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Objectives
· Understand how to perform the examination according to the International Standards

· Define the categories of the ASIA Impairment Scale (AIS) 

· Able to classify SCI patients according to the AIS

1. Summary of 2019 Revisions: There were two major changes

1) Extended tagged score (*) concept for documentation of non-SCI related impairments: 

a) For motor - On the worksheet the real examination score obtained is documented (any motor score including 0-4 and not testable (NT) and tagged (*) to document non-SCI related impairments. The examiner should document in the comment box the reason for the tagged (*) score as well as whether this tagged score should be considered normal for classification purposes
b) For sensory – can now use a tagged (*) score (previously there was no documentation available)
i) Record on the worksheet the real examination scores and place a tag (*) by it to represent a non-SCI related condition

ii) Document in the comment box the reason for the tagged (*) score as well as whether this tagged score should be considered normal for classification purposes
Remember - whenever using the *, must document in Comment box 2 things:

1. The non-SCI related etiology

2. Whether the score would test as intact (or not) if the issue were not present
2) New definition of the zone of partial preservation (ZPP) to include use in incomplete lesions under certain circumstances (see later Section 3.8) 
2. Elements of Neurological Assessment 

· Assessment is based on the International Standards for Neurological Classification of Spinal Cord Injury (ISNCSCI). 
· The latest revisions to classification were in 20191. The previous edition was in 20152.
· Required components include light touch (LT) and sharp/dull discrimination (pin prick-PP), motor function in key muscle groups, and anorectal exam. 
· Optional elements: proprioception and deep pressure sensation and additional muscle testing. 

· Important to be aware of the Autonomic Standards as well3; recommended to be used along with the ISNCSCI. 

2.1 Sensory Examination 

· Key sensory points at 28 dermatomes on the right and left sides of the body 
· Dermatomes tested are C2 through S4-5 (taken as one level)
· Tested for appreciation of LT and PP modalities
· If cannot test a key point, use any location within dermatome and document in the comments box
· If unable to test, document “NT” (not tested)

· Scoring - 3-point scale, with normal established on face (see scores below) 
· Rectal exam is performed to determine deep anal pressure (DAP)
· Sensory (dermatomal) Testing & Scoring (see worksheet for correct place to test): 


C2:
Occipital protuberance


C3:
Supraclavicular fossa


C4:
Top of the acromioclavicular joint

C5:
Lateral side of antecubital fossa


C6:
Thumb




C7:
Middle finger


C8:
Little finger



T1:
Medial side of antecubital fossa


T2:
Apex of the axilla

T3:
Third intercostal space (IS)


T4:
Fourth IS (nipple line)


T5:
Fifth IS (midway b/w T4 and T6)


T6:
Sixth IS (level of xiphisternum)

T7:
Seventh IS (midway b/w T6 & T8)


T8:
Eight IS (midway between T6-T10)    
T9:
Ninth IS (midway b/w T8 and T10)


T10:
Tenth IS (umbilicus)


T11:
Eleventh IS (midway b/w T10 &12)


T12:
Inguinal ligament at midpoint

L1:
Half the distance b/w T12 and L2


L2:
Mid-anterior thigh


L3:
Medial femoral condyle


L4:
Medial malleolus



L5:
Dorsum of the foot at 3rd MTP joint


S1:
Lateral heel



S2:
Popliteal fossa in the midline


S3:
Ischial tuberosity



S4-5:
Perianal area (taken as one level)
Light Touch (LT) Sensation 

·  test for LT sensation using a cotton swab 

·  stroke skin at key point for distance of no more than 1 cm 

·  grade sensation as normal (2), altered (1) or absent (0) 

· normal sensation is established by touching the face (or another area with normal sensation if sensation to the face is affected) and sensation is the same
· altered sensation is any sensation that differs from that on the face including increased and decreased sensation. 

Pin Prick (PP) Sensation 

·  test for sharp/dull discrimination using a disposable safety pin 

·  grade sensation as normal (2), altered (1) or absent (0) 

· normal PP sensation = is felt just as sharp as the face 

· altered PP sensation =  is felt as sharp but not the same degree of sharpness as the face, (including hypo and hyper-esthesia) and can differentiate the sharp from dull sensation 

· absent means that there is no feeling of sharpness or that the patient cannot reliably distinguish between the sharp and dull sensations 
· If there is a question whether the patient can definitively discriminate sensation, 8/10 correct answers is considered accurate, as this reduces the probability of correct guessing to <5.0%.

Be aware of the change of scoring for sensory in the 2019 Revisions. Includes the ability to have a tagged not-normal score (*) to represent non-SCI related impairments. The actual score should be placed into the worksheet with the comment box being completed what the score should be for classification purposes:

Sensory Scoring:

	0
	Absent

	1
	Altered (impaired or partial appreciation, including hyperesthesia)

	2
	Normal or intact (similar as on the cheek)

	NT
	Not testable

	0*, 1*, NT*
	Non-SCI condition present 


Optional Elements of the Sensory Exam 

1. Joint movement appreciation and position sense
- Can be tested in the upper (little finger at the PIP joint, thumb, and wrist) and lower extremity (great toe, ankle, and knee). 

- Scoring: 

0 (absent) = unable to report joint movement correctly

1 (altered) = consistently correct (8/10) on large movements of the joints but inconsistent on small movements of the joints (100 or less)

2 (normal) = consistently correct on small movements of joints

NT = unable to understand and follow directions or if unable to test the joint (i.e. cast or amputation).

2. Deep pressure/deep pain. 
- Only tested if other sensory modalities are absent 

- Performed by applying firm pressure for 3-5 seconds at different locations (wrist, nail bed of the thumb, little finger, small and great toe, or ankle) after establishing a baseline with the patient by applying pressure using the index finger or thumb on the chin. 
- Scoring: 0 (absent)  = no pressure is felt peripherally
     1 (present) = felt reliably when pressure is applied. 
Important Points 

· C4 dermatome may extend down the chest almost to the nipple line and often confused with preservation at T2, T3. (Referred to as the C4 “shelf” or “cape”).
· For a patient who has absent T1 & T2 sensation with apparently preserved T3, T3 should be scored as absent if there is no sensation at T4.
· For dermatomes C6-C8, the dorsal surface of the proximal phalanx should be tested. 
· For the chest and abdomen, sensory testing at the mid-clavicular line. 
· For persons in whom it may be difficult to identify the T3 and T4 dermatomes, T3 and T4 intercostal spaces can be verified by palpation of the anterior ribs rather than relying on the nipple line. An alternative method of locating T3 is palpating the manubriosternal joint, just at the level of the second rib.  At that point, moving slightly lateral to palpate the second rib and continuing to move in a caudal direction will locate the third rib, and the corresponding intercostal space just below it. 
2.2 Motor Examination 

· Testing 10 “key” myotomes on each side of the body; 5 each in the upper and lower extremities 
· Testing is recommended to be performed in the supine position
· Non-Key muscles – see section 3.9
· The muscles are graded by manual muscle testing using a six point (0-5) scale 
· Whole grades only should be used (e.g. no “plus” and “minus” are used).
	Myotome
	Muscle Action

	C5

C6

C7

C8

T1

L2

L3

L4

L5

S1
	Elbow flexors (biceps, brachialis)

Wrist extensors (extensor carpi radialis longus and brevis)

Elbow extensors (triceps)

Finger flexors (flexor digitorum profundus of middle finger)

Small finger abductor (abductor digiti minimi)

Hip flexors (iliopsoas)

Knee extensors (quadriceps)

Ankle dorsiflexors (tibialis anterior)

Long toe extensors (extensor hallucis longus)

Ankle plantarflexors (gastrocnemius, soleus)


Be aware of the change of scoring for motor function in the 2019 Revisions. This now includes the ability to have a tagged not-normal score (*) to represent non-SCI related impairments and that the actual score be placed into the worksheet with the comment box being completed what the score should be for classification purposes (see below for greater detail):

	          0
	Total paralysis

	          1
	Palpable or visible contraction

	          2
	Active movement, full range of motion(ROM) with gravity eliminated

	          3
	Active movement, full ROM against gravity

	          4
	Active movement, full ROM against moderate resistance in a muscle specific position

	          5
	(Normal) active movement, full ROM against full resistance in a muscle specific position expected from an otherwise unimpaired person

	         NT
	Not testable

	0*, 1*, 2*, 3*, 4*, NT*
	Non-SCI condition present 


Frequently seen motor substitutions: Important to examine muscles in the proper position 
· wrist extension mimicked by forearm supination
· elbow extension by ext. rotation of the shoulder; pt flexes elbow then relaxes

· long finger flexion by wrist extension (tenodesis)
· finger abduction by finger extension
· hip flexion by abdominal or adductor muscle contraction
· ankle dorsiflexion by long toe extension

· See InSTeP training videos to visualize all of these positions.
(https://lms3.learnshare.com/home.aspx)
When to use NT vs NT*?
NT is used when
· conditions are present not permitting a proper exam of key sensory points or muscles and clinical assumption cannot be made
· the sensory feeling in the patient’s face is altered
NT* should be used when
· a non-SCI condition is present, but clinical assumptions can be made how the NT is handled for classification
2.3 Anorectal examination 

Deep Anal Pressure (previously called deep anal sensation)
· Examined through insertion of the examiners index finger and applying gentle pressure to the anorectal wall. Patient reports any sensory awareness
· Recorded as either present (YES) or absent (NO) on the worksheet. 
· In 2011 Revisions: In patients who have LT or PP at S4-5, examination of DAP is not required as the patient already has a designation for a sensory incomplete injury, although still recommended. 

Voluntary Anal Contraction (VAC)
· Part of the motor examination
· Contraction of the external anal sphincter around the examiner’s finger (“squeeze my finger as if to hold back a bowel movement”)
· Graded as either present (YES) or absent (NO). 
· Important not to confuse a reflex contraction of the anal sphincter (bulbocavernosus reflex) with voluntary contraction. 
2.4  Sacral Reflexes 

· Bulbocavernosus reflex and anal wink reflex 

· These reflexes do not determine whether the injury is neurologically complete or incomplete, rather informs as to the intactness of the sacral arc (not sacral sparing).
3.   Classification of Impairment – ASIA Impairments Scale (AIS) 

·  Designed to describe the level and severity of injury 
3.1 Sensory Level 

· The sensory level is the most caudal segment of the spinal cord with normal (a score of 2) sensory function for LT and PP 

· Since the right and left sides may differ, the sensory level can be determined for each side, generating up to 4 sensory levels (R and L for LT and PP) 

· For a single sensory level, the most rostral of all is taken

· If sensation is abnormal at C2, the level should be designated as C1 

· If sensation is intact in all dermatomes, record as “INT” that indicates “intact”, rather than as S5.  

3.2 Motor Level 

· Defined by the lowest key muscle function that has a grade of at least 3, providing the key muscle functions represented by segments above that level are judged to be intact (graded as a 5) 

· May be different for the right and left side of the body 

· For myotomes not clinically testable by a MMT, (i.e., C1 to C4, T2 to L1, and S2 to S5), the motor level is presumed to be the same as the sensory level if testable motor function above that level is normal as well.
3.3 Neurological Level of Injury (NLI)
· The single segment of the cord with intact sensation and antigravity muscle function strength provided that there is normal motor function rostrally 
· Determine sensory & motor levels for the left and right sides of the body and the NLI is the most rostral of these levels
· Since function is more correlated with motor than sensory level, misleading to only use the single NLI if the motor level is lower than sensory level 

· Level of fracture (“Skeletal Level of Injury”) not necessarily same as level of spinal cord damage. 
3.4 Sensory scores 

· 28 dermatomes per side so max score of 56 per side or a total of 112 for each modality of PP and LT

· Unable to score completely if any dermatomes are not graded (if NT or NT* is recorded)
3.5 Motor scores 

· Five muscles each extremity, (there are 4 extremities); so max score is 100 
· Best to determine upper limb and lower limb separately (50 points each) rather than total score
· Cannot total the score if any muscle scores are not graded (if NT or NT* is recorded) 



3.6 Complete versus Incomplete Injury 

·  Injuries are classified in general terms of being neurologically ‘complete’ or ‘incomplete’ based upon the “sacral sparing” definition (Waters et al 1991)4. 
·  “Sacral Sparing” - presence of and sensory or motor function in the most caudal sacral segments as determined by the exam: 

· Preservation of LT or PP sensation at the S4-5 dermatome; 
· Deep anal pressure (DAP); 
· Presence of voluntary anal sphincter contraction (VAC).
Complete Injury 

· Absence of sacral sparing (i.e. sensory and motor function in the lowest sacral segments, S4-5) – i.e. all components are absent.
Incomplete Injury 

· Presence of sacral sparing (includes any of the components as listed above):  

· reflex contraction obtained with the bulbocavernosus reflex or anal wink reflex is not voluntary and therefore not used to determine whether the injury is neurologically complete vs incomplete

3.7 ASIA Impairment Scale (AIS) 
A = Complete. No sensory or motor function is preserved in the sacral segments S4-S5.

B = Sensory Incomplete. Sensory but not motor function is preserved below the neurological level and includes the sacral segments S4-S5, AND no motor function is preserved more than three levels below the motor level on either side of the body. 

C = Motor Incomplete. Motor function is preserved at the most caudal sacral segments on voluntary anal contraction (VAC) OR the patient meets the criteria for sensory incomplete status (sensory function preserved at the most caudal sacral segments (S4-S5) by LT, PP or DAP), with sparing of motor function more than three levels below the motor level on either side of the body. (This includes key or non-key muscle functions to determine motor incomplete status.) For AIS C – less than half of key muscle functions below the single NLI have a muscle grade ≥ 3.
D = Motor Incomplete. Motor function is preserved below the neurological level, and at least half (half or more) of key muscle functions below the NLI have a muscle grade > 3.

E = Normal. If sensation and motor function as tested with the ISNCSCI are graded as normal in all segments, and the patient had prior deficits, then the AIS grade is E.  Someone without a SCI does not receive an AIS grade.  

For an individual to receive a grade of C or D, i.e. motor incomplete status, they must have either (1) voluntary anal sphincter contraction or (2) sacral sensory sparing (at S4/5 or DAP) with sparing of motor function more than three levels below the motor level for that side of the body. The Standards allows non-key muscle function more than 3 levels below the motor level to be used in determining motor incomplete status (AIS B versus C). 
Note: When assessing the extent of motor sparing below the level for distinguishing between AIS B and C, the motor level on each side is used; whereas to differentiate between AIS C and D (based on proportion of key muscle functions with strength grade 3 or greater) the single neurological level is used.


3.8 Zone of Partial Preservation (ZPP) 

· Prior to the 2019 revisions, was only used with complete injuries (AIS Grade A). (This changed in the 2019 revisions.) 
· In 2019 – this has been changed to the following: The ZPP is used only in injuries with absent motor (no VAC) OR sensory function (no DAP, no LT and no PP sensation) in the lowest sacral segments S4-5, and refers to those dermatomes and myotomes caudal to the sensory and motor levels that remain partially innervated. With sacral sparing of sensory function, the sensory ZPP is not applicable and therefore “NA” is recorded in the block of the worksheet. Accordingly, if VAC is present, the motor ZPP is not applicable and is noted as “NA”.

· In injuries with absent motor/sensory function in the lowest sacral segments, if there are no partially innervated segments below a motor / sensory level, the motor/sensory level should be entered in the box for the ZPP on the worksheet 
· In neurological incomplete injuries - for motor ZPP - if there is no VAC – a motor ZPP can be determined bilaterally

· In neurological incomplete injuries - for sensory ZPP - if there is no DAP, and no LT or PP sparing on that side, a sensory ZPP can be determined on that side
· If there is DAP, then there is no sensory ZPP on either side

· Motor function does NOT follow sensory function in recording ZPP, but rather the caudal extent of the motor ZPP must be based on the presence of voluntary contraction of key muscles below the motor level. 
3.9 Non-Key Muscles
· In cases where an individual has an AIS B classification, non-key muscles (see Table below) more than three levels below the motor level on each side should be additionally tested
· Non-key muscles do not need to be examined as a routine part of the ISNCSCI examination, but only in suspected cases of AIS B vs AIS C. The presence of any muscle function in these muscles should be documented in the comments section of the worksheet
· “If a patient is preliminarily classified as sensory incomplete [AIS B] where all key muscle functions more than 3 levels below the motor level on each side of the body are graded as zero and there is no VAC, then non-key muscle functions more than 3 levels below the motor level on each side of the body should be examined to rule out or rule in a motor incomplete status. If no motor function is present in any non-key muscle function more than 3 segments below the motor level on each side, the patient is classified as AIS B; otherwise as AIS C. This information (e.g. non-key muscle functions present) should be placed in the comment box”1.
[image: image1.emf]Movement  Root  level  

Shoulder :   Flexion, extension, abduction,  adduction, internal and external rotation   Elbow : Supination  C5  

Elbow :   Pronation   Wrist : Flexion  C6  

Finger :  Flexion at proximal joint , extension.    Thumb:  Flexion, extension   and abduction in  plane of thumb  C7  

Finger :  Flexion at MCP joint   Thumb : Opposition, adduction and abduction  perpendicular to palm  C8  

Finger:  A bduction of little finger  T1  

Hip:  Adduction  L2  

Hip:  Ext rotation    L3  

Hip :  Extension , abduction, int rotation   Knee : Flexion   Ankle : Inversion and eversion   Toe :  MP and IP extension  L4  

Hallux and T oe :   DIP and PIP   Flexion and  abduction   L5  

Hallux :  Adduction  S 1  

 


· There is no standardized technique described to test these muscles. 

3.10 ND (not determinable) 

· ND should be documented on the worksheet when any component of the scoring (e.g. upper and lower extremity motor scores, total motor and sensory scores) and classification (e.g. the sensory level, motor level and NLI, the ASIA Impairment Scale grade or zone of partial preservation) cannot be determined based upon the examination
· For example, if NT (not testable) is used in the scoring for the examination, and the motor, sensory or NLI, or AIS grade, cannot be determined in a specific case based upon this, then “ND” should be used for the designation of these scores, levels and AIS grade on the worksheet
· The reason for the NT grade should be documented in the ‘Comments box’.
4. Steps in Classification of Patient with SCI5,6
The following order is recommended for determining the classification of individuals with SCI. 
1. Determine sensory levels for right and left sides. 
The sensory level is the most caudal, intact dermatome for both pin prick and light touch sensation. 
2. Determine motor levels for right and left sides. 
Defined by the lowest key muscle function that has a grade of at least 3 (on supine testing), providing the key muscle functions represented by segments above that level are judged to be intact (graded as a 5).
Note: in regions where there is no myotome to test, the motor level is presumed to be the same as the sensory level, if testable motor function above that level is also normal. 
3. Determine the neurological level of injury (NLI). 
This refers to the most caudal segment of the cord with intact sensation and antigravity (3 or more) muscle function strength, provided that there is normal (intact) sensory and motor function rostrally respectively.
The NLI is the most cephalad of the sensory and motor levels determined in steps 1 and 2. 

4. Determine whether the injury is Complete or Incomplete. 
(i.e. absence or presence of sacral sparing)
If voluntary anal contraction = No AND all S4-5 sensory scores = 0 AND deep anal pressure = No, then injury is Complete. Otherwise, injury is Incomplete. 

5. Determine ASIA Impairment Scale (AIS) Grade. 
Is injury Complete? If YES, AIS=A 


No ↓
Is injury Motor Complete? If YES, AIS=B 

No ↓
(No=voluntary anal contraction OR motor function more than three levels below the motor level on a given side, if the patient has sensory incomplete classification) 
Are at least half (half or more) of the key muscles below the neurological level of injury graded 3 or better? 

    No ↓


  YES ↓

AIS = C

AIS = D


If sensation and motor function is normal in all segments, AIS=E 
Note: AIS E is used in follow-up testing when an individual with a documented SCI has recovered normal function. If at initial testing no deficits are found, the individual is neurologically intact and the ASIA Impairment Scale does not apply. 
6. Determine the zone of partial preservation (ZPP). 
The ZPP is used only in injuries with absent motor (no VAC) OR sensory function (no DAP, no LT and no PP sensation) in the lowest sacral segments S4-5, and refers to those dermatomes and myotomes caudal to the sensory and motor levels that remain partially innervated. With sacral sparing of sensory function, the sensory ZPP is not applicable and therefore “NA” is recorded in the block of the worksheet. Accordingly, if VAC is present, the motor ZPP is not applicable and is noted as “NA”. 
5. Determining the AIS Classification in non-SCI conditions (when there is a tagged (*) score

· The approach to determine whether a sensory/motor/NLI level or AIS should be tagged with a “*” or not would be:

1. Replace the “*” scores with the assumed ones (e.g. a 5 for motor and 2 for sensory), classify and write down the classification results(
2. Re-classify with the actual examination scores (without taking the “*”s into account) .
3. Tag all differing classification variables with “*”, because they are  impacted by replacement of “*”-tagged scores with assumed scores.
· The use of “*” might also have an impact on AIS classification

· In all cases where the AIS has been determined on the basis of clinical assumptions it should be marked with an asterisk “*”.

6. Pediatric considerations:
· Training for the examination is well described in the WeeSTeP (www.http://asia-spinalinjury.org/learning/). 
· The comprehensive examination of the ISNCSCI is thought to be too complex for the cognitive abilities and tolerance of children younger than 6 years old and some patients as old as 8 may have difficulty with the exam (see Pediatric section of this course). 
7. Autonomic Assessment

· Autonomic dysfunction plays a prominent role and includes difficulty with regulation of cardiovascular, bronchopulmonary, sexual, sudomotor and other autonomic functions. 
· The International Standards to determine remaining Autonomic Function after Spinal Cord Injury (ISAFSCI), has been developed by ASIA and the International Spinal Cord Society. 
· The Autonomic Standards allow for documentation of general autonomic function, urinary bladder, bowel and sexual function. 
8. Incomplete SCI Syndromes
Central cord syndrome (CCS)
· the most common of the clinical syndromes, mostly referenced as accounting for 9% of all traumatic SCI and approximately 50% of incomplete injuries
· characterized by motor weakness, upper extremities > lower extremities 
· at the level of injury there is lower motor neuron (LMN) weakness as well as sensory loss, with upper motor neuron (UMN) paralysis below the lesion level 
· most commonly occurs in older persons with existing cervical spondylosis who suffer a hyperextension injury, typically from a fall, however, may occur in persons of any age and associated with other etiologies and injury mechanisms. 
· UE’s being relatively more involved than the LE’s was initially postulated as due to a more central location of fibers of the upper limb within spinal cord motor tracts (with the lower limbs more peripherally located). This has been challenged, with more recent studies being supportive of a disproportionate distribution of the corticospinal tract contributing to hand and upper extremity function- thereby any injury to the tract leading to more accentuated symptoms in these areas7  
· typical pattern of recovery occurs first and to the greatest extent in the LE’s, followed by bowel and bladder function, upper extremity (proximal) and finally intrinsic (distal) hand function. 
· prognosis for functional recovery of ambulation, bladder, and ADL are dependent upon the patient’s age, with a less optimistic prognosis in older (> 50 years) patients relative to younger patients, although a positive predictor is initial (within 72 hours) classification of AIS D tetraplegia.
Brown-Sequard Syndrome (BSS) 

· characterized by asymmetric paresis with hypoalgesia more marked on the less paretic side and accounts for 2-4% of all traumatic SCI. 
· classic presentation of BSS
· (a) ipsilateral loss of all sensory modalities at the level of the lesion; 
· (b) ipsilateral flaccid paralysis at the level of the lesion; 
· (c) ipsilateral loss of position sense and vibration below the lesion; 
· (d) contralateral loss of pain and temperature below the lesion; and 
· (e) ipsilateral motor loss (UMN) below the level of the lesion. 
· ~90% of these cases are in the cervical level and 66% classified as AIS D 
· the presentation of pure BSS is relatively rare. More often, patients present clinically with a combination of features from Brown-Sequard and CCS, with varying degrees of ipsilateral hemiplegia and contralateral hemianalgesia 

· recovery usually takes place in the ipsilateral proximal extensors and then the distal flexors. Motor recovery of any extremity having pain/temperature sensory deficit occurs before the opposite extremity and these patients may expect functional gait recovery by six months. 75- 90% of patients with BSS ambulate independently at discharge from rehabilitation and nearly 70% perform functional skills and ADL independently 
· recovery of bowel and bladder function is also favorable, with continence achieved in   82% and 89%, respectively.  
Anterior cord syndrome (ACS) 

· a lesion affecting the anterior two thirds of the spinal cord while preserving the posterior columns 
· may occur from retropulsed disc or bone fragments, direct injury to the anterior spinal cord, or most commonly with vascular injury or occlusion of the anterior spinal artery that provides the blood supply to the anterior spinal cord 

· there is a variable loss of motor as well as pinprick sensation with a relative preservation of light touch, proprioception, and deep-pressure sensation 
· patients have only 10-20% chance of muscle recovery. 
Posterior cord syndrome 
· was omitted from recent versions of the International Standards because its occurrence from trauma was negligible 
· characterized by preservation of pain, temperature, and touch appreciation with varying degrees of motor preservation, and an absence of all dorsal column function 
· prognosis for ambulation is poor, secondary to the proprioceptive deficits.
9.   Predicting Neurological Outcome after Traumatic SCI8:
· Best time to examine patients to predict outcome:

· Most feel that 72hr -1 week exam – is the preferred time period

· Exam 24-720 (even w/i 240) has been shown to be appropriate when limiting factors not present as noted below
Limiting factors to early exam (within 24-48 hrs)9 
Mechanical ventilation
Intoxication


Psychiatric illness

Language barrier

Chemical sedation

Cerebral palsy

Closed head injury 

Severe pain

AIS A Conversion over time: 

· Conversion rate for complete (AIS A) tetraplegia (w/i 2 weeks) to neurological incomplete status at ~ 1year:

· ~30% to incomplete injury (with ~ ½ of these to motor incomplete status (AIS C/D)
· Early conversion (in first few months) - improved prognosis for recovery 

· Conversion still occurs after this and even a small percentage after 1 year

· There has been a trend of increased conversion in the last few decades. 
· Conversion rate for complete (AIS A) paraplegia (w/i 2 weeks) to incomplete status:
· 15-20% to incomplete injury (40-50% to motor incomplete)
· Likelihood of conversion largely depends on the level of injury
· Caudal injuries having a greater prognosis for recovery 
High thoracic levels  (T2-T6) have the lowest chances of conversion. Possible 20 to: 

· decreased collateral vascular supply to the thoracic cord 

· smaller spinal canal diameter relative to cervical and lumbar regions 

· inherent stability of the thoracic spine, a high energy mechanism is often required to cause a complete thoracic SCI

AIS B

· 13% of initial SCI cases are initially classified AIS B

· Tetraplegia: 

· 50-65% recover to motor incomplete status 

· 10% regress to AIS A 

· Paraplegia:

· 60-70% improve to motor incomplete 

· 20% regress to AIS A status
AIS C

· Tetraplegia 

· 80% will improve to AIS D

· 15% remain AIS C

·   4% regress to AIS B 

·  1% convert to AIS A

· Paraplegia

· Majority (up to 100%) improve to AIS D/E grades

MOTOR RECOVERY in AIS A

· Tetraplegia

· Mean = 8-12 points in 1 year

· Most patients gain at least 1 motor level

· ~60-70% gain >1 level (~20-30% gain > 2 levels)

· ~30% remain the same; ~ 5% lose a level

· Majority of recovery in first 6-9 months (most in first 3 mo, plateaus at 12-18 mo.

· Rate and extent of recovery is greater in incomplete injuries

· Is initial PP sacral sparing a + predictor of recovery? 

· Not sacral PP alone! 10 
· PP sparing @72hrs – greater chance of ambulating at 6 and 12 months, but did not reach statistical significance 

· Sacral PP at 4 weeks with lower extremity PP sparing (L2-S1 dermatomes) maintained in >50% of the dermatomes - improved prognosis for walking 

· 40% vs 16% of pts with LE PP sparing were fxl ambulators at 1 year 

· Complete Paraplegia

· Thoracic injuries most likely to be neurologically complete 

· 75.8% of T1-T6 lesions and 65.4% of T7-T12 lesions 
· Poor prognosis for LEM recovery
· NLI impacts motor recovery at 1 year 
Etiology 

· Penetrating injury is more likely to lead to a neurological complete injury as compared with blunt trauma. In cases with AIS A, less chance of conversion to incomplete injury relative to non-penetrating injuries. 
Spectrum of MRI Changes in acute SCI

· Negative predictors on MRI:

· Presence of spinal cord hemorrhage

· Longer length of spinal cord hemorrhage 

· Longer length of spinal cord edema 

· Significant spinal cord compression
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		Movement

		Root level



		Shoulder: Flexion, extension, abduction, adduction, internal and external rotation

Elbow: Supination

		C5



		Elbow: Pronation

Wrist: Flexion

		C6



		Finger: Flexion at proximal joint, extension. 

Thumb: Flexion, extension and abduction in plane of thumb

		C7



		Finger: Flexion at MCP joint

Thumb: Opposition, adduction and abduction perpendicular to palm

		C8



		Finger: Abduction of little finger

		T1



		Hip: Adduction

		L2



		Hip: Ext rotation 

		L3



		Hip: Extension, abduction, int rotation

Knee: Flexion

Ankle: Inversion and eversion

Toe: MP and IP extension

		L4



		Hallux and Toe:  DIP and PIP Flexion and abduction 

		L5



		Hallux: Adduction

		S1








