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U3 H1EBNTL superior articular process 20INTEYNAUNRIUAB9819 T synovial joint b
#l hydline cartilage agnnaTuRada u%mmﬁﬂsyj‘imdw superior & inferior articular process
Bundn pars interarticularis #9uu3nnfisneduusuABATiNINTT M ETIATED
N9LANTUNAI §91 spinous process UAZ transverse process Judinnzaes spinal ligaments
& muscles F1UIUHIN
ANEUAsIBINTEANEUNAS (stobility) Buadiuduasnsrgnias dasa focet uaz

intervertebral disc, spinal ligaments Thganiy interspinous ligament L&Y supraspinous

ligament (13211381191 posterior ligamentous complex-PLC) WA paraspinal musculature

C1 (atlas) C1 (atlas)
€2 (axis) 2wy

(o)
n <7
n

Vertebral body

Vertebral foramen
(vertebral canal)

Pe :,

Transverse process .
Lamina

Sacrum S1-55 Superior articular process

Coceyx 3
v Coccyx Spinous process

(B) (o)
U7 1.1 (A) Uz (B) LansuMInazgnaumas (vertebral column)

wargy (C) meﬂ'fm‘ui:ﬂfﬂ‘umaﬂ‘z:@ﬂﬁ’uwﬁmqmm (typical lumbar vertebra)
(gUnIwann Corbett S. Anatomy of the Spine. Introduction to Spine Surgery. New York.

Thieme, 2006; p.5-7)

N9LANNUNRININAD (Cervical vertebra)
Usznaudiag 7 cervical vertebrae (C1-C7) LHauiaNgUsuazndiniugn uiels

v 2 @ Toun Upper Cervical Spine (Occiput-C1-C2 complex) waz Lower Cervical
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Spine (C3-C7) N18ANIADY C3-C6 Hanmmzniauiu (typical cervical vertebrae)
Twwnuzdt 1, C2 uaz C7 H51919anBO4EIWNTE (atypical cervical vertebrae)

n3¢an Atlas (First cervical vertebra, C1)

n9AN Atlas ﬁgﬂ‘iwﬂﬁﬂmumqu Tod#! anterior body LAY posterior spinous process
n9eAn Atlas U52nauAle anterior arch WAz posterior arch U539UnWANNENME
Trsan&neftiBenan lateral mass @98l superior & inferior articular facets Trait superior
facets AR occipital condyles 1w atlanto-occipital articulation Fevinusifinanae
flexion—extension  (WAMET inferior  facets TANNANLNTLAN axis \f1%4 atlanto-axial
articulation @wvimiinfivanAs rotation duniingaees anterior arch (38417 anterior

@ dl [ dg/ . o o . Aa o o o
tubercle L{uNIZABINATNLIE longus colli. MINATRARIABY anterior arch AZHNINNNNNL

odontoid process (dens) 289n52gN axis 138141 atlanto-dental articulation #afiusiag

1
=

ligament MidNATY#AB transverse atlantal ligament (TAL) §unasgA289 posterior arch
|38 posterior tubercle (unniiaziin spinous process) UZLIRIATHLUAAY posterior
arch 9589 (groove) @50l vertebral artery mehuﬁﬂuﬁﬁu%wzq posterior atlanto-
occipital membrane L%’ﬁfﬂzj foramen magnum transverse process 289150 Atlas ﬂg_lj‘ww

fnudinesia lateral mass  yi9e9ting Haunalnejndn transverse  process 289 cervical

]
=

vertebrae ﬁle LAzl transverse foramen (foramen transversarium) %uﬁuwgsﬁﬂm
vertebral artery (gﬂﬁ 1.2A)

N3eAnN Axis (Second cervical vertebra, C2)

nazqn Axis fidnunizAuruAai odontoid process (dens) Liunszpnaauiiauin
Tunnednuunaes vertebral body ABANAATUAINNEIWMEI8s anterior arch PBINTLAN
Atlas ({4 median atlantodental articulation 131048 ligament s1wawnan vinlHiAn
mmsﬁl’umqq vertebral body #Haualie) C2 body Haniiu C3 body #ng intervertebral
disc. Posterior vertebral arch U9znaufas pedicle ?Jmﬂﬁfmy' lamina, facet joints
(superior & inferior articular processes) Waz bifid spinous process mwﬂmﬂ‘i:@ﬂ
UB1In4ingaEnd19 articulor process YaapaiEEndn pars interarticularis ifuuAin.sng
stress Lﬁﬂ%mmuﬁu weak point ¥BNNTEAN AXis transverse process ﬂg}m%ﬁ’]wﬁ’lwm
articular pillar f transverse foramen W&z vertebral artery NaANIHNE T (;jﬂﬁl 1.2B)

nsean C3-C7 Vertebrae

89910 cervical vertebrae ifiunazgndumasdaniisasiusimintiosfiqn e fiey
funsegndumassanaug vertebral bodies AvfluuaLdnifiaifieuiiu vertebral arch waz
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. a . % ! . . dy [}
spinal canal Toedl transverse diameter n419n91 anteroposterior diameter. LHBNTEHNNIU
1 G 1% 1% . ' . ~
Tmymu cancellous bone NBNFAUAILY cortical bone UNT ADUUNKAEANYBN bodies

a o

\38n41 vertebral endplate 9vagifiany intervertebral disc AMUINIIEBIYBY Superior

1 £
s KR

endplate  azfidandu@uluniedinuun Bandn uncinate process FHKAL posterolateral
aspect 284 upper vertebral body \{l uncovertebral joints (joints of Luschka %3%®
neurocentral joints) &9ffalsinsnunsinidmian dasa facet 2a9 lower cervical spine

(zygapophyseal joints) fiu synovial joints 7 sagittal orientation YinyufilUszamw 45

!
=} 1

BIFN Lﬁﬂﬂ‘i:@ﬂﬂﬂgimdw superior & inferior articular processes 13#nN91 lateral mass.
Pedicles 2@4nsz@n C3-C6 flawmianuin Lamina aesdiennusssuiunsenansd
. g o [ e 3 %
spinous process TINANHMULLIN bifid LazH2NIAN Transverse process Usznavfing
anterior & posterior tubercles MINNATN transverse process X transverse foramen #4#
vertebral artery NaANIY NA#IA vertebral body 2B9UsIazTLALUAEH cervical nerve roots

Vlﬂﬂf«i’l%fﬂ%’j intervertebral foramen (317 1.2C)
@) oy = G A 1 | .
N3enn C7 vertebra L1lY transitional vertebra A9 LWHUNTEANYIDETENIN cervical
. ] a zﬂl ¥ a o . N = zﬂl v Aﬂl =
spine (FefinnaimAanma lfnatafirmig) [ thoracic spine (RnnsiaRAanMatinsiilasanntn

= 1 o/ 1

Anfiunsyand@lage) C7 vertebra A9iigUsne dnwaznatapdefireulUnig thoracic spine
! = . . a ! ! .
NR1IA8 inferior vertebral surface mmﬂsfmym’] superior surface H1N lateral mass
= & zil . v A ! = o/ . .
289 C7  Hauraidnunn Tuaoed pedicle ﬂ@ummm%iymmuﬂu thoracic  spine
transverse process 284 C7 & transverse foramen Wl 5% ViNiWAH vertebral artery viam
pnne T dantnajifiu accessory vertebral veins spinous process a9 C7 flaunaingy
817 wazlaiidu bifid  process  SnE@N15aART(A9INN19RS919519078 (vertebral
. & A .

prominens) Liu¥A122AB9 nuchal ligament.

Twsenszanamas (spinal canal) azilAnsninesnniigauians upper cervical spine
Tagawnz C1-C2 junction (“Rule of Third” n9zAnaaw odontoid process finiHaf 1 Tu 3 T
Fundetwdded 1 w3 Awdeudugesdng) wliezd displaced  fracture 3 joint
subluxation/dislocation  fisin (HiARANARUNRYB9TEULLUTE A M IHTEaTLAN (UN19RTIri
#ns spinal canal azwALaY (esuduladunda) Tuusiaos lower cervical spine uay
thoracic spine (gU% 1.2C) HaLfim minimally-displaced fracture, facet subluxation %38

U

. . .. a =4 ! o o Vo !
traumatic disc herniation 75\1LﬂﬂﬂqiuqﬂL@UW@T%NNW@\?T@\?’]ﬁﬂQW



Lateral mass
Anterior tubercle

[
Superior articular |

Anterior arch

Transverse
foramen

Superior articular
process \
Spinous processX ,

/__Uncmale process
w Transverse

foramen

Transverse
process

EY,
\Venebral

body

Sulcus for
vertebral artery Inferior articular.
B Body process

e arkcer Transverse process
Posterior tubercle BORES Sulcus for nerve

SUR 1.2 LARINTEANEUNAIRIUAB (A) Atlas (B) Axis (C) Lower cervical vertebrae

U Y

Posterior arch

(3Un 31N Borenstein DG, Wiesel SW. Boden SD. Anatomy and Biomechanics of the Cervical and

Lumbar Spine. Low Back and Neck Pain 3% ed. Philadelphia: Saunders; 2004. p.5)

N9LANNUNRININBN (Thoracic vertebra)

Usznaudiag vertebral body 7ifigusnendneialandegule (heart-shaped or oval
shaped) Tmm%wmaﬁmwﬁqGiﬂTWﬁ\miz@ﬂﬁuwﬁq (neural arch) Ysznaufag pedicles,
lamina, superior& inferior articular process, spinous process @9 transverse process U
thoracic spine 4¢3 costal facets Lﬁﬂﬁﬂﬁﬂﬁﬂﬂ‘i:@ﬂﬂm\i (rib cage) PN thoracic spine
=®K A ‘ll/ =} dl v
Feflanuiuasgeuazinisidounadias

AIUABIENTNNTLANTUNRIRINBNUALFNLBT (Thoracolumbar  junction)
\uqaAeu (transitional zone) eMINNTTANFUNRIFIUDNEITAIHUTIUTITUAIFY (stiff
thoracic spine) TuN9zAn FumAIRaNEEIINITIARaRMININ (Mmobile lumbar spine) A1l

a 4' o A @ v o 1 = o [ [N o o 4' o
U3nnfidnifianisuiadufdesgufsadunszgnaundsdouns nasgnaundsfiunniin
A ¥ = a . . o DN 4 1% o 1
ﬂqU%iﬂ"ﬂﬂLﬂ@ﬂuTHUiLme TL—junction 9291 tiAANITUIAE LT AWM RIFIU conus

medullaris

N9LANNUNRININLIAT (Lumbar vertebra)

Usznauag vertebral body ﬁﬁﬂmm%mim%’ufmﬁ’ﬂ%ﬂmz 80 BI919N8
dmun Taseadnamednumassialnssnszgndumas (neural  arch) Usznaudiag pedicles,
lamina, superior& inferior articular process, spinous process, transverse process LAY
marmmillary process ﬁfmﬁflﬁﬁmﬁué’um’m&imqﬂﬂi:mwLL@:Lﬂu@;mmmmﬂﬁwLf?mm:
s flesanTudmasesAugafissdy L1-L2 intervertebral disc fasiu nnetulnasnszgnd
pEsEaTiANNgT L1-2 azfisndazamegneluvini @sdend cauda equina)

Lumbar vertebral body fawalnajndn vertebral body Twaannszgnaumassu
ABULATAIUDN Lﬁmmﬂﬂﬁ:@ﬂﬁwﬁqmmm&ﬂ\w‘fmﬁflﬁefumﬁLmﬂ%’uﬁfmﬁfﬂmﬂﬂdq
u“‘mmﬁw] vertebral body Usznaudiag cancellous bone findanulneg dansaudag cortical
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bone &Y cortical bone ﬁﬂgju%mm inferior WA superior aspects 28 vertebral body
Bandn vertebral endplates @i cartilaginous plate ﬁbuﬂg_j‘izzwi’m vertebral body fiu
intervertebral disc ‘gﬂ‘i"N?Jm lumbar vertebral body 4rRAITHNAINNINATU transverse
diameter §11N31 anteroposterior diameter %ﬂuuuLLﬂ:"ﬂﬂUdN@:ﬁWLzﬁﬂﬁﬂﬂmeuﬁﬂefiﬂq_j
%uﬁlfﬂﬂj 970 L1-L5. vertebral body Tuuwsiasviuasduianudas intervertebral disc
Neural (vertebral) arch 8¢n19AMNMAI28BY spinal canal Usenausiag Pedicles
ﬂ@:ﬂﬂﬂﬁﬂu%’]ﬂﬁgﬁﬂﬂ\?ﬂﬂﬂ spinal canal [@ansBa9 superior half 2989 vertebral body Fua9
ﬁle 284 neural arch ﬁﬂuﬁﬂﬁgmmzfmyuﬁﬂ%m%ﬂﬂj 910 L1 pedicles 98189 L5 pedicles

U330 superior border 284 pedicle aziUE95UT 158N91 superior vertebral notch WA

2
=1

inferior border 284 pedicle fiaviiugalinuii 15undn inferior vertebral notch %19 2 notch #
guifiuaauinn1edinu superior LAY inferior borders 284 intervertebral foramen AMHNATGL.
Laminae B¢y 9AIHnAIINE8928 spinal canal #10539 U1 WA59na18LT1 spinous process.
. . . @ ! dldl a J
Superior & Inferior articular processes L‘lJummJmﬂﬁ::g]m/muﬂﬂﬂmmﬂ‘mL’mﬁ@ﬁmﬂ
9¥999 pedicles 11U lamina WHAL vertebrae ax5eNaUA1Y superior articular process WA
. . . g & A 1 . . . . o o
inferior articular process %ﬂLﬂuWﬂgﬂm superior & inferior articular facets 9x@ANNANL
articular facets AussAudm(y 1findlu Facet joints %3 Apophyseal joints. @qU2Bd
til i ! . - N - o/ o/ Ai! =4 !
N32ANYIDE92WINN superior & inferior articular process seAulnseiunile Bundn Pars
. . . g @ a = [ - [ .
interarticularis #91UUFIUALLNSY stress Az load H11. Facet joints Ll true synovial
- 13 v Ail o/ Aﬂl o/ %/ o/ a N A o/ o/
joint VI’TWH’]VIW@ﬂTHﬂ'}‘ELﬂ@ﬂH\Eﬁ’JLL'Z\]ﬁLL‘Llﬂﬁﬂuqﬁuﬂ USLItW lumbar spine FEHNIRNNA
iandinaiu sagittal orientation (L1-L4) Bazyinlsifinnisiaaenialuuun flexion—extension
TAunnd axial rotation BN L4-5, L5-S1 facet joints @498 coronal orientation 1I@arii

anteroposterior translation

Spinous process Transverse process Superior articular
process

Lamina Mammillary process
Superior articular process

Transverse process

Pedicle
Vertebral canal
dy i Spinous process
Inferior articular
Cranial view process

Lateral view
U 1.3 RPN NAWNAIRIIEA (Lumbar vertebrae)
(3Unma1n Borenstein DG, Wiesel SW. Boden SD. Anatomy and Biomechanics of the Cervical and

Lumbar Spine. Low Back and Neck Pain 5% ed, Philadelphia: Saunders; 2004. P.21)
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| 2 <

Bony processes Liufifiainizaasndsiile, @unasiile, Wunsegn dsznausiay
Spinous process L‘i“juﬂ'quﬂmﬂﬁ:@ﬂﬁﬁuﬂ@ﬂmunLLmﬁqﬂmamﬂm'ﬁmwuﬁ’mm
laminae 79889314 B9TN9TaINIT0ARTHIINN15AT99979N18 Mammillary process L%
| A [ 1 a .. I o A
muﬂmﬂ‘i:@ﬂWHuﬂﬂﬂfﬂwwmuﬂ’]W’mU‘iqumﬁﬂuﬂm facet joint TNWUTM%@U@W’]
#1NL3%4 lumbar spine \udiinnzees intrinsic back muscles Waz Transverse process g
1p9nazgnfiduean Udmdneainusinnseasasendng superior articular process iU
laminae. L3 38 L4 transverse process Huualnajuazeaniniige. L5 transverse process
a & A @ e . .
Nawnaungaunasiiuqainizeas liolumbar ligament. transverse process #8149 lumbar spine
92118 transverse foramen (#14a1n 13 cervical spine) WAy costal facets (#1991 134 thoracic

spine) (gﬁﬁl 1.3)

fnseaAn Sacrum

Usznaudiae naven sacral vertebrae 5 Fundausaiulnaliil intervertebral
disc #u fawnlng) Usraiumumassadtedn (wedge-shaped bone) 1911 cephalad
1 articulation 71U L5 Tae L5-S1 intervertebral disc M9ATM319iaaad articulate fiu iliac
bone Tmg sacroiliac joints uazn M9 caudad azd articulation ffUNs¥AN coccyx. N3EAN
Sacrum YA HAHUEILT AT AHITHAAB N3EANIBINTIN (pelvis) FIBNTZANLUSI
ANNTTANANAIUEINszgniBensiiansding uazidu posterior wall 2898891 B9nNTIM
(pelvic cavity)

JUs9ANYIMznInTzgn sacrum azianenglfsuaziBeslunnediuniin sacral

< £% g i . o ¥
promontory LIUTBUATULNYAY sacrum  FIFTUIUBANIAND articulate U L5 M19AY
. = . [ 1 dl = 1 I 1

anterior surface /¥d transverse lines mumuwmmegmﬂmmmmmm sacral
vertebrae. Sacral alae #5Us1amilantinvisaasdnely articulate funszgn iliac bone Lim
INNTBBNNUIAY transverse processes 284 sacral vertebrae. Anterior sacral foramen
= 1@ 1 . .
H 4 @ \unerupes ventral primary rami

M98 posterior surface 2B9NTEAN sacrum AzfanuoEyl HBHy avildnluuwg
fl9na9138nd1 median sacral crest &AM INNITRBNTUAY sacral spinous processes.

o =) A ) . . pr . g

?m‘umuuu%mﬂﬁuﬂ‘iz(&mﬂuﬂﬂﬂmmu superior articular facet LW® articulate N
inferior articular facet 289 L5 134 L5-S1 facet joints. Posterior sacral foramen {4 Vj

1 ' [ 1 . . 1 o | . . 1
Wi W uneknueanaas dorsal primary rami uAsinSaunALANNI1 anterior foramina &%

@ A 1 . Y . a
Uanzeesnszgn sacrum ugila 13andn sacral hiatus wgaangaaes spinal canal Lin



91nN197 S5 (Hfd289 laminae WAL spinous process @4 hiatus Hazdl filum terminale, S5

. . 1 @ !
nerve roots, coccygeal nerve roots Wag fatty connective tissue 8¢). Sacral cornu LIua7Y

209N ANTIENennIaBsi9e9 hiatus Luaau pedicles 289 S5 vertebrae

nsean Coccyx
U

< Py

N9LAN coccyx WIBNTEAN “N19”  (tailbone) LIUqARUGAR3 vertebral  column

q q
)

Useneuday 4 fused coccygeal vertebrae vimtindiiuqainnzassndnnideuasid

9

NAHIHB-NTZANYBY pelvic floor

3 [ [ . .
L@uﬁﬂﬂszgﬂﬂu‘nm (Spinal Ligaments)

1. Anterior longitudinal ligament (ALL) Liu ligament NBEN19AUNTINYD9
vertebral body W&y intervertebral disc @a@mmwm’mmﬂiz@ﬂéfu%ﬁﬂ Togazsia
= . . = a &
WIBIHNI91N anterior atlanto-occipital membrane adlUaudle sacrum HAnHILaTuiaLgs
VimtinAtleerii hyperextension force WAZIAENAIMNUIILTINNFEUATINLA annulus fibrosus

2. Posterior longitudinal ligament (PLL) fJu ligament NBYNMAUNAIYD
vertebral body tag intervertebral disc (#H8i® spinal canal) mmmmmmwmﬂiz@ﬂﬁu

o ! A . = a &
GN TC”IH@ZW@LH@QNW@’]T‘I tectorial membrane Z'\I\ifﬂ@‘l«lﬂﬂ sacrum HAITHNWARTERSLLYILLIN
[ 1 o v dl o . a & ¥ o ]
Haandn ALL §1n vinntinfitlasriu hyperflexion force WagLAIHAIMHUIILIININATUARIUA
NITANTUNAY

3. Ligamentum flavum (Yellow ligament) vn segmental ligament 7Lz
TEATNYBUUN-G92B9 lamina Fiagdniu Sanunuiuazdinngugs adninnrifidaems
AAW upright position HANANUTSUTIRaTYINTAR spinal curve AiUN®

. . @ . dl 1 4! o/ =

4. Supraspinous ligament il ligament Wﬂ%T‘L&LLuQﬂGﬂ@N NDAFNILITLIAUD
spinous process AAAAAITHYNIYAY vertebral arch VIusinfitiasris hyperflexion force Way
< dl - N a2 . - ! . dyd
WRINIZe8Y spinal muscles & fascia USLAEW cervical spine WU91 ligament WHAITHNIUN
HIN 1N1Een C7 spinous process Tusl9 external occipital protuberance (inion) 138191
ligamentum nuchae %38 nuchal ligament

. . @) . A A . o o A
5. Interspinous ligament Ll ligament IBBNBE5231979 spinous process NARIYI

U

I o . . { a . . 74 1 &
gy supraspinous ligament MU31I04 cervical spine azfaunmianuas Hansudauss

1
=

. @ a | o
6. Intertransverse ligament Ll ligoment V#BNSE11379 transverse process 11

WNATaerU lateral bending force
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II. TadunasuazIaulseam (Spinal Cords & Nerves)

Tadunas (Spinal Cord)

uszuvutszamaaunans (central nervous  system) Fsieifiasnnan medulla
oblongata Fannm foramen magnum %mumgjmﬂfu spinal canal Tﬂﬁyquﬁixﬁu L1-L2
intervertebral disc Ziquﬂmilqmm spinal cord 138N41 conus medullaris LAY neural
element ‘17%@%' distal 6ip L1-L2 asluaziianay nerve root efidnuoianennedin Bandn
cauda equina Taafl filum terminale %dtﬁu non neural filament &@ conus medullaris iU
nazqn coccyx @au durdl sac azlUAugaLAnainszandumdsaziu S2 mnfldunaeste
NTEANAUNAIRIN thoracolumbar spine A ARS AT A R HAIEIM conus medullaris
LAY nerve root MANSHATIEAARINGNTEIU L2 A9NI9sfinsuasneianIzsa nerve root
i

Tadandaluszdu lower cervical spine azanandneaaniiiu cervical enlargement

o g a °

FIFURUETUUSND4 neuron 91uaunNNTiaxtiuana (U9 brachial plexus wil® supply upper
extremities [2&MAalHITAY conus medullaris avaenenineaanidi lumbar enlargement
FIFUNUFAUUSN M neuron A9z Tuana U lumbosacral  plexus 1 supply  lower
extremities a2 visceral organs WABNTIBNLAZYBITINTIH

ANARYINDDS (BAUNAS (3U71 1.4) azilsznaudiag central gray matter ApnsaU
A9 white matter. Gray matter Usznavufing nerve cell bodies WaZ neuron TTHIUNIN

o o 1 [ 1 1 1% 1

aaanANe1ed [udumas wipaniiiu 3 daulngjq [Hun

1. Posterior horn 89119614 posterolateral aspect U3enBUAIY somatosensory

st

neurons (1 order neuron) 917 dorsal root (sensory nerve)

2. Anterior horn Bg¥19¢1% anterior aspect U5ABUAMY motor neurons (¥38
anterior horn cell) 1% axon 1% motor nerve

3. Gray commissure HANTLNIN gray matter YNEANINUALABNTIBU central

canal @98 cerebrospinal fluid agne Ty

1



e . I Ascending pathways
P;mc_lpall fiber tracts B Descending pathways
of spinal cord I Fibers passing in both directions

Fasciculus gracilis Septomarginal fasciculus (oval bundle)

Fasciculus cuneatus Interfascicular fasciculus (comma tract)

Dorsolateral tract (fasciculus)

Or's Lateral corticospinal
(of Lissauer)

(pyramidal) tract (crossed)

Dorsal (posterior) Rubrospinal tract
spinocerebellar tract
Lateral (medullary)

Lateral spinothalamic tract reticulospinal tract

and spinoreticular tract

Ventral (anterior)
or medial (pontine)
reticulospinal tract

Ventral (anterior)
spinocerebellar tract

Spinoolivary tract Vestibulospinal tract

Spinotectal tract Ventral (anterior)

corticospinal tract (direct)

Ventral (anterior)

spinothalamic tract Tectospinal tract

Fasciculus proprius Medial longitudinal (sulcomarginal) fasciculi

U7l 1.4 nWARE21909 [aAUNAS (spinal cord)

(U Wa1n The CIBA Collection of Medical lllustration, Clinical Symposia. In: Frank H. Netter,

editor. Atlas of Human Anatomy. 2nd edition. New Jersey: 1993. p.151)

White matter Usznaudiae nerve fibers U3nnounan ilesdyyrodnszus
UszamBinsiasendng peripheral organ Wae nerve — spinal cord — brain wisaaniiiu

1. Posterior column [#uf fasciculus  gracilis  Wae fasciculus — cuneatus 1 £
ascending tracts ﬁﬁﬁmwﬁﬁﬂ proprioception, vibration & tactile sensation

2. Lateral column Uszneudiag tract fiddisy [Hurl lateral corticospinal tract
Bips descending tract fish voluntary motor function @171 contralateral motor cortex Bt
e pyramidal system, lateral spinothalamic tract Bis ascending tract fisin
contralateral pain, temperature sensation WaEposterior spinocerebellar tract Biy
ascending, uncrossed tract ‘ﬁﬁ'] fine coordination of limb movement & posture

3. Anterior column Usznaudiag tract fisnAty (8url anterior corticospinal tract
Bips descending, uncrossed tract Fain fine motor function 410 ipsilateral motor cortex Wag
anterior spinothalamic tract i ascending tract fish light touch

Spinal cord WHATILAUALANRUEAU nerve root Lae dorsal roots 9211 sensory
impulse W14 dorsal root ganglion 1 11 posterior (dorsal) horn of gray matter 9%
ventral roots 6“3!011’1 motor impulse (9171 anterior horn cell) 92 {19900 dorsal roots 1fu

spinal mixed nerve 8814911 inter-vertebral foramen (gﬂﬁ 1.5)
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X ( Epidural veins

) Dura mater
Periosteum | .
J N Arachnoid
~S \
< Dorsal root

Dentate ligament

Spinal ganglion

Dorsal ramus

(i Ventral ramus of
spinal nerve
%Rami communicantes

U7 1.5 uansaaulsznaues [aumnas (Spinal cord) uasdulszamMaaumna
VWaasINUIram (Spinal nerve root)
(3Unma1n Borenstein DG, Wiesel SW. Boden SD. Anatomy and Biomechanics of the Cervical and

Lumbar Spine. Low Back and Neck Pain Brd ed. Philadelphia: Saunders; 2004. P.6)

\&¥uUsea9 (Spinal Nerves)

WnLsram dnAS (Spinal nerves) fiannn 31 @ (8 cervical , 12 thoracic , 5
lumbar , 5 sacral, 1 coccygeal) Tmg C1 nerve root 9288A91N (AFUNAITENGN occipital
condyle U posterior C1 arch , C2-C7 nerve roots araaniiiasa pedice 289
corresponding vertebrae W&y C8 nerve root Aspanwiless T1 pedicle D\huﬂﬂﬂfﬂq
intervertebral foramen HausisEdU T1 nerve root aINN spinal nerve aznaarWlUEs pedicle
ypsUfanazgndmasinifiatiu 1 L4 nerve root avARB9KIY L4 pedicle pang L4-5
intervertebral foramen

{losi intervertebral foramen u&a spinal nerves azugnasnidn 2 donlvafq Tun
dorsal rami @waz{UiRes skin waz neck / back muscles Tagued ventral rami a0
Uszamigandiuiiu plexus WiiBIAEN structures 994 extremities. uwaLEne fim1ausnann
spinal nerve w&aannauidinunly intervertebral foramen Lﬁmé’ﬁ%m:%ﬂﬂﬁ’miﬁﬂﬂﬂﬁ

TasesBeneansygnaunas@e(fun outer annulus, PLL, facet joints & capsules, periosteum,

meninges 138N91 sinuvertebral nerves (517 1.6)

U
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Spinal cord
Dorsal root R

' Dorsal root
grrtc:gglse;r ganglion
Spinal
nerve
77 5
J Ventral _ )
root Disk

|
=

JUT 1.6 uamsdulszamaaunas
LAZAVINAHAUTTENTNNTEANAUNRY D UnAY &Lz
(gUnIWa1n Levine MJ, Albert TJ, Smith MD. Cervical Radiculopathy: diagnosis

and nonoperative management. J Am Acad Orthop Surg 1996; 4: p 305-16)
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Uni 2
a 2 (%4 o o 2 = < (%4 (%
ﬂ’li‘ﬂizLﬂuaﬂ?ﬂﬂ‘imﬂﬂﬂuﬂﬂﬂﬂﬂ—ﬂ’ﬂLﬂﬂ'ﬂu LL@Z‘IJ"I@IL“J?JT"ZIN%“@G

(Evaluation of the Spinal-Injured Patients)

a

WALEW.FENIE YeyunUsieRg

a9

(A

vagilsAnsyanamas nadsnens milAng

AUZUNVIEANARS NATAVIENReNTe9 s

(-]

UK

msuaiudenszgnaunasuas [rdnas unisuimiusssnszgnununansees
379N (axial  skeleton) AN THUIIAIUFNITUIATUIBIHBIEDEBU (spinal musculo-
ligamentous or soft tissue injuries) 1% ABLAAR LAWBNENYIA auianszgndumasinuazde
\ARBWgA (fractures andfor dislocations) E9B1ANLFINAUNNTUIALTUIDS [DAUNRIUAZIIN
U52@ (spinal cord and nerve root injuries) Y1 AAASHNIALBIUIULAZ Hiagun991e
a & o [ d' [P=3 o = d' &
finnsumdureslidmasuazsnniszamlnediifinszgninwiedonidan n1suimdy
¥B9nsrgnaunasanafindulagais (solated spinal injury) s3eLAnsaNTUNTUIALETY

Y = . S } & A & L

2989¢AU (multiorgan injuries) 1% UIALGUARTEE UNALTUNTINDNUALEDIVIDY ﬂ‘a‘:@mf‘?ﬁ
n3IUAN uaznargnIuedin udu dein n1afnUssd® n19ne9931enIY n1agua
g 1% 1 1% P=3 @ v = A o o @ 1 A A o o @ 1% A
asdiustinegnias santianseutnefaedlinnudAgduede8siunnddniusioed
ANNSUATYINEENNSRUAKLUEaN

MU URBINTERNAWNAIEAAT (A HTuAS (Unstable spine injuries) WAZNAS
U UBa (B d@nas (spindl cord injury; SCI) AinlHifinynnaninegnaguuss AadunIgs
PBIuINLAYI H5D5ANERN duseunesnediasliindesdaennalenanedin desanans
AMIFANNEARDAIAT LAANIUININEAUNINNIY 111 Usadniaufnle n19anaufnaLzEe

a o £ = o A o = @ v

NARTIEY WNaNAYIL LEABRRTIENgAiu n1aeynlnswinns anazesen Wb
sanansgnu ldmnnzaasafuaaing ussanfvnfuazasauniofiidosnsslfnisgua

o v

Tnaanzvnnsguaamaduiminseunsa danaseiilasiusssiudennuazlsymennii

1
L= 1

foegidenineinsuyudidnman delugalszasdaasunaauiiioniarIfgen

v

o 4 o o o o
MTERUNTIN AITHTII LL@ﬁN@ﬂ‘jﬁfWU"ﬂﬂQﬂqﬁUqﬂL@Uﬂﬂﬁﬂﬁi@ﬂﬂuﬁ@\‘i LL@;‘?T"UNH‘VI@Q T‘Viﬂq‘i

vV 1 1
1% v o ! g

aa dl dl a =1 v a [ v (4 L4 A o
AHIRYLAANUATEHZUINVIAOTUVINALNANIBNDIRNIAN TNWWTﬁﬂﬁx@ﬂNH‘VT@@Wﬂ‘VlNHﬂ\T
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nanafiunsygnamasing liuasainnisuimiuresfudmas uarinissnundeodin

THasinamnizan

msﬂszLﬁusjﬂwﬁmﬁ'ﬂmsmmguﬂmﬂizrﬂm%'uwﬁ’aLmzf"zlﬁ'uwﬁa

Usznaudng 5 sunenfidmmysesia Ui

1. m‘jﬁ‘iuﬁu@ﬂf;ﬂuﬂmuﬁLﬁmm&; (Prehospital  care) ﬂ"l‘iﬂ"mﬂ‘jzg]ﬂsfﬁﬂ%iﬁd
(Immobilization) LATNNSLARDUENY (Transportation)

2. m‘sﬂﬁuﬁuéﬂfmﬁﬁmgmﬁu (Primary emergency care) 4¥naufag primary
survey, primary resuscitation, secondary survey, diagnostic test &z medical management

3. ﬂ’]‘i’%/ml,u’aﬂ‘iz@ﬂ?ﬁt’ﬁ’]ﬁ (Anatomical dlignment) (g

4. NMINIRARANIINAYILSE UL T2a ™ (Surgical  decompression)  LWALNI19EHAATY
n52AN (Spinal stabilization)

B. miﬁymglﬂmw (Rehabilitation)  Usznaudas n19vinn1gnwlde (physical

therapy) N19VIN81@711" (occupational therapy)

m‘sﬂs::Lﬁuéﬂ'zﬂ?uamuﬁﬁqu (Prehospital care)

founnd we1uaa nieyaainanasnisunndlufeiiAnineg Aasdeina
aniandeniatssidunalnnisuindy Wenuitasuanmiifad amnsalilasdala
ANTENINATIY ﬁummmﬁﬁﬁﬂﬁm FUINYE939NETIUNALEL 8IN19TEBULTY 17 289
wad 21 ﬁwm‘sﬂguwmmmﬁmﬁu‘fmhmméwmaﬁmm%u funsfiaedednfnnig
UIndusanIzgndndsuaadunds arsfies(Fsunisniunssgnaunasnauass (spind
immobilization) nszgnAsifiugauanfidiasined (quit 2.1) Relitinszgnindenllnasiuly
Sundsdedulazam amnsadastenazgnaalaatiedesfiadia i nueunaieng
Wiy 2 $ne09nn mUsALGmTineaslasRnduifesutinn vialiniamegene

= !

(collar) n1swaRendineitlasaaslE spinal board uazlilfdaumiledaulneensygnaunas

ady '

finnisdawnfeullannuuizesnssgnaunds (U7 2.2) nadiiflosnaafiasedadn
a & A ' o o/ & v v A 1w a & i

Annsuaiuiitsey ansnsaldusedfinsuimduli destadifuasifianisuimuse
nazgnaunasLar [BAUNAIANS FBInINNTTgNTUNAI NDUTIasiINITUgHNEIUNRETY

=
B
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U7 2.1 Prehospital care uamdN1IneNABINaINineflagiaedanszgnAadin

U

(3Un Wa1n The CIBA Collection of Medical Illustration, Clinical Symposia. In: Frank H. Netter,

editor. Spinal Cord Injuries. 2nd ed. New Jersey: 1993.)

311 2.2 Prehospital transfer wananisiaaewniinafingnszgnaiunasintuiifiame a9

un{finseauuderde spinal board

2 1

n9lsziindilaeiviasnniiin (Emergency room)

Worinfuagdefietioegmian unndaaslindannisUszaidngiasees Advanced

Trauma Life Support (ATLS) 49N TUNT19U9 RuAY ey 14BN (vital sign) ?J@\iéjﬂ'mTuﬂmzﬁ?u
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Primary survey & resuscitation “ABCDE”

Airway & cervical spine immobilization (A)
o/ a ! ¥ . . % [ dl o
ﬂﬂ‘i@qﬂmuﬂmwm‘lLmuiﬁﬁﬂ?@mumu (upper airway obstruction) HALLIWAWNFULINTINT

(=1

Tfaededin Tneianiziaefili3@nsa (unconsciousness)  wiauaFufidsue
(moderate—to-severe head injury) A95%11N1581999a8veladDalas Hanmelanudia
aanifiunf wenanu remove RvftazifindumaivinliAanisaadmisidumelaaan
wupming 7in Tfgaumame (sucion) gaiReafiaaneindaseynuaztasian Avmsemin
@97 [ugosz maintain - dirway  Fevazsinsediuazunilavnssgn aunasaauned i
wipulnaninndnind TaguanizdiaedDivazifansuae fon1seouus 21 209U
1 dadannia fnafiyaFaneftignivammaiumnele dougiesdeswnenn blunt
neck injury, maxillofacial injury, \@enaanagn/Uin Hleniafia arway obstruction [#na
uazhloafivaaa® x [Hanfinannn 0198 obstruction  91NAUAN Wia NéALHBLEI0)
nIINANVIEB 1R aspiration (8418 ARN13 maintain airway TaevialUlEun
1. Passive management lagfisatanndinamsindaniumumtiann fWn1edinumas
(head tilt / chin fift) Hiadesnysannsslnsansluinsmtimdosdudadanitan gaw thrust)
WaYNISLa oropharyngeal airway
2. Active management
1) Nasotracheal intubation [ ﬂﬁiﬁﬂsfuﬁﬂwﬁfl maxillofacial  trauma, CSF
otorrhea wimsnzanTunsdiftasfissdadnfinnsuindusenazgndundsdauas (cervica
spine injury)
2) Orotracheal intubation #§1&9&e cervical spine injury A93taviadaenelauuy
in-line intubation
3) Cricothyrotomy #i1{d&%130 14 naso — 138 orotracheal tube (4
4) Tracheostomy Gfm'mﬁﬁ tracheolaryngeal injury
3. Cervical spine immobilization Inel#vnawnsna 2 Tu suuAsHzuAZABIS 2
$in9 WmlsiumtinnnuasseunseBiadudedu % Cervical spine splint wuuigingg (37
2.3 A-B) 938l collar 7 lHAMusTAs 1w hard collar Was Philadelphia collar (3171 2.3 C-

D)
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<
-
C

%
=
o
3
-
-
-

'gﬂ‘ﬁ 2.3 (C) Philadelphia collar a2 2.3 (D) Philadelphia collar §asfiun3ta skull traction

o [

(cranial skull tong) Tsnefifinszgnaumassauaain-AanNLUL [Hllag

Breathing & ventilation (B)
funpdnfinnangannela vnelaliifiaane  mieladarsednAnung fannz flai
chest ¥3a (3 F1nm chest movement M5998BUNNIY pneumothorax #3a hemothorax 33119

#aen19niala (ventilation) HuA 1130 ambu bag, N5 intercostal drainage (U7 2.4 A-

ué
Y A

B) #17# hemothorax, pneumothorax L& mechanical ventilator Waud [1E3e9 flail chest,

hypercapnia #1&1lag & hypoxemia #9950, administration TwassziReain n1sl%ennBLan

’ . . . v { =4 o 1%
aygauanny spinal cord ischemia tglaefifinisunniueesadumnas
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pR| v a o Aa @ 1
51U 2.4 @‘Uf;?—_l‘mfﬂLmﬁfJﬂuWNmiU’mL@Uﬂﬂﬁ’mﬂ’mwmm:ﬁuu

U

(A) Fracture-Dislocation T10-T11 with incomplete spinal cord injury

(B) Bilateral hemopneumothorax

Circulation (C)
yniniazsialangaudin Wivin cardiopulmonary resuscitation unwnggiaesziiuning
shock #tlae91d hypovolemic shock Hn13gayiRidaAn1NNdn 30% 289519018 (UTeH10
15-2 @n9) BearrinlmiAingnesidiuia anusulaindn uas peripheral vasoconstriction
o 3 A [ G A = ¥ A A v
Arsvinnavinaiden lldneziunasidensenaewidenieuen d1ilideneanniauen i
% direct compression, splint #38 traction ¥ U3 sMadenuliiieane uilaniae shock
Tnaadudandn 2 1w Hidnwedawialng) (ued 18 vde 20) dududssnasiiaadios
¥ venous cutdown 19 fluid resuscitation B¢i1939m59UFHIAT 3 1inwes blood loss Tk ey
9% 2,000 ml Viudt dasufinasiusunns 20 ml / kg Aeuls IV flud Wievdeads lab
1 & . Y v = ] o a o [ a Y o
Fin9e] 99MYI cross-matching dfUapdedenlinin aassuladneznauiiivung usdad
§ hemodynamic instability AaNFKlaRnaLfTNEaA919 A9 blood transfusion M35
fresh whole blood 138 fresh frozen plasma (FFP) infiu Uan1odaas blood loss A19YINN14
dm CVP (central venous pressure) Wag record urine output agiNvsiaLias (A1UNFFRe 0.5 —
1.0 ml / kg / hr) Tmanng retain Foley’s catheter
v ~ & [ 4 o & p=] i o .
Hulasfiunmduladumnas Tnaeniznisunadumilesessi 76 neurologic level
B19LAANT9Y neurogenic  shock A1NATFEYLALNITAILANNITYININLBITLULUILEMN

sympathetic nervous system %1 WAAANTI9YLNEFI2RINABALABATIASI9NTY (peripheral

22



vasodilatation) ﬁﬂfm%ﬁm’mﬁﬂﬂﬁmﬁﬂ wednasigugn (twoauedt hypovolemic  shock
éﬂqm:ﬁmmﬁﬂ@ﬁmﬁﬂ Fwasiiusia Uareilede 1§y delayed capillary filling time, urine
output #11) N34 A9 neurogenic shock Tﬂfﬁs;idl,ﬁum‘ﬁ fluid replacement WaLNENDET
e (fesanitasbiligaydeamaivioifen uifnainideniiAseg periphery Trndw
L%’ﬂ@jﬁqeﬁwﬁuﬁmqu inadequate  tissue  perfusion) LLGiLﬁuﬂ’l’iﬁ‘%juvhﬁﬂw?ﬁﬂ{fuvh
trendelenberg position WAz LY vasopressive agents L4 dopamine, dobutamine LAY

atropine mﬂﬁﬂqmﬁmmq:ﬁ’ﬁmﬁu% (bradycardia)

A1519% 2.1 uagasnsilsauisu Hypovolemic shock L&z Neurogenic shock

Hypovolemic shock Neurogenic shock
Causes Loss of circulating blood volume Loss of sympathetic outflow
Pulse rates Tachycardia Bradycardia
Blood pressure Hypotension Hypotension
Skin temperature Cold extremities, Pale Warm extremities
Delayed capillary time Normal capillary time
Urine output Low Normall

Disability (D)

TAun N19U9218% Glasglow Coma Scale NM9MTITNITABLAUBIADININATLAZNS
Fusuan (pupillary and light reflex) N19M39938UUU528m (neurologic examination) N19
m9999197197%N (rectal examination)

nsssrasruLlara ey ArsEuanniasdunaniardeninarassnentg uo
LAZI (active movement) NnaMARBLTAsNEHIHD N135UEANSEN N1eRTIeEland
uaznNaINI ISR ULUTT R AR IR mnftasssliagTuanindinsanazngas wu 68
life-threatening  condition ﬁlwi Al lEut lavdauslosa lliaSadn nsmsaanteszuy
UseametaziBunaIn1Tavin i@ s secondary survey

nnansaanananin fustlemiadnsdelunisussdngeedlésuuimdunane
Fumids doyafidAnyiintansian Taun

1. MIRTINLEREAaANIWANTINN filaeane F5uuInTuremivemnasdon

Yang

2. NNIARINY high-riding prostate JU9e19 IHSUNITUIAIULZINEIBINT T
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3. fuaafimedednlfsunitsuimduse ladundeniesindszain n1snsaa
bulbocavernosus reflex laagmsnaaaniiainlulugnansminassfion udalvgdaein
nnanszAnane Foley's catheter (man(ulilaaneisnana Wgdaatuuiians glans penis Tw
Hilaene swEpLAIN clitoris TuUaeme) udagnsaaiinandninndsiiayganansmin
aewaninistuda uamednfuaasamulfsinnias spinal shock (Uuda Wvinnns
n3999 9N g uNeUsRWIfUsefinnisuindulafunasuuuaay ol (complete spinal
cord injury) wapuuU{HaNy50l (incomplete spinal cord  injury) ¥INNISYININIBITZUL
Uszamarndudiaadi (f5uuimsudinamanianisvinuegiing wu ndsideanado
5u3man3An uanaddly incomplete spinal cord injury 1N naamAan1svinamlag uan
' @) . . v & =] @) .. . =
3741134 complete spinal cord injury #9334 bulbocavernosus reflex @9L]i clinical sign wsn¥
F1HNTOATINU (HNAI9NNNIUAUNT9E spinal shock (Uu&a A9 spinal shock #B19Lfin
vEa fARENA (A uneseeadineguin 2-3 dalus usdaulngjudainezldifiu 48 Falus

2 ? 1 o/ [ (3 [ 2 1
a1 191 n1swensoilsarasntee aunaturmsy azlnanrsauanlaaunda
719 spinal shock ek MWL (M5afin1snaUNI289 bulbocavernosus  reflex)

1% g 2 1 1 = = ?s, 1 @,
NAITINHUABIANTIFTWAIYN WISV ScHIMBE ARSI BEA FIy9zUanlandnily
complete spinal cord injury (Fswensailsalua) wsa incomplete spinal cord injury
(wenseadlsaiingaxnan) viaplaanszgndunas anunneAmand avangndy Beotnd
Tatuuuindinguaaunn§uladumasans American Spinal Injury Association (ASIA) score
WBRARINNISILUALUULAIIBINITHNNIBITLULUSTEM FIUANFLN 2.5

969390192 sacral sparing @aufiu clinical sign Tunnae incomplete spinal cord

injury THud nnsmeae voluntary anal sphincter contraction, perianal sensation, voluntary

. @) 1% . 1o/ A Aa 1 A o
great toe flexion LWAW N19HTITINUNTIL sacral sparing waAaInsafin1sinse e e
991919 spinal cord fiU periphery. Sacral reflex 2% bulbocavernosus reflex wag anal wink

[ I .
reflex (i9adiunnaz sacral sparing

Exposure (E)
ArsnpaLEnffiaa inaiassanisnsaasnenialudumieidAgAdngn
o ) o o ' 73 a @ P
Nevdn 1gu NTEgNAUNAY NTzgnIBIns N e lafinan n1sdlame (expose) Huaafinan

auinllavsanfletivAnseesiioy saavisenaifinniay hypothermia [
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STANDARD NEUROLOGICAL CLASSIFICATION OF SPINAL CORD INJURY

LIGH" P
MOTOR T SENSORY
R | KEY MUSCLES R 1 R L KEY SENSORY POINTS | A" |
C2 I c2 '_" 1 '_" r
c3 C3 |1
e i c AN HE
Ch | || Ebow flexors cs | {
c6 I | Winst extessors cs | {
cr [ Etow extensors cr [ I
cB [ Finger flewors (dtal phatanx of mddie Snger) C8 1 __:_
;21 ' nger abductons (Mike Snger) “l’; r—<‘ o | ‘r—<
" >+ fotw pareyan [ |
14 1 = ANpadIe OF VI CONTACtT "Amin ’ﬂ‘F‘
m 7 % acthve movement 16 1 mim
oty samnated 1 1t
L 3 = achve movement 16 — .-
LIJ .n‘.n'm' Favity n { ’
Ylﬂ 4 = actvy movemeal T8 — ——4 +—{
™ Wpena! X ey % | |
T10 . 3 = actve movemest. T1o -
™ ApRNA! W ressance ™ 1 11
3 ’= s MMM
Z'I. NT = hot tastadle ;!:. -y __J L
12 Hip faxors L2 »—:>—< ’_!"_4
L3 Knee extensors L JL |
4[] ] ankie dorstiexors u [ uln
L5 | Long tos extensons B LI !l
81 ﬁ [T Ankle plartar flexors st [ 1]
s2 s2 ] ;
53 s3 | ’_1 r—<
S445 Volurtary amal confracton (YesNo) S4.50 | JL Ay ana sensaton (YesNe)
o PIN PRICK SCORE max 112)
oy oRialt ) ﬁ 0o-
ToTALS[ ]+ []= D MOTOR SCORE { . ] UGHT TOUCH SCORE 1 *
(MM (500 (504 00) AN (59 )
NEUROLOGICAL R L COMPLETE OR INCOMPLETE? [__] ZONE OF PARTIAL R L
e SENSORY[ T[] e vy sy o Ao 0 948 PRESERVATION  SENSORY[—] [
et 330 TOR Conet o
- oL ASIA IMPAIRMENT SCALE [ ey WOTOR L]

'gﬂﬁ 2.5 Neurologic examination recommended by the American Spinal Injury Association

(ASIA) (AmLa931n Mirza KS., Bellabarba C., Chapman JR.: Principles of spinal trauma care.

Rockwood and Green’s Fractures in Adults. 6" edition Lippincott — Raven 2006: p.1403)

Initial diagnostic test
1. Lateral view of cervical spine A15E18AMNIIANTZANANABNIANNENY
o 1% 1 4 vy d' o o v @ 1 = 1 o dé’f
anunsnvin fetnsamsauas dayafidandn Hidueg1ed nsdmnniedaasiidunen
o ¢ [ [ % { 1 1
sasa Uil 1. LUun’rwsqﬁ‘ﬁm@unzguns::gnﬁuﬂ@amuﬁmwaw%’@?u (adequacy)
1 = @ & 1 . = . . I @ I dy

ARNIABEINITONDITUAIUG occiput AUT9 C7-T1 junction 10 fsaNNTaNBIiuTBEsaTl
AITiaNaReva 2 dremsudavinnisdian nds@naesinudndnass (Uil 2.6) vaevinnis
1 I 1 dy d’ U 2 1 [ s 1
genntsiliuyia swimmer’s view 2. A15UINBI DI E DT DUNE BN TLANTHA IR
A (prevertebral soft tissue swelling) lagwitinfa C1-C3 (NA259WLAN 5-7 Nu. LAY
e C3-C7 (HAanunin 18-20 Ny, ManuuuARAIUNRwa R asdednanafins
vmiuraslaseaivresnszgniiunadanlngaunils (U7 2.7) 3. UWINTLANTWNAT
(alignment) UnAuniveenszgnaunasdonns ssfaaduuuy lordotic curve WANUMY

ﬂ‘j:@m‘ﬁ’um‘i’mgjeﬁuumma (straight neck) 11381 (cervical kyphosis) @183 WAUNR (U9

2.8) 4. nszaminuasioiAREw (fracture-displacement-dislocation) TagRa15947

b

nTzanfunasusazlany dadadiinisunniinnienisindaneesnsrgnaevsaiefei

Amnfnaa A

25



(A) (B)

U7 2.6 MW397 Lateral X-rays #esnszgnaumasaauns ufiaefi#5ugiRme

U
Faflaniatandiuae (A) i bismasonsainnasgndmdsaiunnsyil C6 asn (B)
nSsReeiiagsaifsaiulaunvdinnafs naaesudavinnisanenmdsade wu

bilateral facet C6-C7 fractures & dislocations

2. Chest X-ray nw3sdnsaanlideyalinatadsznis ww nszgnalasein,
. . [
pneumothorax, hemothorax, flail chest , lung contusion LilW@

3. AP Pelvis n53ansygni@ensi WilieyafianAnidu nsusneiniuees pubic

Y

1
= v

. .. .. o % @ v
symphysis, sacroiliac joints NTEANENNTIUAN-LARDY ﬂiZ@ﬂLU’]ﬂ:ﬁT‘Wﬂ‘VTﬂ SIMTIEMT

Prevertebral soft tissue swelling

U7 2.7 asddnuiinsssnszandunasdiuae Lansn1sIaraaiiadeniinsie

U

NTLANTUNAY méfﬂmﬁmmL%U“ﬂmﬂ‘sx@ﬂéf’uﬁﬁqLmzfm"fwé’q
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Alignment of the Cervical Spine

Spinolaminar line

Parallel facets
anterior vertebral body line

D_

U7 2.8 NN IRFERBINTTANFMAITINAD LARIUNIIBINTZANTUARIEIWAD A
Unf #e9dl lordotic alignment L& parameters 119 4 (@A anterior vertebral body line,
posterior vertebral body line, spinolaminar line WAL spinous process line fasruuuas il

AFvNLALafU (synchronous) Facet joints FaN211AH

Secondary survey (“Head-to-Toe” evaluation)

nsEnUseIdiatasidun

yniilag HE&nda aasdnuszifannfindase fasdeBnaudndiaedsunns
UIFULE NIz NIWRaTlngnHnTTgNABLATNIEANENATEIuE MngUseAaRuay
Tise Rl muadnusyinlaaliman “AMPLE” 1Ay

1. #ng2agifig anenizniain nalnnsuInauLAEATINTHITY 1E)

9 9

giifmadusnmieriiaauguussnnndtannandntuticg fAsyzgnnszunnannig
ANMAHNa19LAA hyperextension injury

2. szgzlIRifinaismeg faandnAnTunisguadneiuazuannennseilan ww
Aunafidnisuimduresladundenietu 8 #alnendegifime n15THen high-dose
. . ! & (4 o A A o =
intravenous steroid B19EYAANITLIALE LB [DRUNAITILAAIINNITBNITLNTBNITUINYD
Todunas azyinWiladumasgnyinanenfis@u (secondary spinal cord injury)

3. USLINIDATRNUINUQIA 1038 ATEE FUAD AY 197 ﬂ‘i:@m%qmmmmﬂm

27



4. 2INNTBENNSY 21 2BSRANIALDT LuAsd A DdvEsTunsEnUsEARae
fRpdAanIEIRIEUIBINTEANANAY Beaziisuanisntainaifuresszuuaramins

5. Usz%“?rmﬂguﬂwﬁluq L7 T‘jﬂﬂ‘izg]ﬂﬂmﬁl’ﬂm (cervical spondylosis) #INLAA
fumsnesnnsyanamAIEINAB Y hyperextension a1avinlAiinnisunalFEes fadmas
%4/ central cord syndrome T

AMsmsaasnefiaTAY

Tndnnisnsaednenierinlinesslstang Taud neg-ad1-ugu-9a-speciol
tests—neurovascular examination TuﬁﬂQﬂTﬁ%/uqﬁ’ﬁLiﬂﬁ;ﬂ’l@fﬁimmiﬂW5Q@Tﬁﬂiunﬂﬂﬂ'ﬂd
pnfindne ynuiuntsmsaafinBiitas lisudunaienindn aasmanidasnianaaaiiueg
(firstly do no harm)

1. Heysyamudw (vital sign) AIsATIasaInIaeta Twas wazausuladin il
UszifinaniaziallrasitiaadingTuntny shock wiala fuasanaifinniag hypovolemic
shock WAY/M38 neurogenic shock AalAnN&ET9 95

2. Asuzuazlunsin (head and face)

2.1 1199 TAun tpunavdesestiudinamiwindaniueinisanduae as
Tl ann9gouussasusuaze Waede hyperextension neck injury LUNALNANEBIBEE
UFNMNANATEE UNuandiy axial compression cervical spine injury MNNRUIALNARIDTDE
snuznailiunufnuaimainafei wazfuasliainisoeduuaudneiuld aasings
brachial plexus injury

2.2 N19AAN Lﬁ@‘iﬂ’]ﬂ’mﬁ‘jUQN WA depressed skull fracture ae tenderness

2.3 A998 §1wL malocclusion tHa9&e maxilla fracture, mandible fracture

3. NTEANNUNRININASD (cervical spine) N1TUTRUA ot

3.1 1190 FINABINITUIN ST UIALHALSIIAE TN Fuvasresne Ma
avifn pneEsRensUIndUYasiiedaden (whiplash injury) sanflanisuimdusianszgn
furasaannae (fracture-dislocation) WnATIaNUARLEEN (torticollis) B1ATRAINNNTIAREYW
naaresdiasanszgndunds C1-C2 (atlantooxial  subluxation) ¥ n1sIAREUgAYDIEE
flanNLEAKLALa (unilateral facet dislocation)

3.2 n13Aan anfilaaneuinduuiinalaresns dagiasluvitusuneis
franaaanfiodinUldd redanun TnaEuadnTaasusoust external occpital protuberance
Tmai3ns upper cervical spine B1TUBn@WLaE AL (a4 mi’”lmmﬁﬂm uaznInil
81N15L5UIULNA (tenderness) muﬂmﬂﬁ:@ﬂﬁﬁyumﬂﬁmiﬁfﬁﬁ@ C, spinous process &t
bifid process "llmﬂsfvlfy' WAy C; spinous process é?@!\‘il,%ilﬂfi’l vertebral prominence ﬂﬁﬂﬁgﬂﬂm
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\WureIndsiile anans A aRAngUuuLgTula (stepping) EB%BII199EMINN spinous
process (interspinous gap) LNUBATNNISIREUNIENTITL LA YBINTLANTUNAILALNITANYA

PDATUNTZYNAUNRI (FU7 2.9)

Z4) s
Ul 2.9 Mansnanazgnantufieficsdedneclisunniurdinnnazgnas
3.3 n9adiu s ¥in active motion Taefuwiinluenan — dne davinlsia T
HinaunAsuzdandinamasiuiusos d18winEuaanavinanesasuninfiagngie &
nalfussliiarinisuimduresnssgnaundssdaune  Wasswanisadanyuasiingin
szerevin iAnsunTae AU aalH
navgnaaLiugauaniides (F5un1adasse (mmobilization) iawe tielilinazgn
waesnlUnaviuladundaaedulsyam SasslaeEvneunaiganewy 2 $eresne
wlSaiintinnan videlHiaanamgsns (collar)
4. wi1an (chest) wazyiag (abdomen)
ynfinsesgiusaamiinen M'maéfﬂﬂfiz@ﬂ%"[mqﬁﬂ waznntagtinuIIan
NTEANTUNAIRIUBN (thoracic spine) FINAELNUBNTY unstable thoracic spine injury [N
et Ine U3 amTNT a9enEeen aneseae thoracolumbar & lumbar  spine
injury uAYa9H retroperitoneal hematorna #q¢l
nM9A99nTinTies ananuansviesdn (A lunadiguassl thoracolumbar  spine
fracture 99103 retroperitoneal hematoma vinTiA# bowel ileus
nadiifasfinisuiniuaesludunds Seazinligiaahidanasdnaesum o
VAERIF AN 81N1918UUAAUS It aInnYEadaIins 9199 nT99 (F NFRLeumil ey
ftlaeviald eannsuaassingg apsniazidonnaniudesanvidadasiiasazgnuns F9a19

aelinnsmsaeMiAERNEN 11 FAST (‘mﬁ 2.10) exam, DPL #58 CT abdomen

U
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517t 2.10 1199999898 FAST examination

Y

5. NTLANARNAININBNUAZAINLE? (thoracolumbar spine)
5.1 n19g lagvinn1smzuasilas wuy log roling (U7 2.11) fns9aanusn

U5z ABIEINATHILAZEUAD AL 2 UTeABNAIUanLAZnad AN 3 Uszaadnslnn uazan

k4
v =] v

FUNARTOEE VINAUUINATUNAY UATNANLHEAINENY AIUFANTTANTUNAIFINAD

o

= 1 2! Aada A A = . .
FUTIFNIULTINT U ’i'ﬂﬂﬁqﬂq@‘wu\tm?uﬂ‘imyl?dﬂ‘ﬁzﬂﬂ AWIBHNTIRNUIAADY interspinous

ligament (‘E‘U‘ﬁ 2.12)

Y

UM 2.11 uaeN log roll maneuver

U

5.2 NNSARN IASNARIUN spinous  process  Maust thoracic &9 sacrum &3]
tenderness uay swelling 8198 injury 11nHN193N21MBY interspinous ligament BENTUKTI
B19AR1 [AYTB9919 (gap) STM94 spinous process WRRNGIBN9RNITVIAYBY supraspinous &
interspinous ligament (;jﬂﬁ 2.12) Seilouenis unstable injury WINARTWLAIMHRAUNRLLL

W&qlris (kyphotic deformity) spinous process Tuginunskssinazgnasi [Fsngntunn uanadn
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1n19gUAI289 anterior column (181 NTLANTUNAIFIW body WIBNNBUTBINTLANTUNAY)
WIBN1TNEBULTN (laxity) 2B interspinous ligament. MIAARIWUIN spinous process BEIFN
seiufuafneduiuln (stepping  deformity)  UAANTNAANITAREHYIBINTZANAUNA

(translation)

U7 2.12 UAANNITARINANIERSITY (gap) LS4 interspinous ligament

6. NszaNBINgIM (pelvis) 71 biAsevinbifingdedents 4 - 5 dns (§

6.1 N9 BIALNATNNITUINIBLY AZInn 38897 (ecchymosis) 2182

6.2 n19Aa1 Ty pelvic compression test 919 AP Wa% lateral compression €1
g P=) o/ . = o/ 1 % 1 o/ o/ o/
positive m@uﬂ’iz@m"?ﬁﬂ’ﬁ"mwﬂ (pelvic fracture) vl’i'ﬂ'ﬂummmﬂﬂﬂmﬂﬂ‘izﬁﬂﬂmﬂﬂ\iﬂuL%\‘l
1973 (sacroiliac joint injury) LAINARILM pubic symphysis HSUUARIING pubic rami

fracture (jﬂﬁ 2.13)

1
a

JUN 2.13 uaAIN19M399 Pelvic compression test AP WAy lateral

(U Wa1n Simon RS, Koenigsknecht SJ. Emergency Orthopaedics: the

Extremities. 2nd ed. Connecticut: Appleton & Lange, 1987.)
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v
7. n1sRsIRINAR (vatsUa1efiaila (upper  extremity)  (deenanalu

a
FNYRXTLDEA

8. nsmsratiamsInndstanedin (lower extremity) (Haananalusieaziden

ﬂ'ﬁmswﬁﬁﬁeﬂz’i’iwﬁ@ (Manual motor examination)
A&IN&siie (motor power or strength) & 6 grade Taur
Grade 0 : nénifiaidusunin Tarnas Tiannswnaaubn
Grade | : Tansnsagmuselingasld dananiamasneesndnnilerasesuie
Grade Il : THaunsad s liingasld aunsainaanbindalE sy
Grade IIl: @1n30fuslinda9l wilianasadinusgnsaaly
Grade IV: au1safinuusslindasuazfinusegnsa funsaon

o o o § @) a 1% @ 1%
Grade V : fasn@ Nl ng NWN’T‘JQW”IHLL‘J\‘]QW‘”@T@]

néduen ¥ngaan1svinenesadumAwarInNUszam (key muscles) 38 myotome
C1-2 — suboccipital muscles @4 lHaNT19a7m599 [#

C3-4 — diaphragm m. ®IninauaIIE9AU C3-4 Ejﬂqm:mﬂ%ﬁmﬂﬂ p19% 89 1H

wapsdaevinela
C5 — deltoid m. L1-2 — iliopsoas m., hip adductor m.
C5,6- biceps brachii m. L3-4 — quadriceps m.

C6- ECRL, ECRB, brachioradialis m. L4~ tibialis anterior m.
C7- triceps brachii m., FCR, FCU L5 — extensor hallucis longus m.
C8- FDS, FDP S1 - flexor hallucis longus m., gastrosoleus m.

T1- interossei m. , hand intrinsic m.  S2-5 — anal sphincter m.

TodundauarsnnUseamazsiu thoracic spine (18 key muscles ¥ALa% #N1909999

1Y . 3 ) . DR &
Tnel¥ Beevor's sign @aiflun19m399 dodominal  muscles Tmﬂbfmmmﬂﬁim NS
nfnaiflantinvies Twann® azfeavagsuadia Wesenn upper uaz lower dodominal

=] v dl [ 5% dd‘d . o o = ]
muscles PNAEILINVIANANNYW NTEIVIN upper abdominal muscle avinau @A uel lower

1 1
=%

group 18e axvinlHiin9 AenTneeeasAe uaAIdT Beevor's sign WANALAN (5U7 2.14) &

WANa17 abdominal muscles EAUAINGT T10 tHuFNNAS
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317 2.14 Uan9 Beevor's sign LivEdndsifieniiniiasszdusnnds T 10 g
(U na1n Simon RS, Koenigsknecht SJ. Emergency Orthopaedics: the Spine. 2nd ed.

Connecticut: Appleton & Lange, 1987)

9A9I95LVUNTTIUSAIINEAN (Sensory examination)
5ruuN195u3AnERn Avaaiszian (moddlities)  Wawaaanu3RnlUan tract
FN9 2B99YUUUTEAM 1N N193U5An3REuUan (pain)  N193uiAanIRnANNE

v

(touch) N19503504M0A (temperature) N155U3NNaLARBUIMA9aEe (proprioception) N195U3

Do e

nsauazLfian (vibration) N195U3N13M39FA (balance) penslsfinn Tuniamsaailagd

v o 7N ! 1@y v & 7 Y @ o
THsugiRmasaningl¥n1snsaanansidnidulanwingm Tnedsndngeuane (sofety

Y

pin) NARBUAMNIRNATN sensory dermatome (3UT1 2.15) dlastn {1/

C3-4 - anterolateral neck T12- inguinal region

C5 — anterolateral shoulder, deltoid area L1— upper thigh just distal to inguinal
ligament

C6- lateral forearm, thumb, index finger L2 — medial thigh

C7 — middle finger L3 — medial knee

C8 - little finger, medial forearm L4 — medial leg, medial malleolus

T1 - medial arm .5~ dorsum foot, lateral leg

T4- nipple S1 - lateral foot, plantar area

T7 — epigastrium S2- posteromedial thigh

T10 — umbilicus S3-5 — perianal area (gﬂ‘ﬁ 2.20)
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gﬂﬁ 2.15 WFANNI9AMSFI9 sensory dermatome

(3Un 4910 Hoppenfield S. Orthopaedic Neurology. JB Lippincott: New York 1997.)

N19M5195sUUSINand
Reflex examination U5nauday N197599 superficial reflex (abdominal, cremasteric)

LRLN19%1999 deep tendon reflex ﬁ'\‘i;jﬂﬁ 2.16 Uy 2.17

(BICEPS ) (BRACHIO- ) (TRICEPS
cs RADIALIS C7

Cé6

gﬁﬁ 2.16 waAN N1991999 deep tendon reflex 289 upper extremity

(U Wa1n Hoppenfield S. Orthopaedic Neurology. JB Lippincott: New York 1997.)
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PATELLAR ( ACHIL )
(IENDON TENoéﬁs

Sl

S/ \\

‘gﬂﬁ 217 u@ANN19R999 deep tendon reflex 2849 lower extremity

(3Un 31N Hoppenfield S. Orthopaedic Neurology. JB Lippincott: New York 1997.)

Perianal reflex Usznaudiag

1. Superficial anal reflex (anal wink) Tmﬂmiﬂi::éjmmj USLIHID UGN
azduneiiunaasafaged anal sphincter muscle (U7 2.18)

2. Bulbocavernosus reflex fal@nananiudndnegs deminlunismsas primary
survey f19GFIN1INALN2B9 reflex 3 AIFVINNTMII9G1 T4 secondary survey WANFN99A
FAAa89 anal sphincter musclewdadn JuUaeusTEL spinal shock Tme reflex arc NAUNA

vinem Wmsasszuudsramandness ieRgaidniasfianniseesladumasuimduriin

anysolse lanysal (U7 2.19)

U

1 1
=%

JUN 2.18 wam superficial anal reflex (anal wink) UM 2.19 waAs bulbocavernosus reflex

Y

(3Un Wa1n Hoppenfield S. Orthopaedic Neurology. JB Lippincott: New York 1997.)
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UM 2.20 LAANNITATI9 perianal sensation

Y

(3Un 4910 Hoppenfield S. Orthopaedic Neurology. JB Lippincott: New York 1997.)

9UTLIHNNINTIRUBINTEANTUNRININAD
A9RINTI9NNEIR Plain film Tsinumsielaiing Iupgiu NsEnUsedfiuazn1ingae
s9mg Tnendnnisiidndgfe aosbisumifiaulangnsssiiunisnarsninianase

AIEATNLBNTLSE DYDY 2 AMNGIRINAY (SUT 2.21)

U

(B)

YA 2.21 ATWSIRANTEANFRARIFIUAD YING159 AP view (A) ¥119749 Lateral view (B)

U G
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Computerized Tomography (CT) scan fluszlemilunisuszian bony  details

Tasaniztuusionfineadinldennann Plain - film %% Occipito—cervical  junction,

Cervicothoracic junction, bony retropulsed fragment 4 Burst fracture \{ui (gﬂ‘ﬁ 2.22)
\ ‘

'gﬂﬁ 2.22 CT scan a@N C7-T1 Bilateral facet dislocation
Magnetic Resonance Imaging (MRI) fuselemilunisussiu soft tissue injuries 28N

cervical spine (11 intervertebral discs, supporting ligaments) &% neural elements (spinal

cord) (’iﬂﬁ 2.23)

UG

;jﬂﬁ 2.23 MRI cervical spine WU C5 Burst fracture with severe spinal cord compression
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MIUszIARAINSIRUBINTLINTUNAIFINBN-FINLDT

AM5E9IM539NTWSIR Plain film 224 thoraco-lumbar (TL) junction 111 AP view a2 181w
19192 8% tilting of the spinous process, interpedicular distance widening, coronal translation
‘jquﬁgdmﬁku bowel ileus @11 retroperitoneal hematoma (%ﬁLﬂuN@mﬂ TL-injury) Y lateral
view 9= Tun1519281 vertebral body height, posterior vertebral body line, sagittal translation,

Cobb's angle (kyphotic angle), retropulsed fragment (gﬂﬁ 2.24)

5U# 2.24 Plain Film TL-spine AP & lateral views W& L2 Burst Fracture

U

Computerized Tomography (CT) scan fluselamilunisusuiin bony details THun
degree of canal compromise, retropulsed fragments, degree of bony comminution, posterior

element fractures (U 2.25)

U
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gﬂﬁ 2.25 CT scan ba@9 L1 Burst Fracture with retropulsed fragment

Magnetic Resonance Imaging (MRI) fuselpmnilunisussin soft tissue injuries 28N
TL-spine (1% integrity of posterior ligamentous complex, disc herniation), neural elements

(134 spinal cord edema) WA epidural hematomas (’iﬂﬁ 2.26)

U

’gﬁﬁ 2.26 MRI wa@N Fracture-dislocation of T6-T7 with severe posterior ligamentous injury

YintiLAm spinal cord compression

39



UFTHRIUNTH

1.

American Association for Neurological Surgeons and Congress of Neurological Surgeons.
Guidelines for the management of acute cervical spine and spinal cord injuries.

American College of Surgeons Committee on Trauma. Advanced Trauma Life Support
Programs for Doctors (7th edition), 2004. 177-204.

Bono CM. Cervical spine fractures. In Orthopaedic Surgery Essentials: Trauma. Lippincott
Williams & Wilkins, 2006. 208-225.

Bono CM, Rinaldi M. Thoracolumbar fractures and dislocations. In Orthopaedic Surgery
Essentials: Trauma. Lippincott Williams & Wilkins, 2006. 226-237.

Bucholz RW. Rockwood and Green’s fractures in adults. 6" ed. Philadelphia: Lippincott
William & Wilkins; 2006.

Dandy DJ, Edwards DJ. Cervical spine injuries. In Essential Orthopaedics and Trauma
(5" edition). Elsevier, 2009. 152-64.

Hu RW. Evaluation and Assessment of the Polytrauma Patients for Spinal Injuries. In
Orthopaedic Knowledge Update: Trauma 2. Lippincott Williams & Wilkins, 2000. 319-
328.

NHS Scotland and the Queen Elizabeth National Spinal Injuries Units, Scotland.
Prehospital care and transfer of a spinal cord injury. " ed.; 2000.

Toscano J. Prevention of neurological deterioration before admission to a spinal cord

injury unit. Paraplegia. 1988; 26(3):143-50.

40



uni 3
[~ o v A [ Y%
U’]ﬂt@ﬁf“&lﬂu‘l’i@\‘l LREUNAN

(Acute Traumatic Spinal Cord Injury)

a

WALHW.AENIE YeyunUsieRg

a9

(A

vriagilsAnsyanamas nadsnens milAng

AUZUNVIEANARS NATAVIENReNTe9 s

ATUIAE U229 (2 FUNRI FINIFORATUAIN (isolated spinal cord injury) ¥3aLin
FINAUNTNTTYNAUNAILATIDFABLARDUNGA (associated spinal fracture and dislocation)

1 I 4 o o [ ] %N
amadaulngjresnisuiaiduresladunasiul szmalne Toun qufime (nsaniy
URMAUNTBINUN FnTutinn A1IANIINTGY (fall) A1FLEWANT (sports injury) wuThiweane
HINNFUNEEDS Favangfinues (Fun 16-30 1

< [ [ . . o .

ARINAITUIALTUZD (DAUNRT (Mechanism of spinal cord injury)

wisaanidu 2 naln (Hun

< a . . .. ' o o

1. ﬂ’li‘l.l"lﬂwuﬂgugu (Primary spinal cord injury) Aanisuiniuse ladunasty
ULTLAARTFLNG (mechanical forces at the initial event) AINTULIIABITULLTLRNT
grydenting sonfenennsailsaliuegiuaanuguuss (severity) 999 initial injury

1.1 Blunt injury (Aun Todunase (contusion) (2aunasgnnaiy (compression)
Y = o ¥ dl = o/ o/ [%2 =1 .
anfieden nsxgniin dainfian WianNeusaInsrgnnaviu ladunasgnda (stretching)
971 distractive flexion injury ¥ bilateral facet dislocation S9HAWINADALRBALALIES
Useamiaenting
. .. v 1 o/ o 4 a =
1.2 Penetrating injury (Aurl (admasunmduangndewidagnung
[~ a a . .. @) ! P o

2. MsuUInIuReH (Secondary spinal cord injury) WUNAADLHBIRTHNNRINTG
mm%uﬂgugﬁ%mmfmm: A158NLaU (inflammation) FYNAHNTT191HUBITEUL
Uszamudasludn  nrsuaadu dgngfazyinTiifindensenluiiovesladunas
(hemorrhage) {ARAIEAALUNFR289N191INTLUALUTEaM (axonal depolarization)  tH1HATH
voltage ion channel V3moudafinaalszamidanan vinld ion fnee tadausindnluy
8 IALRNE sodium ion WAE calcium ion TXAINANTINUS organelle Turalansa (s

nnanassenled niric oxide synthase N9efuILAUNTITANLEUKIYN arachinodic acid (U
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nzdiuianlol lipid peroxidation Baiflweulzifddgavnliifianisinassanasndsn
PAEnawin iinnnz ladunds 2aiden (spinal cord ischemia) WaZSainane axon Way
myelin sheath ¥intiatszamuan BAN9gaAen19Y9W89s s UULUSEaMENNTLY A9
JU7 3.1 uay 3.2
4 a a o = 1 o/ v @) 1% [

nsunlEuAnnR areausatesiuEarewniniduuniFainnislinnnsnis
fina 1n N3 ipandlanlufinsqni@uiiaanniaz spinal cord ischemia N3 irentungud
#8B9UN15Y11818 55U UEa M (neuroprotective agents) #IRNNSANEATENINTIgA

warfi T uszmelneTun Methylprednisolone

Secondary

Initial injury site - damage zone
Wy Dem

Intact myelin Severed “-Myelin

Astrocytes Intact . degeneration

forming scar axon

51U 3.1 uang secondary spinal cord injury Lﬁﬂ“ﬁuiﬂuej initial primary spinal cord injury

U

(U na1n Delamater R, Coyle J. Acute management of spinal cord injury.
J Am Acad Orthop Surg 1999; 7: P.166-75)

Petechial mmorm-g.H Primary Injury |

R
~_ [Dopotarzation }———+{ Bynorphin Release |

. (o pre—_C
Channel Opening Na*, K*, Ca** ¥ \A

\ | NMDA and AMPA _Opiate
= A

Intracellular Ca** Overload «
()| Mitochondrial AA Cascade Activation Calpain
Dy { ivati (COX1, COX2, 5-LO) Activation
Energy Fallure Reactive Oxygen Cytoskeletal
fLactate Formation (ONOO") Degradation
G| Lipid F
e
i
| Neurological
Influx Deficit

gﬁﬁ 3.2 hEANULIUNIFLAA secondary spinal cord injury
(3Un Wa1n Heary RF, Vaynman AY. Spinal Cord Injury and Papralysis. In Tornetta PI, Bono
CM, Einhorn TA, editors. Orthopaedics Surgery Essentials: Spine. Philadelphia: Lippincott
Williams & Wilkins; 2004. P.58-62)
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Functional classification of spinal cord injury (Frankel)
A : complete loss of motor and sensory function
B : sensation present, motor absent
C : sensation present, motor useless
D : sensory present, motor useful
E

normal neurological examination

Anatomical classification of spinal cord injury
1. TadunasuamAusuuaNysol (Complete spinal cord injury) A® Az la
nislFFUnunTeionan gy Renisimmiamadoudssaufiineaaniwasly e
NUAWSZEY spinal shock (¥385N15NAUANNI289 bulbocavernosus reflex) Wa&a (HRaIae
maviemmessruulszaming Tussdusndiszduansladmasilisuuindy uansdnd
AafRIIANITiN s AN LuDana N AU TisIndndunseatieany 70l
mafsrasanaslissnaarmladumasiudamndnie wazliaunsosusandan
sndaasInmeiaginndissaundiunas fUhanne(d uleanidn 2 wu THud
1.1 Quadriplegia ®x18fi SHWIATIUYNUAZIN 2 $79 1finennsunsnusie

NUNAIFIRAD

1
o

1.2 Paraplegia Mx18El SHWIALRNILEINDT L AAINANTUATI828 (2 AUNAIFN
NINPBRINT
2. TaRunasutmaunuulsianysol (Incomplete spinal cord injury) xnedis (2
fuvaaanizanlasamit F5usunse Werwinszay spinal shock (WaBRnMTnAURW
H1289 bulbocavernosus reflex) WA7 FIMAIARBNNTINTHIBITTUUU S A M NTEFURNg
syl dmdsiisuundy lldrendudidendnanide nssusaanasan nnavinem
28953 UUBINANFURTITUULTEamME R Wl WaBuiingsyian1ay sacral sparing BINITUARS
ALUANANT AR U ILAZ AN IdmAT (5 ULNREY (U7 3.3) THur
2.1 Central cord syndrome n137 (adNGIEINNAHSUNT AL AaRUELI0
38U dausaniili incomplete cord injury ﬁﬁﬂﬁwuﬂ@ﬂﬁqm muﬁfmajwusfu%ﬂwqamﬂﬁﬁ
miﬁ&@mm%’@@iﬂﬂiz@ﬂﬁwﬁ\i (preexisting cervical spondylosis) WLa2LAiA hyperextension
neck injury  @vazvinlifiusednannnasdnmiinuaAnundsaesladundondong (i
deraanainasnandaniiaznazatsligeani fieesfionnisdeuusansndauiile
%ﬁﬁ‘lﬁL'JmLLﬂuLLﬂzﬁﬂﬁﬂuLLﬂz‘guLL‘Nﬂd’mﬁ’mLﬁ/@ﬂmm (Lfiﬂ\‘i@’m lateral corticospinal tract
¥p989w cervical BgHMTNNGN trunk WA lumbar)  D1IIBGELRENNTINNINBITYUL
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Uszamisunuaz A masmaanuddnusinnaaunanamin (daw sacral tract ageaLl
uangn) fsmnsnsfiundnaiiaygasaunananintd (3und sacral sparing) wennaoilsn
989 central cord syndrome NNTaSNN [ENaR Iae B TanafiuAnanwsing
1935 UUUTeaM 50%-60%

2.2 Anterior cord syndrome 1157 (AWREIAINATNIFSUNSHATIE WUl
hyperflexion injury SniinaINNSLAN289 vertebral body fragment ﬁl,mﬂﬁqumzf-ﬁ@uv’ﬁqfﬂﬂm
Tadundsarnniefinuniin w3aiineIniuenssenssnAunas (tfraumatic disc  herniation)
wanunaviuludumaslnanswimenaiy anterior spindl artery vinlHARN1Ta AR ALAS
gaysdennantinfiees anterior 2/3 189 spinal cord fLagazannuAINILATNTIEEYENY 1Fe
NN75U5 AN RNLTUUAA (pain) AoMMgR (temperature) WATANAA (touch) 1B9919M1E
ap9ine Tnafanamaasyuusu3AnaRnn1M3esia (posiion sense) NM35D5AMNERNYD
8 (proprioception sense) LAzNTauETiDW (vioration sense) g adwlsfinu waansol
T2 anterior cord syndrome ﬁﬂfi’]LLﬂﬁ%ﬁ@Tunﬂ%ﬁmm incomplete cord injury

2.3 Brown — Sequard syndrome ¥3al(38n41 Hemicord transection AB N9
Flasmasdnlndnnie@suniunse SnAnein penetrating injury Huagazfionisgeu
ussrasndnuiflouargoyiReniasutanasannimsda nnasuiannddneesa uaznig
duszifionrasinniegnifgadui lidumdsuindu uargidenissuianuddniiulon
aomgf uardiarevinednassintianduludm i lEsuumay neinsoilsnans
Brown — Sequard syndrome flannafiuAnaninnisvineiseesszuulseamiaing
anterior cord syndrome

2.4 Posterior cord syndrome wulftinsfiga fuasezgayiRenisiuiausan
Mansda nssuEanasRnansdia uaznisdurstentesInteiorasing Taednlainy
magenusindniavdedonisiuianasiniutan gomnfl wazdnia

2.5 Mixed syndrome wulHtiagidulAegaiy central cord syndrome 81115289
Hulaaliannsadadin[diuainisees syndrome Tudinadiv

2.6 Conus medullaris syndrome #nifingauiUNITUIALTLLEINTZGNAUNAT
aq%4 thoracolumbar junction (T11-L2) %ﬂf;mzLﬁmé’mwwmmmﬁy/mm%ﬂ (spastic paralysis)
gruLdEN19IN9BNsTUUSUEAEE AN TWIZAY lower lumbar UaY sacrum NMTA3ATILN
andwunisneuauesindiunf (hyperreflexia) Manin1snaviu sacral cord flasasgeoyids
MIAALIANATEYINHYBITEILUTIAE19E (urinary dysfunction) ndNxLHangALBIInmMaNTIn
B81WI4 (loose anal sphincter tone) WATFYLREANNZRNTOUNNTUUN (loss of perianal

sensation) TagidanLans At dnas)

U
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XXX
KX

c
;jﬁﬁ 3.3 baAEHAADY Incomplete cord injury (A = central cord syndrome,
B = anterior cord syndrome, C = Brown-Sequard syndrome, D = posterior cord syndrome)

(3Unma1n Hoppenfield S. Orthopaedic Neurology. JB Lippincott: New York 1997)

3. NANBINITNANUIINUSENINEIU cauda  equina  (Cauda  equina
compression syndrome) {iRaInNIsNATLIINUTTAMAIUTRINIITEAY L2 aslUnanee
v dautiaifinann thoracolumbar spine fracture sx@usNNgn LT wae L2 Huagarflannis
Un5198927 1B9 AMHUUIERUTEA NENRB 8 oNuIIMAIETALLL lower  motor
neuron lesion (flaccid paralysis) 81115819819 ;j‘l/]f;’]‘j‘lﬂ‘ﬁﬂ (saddle anesthesia) SNWIAUDY
ndnauflngananamin ndwdadieiiasiag gaanazies il Tantanisitusiaresszu
Uszamndinisuiadurasladunds ilosainngueinistidunisuiaifuressin

Uszan
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ms%’nmtﬁlmé’m‘fué’ﬂwﬁmﬁ’ﬂmsmmgu“zlmnszgnﬁ’uwé’aLL@zTﬂﬁ’uwﬁ’e
(General Management of the Spinal-Injured Patients)
Immobilization & Transfer
fthaynsneiasdadnfinnsuinifuresnszgndumdsuazludumds daslisunisg
ANLAIUNTE AN AL NAIARDENe TN aN andunTedensTgnEmMAILAY
Tadumnas aundrazigeilfdnlad
N19ANNNTLANAD vilalneannasiidnasiuag (rigid or semirigid cervical

collar) Yperinnisasiuzasisny (head and neck immobilization) ns8asEevissinaaafion (3

iU backboard, tape 138 strap MytziARBNEng (SUT 3.4)

Y

ﬁﬁﬁ 3

U

.4 Neck immobilization #iag) Philadelphia collar Aviaennidn

di o v | =S v a v [ v .. . v

Werndiaesniiofinsgniiun Wnenensdinegiasesnann rigid spinal board Tii3a
¢dl dl o/ a o/ . dy o . ¢dl
wqmmﬂﬂmﬂumimmLLw@ﬂmwu N1908A spinal board fiAnsnszvin ooy log rolling LW®
m399319negilag udaal rigid orthosis NEINTzgNAMAsEINABse 1

Intravenous fluid administration

N d'd o/ A & A A I @) .

Hunaedansnlafine vaefienn1suanseeaniay shock (drezdin hypovolemic
shock %138 neurogenic shock A25(85U initial fluid resuscitation LaeT# isotonic solution
U52H19d 2000 ml. NNVABARBAAT WAINILARNTITABUAUDI B1NHUIeAR neurogenic
shock (AANFULATIRSN TNaTLEiEn) m@ﬁm?%m?umju vasopressor L4 phenylephrine

hydrochloride, dopamine #%® norepinephrine
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mstianssnsniulUugaefifinnng neurogenic  shock anavinlifinniazen
VNN (pulmonary edema) NS lARNEINTIAN9TIYEIESA urine output  wWARZTTBYAY

bladder distention

Medications

1. Oxygenation m‘ffﬁ@ﬂﬂ%wuLmﬁﬂqm:ﬂmmmqufm%’umﬁ’wmLﬁfﬂm (spinal
cord ischemia) @111 secondary spinal cord injury T

2. High-dose  methylprednisolone m‘sT%MTumjuﬁmmaWL'ﬁ@mﬁf]lﬁﬂm
secondary spinal cord injury ﬁ%m_iﬁ%fuﬁﬂfmfﬂﬁwﬁammL%‘U WUL non-penetrating injury 7
Trsunasnenialu 8 galuousn

91NN19ANE1 National Acute Spinal Cord Injury Study (NASCIS) Il Tme Bracken uas
Asdy Wl A.A. 1995 unzrntaunen bolus dose 11 Methylprednisolone 30 mg/kg M4
WRanrinielungn 15 Wil mndiae maintenance dose 5.4 mg/kg/hour QﬂqgﬁTﬁ§UEﬁ
aneln 3 Falasnsnndafingtifing T maintenance dose 1iuaan 24 #lug wazfjtedi
Tisusnneti 3-8 Falususnndaingtifing B maintenance dose ifiann 48 dalus

$imvinuTiinnT% Methylprednisolone Tl AuasilAsuntssnundaAngiiRme.in
A1 8 alne fuaefigndeidagnung (penetrating injury) ftlefinangsinds 8-10 1 uaz

v
o o/

HUeiNd9siangas
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Surgical treatment
[ %3 v dl ¥ o/ =4 o/ v A v & ! 1o ad 1
nnssnun e fSuuimiuresladumaadeunawiu doulnaSnunleeas
K191 (nonoperative & medical treatment) @91N155nEAlAAE NIRRT dUTas LAY
duianifiesiuetrennnfelse@nnauaslss ABmMee9In195nE1 92@H15aNUaAIN
A9Yi9N e (B dundILazsruulsEam Fnn -Hesiitaela avnalfifinniazunandeu
arnn1sHIdauifUasnield Taduaindafuosias AINTURIIZEINITUIALTY
anwuanden lanlszandasineg sa wwndazdiasanilefeiadusineg manfudadauinsin
a =3 =} = ] o/ 7N 1 QI/ o/ 1 o/ =
AnfanaR WaldgannnisndalugUasusazsne Taasiallnissnunlaanisnidnesd
qaUsrasAiangneNiuanInnnsyinewszuulszam s nfiga uuasunn§uladu
wasrfin ({anysol (in-complete spinal cord injury) fauflaguimduladundssinauysol
(complete spinal  cord  injury)iii WndaLe YN anwinTawnasTae iadneaans
3 o A v A P = Dy A @ o
Fuamennnszgniinmsedeininwd liuas wie W Mifiarudulaneinnisnaiszuy

Ugean

MssnEILIAU RRNAs A B N1SHIGR

Fadufiandeetuisssaninmaesnisdnenlaedai TneviaUded unnanngs
Fwisuits ladumdsunady fnliluned

1. Unstable fracture-dislocations with spinal cord injury

2. Progressive neurologic deficit with persistent fracture and/or dislocation, not
corrected by closed methods

3. Persistent of incomplete spinal cord injury with continued impingement on neural
tissue

4. Late instability or deformity with continued cord percussion and neurologic deficit

or chronic pain

NANN155NMILaeAsn1sH1ea (Principles of Surgical Treatment for Acute

Spinal Cord Injury)

1. Decompression WaaAN19NAYLSE [RaAUNAILaTIINUTTaM
a) Anterior approach
b) Posterior approach

¢) Combined anterior—posterior approach
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2. Realignment Liindanszgnuazdiaindenlioghunanssliuniign anaa
WulaauazannIsnaiusassuUUsTam
a) Closed methods
b) Open methods
5. Stabilization & Fusion iRefandsnszgndumasiiunninvietonaoulid
ANITHAY
a) External stabilization & rigid orthosis

b) Internal fixation
Surgical Techniques

1. Anterior surgery N13H1FIANTEANAURAIIINNIIATUNTIN
a. Anterior odontoid screw fixation
b. Anterior Cervical Discectomy & Fusion (ACDF)
c. Anterior Cervical Corpectomy (Vertebrectomy) & Fusion
d. Anterior cervical plating
2. Posterior surgery N15N1AANTZANTUNAIIINNWATUNAS
a. Occipitocervical fixation & fusion
b. Posterior C1-C2 fusion
i. Posterior wiring
ii. C1-C2 Transarticular screw fixation (Magerl)
ii. Segmental fixation (C1 lateral mass & C2 pedicle screws)
c. Posterior subaxial fixation
i. Interspinous wiring
ii. Triple wiring
ii. Oblique facet wiring
iv. Lateral mass fixation
v. Pedicle fixation
d. Posterior decompression
i. Laminectomy
ii. Laminoplasty

3. Combined anterior-posterior surgery
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Timing for Surgery

madinanladfialnazmunzanfifuanes [Fsuniasndmniu Suagdunanas fade
THun ArNgUUTII89n1TUIAEL nsuandudanfionadudunaefouddin aaundos
yeaiesHndn WEnsflandn uazyAaing L

Toavialu minynatremsen fuasuiaduledundeniinliauysol (incomplete
spinal cord injury) AaalEEuATHNdRlAe S TigavinAezulul (urgent surgery) ifipsann
pisdnazamtaniunsinuasssuulsEaminniige dauasuadulsdmaein
any30d (complete spinal cord injury) ﬁ?um‘;‘Lm‘f‘munﬂ@ﬂ'm(’fﬁw%@uﬁqm WAIRININTHIGA

(delayed surgery)
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uni 4
ﬂizg}ﬂﬁ’ﬂLmz"il"amﬁfauﬂmﬂsz@ﬂﬁ’uwﬁe@huﬂ@

(Fractures and Dislocations of the Cervical Spine)

a

WALHW.AENIE YeyunUsieRg

a9

(A

vriagilsAnsyanamas nadsnens milAng

AUZUNVIEANARS NATAVIENReNTe9 s

< ¥ y 1 o/ L) . . o .
mﬁmquuLﬁfaL?j@@@ummnszg}ﬂﬂuwmmuﬂ@ (Soft tissue neck injuries)

Acute cervical strain

nafnELEIUNEWsIndmHBNszgnEAIauae dauln)ineinnafindsie
o | Yo % 4' I o = = @ I YAaa d' 1 @
m\‘]ﬂmfﬁmumumiﬂﬁwfufguLLﬁauﬁﬂuﬂWiﬂgﬂﬂmmummmm 12494 miefmimuawfugﬂmm

& a d' % dy = dy o v 2 dy

ANHIELUIAAReINNTANANIaaAEanNEE INHnANiaunaing aanBian ey
AM9ASIBIRY (metabolic waste products) AN RN NIELTY

[ o A % I % = % % dy 4

HUesinien19UInANAB JUIS qumﬁawum@muﬁwﬂm ARV B AB LIS

& & % 1 Aa Aa

WNSILAZNALIL Nﬂfaqwummmmﬂﬂmmnuum:mw?m

n95nen nsevinlAleanisiianniunioaielvindniaesdsenuafillgndes n1s
Tundunssniauiilildafasesd sruflanluszesdaunauazgagfiaeldunn wan
filaannnanadiesidilaelalannas (colla) Tuszaziaangaedue wusin T aein

o d' v o ] V4 d' o o o ll v

IMUTEHI 1-2 FiNe RN Hau @ N n1avinnienndnTams n1Uszaudan n1guan
OVl ANITONTENN (H T KRR BN AN AU LN Tagna [Udaennod 347 2-3
NRIENAUNITINBINAIIINUNITIADE] IANNITDENAIRINILADIANANLN15IAR D (19

ABIABD

Whiplash injury

@) o/ dgq/ di a o [ d' ' .
LUHﬂ’Tﬁ@ﬂLNU‘H@GLu@Lilm_l’iL’]mﬂ’izﬂﬂﬂuﬁNGN’JHW@V@HLL’NN’Wﬂﬂ’J’] acute cervical

strain ﬂ@fﬂm'ﬁm&1L%‘uﬁﬂLﬁmmﬂmiﬁﬁﬂwgﬂfqum AUFINVITIATWIARS (rear—end

U

| 1
v A

injury) TngsenauasAsezaasfiloedegfeiud (sUf 4.1) vinlAiAnnisaviinasnantg

U U

1% 1
| = ! |

U39 (acceleration-deceleration)  1AnndunInesailadogausiie Hur nduiilens

q

PHEUIBINTTANTWNAS naznseuiaie Wevindasasieg iusiu fuseesfiannisuandiv
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ApYENINES unamwnssnunany (Hud nstiendunissniaulusrandaunau

NI5YINNIYNTNLUABENFI DB

Whiplash Injury

N\

Mechanism. Stationary car struck in rear
by fast-moving vehicle. As car is abruptly
driven forward, driver's or passenger's

head is thrown violently backward with
sudden extreme hyperextension of the neck.
Flexion occurs with recoil, but is less
forceful. Damage occurs to anterior and
lateral neck structures during hyper-
extension phase

Sympathetic
trunk

Scalene

Tear of intervertebral disc and anterior Longus
longitudinal ligament may cause persistent colli
neck, scapular and shoulder pain, necessi-
tating disc removal and interbody fusion

colll muscles results in pain and stiffness
of neck. Injury to sympathetic trunk may
cause nausea, dizziness, blurred vision
and occasionally Horner's syndrome

Well-fitted cervical collar plus local
heat and analgesics is curative for
mild injuries in 2 to 4 weeks. Cer-

vical traction and anesthetic

Forceful displ t i in trigger zones may re-

of brain may produce lleve local pain in some cases.
Traction on larynx and petechial hemorrhages Occasionally, “miraculous” cures
esophagus may result in or concussion with occur after litigation

he and di

hoarseness and dysphagi

U7 4.1 wamsnalnnisuinduzesnIsuiaiuiadega Whiplash injury

(gUnIna1n The CIBA Collection of Medical Illustration, Clinical Symposia.

In: Frank H. Netter, editor. Cervical Spine Injuries. 2nd edition. New Jersey: 1993)

ﬂ‘s::gmﬁ'ﬂ u,m’il"amﬁ@ummﬂﬁzcg]ﬂé‘fumﬁedqummuuu

(Fractures and Dislocation of the Upper Cervical Spine)
nsUIALEUsansznAundIdanae annsainiulilneniunalnnisulmsy
TAwd (1) axial loading (2) flexion (3) extension (4) rotation (5) lateral bending Wae (6)

distraction
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Atlanto-Occipital Dislocation

|
=%

Hiundumanauiinmsassiaszndng Ocdput fu C1 (atlas) Aiguuss wulddies naln
4 a . . . .. o o a ' = =

A13UNALTUIAAS1N hyperflexion  Uae distraction  injury Hilednideddnneuiazuni
159N g1LNAIINN1TVINAIETLUUU SEENATUEN D ﬁqsfﬁéﬂqwqmmﬂef@ Hilne il deEan
o A & (%2 o/ a o/ v [ dl !
SnfansUIEUEes BAmAEe HnsknmTeLanLazen uazfinsliinsastianale

nM93fady fuasdniinnisuimdusannattszuy (multiple injury) #81n13U9m6u
ABEIULHINNIAULUUAZIIFE9d19 TadundsuamFuiseflnanysoluas [Wauysol
AMNSIRNUNTTHIA e He I aEauninAenIEANANNAY N1TIAREUNgADIRIYD
ApdedanalFianneinnisaenn X-rays (U7 4.2) nsmsaadae CT scan 9= tinyalH

FAAUNINNTT UATNI9A999 MRl 93NUNITRN2IALBIEUNTEANAUAAT FIHTINITUIALEY

2489 (VAUNAIFQE

‘iﬂﬁ 4.2 Traumatic Atlanto—Occipital Subluxation with Incomplete Spinal Cord Injury

U

AN95NT N9NE cervical traction AISavFasnNazyingagaINaziATe T Iagianiy il

o/ )

distraction injury nMs8ineEenszgnaunasnienen foadenldgunsaififiauudousiuag

1 1
aaa

&9 (1% halo vest immobilizer) N35nuiiAfigaAe nsdnr3enszgnaunasnistugioalany

ANNTTANANNAsIINTUNITlandasae (posterior occipitocervial fixation & fusion)

Atlas (C1) Fracture

navan Atlas sin wulilites Ussnnnibesas 5 vasnsegndumdsdauneriniaden
ANNTLN [F134 stable fracture wag unstable fracture "fu@ﬂﬁum‘iﬁﬂmmm transverse
atlantal ligament (TAL) %ﬂﬂ’m"l‘mﬁﬁ@ﬁﬂ@"lﬂﬂ"lW‘?ﬁﬁTﬂﬂWU lateral mass 289N3ERN Atlas

N419980 2UAUE1928Y lateral mass 2BINTLAN Atlas  INABNBBNATUENINTERN Axis
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NINNT1 7 JH. AN CT scan WUBRATEANANUSIIgAINIZ89 TAL U3199W anterior arch
289 Atlas 11 MRI wunisanannees TAL Tnanss

Atlas fracture wiiaaniiin

1. Anterior or Posterior arch fracture

ATUANYINYEY anterior arch Y138 posterior arch NtV MARN1TUAE Ul FUNAS
Lﬁmmﬂﬂ‘j:@ﬂﬁﬁ’ﬂﬁﬂfﬂLﬂéﬁ"'ﬂumﬂ 99N11U space available for cord (SAC) UZLTW upper
cervical spine 419 (Rule-of-Third) ﬁqsfﬁf‘ﬂﬁumﬁqmmﬁﬂmu%yuﬂiz@ﬂﬁﬁﬂLﬂ?i@ufﬁ

n55nmn daulneysnenlaedsnislunsia Taal# cervical traction %38 rigid orthosis

1794 halo vest 18 4-6 Fa9A

2. Lateral mass fracture

ANTUANNY8Y lateral mass wulHTtns dnlinuniadnannaes TAL ngdiamn
nazgninlsinden fnatesulienanniadian s anafiesands CT scan nadizu
nazgniniAdeNafaiiuaaudiiineees lateral mass 189n9zgn atlos (Hagtuuwalfeai
fu2euANinIIINTEan axis

A195nE1 teeaniflu stable fracture A9snEdINTne A5 MR WAaTL

anterior or posterior arch fracture

3. Jefferson’s (Burst) fracture

\unnsumninees anterior arch, posterior arch Ua lateral mass 2BINTEAN Atlas
[ a = & [ ) o d' ! o a a i
PWLALINTDYNEDILN LUUNEUATIETIABUUINTUIL T flonaiinninzaaulaiiuasees
NTEANTUNAY (spinal instability) &

U U

n9aasy Juaafenisuansiume (upper cervical spine) 2gfunaziAfauMag LN
JnlnuAuRaUnfAreszuuUsTam AnsaRnNudnd lateral overhang 284 C1 lateral
mass Aan97N C2 body (9U7 4.3) #1n@7 lateral overhang 9AHARNINNATT 6.9 NN, LNLUAN

U

' & .
J18NN5RANVIALBEUNTLAN transverse atlantal ligament (TAL)
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¢

gﬂ‘ﬁl 4.3 Jefferson fracture of the Atlas

55011 daulneysnunlaeds (isndm T rigid orthosis 194 halo vest Uaesnmd 6
U ynnunangIwinfinnsdnanaees TAL aassnunlaanisnisia posterior C1-C2

fusion &31N5HAA fracture fixation siugiastinaiiags uariilonafindunsnpmerngn

Atlanto-Axial (C1-C2) Subluxation/Dislocation

ﬂﬂ’]xﬂ’l’iLﬂ’ﬁl'ﬂuﬁq@“ﬂﬂﬁ%ﬂﬁiﬂ’izﬁd%‘iﬂ’izg}ﬂ Atlas  (C1) uwaznTeAn Axis  (C2)
ansaLAnEulF e (spontaneous  dislocation) NIBLAAN1LNAIRURING (traumatic
dislocation) mmmﬁmwnmiﬁﬂmmmLﬁuﬂﬁ:@ﬂ%ﬂﬁﬁﬁq (isolated ligamentous injury)
vaafinsaniunszgniindaaf(# (associated bony injury)

n193H93Y Huaefann1sUandiuae U9s1eiiannsAaides (torticollis) geayidaias
SRRt ey TagannznnsnyuAs (cervical  rotation) sinliwumAHRARLNATE9TYUY
Uszam nmssdnszgnaauvinginmniinnss (AP open mouth view) wumaw lansnms
1149219191 lateral atlantodental interval (LADI) §89%19 819w lateral overhang 289 C1
lateral mass AWSIATWYINENS (lateral view) WU odontoid process (H&NAAAU posterior
aspect 284 anterior arch 284 C1 WUAT anterior atlantodental interval (AADI) H1AN37 3 NN,
Tuﬁsiviqj WAY 5 NN, AN 11991994 lateral flexion—-extension view AIHITNTZYIN R NS e
7ifiu delayed case wazlanumanAnUnfivasszuulszam Tunaznf fn AADI axls
Wasmulasis sz fnnazee sy Tunnay C1-C2 dislocation AWS9R o fnuaz s RTHS
qzfiAn AADI Telvinfu(sUf 4.4) N19m999 CT scan awifin dislocation  (HidmLaw a1y

associated bone fracture Fanfiag N1989M999 MR vinlunadifingaanuminAndnfives

T2UUUTAW B19FUNAWIN ligamentous rupture (FAFALAUAGA CT scan
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A195787 N19917 closed reduction tmeil¥ skull traction '%/ﬂﬁ’ﬁwzéﬂw?uvmmduﬁu
(neck extension) Mﬁﬂ‘%’ﬂﬂ‘iz@ﬂiﬂﬂﬁ% closed reduction (314191 81aRa19941%in surgical open

reduction Laiandasa C1-C2 (fusion)

\

(A) (B)
iﬂifd} 4.4 Traumatic atlantoaxial subluxation with incomplete spinal cord injury (A) lateral flexion film

U

(B) lateral extension film A" anterior atlantodental interval (AADI) Bguefia— ks Hwinfii

Axis (C2) Fracture

Odontoid Fracture

wu ey nalnn1suiaduLinenn neck hyperextension %38 hyperflexion
injury N9AN odontoid #in wdseaniiu 3 #flan1n Anderson’s classification (’gﬂﬁ 4.5)

Type | : fracture of the odontoid tip

Type II: fracture of the junction between the odontoid process and the body

Type lll: fracture through the vertebral body

n93fase Jilaefennisuandiuaaudians upper cervical area affuna f 5
Tnganiznisnyuissy daulngdinlinuanuRnlnfzesszuulszam anBUN3 oI
nazgniniiuadeulUnnaunaiuladunds nsdianindsdluvia AP open mouth view 4z
Fanmfiusasind odontoid process anagfuifiuningiinla wnnazgniniaden An
LADI 2 #19874 lianunnsfin nMnsad iuvindine azifin prevertebral soft-tissue swelling 1147
HINNTT 5-7 wi. nitislenazgn C2 anedanafinsasinyainsgn n1siARaUIBINTLen
Gofnasianiafaresnazgn Tnesianiztu type Il fracture n1197999 CT scan azvinliidin
sousin[FFaenanndundinistdienmisdsssnn (U 4.6) nnanaaedias MR Sl

ﬁmﬁu HNLAUNTITRTITNLANRALUNATBYTT UL LTz am
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gﬁ‘ﬁl 4.5 Odontoid fracture type |, type Il , type Il

(Anwla9a1n Anderson LD, D'Alonzo RT: Fractures of the Odontoid Process of the Axis.

J Bone Joint Surg Am 1974; 52: 1663-74.)

(A) (B)
;jﬂﬁ 4.6 Type Il Odontoid fracture (A) coronal CT (B) sagittal CT scan

N199n%1 Type | fracture L‘f‘iﬂ\‘imﬂLﬁuﬂﬁ‘a‘LmﬂﬁﬂU%Lme tip 284 odontoid process
al’ﬂfziﬁwwi@mmﬁumﬂmm:@ﬂ A195nE1laeAsns HrFRFAEn19RTIRTELAIY halo
vest #3® skull traction twaan 4-6 #UnW nazgnasinazfing

Type Il fracture \ipsannifiunisusniinfiuandinlUgsaaw vertebral body Saifin
nazgnWasinfifiRoandesd nsrgnisinafnliininiinsdnedeilmazanuin 4-6
A9 193 halo vest, skull traction ui

Type Il fracture  ifinafiafifiilgmitunissnuaniniige asanmid relative
hypovascular area ﬁqﬁiﬂmﬂﬁﬂiz@ﬂfﬂﬁmﬁum masnuuuzsih rndndansenszgn
Tasima9 (direct fracture fixation) Iaein151& odontoid screw fixation (5t 4.7A) vidpBanie

fia C1-C2 fusion (3t 4.78)

U
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|
00€Y4 291J1H9

(B)
gﬁﬁ 4.7 Surgical treatment of displaced type II Odontoid fracture with myelopathy

(A) Anterior odontoid screw fixation (B) Posterior C1-C2 segmental fixation

Traumatic spondylolisthesis of the Axis (Hangman fracture)

@ o/ . . a A '

WHN19UNABY posterior element PBINTSHN Axis GEHU‘EL’JMVIL’iEIﬂ'N pars
interarticularis %\‘nﬁuu%mmﬁﬂg:iwd’m superior articular process WAy inferior articular
process nalnn1suAlunfinann hyperextension injury ﬁ’umﬂﬂﬂ‘s‘z@ﬂﬁﬂu‘%mmﬁgﬂwu
huinneefiniignusznstinlaedtnisuwanae FuBandndamniiedn Hangman fracture

Classification (Levine) (514 4.8)

Y

Type | Nondisplaced fracture < 3 mm.

Type |l Fracture displacement > 3 mm. , minimal translation or angulatiom
Type lla Fracture displacement > 3 mm. , marked translation or angulatiom
Type |lI Displacement> 3 mm. with C2-C3 facet subluxation

60



[o] D

‘iﬂﬁ 4.8 Hangman fracture (A) Type | (B) Type Il (C) Type lla (D) Type I

U

(FAWUR99IN Levine AM, Edwards CC: The management of traumatic spondylolisthesis

of the Axis. J Bone Joint Surg 1985; 67A: 217-26)

nnsAflase filaedeinisuandiuae afuldiauinunn doulnainlinuaais
ArUn@zessruulszay endu type lla way type Il @ewuldites wafiloniaifinaany

Radnfirassruudszamifinnnndiailagug nadienmiadiinss AP view dnwuas

|
=%

AnuUnd [fenn awdadluvinding lateral view Winspauaninu3ians pars interarticularis (317
4.9) MnTaAReutasndn 3 uu. fed118u nondisplaced fracture MINTBYLARBUNINNGA
3 . fedufin displaced fracture 1 type lla azinsidenlHninusiaulne (kyphosis) 31n

Tuanuedl type Il azwunnsiARauMgAIns C2-C3 facet joint 3aAn

5U% 4.9 Traumatic spondylolisthesis of the Axis (Hangman fracture)

U
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A195n11 Type LIl $nunlaedsnsiinidn Tael¥ skull traction 938 rigid orthosis
\waan 4-6  duaviaunszgnfia (U7 4.10) d9w Type lla, Il 819$099i7 initial  skull
traction udar"FinlaeABannsyanlnans (direct C2 pars screw fixation) ¥3prNGAITDNTD

fe C2-C3 9MNVNINATUARAINIDAARY (5UA 4.11)

Y

(D)

gﬂﬁ 4.10 vmLﬁ@ﬂafuﬂ'ﬁ%’ﬂmﬂfi:@ﬂﬁ’ﬂLmz?ﬁmmﬁﬂuﬁwm upper cervical spine (39119
Hangman fracture) TreAa ipngn (A) Skull traction with tong (B) Minerva cast immobilization
(C) Halo vest application (D) NTe@ARNULLL Hangman fracture L’*ﬁl‘ﬂmﬁmﬂ"lﬂﬂﬁdﬁ\mﬁz@ﬂﬁqﬂ
skull tong 6 §1lan9% daidede Fosaglu an. uazerafinmzunsndeuainnisuendy
AN 1B uNanAYiL dandniauRade vaduilaanazdnay vaandendiiiangasi

(i
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'giﬁfi} 4.11 (A) Markedly-displaced Hangman'’s fracture with acute spinal cord injury

(B) 5nu1lagn1sHfim combined anterior—posterior fusion

ﬂsz@ﬂﬁ'ﬂ Lmz’il"aLﬂﬁfauﬂmﬂszgﬂﬁuﬂﬁamumdfmdw

(Fractures and Dislocation of the Lower Cervical Spine)

Subaxial cervical vertebral (C3-C7) fractures & dislocations

NNIUANTN2EINTERNAWNAITIUABLZIA0L lower cervical spine wuldives Ami
Zapay 52.5 199N1TUIATLIBINTTANAUNAWIIINA angiaRsfinufe 43.4 T wuluwe
asInnIunAneiesar 58 war 42 suadu Twlssmameamainudeaigade
gUALMAAINTNINTY NI UAUAZTOUUS FUNRBUY [Aud anaInfige gndeniagnung

& = VXY [ v d' Y o/ & .
vrniuanniaianiivin wulities esar 37 2eefuaeflisuuinduses lower cervic
. ] o 4 ‘dl ] 1 & v dl v o/

spine wuganfunsuImEUTNsTULENT 299319018 agalsfinne nnsguatasfi#iy
vindunszgnee feaduddgyaedeuaiduuany Weannisuini§usiassuulszam

Hesanlnsansygndundsdauanaanaein fidunugudnarsuauifiafieuiv
! A A A v o o v ! Y & v @ A
douun Wefinnisuanindewreslasvaivnsygnaumasuasi asaieadniieeidlona
yntifansunaduse dumdsuazdulsyameennn nsguadilaedeiinaneiiuiaus

U U

ngndeningfiay n1squaldesdinfiviesgniiiy nnsifdadeiigndasuaznisdneni

U

e ]

AN ZENVIAE HHGTR nssnge waznisvinnnenwinTauyan g Uaesil@ia iia

g
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n15anRnUsELAN289 Subaxial cervical fractures

1. Descriptive classification 9I4HANITUIATUATHANHULLALAR (NN1TUIALTY

ATNATTINN 4.1

15199 4.1

wam9 Descriptive classification of lower cervical spine injuries

Classification

Description

Vertebral body fractures

Compression fractures

Teardrop fractures

Burst fractures

Facet injuries

Isolated facet fractures

Facet subluxations

Facet dislocations

Facet fracture-dislocation
Pedicle and laminar
fractures

Isolated unilateral pedicle

fractures

Laminar ~ and pedicle
fracture

Anterior-tension band

disruption (extension teardrop

fractures)

Anterior wedge fractures with no posterior vertebral body
involvement

Fractures that extends obliquely from the anterosuperior
vertebral body to the inferior endplate in varying degrees
Extensive vertebral body comminution with height loss and

retropulsion of bone fragments into the spinal canal

Associated with ligamentous injury, leading to subluxation
and instability that is usually rotational

Associated with capsule and posterior ligament disruption
some part of articular surface still in position

May be unilateral or bilateral (perched or locked)

Unilateral or bilateral facet dislocations associated with

fracture

Suggest rotational instability. Pedicle and facet fractures
referred as lateral mass fracture.

Negates the stabilizing effect of the adjacent facet joint
Referred as a floating lateral mass fracture

ALL and disc fail in tension

X-rays show disc space widening (significant instability)
May be small avulsion fragment of vertebral body

More common in elderly patients
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2. Allen-Ferguson classification of Lower Cervical Spine Injury g
AUHNNTUIAEUAHNA INNNTUN AT DLATUSITININTZIN SIURNATNNRINNNTLNALEULAS
firnnsrnuuanssiinnnssindenssgndundedonne wieandn 6 ofla THud
compressive/flexion, compressive/extension, vertical compression, lateral

flexion ,distractive/flexion wag distractive/extension injuries (‘gﬁﬁ 4.12)

Distraction

Distraction/Flexion Distraction/Extension

N

Flexion A

Extension

o
B S
AT

/ . | E}mrﬁompnnlon

Flexion/Compression

Compression

51U 4.12 uamy Allen—Ferguson classification of Lower Cervical Spine Injury

U

1%

(AAwa9a1n Bono CM.: Fractures and dislocations of the lower cervical spine.

Rockwood and Green’s Fractures in Adults. 6th edition. Lippincott — Raven. 2006: p.1498)

3. Subaxial Lower Cervical Spine Injury Classification (SLIC)

T8 @.7.2007 Spinal Trauma Study Group IA® Vaccaro uazAnds (Huausn1s
FIUHNNTITUIALTLYBY lower cervical spine AN (1) injury morphology (2) discoligamentous
complex injury Lae (3) neurologic injury ‘jquﬁguﬂmmfmwsfuﬂﬂﬁ/ﬂ‘m 91N score <3 N1
TneAalsnnsn score>5 SnuilneABnnanifn score=4 8897819 controversy (19797 4.2

megﬁﬁ 4.13)
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Table 1. SLIC Scale

Points

Morphology
No abnormality
Compression
Burst +1
Distraction (e.g., facet perch, hyperextension)
Rotationftranslation {e.g., facet dislocation,
unstable teardrop or advanced staged
flexion compression injury)
Disco-ligamentous complex (DLC)
Intact
Indeterminate (e.g, isolated interspinous 1
widening, MRI signal change only)
Disrupted (e.g, widening of disc space, 2
facet perch or dislocation)
Neurological status
Intact
Root injury
Complete cord injury
Incomplete cord injury
Continuous cord compression in setting of neuro deficit +
[Neuro Modifier)

-

—_— L e

19797 4.2 Subaxial Lower Cervical Spine Injury Classification
(FAWUA991N Vaccaro AR, Hulbert RJ, Patel AA, et al. The Subaxial Cervical Spine Injury
Classification System. A Novel Approach to Recognize the Importance of Morphology,
Neurology, and Integrity of the Disco-Ligamentous Complex. Spine Volume 32, Number 21;

2007 p.2365-74)

Injury Morphology
Compression : a visible loss of height through part of or an entire vertebral body,

or disruption through an endplate

Burst fracture
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Distraction : evidence of anatomic dissociation in the vertical axis

Translation / Rotation : evidence of horizontal displacement of 1 part of the

subaxial cervical spine with respect to the other

Discoligamentous complex injury (DLC) THun
® intervertebral disc
® anterior and posterior longitudinal ligaments
® interspinous and supraspinous ligaments
® [igamentum flavum
® facet capsules
B 39asu91nn15%% plain radiographs, CT, or MR images
B Abnormal bony relationships
®  widened interspace between 2 adjacent spinous processes
®  dislocation or separation of facet joints
B subluxation of the vertebral bodies
®  abnormal widening of an intervertebral disc space
B Absolute indication of DLC disruption
®  abnormal facet alignment (articular apposition 50% or diastasis 2 mm
through the facet joint)
®  abnormal widening of the anterior disc space
i Indeterminate
®  isolated interspinous widening
®  MRI signal change only
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Neurologic status
® Root injury
® Complete cord injury

® |ncomplete cord injury

® (Continuous cord compression in setting of neurologic deficit

® S|IC scale < 3 : nonoperative treatment
® S| |C scale >5 : operative treatment

® S| |C scale =4 : equivocal, controversy

g‘lﬁ; 4.13 @@y Subaxial Lower Cervical Spine Injury Classification (SLIC)
(FiLasann Vaccaro AR, Hulbert RJ, Patel AA, et al. The Subaxial Cervical Spine Injury
Classification System. A Novel Approach to Recognize the Importance of Morphology,
Neurology, and Integrity of the Disco-Ligamentous Complex. Spine Volume 32, Number 21;

2007 p.2365-74)

N5iRaRY

a1sdnUszd® faadnlflszdfeinisUanduae Hamnsnaduns fnaain
fURAMR W AsF U ST TRRN AN AN Y DR aUNIUSTININTZY (mechanism of injury)
FNAIRUANG FANTIBINITEBHLTY BT VOILIRUAZDT NNTUIALEUYBII9N B FINEY
yngilagi3RnsnEe se R NH dosquaadondias[fsuuin§urensegnaumasdou
ABLLAY

Asnsa9919ne Fyryrodn uRedndtyTunisussifiuniay hypovolemic  shock
38 neurogenic shock MITMII primary survey WazViINI9W(Y NM19MI99579N18NTZNAN
MRIAINAD AITARISILA external occipital protuberance (AaINAE vertebral prominens 313
9ANALEY (tenderness), stepping deformity %13® interspinous gap widening W38 (s AR
ndsdautionine fuednddefidenisndaulnieesne (raaalagnialigiasfiuae
WY INBADN (flexion) nevEauIUA RRRLGES (extension) WRTYIRUAD (rotation) Ade
#ULBY (active movement) Trgunngliaagvia passive movement ol

A1FATITNINSIT ATEINININSIF cervical spine TN AP view wae lateral view
Twvin AP view &sinmunnzes spinous  process  dagTuunanansasli An1azaaides
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(torticollis) %38 {H AANgYB vertebral body Unfinaal vin lateral view faanuandtysin 19
o 1 1 & v & 1 . =3 =1 1 @)
HURdN X-rays uHWWFiAsauAguAsus occiput audls T1 vi3ald Aoinanwees X-rays
ad19(3 wIndainm CT junction (Wm AasRsiagiaaasudadnanin lateral X-rays G18nASS
=1 1 Y 1 1 . ’ . o/ . a
M‘i'ﬂﬂdgﬂ’)ﬁlﬂ’mw} swimmer’s view SNLNFHAITHIUIYBN prevertebral soft-tissue INUHILNAU
15 . wiisie C3-C7 MissdpdnfinaauRnUn@ines cervical spine (U1 4.14) guuanszgn
&uma (dignment) 31agTu lordotic curve Unf v3al gavinadans fracture, dislocation,

translation ¥aNNIEANAMAITINAD IHUAAZAa

;jﬂﬁ 4.14 Plain X-rays lateral C-spine WU prevertebral soft-tissue widening, loss of lordotic

curve, C4 vertebral body fracture Waz C6-C7 fracture-dislocation

N158497999 oblique view T:ﬁ@] intervertebral foramen way pedicle fracture ATWAIA
flexion—extension lateral X-rays Tiaast¥tunsmaaa acute injury
A19M339 CT scan (3U 4.15) Tﬁ%ﬂﬂu@ bony injury IagRnizU3eidans (Feinann

Plain X-rays %4 9886892199 Occiput-C1 WAy C7-T1 49uVNGaINITVI91UNI83NIA28S

nraNinetvaBg AR MIUNITHIGRA
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U7 4.15 anSsFresiieiianisUinsiuaauareaulsIlaN-2 AU AgUR e

(A) lateral X-rays TwumNRAUNFHRLa1 (B) CT scan WU bilateral C7-T1 facet fracture

dislocation

A1991999 MRl (5U7 4.16) Tﬁ%’@g@ soft-tissue injuries LW intervertebral  disc,
ligamentous injuries, hematoma, dural leakage, spinal cord injury T#Tunseinfinszgningan

ArtAIMNAAUNRYDITTUDUS RN

;jﬂﬁ 4.16 MRI of the cervical spine k&N C5 vertebral fracture with spinal cord compression
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Compressive-Flexion Injury (Compression Fracture)

A8 lNN1TUIALEUIAREIN compression force WYiINfinAsEe vinlHiAANITuANinae9
vertebral body ﬁLﬁuﬁﬂEmmmﬂﬁﬂuﬁqm (compression fracture)

AFIatIN AP view WUAHGIIRINTTgnAIMAsFasiiunniniuanas Tneaon
gornamnausasnsrgndumdsdaiiund Dwin lateral view (UR 4.17) wumNgIes
vertebral body Uaawinana FeyLde lordotic curve fiUnd ueseenafin kyphotic deformity
ynfinnnsgusinresldssnsrgnaunamanssyiu vinifinfiannsdieenaas  spinous
process (interspinous widening) ﬂ"l‘jLLmﬂﬁﬂ%ﬁﬂﬁlﬁﬂTﬂﬁﬁTﬁLﬁﬂﬂﬁ:@ﬂLLmﬂﬂf?;,uLﬁﬂTﬂTuIW‘N
N9LANAUNAY 1138 retropulsed fragment

n195nu1 lagAs ldrndm nnlinwy posterior ligamentous complex (PLC) injury (A19
m929519n18 (1WU gap 13D widening, NMWSIANED MRl [HWU evidence 289 PLC tear)
au13asnelneds lirndn Tael¥ rigid collar unan 4-6 dUawi

n95nelaedsnisHnda Hunsdiny evidence 289 PLC injury (segmental kyphosis
>11°) %138 spinal instability (translation>3.5 «H., significant body wedging) MRl Wy spinal cord

compression LA ligamentous injury

‘iﬂﬁ 4.17 Compressive flexion injury C4 vertebral body

U
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Vertical Compression Injury (Burst Fracture)

nalnn1suady 1finean axial loading force ifinsianszgnéuae vinlAinnsunan
aziBem (comminution) 299 vertebral body udnuoediBandn burst fracture fionaiizu
nazgnuanindawdnlna(aaunas (retropulsed fragments)

A nEadTuvin AP view numwgeIasnsEgndumdsdasfiunniniuanas Tnaaais
qwmm@m@am:@ﬂﬁu%ﬁm"@Lﬂuﬂﬂﬁ %% lateral  view WU comminuted fracture 289
vertebral body uazmnnazgniiiniARaui [Unssnumdsran audinfuhinssnsegndmas
uazneviuladunds (U7 4.18 A) vinliladmdsunaFuuazitasdudimanumuaze ne
399 CT scan axvinlFfinuginumsis retropulsed fragment TASmLAWNINTW 8934n19M599 MR

(U7 4.18 B) 819WU ligamentous injury &% spinal cord edema

U

[ o/

n33nunlnedd lisngn Hhinadifl vertebral body # comminution ®gting, & mild

degree 784 canal compromise TﬁmQﬂf;ﬂfﬁiﬁmwﬁmﬂﬂﬁﬁmizuuﬂizmw, minimal kyphotic
deformity,  [HWU4d78 posterior ligamentous injury 195AEATE halo  device #3® rigid
cervicothoracic orthosis UgzH1td 6 FUANA

ms3nulagAsniannda mnfiagiinaanuinUnfzesszuudszam Hd1 PLC a2

oA

o a 1 & [% I e W . {
FamanAnegwiallifinin assnunlaanissndadinntg anterior approach (3U7 4.19 uaz

U

%

4.20) eFiALe retropuised  fragment  Ainaviuladunasageaniy n13vi spinal  cord
decompression a4azIHHAR MA991N134 T strut graft reconstruction a2 anterior cervical plate

fixation AW PLC injury AQ9%1 supplementary posterior instrumented fusion
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517 4.19 uamy Anterior Cervical Vertebrectomy C6 with anterior cervical fixation C5-C7

U

Vertebral Burst Fracture
Morphology
DLC (likely intact)
Neurology (Cord Injury + Compression)
SLIC Total

I
AN ON

Anterior Cervical Vertebrectomy
Cage or Strut Graft (Allo or Auto)
Anterior Cervical Plate
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gﬂﬁ 4.20 C5 Burst fracture with incomplete spinal cord injury (A,B) SnunlngnisHade

Anterior cervical vertebrectomy C5 & strut graft fixation (C-E)

Flexion-Type Teardrop Fractures

LﬁmmﬂqﬁfﬁLw;ﬁﬁquumqum Tuausigiiesy vinliiAanisdnainaes
supporting ligament  2@9nTzANAUNAIAIUAD Hldednin19geyideni19vi19IuYBesT UL
UseamaanGng

AMNS9ENY sagittal split 289 posterior vertebral body Wiawudnd kyphosis>T1® Wae
posterior vertebral body translation a1aagaedLAA posterior ligamentous disruption

n195nulaeAs ldrndm 4T minimally-displaced fractures, small kyphosis, (4§l PLC

.. o ¥ .. . . . @
injury 3nunlasl¥ rigid cervical orthosis #38 halo device Hiuiian 3 iWaw
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m33nunlaedtrngn fuaafifinnsgaidanisvinaueessruulszam n1sindnlag
anterior vertebrectomy nnsdnLen retropulsed fragment a8n % strut graft WA rigid anterior
cervical plates. Posterior surgery winnzamsuftaeiifiainuialnfiaesssuudseam minimal

vertebral height loss L&z <30% inferior endplate involvement

Distractive-Flexion Injury (Facet subluxation/ dislocation)

\fine1n distraction injury  #ENTEANTUNAIRIUAUAD waztinussiaLiiagi flexion
force ¥inl¥ facet joint Lﬂﬁ@umquﬂwqaﬁﬁuﬁﬁﬂ 1N facet joint iARBUNQALNEENYREN
\38n91 unilateral facet subluxation/dislocation %110 facet joint LARBUNGANIABIE19EENIN
bilateral facet subluxation/dislocation @swu {Fiasngn

Unilateral facet dislocation

dl .. k4 d! a =1

N3LARDUNGADY facet joint H19Tls Iinn9vyuYas vertebral body Tneflqmiam

I4d| . . = 4 d! 4d| o/ a 1 v aan o/ v U = %
agl facet joint Bndinenflsiidang Aenineiladsfean wenainfiagazfiannisuansiu
% = a . . o !
ABULAT B198HBIN1TABLEEY (torticolls) BIANULNITFEYLRYNITYINNNYBITLUUUTZENTIN
Fneviae (A F wulFsis spinal cord injury %138 individual nerve root injury

39 Tuvin AP view dainmuiu spinous process tnszsiufidainaaumgainHf
’ﬂgﬁmmfﬁdﬂﬂ’]ﬂﬂﬂ\‘lﬂi:@ﬂﬁu‘iﬂﬁ\‘] ¥ lateral view B19WU anterior displacement <25%
284 AP diameter (U7 4.21) A CT scan Twyin parasagittal view azifiunsiaaanumgazes
articular surface 484 facet joint FALaH AW CT scan Tuvin axial view 19iu “empty (vacant)
facet sign” AW MRl 9z¥intunsdififanuRnUnfvesssuulsean (M9 spinal cord WAL
nerve root) si3eYInluNBifidaemnnaR (Hannnsnliaausanslannizyin dosed reduction

\Wafgadnl associated disc herniation sanFaEvEaH

g‘ﬂﬁ 4.21 Uam9 unilateral facet subluxation C6-C7

75



Bilateral facet dislocation
AMNSIANWY anterior vertebral displacement >50% 284 AP diameter (5U71 4.22) dn

\innnsanamYes ligaments MnLdW 598919 disc herniation waz lonaAanisumdues

Tadundsge

’iﬂﬁ 4.22 Bilateral facet dislocation C5-C6

U

A195087 1BNFAIEN19911 closed reduction aeina51% skull traction (Gardner—Wells
tong) TANHMNNENAWT 5 kgs. WAMAIFITamTINEIN tong IRRERTIFBYY [ANWIAIN

AuAa 3 kgs. (5U7 4.23) 819911119 manual manipulative reduction WHABNNTLYINAILAITN

U

7einei9nEnegs UAFBIRNTITITLULTERMLAY X-rays vNATITANTmINrEaaneyi

reduction mﬂéﬂfJﬂﬁiﬂﬁMiﬂTﬁmm‘iwﬁﬂsfumimwéwmﬁ M98 emergency MRI

1
=1 =

\WBgd1H associated disc herniation vaald (3auay 8-50)

;jﬂﬁ 4.23 Bilateral facet dislocation C5-C6 (A) closed reduction by skull traction 5 kgs

(B) closed reduction by skull traction 8 kgs (C) successful closed reduction at 10 kgs
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193N A8A% NHAA BadnNIReIwa R IMSUN195NE1 facet dislocation Fxa17A

wnziUan? NAn1sgyideassnisineueesscuulssany vaas519ne [HnFanannsy

A9HAER (NI TLAR redislocated facets) wa&nla halo device 1liiaan 3 1iat

A195n8lAEAEN19HAFA 1Ny closed reduction Hnfiudaaavin elective posterior

cervical fusion ¥1n%iN closed reduction {siidnAa5Yin urgent open reduction W& posterior

cervical fusion (U7 4.24 uaz 4.25) n1nd associated disc herniation A35HFA anterior

cervical discectomy & fusion

gﬂﬁ 4.24 Posterior cervical instrumented fusion C5-C6 with bone graft

Unilateral or Bilateral Facet Subluxation or Perched Facets
Morphology =3
DLC =2
Neurology (Cord Injury + Compression) =0-4
SLIC Total = 5 + Neuro

MRI shows disc herniation into
spinal canal

MRI shows disc and posterior ligament
disruption without herniation

Anterior Cervical Discectomy,
extend to restore alignment,
Fusion and Anterior Plating
Risk is incomplete reduction
intra-operatively & possible
posterior ligament infolding

Posterior Open Reduction, resection of
ligamentum flavum and lateral mass
fixation and fusion

Risk is progressive disc collapse and
development of segmental kyphosis
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(A)
;jﬁ‘ﬁ 4.25 Distractive flexion neck injury il perched facet C5-C6
éﬂ’mﬁ neck pain with incomplete spinal cord and C6 root injuries (A)
TH5un56ndm open reduction and posterior instrumented fusion C5-C6

with lateral mass fixation and wiring with bone graft (B)

Translation / Rotation Injuries

Unilateral or Bilateral Facet Fracture Dislocation / Subluxation
Morphology =4
DLC =2
Neurology (Cord Injury + Compression) =0-4
SLIC Total =6 + Neuro

Vertebral Body fails in Compression
(endplate compression fracture or Burst
(teardrop) Fracture

| No Anterior Vertebral Body Disruption

¥

P

~N

MRI shows disc
in canal

NO disc in canal
on MRI

Endplate Compression
# + Facet #/Sublux’n
or Dislocation

Vertebral Burst #
(tear-drop) + Facet
#/Subluxation

Posterior Open
Reduction lateral
mass fixation and
fusion

v &

Anterior Cervical
Discectomy, anterior
open reduction

7/

Reduction not
. Successful

’4

360 Anterior and
Posterior Open
Reduction fixation
and fusion

Anterior Fusion and
Plate Fixation

Posterior Open
Reduction lateral
mass fixation and
fusion




(A)

gﬂﬁ 4.26 Bilateral facet dislocation C6-C7 with incomplete spinal cord injury (A)

TH5UN19%i1 closed reduction w# reduce facet joints §9(HW N9 F9fimarinnisnnsia

open reduction & posterior wiring with bone graft (B)

Hyperextension injuries

Central cord syndrome

1
=9

ulss incomplete spinal cord injury ﬁwufﬁﬁﬂﬂwqm (gﬁﬁ 4.27) sinFnara1nnig
SnunlaeAsnis lHnsn fauvdunisrnsaitesuan

Compressive extension injuries

ynifinnisinanues ALL Sinazvinlinszgnémasliiuasuazifanisnaiussuy

Uszamis

Traumatic disc herniation ('ﬁﬂ‘ﬁ 4.28)

U

Hyper-extension Injury +/- Avulsion Fractures

Morphology =3

DLC (likely disrupted) =2

Neurology (Cord Injury + Compression) =0-4
SLIC Total =5 + Neuro

Anterior Discectomy Fusion and Plate
In a very stiff spine (DISH) may choose
to add posterior fixation
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TE:87.4/EF)
3.0thk/1.0sp

(A) (€

(B)
’iﬂﬁ 4.28 Traumatic disc herniation with incomplete spinal cord injury (A)

U

T65un196indim ACDF with Plating (B)
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Pedicle and Lamina Fractures
ANSUIALTUSIE posterior element 289nT¥ANFWAD Linan extension injury 19

compressive/ extension Way distractive/ extension

Unilateral pedicle fractures Lfima1n rotational force &AL unilateral facet
fractures/ dislocations NMF5NEIFIANTYAIN

Bilateral pedicle fractures ’%/mﬁuﬂ”l‘ﬁ_lﬂm’%ﬁﬁmmmﬁumgd Fiagannd
Tanaifin ligamentous injury #10

Isolated laminar fractures ziqﬁqnﬁ‘jmmL%UﬁﬁmﬁﬁﬂdﬂfﬂguLLﬁq uia9LAn
sonfiunszgniinidedonionbuiumleieg

Multilevel laminar fractures {finann hyperextension injury Blunagisenannii

Favdainananeadzeey disc space waz ALL (310 MRI) dn&dnniewse (s damanwugonis

1 ) . . .
fiaauflu anterior tension band injury

Anterior Tension Band Injuries
dadunsegnaundsunnineiialdiuas Weveindsznaudagnisuimiuse
Tﬂiﬂﬂ%%‘i@hﬂ THunA ALL disruption, vertebral body avulsion fracture, widening of disc
space, posterior fractures, gross PLC disruption
o/ AP o oA ) . o aads Ado o ®y
A5 laeAs lirndn Wesernudu unstable injury n195nE1lReABHAIRASA TR TE
wnzgtlaefiinsn (16 Taanisld halo device

a

M98 NENAEARHAAR MIANLNT9EN2IAUEY ALL, PLL WAY intervertebral disc i@
[

\i44 unstable injury 1fiatiagtun1sHasa n1sHAFRTTER® anterior cervical discectomy &

fusion with plating

Special Circumstances

1. Clay-Schoveler’s fracture (Spinous process fracture)
N9EANANUFLI spinous  process WesawslaineiAnniazaau lliumaseg

o/ o/ 1 1 % o/ o/ o/ U Aﬂl o/ Aﬂl ¥ Y =
NITANNUIAN LLGI@’T@WU‘?'ZN@I’J%Jﬂiz@ﬂﬂuifl@ﬁﬂﬂLLNZ‘ZJELV"IZ\]@HTH’E%WU@H‘"[ TG‘I f}dﬂ'lil&l

1
=%

anstanduaelagianuRanfeessyuulsyam SnunlaedBensniian (U7 4.29)
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51Jﬁ4.29 Spinous process fracture

2. Cervical fractures in the ankylosed spine (Ankylosing spondylitis, Diffuse
Idiopathic Skeletal Hyperostosis)
fulanguiazil bridging osteophytes smaunn vnlinszgndumasaIuanfinuds

= o

v lfitios dosaianunsavinemld Waifeaiifmnrdeiiusnssyinatnegius Seinifn
Mausnsiniiiane (Wasunazgnaumastuiaanguiiadeunszgnine5ifiusy bending
force 41N92M191LAA transverse fracture) (’giﬁfd} 4.30)

Foudenufinmaiifagiimnudinnee Wesminfianedidlaniafinazgn
azinuaziunfiafifinanalisunsgs (unstoble injury) Triowanndnazigallsiantidly nns
wanindniiatuudinafiunddanmiuldaanoguda 1w cervicothoracic  junction,
occipitocervical fusion i

n195nE7 FB9¥ianIg immobilization YiAMANSFEN1TUIMEY WeneHALM Ny

LLm%’ﬂmeﬂmﬁmﬁmﬁmm%qm:@ﬂﬁwﬁa (spinal instrumented fixation)

;jﬂﬁ 4.30 Cervical spine fracture Tu@:ﬂfm Ankylosing Spondylitis
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3. Spinal Cord Injury Without Radiographic Abnormalities (SCIWORA)

Alngnguinndiagainisresunnidu ludundsivilnanysoluas lanysol Tng
AR UsBIUANIN LARBWAGA YEBURUANITUIAEULDY ligament

doulng) wudrfuaefinsfiuuauaesinsenszgnaunasdanae (underlying cervical
stenosis) #987191in91N congenital  spinal canal  narrowing ¥13® degenerative cervical
diseases

o/ v @ v a = a o adP 1 o 1 e

nnssnen daiiuisanfestivlsz@nsnmiunisdnuilaeds nadauazridn
TnevialUn195nenlneds nndn WilszansnmaanainishguisudiuUn@luiilagnans
Au aenalsfinan nandnetafiuselenilusefid persistent symptoms & signs vi3ed
worsening myelopathy

INATANEITHINN N155nEA IR NITNIARINTTETUSN (early surgery) Tuﬁgﬂw
vaduladundsrin asysol daauynisvineueasszuulszamidaly 1 Wanuay 6
= o 1 o o o ¥ & 1 @ = P 1 ! 1 P
wonusnnasrnge (Insannzrndendnniie) sdnslasfinnd 2 Tlhinuauuansspened

dpdAyTEdneniandauas [Hsn

m1519% 4.3 Suggested Treatment of Subaxial Cervical Fractures

Injury Treatment

Compression fractures

Intact posterior ligaments

C3-C6
C7-T1
Posterior ligamentous injury
Burst fractures
Minor burst, intact neurology
Little canal compromise
Major burst, abnormal neurology
Canal compromise
With posterior ligamentous complex
injury (PLC)
Flexion teardrop fractures
Minimally displaced, PLC intact
C3-C7

Cervical collar
Cervicothoracic orthosis (CTO)

Posterior fixation and fusion

Cervical collar or CTO

CTO or halo vest

Anterior decompression and fusion

Supplementary posterior fusion

Cervical collar

CTO
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C7-T1
Abnormal neurology
PLC disruption
Neurologically intact
Extensive endplate damage (>30%)
Minimally endplate involvement
Facet fractures (No dislocation)
Non-displaced

Late displacement

Facet dislocations
Awake reduction successful
Postreduction MRI scan
Prolapsed disc
No prolapsed disc
Not awake
Pre-reduction MRI scan

Prolapsed disc

No prolapsed disc

Anterior decompression and fusion
Supplementary posterior instrumentation &

fusion

Anterior stabilization and fusion

Posterior instrumented fusion

Cervical collar
Anterior discectomy & fusion or posterior

instrumentation & fusion

Discectomy, anterior fusion, plate

Anterior or Posterior surgery

Anterior discectomy. Open reduction or
posterior reduction & fusion
Closed reduction. Anterior or posterior

surgery
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uni 5
ﬂizg}ﬂﬁ’mmz“ﬁ@m%‘muwmnszcﬂﬂﬁuwﬁemu@ﬂmem

(Fractures and Dislocations of the Thoraco-Lumbar Spine)

a

WALHW.AENIE YeyunUsieRg

a9

(A

vriagilsAnsyanamas nadsnens milAng

AUZUNVIEANARS NATAVIENReNTe9 s

FRYFDIENTNNTTANAUNAIFINBNUAZFINLET (thoracolumbar junction) tHluTaisia
FENINUINIUNTAMNIUAIFIZBINTLANTUNAIFIUBN (rigid thoracic spine) WATLFLIUNH
= . . K @ 2 A a & v o Ao
n1swARaulManin (mobile lumbar spine) FuduuFamiianisuiadulfes 9nnneand
WIILAZEA (stress) HINTENGY AINTURTIZBINITUIMT UL HnUTARSUAN Tz NaY

o/

WA9YL (isolated compression fracture) auflan1sEnYIAIBIEUNITAN NTzgYnLazde

3

= . . & =3 ! o o
AN (fracture-dislocations) SANYINNITUIALYL WﬂTﬂ AUNRN

aednnaransTiafy

Thoracic vertebral body #3UsnemsindnadnegUiale (heart-shaped) 9% lumbar
vertebral body 3U519AAMENTINsTUaNINIAME) WiHTHERINaYasNTINTTANAUNAT
(spinal conal) 284N TEANAMAIEIENTILALNIINTEANFUMAIEILE AsUMINENIS
wADuIaInTzgn Wdunsrgn vionuausasnsrgndmdsuiiieadntios Adlaniana
o lrdurdauazidnlseamiugau thoracic spine WAL thoracolumbar spine (4

Thoracic spine fiannulna (kyphosis) Unf 1gzaod 20°-40° Tuausdt lumbar spine
fiAnnuen (ordosis) UnAazanos 40°-60° FaasinsEndeansfuMiADL3 0L T11-12
ganeTnlnsnszgnaimasentindamuaerasludmasdniidondn conus medullaris

Posterior  ligamentous  complex  (PLC)  1U49¥N@uFAY interspinous  ligament,
supraspinous ligament, ligamentum flavum &g facet capsules %@m@ﬁﬂ‘ﬂ’mmﬂﬂ@fﬂm’i
urmFuiin flexion injury uaZ translation injury YMAARANSENINATEY PLC Aziinantng

HINFBANTNAWAILDINTEANTUNAID AT [F5ULALEY

87



A15ATURAUITTLANIBINITUIALTUNSZANTUNRIUTLI04 Thoracolumbar  Spine
(Classification)

AN99TUHNUSLANVBINITUIALTL VB TL-spine funnunananaUssnnsous
McAfee’s two-column theory (1983), Denis’ three-column theory (1983), AO OTA
classification (1994), Magerl’s classification (1994), Mc Cormack’s load-sharing theory
(1998) Az Thoracolumbar Injury Severity Score (TLIC score) (2005) Gfuwwﬂg‘jﬂ’ﬁuﬁq 19
FrunnUssani uasdinlalFdne wasinasianissinaulantoununissnuen T

1. Denis Three-Column classification (1983) 4m3ufly “Three-column theory”
Taeiuiie thoracolumbar spine 8aniiin 3 column (gﬂﬁ 5.1 WaY 5.2) (Hud

Anterior column U4¥navufag anterior 1/3 289 vertebral bodies tag discs ‘:T'JN‘VT’Q
Anterior Longitudinal Ligament

Middle column Usenaudiag posterior 1/3 284 vertebral bodies uae discs ‘5'33417?@
Posterior Longitudinal Ligament

Posterior column U4enawuifag posterior neural arch, facet capsules, PLC

Type Mechanism of Anterior Middle Posterior
injury
Compression Flexion + - +/-
Burst Axial compression + + -
Seat-Belt (Chance) Flexion-Distraction +/- + +
Fracture-Dislocation Rotation + + +

Anterior ool b Middle column Posteror ¢ oltt i

gﬂ‘ﬁ 5.1 W&AN Denis Three-Column Theory of Thoracolumbar Spine Injury
(AALLUa9910 Denis F: The three—column spine and its significance in the classification of

acute thoracolumbar spinal injuries. Spine 1983; 8: p. 817-31)
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Seat belt-type

Fracture-dislocation

U 5.2 UAAINIFIUHNUSLANYDI Thoracolumbar Fracture Tmei%% Three—Column theory

(AnLLUa991n Denis F: The three—column spine and its significance in the classification of

acute thoracolumbar spinal injuries. Spine 1983; 8: p. 817-31)

2. Thoracolumbar Injury Severity Score (TLIC) 1ot Vaccaro wazAosy [Hanwun

U329@IH (1) injury morphology (2) disco-ligamentous complex injury (3) neurologic status
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Points

Fracture fdechanism
Cormpression fracture

|
Burst fracture 1
Translationirotation 3
Detraction 1
Meurological Invalvement
Imtact a
Merve oot Z
Cord, conus medullans, inrcomplete 3
Cord, canus medullaris, complete Z
Cauda equina 3
Posterior Ligamentous Complex Integrity
ntact 0
njury suspected/indeterminate 2z
nijred 3

hoare of <3—nonoperatve treatment

Yoore of =5—aoperative treatment

Loore of 4—either nonoperatve or operative treatment,
depending ar gualifiers such a5 comorbid medica
condidicns and cther injuries

M19N71 5.1 WEAY Thoracolumbar Injury Severity Score

(FAKUA991N Vaccaro AR, Lehman RA Jr, Hurlbert RJ, Anderson PA, Harris M, Hedlund R,
et al. A new classification of thoracolumbar injuries: the importance of injury morphology,

the integrity of the posterior ligamentous complex, and neurologic status. Spine 2005;

30(20):p. 2323-33)
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Score <3 : nonoperative treatment
Score >5 : operative treatment
Score =4: equivocal or controversial
gﬂﬁ 5.3 Thoracolumbar Injury Severity Score
(APULA997N Vaccaro AR, Lehman RA Jr, Hurlbert RJ, Anderson PA, Harris M, Hedlund R,
et al. A new classification of thoracolumbar injuries: the importance of injury morphology,
the integrity of the posterior ligamentous complex, and neurologic status. Spine 2005;

30(20):p. 2323-33)

Compression fracture

Lﬁmm‘zquﬁwm anterior column Taafigaw middle column #3® posterior vertebral
body §3m9Unf nalnnTuiAEuAe flexion injury

MeAfade fiasfiatniadaandshinumisiingzgnyy asaadenienuganaiy
U3IUNTTANIAN MINARINY interspinous gap  widening FznuNfiAiAN198UFAIRI2D
vertebral body BgWHIN TN HWLNI9gEYRENITVINIHYBITE UL T

AR V11 AP view WU decreased anterior vertebral height %1 lateral view (;jﬂ‘ﬁ
5.4) WU anterior wedging 284 vertebral body T@mﬁ posterior vertebral body cortex 1N
&9% PLC $1nUNF ufen9as8nnd1annngunnniin kyphosis 510 911N percent height loss

11NN91 50% WY kyphotic angle 81And1 30° fiadudiu unstable injury
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gﬁ‘ﬁ 5.4 Compression fracture T12 AP view & Ic;terol view
CT scan WU fracture 289 anterior column, Tt retropulsed bone fragment 38 canal
compromised &t MRI Txa1umn (s neurologic deficit, ana ¥ lunsdifiaad PLC injury
ne3nenlnedslindn Wun95neman Tnalh dbsolute bed rest, snufian,
§nwnnnaz osteoporosis, thoracolumbar orthosis 138 Jewette brace \{waan 2-3 Haw (51

7 5.5)

e ———

U7 5.5 n195nunlneABnslsrndinTs Compression Fracture

n195nulneAsndn ¥ lungel unstable injury (50% height loss), more than 30°

kyphotic angle, neurologic deficits Tme T posterior instrumented fusion and instrumentation
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Burst fracture

Lﬁmm‘mmﬂﬁﬂﬂmﬁa anterior column W&z middle column NaNNITUALTUAS axial
loading iU flexion injury Lﬂuwﬂsfﬁ%yuﬂ‘i:@ﬂmu posterior vertebral body wangiaudin{utu
Twsenszgnaumasuaratanaiuldmauazdulsram

nnsAfady fiaafeinislaandstuiiumisiinszgndmasin uesiefiannis
Favdn win arnnisfifidenesnnassiatesdios (retroperitoneal hematoma) vintiiAnn12Y
bowel ileus. MIARNTTEUAIVBY anterior column WAL middle column 1N i AR
interspinous gap widening Fanunede PLC failure B198A1FYLRY N1V 9NV BITEL

Useamm AU Ua [ FMaILaIELLTe A

(B)

‘J‘U‘ﬁ 5.6 Burst fracture L1 (A) widening of the interpedicular distance

U

(B) displacement of the retropulsed fragment of L1 body into the spinal canal
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U7 5.7 uansnn3inszez Interpedicular distance Titlagr Burst fracture Tagdaann
anuH1uluYas cortex 289 pedicle Tnusiazsiy arngUanuRnUnFngiinszgnalmrasan

WB5EAL L1

AN V1 AP view (gﬁﬁ 5.6 A war 5.7) WU decreased vertebral body height,
widening of interpedicular distance 11 lateral view (’gﬂﬁ 5.6 B) WU anterior vertebral body
wedging, posterior vertebral body cortex uanuiinlutInssnszgnaumasnaviuladumasuay
\{uLUTzam (retropulsed fragment) AW lateral view 819WL widening of spinous process

CT scan 1U52LR% degree of vertebral body comminution Wa% canal compromise &2
MRI TlunsdififiniagayiRenisinussuusyam wazil PLC failure (317 5.80)

nssnunlaeAdlindn Tuszezuan aastifuansnamnsuazin Welinnig bowel
ileus ATHMBY A9ABEBENNIWENMNTE8% 19 dosolute bed rest, analgesic medication %1013
vingmsruudsramdulng, percentage of height loss #B8n91 50%, kyphotic angle<30°
amnansnunlilaants i TL orthosis Wimaanatnstioy 2-3 ilanaundinazgnazia (U7
5.5)

ns3nunleedfingin vin fianisgdenisinemeesssuulszam, percentage
of height loss §11N91 50%, kyphotic angle>30° mﬁ%’ﬂwﬂmﬂmﬁméfﬂLﬁﬂﬁﬂ@%qm:@ﬂﬁu
naagnelany (spinal  instrumented  fusion) $ANfUNITITUIEANTAATLSIULLTTRN

(decompression) MNWLENH retropulsed fragment n@viuag (3U9 5.8 uaz 5.9)

U
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;jﬁﬁ 5.8 L1 (A,B) Burst fracture with incomplete spinal cord injury
(C) AW axial CT scan Wiw retropulsed fragment waeuinluly spinal canal kasne spinal
cord &3 conus medullaris (D,E){#5UN156N6A open reduction & posterior instrumented

fixation T12-L2
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Flexion-distraction injuries (Seat-belt, Chance Fractures)

@ @ ;dl o o Aaan o @ a .

dunrsurmduinuldlilesuasAiiasaann nalnn1surmsufinenn flexion uay
distraction taai3udnainenn posterior column #7£19 middle column W& anterior column &
mauaiueadiunisuaninaesnszgn wians8na1nees ligament 04

Aaan o YR o A a d' v o & o o I .

n193fady fuasdnfeinisuanudiaafilasuuimiy sinaanladny stepping
deformity %38 inter-spinous widening windain a19gayiRen19Yin9INYBITTULYTE RSN
e (1A (4

ATWEIR YN AP view  B19LFINNNTRUAIBINTEANAWIAY TBEUANYBINTENAN
FunalFenn vin lateral view B191iNsaEENIBINTEANUANNINLEIA0L posterior column,
pedicles 911119 vertebral body (bony chance fracture) UN95185i interspinous widening

CT scan azlflimyavesseadinlfdaaundinmssdnall (Uil 5.10) & MRI §

Uszlonilunisafiads Tngimawnenind ligamentous chance injury si3efnnsgeayidenis

NNV TZU LU 2R M

(A)

guﬁ 5.10 Flexion—distraction injury of L1 (A) lateral X-ray (B) sagittal CT scan
A195n11 Tazezuan Aaale absolute bed rest, analgesic medications 11N bony
chance injury Win195nu1lael¥ thoracolumbar orthosis, &% ligamentous chance injury

w9 nenlaennssndm posterior instrumented stabilization
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Fracture-Dislocation

dunnsunmduiiguussnnniige esannifin foilure 189%9 3 column waziilana
AinnnsuimiFueesladundsgenin #n1s8nenees spinal ligaments  ynidw nalnnig
UL ULAReIN flexion, rotation W& translation injuries

nn5Afasy fileflannisanudinafinssgninuaziinindenatinogus Aginy
stepping  deformity 3% interspinous  widening  eeineFaLan Raniesinilsnanngd
(ecchymosis) 9037t PLC dnanm daulnaassnifiudumimaseviorasting uimdula
Fundsisriaanysoluas biguysol

ANEIR Y1 AP view  IiNsBRLANTNYBINTTANA N AIBE19Ean WuanTEgnau
piAREU{aINUMINGNS Y11 lateral view WusBEINTEANTNUAdDdanszgndmAAGeY
vgn finynlnsagnamnn

CT scan itiayauassasnazgniinuastianfnnlfidaien amnsadaziis fracture
displacement, joint dislocation, canal compromise TH7 d9% MRl 9zmy ruptured spinal
ligament TuszdufurmFUTIman wuludmdsunniu sanimuensssnazgndumdsiian
YIAATE

Ang3nEn daningjdiesinunlaedBuinde (sUf 5.11) Wasernid totaly  unstable
injury fasnnsaunszgnaunaraglany (posterior instrumented stabilization) &m3ugas
funaFuladumdsatnsanyaol marindanszinie ansnaofuyiuaatiideulilae
Titlaands danlungaitunaiduladumdsniinbiguysol @mulFtiosndy) nraridmie

wenenEitu i eessruUUsEam nnniige

5U% 5.11 (18 Fracture—dislocation L2-L3 with lumbar nerve root injury

U

(291) Open reduction & posterior spinal instrumentation & fusion L1-L4
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ﬂszcﬂﬂﬁ'ﬂu,m"il"amﬁ@ummnszg}ﬂﬁuwﬁ’amu@ﬂ (Thoracic Spine Injuries)

navgndmdsaauansinuasiaimie usansousisray T1-T10 wulFuszanndos
ar 5-10  wasnagndundsinuazioindewionmn doulnajdnnodanduguaedFsy
Ui uBaIETTLY winsuaduusndiilenmainiiaanisuiadusie ladmauasann
YITRIMGININ ARILADINNT0T (AN T AU AR 1T UIME LUS 0l [wszezusnsu
$lasann NTUIALEUABNTZANAUNAIAINAD (cervical spine injury) WATNTTANAUNAT
U319048N-189 (thoraco-lumbar injury) wuliitasndiun nisuindusianszgnaunasaau
anAsingnuesdnuly

nszgnaumasdansninuazdeaindow dnwuluwemny engideandt 40 BATHSY

|
2N

A = iy ! 1 4 o [ o
gUiRATiiANTHLIIgs WEansananfigedanngnalnnisuimduiniiiunszgna

q q

[

NaIVN-gu (flexion/compression injuries)
a o © [ dl d' 2 s < [ [V
NEAINAFEASAIAY A EABINUNITUIALILABINTEANTHNRIFINAN
o/ o/ 1 . . . =\ ! < a

LUINTLANAUNNIFINDN (thoracic sagittal alignment) fanulnaduund (normal
kyphosis) BIANNTINUUINTTANTUNAIRIUABUATAIUIBT ﬁﬂ’l’mLL%ﬂLL‘NVINTWNN%NZ;N
Lﬁﬂﬂ@ﬁﬂﬁﬂ‘jZ@ﬂ%Tﬂ‘jﬂ (ribs) MRBIIHIANAFTUYNTEALVBINTLANTUNAIFIUBN i 9

= dyd dl U =) uI/

mmmumﬁim@@ﬂmumLmumwuum@}q

N19838969289 A NILTRYBINTEANAUNAIRIUBN (thoracic  spine  facet
orientation) fIRAINAIATYABAINNTHANIDINTTANAUNAIFIUBN NANFE UFLI0L upper
thoracic region (T1-T4) dafanIanazaRIRNAEARENTLIB9NAIAT FIFINITAATN

dl v U . . 1 o/ % =Y . “fe !

NIGLANDRNINATIUIANA (anterior translation) FINNUATUNITUANY W (rotational stability) 1
apnlAIinn1TAAauMa luuWIfi-1e (flexion-extension) [nn Tumnenduriu nszgnan
PAIFIRDNUSLIUATINGT T10 [a9NT N19919F22898asaNIAUS I HazEa9siamdanny

o/ o/ 1 = = Aﬂl % £ v
NILANTUNAIFIUDD AN ARDUYINIF TN (FHNn

ANHIUANYIBINTEANRUNAIFIUDN WBNINILAAIIN rib cage WATNITINIAILBS
Insianmnuan 1BWdnnszana A longitudinal ligaments (ALL, PLL) &g posterior
ligamentous complex (PLC) fifiaanuandtyasined

Twasnszgnanmasaauen (thoracic spinal canal) SILADNAN AIHK NISUANFNUAY

¥
ar

FopaauuUs L ReUR Nty 919 8aNITUIAE LS [ AR TNATILASI NS BN

A v

WuAeauaeTiRed dmasdauen (thoracic spinal cord) ftae Taanizusians

midthoracic spinal cord (T5-T8) &4IASULABANTAN intercostal artery ARIUALAN UAZATN
. . ~ a o/ @ A a & v = @ ¢

Artery of Adamkiewicz iiiaifingiiRmafidlanaifinnisunniuradudandngmnantigs

a2 = . . . a & o o Vo
LIANIILARLRBA (spinal cord ischemia) wastinn1gunasu ladunas [Fann
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ARINAISUIALTY (Mechanism of injury)

FafilFinananudadn nazgn@lag (b coge) Aaea@nAEilAILINTZN AUNAY
dauanunn memniziuuug extension, lateral bending W&y axial rotation ﬁﬁﬁ?u AR{NAg
A udIunajifinann flexion injury 5M9 axial loading
AsIIUUNUSTIANEBINISUIMEUNSEaNaWNAIRINan (Fracture classification)

Gertzbein SD. [AHLANBNI99URNUTHNYZBINITUIAETLIBINTEANTUNAIRIUDN
(thoracic spine) WAZNTEANAWNAIFIB (lumbar spine) aanLilu 3 %A AIHAIINTULS
PBIN1TUIALT LA UM [N B9n195n e lneABnnsHsn

Type A: Compression injury Lﬁmm’iﬁquﬁwmﬂﬁ:@ﬂﬂ'Qu vertebral body

Type B: Distraction injury [finn14esga ﬁflTﬁﬂi:@ﬂLL@:Lﬁuﬁmﬂix@ﬂﬁwﬁqﬁﬂm@

Type C: Multidirectional with translation %ﬂﬁmw?mﬁmmﬁqm 91a19Lfinda

WA (fracture-dislocation)

A. COMPRESSION

C1 Cc2 c3

517 5.12 Fracture classification of thoracic and lumbar fractures (gﬂmwmﬂ Gertzbein SD.

U

Spine Update: Classification of thoracic and lumbar fractures. Spine 1994; 19: p. 626-8)
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Type Group

Compression Impaction (wedge)
Split (coronal)

Burst (complete burst)

Distraction through the soft-tissue posteriorly (subluxation)
through the arch posteriorly (Chance fracture)
through the disc anteriorly (extension spondylosis)

Multidirectional Anteroposterior (dsilocation)

with translation Lateral (lateral shear)

Rotational (rotational burst)

FINITHRLDINTTHAA

prsvinnnsmsaalaeniswandagUasuuuviewss (Iog-rolling) &sinasesnnanu3ions
Ranwd (ecchymosis)  N19AAU2BIN AN FUNAIEINEN (WUTBE) AGTNI9ANALEL
(tenderness) #BNINTLIIN spinous process (interspinous gap / widening) 99HVNNRIHLHE
ﬂ‘j:@ﬂé‘fu%ﬁd (paravertebral muscles)

N719M999N1TVININIDITEUUUTER (neurologic  examination) 189U IIABIES

3 o o/ v zﬂgl o/ v = o o/ LY=N
ATAFITITNAINRHLIE SrUUSuANERN sTUUSand uavsruuUsTaMS R WA
FIHYNNTANINYBINRNHBYFAVBINITNNN
W

AITATITATNSIR

11969799 Plain X-rays

ATTEIATITNTNEIR T-spine 119 AP view WA lateral view W31 AP view §ainsdnl
ﬂ’]‘j?.ql‘}.lﬁ%ﬂx‘m‘j:@ﬂzﬁfm vertebral body (anterior wedging %138 decreased vertebral height)
WHI289 spinous  process  F1i3a9fialuuNaienane (midine)  N1581n%192849 pedicle
(widening of interpedicular distance) T lateral view AYIRINANITADUAIIBINTEANAY
NAY (vertebral translation) 3BYATUBINTLLFIUVBINTLANNTUNAY (percentage of vertebral
height loss) HNTﬂ'G (kyphotic or Cobb's angle) WAZNIFAINTNYBITLHLILNIN Spinous

. . . . ; 1 =2 2 @ 1% 1% .

process (interspinous widening) #9LNUBNTINITRNIINVDIDUNTLANTUNRY (posterior

ligamentous complex injury) (‘jﬂﬁl 5.13)

U
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(A) (B)
;jﬂﬁ 5.13 ATW49A Burst fracture T8 (A) AP view \$iu decreased T8 vertebral height,

widening of the interpedicular distance (B) Lateral view Wi anterior wedging Wag

hyperkyphosis

11961999 CT scan
Waruluazausunnzgendinisnsaadan Plan X-rays s1n idayaifaai
fracture morphology THA 598919 retropulsed fracgment ka1 5eLEU degree of spinal canal

narrowing (‘jﬁ‘ﬁ 5.14)

Y

U7 5.14 Sagittal CT scan ﬂ@aﬁjﬂqmﬂmﬁmﬁ’u N degree of fracture comminution

U

& displacement, retropulsed fragment Wa% canal compromise {imn1TnAYTL (2 UNAS

102



19339 MRI scan

Gtsl a 4 A A ' . A o

Flazifuntquinuaesiiedasan (soft-tissue  trauma)  wazfuduniaznig
U Usialaaunas (spinal cord injury) THiiayanisuimdusisnnewsasnszgnaLmas Ee
i ladunas fiaudenfiananayiuszuulseam (epidural hematoma) F98YINN1THN2IAYES

ALL, PLL, posterior ligamentous complex fiagl (ﬁﬁﬁ 5.15)

U

11551 laedEnsN[IGn (Nonsurgical treatment)
nsumiusiansrgnaunasdonen daulvajiliu stable injury n135nEnlagdBnag

Taindtn Hur wawin, ananiatan, nnsligunaningsnianiauen saavsnnsiiuyann
Compression injury, burst fracture Gfuﬁjﬂfm‘ﬁﬁ costovertebral junction Un#, rib cage

Tusnsin wazlHnuauRaUnfress UL amMa#n195ne1 leeaanns (Nneia

Y TR:3333
| TE:68.4/Ef
3.0thk/0.5sp

1155 lae3Bn1sHsia (Surgical treatment)

$a1i9Z Tunnsrnsin ﬂiz@ﬂﬁ’mm:%mﬁﬂuﬁiﬁum (unstable injury) WazLia
pARUNRrasszuLlsram  naRndpflannisBnsensegnaunainiaudaslanzais
N9e@NAUNRY (posterior spinal instrumentation) (#n41 pedicle screw fixation 3anALNS

\deandasdanszgnaunas (fusion) AAlESIUNALSY (51U 5.16)

U
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(B)

U7 5.16 (A) T8 Burst fracture with incomplete spinal cord injury

e )

(B) T

SUNT9WFIA Open reduction & posterior instrumented fixation T6-T10

nszaMinuasiaiARanaBINTLANANNAIEIULAT (Low Lumbar  Spine

Fractures)

Low lumbar spine $IUSIHAIUANTLANTUNRIRIUDITIAY L3-L5 590919 L5-ST
junction nfumsEAAUSIANUlFTiagndn thoracolumbar (T11-L2) spine Liafe19aun
WHINTZANAUARY sagittal alignment W& TL-spine axAaulLNIY neutral sagittal contour
Tuaguedt lumbar spine & lordotic contour (40°-60°) waLMINAIITENITIAREUIMATILARTY
U504 TL-spine siugsfiadnfinsindeumatiosndn lumbar spine  A9sii Liladiaesnun
AFUATIIUBI0L low lumbar spine  FasnsHadREassen1etl (saunentsdeniese)

¥ N ;d' o/ °© o A o A ;d' [ o o/
9rfnsiignsafigaiunisantafdanisiadaumafiane @e (Uifueiuaunnn wsiusis
TLALIBINTEANTUNAITIYNT AR

a o O o A A [ [ < [ 1
N9 INIAATNASRIAY MILALATBINUATTUIALILADINTLANTHRAINIULBT (Low
Lumbar Spine Anatomy)

n3zgNaIw vertebral  body  7eNIrAnAUMATAlNIBaiawIaTra) ANgIRY
vertebral body W& intervertebral disc MeAMMTiNgendnFaumas FwinlHiAn lordotic
curvature NszgN&aw pedicle Hawnlng) Fsamnsaliduidnsdlanzainnszgnaunasd

= ] . v @ 1 =
138191 pedicle screw system (Fifluagingf
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@ 1

Hamanaiwn (umbar facet joints) L3eNFR IMUWINTIN -4 (sagittal orientation) %9
ﬁmmﬁl,m’ﬁiﬂufm‘fmt,m lateral bending &% rotation HINNANLLWA flexion—extension

Twsenszgn&umasaea (lumbar spinal candl) Hamalnajndnseivsanszgnam
nisfiagwilednly deiu nsgnasifieasiniszameinnazgniiuanin -iaaamudin iy
Tns9nazgndumad (retropulsed fragment) AvilannafiazyinliiAnniegryiReniayinuans
srunsyamiiey anvsszuulsramiinensgbilnssnszgndmasusiond ndiues
sxuuUsEEvfiBendn cauda equina AW MAAANNSUAAE LSBT ULUSTaMSINETT A
finennsniuaznsiindaisingn TL-fractures wae T-fractures
ARINAISUIALTY (Mechanism of injury)

Burst fracture 284 lumbar spine #nLfinan axial loading FavnlHiAnnMsuandas
(comminution) 2BINTEANAIU vertebral body WAL vertebral endplate MINANITEUYDY
nszgnauninnn @19yl posterior ligamentous complex (#5ULALTLT

Traumatic spondylolisthesis 284 lumbar spine LAANITUANHANAAY posterior element
989 lumbar spine (8nLduaawiEundn pars interarticularis) @mﬁm’mﬁ'@uﬂmm:@ﬂﬁu
nasUFsamfafladiouiuinldemils wanarnasinliiAneinisUamaeauda a1aifia

£1N119U9AF19R92UATNITFYLAEN1T9UBT NUTE M AINLET TININGHDINTT

cauda equina compression syndrome (51 5.17)

U
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[ [~ o [ ) .ps .
m‘smuuﬂﬂizmwwmmsumwunszg}ﬂﬂummmmﬁq (Fracture classification)

T Gertzbein’s classification L¥siRea1iL thoracic spine injury (3171 5.12)

FINTTUREBINTFUNA

Huaefe1n15U9n1eq Lax/Mae Uan31989871 AnduKasInUsE@m (radicular pain)
21 ANBINITEENLIINEHHBULL lower motor neuron lesion T1AMHUWITINUTTAM T
andrauaunsdn uazvde ndnailansamananiingeniss (loose anal sphincter tone)

UIIMNTEANAUNAIRINLET B19ARTNLEBITN (interspinous gap) N15RAFULLL
stepping WAENTGEYLAE lumbar lordosis
ATATITATNIIA

1961599 Plain X-rays

AITENATITNINEIR LS—spine 519 AP view uaz lateral view Twi{tlae Burst fracture
AINFIRYIN AP view TWUNITHUAIVBINTTANAIU vertebral body (anterior wedging 1158
decreased vertebral height) Wag vertebral endplates WlI2B9 spinous process PRI TN
LLuQﬁ!Gﬂma (midline) WUN1981N319289 pedicle (widening of interpedicular distance) Ty
lateral view AITAAUNANTTIABUAIYD9NTTANFUNAY (vertebral translation) $B8RzU04N1S

YUFIIBINTEANAHNAY (percentage of vertebral height loss) #ulfiv (kyphotic or Cobb's

angle) La¥B1INL retropulsed fragment (‘E‘Uﬁ 5.18)

Y
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AMNS9RAUIUBNIWAR posterior ligamentous complex  (#uA F=82 interspinous  distance
N4, subluxation> 3 HH. LA kyphotic angulation>25°
119,939 CT scan

Tu Burst fracture ﬂﬁ‘jm‘m@ﬁﬁﬁ%ﬂ‘mﬁu amount of canal compromise, NNTUANANYBY

posterior elements 1% associated laminae & pedicle fractures (1% 5.19)

Y

171961599 MRI scan
HUseiiun1su1A§UEe9 neural elements IAgaNAE cauda equina $989NT98EN

2IMYBN posterior ligamentous complex

M55 laedEns NKIGm (Nonsurgical treatment)

TAuA N19UBURN (bed  rest) ﬂ’]‘iéf%ﬂqﬂﬂ’iiﬁil\lﬂqﬂﬂﬂﬂﬂﬂilu@ﬂ (external  orthosis/
bracing/ casting) T%Turi’jﬂw low lumbar burst fracture AlwuAMNARUNFRIRITELLUTEE M
Y A ' o = & A 1 A 1Y o Gf
wiiifim retropulsed fragment ax@nawse HAnn iasainwudn nazgniluandeudin{uln
Tnssnszgndumasinausaaeuulasgundy (remodel)[FiFnnomils Bnvivaumiu
muquéﬂm\mﬂﬁwwﬂﬁ:@ﬂﬁ’wé’aﬁn%w?u@hmm 19501 eedinas (KN ARAf

dl ) o
UNUIMARIATYNIN
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A155nEIlaeAsnsHsa (Surgical treatment)

HiativEtunarndntu low lumbor burst fracture (Hurd Flaefliinnisgeidenis
NWNIUTBITEUUUTERIWININNGT 1 92AU, kyphosis> 10° way anterior height loss>50%
Funm{Fd degree of canal compromise  lFiintladeluntssnunlnedsnisnidn

nsBap3anszgnaunaaonen t1aqiiuient¥ pedide screw instrumentation lag
wenendnnselitasssiuiigaiiazainisa Wiaoiuasdenszgndundadanien 1ile
snnaedeuiasiasonsrgndmdsdauenfivie (U7 5.20)
A1TNIRABANITNANLIINUTEEI (neural  decompression)  &IHTANTENN S ImeN151%
posterior, posterolateral, anterior approaches 1234 Ejjﬂfm‘ﬁﬁ associated laminar fractures 1

v
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