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INTRODUCTION
Electrical stimulation has not been as successful as bracing 
in the treatment of scoliosis [1,2].  There are many possible 
reasons  for  this,  including  poor  patient  compliance, 
inconsistent  application  of  electrodes,  and  incorrect 
clinical placement of the electrodes.

One method of assessing the potential efficacy of various 
clinical treatments is the use of computational modelling. 
Previous  modelling  studies  have  indicated  that  ideal 
muscle  activation  patterns  could  produce  a  better 
immediate corrective pattern than bracing  [3]. This would 
suggest  that  there  is  great  potential  in  electrical 
stimulation, but compared with bracing, and with a general 
lack of clinical evidence to support the use of stimulation, 
this  method  of  treatment  has  received  little  attention  in 
recent  years.  With  advances  in  modelling,  and  the 
development of implantable electrodes, perhaps it is now 
time to revisit the area of electrical stimulation in scoliosis 
correction  in  order  to  identify  and  demonstrate  its  full 
potential.

In  this  study,  biomechanical  modelling  is  applied  to 
investigate the potential of external and internal electrical 
stimulation combined with the application of brace forces 
for  the  correction  of  scoliosis.  Optimal  brace  force  and 
muscle  force  activation  patterns  required  to  correct 
scoliotic configurations are calculated using the model for 
a range of stimulation and bracing configurations.

Lateral  electrical  surface  stimulation  based  on  previous 
methods  of  electrode  placement[4] is  also  simulated  and 
compared with the choice of corrective patterns predicted 
by  the  optimization  algorithm  for  external  muscle 
stimulation.

METHODS
A biomechanical model of the thoracolumbar spine and rib 
cage  was  constructed  using  data  from  existing  spinal 
models[3,5].   The  model  was  adjustable  to  different 
scolitotic configurations. The muscles were represented by 
linear actuators that could range between 0 and 100% of 
their  maximum  isometric  force.  The  brace  in  each 
simulation was represented by a set of point forces which 
could be applied to one or more individual bodies in the 
model.

Similarly to previous studies[3,6], the scoliotic curve in each 
model  was  reduced  by  implementing  an  optimization 
algorithm  which  would  calculate  an  optimal  corrective 
pattern  for  combinations  of  brace  forces  and  muscle 
activations presented in Table 1.

For each simulated curve in question an objective function 
was minimised and  a set  of  constraints  was  imposed to 
limit the displacement of the individual ribs and vertebrae. 

In the case of the spine in Figure 1, the objective function 
was  the  horizontal  distance  of  the  apex  of  the  thoracic 
curve  from  the  sagittal  plane.  The  choice  of  objective 
function was based on a study which optimised brace force 
application for the treatment of scoliosis[6].

Optimization  was  not  used  when  simulating  lateral 
electrical stimulation.  In this case the choice of muscles 
activated  was  based  on  clinical  placement  of  electrodes 
relative to the location of the apex of the curve as reported 
in previous studies[4].

Figure  1:  A scoliotic  spinal  configuration  with  a  curve 
apex at the T9 vertebra.

RESULTS AND DISCUSSION
The  improvement  in  curvature  varied  depending  on  the 
initial curve configuration.  The simulated brace was able 
to reduce the curve in most cases.   The reduction in the 
objective  function  for  each  stimulation  and  bracing 
configuration obtained for the curve shown in Figure 1 are 
presented in Table 2.

For  certain  muscle  configurations  electrical  stimulation 
alone was found to be at  least as effective,  as the brace 
configuration,  Table  1.  The  greatest  reduction  in  the 
objective function was achieved when brace and muscle 
forces were used in combination. The simulation of lateral 
electrical surface stimulation proved less effective than the 
optimized  configuration  for  stimulation  of  external 
muscles  alone,  Table  1.  This  suggests  that  using 
optimization  to  locate  ideal  electrode  placements  on  a 
patient specific basis, rather than the using the traditional 
clinical  approach  could  improve  the  outcome  of  a 
treatment  with  surface  electrical  stimulation.   It  also 
suggests that previous studies may have been inconclusive 
or negative for the use of electrical stimulation due to the 
use of sub optimal configurations. 
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CONCLUSION
The  area  of  electrical  stimulation  in  the  correction  of 
scoliosis has not been pursued in recent years due to a lack 
of positive results compared with bracing.  With the aid of 
biomechanical  modelling,  optimal locations for electrode 
placement both internally and externally can be calculated. 
The preliminary results obtained with computer simulation 
suggest the potential for electrical stimulation as a viable 
clinical tool for scoliosis correction.  In particular, greater 
improvements  may  be  obtained  through  the  use  of  a 
brace/electrode hybrid treatment.  It  has also been shown 
that  predicted  surface  electrode  placements  yield  greater 
improvements than standard clinical electrode placements.
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Table 1: Combinations of muscle activations and brace forces simulated using the model.

Configuration
External Muscle 

Stimulations
Internal Muscle 

Stimulations
Brace

1   

2   

3   

4   

5   

6   

Table 2: Percentage reduction in the objective function for the spinal configuration in Figure 1.

Configuration Objective function reduction

1  35%

2 49%

3 54%

4  59%

5 67%

6  47%


