‘ll"c ﬁ 2 s

1 odontoid procesdevelops embryologically as body of atlas; during development, body becomes
sepaated from ring of atlas and fuses to body of axiartilaginous material at site of fusion is
present until maturity is reachedeparation at base of odontoid may occitih welatively slight
injury to head during childhood (resulting bony segmensisdontoideuin

Embryologicallyi fracture linecorrespondso fetal intervertebral disc!

TREATMENT STRATEGY

1 unfavorable healing potential
1) considerably less trabecular bonéhest base of the odontoid
2) the distractivdorces from the apical ligament
3) dens is surroundday synovial cavities, resulting in diminished periosteal blood supply
1 patients rarely seen initially with significant neurological deficits, but risk of posterior
displacemenfand sudden death with a second fatf)anaged witlC-collar / CTO brace /halo
vest for 3-6 monthsY f | eextérsom XR to confirm stability; inability to maintain dens
displacement $ mm is indication for surgery.
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*experts now believe that halo offers no advantage
1 limited vascular supply, small area of cancellous bdmngh prevalence ohonunion(43-47% for

collar; 16-35% for haloor surgery andischemic necrosief odontoid; risk groupselderly

patient* delay of treatmenfailed reduction osecondary loss of reductipH: operative fixation:
*N.B. consider surgical fusion for type Il odontoid fractures in patients > 50 yrs!
(age > 50 yrs increases nonunion riskf@tl when treated in halo!gported union
rates in elderly patients treated with halo vary between 20% and 100% in literatur
plus,elderly mortality rates as high as 2% with use of halthave been
reported

| mplications of nonunion - typell densfracturesin elderly > 65 yo treated in C-collar (3 months)
Suzanne Mcllroy et al. Conservative Management of Type Il Odontoid Fractures in Older
People: A Retrospective Observational Comparison of Osseous Union Versus Nonunion.
Neurosurgery 87:E648&654, 2020

- 125 patients

- 29% demonstrated osseausion, 71% had nonunion (of which 40% had
radiological instabilityput none of these complained of pain or neurological
symptoms.

- no patient developed myelopathy.

- no statistically significant differencés pain, disability, or quality of life

- 42% mortality rat€union: 33%; nonunion: 46%; median time to death was 30
mo); median length of survival was 77 mo for osseangnvs 50 mo for
nonunionbut no significaneffect of osseousnion status (P = .22) on Cox
proportionalhazards modelling

*the cause of the nonunion (eg, frailty, comorbidities) may be the cause of the
reduced survival length rather than the nonunion itself.

Kaplan-Meir curves demonstrating the probability of survival (months) for patients with osseongon and nonunion following
conservative management of type Il odontoid fracture
1.0

A == Union
Nonunion
0.8
0.6

04

Surviving

0.2

0.0 T
0 20 40 60 80 100 120
Months

Kaplan-Meir curves demonstrating the probability of survival (months) for patients with stable and unstable nonunion following
conservative management of type Il odontoid fracture.

B 10 — Stable
- Unstable
0.8
o 0.6
£
=
e
=}
Y04
0.2
0.0
0 20 40 60 80 100

Timepoint

Conclusion management with a sempid collar in older people with type Il odontoid fracture is
safe andassociated with low levels of pain and disability without statistically significant
differenceqincl. length of survivalpetween those demonstrating osseanisn o stable or
unstable nonuniorisC1-2 fusion may not be necessary patients who fail t@chieve union

through conservative management
(e.g. only 25% of UK surgeons advocating surgical management in older patients with nonunion)

Paradigm shift treatment goal of geriatric patient is stable Humion!

Grauer treatment-oriented subclassification of type 2 densfractures
Grauer IN, Shafi B, Hilibrand AS, et al. Proposal of a modified, treatrogented
classification of odontoid fractureSpinel. 2005; 5(2): 123129

ANDERSON-ALONSO

Type llA - horizontalfracture patternand® mm o f d i septdrmalénenmi@lination Y

Type IIB - obliquefracture extending from the anterosuperior to the postierior portion of the
d e n santériorodontoidscrew fixation

Type IIC - obliquefracture beginning anteroinferiorly and extending posterosuperiorly and associate
withsigni fi cant ant e posteriorC&dusioni nut i on Y

SURGICAL TREATMENT

A. C1-2 FUSION Vvia posterior approact:
a) C1 and C2 screwsif C2 posterior elements are fractuiedddC3 (same with C1 add
occipud;

b) quick alternative wiring between €lamina and €spinous processiliac grafts or
methylmethacrylatébetweerdecorticated spinous processdb)storical- fixation with
Halifax clamps poor resulty
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c) transarticular C1-2 screws- no longer popular alternative

There studies showing that for odontoid fractures with intact transverse ligament,
temporary fixation (without fusiorf)as same odontoid healing rates leiter functional

outcomesghanC1-2 fusion
Guo Q1 et alComparison of Clinical Outcomes of Posterior-C2 Temporary Fixation
Without Fusion and GC2 Fusion for Fesh Odontoid FracturedNeurosurgery. 2016
Jan;78(1):7783.

B. ODONTOID SCREW Via anterolateral approacpreserves rotation motionhigh fusion rate¢87-
100%Y if performedduring first 6 weeks aftdracturei odontoid screw works best if placed
early! see technical details pt Op210 >>

*fusion rates in elderly may be as low as 60% (same as withihat is
important factobut not all studies agree with that (pltisyous union with
radiographic stability may be a suitable outcome in elderly patients

Contraindicationscomminuted odontoid fracture, Graugpe 1IC fracture, transverse ligament
rupture, nonreducible fractures, nonunion persistiBgnonths, osteoporosis, barrel chest,
short neck, severe thoracic kyphosis

TYPE 2 WITH T RANSVERSE LIGAMENT DISRUPTION

(unstable because of transverse ligament disruption)
a) transverse or alar ligament ruptures are uncommon unless theredisposing factors
(rheumatoid arthritis, posterior pharyngitis, ankylosing spondylitis, etc).
b) transverse ligament rupture (with intact odontoid) can cawisediate deatfrom
respiratory failure (cord compression between odontoid and posterior argh of C

Radiology
i. predentalADI) s p a see §oove>
ii. disrupted posterior cervical line
iii. retropharyngeal swelling.

Posterior Posterior arch of C1
cervical j

Anterior arch

o
'.{Eyfofc1

Fractured
odontoid
proceass

Body of C2

Flexion and extension dynam@T - craniovertebral junction instability (atlantiens interval 38 mm)
caused by traumatic transverse ligament injaryoiw):

Treatment
i traction (with neck in extensiony C1-C2 fusion (as fortype 2 odontoid fractujeodontoid screw
is contraindicatedn transverse ligament disruptions!
i on occasion, reduction is impossible and odontoid musgrnevedby drilling
(through transoral or anterolateral a

TYPE 3

- fractureextending into body of £

1 treatment
a) collar (fails in 3550% cases).
b) halo vest(fails in 1-16% cases)

TYPE 3A

- horizontal osseous fracture through body of C2 extending int® faget joints
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9 associated with circumferential (atlantoaxial ligam&stttorial membranenterspinous and
capgsilar joints) ligament avulsionhighly unstable!!!
i described by Jea et al.

Jea A, Tatsui C, Farhat H, Vanni S, Levi AD. Vertically unstable type 11l Odontoid fractures:
case report. Neurosurgery. 2006;58(4):7998

C2 SYNCHONDROSIS FRACTURE

In kids <57 yo T C2 synchondrosis fractufel: external orthosis for-8 months

OS ODONTOIDEUM

Definition - ossicle with smooth circumferential cortical margins representing odontoid process that
has no osseous continuity witledy of C2.

Etiology - remains debated in the literature with evidence for both acquired and congenital causes

Clinical features
1) occipital-cervical pain
2) myelopathy - transient (commonly after trauma), static progressive.
3) vertebrobasilar ischemia
1 sudden spinal cord injuiin association with osdontoideum after minor trauma have been
reported

Evaluationi flexion-extensionlateral XR.

1 most often, there ianterior instability with os odontoideum translating forward in relation to
body of C2.

1 attimes, one will see eithep discernible instabilitp rposferior instabilitp  wi t h  o0's
odontoideum moving posteriorly into spinal canal during neck extension.

1 degree of @-C2 instabilityon XRdoes not correlate withresence of myelopathgagittal
diameter of spinal canal @t1-C2 level <13 mmdoes correlate with myelopathy detected on
clinical examination

1 may considekinematic MRI (flexion, extension)

Classificatiorn+ 2 anatomic types:
Orthotopic- ossicle that moves with anterior arch of C1.
Dystopic- ossicle that is functionally fused b@asion;dystopic os odontoideum may uto
anterior to arch.

Alipjofithe
dr“o//odéntoid
J

g, B0dy of C2

(iezaxis)

NenmalAnatomy

virtualmedstudent.com

Managemeni indicationsfor surgery
) neur ol ogi catCil2dugionpt oms Y
2) irreducibleporsAL* cervicomedullary compressioh occipital-cervical fusion + C1
laminectomy
3) associated occipitaltlantal instabilityy occipital-cervical fusion + C1 laminectomy
*vs. irreduciblevENTRAL cervicomedullary compression
ventral decompression
N.B. odontoid screw fixation has no role!

Indications for surgeryn e ur ol 0 g i ¢ a Cl-2dugiongrteduaidecelvicomedullary
compressiofi add decompression:

1) DORSALC 0 mp r e sQGiliaminectdmy

2) VENTRAL compressiorY ventral decompression(transoral odontoidectomy)
N.B. odontoid screw fixation has no role!

HANGMA Nr@acture (s. TRAUMATIC SPONDYLOLYSIS of Cy)

(unstable butcord damage is rarbecause AP diameter of neural canal is greatestlav€l and
because bilateral pedicular fractures permit spinal canal to decompress itself with forward
displacement of €body)

I abrupt deceleration (e.g. hanging with knot in submental position, striking chin on
steering wheelinheasln a ut o mo b cetvieocranium(skiil)atla¥, and axis
functioning as unit) is throwimto extreme hyperextensidh bilateral pedicle
fracturesofaxi§ N br oken subjacent di sczoh@nd °
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i cervical spine / spinal cord damage happens in only those hangings that involve fall
from distance greater than body height.

Potential dislocation:

Copyright © 200+«

RADIOLOGY

1) fracture lines extending through pedicles of(iz. anterior to inferior articular facets).

2) disruptedposterior cervical lingbase of @spinous process lies > 2 mm behind
posterior cervical line).

3) prevertebral swelling (may cause respiratory obstruction!).

Fosterior arch

Anterior arch

Odontaid process

Fracture lines
extending throwgh
padicles

Posteriar
cervical line

C2 pars interarticularis
fractures

anterior
dislocatio
of the C2
vertebral
body

CLASSIFICATION AND TREATMENT

Effendi classification:

Fractures of the Ring of the Axis: A Classification Based on the Analysis of 131 Effsedi
B, Roy D Cornish B Dussault RGLaurin CA. JBJS 68(3):319327, 1981

Effendi Typl Twn il Twn il
A0 50-B1.1 AO 50-B1.2 A0 50-B1.1
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Typel
65%
Stable

Type Il
28%
Unstable

Type 111
7%
Dislocated

Type | (stablg: isolated hairlind< 1 mm)fracture of axis ring with minimal displacement of
C2body associated with axial loading and hyperextengion6 w ealiars C

Type Il (unstablg: fractures of axis ring witlisplacemen¢> 1 mm)of anterior fragment with
disruption of disk spadeelow axis associated with hyperexts i on and r eboun
weeks of halo Y if insta8fusionnty on dynamic
Type Il (unstablg: fractures of axis ring with displacement of axis body in flexed forward
position @ngulation), in conjunction withC2-3 facet dislocatiomassociated with primgr
flexion and rebound ext-8n$uenoW dpbanaloedo

Francis classification- grades of increasing severiydisplacement and angulation of C2 on C3:
Grade I: fractures with-8.5mm displacement and/or €2angulation< 11°
Grade I: fractures with displacement < 3.5 mm and angulatidi>>
Grade lI: fractures with displacement3:5 mm but less than half of C3 vertebsadith and
angulation< 11°
Grade V: fractures with displacement3:5 mm but less than half of C3 vertebral width with
angulation >11°
Grade V: fractures with complete €2disk disruption.

Levine and Edwardsclassification (modification of Effendi classificatiowith added flexion
distraction as a mechanism of injury (type NA)

Superior articular process
Pars Interartcularis

Trpez Tl Ty Il

type I(stablo-hyper ext ensi on @rBdiscasxniaires Intafstable)d rio shangelin
anatomy insignificantdisplacemenf< 3 mm horizontal displacemertt) angulation.
Treatmentrigid cervical collar / occipital-mandibular brace for 4-12 weeks

type2-i ni ti al hyperextension and aQ2i3aiscand®la diren g
disruptedwith vertical fracture line (unstablegignificanthorizontaltranslation(> 3 mnj and
angulation(> 11°)
Treatment:
< 5 mm displacement +halofe 6l2wdeekson wi t h t
> 5 mm di spl acsumeayotprolgnged tractson. d e r
Usually heal despite displacement (autofuse C2 on C3).

type 2A - results from flexiord i st r ahotizontalfraciire lineno translatiorbut severe
angulation(> 11°)
Treatment: reduction with hyperextensiohalo immobilization for 612 weeks. Avoid

traction!(type 2A fractures experience increased displacement in traction but are reduced with gentle extensic
and compression in halo vést

type 3(grossly unstable- results from flexiorc 0 mp r e sTygde ofractuve withunilateral or
bilateralC2-3 facet dislocations

Treatmentsurgery - reduction of facet dislocation followed by stabilization required.

N.B. C2-3 disc disruptionC2 translation > 3 mnover C3 requires surgery
a) C2-3 ACDF 1 100% fusion at 6 monthkglps to remove herniated disc fragments but risk
of dysphagia (dissect neck tissues well and avoid too much traction).

b) C1-3 PCFi helps to achieve facet reduction directly but risk of vertebral artery injury.

f union occurs within & 3 mebodyfusign. wi t h spont
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Resume indications for surgery n Ha n g ma r{adtsriorfCR3arposierioreC13 fusion:
a) C2-3disc disruptionr C2translatior> 3-5 mm over C3 severeangulation(> 11 degrees)
b) facetdislocations

Also - failure of external immobilizatigrcord injury without ongoing compressi@indicates
significant ligamentous injury)

Reports ofdirect pars repair usinglag screwssee Nexus >>

FRACTURES OF AXIS BODY

comminuted fracturé evaluate fovertebral artery injury.

Fractures of the ring of the axis are typically associated with low rate=uodlgical injury as

displacement of most fracture patternaitssin spinal canal expansion;

1 fractures involving the posterior cortex of C2, when accompanied by translation, can result in ca
compression causing neurological dysfunction

TREATMENT

- external immobilization.
i indications for surgery
1) severe ligamentous disruption
2) inability to achieve or maintain fracture alignment wikteznal
immobilization.

COMBIN ED C1-C2 FRACTURES

9 increased incidence of neurological deficit compared with either isolated C1 or isolated C2
fractures.
management decisionsustbe based on characteristics of axis fracture
historically, as proposed by Levine and Edwaimsmbination fractures of C1 and C2 hdeen
managed sequentially, allowing 1 fracture to heal (usually atlas) before attengdtmgve
management of axis injury.
1 rigid external immobilization is typically recommended as initimdanagement for majority of
patients
1 modern approach:
A atlas fractures in combinatiavith type Il or 11l odontoid fractures withtlantoaxial
interval > 5 mmY early surgical management
A atlas fractures in combinatiavith Hangman fracturavith C2-C3 angulatiors 11°
Y surgical stabilization and fusion
i surgical options
A posterior C12 internal fixation and fusion
A combinedanterior odontoid and G2 transarticular screvixation with fusion.

E
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CERVICAL SPINE (SUBAXIAL)

Specificities fOIANKYLOSING SPONDYLITIS
- see p. Op216>

BIOMECHANICS

Lateral cervical spineanatomical location of main discoligamentous structures contributing to
physiological stability of a single motion segment:

Anterior Posterior Element
Element

PLL
- Ligamentum
_ : Flavum
Posterior ;
annulus :
Anterior %
annulus
ALL
Facet Interspinous
Capsule Ligament

CLASSIFICATIONS

SLIC (Subaxial Injury Classificatiorgnd CSISSCervical Spine Injury Severity Scorelpssifications
are recommended (Level 1)

SLIC (SUBAXIAL INJURY CLASSIFICATION )

by Vaccaro and Colleagues
Patel AA, Hurlbert RJ, Bono CM, Bessey JT, Yang N, Vaccaro AR. Classifiaatisurgical
decision making in acute subaxial cervical spine trauma. Spine (PhiE976). 2010;35(21
suppl):S2285234.
Vaccaro AR, Hulbert RJ, Patel AA, et al; Spine Trauma Study Group. The sutsxiahl
spine injury classification system: a novel approach to recognizienth@rtance of morphology,
neurology, and integrity of the diséigamentousomplex. Spine (Phila Pa 1976).
2007;32(21):23682374.

M ORPHOLOGY

No abnormality 0
Compression 1
Burst +1=2
Distraction (facet perch, hyperextension) 3

Rotation/translation (facet dislocation, unstable teardrop or advanced stage| 4
flexion compression injury)
Disco-LIGAMENTOUS ComPLEX (DLC)
Intact 0
Indeterminate (isolated interspinous widenilliR| signal change only)
Disrupted (widening of disc space, facet perch or dislocation)
NEUROLOGICAL STATUS

Intact

Root injury

Complete cord injury

Incomplete cord injury

Continuous cord compression in setting of neurological deficit (NeuroModifi{ +1 =1

=

N

WINFRO

Signs ofmajordisruption of anterior or posterior ligamentous complex
1. Horizontalsagittal plane translation3.5 mm(or > 20% ofAP diameter of involved vertebrape
2. Sagittal plane rotatiofangulation) =11 degrees

CT evidence ofacet joint disruption
articularapposition< 50%
diastasis> 2 mm through facet joint

SLIC scores
13Y n -sungical management
O5Y surgical fixation.

4  ¥ither noroperative ooperative approach.

TREATMENT PRINCIPLES

1 decompression /restoratiorof spinal canal is the goal.
1 internal fixation or external immobilization is recommendegto allow for early mobilization and
rehabilitation);failure rates
internal fixationi 9%
external immobilization only (traction or orthosisj0% risk factorsvertebral
compression O 40%, kyphosis O 15%,
N.B. avoid halo in subaxial spine as it is suboptimal!
1 eitheranterior or posteriorfixation and fusion is acceptable in patients not requiring particular
surgical approach for decompressiorspinal cord;
complication rates
anterior fusiori 9%
posterior fusion 37%
advantages
anterior approachsafe and straightforwarghtient positionindno need to turn patient
prone with potential of unstable injgrylissection along defined tissue planes
with little if any iatrogenic muscle injury.
posterior approachsuperior biomechanig¢straightforward reduction of facet
dislocations
1 prolonged bed rest in tractiowas historicallrecommended if more contemporary treatment
optionswerenot available.
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COMPRESSION (WEDGE) FRACTURE

(mechanicallystable- intact posterior column

T

- during flexion, longitudinapull is exerted on strongosterior ligamentgtolerate longitudinal
pullverywell-us ual | y r e mastaiforcenstexpentler on¥ertebral body
anteriorly Y simple wedge fracture.

fragment of posterior vertebral body may be displaced into spinal canal.

RADIOLOGY

1)

2)
3)
4)

anterior border of vertebral bodylecreasetieight(> 3 mm than posterior bordeahd increased
concavity

increased density of vertebral body resulting from bony impaction

slight separation of spinous proces@esaggerated in flexion films)

prevertebral softissue swelling

wedge
/ fracture

Reconstructed sagittal GTcompression of anterior element and failure of middle element (displacement of
superior posterior lip of vertebral body into spinal canal):

TREATMENT

a) wedge fractures (not associated with neurologic impairment / additional radiographic
abnormalities) can be managedawrPATIENTbasiswith orthosis (soft or hard cervical collar).
b) bone/ disk impingenento n s p i n adecormnpeessinia aliterior approactc@rpectomy;

BURST FRACTURE OF VERTEBRAL BODY

SEETHORACOLUMBAR

TEARDROP FRACTURE

Teardrop fracture is marker pbtentialfor highinstability (may bestable ohighly unstable)

Two traumamechanisms

A.

Flexion (+ vertical compression) force fractures (bursts!*) vertebral badgydgeshaped
fragment (resembles teardrop)aofteroinferior portion of vertebral bods/displaced anteriorly
(indicatesanterior longitudinal ligament disruptiprat same timg@osterior ligamentous disruption
happeng+ posterior column fracturierest of vertebral bodmay be posteriorly dislocated)

di srupti on o ffreqaentineu®logicddmagan s Y

Forced abrupéextension( e . g. diving accidents) Y dense .
anteroinferior corner of vertebral body aw:
appearing triangulashaped fracture (true avulsion); no subluxation!!! (vs. flexion teardrop
fracture)but anterior ligament may be disrupistiable in flexion; highly unstable in extension)

1 often occurs inower cervical vertebragCs-C7).

Teardrop
| " fracture

Fused vertebral
hodies
Avulsed
anteroinferior
4‘:""/ fragment

oS

Q

Diagnostic work up flexion-extension XR to document stabilityRI to explore ligaments.

Management

a) no ligamentous damagecervical collarfor 3-4 months
b) ligamentous damagdesurgical fusiofACDF)
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DISTRACTIVE EXTENSION INJURY

1 rarely demonstrates significant damage bya}(:

ANTERIOR SUBLUXATION

(stable in extension but potentially unstable in flexion)
- posteriorligamentous rupture without bony fracture
1 injury beginsposteriorly in nuchal ligament aquioceedsanterior to involve other ligaments to
varying extent.
1 anterior longitudinal ligamenanterior column) remains intactare neurologic sequelae.
N.B. significant displacement can occur

RADIOLOGY

i in order of evaluation:
1. LATERAL RADIOGRAPH (neck inneutral position - subtle findings (often missed if flexion /
extension views are not obtained):
T widening of interspinous space
T gaping of intervertebral space posteriorly.
2. OBLIQUE VIEWS - widening or abnormal alignment of facets.
3.LATERAL RADIOGRAPH (flexion / extension views risk of causing neurologic injury!i! perform
only if above views cannot confirm subluxatiergisrupted anterior and posterior contour lines
4. MRI can visualize ligaments

Normal Normal

posterior anterior

corvieal corvical
line line

VT
JZ

),

A~ <4

DC&

Pasterier contour line

Anterior
caontour
line

Interspinous
spaces -

A. Lateral cervical Xray - prevertebral soft tissue swelling and sligt# subluxation over C@arrow).
B. Sagittal T2MRI demonstrates ligamentous disruptioloble arrow} with blood tracking along both ligaments and
prevertebral soft tissuearfowhead$:
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VERTEBRAL COLUMN INJURY (SPECIFIC INJURIES) TrS9 @23

C4-C5 fracture subluxatio(MRI) - 50% anterolisthesis of C4 on C5; fracture of posterior C4 vertebral body; interruption
of normally black anterior longitudinal ligament at-C% disc space; bright signal in spinal cord is combination of edema
and hemorrhage.

FACET SUBLUXATION / PERCH / DISLOCATION

(stable)

1 rotationabout one of facet joints (acts as fulcrum) + simultanfleM®nY contr al at er
joint dislocates with superior facet riding forward and over tip of inferior facet and coming to rest
within intervertebral foramen{echanically locketh place- stable injury even though posterior
ligament complex is disrupted).

1 neurologic deficits are rare.

B3 Facct dislocation or Locked

- - 'l‘ 1 o
Bl. Facet subluxation B2, Focet perch Eacel

Measurement of the absolute height of the intact lateral mass and the fracture fragment according t
Spector etl. >>

(A) The absolute height of the contralateral intact lateral mass as the maximum cephalocémdal tip
tip height measured on sagittal CT.

(B) The absolute height of the fracture fragment as the maximuto-tip cephalocaudal height
measured on sagittal CT.

The percentage of the absolute height of the fracture fragment related to the intact contralateral ma
can be estimated: (b/a) x 100.

A B
Contralateral Lateral
intact mass
latera mass Fracture

AO Spinecervical facet fracture classification SCSICS

F1 - nondisplaced facet fracture (either superior or inferior facets). Fracture fragments are smaller tl
1 cm and comprise less than 40% of the lateral mass.

F2 - facet fracture with fragments either larger than 1 cm, comprise more than 40% of the lateral me
or there are signs of displacement.

F3 (floating lateral mass)- disruption of the pedicle and lamina resulting in disconnection of superior
and inferior articular processes at a given level or set of levels.

F4 - traumatic subluxation or perched/dislocated facet.
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F1 F2 F3 F4

BILATERAL

(always unstable

1 extreme form of anterior subluxatioffexion (+ axial distraction) causes stiisue disruption to
continue anteriorly to involvannulus fibrosisndanterior longitudinal ligamenforward
movement of spine causes inferior articulating facets to pass upward and over superior facets o
lower vertebra (anterior displacement of spine above level of injury).

1 high incidence ofpinal cord injuryi!!

High risk for vertebral artery injurgesp. in bilateral jumped facetsronsidervascular imaging
(CTA or MRA)!

RADIOLOGY

UNILATERAL

Plain films
AP view - disrupted line bisecting spinous processes, asymmetry of uncovertebral joints.
Lateral view:
1) dislocated superior articulating facet forfiwew tie" deformitywith nondislocated
superior articulating facet.
2) upper vertebiigbody is anteriorlysubluxed / anterolisthesjsO  dfABvdiameter of
vertebral body; vsO 5 0 Biateérahfacet dislocatics.
Oblique view:
1) superior articulating facet projects within neural foramen.
2) expected tiling of laminae is disrupted.
3) widening of apophyseal joint (may be strongest differentiation from torticollis!).

CTinempty f.aceto sign

Line
bisecting
spinous
[rOCessas

Superior
arficular facet
(dislocated)

laming

Widened
apophyseal
=" joint

Superior articular

Superior
focet {anatomic)

articular facet
{clislocated)

Bow-tie
deformity

PERCHED FACET
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v

&

BILATERAL

LATERAL view - vertebral body subluxed anteriorly witlisplacement greater than %2 of AP diameter
of lower vertebral body; lower vertebral body may be compressed.

AP view- widening of intervertebral disc space at joint of Luschka.

‘—'_'.'-.-F'-F"
Inferior I
airticular facets
X
Superior
articular fucﬂﬁ

TREATMENT

1 keep in Ccollar until reduction attempts.
1 reduction is safest inooperative examinable patidntherefores best with skeletal traction
9 reduction under anesthesia is less safe (at least use monitéumgnay not work in spinal cord

injury).

Jumped(locked) bilaterafacetsi optionalalgorithm
Fourquestionsn order: MRIK ORfeasibilityk examinableatientk ASIA

MRI T is theredisc herniation / large epidural hematomfA u n s a f di. ridk Bficord damage
with reduction):

A.fiSaf eoY deirRphtiengo to OR immediatety  Closed reduction
A) yesY plan A
B) noY planB

B.iUnsaf eY0 caMfatlengo to OR immediatety Open reduction after discectomy
A) yesY plan C
B) noY planD

C. Unavailable MRI (e.g. hemodynamior respiratoryinstability, MRI-incompatible implanjsY
can patiengo to OR immediatety
Open reduction after discectorfynlessOR is delayed anckliable
intact clinical exam substitutes MRImay try slow closed reductipn
A) yesY plan C
B) noY ipatient examinable
a) noY plan D
b) yesi what isASIA:
- intact or ASIA Ak plan B
- incomplete SCk plan D

Plan A:closed reduction(manualin ORawaké* Y ACDF (for C3-5) or PCF(for C5-7, large
dislocationsfor comminuted facels
*iffails Y p | dgalthough some experts wittemptiesssafeclosed reductiomnder
general anesthesid ASIA A + MRlisknownfis af e 0)
Plan B:closed reduction(with weight tractiop* k. ACDF when feasible
*if fails Y p IDgatthough some experts will do plan A if MRIkeownfi s a f e 0 )
Plan C:anterior discectomy open reductiort and ACDF
*if anterior open reduction (after discectomy) fails, place interbody graft and flip prone
for posterior superior facetectomies (drill off faeetfluctionPCF
Plan D:stabilize(not reduceC-spine with mild traction and-Collar until OR is feasiblé plan C

1 keep immobilized (either traction or€llar) until gets to OR

1 if at any moment closed rechion fails (neuro exam changestop and proceed to safe plan C.

i aim to use neuromonitoring unless reliably ASIA&g:no cord function in fully examinable
patient after spinal shock, transected cord)

1 some experts recommefB3@0 fusionfor bilateral jumped facets

Summary
n S a MRl or unknown MRIbutcooperativentactpatientk closedreduction
All other caseg open reduction

Incomplete SCT do MRI beforeclosedreduction

Reduction under anesthesia, oséfeafter anterior discectomy

Wrong strategies not having MRI and:
closed reduction in obtunded patient
open posterior reduction

N.B. it is too easy to oversize ACDF graft due to facet injuipg cautiougleave PLL intact during
discectomyl) Also chances of CSF leak (uderal sealant and HOB up postop)
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@.mum Notes VERTEBRAL COLUMN INJURY (SPECIFIC INJURIES) TrS9 @6)

AO Spine Treatment algorithm
SCSICS, Subaxial Cervical Spine Injury Classification Systemabove >>
*Including F4 isolated facet fractures.

Traslation (*)
or
Anterior/posterior Yes
Cervical trauma CT band injury
or
Compression
fractures

Treatment according to
AO Spine/SCSICS

No

Isolated cervical
facet fracture

[

Facet injury
classification
(Type F)

F1 F2 F3

| |

Rigid collar 4 weeks
Soft collar 2 weeks

MRI and Dynamic X-Rays

Acute disc injury
Comminution
High BMI
Wide fragment dispersal
Radiculopathy
Listhesis >2 mm

X-rays control
- 2 Weeks
- 6 Weeks

F2
Rigid collar 6 weeks
Soft collar 2-4 weeks

F3
Rigid collar 12 weeks

X-rays control
- 2 Weeks (F2 and F3)
- 6 Weeks (F2 and F3)
-8 Weeks (F3)

Displacement
or
No listhesis Yes
Cervical collar or
pain
or
neurological compromise

removal ACDF and plate

F3
F2 1 or 2 segments
1 segment (depends on
disc injury)

CLOSED REDUCTION WITH SKELETAL TRACTION

i prior to attempted reduction ensure that diagnosis is correct;
pure cervicaldistraction injuries(at first glance can resemifkecet dislocation) should not be
managedvith tractionsince thiswvould be expected to onlyorsenthe injury.

9 alert and cooperative patie¥itimmediate reductio w/o MRI;
N.B. some experteecommendVRI| before reduction or operative interventisrattemped-
significant number of bilateral facet dislocations are accompaniédskyerniatior -
catastrophic compression of spinal cordy occur if injured disk retropulses during cervical
traction! (monitor reposition clinically)

*in this case, consid&CDF followed by posterior fusion;
1 patientmust be admitted tCU with one to one nursingare to monitor his neurologic status
preferably whermpatientis awake and alert

N.B. prior to traction / operative manipulatiom obtunded patiepnénsure (e.g. with MRI) that no
concomitandisc rupture has occurregpresent in 3660% patients with fracture dislocation)
if yes Y perform diskectomy first! (other
manipulations).
N.B. prereduction MRI is not necessary if patient is awake and can be examined during
reduction and traction application.

Fragment posteriorly careful with closed reduction (might be OK in awake cooperative patient but
avoid manipulative reduction, just let weight to do its job), do not do posterior approach but proceec
with ACDF with discectomy, then reduction:

Methods of traction

a) TONGS (GardnefWells tongs, Crutchfield tong$)2 screws into outer table of skuilee p. TrsS5
>>

b) HALO fixationi 4-6 screws; very rigid external immobilization; may be used@&wical traction
in recumbent position @ttached to body jackéhed with sheepskin (patient may be ambulatory
in halo cast or vestyee p. TrsSh >>

c) sterilizedrisH HOOKS applied to posterior zygomagor patients with severe skull injuries.

Traction Force (needed amount is variableyveightis added incrementalaid in spinal
realignmeny, X-raysbeing made after each addition

\ Rule of thumb- 5 pounds (2,25 kg) for each cervical leisetequired for reductiod

(e.g. to reduce dislocationi start with 25 pounds; if insufficient, additional
weight increments are applied everyZ@minutes until reduction is attained).
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begin with: 10 Ibsfor occiput;additional5 Ibs for each vertebta level of injury (but begin
with < 20 Ibs)

re-evaluation: after placement aiveight checklateral X-ray & full neuro examif reduction
does not occumyeightis thenadded in 5 Ibs increments, 30 minintervals being certain to
repeatiateral X-ray andneuro exanafter eactweightincrease.

i in routine clinical practice (especially for injuries such as bilateral facet
dislocations) weights in excess of 50 pounds may be necessary to achieve
reduction.

i upto 20 Ibs can be applied to C1 & C2;

i up to 50 Ibs can be appliedlmwer cervical region (CG&7)

max amountof tractionweightthat an be applied safely is unknownp(to one third bbody
weight may be requiredeportsinclude up to 6675 Ibs)

i maximal weight that can be safely applied to Gardietls tongs is 8690 pounds
(36-40 kg) or 2/3 of body weight.

1 head of bed elevated enough to counter weight of traction.
1 traction isbest accomplished in rotating b&dto minimize risks of decubiand to help mobilize
respiratory secretiofs *e.g. RotoRest

During traction

1 when traction is applied, patientaentinually monitored(radiographically and clinically) for
reduction successoverdistraction may cause cranial nerve deficits or neurological worsening.

1 muscle relaxants(e.g.schedulediAazErPAM) - reduce spasm, which may inhibit reduction efforts.

Some experts do not use tract{doe to personal experience of reduction nonoccurring despite
traction for 24 hoursj) they just dgeduction maneuverat bedsideattach tong&’ neck flexionY
axial tractionY neck extension

N.B. overallskeletal traction is safé¢han manual

If reduction is achieve¥ tractionweightis reduced to 20 Ibs (9.1 kg) or less to maintain alignment

(redislocation igprevented wh moderate cervical extensipn

1 some experts would apphalo, but majority proceed withACDF (esp. with bilateral facet
dislocationi all ligaments andliscare disrupted will not heal without arthrodesis).

If reduction does not occuelosed reduction attempts are discontinued when
a) > 1 cm of distraction occurs at site of injury
b) maximum amount of weight is applied
c) neurological status deteriorates
d) unsuccessful reduction by&hrs after trauma witheurological deficipresent

f proceed to MRI Y open reduction in OR
1 if reductionis not achievedyony or soft tissue interpositi@hould be suspected.

First try to reduce manuallyf MRI showed no herniated disajter patient is under general anesthesia
and complete paralys{semove Ccollar and apply Holter traction* in preparation for ACDF)
*may have halo crown ready in OR in case will
need more manipulation
1 under live fluoroscopyapply axial traction and gentle neck flexion (lever action allows superior
facet to go over the top of inferior facet)
minimizing axial traction (superior facet lands behind inferior fatet)ypr oceed t o su
(ACDF).

Surgical open reduction optians

A. Posterior approachis gold standard for straightforward open reduction of facet dislocgtusg
place rods transversely into same level screws or may use towel clamps on spinous processes:
have fihandl esdo to di st rlaterdl masansdrewmta fractyprad laterale ) ;
masses, thus, would need screws level above and level (slowe experts would ugedicle
screwsto gain more strengthnd involve just level above and betow

: _ 4

B. ACDF to reduce dislocation and open foramesome experts think it squally acceptabler
even preferretlalternativeto posterior pproach;perform discectomy (preserve PLY) perform
reduction
*disc herniationn need discectomyjpper levels (C5) 1 easy to reduce from anterior;
significant | igamentous di sasydopddicefrom aneeriog .
(although difficult to place the plateposterior may be preferable

a) method with Caspar pins placepinsin convergent fashiofA); when distraction is applied it
disengages face(B) K reducerostral vertebra either manually (C) or by placing osteotome
into disc space and rotating it rostrally):
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VERTEBRAL COLUMN INJURY (SPECIFIC INJURIES) TrS9 28)

b) method with direct disc space distractionapply axial traction on tongs, plaG®bbelevator
/ disc interspace spreadato the disc space once the facets are disengagedate spreaders
rostrallyas a lever

i aim bicortical screws for trauma ACDF.
I some experts recommeB@0° fusionfor bilateral facet dislocations (alternativafter ACDF,
flex neck and do XR if spinous process space widens, add PCF; if tketep in Ccollar)

FACET FRACTURE

a) unilaterali may cause subluxation up to 25%
b) bilaterali may cause subluxation up to 50%

TREATMENT

- if neithersubluxatiomorn er ve r oot QoplsrfwithiXR tn icotlan and/thefollow up
weeklyi if subluxation omerve root dysfunction(that happens quite oftel) onelevel ACDF.

*pain can be severe and may develop myotome weakness but traumatic radiculopath
uniformly gets better over time!

Rul e: | ower in the cervical spine, more | i ke

Cervical subaxial nondisplaced unilateral facet fractures
Vedantam A et aManagement of Acute Unilateral Nondisplaced Subaxial Calrfacet
Fractures.Operative Neurosurgeryolume 14, Issue 2, 1 February 2018, Pages 104
Facet fractures werdassified

type Al fractures: superior fatfracture of caudal vertebra

type A2: inferior facefracture of rostral vertebral

type A3: floating lateral mass (fracture of pediatel vertical laminar fracture).
al patients were given @ial of hard cervical collar.
meanfollow-upwas 2.7 + 0.4 mo.
outcome nonoperative management was successf8Rif%patients(othersdeveloped instability
requiring surgery no significant association was found between the type of facet fracture and
outcome(Fisher's exact test, P = 0.18)

= —a =

LAMINA FRACTURE
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Obligue view j
Larnina |

fracture

2

T evidence of nerve root dysfunction Y surgi ¢

FRACTURE OF TRANSVERSE PROCESS

(stable)
71 if above C7, need CTA to check for VA injury

CLAY SHOVELER'S FRACTURE

(mechanically stable)

- oblique fracture of spinous process basene of lower cervical vertebrae.

1 commonly occurred iglay miners (Australia during 1930syvhen miner lifted heavy shovelful of
clay, abrupt flexion of his head, in opposition to stabilizing force of strong supraspinous ligamen
resulted in spinous proceasgulsion

1 modern etiology

a. direct traumdo spinous process.
b. forced neck flexior{e.g. sudden deceleration in motor vehicle crashes, direct trauma to
occiput).

RADIOLOGY

ol _
Q Spinous
- progess
--..___:LH
Avulsed
CF et fragment

Avulsed  Spinous
fragment  process

TREATMENT

- asfor cervical sprain soft orthosis for comfort (23 months).

WHIPLASH INJURY ( s. CERVICAL SPRAIN, HYPEREXTENSION
INJURY)

- cervical myofascial injury
1 mechanism different sequences and combinations of flexion, extension, and lateral motion.
Most common* mechanismhyperextension followed by flexiofmotor vehicle is hit
from behind by another vehicle, i.e. raard collisions).
*cause 85% whiplash injuries

T 4 1 million cases per year in USA.
1 women* > men. *narrower neck with less muscle mass supporting head
f pathologyi multifactorial:muscle tear6 mi ¢ r o h e mat o prapsure ¥f ligaments,0 s i s

retropharyngeal hematoma, nerve root damage, cervical sympathetic chain injury, hemarthrosis
facet joints disc injuries
N.B. cases with fractures, disk herniations, head injuries are excluded; hyperextensiol
may cause central cord syndrome due to spinal cord damage.

Clinically:
1. Persistenheck painwithout objective findings.

I onsetwithin 24 hours (in 93% cases).

I canpersistfor months (in minority of patientsfor years).

i risk factors for more severe symptomsprepared car occupant, rotated or inclined
head position at moment of impact.

I psychosocial factors, negative affectivity, and personality traits are not predictive of
symptom duration.

i despite common belief that pending litigation is responsible for persistent symptoms
most patients are not cured by verdict.

2. Possibleconcomitant symptoms

i 80% patients complain tfeadachegmuscle contraction type + greater occipital

neuralgia, third occipital neuralgia*).
*i.e. pain referred from gsfacet joint innervated by Boccipital nerve

i neck stiffnessn one or more directions of motion.

i localized areas of muscle tenderngsgder pointg in posterior musculature may
develop.

I dizzinesss common complaint (dysfunction of vestibular system / cervical
proprioceptive system / brain stem / cervical sympathetic nerves).

i paresthesia®f upper extremities.

i cognitive impairmenis controversial topic (attention deficits present in 18% patients
2 years after injury).

i interscapular pain(20%),low back pain(35%).

1 rare sequelaecervical dystonia or torticollis.

Diagnosisi cervical spine MRI (if abnormalities are present, possibility that they arexstent
should be considered!).

Differential i psychological problems, malingering.

TREATMENT

Instruct patient that complete resolution of symptoms may re6tiileweeks!
1)ice Y heat
2) NSAIDs, muscle relaxants.
3) try to avoid soft cervical collars (esp. after firsB2 weeks) Y gentl e st
mobilization, rangef-motion exercises, physical therapy, trigger point injections, TENS
1 if pain persists > 12 weeks, patient has cervical disc degenerative disease.
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THORACOLUMBAR SPINE

CLASSIFICATION

Classification system should
1) enhance communicatiommong clinicians wit varying degrees of experience
2) reliably guide treatment
3) predict the outcomef various treatment options

Historical Denis classification (3-column conceptprovided level Ill evidence and became a popular
scheme in North America. However, the system does not clearly identify injuries, which may or may
not require operative intervention
{ clinicians thought that D2 columns were involved then the patient needed surgical
intervention.However,McAfee quickly determined, there were burst fractures which
were stable and could be treated nonoperatively

N.B. anterior + middle columns (90% of axial surface area, highest blood supgdtg)80% of axial
load

CNS EvidenceBased Guidelines for Thoracolumbar Spine Trauma (2019)

I nsufficient evidenceo recommend aniversal classification system or severity sabeg will readily
guide treatment of all injury types and thereby affect outcomes

Grade B Recommendationa classification that usegadily available clinical daig.g. CT with or
without MRI) should be used to improve characterization of injuries and communication among
treating physicians:

1. Thoracolumbar Injury Classification and Severity S¢a@lelCS) - cannot yet be adapted to
predict management in all populatiqisere is still wide variation in treatment
recommendations

2. AO Spine Thoracolumbar Spine Injury Classification System

Thoracolumbar injury classification & severity score (TLICS) T 3 components:
TABLE 1: The TLICS system®

Variable Points

injury morphology

compression 1
burst +
translation/rotation 3
distraction 4
neurological status
intact 0
nerve injury 2
cord, conus medullaris
incomplete 3
complete 2
cauda equina 3
PLC integrity
intact 0
indeterminate} 2
injured 3

* As reported by Vaccaro et al
1 For patients with suggested ligamentous injury on STIR imaging or
T2-weighted MRI.

Injuries withO3 points = non operative
Injuries with 4 points= nonop vs op
Injuries withO5 points = surgery

TLICvs SLIC

Characteristic TLICS SLIC

Injury morphology
No abnormality 0 0
Compression 1 1
Burst component 2 2
Translation/rotation 3 3
Distraction 4 4

PLC integrity/DLC integrity

Intact 0 0
Indeterminate  d— 2 1
Disrupted PP 3 2

Neurological status

Intact 0 0
Nerve Root Injury G— 2 1
Complete cord injury 2 2
Incomplete cord injury 3 3

Cauda equina injury G— 3 -

Cervical: Continuous cord compression with neurological deficit: +1

Fundamental issues of TLIC:
1) evaluation of the PLC requires MRI which may not be available in all centers around the
globe and may be quite subjective.
2) operative management is likely to vary based on the country, resources, and perceived
clinical condition of the patient
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LICS 2005:

¢ Middle column NOT the critical factor
in spine stability
e 2 columns

* Neurological status

* Severity score 2>

» Ligamentum Flavum
> Facet capsule

Anterior Posterior

columpl el > Intraspinous ligament
Tension  sion Band » Supraspinous ligament

RanAd

Cauda equina transectiomonrepairable! (dural sac tieff i only for true spinal malignancies, not fo
trauma)

AQ Spine Thoracolumbar Spinelnjury Classification System
(AO- Arbeitsgemeinschaft fur Osteosynthesenfragen, 1994)
9 itisderivatveoMager | 6s Compr e h etypsAaxia codpressson, i f i
type B-distraction of anterior and/or posterior elements, and typgi& torque leading
to anterior and posterior element disruption with rotation
0 many observers believe that identification beyond the three basic types (A, B, o
C) is confusing, and the AO system does not specifically include the degree of
neurological injury
o inclusive of all injury patterns observed at the thoracolumbar junction, it did not
help guide treatment.

Type A injuries (compression)i failure of anteriorelements+ preservation oposterior
ligamentous complex

AO - transvers®r spinousprocess fractures

Al - wedge compession fractures df endplate

A2 - split (pincer)fracturesiboth endplates

A3 - incomplete bursfracturesposterior walk only 1 endplate

A4 - complete bursfractures:posterior wall + both endplates

Type B injuries (distraction) i failure of anterioror posteriortension band

B11 posterior (osseus monosegmental
B21 posterior (osteoligamentouk bonyand/orligamentoudailure of posterior
tension band

+ fractureof vertebralbody (i.e. it is NOT anterior tension band injury)
B3 1 anterior: hyperextensiothroughdisc spac®r bone- as commonlseen in
ankylosing spondylitisfifst iteration of this new AO Classification inclad these
injuries under type C)

B.1

Type C injuries (translation): axial torque leadingp failure of all elementawith
displacement or dislocatioof cranial spinal elements relative to caudal elements

a4

+ neurological grading NO = intact, N1 = transient symptoms, N2 = radiculopathy, N3 =
incompleteSCl or cauda injury, and N4 = complete SCI

Burst fractures (A3, A4) for treatment see

Arthrodesis (fusion) indications are restricted to fractures that are highly unsfaklensive soft
tissue and ligamentous disruptjon

A3, A4, B1k nonfusion fixations

A2, B2, B3, all Ck fusion is routinely performed.
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Algorithm for morphologic classification

START—’DISPSI%:;?SQU » YES d C Translation
NO
! Anterior ai=md B3 Hyperextension
Tension band_, yeg
Osseoligamentous__ Osseoligamentous
injury ek disruption Balomg B2 disruption
erior
Mono-segmental _ yeo B Pure transosseous
osseous disruption disruption
\ J
&
Veriabeal by Both endplates (=g A4 Complete burst
fracture e involved
oEed A3 Incomplete burst
l Posterior wall involvement —>YES
NO v Vi md A2 Split/Pincer
NO ———»-Both endplates{
l involved okd Al Wedge/Impaction
Vertebral process
fractﬁre >YES a AO Insignificant injury

(NoEemmd No injury

AO AO Spine Thoracolumbar Injury
SPINE Classification System
Inwrlus lniuncs Injuries
» s 2 81 .,‘or:'d'-Ll n 26N ’ ;
Chancs nicion
]
ol (57 (e
A2 158 Pebanaradnic Ag o
Cormact resesch@atapine. oty Futhes INfOommation www.aospise ong/classiication

RADIOLOGICAL EVALUATION

CNS EvidenceBased Guidelines for Thoracolumbar Spine Trauma (2019)

Grade B RecommendatiorMRI has been shown to influence the management of ugftoc2
patients- providers may usBIRI to assess posterior ligamentous complex integwhen determining
theneed for surgety

Insufficient evidencehatradiographic findinggan be used gzedictors of clinical outcomes

OUTCOMES

1. ODI
2. AO Spine PROST (Patient Reported Outcome Spine Trauma) considered better scale than

ODI.

COMPRESSION (WEDGE) FRACTURE

1 results fromcompressioranterior flexionmechanismr(iiddle column remains intaand acts as
hingd  ANTERIOR WEDGE FRACTURES (most common type of thoracolumbar fractures!)
N.B. traumatic compression fracture in young patietspect possible flexien
distraction (Chance) fracture!
i often as°PATHOLOGIC FRACTURESesp. elderly white women):

CLINICAL FEATURES

v

RADIOLOGY
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anterior column failure (stablg - wedging of anterior
component of vertebral bodies (loss of anterior vertebral
body height is < 50%), soft tissue swelling, anterior supe
cortical impaction, buckling of anterior cortex of vertebra
body, trabecular compaction, endplate fracturek-space
narrowing.

anterior column failure & posterior column ligamentous failurgossibility of being
unstable) anterior wedging (loss of vertebral body height > 5p%increased interspinous
distancei

* >50% loss ovvertebralbodyn ei ght i n we&lmralef r a
out middle column and burst fractures (up to 25% fractures diagnose
initially as wedge fractures are actually burst fractures)

failure of all 3 columns(unstabl#!) - anterior wedging- varying degrees of poster
vertebral body disruption. ,

Anterior wedging > 50%or multiple contiguougnterior wedge compression fracture
CHRONIC INSTABILITY (progressive angulation may occur with time!!!).

U

1 8-14% are asymmetric caused by
compressioflateral flexion(stableLATERAL
WEDGE FRACTURES).

1 DEeNIs classificationsystem
type A- involvement of both endplates
type B- involvement of superior endplate
type C- involvement of inferior endplate
type D- buckling of anterior cortex with both endplates intact.
1 compression fractures can teevastating for 2 reasans
1) bony pain(from fracture itself) sometimes does not resolve.
2) fracture caralter mechanics of postu® i ncrease i n ky
patient cannot stand upright Y h
secondary pain in hips, sacroiliac joints, spinal joints).

p
|

hosi
i f

S
| e

TREATMENT

Compression fractures are usuatlirinsically stable and rarely cause neurologic deficlbest treated
with bracing!

BeStMANAGED in HOSPITAL
1) patients havenarked discomfortoften requiring parenteral narcotics.
2) associatedhtrathoracic / abdominal injurieshould be considered.
3) often associated withrolonged ileugsecondary to hemorrhage of sympathetic ganglia)
requiring continuous nasogastric suction.

71 for malignant causésemergent radiotherapy, steroids
7 for infectious causeis antibiotics

Analgesia(avoid NSAIDs) andnuscle relaxants
N.B. bony and neuropathic pains are treated differently!
0 if pain is not improving with bracing overI2 weekgmax 6 month§ STIR signal
must still be presenty kyphoplasty or vertebroplasty.

Bracing (for 8-12 weeks}o prevent progressive angulation

a) custommoldedTLSO (body cast)

b) fi o-thds h ethrdepoint hyperextension orthosis

c) no bracing
extension brace is bésprevents kyphosing.
young people heal very well but many refuse brace (H: percutaneous stabilization).
bracing is more prone to fail at high stress areast{egacolumbar junctiori follow up with
new X-ray in 2 weeks (the older is fracture, the more difficult is to reduce it once kyphosis
happened)
bracing is more prone to fail wbesepatients.
bedrest is not benigibone density declines approximately 2% per week, muscle strength decline
1i 3% per day or 1:05% per week
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Early rehabilitation - become ambulatorgs soon as comfortable¢reased incidence of
thromboembolic events
& restrictiors for 8 weeksforwardbending hip flexion < 90¢ lifting / carryingO5 kg.
d first4weekss i mp |l y wisométric spme svabilization exercife® r 4 we e k
isotonicexercises.

Radiographic monitoring (some fractures can worsen over ensuing monthight require surgical
stabilization).

\ Serial radiographs for 1 yeaprogressive kyphosis can occu}!

INDICATIONS FOR SURGICALSTABILIZATIONI mainly to prevent chronic back pain (but not all studies
find correlation betweemitial injury severity and the degree of residual pain!)
a) inability to wear external brace or external brace failure
b) neurological deficits addDECOMPRESSIONO FUSION
c) majoranterior column comminutiowith height loss > 50% indicates instability
N.B. vertebral bodgomminutionis risk factor per se that bracing will fail as
bone fragment s ;wg.A2l(splik® gnuersifracturd)atablen g o
but tend not to heal well due to axial loads anterior fragment migrates causing
pseudoarthrosis; H: posterior fusion upfront (gives supporting posterior tension
band) instead of bracing trial.
d) kyphosis > 30¢ indicates significantposterior element disruptiqanstable burst fracture)
instability
1 if fracture isoperatedvithin the first 710 days of injury, significant reduction can usually be
achieved posturally and additional correction may be achieved with distraction through the pedic
screws with the intadiLL preventing overdistraction.
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I anterior approach is not necessary for decompression because there is no retropulsic
into the canal, but it may be considered when there is a residual bone void anteriorly
after the fracture is reduced or in delayed fracture treatment when an anteaeerisl
necessary to achieve a reduction

T percutaneous s cr e wmaysuyffibeiifmaneed to @dcomipresa and énpugh
fractured bone contact to heal (esp. young pedpder p. Op226=>
i1 postoperativE LSO bracing (16012 weeks)

PERCUTANEOUS VERTEBRAL AUGMENTATION _(PVA)

I symptomati& osteoprotic and neoplasticompressioriractures (also see Onch6 =)
*RCTs of PVA showed statistically significant improvement in pain and function, particularly
ambulation
Fracture ageequirement look for STIR signal(vertebral body edeman MR (absence of STIR
signal means fracture has healed, thus, fracture age limit is probably near 6 months).
*if MRI is contraindicated, may douclear studyo show ongoing metabolism

CONTRAINDICATIONS

1) split fracture

2) complete burst fractuneith posterior wall compromisinow it is only arelative
contraindicatiori modern devicesable to contain cement

3) pedicle fracture

4) high-energy trauma

5) asymptomatic

6) spinal cord compression or canal compromise requiring decompression

*KIVA T PEEK coil with holes on the insidecontains cement

DETAILS, TYPES

1 mostly outpatient procedure.
1 under MAC or general anesthesia.
1 cement viscous(different degrees of viscositpplymethylmethacrylate

Vertebroplasty i high-pressure injection afement polymer nt o fractured vert
vertebr al body resistance to upright | oads
fluoroscopy guidance.
percutaneous trocar or large needle is introduced into fractured body through pedicle, and ceme
is injected.
9 complications
1) cementspread to neural structures
2) adjacentlevel vertebral body fractures! (risk increased > 4 times).

1
1

Kyphoplasty - similar to vertebroplasty, excepélloonis used to expand volume of fractured
s e g me cementpolymeis deliveredunderlow-pressuret into closed balloon (less likely

extrusion of cement into spinal canal')
*much lower complication rate

9 canal compromise contraindicates kyphoplasty (and sometimes vertebroplasty).
9 ideal for cancer paifpathologic fractures due to metastases)!!!; indicat®f IR signal on MRI.


http://www.neurosurgeryresident.net/
http://www.neurosurgeryresident.net/Op.%20Operative%20Techniques/200-299.%20Spine/Op220.%20Thoracolumbosacral%20Spine%20Surgery%20(techniques).pdf#PERCUTANEOUS_SCREWS
http://www.neurosurgeryresident.net/Onc.%2520Oncology/Onc56.%2520Extradural%2520Spinal%2520Tumors,%2520Vertebral%2520Tumors.pdf#Vertebroplasty

VERTEBRAL COLUMN INJURY (SPECIFIC INJURIES) TrS9 35

SpineJack (Stryker)
- mechanical kyphoplasty with height restoration; FDA approved for osteoporotio(reotogic)
compression fractures
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Cochranereview
Buchbinder R et al. Percutaneous vertebroplasty for osteoporotic vertebral compression

fracture. Cochrane Database Syst Rev. 2018 Apr 4;4(4).

Percutaneous vertebroplasty remains widely used to treat osteoporotic vertebral fractures
although our 2015 Cochrane review did not support its role in routine practice.
Objective to update the available evidence of the benefits and harms of vertebroplasty
9 21 trials from 15 countries were included: 5 compared vertebroplasty with placebo (54
randomised participants), 8 with usual care (1136 randomised participants), seven wit
kyphoplasty (968 randomised participants) and one compared vertebroplasty @tith fac
joint glucocorticoid injection (217 randomised participants).
1 most participants were female 62.6 and 81 years.
1 mean symptom duration varied from 1 week to >6 months.

Compared with placebeertebroplasty provideslittle / no clinically important benefits

with respect to pain, disability, di seabse

onemonth hi gh quality evidence:
Pain: absolute reduction 6%, relative reduction 9%
Mean disability: absolute improvement 7%, relative improvement 10%
Di sease s peci:fabsaduteghargé: B% hetten rfelativei chiarge:
5% better.
Overall quality of life: absolute improvement 5%, relative improvement 18%
Treatment was successfulabsolute difference: 9% more reported success;
relative change: 40% more reported success.

T effects did not differ according to du

Uncertain whether vertebroplasty increasegigieof new symptomatic vertebral fractures
RR 1.08 (95% ClI 0.62 to 1.87); moderate (
1 1% more new fractures with vertebroplasty

Uncertainty whether vertebroplasty increases the righkhwdrserious adverse evehtsRR
0.64 (95% ClI 0.36 to 1.12); moderate qual
*osteomyelitis, cord compression, thecal sac injury and respiratory failure
1 1% fewer people had other serious adverse events with vertebroplasty; relative chanc
36% fewer.

EVOLVE Trial
Prospective and Multicenter Evaluation of Outcomes for Quality of Life and Activities of Daily
Living for Balloon Kyphoplasty in the Treatment of Vertebral Comjyadsractures: The
EVOLVE Trial.Douglas P Beall et aNeurosurgeryVol 84, Issue 1, Jan 2019, Pages 168

9 first large prospective elabel astreated clinical trial designed to include patients
commonly seen in clinical practice

1 354 patients with to 3 painful vertebral compression fracturegdFs) from T5 to L5due
to osteoporosisor cancer.

1 study demonstrates that kyphoplasty is a safe, effective, and durable procedure for trea
painful VCF due to osteoporosis or cancer.

Percutaneous vertebroplasty (PVP) and kyphoplasty (P9 widely gained acceptance as a line of
treatment in symptomatic osteoporotic vertebral fractures and osteolytic primary or secondary lesio
in the spinal column.

The introduction of vertebroplasty by Galibettal. in 1984and kyphoplasty by Garfiet al.in 1997
offered two simple, fast, and minimally invasive treatment modalities for these conditions.
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Vertebroplasty consists of injecting polymethylmethacrylate (PMMA) into the vertebral body througt
a transpedicular or extrapedicular approach bilaterally or unilaterally. Through bone biopsy needles
which allow better maneuverability within the pediaehe middle third of the vertebral body, the
procedure is done under image intensification. Ideally, two perpendic@ans; or as recommended

by some, CIguidance is used®MMA is injected carefully and under continuous radiographic
monitoring in 0.5 i bolus to enable immediate interruption of the procedure when there are
radiographic signs of cement extrusion as PMMA flows into a blood vessel or toward the posterior
cortical margin.

Likewise, kyphoplasty is done with the same radiographic setup. An inflatable balloon is introduced
through a compatible pedicular needle through a transpedicular or extrapedicular approach. The
balloon is then mechanically inflated by a piston and fiiéth radiopaque liquid. It is then deflated

and removed and the resulting void with compressed peripheral bone in the vertebral body is
subsequently filled with PMMA. In contrast to vertebroplasty, kyphoplasty allows for direct correctio
of sagittal plan@eformity and, to a much lesser degree, of the coronal plane deformity.

Kyphoplasty Systems

Based on an expandable polymer device, the Sky Bone Expander Systei@-{ish Medical
Technologies Ltd, Herzeliya, Israel) represeamts such kyphoplasty systefirhe KIVA VCF

treatment system (Benvenue Medical Inc., Santa Clara, CA, USA) consists of a spiraled coil implan
made of PEEKOPTIMA, that is introduced in a transpedicular manner over a shaped memory nitino
coil. After withdrawal of the guidewire, the Iped PEEK implanis filled centrally with PMMA.A

recent technique is radiofrequen@ygded vertebral augmentation (RFVA) which was developed to
overcome some of the limitations of ballon kyphoplasty while preservingdwentages of PVP and
PKP.The Shield Kyphoplasty System (Soteira, Inc., Natick Mass., USA) usesinldiameter

cement director made of braided nitinol, which is impermeable to cement except for holes located
anterosuperiorly and anteroinferiorly. It allows for better applicasfdmghly pressurized cement after
the creation of a cavity by a curved cavity creation deticeugh a unilateral transpedicular approach.
A different approach is the use of two expandable titanium mesh implants which might be filled with
PMMA or a suitable bone substitute introduced percutaneously by a transpedicular approheh.[9]
SpineJack® (Vexim SA, Balma, France) uses two jacks tdvamecally restore vertebral height,

which is then maintained by PMMA. Analogous to PKP, the afmeationed systems allow for
restoration of the vertebral body height and are often referred to as third generation vertebroplasty.

Bone Fillers

PMMA is the current filler material employed in almost all vertebral augmentation procedures and w
approved by the Food and Drug Administration in 2004. Its mechanical strength, stiffness,
biocompatibility, and reasonable price are clear advantagesiarsages include its absent

biological potential, absent osteoconduction and osteoinduction capability, overt stiffness, high
polymerization temperature, and monomer toxicity. Cement and barium sulfate particles have been
identified in vertebral vasculapaces reflecting the serious potential for embolization of large vessels
the heart, and the lung. Therefore, PMMA shouldhieccted with low pressure.

The mechanical strength of PMMA is lowered by the addition of radiopaque agents and antibiotics.
Less than 2 g of antibiotic powder added to a standard packet of PMMA, however, showed no adve
effect. However, aqueous gentamycin had in comparison tograyethtamycin a negative effect o
mechanical cement propertidéiswas also shown that the antibiotic elution rate was higher in greater
suface aredo-volume patternsAntibiotic bactericidal concentrations eluded for 30 days were found
to be longer ihydroxyaptite cement than from PMMA.

Barium sulfate is found in a concentration of 10% by weight in arthroplasty PMMA, however, this is
not sufficient for fluoroscopic visualization and so tantalum powder, tungsten, barium sulfate, or
zirconium dioxide have been added to PMMA. Bone resorpiasnbeen associated with zirconium
dioxide and barium sulfateubthis has not been clarified.

Because of its osteoconductive property, calcium phosphate cement has the ability to be resorbed
replaced by new bond@his has been shown in several animal models and human treatment series fc
distal radial fratures.

Different proportions of calcium sulfate and hydroxyapatite or tricalcium phosphate (HA/TCP)
composites have been tested. The latter is used to reduce the rates of dissolution, with no negative
effect on bone formation, whereas higher proportions of calsuifate are still associated with rapid
dissolution ad less net mineral content.

Disadvantages of calcium phosphate and sulfate compounds are their high costs, low viscosity and
their bad handling characteristics. Being true thixotropic cements the suspensions dewater when th
are exposed to pressurization within the delivery tubmifag chalk, thus hindering it to advance
through the tube or to integitate with the vertebral bonkloreover, clinical and biomechanical

studies revealed their inferiority to PMMA regarding shear, traction, and flexion forces with
subsequeribss of vetebral height.

However, calcium phosphate cement can be made osteoinductive by the increase of growth factors
bone morphogenetic proteih(BMP-2), transforming growth factdrveta (TGFbeta), plateletierived
growth factor (PDGF), and basic fibroblast growth fa¢h®tGF). This is based on the macroporous
scaffoldlike structure of calcium phosphate and the ability to control its pH qeoteately.

Being radiopaque and showing outstanding mechanical properties, composite materials (acrylic
cement in conjunction with ceramics) are attractive candidates to replace PMMA in future cement
augmentation procedures. Cortoss (Orthovita, Malvern, PA) con$iateerpolymer resin reinforced

with combeite glasseramic particles and was approved in Europe in 2003, but its biological effect in
humans treated for osteoporotic vertebral compression fracture (OCVF) has not yet been sufficientl
described in the |grature.

Pain Reduction

The mainstay of treatment for osteoporotic vertebral compression fractures is thought to be
conservative when pain can be controlled and no mechanical or neurological instability is present ir
otherwise healthy patient. Cement augmentation, howevedicated in patients with intractable

pain. The reduction of pain is believed to be from inhibition of fragment micromotion and a thermal
and a chemical effect of PMMA. The latter two theories have been disputed because there are no ¢
few intraosseous mee endings and similar pain reduction has been observed after injection of calciu
phosphate cement thatystallizes at body temperatutdechanical rigidity is achieved by either the
formation of a hard mass (PKP) or by interdigitation in the bony trabeculae (PVP), thus preventing
nerve irritation in the periosteum, bonamow, or the haversian systeRurthermore, a placebo

effect, the action of the local anesthetics and the natural history have been hypothesized. PKP
techniques offer the ability tordictly correct fracture induced kyphosis. On the contrary, by lordotic
patient positioning and strategically placing pillows, vertebroplasty can indirectly help to a lesser
degree in vertebral height reduction. In the presence of neurological symptamakstahilization

with sagittal plane and sometimes coronal angular plane correction and decompression are necess
In a metaanalysis, Liuet al.found no difference comparing pain relief between PVP and
conservatively managed groups at 2 wk and 1 mo postoperatively. Nevertheless, at 3 mo, 6 mo, an
mo there was a significantly higher pain reduction in the PVP gfengm 2 wk to 6 mo, no difference
regarding pain reduction was found among the PVP and sham injection groups. This might be
explained by the action of local anesthetics in the latter and a placebo effect attributable to both the
PVP and sham injection predures.

In a metaanalysis by Hulmet al., vertebroplasty offered an immediate reduction of pain scores
(53%), although, after 6 wk patients treated conservatively or with PVP had similar pain scores and
functional ability. Kyphoplasties in chronic painful ventalfractures offered at 6 mo substantially
better pain relief than other modalities.

Gill et al.showed in their metaanalysis of 21 included studies containing 1046 vertebroplasties and
263 kyphoplasties that both techniques had a decrease of five points in their respective visual analc
scores in the immediate postoperative period. Thg-term follow-ups showed no further substantial
improvement of the visual analog score at folom This wa also confirmed by Dongt

al. emphasizing that there was no statistical relation between vertebral body height restoration and
obtained pain rediion.

Barret al.reported in their series of 38 consecutive patients with 70 osteoporotic vertebral fractures
treated with PVP initial pain relief of 95%. After 18 mo, pain relief was 94%. However, this group als
treated eight patients with 13 vertebrae wiloplasms with the primary goal of spinal stabilization
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and not pain relief. Substantial pain reduction was reached only in 50% and mechanical stability in
88%.

PKP has been found superior to conservative management and at least equal to PVP regarding pa
reduction in a metanalysis by Tayloet al. Pain reduction by PKP also is superior in younger
vertebral fractures than in older vertebral fractures.

Cement in Osteolytic Lesions

The primary aim of cement augmentation in primary and secondary osteolytic vertebral lesions is
palliative pain relief, and various studies have reported a consistent and sustained reduction of
preprocedural pain independent of the tgpenderlying malignancyControversially discussed issues
when comparing PVP and PKP use in osteolytic lesions are the optimal filling volume of cement,
safety regarding extravasation, and pain reduction. For fear of intrespmant escape, some authors
consider a post@r wall defect to be a contraindication for cement application; however, others clairr
good results when done carefull@ther authors have combined radiofrequency ablation with
vertebroplasty and report similar pain relief and complication rates when compared to PVP or PKP.
The concept relies on tumor dissolution rather than displacement, theoretically reducing theenciden
of cement exavasationGu et al.reported good pain relief in 94% of their 31 patients with metastatic
spinal tumors and malignanertebral compression fractures treated with interventional tumor remova
followed bypercutaneous vertebroplasBractured osteoblastic lesions usually are stable and most
authors do not recommend cement augmentalionetheless, Camets al.treated 53 vertebrae with
pure osteoblastic and 50 vertebrae with mixed blastic and lytic lesions with vertebroplasty. They
reported a good to excellent analgesic effect in 92% at 6 mo and that the occurrence of complicatio
was not related to the natwéthe lesion. Nevertheless, a filling failure occurred in five vertebrae, all
being osteoblastic.

A new interesting approach is the incorporation of 13.7% holmium and 8.9% samarium phosphates
weight with calcium phosphate bioceramics, thus marking the advent of radiovertebroplasty. After
neutron activation, the Hb66 and Sil53 bioactive powder etteéd 14.5 and 32.5 MBg/mg,
respectively. However, iig vivo applicability and efficiency have yet to be proven.

BURST FRACTURE

-vertebr al body end plate(s) fractur ebodyisnuc!|
shattered outward from withifburst fracture.

1 failureoft he anterior and mi dd lcieumieential expassiob of entirex i ¢
involved vertebra.

The generally accepted differentiation betweempressiomndburstfractures occurs at thepbLE

column, which is spared in compression fractures and involved with burst fractures.

1 practicallyspeaking, the transition from compression fractuteutst fracture represents a
continuum of injury rather thadiistinct injury patterns because the same force vector is
responsible

N.B. for classification, if on CT scan tlfiecture extends into the posterior
cortex of the vertebral body, regardless of the degree of displacement, it is
referred to as a burst fracture

71 retropulsion of the fractured middle column fragments into the spinal cana} hallmark of a
burst fracture.

o retropulsed bone splinters and disc material may impinge on ventral surface of
spinal cord (witHikely d u r a | | a argerioa ¢orid syndyom&Y i mmedi
decompressive surgery (via anterior approach)!

POSTERIOR column may or may not be involved, though more frequently it is involved when
comparedvith compression fracturglsl CAFEE classified burst fractures

STABLE burst fractures - posterior columns intact;

UNSTABLE burst fractures - posterior columrhas sustained significant insuttufal tearsare
frequent- portions of cauda equina can herniate through dural defe€t not r ep a
scarring and chronic pain).

I attempted weight bearing without
injury can be expected.

RADIOLOGY

LATERAL view - comminuted vertebral bogioss of vertebral height (> 50%tropulsion of bone
fragmentgcanal narrowing > 30%), kyphotic angulation (> 20%).

AP view- characteristicvertical fracture of vertebral bodhelps differentiate from simple wedge
fracture and flexion teardrop fracture)idened interpedicular distan@iadicates instability).

Always performCT / MRI to document amount of bone retropulsion.

Burst fracture of T12 anterior deformation, comminution, retropulsion of bone fragments into spinal canal:
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