Electrically induced muscle contractions
during standing may potentially improve
bone health after paraplegia
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BACKGROUND

RESULTS

Bone mineral loss following spinal cord injury (SCI) has been well documented,
placing SCI individuals at high risk of fracture due to rapid bone density loss [1]

Able Bodies:
JCF in able bodies show that high transient forces can be achieved with the weight shifting
exercises selected:
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Previous laboratory based studies involving SCI individuals subjected to
cyclical isometric tibial forces between 1-2 times bodyweight (BW), applied
during 3 half hourly exercise sessions a week for about 10,000 loadings per
month experienced an improvement in bone health. Reductions of between
10-30% in mineral density were observed but localized in regions of highest
stress [1,3,4].

OBJECTIVES
1. Demonstrate the feasibility of a practical FES method that can be used to
implement cyclical loading in excess of 1.2 BW.
2. Study the stress distribution obtained by dynamic weight shifting exercises
around the tibia
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SCI Individuals:
JCF in SCI individuals differed depending on the biomechanical model used to calculate the
forces. In both cases JCF were lower than those achieved by able bodies. However in the
local method, JCF were within the 1-2 BW threshold, while in the JCF calculated with BoB,
JCF were bellow 1 BW for all exercises.
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Presently, there is no effective therapy to prevent or reverse such loss.
Reduced mechanical loading is now regarded as a significant contributory
factor [2].
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Stress distribution analysis in the tibia shows the forces generated by the weight shifting
exercises generate stresses in all areas of the tibia in values that exceed +/-20 MPa (red and
blue in figure).

METHODS
Five able bodies completed a set of weight shifting exercises in a custom
standing frame.

DISCUSSION & CONCLUSIONS
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These weight shifting exercise were individual with a complete SCI (ASIA A, T4)
using a 4 channel electrical stimulator.
Body kinematics and external forces were recorded for
both groups (Qualysis AB, Sweden and Bertec Corp,
USA).
Joint contact forces (JCF) and muscle activation were
calculated using an inverse dynamics musculoskeletal
models (BoB and a locally developed model).
To model paraplegia, all muscles except 3 groups of
muscles (quadricepts, gastrocnemius (M & L) and soleus)
were removed. The electrically actived muscles were
limited to force.
Using GRF and JCF at the ankle, stress distribution in the
tibia was calculated using methods described in previous article [5].

The feasibility of the weight shifting movements were corroborated with SCI subjects
achieving GRF similar to those of able body individuals (information not shown in this paper).
However, when modeling results, by “turning off” muscles, JCF are reduced significantly.
Results of JCF calculated from inverse dynamics biomechanical models differ significantly
between the local model and BoB. Therefore it is unclear whether high transient forces
above 1 BW are achievable in SCI subjects though the set of exercises defined for this study.
Moreover, this study highlights the importance of understanding the underlying assumptions
made in biomechanical models and study if these are suitable for SCI modeling. A possible
source of error could come from the use of optimization function that do not represent the
reality of the exercise in the musculoskletal model.
This will be studied in more detail in the future in order to develop better and more realistic
methods to model SCI subjects.
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