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Initial Assessment and Management of Patients

with Spinal Cord Injury

Jun-Yeong Seo, M.D., Ph.D., Jeehyun Yoo, M.D.*

Department of Orthopaedic Surgery, Jeju National University Hospital, School of Medicine, Jeju National University, Jeju, Korea
*Department of Rehabilitation Medicine, Inje University College of Medicine, Korea

Study Design: Literature review.

Objectives: To summarize the most up-to-date information on the initial management and neurological examination of patients with

spinal cord injury (SCI).

Summary of Literature Review: Secondary injuries result from acute pathophysiological processes such as bleeding, hypoperfusion,
inflammation, necrosis, and apoptosis around neural elements that initially survive a mechanical injury.

Materials and Methods: Orthopedic surgeons must be familiar with the anatomy of the spinal cord and the initial management of a
patient with SCI. A detailed neurological examination in accordance with the International Standards for the Neurological Classification
of Spinal Cord Injury is a prerequisite. It is important to distinguish between spinal shock and neurogenic shock, which are characteristic

phenomena in patients with SCI.

Results: Rapid realignment of the spine and proper medical management to avoid hypoperfusion are important in the overall care of a

patient with SCI.

Conclusions: Patients with SCI should be managed and treated properly to enable them to return home and to their work as soon as

possible.
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INTERNATIONAL STANDARDS FOR NEUROLOGICAL
CLASSIFICATION OF SPINAL CORD INJURY

ASHN ISC®S

Patient Name,

Examiner Name,

2he Yol of

neurological levels, neurological level of injury (NLI), complete

So7hA] Wk A7) =g Qs

or incomplete, ASIA impairment scale (AIS), zone of partial
F71 SHA|EE, o]Zlo] ofE A
A= 7/1?_1;(1 = 01'0} Ea— 740] et

Mgl Bl d BIAE Bl olahS of B2 sk,
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4 levele]tt. Motor level-2 0] Aok grade 3 o]/golH
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Q1 7F 5F] level o] 22 47§ €] neurological level ol A 7H4F 4
9] levelol] sig?te}. th2-9] AAIE FoHH o A oo 4
82 ZAoltt. Fig. 12 A5 H715t of2- ISNCSCI calculator
£ &l 28 ot o] ExpollA 259 sensory level>
light touch®} pinpricko] 5 27431 7F 519 level )l C70]H

Date/Time of Exam

Signature

(ISNCSCI)
SENSORY SENSORY
RI G HT Kxglgis KEY SENSORY POINTS KEY SENSORY POINTS Kxglgﬁs L E FT
Light Touch (LT) Pin Prick (PP) Light Touch (LT) Pin Prick (PP)
Cc2 2 2 2 2 C2
c3 2 2 2 2 Cc3
C4 2 2 2 2 C4
Elbow flexors C5 | _4 2 2 2 Z 5 | C5 Elbowflexors
UER Wiist c6l 3 2 2 1 1 3| C6 wist UEL
(Upper Extremity Right) Elbow c7 1 2 2 1 1 3 C7 Elbow (Upper Extremity Left)
Finger flexors C8 | O 1 2 0 1 1| C8 Finger flexors
Finger (it finger) T1 |__O 1 2 0 0 0 | T1 Finger abductors ite finger)
Comments (Non-key Muscle? Reason for NT? Pain?): T2 1 1 0 0 T2
T3 0 0 0 0 T3 (SCORING ON REVERSE SIDE)
T4 0 0 0 0 T4 0= tofal paralysis
15 [0 | [0 0| [0l 15 |odeeimomenn
= ‘movement, liminat
T6 [0 0 0 0| T6 |5 hemorener ooy
T7 | 0 0 0 O | T7 |32 e movement st s~
T8 0 0 s 0 0 T8 5*=nomal comected for pain/disuse
19 0 0 (L. * Key Sensory [ o 0 |79 [LMTroteeme
T10 |0 0 R Points 0 o |0 SENSORY
™ o 0 ! 0 0 | ™ (SCORING ON REVERSE SIDE)
] 0= absent 2=romal
TM2] o 0 0 0 | T2 |iiee NT— no fostale
L1 0 0 0 0 L1
Hip flexors L2 [ O 0 0 0 0 0 | L2 Hip flexors
Knee L3 o 0 0 0 0 0 | L3 Kneeext LEL
(Lower Extremity Righty  Ankle dorsiflexors L4 [ O 0 0 0 0 0 [ L4 Anke dorsiflexors  (Lower Extremity Left)
Long toe extensors L& | 0 0 0 0 0 0 | L5 Longtoe extensors
Ankle plantar flexors $1 | 0 0 0 0 0 0 | S1 Ankle plantar flexors
S2 0 0 0 0 S2
VAC) Volunt: I contracti S3 0 g 0 L S3 'DAP) D /
(VAC) Voluntary anal co? \gsC/I(I%V)’ m S4-5 0 0 0 0 S4-5 m FYe s/l)\l O)eep anal pressure
RIGHTTOTALSI I I 15 I l 17 | I 10 I | 1 | I 12 ILEFTTOTALS
(MAXIMUM)  (50) (56) (56) (56) (56) (50)  (MAXIMUM)
MOTOR SUBSCORES SENSORY SUBSCORES
UeR[ 8 J+ueL[12 |-vemsTorar [20 | ter[ 0 |+tet[ 0 |-temstora [0 | LR +1IL =LTTOTAL ppR 17 |+ ppL[ 11 |=PPTOTAL
MAX (25) (25) (50) MAX (25) (25) (50) MAX (56) (56) (112) MAX (56) (56) (112)
NEUROLOGICAL R L 3. NEUROLOGICAL 4. COMPLETE OR INCOMPLETE? (Incompete injresonly) R L
LEVELS 1 SENSORY[CT] LEVEL OF INJURY Incompet = Anysensoy or oo furcionin $45 ZONE OF PARTIAL - sensory[T2 ]
Steps 1.5forlassieaon 5 OTOR (NL) 5. ASIA IMPAIRMENT SCALE (AIS) st G SERVATION MOTOR [c&]
This form may be copied freely but should not be altered without from the A Spinal Injury . REV04/15

Fig. 1. Worksheet for an imaginary patient with a complete spinal cord injury.
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Complete injury= S4-52] dermatome®f|4] light touch$}
pinprick®] B Weh}R] ¢F31) voluntary anal contraction
o] ¢lom, deep anal pressure §l& WE 2LF WEsh= 74
S-o|t}. oJuf ASIA impairment scale (AIS)}-& A7} Hth. Fig. 1
9] g2F= complete injury©]al AIS A©|t}. Zone of partial
preservation complete injury®l AIS Al 799t 7] =s}=
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A A olsi7t 7Fs e Aol

AIS B} CE 83} H4}. Complete injury7} obd -9
= AIS B (=Motor complete) o]Afo] E=d), voluntary anal
contraction®| YAY, EX= F 2=9] motor levelot#| = 3
level-Z Z3F5= leveloll Al motor7} Q1= 7320l = AIS C o
o] =t} Fig. 25 HH $4-59] light touch®} pinpricka #-¢-
oA % 00| A9k, deep anal pressure”} Yes©| =22 (Sensory
incomplete’dEll) AIS Boldolgtal & 4 J=H], +=2] motor
levelQl C5 ol A 519 3 level:2 Z}5h= level?l T1YA4] grade
0, F=2] motor level®l C5 519 3 levelS Z3}6h= levell T1

ol A grade 00122 AIS B~} Ht}. Fig. 3 Fig, 29} 72| H]2:5}
Zqt 2=2] motor levelQl C5519] 3 levelS Z}soH= T1of A
motor grade 122 14 1. glo B & AIS C7} &= Zo]t},

AIS C&F DE 57 $I5ll4= NLI 5k 2] key muscle 5
Zloj = \F o]Akoll A motor grade 3 o14F0] = S-S AIS D,
1192 25 AIS C7F ®eh? Fig. 4014 NLI= T100]3 T10
51919l 29 10702] key muscleof| A 2] grade 3 014321 key
muscle©] 57§(50%) o] 2.2 AIS D7} &&= Zlo|tt, AIS Est &=

INTERNATIONAL STANDARDS FOR NEUROLOGICAL s DSEima of Exam
AASSU,  CLASSFICATION OF SPINAL CORD INJURY ISCé&S
INTENATION A1 T AR e Ty X iner I (Ul
(ISNCSCI) Examiner Name, Signature
SENSORY SENSORY
RI G HT Kng S?:LRES KEY SENSORY POINTS KEY SENSORY POINTS KngS?:LRES LE FT
Light Touch (LT) Pin Prick (PP) Light Touch (LT) Pin Prick (PP)
Cc2 2 2 2 2 C2
c3 2 2 2 2 Cc3
---Cd 2 2 2 2 Cd___
Elbow flexors C51_ 4 2 2 2 2 5 _IC5 Elbowflexors
UER Wrist ce[_ 3 2 2 A 2 2 2| C6 Wrist extensors UEL
(Upper Extremity Right) £, C7| 2 1 1 ) 1 1 2 | CT7 Ebowextensors ~ (Upper Extremity Left)
Finger flexors C8 | _ 1 1 1 0 0 1__| C8 Finger flexors
Finger abductors (itte fingen T1§__ O 0 0 0 0 0§ T1 Finger abductors (itie finger)
Comments (Non-key Muscle? Reason for NT? Pain?): T2 0 0 o 0 0 T2
T3 0 0 0 0 T3 (SCORING ON REVERSE SIDE)
T4 0 0 Oorsum 0 0 T4 0= total paralysis
T5 0 0 0 0 T5 1= palpable or visible contraction
2= ach t liminated
T6 [ 0 0 0 0| T6 | 3= Schemovenent sy
4= acl {,against some resistar
T 0 0 0 O | TT | 5= 5k et st resianes
T8 0 0 s 0 0 T8 5*=nomal corected for pain/disuse
[ 0 0 m ® Key Sensory [ 5 0 | Ty Lotk
™0 [ o0 0 R Points 0 0 | T10 SENSORY
™ 0 0 4 0 0 | T (SCORING ON REVERSE SIDE)
2 0=absent 2= !
Ti2 0 0 0 0 | M2 |3l NT— o fstabe
L1 0 0 0 0 L1
Hip flexors L2 [ O 0 0 0 0 0 | L2 Hipflexors
Knee 31 0 0 0 0 0 0 [ L3 Knee extensors LEL
(Lower Extremity Righty  Ankle dorsifiexors L4 [ O 0 0 0 0 0 [ L4 Ankle dorsiflexors  (Lower Extremity Left)
Long toe extensors L5 | 0 0 0 0 0 0 | L5 Long toe extensors
Ankle plantar flexors $1 | 0 0 0 0 0 0 | $1 Ankle plantar flexors
S2 0 0 0 0 S2
VAC) Volunt: | contractic S3 0 2 0 0 S3 DAP) D |
(VAC) Voluntary ana CD?Y?S{Z\’J?:)' o ] S4.5 0 0 0 0 S4-5 [Yes ] { o S/;V o)eep anal pressure
reaTToras |10 || 12 12 " 11| [ 10 | ierrroms
(MAXIMUM) (50 (56) (56) (56) (56) (50)  (MAXIMUM)
MOTOR SUBSCORES SENSORY SUBSCORES
uer[10_J+ ueL [10 |= vems Torar ter[ 0 J+tet[ 0 |-iemstora [0 | 1w +UIL =LTTOTAL pPR [12 |+ PPL =pproTAL[ 23 |
MAX (25) (25) (50) MAX (25) (25) (50) MAX (56) (56) (112) MAX (56) (56) (112)
NEUROLOGICAL R L 4. COMPLETE OR INCOMPLETE? (In complete injuries only) R L
LEVELS 1. SENSORY[C6 | LEVEL OF OLRY el ity o6 L] ZONE OF PARTIAL  sgsopy[NA]
Stps 5forclassicalon 5 OTOR[C5 | (NL) 5 ASIAIMPAIRMENT SCALE (A1S) [ B__| o LRESERVATION MOTOR[NA |
as on reverse 3 d with any
This form may be copied freely but should not be altered without permission from the American Spinal Injury Association. REV 04/15

Fig. 2. Worksheet for an imaginary patient with a spinal cord injury whose American Spinal Injury Association (ASIA) impairment scale
score is B.
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INTERNATIONAL STANDARDS FOR NEUROLOGICAL

AS#R CLASSIFICATION OF SPINAL CORD INJURY ISC“S

Patient Name

Date/Time of Exam

(ISNCSCI) Examiner Name, Signature
SENSORY SENSORY
RI G H T KE’chTS%LRES KEY SENSORY POINTS KEY SENSORY POINTS Kxg;rs?:ﬁs L E FT
Light Touch (LT) Pin Prick (PP) Light Touch (LT) Pin Prick (PP)
Cc2 2 2 2 2 C2
c3 2 2 2 2 [ox]
=G4 | 2 2 2 2 | c4
Elbow flexors C5§ _ 4 2 2 2 = 5 | C5 Elbow flexors
UER Wrist cel 3 2 2 A 2 2 2 | C6 Wrist extensors UEL
(Upper Extremity Right)  Eipow c7| 2 1 1 = 1 1 2 | C7 Elbow {{ppse Sxromity Lot}
Finger flexors C8 | _ 1 1 1 0 0 1| C8 Fingerfiexors
Finger abductors (itle finger) T1 1 0 0 0 0 0 | T1 Finger (Iittle finger)
Comments (Non-key Muscle? Reason for NT? Pain?). T2 0 0 o 0 0 T2
T3 0 0 0 0 T3 (SCORING ON REVERSE SIDE)
T4 0 0 Dorsum 0 0 T4 0= tofal paralysis
T5 0 0 0 0 T5 1= palpable or visible contraction
2= actiy t, ity eliminated
T6 [ 0 0 0 0| T6 |55 2chemmenc comcamy
4= acti t, against sistar
|0 0 0 O | T7 |52 5 movement souinst hlresisams
T8 0 0 s 0 0 T8 5*=nomal corected for pain/disuse
19 o 0 m * Key Sensory [ o o 1T NT= ot festable
o[ 0 0 R . 0 o | To SENSORY
™ o 0 ! 0 0 | ™ (SCORING ON REVERSE SIDE)
: 0=absent 2= nomal
T2 0 0 0 0 T2 1= altered NTS‘:!,;‘QYSQGHS
L1 0 0 0 0 L1
Hip flexors L2 | 1 0 0 0 0 0 | L2 Hipflexors
Knee extensors L3 | 1 0 0 0 0 0 | L3 Kneeextensors LEL
(Lower Extremity Right)  Ankle L4l 1 0 0 0 0 0 | L4 Anke (Lower Extremity Left
Long toe extensors L5 | 1 0 0 0 0 0 | L5 Longtoe extensors
Ankle plantar flexors $1 | 1 0 0 0 0 0 | S1 Ankle plantar flexors
s2| O 0 0 0 | s2
(VAC) Volunt I contracti S§ | 0O o 9 ) S3 (DAP) D 1
'Oluntary anal contraction )eep anal pressure
g4 (YosNo) [No ] s45 [0 0 0 0 | s45 [Yes] {Yes/io)
RIGHT TOTALS | 16 | 12 12 " " I 10 | LEFT TOTALS
(MAXIMUM)  (50) (56) (56) (56) (56) (50)  (MAXIMUM)
MOTOR SUBSCORES SENSORY SUBSCORES
UER[ 11 |+ uEL [ 10 ]= uems ToTAL LER +LeL[ 0_|-LEms ToTAL tr[12 ]+ L =LTTOTAL pPR [12 |+ pPL[ 11 |=PPTOTAL[ 23 |
MAX (25) (25) (50) MAX (25) (25) (50) MAX (56) (56) (112) MAX (56) (56) (112)
NEUROLOGICAL R L 3. NEUROLOGICAL 4. COMPLETE OR INCOMPLETE? (In complete njuries only) R L
LEVELS 1.SENSORY[CE | LEVEL OF INJURY ooty serarcannsis L] ZONE OF PARTIAL  sensory[NA]
Steps f9forcassiicalon—— MOTOR (NL) 5. ASIA IMPAIRMENT SCALE (AIS) [ C_] e ERESERVATION MOTOR
This form may be copied freely but should not be altered without permission from the American Spinal Injury Association. REV04/15

Fig. 3. Worksheet of an imaginary patient with a spinal cord injury whose American Spinal Injury Association (ASIA) impairment scale
score is C. This differs from Figure 2 in that the motor strength is grade 1 at the T1 level.

sensory, motor’} 431 H--2 =
o] Aot 3EE F-gofgt A-g3it,
A ool GIE A AIS Egtal 514
Apgo] Ao s Ao 2 Folgke

= H Ukl ik

BN
i)
=2
Bl
=
N
N
e
0%

4, SoA1 F2 714 HATE agAl g2
A174% 7] (sympathetic chain)el|A] 7] A|ah= al75H2 <l
71915k}, WAAA L T AL M
oo = Azt 42t AdatEs W= st

She 482 Itk &, HE

L ot et AR ETedh) 2 2

e
=21 =

12 e J

24 5o

1 O

2 o591 o] WAl Al A7 BAA Fu A7 ARE 2
T oAl =9 AAEFEe] bR 1 wx dto] SRR o] A
W, A defo] WAste] ERAEsrH o Bt AH 7t 5
=, ol el E 4178 Q184 (Neurogenic shock)ol=far gt
th*"* E@ A< (Hemorrhagic shock)AefollA] A& ¢ta} wiw

o] T E= A= thE Bgolth
Hopi/ds W2 o] &4 w2 A0 sh9jo| A A, &
5, WAL 7]5o] BT AAEE o] B 4 et olF
2224 #(spinal shock)olatal Qret>"Y th7f 24A17keA] 48
4

el gl HA|TE o Feof|A]

S} H2-9)=H x1H o]

ST ETT o
(bulbocavernosus reflex) L+

NE7HA] A &= =
e o, FHSHAREA

o 1

U QRetha A5 & AleE AT 4 glom, ol ur
A} R 2 & geelA] B8 H e Aoz Bud

% et

www.krspine.org 85



Jun-Yeong Seo et al

Volume 25 ¢ Number 2 ¢ June 30 2018

INTERNATIONAL STANDARDS FOR NEUROLOGICAL
CLASSIFICATION OF SPINAL CORD INJURY

ASHN ISC®S

Patient Name

Examiner Name

Date/Time of Exam

Signature

(ISNCSCI)
SENSORY SENSORY
RI G H T KE'\ngs?:FEs KEY SENSORY POINTS KEY SENSORY POINTS KggJS(ngs L E FT
Light Touch (LT) Pin Prick (PP) Light Touch (LT) Pin Prick (PP)
Cc2 2 2 2 2 c2
Cc3 2 2 2 2 c3
C4 2 2 2 2 C4
Elbow flexors C5 |5 2 2 2 2 5 [ C5 Elbowflexors
UER Wrist ext c6| 5 2 2 A 2 2 5 | C6 wrist extensors UEL
(Upper Extremity Right) - £y c7| 5 2 2 ] 2 2 5 | CT7 Elbowextensors ~ (Upper Extremity Left)
Finger flexors C8 | 5 2 2 2 2 5 | C8 Finger flexors
Finger abductors (itte finger) T1 5 2 2 2 2 5 | T1 Finger abductors itte finger)
Comments (Non-key Muscle? Reason for NT? Pain?): T2 2 2 = 2 2 T2
T3 2 2 2 2 T3 (SCORING ON REVERSE SIDE)
T4 2 2 Dorsum 2 2 T4 0= total paralysis
T5 2 2 2 2 T5 1= palpable or visible contraction
2= aciive t, gravity eliminatod
T6 | 2 2 2 2 | T6 | 5= schomoenen aundgey
[ [ 2| [ 1 |t s s
T8 2 2 2 2 T8 5*= nommal correced for pain/disuse
T9 [ 2 2 w. * KeySensory [ 2 | o LAt
0 [ 2 2 R ol 2 2 | T10 SENSORY
™ 1 > ! > > ™ (SCORING ON REVERSE SIDE)
3 0= absent 2= normal
T2 1 1 L 2 | M2 |3 5 NI~ no festate
L1 1 1 1 1 1
Hipflexors L2Y 3 Ji[ 1 1 1 1 3 [IL2 Hip flexors
Knee extensors L3] 3 |1 1 i 1 1 3 iL3 Kneeextensors
El LEL
(Lower Extremity Right)y  Ankle dorsi L4] 2 1 1 1 1 3 L4 Anke dorsiflexors  (Lower Extremity Left)
Long toe exte L5| o 1 1 1 1 7 "[ L5 Long toe extensors
Ankle plantar flexors $1 |0 1 0 1 1 1 | S1 Ankle plantar flexors
s2| 0 0 1 1 S2
VAC) Volunt: I contracti S3 0 0 ! ! S3 DAP) D !
(VAC) Voluntary ana co? Yreasr},\!lt:g m S4-5 0 0 1 1 S4-5 m ?Ye s/;\l a)eep anal pressure
RIGHT TOTALS | 33 | 42 42 46 47 | 37 I LEFT TOTALS
(MAXIMUM)  (50) (56) (56) (56) (56) (50)  (MAXIMUM)
MOTOR SUBSCORES SENSORY SUBSCORES
uer[25 |+ ueL = UEMS TOTAL LER +LeL[ 12 |-LEMs TOTAL ™ s =LTTOTAL pPR (42 |+ PPL =pp1oTAL[ 89 |
MAX (25) (25) (50) MAX (25) (25) (50) MAX (56) (56) (112) MAX (56) (56) (112)
NEUROLOGICAL R L 3. NEUROLOGICAL 4. COMPLETE OR INCOMPLETE? (In complete injuries only) R L
LEVELS 1 sensorv[T10] [T11] 3. NEUROLOGICAL neorsisn oy oo sty otsonn 5 || ZONEOFPARTIAL  sgsoRy[NA]
P e 2. MOTOR[T10] [T11] (ML) 5. ASIAIMPAIRMENT SCALE (1) [ D], PRESERVATION "~ moror [NA
This form may be copied freely but should not be altered without from the Spinal Injury REV04/15

Fig. 4. Worksheet of an imaginary patient with a spinal cord injury whose American Spinal Injury Association (ASIA) impairment scale
score is D. In regions where there is no myotome to test, the motor level is presumed to be the same as the sensory level.

5. M4aasixtel 2|2
2 2 §ro] A=l

)

¢
O
e nZ >

N T
rr

o flo
ol

ok

g

o)

2

o,
B=
)

]

EJH] FFF4T 1 FRF Aot Al S (astroglial

AR ohe] B35l AR 53

740]1:}”-18’ ?J{}OH/H of 7%4 1*“01 ‘E‘O} o™ 4t

2| oA eb2te] 271250
=4 9 gH 7‘4"4 A& AEote A A, H4-2] 5
S 1A ob7] 9ol 44 AU FAok= Aol tids] F
3t o]l YA 100% AtAESE R HAZMA(Mean

86 www.krspine.org

arterial blood pressure)& 85~90 mmHgZ FA|5t= A2 &
EZ )Y H2a A5kt A7l o 2 015t A EHATE]
o] 9=t T2 d3o] sAlo] 1 Yeloju g el
(balanced solution)& &3]

o] sfztt” $oe FR3| Fo] T (central venous
wAo] w2 o

32,
oo
-3
ki
24
el
Ll
E

pressure)O] A =20

S o= 3 554 (pressor agents) S Fo5to] Bt}
S A #ot? AgFAEH Ro|E A2 AR EA ] S
LF7EANS AR wosta {1t A7t o] 919
o] glomg o= FHE A ‘E%%E’rf” T}, Algt ol
735 J_’—%%kiEﬂio]E A==z WA 5 Qe —H"“*ﬂr 2
e & 5

i

i
me of 1o oZ: rol,

o=
= =1ETPN

a
S’:

U
3

6. 4453
AR GEgo] obd AG HA] S e 91xo] njet 5



Journal of Korean Society of Spine Surgery

Spinal Cord Injury

(o3 ==
(\)_].1_0
o B
o

! A aA o] FE7E vEhbe R 7] BeE
(spinal cord syndrome)o]=2tal stH, SHAZ S-S
(central cord syndrome),”” Brown—Séquard syndrome,

2428 F(anterior cord syndrome), F2458 7 (posterior
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4o
2 ol

cord syndrome), H4=P55-Fw(conus medullaris syndrome)
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