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REHABILITATION:
· Goals:  Maximize the medical, physical, psychological, educational, vocational and social function of the SCI patient.

· Factors involved:  



A. Age of individual

B. Pre-existing/current medical condition



C. Neurologic impairment
D. Motivation



E. Resources available

F. Support of family and friends

Early Rehabilitation in Acute Care:

· Once the patient is medically stable, is recommended that the patient should be transferred to a specialized SCI rehabilitation unit to decrease medical complications and enhance outcomes. 
· If early medical complications can be prevented1:

Rehabilitation course is facilitated


Decreased total rehabilitation time required & cost of care  

· Monitor for concurrent brain injury–incidence ~ 25-74% (see Dr Brooks talk)
· mostly mild-moderate in severity

· increased in high tetraplegia

· important to directing pharmacological interventions as well as rehab  oriented program

· Once the spine is stabilized, range of motion (ROM) (including active, active assistive and passive) of peripheral joints should take place at least daily to prevent contractures and potential subsequent pain. The shoulder, elbow, hip flexors and heel cords are most important. 

· Resting splints for paralyzed upper extremities (UE) can help prevent contractures and increase comfort. Functional UE splints may also be useful for feeding and other self-care skills in the early period. 

Acute care and in-Patient Rehabilitation – problem list:
Problem List

Interventions

Medical
Respiratory

Monitor vital capacity. Perform incentive spirometry, assisted cough, deep breathing techniques, chest PT, and respiratory treatments.

Gastrointestinal
Stress ulcer prophylaxis for ~ 4 weeks. 

Nutrition

Perform calorie count if concern. Monitor weekly weights.


Neurogenic bowel
Initiate bowel program and adjust as needed. Patient and family training.
Neurogenic bladder
Proper intake and output. Discuss bladder options early. Family training.


DVT prophylaxis
Check admission Duplex scan only if not on appropriate prophylaxis or signs of DVT (according to consortium guidelines2 (or not high risk for thromboembolic disease3,4. 

Skin


Proper mattress. Turn Q 20 in bed initially. Heel protectors. Frequent weight shifts in wheelchair. Proper cushion. Teach patient to use mirror to check skin.


Orthostasis

Change positions slowly. Ace wrap or LE stockings and abdominal binder. Can use tilt table. Pharmacological intervention if needed (e.g. midodrine or Droxidopa).

Het. Ossification 
Monitor hip and knee ROM. Further workup if suspicious.


Spasticity

Stretching/ROM. Modalities. Medications. Injections. 

Autonomic dysreflexia
Monitor closely. 


Hypercalcemia

Monitor for symptoms. Fluids, medications.


Rehabilitation Issues:

Mobility


ADL







Adjustment to disability
Cognitive

Communication

Swallowing

SCI education


Vocational




Sexuality 


Driving




Recreation


Family training



Discharge planning

Equipment evaluation

Projected Functional Outcomes at One Year Post Injury by Level5
Potential Outcomes in Neurologically Complete Tetraplegia*:
	PRIVATE 
	C1-C4
	C5
	C6
	C7
	C8-T1

	Feeding
	Dependent
	Modf Independent 
	Modf ind.
	Ind-modf Independent
	Independent

	Grooming
	Dependent
	Min assist with adaptive equipment 
	Modf ind to CS w/ adaptive equipment
	Ind-modf Independent
	Independent

	UE Dressing
	Dependent
	Mod assist to dep
	Modf ind
	Independent
	Independent

	LE Dressing
	Dependent
	Dependent
	Modf ind to CG
	Modf Independent
	Modf ind

	Bathing
	Dependent
	Dependent
	Modf I to min assist w/ adaptive equipment 
	Modf ind-CG with adaptive equipment
	Modf ind with

 adaptive equipment

	Bed Mobility
	Dependent
	Mod to max assist
	Modf I to CG
	Modf Independent
	Independent

	Weight Shifts
	Ind w/ power w/c

Dep w/ manual w/c
	Ind w/ power w/c Mod assist w/ manual w/c


	Independent
	Independent
	Independent

	Transfers
	Dependent
	Max assist to dep
	CG on level surfaces 
	Ind with or without transfer board for level surfaces
	Independent

	W/C Propulsion
	Ind w/ power w/c

Dep w/ manual w/c
	Ind w/ power w/c

Ind w/ power assist w/c

Ind w/manual w/c on level surfaces
	Ind manual w/c with coated rims on level surfaces
	Ind except curbs and uneven terrain
	Independent

	Driving
	Modified passenger van
	Modf ind w/ van conversion
	Modf ind w/

adaptations
	Car with hand controls or adapted van
	Car with hand 

control or adapted 

van


Ind-independent, performs all tasks within an reasonable amount of time without modification, assistive devices, or aids 

Modf ind-modified independent, requires an assistive device or aid or takes more than reasonable time 

CS- close supervision, requires standby, cuing, without physical contact 

CG-contact guard, requires standby, cuing, with intermittent physical contact 

Min assist-minimal assistance, requires no more help than touching and individual expends 75% or more of the effort 

Mod assist – moderate assistance, requires no more help than touching or individual expends between 50-74% of the effort

Max assist – maximal assistance, individual expends between 25-49% of the effort 

Dep-dependent, individual expends less than 25% of the effort 

W/C - wheelchair

*Impacted by many factors and not achieved by all individuals 
Potential Outcomes in Neurologically Complete Paraplegia 5:
	PRIVATE 
	T2 – T9
	T10 – L2
	L3 – S5

	ADL (Grooming, feeding, dressing, bathing)
	Independent 
	Independent
	Independent 

	Bowel and Bladder
	Independent
	Independent
	Independent

	*Transfers
	Independent
	Independent
	Independent

	*Ambulation
	Standing in frame, tilt table or standing wheelchair.

Exercise only
	Household ambulation with orthoses. 


	Community ambulation is possible

	*Braces
	Bilateral KAFO with forearm crutches or walker
	KAFOs, with forearm crutches
	Possibly KAFO or AFOs, with canes/crutches


* account for age, past medical history, body habitus and functional strength

Tables modified from Donovan J, Kirshblum S, Didesch M, McNiece M. Spinal Cord Rehabilitation. In Spinal Cord Medicine. Kirshblum S, Lin V. Editors. 2019. Pages 688-706.
C1-4 Level:

· Muscles at or above C3 include the cervical paraspinal, sternocleidomastoid, neck accessory muscles and partial innervation of the diaphragm. At the C4 level there is further innervation of the diaphragm and paraspinal muscles, with additional functional movement of scapular elevation and inspiratory strength. 

· Persons with motor levels at/above C3 will usually require long term vent assistance, whereas most with lesions at C4 or below will be able to wean off the ventilator. 
· Options for pacing include direct phrenic nerve or diaphragmatic pacing. 

· Dependent in self-care activities and mobility, but should be independent in instructing others in providing their care including performing weight shifts, ROM, positioning in bed, donning orthoses, transfers, and in setting up their e-ADL (electronic ADL)]. 

· Independent in power wheelchair mobility. Often a power tilt/recline is needed to perform weight shifts. Both a power and a manual (positional) wheelchair should be prescribed. 

· Independent with e-ADL (electronic – activities of daily living).
· Persons that have some elbow flexion and deltoid strength may be able to use a mobile arm support (MAS) to assist with feeding, grooming and hygiene. Once the deltoid and biceps muscles have strength of 3+/5 with adequate endurance, the MAS is no longer needed. 

· Total assistance required for bowel and bladder management. 

· Unable to drive but should have an adapted van for accessibility.

C5 Level:

· Adds the key muscle group of the biceps (elbow flexors), as well as the deltoids, rhomboids and partial innervation of the brachialis, brachioradialis, supraspinatus, infraspinatus and serratus anterior. These muscles allow for shoulder flexion, extension and abduction, elbow flexion and supination, and weak scapular adduction and abduction. 

· Partially independent with skills such as feeding and grooming with splints. 

· Extremely important to prevent early elbow flexion and forearm supination contractures caused by unopposed elbow flexor activity. 

· Use of a joystick for a power wheelchair. 

· Manual wheelchair propulsion on level surfaces with either rim projections (lugs) or plastic coated handrims with a protective glove. 

· A power or power-assist wheelchair may be of benefit. 

· A long opponens splint, with a pocket for inserting utensils, assists with tasks including feeding, hygiene, grooming, and writing. 

· Almost total assistance for the bowel program. Should use a padded commode/shower chair. 

· Driving a specially modified van is possible at this level, although should wait until muscle strength fully recovers to decrease cost of overall adaptations required. 
C6 Level:

· Adds the key muscle group of the extensor carpi radialis (ECR) longus that performs wrist extension. Additional muscles partially innervated include the ECR brevis, supinator, pronator teres and latissimus dorsi. 

· Active wrist extension can allow for tenodesis, the opposition of the thumb and index finger with flexion as the tendons are stretched with wrist extension. One should avoid overly stretching the finger flexors initially after injury in C5 and C6 motor level patients to avoid potentially losing the tenodesis action {This is referred to as “Selective Tightening”}. Tenodesis splints can be fabricated but are frequently discarded. 

· Feeding, grooming and UE hygiene is usually independent after assistance with setting up their utensils. Clothing modifications are advised. 

· Transfers may be possible using a transfer board and with loops for LE management, but usually requires assistance. 

· A power wheelchair is often required for long distances, especially if the individual will be returning to the workplace. (Should be evaluated on an individual basis.)
· A power (or manual-assist) wheelchair may be of benefit if a power WC is not needed/obtained.

· Driving a modified van is a goal, with a lift for access allowing the patient be fully independent. 

· Can assist with the bowel program, but will require assistance. 
· Intermittent catheterization is possible for males after assistance for set-up with assistive devices.
C7, C8 Levels:
· C7 - adds the triceps (elbow extensors) as the key muscle group; C8 - the flexor digitorum profundus (long finger flexors). 

· The C7 level is considered the key level for becoming independent in most activities at the wheelchair level. 

· Driving should be independent in a modified van or the use of a car if the person can transfer and load /unload their wheelchair independently.

· Bladder care, i.e. ICP (intermittent catheterization) in males can be performed although it is more difficult for females especially if LE spasticity is present. 

· Bowel care, especially suppository insertion, may still require assistance.

Thoracic Levels: 
· All levels of paraplegia should be independent with basic ADL and mobility skills at the wheelchair level as well as be able to drive a car with adaptations, although loading/unloading the wheelchair may still be difficult for the individual. 

· For most thoracic level injuries (that are neurologically complete), community ambulation is not a functional long-term goal. Persons with lower thoracic levels of paraplegia can participate in ambulation training with bilateral lower extremity orthoses as an exercise and short distance ambulation.

· Independent in bowel and bladder programs.

L2 Level:
· Muscles gained at these levels include the hip flexors, and part of the quadriceps. While the person can walk for short distances, a wheelchair will usually still be required for community ambulation. 

· Independent in bowel and bladder programs. Bladder care is usually by ICP. 

· Drive a car with hand controls.

L3-L4 Levels:
· The knee extensors are fully innervated with some ankle dorsiflexion strength. Ambulation usually requires AFO’s with canes and crutches. 

· Bowel and bladder management should be independent. 

L5 and Below:  

· Independent in all activities unless there are associated problems, i.e. severe pain, cardiac conditions etc.

General Recommendations for Accessibility in the Home 3
· Doorway widths that require a “straight shot” (no turning involved) are 32’’ for a manual wheelchair and 34’’ for a power wheelchair. This space increases to 36’’ if there is a turn involved 

· The minimum space for turning around is 5’ x 5’ for a manual wheelchair and 6’ x6’ for a power wheelchair 

· All thresholds should be no greater than 1’’ to allow the person in the wheelchair to maneuver

· Light switches should be at a height of no more than 36’’

· Low-pile carpeting or hard surface flooring is recommended for wheelchair maneuvering

· Eliminate throw rugs as they pose a hazard for people who are walking and are difficult for people in wheelchairs to roll over

· Remove or rearrange furniture that will impede wheelchair access 

Suggested Equipment for Complete Tetraplegia: (each to be individually considered) 5





C1-C3

C4-C5

C6-C7

C8-T1
Durable medical equipment
Tilt-in-space shower/commode chair
X

X

Standard shower/commode





X

X

Padded tub bench





X

X

X
Padded drop arm commode





X

X


Hospital bed full electric


X

X

X

X

Low air loss mattress


X

X



Gel, foam and/or air overlay



X

X

X

Patient lifter (power or mechanical)

X

X

Transfer board



X

X

X

X


Power w/c



X

X

  X


Power assist w/c





?

  X

      X

Manual w/c



X

X

  X

      X

Assistive devices:

Mobile arm support




X

Universal cuff





X

X

Dycem and Plate guard




X

X
Vertical holder and fork




X

Built up handles 





X

X

Extended / angled utensils




X

X

Rocker knife







X
C Clip holder for toothbrush/ razor



X

Long Straw (standard, Fleximug)

X

X



Skin inspection mirror




X

X

X

Wash mitt





X

Dressingstick







X

X

Soft loops







X

X

Rings/adaptations to closures





X

Universal cuff with catheter clip





X

Penis Stabilizer (Household)





X

Leg Spreader







X

X

Labia Spreader







X

X

Digital Stimulator






X

X

Suppository Inserter






X

X

Pants holder







X

X

Mouthstick/ Mouthstick Stylus

X

X

Typing pegs
 




X

X

Pencil Grip









X

Stylus Pens





X

X

Splints:

Resting hand splint


X

X

Flexion wraps





X

X

Wrist support



X

X

Long opponent splint




X

Short opponent splint






X




Spiral splint





X

Powered tenodesis splint




X

Elbow extension
splint




X

RIC tenodesis splint






X

Wrist driven tenodesis






X

Lumbrical (MC block)






X

X


Table modified from Donovan J, Kirshblum S, Didesch M, McNiece M. Spinal Cord Rehabilitation. In Spinal Cord Medicine. Kirshblum S, Lin V. Editors. 2019. Pages 688-706.
Ambulation in SCI:  Four levels
1. Non-ambulatory

( Passive standing may be appropriate and beneficial
· Positive impact on self image, improving orthostasis, and spasticity and decreasing spasticity and hypercalciuria.

· No conclusive evidence that it prevents loss of bone mineral density of lower limbs
2.  Ambulation for exercise

3. Household ambulation
4 Community Ambulation:

· Independent with transfers, sit-to-stand and donning braces and ambulation for distances >150 feet (>45 meters).

· Usually at L3 level, although patients with L2 on one side and L3 on other can ambulate. 
General Rule: Need bilateral hip flexors > 3/5 and one knee extensor at least 3/5 to achieve community ambulation6. 
*   Maximum amount of bracing of 1 long leg brace and 1 short leg brace. Additional bracing does not usually foster community ambulation.

Energy consumption of paraplegic gait:

· Consistently significantly elevated above that of normal gait:  at least 6x higher per unit of distance
· W/C propulsion for person with paraplegia -- compares with energy expenditure of normal gait 

Prediction Models for Ambulation:

I: van Middendorp (2011)7
Predictions derived from a 5-variable model based on clinical measures obtained within the first 14 days post injury. The 5 variables in this prediction rule include age, L3 and S1 motor scores, and light touch scores of L3 and S1. 
II: Hicks (2017) 8 A concise clinical prediction rule accurately estimates walking (able to walk a minimum of 50 meters (150 feet) safely) outcomes at 1 year post injury based on measures acquired using the ISNCSCI within 15 days of acute SCI.  

The prediction rule is calculated with an equation that incorporates the weighted coefficients for each of the 3 variables (age (<65 years versus ≥65 years), summed bilateral L3 motor score, and summed bilateral S1 sensory score). (See article for equation.) A score of ≥0.5 indicates high likelihood of walking.  
Prediction rule is able to predict with 84% overall classification accuracy, 76% sensitivity and 90% specificity. 
       III: Phan (2019) 9
Suggested that combining all AIS levels into a single cohort results in an erroneously high predictive accuracy, in part because a large proportion of the samples used were from the AIS A+D. As such, prognostication of AIS B+C patients, the group with the most variability in prognosis for ambulation early after injury, was shown to be less accurate than that of A+D. 
     IV. Engel-Haber (2020)10 

Applied these algorithms with SCIMS data and found that age 50 may be the more appropriate cut-off.     
Vocational Rehabilitation:

· ~28% are working at 10 years post SCI

· Those employed report higher levels of life satisfaction

· Return to work more likely if:

-  Female, young (25-44), married, and Caucasian.
-  More caudal injury

-  **Higher level of education and able to drive
-  Sedentary job

-  Independent with bowel and bladder programs
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