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Introduction (1)

ω Pressures sores major problem in SCI 

ï 85% of people with SCI develop pressure ulcers (decubitus) during their life Liu et al. 
(2006) 

ï Medical costs: over 3 billion Euro annually in the UK Riordan et al. (2009)

ω Risk factors:

ï Muscle atrophy (decrease of contact area)

ï Disturbed/decreased blood circulation below lesion

ï Long lasting sitting pressure over bony prominences (ischial tuberosities)



Introduction (2)

ω Preventative measures

ï Special cushions 

ïWeight shifting

ï Instruction of preventive measures

ω Pressure sores still occur; methods may not adequate enough

ω No activation= no counteracting muscle atrophy and circulation 



ωAcute effects of Surface ES 
ï.ƭƻƻŘ Ŧƭƻǿ ҧ  Janssen et al. (2003), Levine et al. (1990)

ïaǳǎŎƭŜ ǎƛȊŜ ҧ  Levine et al. (1990)

ωLong term effects of ES (implanted) 
ïSame positive effects Bogie et al. (2006)

ï{ƛǘǘƛƴƎ ǇǊŜǎǎǳǊŜ Ҩ Van Londen et al. (2008)

Introduction (3)  Earlier research





Liu et al., JRRD 2006



Implanted percutaneous gluteal stimulation system Bogie et al. APMR 2006

Baseline Initial daily use

6 months of daily use 40 months of regular use



Introduction (4)

ωRecent pilot-study: ES of glutealsusing surface electrodes 
acutely reduced peak sitting pressure (Van Londen et al. APMR 
2008), 

ωbut..
ïElectrodes under buttocks not desirable; 

ïToo large stimulator for daily life conditions

ïno effects studied outside lab during longer periods or different 
protocols. 



ωThis study: custom-made shorts with built-in electrodes to 
simultaneously activate gluteal and hamstring muscles 



Electrodes used. One on top of 

gluteals, the other halfway hamstringsBioShorts with built-in electrodes

NeuroPro 8-channel stimulator



Purpose

To evaluate the effect of ES-induced activation of the gluteal and
hamstringmuscleson the sitting pressuredistribution in individualswith
SCI(Uppermotor neuronlesion).



Methods (1) Participants Characteristics

Mean °SD (range)

Participants (M/F) 19 (14/5)

Age (years) 36.5 °10.7 (22-58)

(UMN) Lesion level C3 - C8 (N=13) 

Th1-Th12 (N=6)

ASIA impairment classification ASIA A:  15

ASIA B:    3 

ASIA C:    1

Time since injury (months) 100 ± 92 (6-309)

Body mass (kg) 80.8 ± 14.3 (60-107)



Methods (2)

ω1. Stimulation Protocol A and B
ïOwn daily-use wheelchair while sitting pressure was measured. 

ïTwo 3-hr protocols were randomly applied, 

3 min of stimulation (hamstring and gluteal muscles) 17-min rest.

ïProtocol A: 1s:1s 

ïProtocol B a 1s:4s on-off duty cycle 

ω2. Activating gluteal muscles exclusively versus gluteal and 
hamstring muscles. 
ïAs above, 

ïStimulatie vlgs 1s:4s on-off 

ï Gluteal mm

ïGluteal and hamstring mm



Methods (3)

ωQuestionnaire on usability
ï10 questions 

ïCompletely agree ςcompletely disagree (1-5) 



Methods (4)

ω Pressure mapping

ω Recordings (4-8 Hz) at start (t0), after 
1 (t1), 2 (t2), and 3 (t3) hrs during 3 
min stim and last min rest. 

Pressure mapping system (FSA)
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Results (1)
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Vertical center (in)

Sensing area (inĮ)

Regional distribution (%)

0.00

200.00

13.24

379.77

19.49

147.24

7.86

9.56

286.60

100.00 0

20

40

60

80

100

120

140

160

180

200

mmHg

Electrical stimulation: OFF



Minimum

200

mmHg

0

secs 1-1-2-3-4-5-6-7-8-9

Minimum (mmHg)

Maximum (mmHg)

Average (mmHg)

Variance (mmHgĮ)

Standard deviation (mmHg)

Coefficient of variation (%)

Horizontal center (in)

Vertical center (in)

Sensing area (inĮ)

Regional distribution (%)

0.00

200.00

13.24

379.77

19.49

147.24

7.86

9.56

286.60

100.00 0

20

40

60

80

100

120

140

160

180

200

mmHg

Electrical stimulation: OFF



Minimum

200

mmHg

0

secs 1-1-2-3-4-5-6-7-8-9

Minimum (mmHg)

Maximum (mmHg)

Average (mmHg)

Variance (mmHgĮ)

Standard deviation (mmHg)

Coefficient of variation (%)

Horizontal center (in)

Vertical center (in)

Sensing area (inĮ)

Regional distribution (%)

0.00

193.77

13.23

367.33

19.17

144.86

7.86

9.53

286.60

100.00 0

20

40

60

80

100

120

140

160

180

200

mmHg

Electrical stimulation: OFF



Minimum

200

mmHg

0

secs 1-1-2-3-4-5-6-7-8-9

Minimum (mmHg)

Maximum (mmHg)

Average (mmHg)

Variance (mmHgĮ)

Standard deviation (mmHg)

Coefficient of variation (%)

Horizontal center (in)

Vertical center (in)

Sensing area (inĮ)

Regional distribution (%)

0.00

190.14

13.29

360.01

18.97

142.82

7.85

9.51

286.60

100.00 0

20

40

60

80

100

120

140

160

180

200

mmHg

Electrical stimulation: OFF



Minimum

200

mmHg

0

secs 1-1-2-3-4-5-6-7-8-9

Minimum (mmHg)

Maximum (mmHg)

Average (mmHg)

Variance (mmHgĮ)

Standard deviation (mmHg)

Coefficient of variation (%)

Horizontal center (in)

Vertical center (in)

Sensing area (inĮ)

Regional distribution (%)

0.00

190.14

13.29

359.99

18.97

142.81

7.85

9.51

286.60

100.00 0

20

40

60

80

100

120

140

160

180

200

mmHg

Electrical stimulation: OFF



Minimum

200

mmHg

0

secs 1-1-2-3-4-5-6-7-8-9

Minimum (mmHg)

Maximum (mmHg)

Average (mmHg)

Variance (mmHgĮ)

Standard deviation (mmHg)

Coefficient of variation (%)

Horizontal center (in)

Vertical center (in)

Sensing area (inĮ)

Regional distribution (%)

0.00

189.47

13.38

363.46

19.06

142.52

7.84

9.52

286.60

100.00 0

20

40

60

80

100

120

140

160

180

200

mmHg

Electrical stimulation: OFF



Minimum

200

mmHg

0

secs 1-1-2-3-4-5-6-7-8-9

Minimum (mmHg)

Maximum (mmHg)

Average (mmHg)

Variance (mmHgĮ)

Standard deviation (mmHg)

Coefficient of variation (%)

Horizontal center (in)

Vertical center (in)

Sensing area (inĮ)

Regional distribution (%)

0.00

200.00

13.53

389.26

19.73

145.79

7.84

9.56

286.60

100.00 0

20

40

60

80

100

120

140

160

180

200

mmHg

Electrical stimulation: OFF



Electrical stimulation: ON


