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I. Revision of Anatomy

SPINE

- count of vertebrae (variability!)

- Spine curvatures
neuro-vascular structures!
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Parts:
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-Synarthrosis ,joints" S SN

ligament

(conection by cartilage/ligament/bone) “7= & | o

Posterior __L
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Apophyseal joint
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capsule
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-Diarthrosis (synovial) joints
(articular surfaces, joint capsule,
cavity, synovial fliud ...)
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Il. Blomechanics - Functional Spinal Unit (FSU)
= smallest mobile segment of the spine
- Composed of: 2 adjacent vertebrae, intervertebral disc, ligamnets

2 facet joints and capsules, surrounding soft tissues
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Il. Incidence of spinal trauma
3-6 % of all injuries .

160
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70 % thoracic and lumbar ,
30 % cervical
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20 % presence of

neurological .
deficit 0
cervical spine thoracic spine lumbar spine
He 5. Incidence of racture mechansm in each spinal level
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Leucht et al. 2009 MED
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Etiology of spinal trauma

Table 3
Relationship between cause of acadent and fracture localisation.

OH|gh energy trauma . yOUth Cause of accdent  Fracture localisation
C1-2 C3-7 TI-10 T -2 L3-5
oLow energy trauma — over 60 yo

High-energy fall 18 (82%) 14 (6.4%) | 15(68%) 150 (685%) 22 (10%)

(osteoporotic fx) Simple fall 1106x) 9(79%) | s(4x) 75 (658%) 14 (123%)

Traffic 21 (14.1%) 26 (1740 30 (201%) 58 (38.9%) 14 (9.4%)

oFa”S Sports 3(103%) 9(31%) | 4(138%) 12(41.4%) 1 (34%)
Traffi i Miscellaneous 2039x) a4(78%) | s8(157%) 313(647%) 4(78%)
o I'raffic accidents Total 55 (08%) 62(11%) ez 328(584%) 55 (9.8%)

- whiplash injury

Leucht et al. 2009

oSport
oCombinations




Spinal trauma- mechanisms

PENETRATION INJURY

ctor”

DISTRACTION INJURY

FLEXION-RCTATION AULRY
COMPRESSON I UNT

Down Swing: “Crunch”
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Types of injuries
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l1l. SPINE TRAUMA CLASSIFICATION
2 column theory (Holdsworth) vs. 3 cotumn theory tDenis)
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https://www.google.cz/url?sa=i&url=https://radiologykey.com/imaging-thoracolumbar-spine-trauma/&psig=AOvVaw3AsGggULVtcoSrWEzrQDd-&ust=1584985339372000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCOCq7t_QrugCFQAAAAAdAAAAABAD

Denis AO

3-column classification  classification classification

Morphology
PCL integrity
Neurologic status




TLICS Classification -
Injury Classification and Severity score

TLICS 3 independent predictors

- Compression 1
Morphology Burst 2 - Radiographs
1 immediate : .
stability - Translation/rotation 3 - CT
- Distraction 4
Integrity of  _ |ntact 0
2 PLC - Suspected 2 - MRI
longterm - Injured 3
stability
- Intact 0
. - Nerveroot 2 .
3 Neurological Complete cord 2 Physnc_:al -
status examination
- Incomplete cord 3
- Cauda equina 3
0-3 - nonsurgical
Predicts - Need for 4 |- surgeon S
surgery choice

>4 - surgical

Thoraco-Lumbar

PLC - Posterior Ligamentous Complex

il

y‘; |
Flavurn ’ / :

: L Interspinous
ligament ks

')
~ ligament
Facet joint '

capsule

CT features of PLC pathology are:

¢ Widening of the interspinous space.

e Avulsion fractures or transverse fractures of spinous
processes or articular facets.

e Widening or dislocation of facet joints.

e Vertebral body translation or rotation.

When the PLC is definitely injured on CT, it can already be
scored as 3.

Since the integrity of the PLC depends mostly on ligamentous
structures, MR is sometimes needed to adequately diaghose
pathology of the PLC, especially when there is no dislocation or
disruption on CT.

MRI features of PLC pathology are:

e Definite: 3 points

e |Loss of normal low signal intensity of the ligamenta flava
or supraspinous ligaments on T1 and T2.

e Indeterminate: 2 points

e Edema without clear rupture; high signal intensity of the
interspinous ligaments or along the facet joints on T2
SPIR or STIR.
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AO classification (Magerl 1994)

AO Surgery Reference Authors
Please select an anatomical area
v v A4
. CMF —3
(&) AO Foundation /' (‘\.9-:: )
- o A =i
\ > A
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{ ”5 3
Clavicle Proximal humerus . 3
Scapula ‘ .
Humeral shaft / ;
Lm
Spine R - B- -> "-8}‘:: R
Distal humerus N '
: o @)=
\g Proximal forearm Segment N
e 1
Pelvic ring " Forearm shaft LC‘E 3
g 3
Acetabulum L. Distal forearm / N s :
Proximal femur ! 7 %\ C \C2F— 3
N '
| 4N 2
i 3

kg \ p- E:-‘
P
e

Femoral shaft I ﬂ \

Distal femur Pediatric

Patella
Proximal tibia

Tibial shaft

Distal tibia
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Foot




COMPRESSION FLECTION+
DISTRACTION EXTENSION

ROTATION/
TRANSLATION
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Vertebral body injury ‘ v Anterlg and posterior element{In]ury

with compression with distracfion --«--«----- with rotation
impaction anterior rotational
fx split fx burst fx posterior injury injury shear

H:E H2E EH:0

y Predominantly y through TypeA TypeB
the disc
ligamentous  osseous
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42 AOSPINE 4o AOSPINE

AOSpine Thoracolumbar AOSpine Thoracolumbar

Classification System Classification System
Algorithm for Morphologic Classification
A0. Minor, nonstructural START

fractures

B3 Hyperextension

Osseoligamentous
Bz dis

Bi Pure transosseous
disruption

NO
h;# ! - =38 A4 Complete burst
_ YES —
fracture } ru:l.red =3 S A3 Incomplete burst
Posteriorwall e
;: Il T = - A2 Split/Pincer
NO ————= endplates —
o s Bl A1 Wedge/Impaction
L
Vertebral
Eﬁ - YES o A Insignificant injury
e
L Mo injury
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> AOSPINE

AOSpine Upper

Type A. Isolated bony
injury (condyle)

~ TypeB. Non-displaced
ligamentous injury (craniocervical)

Type C. Any injury with
displacement on spinal imaging

Cervical Classification

Type A. Isolated bony only (arch)

Type B. Ligamentous injury
(transverse atlantal ligament)

uu)k

Type A. Bony injury only without
ligamentous, tension band,
discal injury

Type B. Tension band / Ligamentous
injury with or without bony injury

Type C. Atlantoaxial instability /
Translation in any plane

Type C. Any injury that leads
to vertebral body translation
in any directional plane

AOSPINE

Systm AOSpine Subaxial Classification System

AO. Minor, nonstructural B1. Posterior tension band C. Translational injury in any axis-

fractures injury (bony) displacement or translation
N of one vertebral body relative
‘@ )< to another in any direction
A s : N
A P },Tjw' o
AN b
(5 AL 2
Al. Wedge-compression B2. Posterior tension band % MJ’}\J
injury (bony capsulo- o

ligamentous, ligamentous)

Ve P o
A
NS
€ ) N

A2, Split

ol
AN

F2. Facet fracture with potential
for instability

AN
P——c— B~
A3. Incomplete burst B3. Anterior tension band k\%{;\ Q
Injury N
AN

F3. Floating lateral mass

. = &

.x\/.‘,‘.'., > \ .Aw: : '/

\ 2 = F & 4
{ 4 \ ~
-
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Fa. Patholgfic subluxation or
perched/dislocated facet
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Spine INSTABILITY

- numerous definitions...
(Louis, Roy-Camille, White and Panjabi, Frymoer and Krag)

SPINE IS INTOLERANT OF PHYSIOLOGICAL LOADING...

“Clinical instability is defined as the loss of the
spine’s ability under physiologic loads to
maintain its patterns of displacement, so as to
avoid initial or additional neurologic deficits,

incapacitating deformity and intractable
pain.”

=

White and Panjabi 1987
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Spine INSTABILITY

=" BONY m===) HEALING ™™ FUSION
ACUTE
S LIGAMENTOUS

l

CHRONIC INSTABILITY
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LIGAMENTOUS INSTABILITY

* conservative treatment cannot lead to healing
e result Is chronic progressive instability
 pseudoathrosis or kyphotic deformity may occur

e can only be repaired by fusion of affected segment /s



https://www.google.cz/url?sa=i&url=https://www.sciencephoto.com/media/932245/view/severe-thoracic-lumbar-kyphosis-x-ray&psig=AOvVaw3T_UA72oIEeAJOWWdUu6BN&ust=1585001668701000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCKjxv8aNr-gCFQAAAAAdAAAAABAD

Instability of C-spine
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Figure 1: Extension Lateral Figure 2: Flexion
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Neurological deficit

Immediate (A) onset caused mechanically in case of
iInjury (fragment in the spinal canal, dislocations of the
joint, kyphotization, translation, etc.).

Gradual (B) onset caused by edema or ischemia.
A B

Verebral bodies

!
- i
| -
’.'- y _._‘ - y -— \
=T C==7 N
\ ; | l
| .
L—' e \V.-—-_l
P ¢ ~
Y Removed bone
\_;\'\ . Injured
//__:_. - spinal cord
HNPIessing \ (( ' - _j segment
bone fragment J m—
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IV. Spinal Cord Injuries (SCI)

Spinal cord impairment causing temporary or permanent changes
INn motor, sensory, or autonomous spinal cord functions.

1) type : A) primary B) secondary

2) degree: A) complete B) incomplete
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1A) Primary SCI

It is caused directly during the injury process.
Therefore it CAN NOT BE influenced! ®

Spinal cord compression by bone fragments, hematoma,
herniated intervertebral disc.

Torsion, distraction, (shear forces = unfavorable prognosis)
T

Ischemia
Penetrating injury




Kadlec Studg
CT SCAN OF THE CERVICAL SPINE

Bony avulsion
§ fracture C5-C6 4 mm
into spinal canal

atrophy

ILLUSTRATION

MRI OF THE CERVICAL SPINE

Traumatic
posterior disc
hermiation at
C4-5

Post-infarction 4 " Myelomalacta
spinal cord \ consistent with

‘ spinal cord injury _--—%"\w

Sagittal view
CT SCAN OF THE CERVICAL SPINE

C4 to C5/C6 region

)‘ and infarction in the £ —Cs —
™ \

the spinal cord

r- I — - —— o : J . “ - CG
Retropulsion of ! = o\ Traumatic
avulsed bony posterior disc
fragments and . = hernlation at
disc into the spinal = C5-6
canal contusing

Bony avulsion
fracture C5-C6 4 mm
into spinal canal

Axial view

Nucleus Medical Media (2020). Cervical spinal cord trauma and cervical disc herniation [Digital image]. Retrieved from
https://ebsco.smartimagebase.com/cervical-spinal-cord-trauma-and-cervical-disc-herniation/view-item?ltem|D=77457

Sagittal view



https://ebsco.smartimagebase.com/cervical-spinal-cord-trauma-and-cervical-disc-herniation/view-item?ItemID=77457

*VVascular changes :

- reduced flow
- thrombosis
- vasospasm
- hemorrhagia

electrolyte changes
free O2 radicals
‘Inflammatory reaction

=> the result is neuronal necrosis !
MUN
MED

I
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1B) Secondary SCI

It occurs as a result of primary impairment.
COULD BE patrtially influenced, and that is the goal of treatment.

Possibilities of its influence :

- oxygenation, optimal BP

- pharmacotherapy (anti-oedematous treatment -corticoids ?)

- surgical treatment (decompression of neural structures +
Insturmentation of the spine for its stabilization)

www.medicalexpo.com/prod/rti-surgical/product-103597-820814.html


https://www.google.cz/imgres?imgurl=https://img.medicalexpo.com/images_me/photo-g/103597-11742771.jpg&imgrefurl=https://www.medicalexpo.com/prod/rti-surgical/product-103597-820814.html&docid=shlsN026TGXe8M&tbnid=dt69TM0xkbiWGM:&vet=1&w=800&h=800&itg=1&hl=cs&bih=520&biw=1097&ved=2ahUKEwj3-YTooLvoAhUF-qQKHTQAAh0QxiAoCnoECAEQPA&iact=c&ictx=1
https://www.google.cz/url?sa=i&url=http://nalp-lb.com/productDetail.php?id=27&psig=AOvVaw0SGZSpT3z5vaFhlfJFmpx1&ust=1585147681755000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCJDBrr2ts-gCFQAAAAAdAAAAABAD

2) Degrees of SCI

complete lesion /according to the height of the injury/

cervical quadriplegia
thoracic paraplegia

Incomplete lesion /specific syndromes/

anterior cord sy
central cord sy
posterior cord sy

cauda equina sy.

Brown-Séquard Syndrome

Corticospinal tract q
Brown- Sequard sy q

Spinothalamic tract

Central Cord Syndrome

Anterior Cord Syndrome

C4 injury . K%
(quadripleqgia) - -:?Fj‘—)
st OY
C 3
A
TN
pe
~ — /‘Q-J‘ 7
< :,(Q«
= - f2
& @3
A
C6 injury G (4
(quadriplegia) A0 -
[\ 6
Vi "\‘%r
(,;:\\:- 2
(AE
i\
A \10
| S g
LAARFA\N
T6 injury "'.i' /-’1\12
(paraplegia) L A ]\_\ B
C//{:Z'J/ \1
P4 l'»-'ﬁt )
v e ‘\2
=1
///E"‘C:}\"(‘ 3
| Vo |
XL |4
LT injury CA
(paraplegia)

Ceqvical

(neck)

Thoracic
(upper back)

Lumbar
(lower back)

Sacral

Coceygeal

Copyright @ 2006 Nature Publishing &ot.;
Nature Reviews | Neuroscience



Saddle Anaesthesia

Loss of feelings around the buttocks, anus
and genitals?

Pain

Severe nerve pain in back and/or down
one or both legs?

Incontinence

Bladder incontinence or inability/
difficulty urinating and/or bowel
incontinence/constipation

Numbness

Lack of sensation and/or weakness in
the legs

Emergency

Any of the above symptom could be a sign
of Cauda Equina Syndrome — please contact
your GP or A & E department immediately

- without urgent treatment the damage can
become parmanent.

Cauda Equina Syndrome

Spinal cord

Conus medularis

Cauda equina
(Latin for horse’s tail)

Etiology
« Compression of cauda equina by:

« Herniated disk
« Tumor
« Abscess

Diagnosis
+ Clinical suspicion
« MRI or CT myelogram

Clinical

« Urinary retention (most sensitive) followed by incontinence

« Post-void residual urine vol > 100 mL

- Bowel retention

« Saddle anesthesia

« Flaccidity of lower extremities (lower motor neuron symptoms)
« Loss of deep tendon reflexes (DTRs)

« Loss of rectal tone |

il 15 e i
2 e LY et Rl i, L
s | T = i
o Pl x i L R b i

H.Gray-
Anatomy of tr
Humaiii3ady
(1918)


https://en.wikipedia.org/wiki/File:Gray662.png

Effects of Spinal Injury

Evaluation of spinal cord Injury oo

Injury

. E gqiﬂwﬂr'n: F;a::raryslsqj SOme nr"all muscles used
3 functions: | il e ey
motoric E Between_ Paralsis o th lgs,runk, hand, and
- = | Wis
i t mmau:duﬁwﬂ that move the
- Sensoric [ | |Between  Paralysis of the legs, trunk, and part of the
) C6 and CT  wrists and hands
- spinal reflexes| Neveroot  Test s e o e shovkdes end
Bebween  Paralysis of the bsgs, trunk, and hands
5 Elbow flexion ||
HlllcstoT1  Paralysis of the logs and runk
The purpose of | ce Wrist extension A e ot a1 that mave
. 8 mim[ﬂamnm
the evaluation |g Wrist flexion, finger extension ! an one side o e faoe) :
. . WWﬂh

T2toT4  Paralysis of the and trunk
Loss of sensation the nipples

the height and | ;.

£ _ Finger abduction e e
t e o1 1esion. [ 1175108 Paraiysis of the legs and lower 1runk
yp 112 Hip abduction L Loss of sensation below the b cage
g TOtoTI1  Paralysis of the legs
34 Knee extension A Laes of sensation below the navel
Rl Palmmlsﬂaf-dlu::sdsmﬂmhm
|| hips and legs
LS'51 Knee flexion 5 }\'L:!m 52  Various patterns of leg weakness and
A numbness, depanding on the precisa
LS Great toe extension ¢ ey
Al 1S3t0 35 MNumbness in the perineum
o L
51 Great toe flexion

* At any level of the spinal cord, sevens injury Qi
cause loss of adder and bowel conral,




Evaluation of spinal cord Injur
Classification of Neurological

Function
Frankel Classification Grading System

Sensory Motor
Absent Absent
Present Absent
Present Active but not useful
(grade 2-3)
Present Active and useful
(grade 4)
Normal Normal MUN
MED



Patient Name

Examiner Name Date/Time of Exam

AS# STANDARD NEUROLOGICAL cLASSIFICATION ISC @S

AMERICAN SANAL IaUEy ASSOCWI0N

OF SPINAL CORD INJURY
MOTOR
AL SRS, e ew
cs Ebow flexors AR L A
cé Wrist extensors
c7 Ebow extensors cz
ce Finger Aexors (ass phate o¢ mvite wngens CJ
T Finger abauctors (e finged g“s
UPPER LIME
om +O=1C] -~
MAOMUN)  (25)  (28) (50} cs
g
T3
T4
T5
T6
7
18
1
T10
Tt
T12
L1
L2
L2 Hip flexors L3
L3 Knee extensors L4
14 Ankle dorsifigxors L5
LS Long toe extensors S1
81 Ankle plantar fiexors s2
O0-
LOWER LB
Ll W o ()
sanvay g5 58 s AN (56 () (5 ()

NEUROLOGICAL A COMPLETE OR INCOMPLETE? [ |  ZONE OF PARTIAL
SENSORY r_“l

LEVEL erwmiets « Ay mraory o ot breton b 5688
M MOTORMITT] ASIAMPAIRMENTSCALE [
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CLINICAL EXAMINATION;  w—»

— Aspection (defiguration, hematoma ...)
— Palpation (rate and spreading of pain)
— Basic neurological assessment

(Frankel scale, ASIA score)




EXAMINATION - imaging methods

Anamnesis
Clinical examination
Neurological status

X-ray
CT
MRI
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OBJECTIVES OF THERAPY

PAINLESSNESS
FUNCTIONALITY (movement)

STABILITY
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V. THERAPY

A)conservative

orthoses, corsets

bed rest
B)surgical Y
flavum
Decompression of spinal cord and Duraand ~ \
nerve structures + stabilization of the fracture o T

removed exposing the
neural elements.

by specific instrumentation

Dorsal procedure

Ventral procedure

. Nucleus Medical Media (2020). Posterior spinal
Combined fusion [Digital image]. Retrieved from IVI U I\I I
https://ebsco.smartimagebase.com/posterior- I\/| E D R

spinal-fusion/view-item?IltemID=68987



https://ebsco.smartimagebase.com/posterior-spinal-fusion/view-item?ItemID=68987

FIRST AID

1)FIXATION OF THE CERVICAL SPINE
2)EXCLUDE MOVEMENT OF T & L SPINE DURING MANIPULATION

3)TRANSPORT TO SPINAL CARE DEPARTMENT
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1) Fixation of C-spine




2) Imobilization of T & L spine during transport

,in line position” — minimalize patient handling !

Head fixation

Body and limbs fixation

Surface for transport

- ,back board"” risk of pressure ulcers

- vacuum mattresses - suitable for
longer transport
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Step 2

t Step 3 ‘

shutterstock.com » 102264829

Step 4



https://www.google.cz/url?sa=i&url=https://www.shutterstock.com/search/log+roll&psig=AOvVaw3VFVlWPspa3eX8GRlP85Kc&ust=1585251322298000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCLD-oMevtugCFQAAAAAdAAAAABAD

3) Transport




THERAPY

conservative vs. surgical

» TYPE of fracture
“ grade of INSTABILITY

“* NEUROLOGICAL find
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v.A) CONSERVATIVE TREATMENT
INDICATIONS:

v'flection-compression fr. w/o instability
(AO, Al, rarely A2)

v'no injuries to important ligaments or discs
(stable "burst” fr. - A3, w/o kyfotisation)

v'only instability in the bone part
(Chance's fr.- B1)

v'Others (contraindications of surgery)

Type A.
Compression Injuries

B1. Transosseous tension
band disruption
Chance fracture




V.A) CONSERVATIVE TREATMENT !/ﬁﬁ\'
CONTRAINDICATIONS: |

l unstable "burst” fr. (A3 + A4)

‘;, \ T ha
: A |
| flection-distraction fr. (B- group according to AO) (/\}A\m\ | A M
¥\ =3 ©

| translation injury (C- group according to AO)

“vj_,_
f

| NEURQLOGICAL def: i‘;
(Surgery is necessary W|th|n 6 hours I|) &
=> SURGICAL TREATMENT ! ” o1



V.A) CONSERVATIVE TREATMENT

Rest regime

Collars - foam

- Philladelphia




Gl'))

v

40-45 %

30-35 %
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V.A) CONSERVATIVE TREATMENT

CERVICAL spine

e halo-cast, halo-vest
e Minerva




A. Incisions are made to expose

the skull.

ﬂ Medical Legal Art

B. Screws are placed into

the skull.

Superior view of second cervical vertebra Nucleus Medical Media (2020).

Cervical spine fracture with
application of halo ring
stabilization [Digital image].
Retrieved from

https://ebsco.smartimagebase.co

m/cervical-spine-fracture-with-

application-of-halo-ring-
stabilization/view-
item?ltem|D=73352

. A haloring
and frame
are attached
to the screws
to stabilize
the fracture.


https://ebsco.smartimagebase.com/cervical-spine-fracture-with-application-of-halo-ring-stabilization/view-item?ItemID=73352




CONSERVATIVE TREATMENT ¢

THORACO — LUMBAR spine ’ Q\ |
e Jewett (hyperextension) brace J\\l it
- featuring 3 support points: ‘ T

suprapubic, dorsolumbar and sternal

0
- it consists of mass-produced parts, p2
but MUST BE individually adapted to

the patient's needs and dimensions!




CONSERVATIVE TREATMENT
Modifications of THORACO — LUMBAR fixation {5

Jewett
brace with
cervical
extension

classic
Jewett
brace

TLSO (Thoracic Lumbar Sacral MUNTI
Orthosis)- individual/ mass-produced MED™



Cotrel‘s EDF frame

(Elongation, Derotatin, Flection) .
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|
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CONSERVATIVE TREATMENT - history:
plaster corsets




Indications of
corsets (except
taumatic):

- m. Scheurmann
- Scoliosis
(infantile e.q.)

Others:

- incompliance
of pts (luxation
of THA e.qg.)







V.A) CONSERVATIVE TREATMENT - results:




V.B) goals of SURGICAL TREATMENT

. CORRECTION OF DEFORMIY
- restore sagital balance of segment

« STABILIZATION
- anatomical shape of vertebra
- anterior support If it's necessary

 INTERVERTEBRAL FUSION
- If It's necessary

« DECOMPRESSION OF NEURAL STRUCTURES
- direct or indirect (ligamentotaxis)

= =
m e
O =




V. SURGICAL TREATMENT - posterlor approach
— principles of REPOSITION: |

1) Dorsal (trans-pedicular) fixation (B)
2) Lordotisation (C)

3) Distraction (D)

C



V. SURGICAL TREATMENT - posterior approach
— principles of DECOMPRESSION of spinal canal:

DIRECT = LAMINECTOMY (B) INDIRECT = LIGAMENTOTAXIS

HEMI-LAMINECTOMY with (C)
or without facetectomy (E)
ANTERIOR DECOMPRESSION (D)

AP
RS o A
g AL
% i W
A y
-

Lee, Jung-Heon & Jang, Jae-Won & Kim, Sung-Hyun & Moon, Hyung-
Sik & Lee, Jung-Kil & Kim, Soo-Han. (2012). Surgical Results after
Unilateral Laminectomy for the Removal of Spinal Cord Tumors.
Korean Journal of Spine. 9. 232. 10.14245/kjs.2012.9.3.232.


https://www.google.cz/url?sa=i&url=https://www.researchgate.net/figure/Schematic-view-after-unilateral-hemilaminectomy-for-exposure-of-the-spinal-canal_fig1_273287610&psig=AOvVaw1u0la1M8I2bjxw-T2k4uML&ust=1585418181699000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCIDjkpSdu-gCFQAAAAAdAAAAABAD

V. SURGICAL TREATMENT - posterior approach
— principles of TRANSPEDICULAR fixation: (//

f
(z[t ]

e~

oTranspedicular screws — targeting t
oRods

oCross-link conector

www.medicalexpo.com/prod/rti-surgical/product-103597-820814.html


https://www.google.cz/imgres?imgurl=https://img.medicalexpo.com/images_me/photo-g/103597-11742771.jpg&imgrefurl=https://www.medicalexpo.com/prod/rti-surgical/product-103597-820814.html&docid=shlsN026TGXe8M&tbnid=dt69TM0xkbiWGM:&vet=1&w=800&h=800&itg=1&hl=cs&bih=520&biw=1097&ved=2ahUKEwj3-YTooLvoAhUF-qQKHTQAAh0QxiAoCnoECAEQPA&iact=c&ictx=1

Vertebral body.

Pedicle

Lamina

Spinous process


https://www.google.cz/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwit7qaj1PjgAhUQElAKHTSZD9sQjRx6BAgBEAU&url=https://www.proprofs.com/quiz-school/story.php?title=vertebral-column_1&psig=AOvVaw1j1lRS5ZH4g6Ya88e523_a&ust=1552344482502399

TRANSPEDICULAR SCREWS:
CT scan of correctly
Inserted screws In Situ.




V. SURGICAL TREATMENT - posterior approach
— principles of TRANSPEDICULAR fixation:

P

— DIVERGEI}IT Instrumentation

Divergent instrumentation is up to 30% stronger than parallel !

Ouellet JA, Richards C, Sardar ZM, Giannitsios D, Noiseux N, Strydom WS, Reindl R, Jarzem P, Arlet V, Steffen T. Finite Element Analysis and Biomechanical Comparison of
Short Posterior Spinal Instrumentation with Divergent Bridge Construct versus Parallel Tension Band Construct for Thoracolumbar Spine Fractures. Global Spine J. 2013 I\/| E D LAY

Jun;3(2):85-94.



V. SURGICAL TREATMENT T-L SPINE — posterior approach
— dorsal instrumentation + spongiolplasty:

'3 ' 3

..-‘ > v I '.
45 w

Intersomal
fusion




SPONGIO
plasty
(Daniaux
technic)

Kanno H, Aizawa T, Hashimoto K, Itoi
E. Enhancing percutaneous pedicle
screw fixation with hydroxyapatite
granules: A biomechanical study using
an osteoporotic bone model. PL0S
One. 2019 Sep 26;14(9):e0223106.
doi: 10.1371/journal.pone.0223106.
eCollection 2019. PubMed PMID:
31557234




V. SURGICAL TREATMENT T-L SPINE — combined approach
— dorsal instrumentation + ventral spongiolplasty with bone strutgraft:

Nucleus Medical Media
(2020). Surgical
decompression and
stabilization of the spine
[Digital image].
Retrieved from
https://ebsco.smartimag

A. Incisions are made to expose the
T12 vertebral burst fracture and
left hip strut graft harvest site.

ebase.com/surgical-
decompression-and-
stabilization-of-the-

spine/view-
item?ltemID=76291

B. T11-L1 are exposed for placement
of fixation screws, excision of disc
material and removal of T12 bone

fRgmeats; C. The spine is fused utilizing
Fixation screws a left hip strut graft and
placed in T11 fixation hardware.
vertebral
body

removed

Main incision

for exposure of
the fractured T12
T12 vertebral
body

Discs

and T12
fracture
fragments

Fixation screws removed

placed in L1

Secondary vertebral body I\II U I\I I
incision for -

harvest of left inal placement

hip strut graft of fixation rods I\/l E D S |

Lateral View

I,I


https://ebsco.smartimagebase.com/surgical-decompression-and-stabilization-of-the-spine/view-item?ItemID=76291

V. SURGICAL TREATMENT T-L SPINE — anterior approach

— ventral instrumentation + augmentation of ventral column (Harm's cage vs. Implant):

A. An incision is made over the
eleventh rib on the left side

of the body.

B. The rib is resected and the first
lumbar vertebra is exposed.

X-ray film of
4 post-operative
I\ condition

C. The fractured vertebral body D. A cage is filled with bone graft. The

of the first lumbar vertebra is cage is inserted into the L1 disc

removed. The endplates of the space. Plates, rods and screws are

adjacent vertebrae are scraped then inserted to connect the L2

with a curette. vertebra to the T12 vertebra.
Nucleus Medical Media (2020). Lumbar spine fracture with surgical repair I\II U I\I I
[Digital image]. Retrieved from https://ebsco.smartimagebase.com/lumbar-
spine-fracture-with-surgical-repair/view-item?ltemID=11652 I\/| E D NS



https://ebsco.smartimagebase.com/lumbar-spine-fracture-with-surgical-repair/view-item?ItemID=11652

V. SURGICAL TREATMENT T-L SPINE — anterior approach

— ventral instrumentation + augmentation of ventral column (Harm's cage vs. Implant):

Instruments and implants
approved by the AD Foundation

© SYNTHES
Spine
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V. SURGICAL TREATMENT T-L SPINE — combined approach
— dorsal + ventral instrumentation + ventral column augmentation:







dorsal instriumentation l

;,f{.‘

verlirel]
SUUINERIEUGN
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CERVICAL SPINE INJURY

oComminutive fr. of the body

odiscoligamentous lesions
disks and ligament

spinal cord injury

oCombined - tear drop

ligamentum flavum

teardrop (
fracture !

posterior
subluxation

radiopaedia.org/cases/flexion-teardrop- facet widening/dislocation
fracture-illustration?lang=us

widening of interspinous distance



INJURY OF THE UPPER C-SPINE

» fractures of condyles of occipital bone (CO)
» atlantooccipital dislocations (C0-C1)

» atlas fractures (C1)

» atlantoaxial dislocations (C1-C2)

» fractures of the epistropheum (C2)

= =
m e
O =



V. SURGICAL TREATMENT — UPPER C- SPINE
— atlantooccipital dislocation : Dorsal O-C fusion

Synthe
CerviFix MUNI
ED -

Korean J Neurotrauma. 2019 Apr;15(1):55-60.
https://doi.org/10.13004/kjnt.2019.15.e3



https://doi.org/10.13004/kjnt.2019.15.e3

V. SURGICAL TREATMENT UPPER C- SPINE:
— atlas fractures (disruption of transvers ligamnet):
atlantoaxial screw fixation and fusion (Magerl C1 and C2 transfacet screw technique)

Gehweiler classification (1980)

I?. !

Bam

' \ ¥ Jx__

Sagittal plane
Screwing lliac bone graft
Posterior 3rd of C1/2 joint

(50° cephalad)

Jefferson's fr. = type 3A (stable), 3B (unstable) !!

Types 1,2,4,5 — non-operatively



ODONTOID FRACTURES OF C2

Anderson and D’Alonzo
Classification of
Odontoid Fractures

Type IT = NECESSITY OF SURGERY especially:
- In pts age > 50 (high risk of non-union)

- Fracture dispacement = 5mm

- Neurological deficit

- Comminution

=

=
m &
O =



Transoral (Sandberg) projection

e r—

TONGUE SHADOW- - - —- X

ODONTOID PROCESS {DENS)
“ MAXILLA s
Y WITH TEETH -7 _PEDICLE, ATLAS

TRANSYERSE PROCESS _--BODY, C2
(ATLAS)
x ' P _'_ 2 g ) L
INF.ART. SURFACE -~ - 3 7 — —— PEDICLE

SUP, ART. SURFACE-~""
LAMINA= s — - ——=TRANS, PROCESS

WITH COSTAL PROCESS

Soe = INFLARTICULAR
PROCESS, €2

MANDIBLE
WITH TEETH

TS SPINOUS PROCESS

= =
m e



https://www.google.cz/url?sa=i&url=http%3A%2F%2Fwww.jcvjs.com%2Farticle.asp%3Fissn%3D0974-8237%3Byear%3D2018%3Bvolume%3D9%3Bissue%3D1%3Bspage%3D63%3Bepage%3D67%3Baulast%3DNiemeier&psig=AOvVaw2ZUXiSSmAJG8jN8ML1o5ny&ust=1585691544226000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCNi91cGXw-gCFQAAAAAdAAAAABAD

V. SURGICAL TREATMENT UPPER C- SPINE
— fractures of the epistropheum : dorsal / ventral appproach

Harm's C1-C2 " A~
construct -




V. SURGICAL TREATMENT UPPER C- SPINE
— fractures of the epistropheum : dorsal / ventral appproach

HANGMAN FRACTURE — traumatic olisthesis C2

TyPe I
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09:26:16
Mo 1

Ventral
- ACDF




Spinal cord
Vertebral body

— Intervertebral disc =

ACDF =
Anterior

C7 burst fracture 2
— with complete T1 ~— 7755 2a7,

quadriplegia
Cervical
D = d Sagittal |w of ETVIc‘l" spine
a A. A transverse incision is made in the B. The C7 vertebral body along with the

region of the C7 vertebral body. C6-7 and C7-T1 discs are removed.

Fusion

Nucleus Medical Media
(2020). Surgical
decompression and

stabilization of the spine
C.a separate incision is made over the

left iliac crest to harvest bone graft. [Digital image].

D. Bone graft is cut to size and tapped into i
place to fuse C6 through T1. A plate and Retrieved from

multiple screws are placed to complete https://ebsco.smartimag
the fusion. .

\ ebase.com/surgical-

decompression-and-

stabilization-of-the-

spine/view-
item?ltemID=76291

MUNI
MED ™



https://ebsco.smartimagebase.com/surgical-decompression-and-stabilization-of-the-spine/view-item?ItemID=76291

V. SURGICAL TREATMENT LOWER C- SPINE
— ventral / dorsal appproach

Ventral procedures
- Plating

- Discs / vertebral bodies replacement

Dorsal procedures

- TP stabilzations

Combinations

www.bbraun.com/content/dam/b-
braun/global/website/products-and-
therapies/degenerative-spinal-
disorders/085002_Aesculap_XP.pdf.bb-
.95195616/085002_Aesculap_XP.pdf

MUNI
MED ™



CERVICAL PLATES - ventral stabilization
CASPAR SYNTHES
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J TERSOMATIC FUSION C6/7

"" B 75140 [
R |

CerVital-spine FN Brno

¢

Anterior Bar
B 4

Wings

— Retaining Ridge
https://www.zimmerbiomet.com/content/dam/zi
mmer-biomet/medical-professionals/spine/roi-

Imm from center of Tantalum

c-cervical-cage/ROlI- marker to the posterior edge.
C%?20Product%20Brochure.pdf
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MISS (Mini Invasive Spine Surgery)

VERTEBROPLASTY KYPHOPLASTY

- pain reduction 90%
- fracture stabilization

- pain reduction 70-90% r

- fracture stabilization

- adjustment of vertebral
height especially in acute
fractures

-creation of cavity reduces
the risk of leakage (10%)

- does NOT adjust vertebral
height

- HIGH pressure cement
application !

- HIGH risk of leaking
cement (65%) !! Vertebroplasty

- general anaesthesia

. Fourney DR, Schomer DF, Nader R, Chlan-Fourney J, Suki
_ COUId be Outpa‘“ent D, Ahrar K, Rhines LD, Gokaslan ZL. Percutaneous
vertebroplasty and kyphoplasty for painful vertebral body
fractures in cancer patients. J Neurosurg. 2003 Jan;98(1
Suppl):21-30.




VERTEBROPLASTY — potential risks

- Infection (occurs in less than 1 per 15,000 injections)

- Allergic reactions to medications

- Post-injection flare (nerve root irritation with pain several hours after treatment, which may last days or weeks)

- Depigmentation (a whitening of the skin)

- Local fat atrophy (thinning of the skin)

« Destruction of a motor or sensory nerve in the path of the needle

- Bleeding, nerve injury, organ injury and death are rare but possible

- INETIETEEEIEEEESLIE. The cement used in vertebroplasty is in a liquid form and is squeezed into the fractured vertebra under high
pressure. Some of the cement commonly leaks out of the vertebra, but this usually doesn’t cause any problems. Only rarely does a cement

leak cause pressure on the spinal cord or nearby nerves. In these cases, surgery may be required to remove the pressure.

http://www.painmanagementexperts.com/ MU N
vertebroplasty-for-compression-fractures/ M ED
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MISS (Mini Invasive Spine Surgery)
PERCUTANE FIXATION & DECOMPRESSION

Schmidt Ol, Strasser S, Kaufmann 'V,

Strasser E, Gahr RH. Role of early minimal-

invasive spine fixation in acute thoracic and I\II U I\I I
lumbar spine trauma. Indian J Orthop. 2007
Oct:41(4):374-80. doi: 10.4103/0019- |\/| E D "N

5413.37003.




MISS (Mini Invasive Spine Surgery)

PERCUTANE FIXATION & DECOMPRESSION

Kim C, Siemionow K, Anderson D, Phillips F: The current state of minimally ~ disc removal [Digital image]. Retrieved from
invasive spine surgery, in Egol K, Tornetta Ill P, eds: Instr Course Lect, 60.  Dtips://ebsco.smartimagebase.com/miniminally- \
Rosemont, IL, American Academy of Orthopaedic Surgeons, 2011, 353-370. Invasive-disc-removal/view-item?ltemlD=22128

Nucleus Medical Media (2020). Miniminally invasive IVI U I\I I
ED™



https://ebsco.smartimagebase.com/miniminally-invasive-disc-removal/view-item?ItemID=22128

Inf. articular process

Facet jg line

Sup. articular
process ...

-

prof. Kevin Foley




Lamina

Inf. articular process

-

Facet j@ilt line

Sup. articular
process,

{ s ourtESYROERFOR Kevin Foley |

-




Traversing
nerve root

audal

Exiting nerve root

Lateral Courtesy of prof. Kevin Foleyis




VI. INSTRUI\/IENTATION OF THE SPINE

TRAUMATIC

— Instrumentation should to
restore physiological
conditions (including
mobility)

— Intervertebral fusion is
NOT perfromed (or rarely)

— The instrumentarium is
usually removed after
fractures have healed

Nucleus Medical Media (2020). Posterior spinal \

fusion [Digital image]. Retrieved from
https://ebsco.smartimagebase.com/posterior-
spinal-fusion/view-item?IltemID=69744

DEGENERATIVE & DEFORMITY

— The instrumentation helps to create

new anatomical-biomechanical
conditions (deformity correction, slip
reduction, prevention of iatrogenic
Instability, etc.)

— Intervertebral fusion is the MAIN

OBJECTIVE OF SURGERY
(= immobilization of operated
extent!)

— Instrumentarium stays in the body

for rest of life MUNI
MED


https://ebsco.smartimagebase.com/posterior-spinal-fusion/view-item?ItemID=69744

Complications of surgical treatment

»Increased blood loss
- epidural venous plexus, open cancellous bone

»Wrong placement of transpedicular screws
- medial (spinal canal) or caudal (intervertebral foramen)

Cerebrospinal

> Injury of the dural sac £ S TN
- risk of developing a CSF fistula v Z AR~
| : / \
: 7 N
>InfeCt|0n \ “ Epinalnervés J/\"’ I i
- early, late g & D
Cerebrospinal fluid leak / Du\ra ik
MUNI
MED






