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Abstract 

Individuals with spinal cord injury (SCI) experience 
many physiological changes below the level of the 
lesion.  Many of these changes contribute to an overall 
degeneration in tissue health which increases the risk of 
tissue breakdown and pressure sore development.  
Electrical stimulation using advanced implanted 
technologies provides a unique pathway for improving 
the health of paralyzed tissue by altering intrinsic 
characteristics. 

Subjects utilizing an implanted stimulation system 
for standing and transfers have been monitored to 
determine changes in tissue health status due to long-
term use of neuromuscular electrical stimulation 
(NMES). Regional tissue blood flow has been 
monitored concurrently with assessment of interface 
pressures at the subject/support interface when seated in 
the wheelchair. To date repeated assessments have been 
carried out on 7 subjects.  Preliminary findings support 
the hypothesis that long-term use of NMES can improve 
the health of paralyzed gluteal muscle, thus reducing the 
risk of ischial pressure sore development. 
 
Introduction/Background 

Spinal cord injury (SCI) results in numerous 
degenerative changes below the level of the lesion.  
Many of these changes will have a detrimental effect on 
tissue health arising from both intrinsic and extrinsic 
factors. 

Motor paralysis is the precursor for many intrinsic 
changes in soft tissue characteristics following SCI.  
Loss of motor function will lead to progressive disuse 
muscle atrophy.  Blood flow will affected both by the 
loss of an effective muscle blood pump and by changes 
in vascular capability. This has two components, namely 
the extent of tissue vascularisation, i.e. capillary density, 
and the patency of the capillary network under normal 
loading conditions.  Both aspects are negatively affected 
following SCI, thus reducing the nutrient supply to the 
soft tissues and leading to a degeneration in tissue 
health. 

Immobility due to motor paralysis and loss of 
proprioception and sensation due to sensory paralysis 
will combine to increase the effects of extrinsic applied 
pressure due to sitting.  The magnitude and duration of 

applied pressure have long been recognized as important 
factors in pressure sore formation (Lindan 1961).  
Tissue damage can occur at relatively low pressure 
intensities if loading is maintained for prolonged 
periods.  Non-uniform pressures, such as those 
occurring in the region of bony prominences with 
reduced soft tissue coverage, will increase local shear 
forces and cause tissue distortion tending to collapse the 
regional vasculature and greatly reducing localized 
blood flow. 

There are a host of inter-related factors which 
combine to cause a degeneration in tissue health 
following SCI and causing this patient group to be at 
high risk of pressure sore development throughout their 
lifetime.  Many support devices have been developed to 
address these problems, however these devices can only 
affect the extrinsic conditions at the user/support 
interface.  Electrical stimulation of paralyzed muscle 
provides a unique means to alter the intrinsic 
characteristics of paralyzed muscle, as well as extrinsic 
factors such as the spatial distribution of applied 
pressures.  The current study is being carried out to 
investigate the hypothesis that long-term use of 
neuromuscular electrical stimulation (NMES) using an 
implanted stimulation system will produce a sustained 
increase in vascularisation leading to increased regional 
blood flow and improved regional tissue oxygen.  
Concurrently, long-term NMES will increase the mass 
of stimulated muscles and so reduce peak pressures over 
bony prominences. 
 
Methods  
Subjects 
All subjects followed in this study were also 
participating in a study utilizing surgically implanted 
epimysial electrodes and a multichannel implanted 
stimulator for standing and transfers (Davis et al, in 
press).  Gluteal muscle electrodes were implanted 
bilaterally as part of this system.  Primary inclusion 
criteria for this study included: 
1) 
2) 
3) 
4) 

Spinal cord injury above the level of T12. 
More than 18 years old. 
More than one year post-injury. 
No significant active systemic disease, e.g. heart 
disease, renal failure, diabetes. 



5) 
6) 

No pelvic osteomyelitis 
Full range of motion at hips and knees bilaterally. 

To date, 9 subjects meeting these criteria have been 
enrolled in the study.  A baseline assessment is carried 
out once the subject had been enrolled in the standing 
study.  Repeat assessments are made on completion of a 
conditioning exercise regime and thereafter at 3-6 month 
intervals.  Currently, repeat assessments have been 
carried out on 7 subjects to determine the long-term 
effects of NMES on tissue health when seated. 
 
Measurement systems 

Quantitative assessment techniques were employed 
to provide objective evaluations of factors related to 
tissue health: 

Regional blood flow was evaluated using a 
TINATCM3-2 monitor (Radiometer USA Inc., 
Cleveland OH).  The oxygen electrode (Radiometer, 
model E5280-8) was calibrated using a gas containing 
20.9% O2/5% C O2 in nitrogen.  System temperature 
control was set at 43oC, in order to produce maximal 
local vasodilation and room temperature over the course 
of each assessment was maintained at 25+2oC. 

Seated interface pressures were monitored using the 
Tekscan Advanced Clinical Seating System (Tekscan 
Inc., Boston MA).  This measurement system employs 
thin flexible sensors utilizing conductive and semi-
conductive inks in a grid-based array.  The array 
contains more than 2000 sensors and operates within the 
range 1-250mmHg (accuracy +10%) at scanning rate of 
125Hz.  Real-time 3-D images of pressure distribution at 
the seating interface are produced using graphical 
display software.  The system analysis can also 
determine peak regional pressures, maximum pressure 
gradient and contact area. 
 
Experimental procedure. 

Serial assessments of tissue gas levels at the ischial 
tuberosity were made during the course of the study.  
The transcutaneous gas electrode was placed with the 
subject in a side-lying position on a bed or plinth, with 
hips and knees flexed to 90o in order to approximate the 
angulation of the lower limbs in sitting.  The ischial 
tuberosity to be monitored was palpated and a fixation 
ring located over the bony landmark.  The fixation ring 
consists of a 20mm diameter adhesive ring surrounding 
a central plastic screw-mounting.  The electrode 
mounting is approximately 10mm in diameter and 6mm 
high.  The central region of the ring was filled with 
contact fluid and the electrode securely attached.  
Following a 10-15 minute equilibration period with the 
subject remaining in a side-lying position, local 
vasodilation had stabilized and tissue gas levels with the 
tissue unloaded were monitored for 5 minutes. 

The interface pressure sensor array was then placed 
over the subject’s cushion in the wheelchair and the 
subject was carefully transferred to their wheelchair to 
begin the seated assessment. Transcutaneous gas levels 
were continuously monitored with the subject sitting 
quietly in their normal sitting posture for a total 
assessment period of 25 minutes.  Interface pressures 
were monitored concurrently by scanning the 
subject/support interface for 400 second periods at 2-5 
minute intervals throughout the course of the 
assessment. 
 
Data analysis 
Variables of interest which were included in the 
preliminary data analysis are: 
�� Mean unloaded tissue oxygen level TU 
�� Mean overall seating interface pressure PÕ 
�� Mean ischial region seating interface pressure PÍ 
These variables have been determined for each 
assessment and changes over time evaluated. 

. 
Results 
 

Subject Gender Age at 
entrance 
to study 

Months 
post-
injury 

Injury 
level 

ASIA 
score 

1 M 46 93 T6 A 
2 M 37 46 T4 A 
3 M 47 15 T6 A 
4 F 28 20 C7 B 
5 M 27 33 T8 A 
6 M 35 204 T5 B 
7 M 28 27 T9 A 

 
Figure 1: Clinical profiles of study participants. 
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Figure 2: Changes in transcutaneous oxygen level in 
unloaded tissue between baseline assessment and 
completion of conditioning regime. 
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Discussion/Conclusions 

Comparison of mean tissue oxygen levels in 
unloaded tissue overlying the ischial tuberosity (TU) 
showed that levels tended to increase following 
completion of the conditioning stimulation regime 
(Figure 2), particularly if baseline values were less than 
50mmHg, indicating initially compromised regional 
blood flow.   

Mean interface pressure (PÕ) tended to show a 
slight decrease overall (Figure 3) with greater reductions 
in ischial region pressure (Figure 4).  These changes 
imply that pressure distribution at the subject/support 
interface becomes more uniform following use of a 
conditioning stimulation regime.  Specifically it appears 
that regular stimulation of the gluteal muscle alters its 
characteristics such that locally elevated pressures are 
reduced, implying that the regional surface area has 
been increased. 

These early findings appear to support the 
hypothesis that long-term use of NMES using implanted 
systems can improve the regional health of paralyzed 
muscle, by increasing regional blood flow and 
improving interface pressure distribution.  These 
changes can reduce the risk of pressure sore 
development.  Further study of additional subjects is 
required to a) determine the natural variability of tissue 
viability status of the SCI population, and b) determine 
the factors that contribute to inter-subject variability in 
order to make the effects of NMES more consistent 
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Figure 4: Changes in mean ischial region interface
pressure between baseline assessment and completion
of conditioning regime. 


	Abstract
	Introduction/Background

	Measurement systems
	Data analysis
	
	
	
	Results


	Discussion/Conclusions
	
	References





