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Possible Topics for Discussion

� “Play it straight” – discuss PT, OT, nutrition
� Cover “selected topics” in SMA 3

• Prognosis, genetics, exercise, others
� Review results of studies incl. VPA in Type 

2/3 submitted this week 
• Highlight new developments in the field

� Respond to specific questions from YOU!
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Adult SMA
Common Concerns

� What is going to happen to me; or to my  
loved one?
• Am I going to die?
• Am I going to keep walking?

� What are main issues I will face?
• What can I do about them?

� What is outlook for specific therapy in SMA?
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Adult SMA - Prognosis

� Little information for “true” Type IVs
• Must extrapolate from mild Type III

� Max. function better predictor than onset 
age

� Indolent progression with long “quiet”
periods
• Much variability between and within 

families (15% have different types)
• Much progression occurs early in course
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SMA - Prognosis
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SMA - Prognosis
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Prognosis of SMA

Zerres et al; 1995,1997

Ambulatory at         Alive atAmbulatory at         Alive at

10 Yrs.      40 Yrs.10 Yrs.      40 Yrs. 5 Yrs.    25Yrs.5 Yrs.    25Yrs.
Type II (n=240) NA NA 98.5%   68.5%

Type IIIA (n=195)   70.3% 22% 100% 97%

Type IIIB (n=134)   96.7% 58.7% 100% 97%  
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The Natural History of Adult 
Spinal Muscular Atrophy
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Methods
�� 84 patients with SMA, Type II or III84 patients with SMA, Type II or III

�� Quarterly visits for 12 monthsQuarterly visits for 12 months

�� Endpoints:Endpoints:
•• Forced vital capacity (FVC%)Forced vital capacity (FVC%)

•• Muscle strength: grip and elbow flexionMuscle strength: grip and elbow flexion

•• SMAFRS  SMAFRS  -- adapted from ALSFRS adapted from ALSFRS 
(Cederbaum, 1999)(Cederbaum, 1999)

•• miniSIP miniSIP -- validated from SIP (McGuire, 1996)validated from SIP (McGuire, 1996)
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R elbow flexion over time
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FVC% over timeSMA

ALS
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Slope vs. age
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Summary & Conclusions

�� Adult SMA patients had symmetric (R=L, Adult SMA patients had symmetric (R=L, 
Prox=Distal) weakness Prox=Distal) weakness (median 21% nl.) (median 21% nl.) 

•• Those with low FVC% were weakestThose with low FVC% were weakest

�� Functional impairment and health status Functional impairment and health status 
correlated with FVCcorrelated with FVC

�� Age at DX correlated with all endpointsAge at DX correlated with all endpoints

�� Most SMA patients were stable over 1 yearMost SMA patients were stable over 1 year

�� Loss of function seen in older patientsLoss of function seen in older patients

�� Other slopes (MVC, FVC) unaffected by ageOther slopes (MVC, FVC) unaffected by age
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SMA Carni-Val Trial

� Clinical Trial Management in Salt Lake City
• Sandra Reyna, Bernie LaSalle, Kathryn Swoboda

� North American multi-center trial sites and site PI
• Baltimore, Maryland Crawford
• Columbus, Ohio Kissel
• Detroit, Michigan Acsadi
• Madison, Wisconsin Schroth
• Montreal, Canada D’Anjou
• Salt Lake City, Utah Swoboda

� South American “sister” site and PI
• Cordoba, Argentina Rosa
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SMA Carni-Val Trial

� Inclusion Criteria
• Cohort 1: “sitters”

- Confirmed genetic diagnosis of 5q SMA
- SMA II or non-ambulatory SMA III

sit for 3 seconds without support

- Age 2 to 8 years at enrollment

• Cohort 2: “standers and walkers”
- Confirmed genetic diagnosis of 5q SMA
- SMA types 2 or 3 who can stand (2 sec) or 

walk independently
- Age 3 to 17 years at enrollment
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Trial Design

� Cohorts 1 and 2:
• 2 baseline visits within a month

� Cohort 1 (60 subjects) 
• Randomized to 6 months treatment vs placebo
• All subjects on active treatment last 6 months

� Cohort 2 (30 subjects)
• Open label L-carnitine and VPA for 12 months
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SMA Carni-Val Trial

� Primary Outcome Measures
• Cohort 1: “sitters”: 2- 8 yrs

- Safety labs, carnitine and VPA levels 
- Motor Function assessed with MHFMS*

• Cohort 2: “standers and walkers”: 3 – 17 
yrs
- Safety labs, carnitine and VPA levels
- Motor Function: MHFMS* and EXTEND modules
- Timed tests: walk 10 m, up from floor, up and 

down stairs
- Myometry > 5 yrs (CITEC) right-sided grip, elbow 

flexion, knee extension

*Modified Hammersmith Functional Motor Scale
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SMA Carni-Val Trial

� Secondary Outcome Measures
• Cohorts 1 & 2

- Pulmonary Function Testing
spirometry, MIP, MEP (> 5 yrs)

- Quantitative assessment of SMN mRNA
- Peds QL™ assessment 

parental version (all), child versions (> 5yrs)
- Ulnar Max CMAP amplitude and area
- Ulnar MUNE (Utah, Ohio State, Michigan)
- Growth and vital sign parameters
- Nutritional Status
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SMA Carni-Val Trial

Demographics of Patients By Cohort and Treatment Arm
-No significant differences between groups in cohort 1

Placebo    Carni-Val    Cohort 2       
Characteristic N=31 (%)  N=30 (%)     N=33 (%)
Age (years)    

Mean      4.4               4.3            7.3
SD          1.9               2.1 3.7
Range  2.1-7.9       1.8-8.7        2.8-16.3          

Gender    
Female    11 (35.5)  17(56.7)      11(33.3)       

BMI
Mean 15.1 14.4 14.7
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Adverse Events-Cohort I

� No statistically significant differences 
between treatment groups for adverse 
events

� No significant difference in treatment related 
adverse or serious adverse events

� Significantly more weight gain in VPA group
� Target VPA level (overnight trough): 75 

mg/dl
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MHFMS in Cohort 1

MHFMS Placebo Carni-Val p-value
S2 screen N=31 N=30

mean 20.0 16.6 0.137

SD 9.3 8.7

range 3-38 3-36

V2 6 mos N=28 N=28

mean 20.6 16.8 0.079

SD 8.1 7.9

range 5-36 4-33

Change 0.18 0.82 0.492**No significant difference between treatment groups 
after 6 months
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MHFMS in Cohort I

MHFMS Placebo Carni-Val p-value
S2 screen N=31 N=30

mean 20.0 16.6

SD 9.3 8.7

range 3-38 3-36

V3 12 mos N=28 N=30

mean 20.1 18.3 0.404

SD 8.4 7.9

range 5-33 5-34

Change 0.14 1.73 0.185*No significant difference between treatment groups after 1 year



©2008 Families of SMA

Effects of inc. fat mass & baseline 
wt. on motor function

� Increase in fat mass is negatively correlated with change in 
MHFMS (p=0.0409)

� Weight at baseline is negatively correlated with change in 
MHFMS (p=0.0058)

Term Estimate Std 
Error

t ratio Prob>ltl

change from 
baseline fat 
mass

-0.0009 0.00041
1

-2.19 0.0409

baseline wt. -0.25109 0.08741
2

-2.87 0.0058

Change from baseline MHFMS vs change in fat mass and baseline wt.
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Change from baseline fat mass vs 
baseline fat mass, cohort 1

-2000

-1000

0

1000

2000

3000

4000

5000

C
F

B
 F

a
t M

a
ss

0 5000 10000 15000 20000

Baseline Fat Mass

0

1000

2000

3000

4000

5000

C
F

B
 F

a
t M

a
ss

0 2000 4000 6000 8000 12000

Baseline Fat Mass

Placebo group Treatment group

N=16 N=13



©2008 Families of SMA

Effects of age on treatment response

� In children 2 to < 3 years, treated for 1 
year
• negative effect of weight, p=0.0066
• positive effect of treatment, p=0.0300

Term Estimate Std Error L-R ChiSquare Prob>ChiSq

Baseline weight -0.81427 0.29405 7.36547 0.0066*

Treatment arm 1.214771 0.55249 4.71164 0.0300**

Generalized Estimating Equations: change from baseline in MHFMS over a 12 month 
period, ages 2 to < 3 years
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Correlation of CMAP and MHFMS-
Extend
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Scatterplot matrix
N=68 subjects
Correlation=0.767
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Conclusions

� Successful launch of a multi-center clinical 
trial network for evaluating treatments in SMA  

� No significant difference between 
VPA/carnitine treatment vs placebo over a 6 
month period for SMA “sitters” ages 2-8 years 

� Significant confounding variables were age 
and weight gain

� Analyses suggest potential benefit in younger 
children treated over a longer duration – a 
hypothesis requiring further consideration
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Conclusions

� In spite of limitations, many lessons forward 
about trials, drug, disease, weight issues

� Additional studies in progress to assess VPA 
in ambulatory adults (VALIANT) and type I

� Other drugs and strategies possible
• Other HDAC inhibitors
• Other drugs that do the same thing to SMN2
• Other drugs with other effects (exon skip)

� 23 companies; 15 dev programs; 12 trials
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Spinal Muscular Atrophy 
Therapeutic Strategies

� Correct underlying defect (i.e. gene therapy” for SMN 
gene ( or stem cells?)
• Or correct SMN2 defect
• Or correct other enhancers/promotors (Prior, 2009)

� Drugs to up-regulate SMN 2 expression
• Induce exon 7 expression 

� Block final common pathways for neuron death
� Promote neuronal re-growth
� Non-specific anabolic therapy (eg. albuterol)

• Large trial starting in Europe….TREAT NMD!

� Non-specific therapy
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Alphabet Soup!
� Gene based therapies

• iPS-MND
• scAAV9-SMN1
• 18merASO

� Drugs
• LBH589 PTKSMA01
• OSU42 PTKSMA02
• D157495 PTKSMA03

� PTC
• GEMS SMWC
• Nonsense codon suppressor platform
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SMA Treatment
Other Strategies

� Agents to increase SMN2 translation/transcription
• Quinazolone (deCODE) – DCPS inhibitor –

induces SMN2 promotor and increases SMN2
� Make SMN2 more like SMN1 (modify gene or 

protein)
• Gene conversion - single-stranded oligos. 
• Splice enhancers; DDDD7 stabilizers; ESE (Prior, 2009)

� Modify “downstream” protein effects (gems)
� Gene therapy to replace SMN1
� Stem cell therapy to replace lost/damaged cells
� Neuroprotection (excitotoxicity, oxidative stress)
� Trophic or anabolic agents
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SMA – Other Modifiers
Oprea et al; Science 2008

� 8 asymptomatic females in six families 
� All SMN1 deleted; same SMN2 # as affected sibs
� All had significant higher levels of plastin 3 (PLS3)

• Increases F-actin levels - important in motor 
neuron axogenesis
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Valproic Acid in Ambul ant Adults 
The VALIANT SMA Study

� PRDB-PCT - 36 ambulatory pts. (age 18-60) 
� One month lead in; 12 mo. Study; 5 visits

– Crossover design after six months
� 1o outcome – 6-mo. DDDD in strength by MVICT

• 90% power to detect 9.0 kg change  
� 2o outcomes – 6-mo. change in:

Myometry Stair climb MUNE & CMAP
Grip QOL-SIP       PFTs
SMA-FRS 6-min. walk   DEXA scan

� 28 patients enrolled as of today! 
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The VALIANT SMA Study
Why Adults?

� Underserved group; SMA kids become SMA 
adults

� Need to confirm or refute small study
• 48% improvement in strength in OLT of 7 pts 

- Weihl et al, Neurology 2006

� Opportunity to test “proof of principle”
– Adults should have more SMN2 to respond

� Adults tolerate study procedures better
– Can look at more complex outcomes
– Assess every step of the treatment process
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CARNI-VAL & VALIANT Studies
Motor Unit Number Estimation

Hypothenar MUNEHypothenar MUNE

Multiple Point Multiple Point 
Stimulation TechniqueStimulation Technique

# = 112
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MUNE in Adult 
SMA

Elsheikh et al, 2009

MUNE vs CMAP
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� 22 pts. studied to date
� Apparent correlation 

between MUNE & CMAP
• Swoboda data in kids

� Less apparent correlation of 
MUNE with age

� Cross-sectional data!

� Assessing DDDD over time,  
relation to FRS and MVIC

� Longitudinal study in 
progress – 40 
pts/controls

MUNE vs. AgeMUNE vs. Age

MUNE vs. CMAP Amp.MUNE vs. CMAP Amp.

??
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VALIANT Study - Biomarkers

� HDAC inhibition assay – is VPA doing what it should?
� SMN mRNA assay – are we affecting the message?
� SMN serum protein assay – are we affecting SMN?

• Man et al, Neurology 2008; Two step ELISA for SMN
� snRNP assembly assay – are we affecting SMN function?
� BUT this is all in blood!  Relevance to motor neurons?

Neurology 2006:66:1067Neurology 2006:66:1067 --7373

BMC Neurology 2006BMC Neurology 2006
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SMA Treatment
Other Strategies

� Agents to increase SMN2 translation/transcription
• Quinazolone (deCODE) – DCPS inhibitor –

induces SMN2 promotor and increases SMN2
� Make SMN2 more like SMN1 (modify gene or 

protein)
• Gene conversion - single-stranded oligos. 
• Splice enhancers; DDDD7 stabilizers; ESE (Prior, 2009)

� Modify “downstream” protein effects (gems)
� Gene therapy to replace SMN1
� Stem cell therapy to replace lost/damaged cells
� Neuroprotection (excitotoxicity, oxidative stress)
� Trophic or anabolic agents
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Experimental Therapy for SMA
OSU-HDAC42 – Chen et al, 2008

� Hybrid trichostatin A & 
4PBA compound
• HDAC inhibitor 
• Developed as CA drug

� SMND7 SMA mice given 
OSU42 (5 mg/kg/day) at 
PND04 had 41% increase 
in lifespan (23.1±1.8 days 
vs. 16.4±0.3 days)
• Butchback 2008



©2008 Families of SMA

SMA Treatment
Other Groups

GroupGroup PIPI # Centers# Centers
AmSMARTAmSMART ** IannacconeIannaccone 1515
PCNRPCNR Kaufmann, FinkelKaufmann, Finkel 33
Italian SMAItalian SMA Bertini, MercuriBertini, Mercuri 1212
EuroSMARTEuroSMART MerliniMerlini 66
Project CureProject Cure Swoboda, KisselSwoboda, Kissel 66
Stanford GroupStanford Group WangWang 11

SMA ProjectSMA Project NIHNIH
Project NPTUNEProject NPTUNE FSMAFSMA

International Coordinating CommitteeInternational Coordinating Committee
Multiple drug companies (9 at 9/07 drug conference! ).Multiple drug companies (9 at 9/07 drug conference! ).

Oskoui & Kauffman, 2008Oskoui & Kauffman, 2008

Bosboom et al; Cochrane Collaboration 2009!Bosboom et al; Cochrane Collaboration 2009!
& type 1 & pregnancy study& type 1 & pregnancy study
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Spinal Muscular Atrophy
Therapeutic Strategies

� “Gene therapy” for SMN gene (stem cells?)
• Or to correct SMN2 defect

� Drugs to up-regulate SMN 2 expression (Prior, 2009)
• Induce exon 7 expression 

� Block final common pathways for neuron death
� Promote neuronal re-growth
� Non-specific anabolic therapy (eg. albuterol)

• Open label trial presented at this meeting 
� Supportive therapy (pulmonary, orthopedic, GI, 

nutritional, PT, OT issues)
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Structure of SMN Gene Region
Inverted-Duplicated Gene

SMN 2SMN 2 SMN1SMN1

1   2a    2b 3  4 5  6     7    81   2a    2b 3  4 5  6     7    8

1 base difference (840 C to T) 1 base difference (840 C to T) 
between SMN1 and SMN2 (ESE)between SMN1 and SMN2 (ESE)

SMN1 ProteinSMN1 Protein

RNARNA

mRNAmRNA

teltelcencen

1 3 4 6 7 852b2a 3 4 5 61 82a2bSMN2SMN2
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Typical SMN Mutations in SMA

((11.2 11.2 11.2 11.2 11.2 11.2 11.2 11.2 -------- 13.313.313.313.313.313.313.313.3))
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SMN Gene Region
Results

� 90% SMN2 lacks 
exon 7

� SMN is thus unstable 
&  rapidly degraded
--Low SMN2 levels

BUT

� 10% is full length 
SMN

� Partially compensates
� SMN2 is present only 

in humans!

90+% of SMN 90+% of SMN 
transcripttranscript

Butchbach, 2008Butchbach, 2008

10% nl. SMN 10% nl. SMN 
transcripttranscript
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Spinal Muscular Atrophy
SMN Protein Function

� SMN protein is ubiquitously expressed
� Higher levels in the spinal cord 

motor neurons
� It forms multiprotein complex 

that contains SMN-interacting 
proteins (Gemin 2-7)

� It is expressed in the cytoplasm and specialized nuclear 
compartments called gems.

� It plays an important role in spliceosomal snRNP biogenesis 
and pre-mRNA splicing.

� Why do low levels of SMN causes SMA?
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Nutritional Guidelines for SMA 
Patients and Their Families

Gail Wiebke, MS, RD

Kathryn J. Swoboda, MD, FACMG
John T. Kissel, MD
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Nutrition in SMA – Issues
� Nutrition for general health

• Obesity concerns

� Nutrition for SMA benefit (vitamins, amino 
acids, esp in children)?
• Automobile/gasoline analogy

� Nutrition with various therapies (eg. VPA)
� Nutrition for osteoporosis prevention
� Nutrition for other issues

• Constipation, GERD, PEG tubes, others
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Obesity is a serious health concern in Obesity is a serious health concern in 
anyone with muscle weaknessanyone with muscle weakness

� Increases burden of care
� Decreases quality of life and self image

• Makes physical activity more challenging
• Increases risk of diabetes and hypertension
• Increases pain and associated complications 

with hips, back
• The time to ensure a lifetime of good dietary 

habits is …. as early as possible
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Current RecommendationsCurrent Recommendations

• There is little published research data on diet 
and SMA for guidance

• General recommendations for a healthy diet:  
- 5 servings of fruits and vegetables a day
- Fat  < 30 % of calories
- Include complex carbohydrates ( whole grain 

breads, brown rice, beans and legumes, fruits, 
and vegetables, etc.)

- Avoid simple sugars ( soft drinks, candies, 
flavored drinks, etc.)

• Need to keep weight at or below recs. 
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Protein RequirementsProtein Requirements
� Higher protein requirement during catabolic states (fever, 

illness, fasting) 
- Especially critical given widespread atrophy of 

muscles and low lean body mass
� Muscles normally provide significant reserves

- glycogen (sugar), protein (amino acids) and 
minerals  

� During fasting, muscle begins to release amino acids and 
glucose to help sustain energy use within the muscles

- shuttled to the liver for additional gluconeogenesis 
to provide energy for the body

� Estimated needs: 1-2 g/kg of body weight a day 
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Fat Metabolism AbnormalitiesFat Metabolism Abnormalities

SMA patients as a group have higher levels of 
medium chain fatty acids (C12) in the plasma, 
and higher concentrations of derivatives in urine

- observed in both fasting and non fasting states
- correlate with severity of SMA 

� A catabolic state (fasting, ill, inadequate caloric 
intake) or high fat intake can worsen such 
abnormalities 

� Carnitine depletion occurs in 5-10% of SMA 
children, and in some cases supplementation, 
particularly during illness, is warranted (? adults)
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Fat Requirements Fat Requirements –– General General 
RecommendationsRecommendations

Limit fat to < 30% of total calories
Infants and children < 2 years of age require higher fat 

intake to meet needs for essential fatty acids critical for 
normal brain growth and myelination

- Limit saturated fat + trans fatty acids to <10% of 
total calories (baked goods, cakes, cookies, 
crackers, processed foods)

- < 300 mg of dietary cholesterol a day
- Up to 20 % of calories can come from 

monounsaturated fats (olive oil, nut oils, 
avocados) 
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�� Vitamin SupplementsVitamin Supplements

• No substantiated benefit to consuming > RDA for any 
vitamins/minerals – theoretical benefit to increasing 
methylation capacity (i.e. B12 and folate ???)  

• Excess supplementation can be harmful

- undue stress on the liver and kidneys
- some vitamins toxic to nerves in excess: B6  

• Carnitine levels (critical in fat metabolism for energy)

- low in 5-10% SMA patients; ? In adults
- can contribute to muscle weakness if severely 

depleted
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Drug Drug –– Nutrient InteractionsNutrient Interactions

• Valproic Acid can interfere with the absorption 
and utilization of certain nutrients  

• If taking valproic acid, it is important to ensure 
that you/your child is receiving the RDA of 
vitamin D, vitamin K, vitamin B-6, vitamin B-
12, folate, Ca++

• Valproic acid depletes carnitine
- any SMA patient on this medication for any

reason needs carnitine supplementation and 
regular monitoring of levels
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Gastroesophageal Reflux Dx.Gastroesophageal Reflux Dx.

Frequent in SMA 1 > 2 > 3
- Multiple small meals throughout (6 or more)
- Low fat diet 

High fat diets relax the lower esophageal sphincter, 
make reflux more likely  

- Avoid lying down after eating, or elevate the head 
of the bed/seat to at least 30 degrees  

- Avoid acidic foods (soft drinks, citrus, tomatoes)
- Avoid spicy foods, chocolate, peppermint
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Gastroesophageal Reflux Dx.

• Reglan or erythromycin facilitate gastric emptying 
and gastrointestinal movement 

• Acid blocking agents are commonly utilized to 
prevent esophageal damage and food aversion
- Caveat: long term use in older adult patients shows 

increased incidence of pneumonia

• Nissan (surgery) often indicated, especially in 
type 1 infants, to minimize aspiration risk

• A g-tube and Nissan don’t necessarily have to be 
done together; newer laparoscopic techniques 
make this feasible, with faster recovery time
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Elemental Amino Acid Diet
No proven benefit of elemental amino acid formulas

- some parents report decreased heart rate, sweating, 
obvious intestinal discomfort or reflux

- requires further study

• Glutamine supplementation
- reduction in bacterial infections and gastrointestinal 

symptoms reported in adult patients with 
gastrointestinal diseases on parenteral (IV) or enteral 
nutrition

- no data in SMA
- adults have shown no adverse affect with doses up to 

20 g a day; in children, typical range is 200 to 300 
mg/kg/day, no more than 10 g/day
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Abnormal Fatty Acid Metabolism

• Patients with SMA have abnormal fatty acid 
metabolism

• Abnormalities are present in both catabolic 
(associated with fasting or illness) and non-
catabolic states

• Infants have higher metabolic demands, and 
more readily switch to use of this pathway to 
generate energy 

Tein I, et al. Ped Neurol Crawford T, et al. Ann Neurol 
1995;12:21-30.                                             1999;45(3):337-43
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Bone HealthBone Health --OsteoporosisOsteoporosis
� Special issues for SMA patients include 

increased risk of osteoporosis and fractures
• Weight bearing, from a young age, via whatever 

means possible, is very important
- delay scoliosis
- promote normal hip development
- promote normal gastrointestinal function

• Regular exercise (recent animal studies)
• Adequate intake of calcium and vitamin D
• Role for medications to increase bone density –

when to intervene?
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SMA
Other Supportive Measures

� Physical & occupational therapy
� Wheelchair & other locomotive devices
� Other assistive technolgies
� Speech therapy
� Dental issues
� Attention to psychosocial needs of patient 

AND family members
� Need team approach!!
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Physical Therapy
a la King, Krosschel & Maczulski

� Maintain strength and ROM
• Exercise considerations

� Prevent or limit contractures; limit pain.
� Optimize function
� Improve cosmesis
� Evaluate need for “judicious” bracing
� Anticipate complications/problems
� “No studies directly address PT or OT as 

therapies in SMA” SOC document, 2007.
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Increased life span by 57% in 
SMA2 mice; but 
No data for humans with SMA!
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Exercise

� Regular

� For fitness and endurance

• Train to use mm’s to maximal advantage
• Watch for fatigue and overuse

- Strengthening does not change progression 
and too much can cause over-fatigue

- Energy conservation:  
Do not overwork areas of increased weakness-

may lead to overuse syndromes, pain and 
increased weakness

Scheduling to optimize energy and strength
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PT to Maintain Flexibility

� Contracture management
� Infancy through adulthood
� Be Pro-Active

• Implement regular stretching, positioning 
and splinting/bracing to preserve flexibility, 
improve tolerance for standing and bracing

• Serial casting:  ? recommended protocols
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Judicious Bracing

�������� ������

�� �����	�����	
������ 





©2008 Families of SMA

Occupational Therapy

� UE/hand function
� Maintain flexibility, ROM and strength of 

the UE’s/hands and minimize contractures

� Assess functional abilities as related to 
strength

� Develop compensatory strategies that 
maximize physical abilities

� Watch for fatigue and overuse, endurance
� Splinting for UE’s
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Hand Splints

� “Slings and springs”
� Splinting issues
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