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Neuromuscular electrical stimulation keeps a tetraplegic subject in his

chair: A case study

H Rischbieth!, M Jelbart' and R Marshall®

Funwwnal Electrical Stimulation Clinic, Hampstead Centre, 207255 Hampstead Road, Northfield, South Australia,
5085, *Spinal Injuries Unit, Hampstead Centre, 207—255 Hampstead Road, Northfield, South Australia, 5085

Pressure ulcers are an important complication of spinal cord injury which place an enormous
burden on society due to their financial, psychosocial, and vocational implications. Although
they are now rarely fatal, they can still have devastating consequences, often needing prolonged
hOSpltthdthn to be ploperly managed. This study reviews the use of electrical stimulation to
overcome increasing debility due to sacral pressure ulcers and saddle soreness in a man with
tetraplegia. After 24 months of regular cyclic stimulation he had increased circumferential
dimensions across his buttocks by up to 21%, and increased his sitting tolerance.
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General background

Pressure ulcers have long been recognised as one of the
more serious and costly complications of spinal cord
mjury, occunmo in up to 80% of those with a spm“d

" cord injury.! Their prevention and management is a

constant demand on the individual concerned, other
family members, carers, and hospital staff.” Significant,
negative psychological effects of these complications
have been recognised by a number of authors.!*~

The financial burden of hospitalisation for pressure
ulcers amounts to many thousands of dollars per year,
and has been estimated to range from $US15 000 to
370 000 for each ulcer.” Another complication is a loss
of physxcal condition associated with the imposed bed
rest,’ making return to the previous level of function a
dlﬁ"lcult, lengthy and arduous procedure.

Despite these factors, there is little really known
about the epidemiology of pressure ulcers — those
most at risk, the influence of time since injury, and the
influence and inter-relationship of the multitude of risk
and preventive factors.’

Byrne and Salzberg (1996) identified more than 50
risk factors, which they separated into categories. Their
15 major risk factors were divided into three categories

Severity of spinal cord injury;
Pre-existing conditions; and
Malnutrition and anaemia.

L2 DN —

Other potential risk factors identified included
medical factors, past history, gender and ethnicity,
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medications, and issues related to movement, socio-
economic, psychological and nutritional status.'

This case study describes the use of neuromuscular
electrical stimulation in the management of recurrent
sacral pressure ulcers in a man with tetraplegia.

Subject

Mr P sustained a C6 cord injury in 1966, leaving him
with some poorly defined saddle sensation, but no
motor function below his neurological level.

Due to severe spasticity, which interfered with and
impaired many of his independent activities, he had a
Bischoff myelotomy in 1979. This led to wasting of his
leg muscles, but enabled him to maintain his social
imteractions.

Between 1987 and 1993 he had six hospital
admissions for management of pressure ulcers, with
admissions ranging from 1-10 weeks, and totalling 25
weeks. They had left extensive scars on his saddle area,
which made sitting increasingly uncomfortable, so that
he was unable to tolerate sitting longer than 30 min.
All this occurred despite the efforts of our Seating
Clinic who attempted to improve his sitting tolerance.

Electrical stimulation has been identified as the only
electrical modality avallable to physiotherapists which
increases skin blood flow.” Similarly, electrical stimula-
tion to muscles of the lower limbs has been advocated
for 1mprov1n0 skin perfusion following spinal cord
injury.*~'"! The authors had observed similar results in
other clients using electrical stimulation, and therefore
proposed a trial of neuromuscular electrical stimula-
tion (NMES) applied to Mr P’s gluteal muscles. It was
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unclear whether lower motor neuron innervation to the
region may have been compromised during the
previous neurosurgical procedures.

Mr P was very keen to pursue electrical stimula-
tion, having become aware of some of its potential
benefits through the Spinal Cord Injury Unit, and
through anecdotal information from other outpati-
ents. He presented to the Functional Electrical
Stimulation (FES) Clinic in Adelaide in September
1994.

Method

Before the trial of stimulation, dimensions were
measured, around the buttocks between greater trochan-
ters, and between each greater trochanter and opposite
anterior superior iliac spine (ASIS) (Figure 1).

Despite the myelotomy, stimulation was success-
ful, and weak contractions were evident in both
gluteus maximus muscles. Suitable stimulation
parameters were therefore established, and a home
stimulation programme was commenced. In keeping
with clinic policy, Mr P was lent a portable
stimulator for use three times daily and his wife
received training in the correct application of FES
to the gluteal muscles.

Stimulation sessions were for 15 min, three times a
day, at a preset duty cycle, with output intensity
initially limited to 65%. This produced a visible
contraction which was identified and monitored by
family members who administered the home program.
Progress was monitored weekly, when the response
was observed throughout the 15 min of cyclic
stimulation. Fatigue was a Hmiting factor during the

46-—+52-58cm 53—58—-60cm
L ASIS (+13-21%) (+9.5-12%) [RASS]
L Greater 44-46—48 cm R Greater
trochanter (+4.5-9%) trochanter

Figure 1 Dimensions across the buttocks before, after 7 and
after 24 months of electrical stimulation with absolute values
in parentheses

Table 1 Stimulation parameters, and their progression
7-24
Parameter Start 1 month 4 months months
Frequency 30 pps 30 pps 30 pps 30 pps
Duty cycle 10:15s 10:15°s 10:8 s 10:8 s
Ramps 4:2's 4:2s 4:2's 4:2's
Intensity 65% 80% 100% 100%
Session
time 15 min tds 15 min tds 15 min tds 30 min bd

first month which was reflected in the initial
stimulation programme. Stimulation parameters were
gradually progressed as strength and endurance of
stimulated contractions increased over the subsequent
months (Table I).

Results

After 1 month of stimulation Mr P reported much less
pain in sitting, and this enabled him to increase his
comfortable sitting time (from 30 min before onset of
discomfort prior to commencing the stimulation
programme, to more than 2 h). The atrophic scarred
areas, which had become red and angry if he sat for more
than 30 min, ceased being erythematous, and became
more pliable and mobile. These changes were consistent
with maturation of the surgical scars, which had not
occurred with conventional management.

This progress continued, using the same stimulation
parameters, and after 2 months he was able to sit all
day (excluding time spent lying prone during
stimulation sessions). Output intensity was then
increased to 100% to recruit more motor units, and
increase the strength of the stimulated contraction.’?

At this point in time he felt confident enough to leave
on an overseas holiday for several weeks, and had no
problems with skin breakdown despite sitting for long
unbroken periods. He continued the stimulation
program while away, and as his skin condition and
muscle endurance both improved during this time the
duty cycle was progressed on his return.

Dimensions across the buttocks were remeasured
after 7 months of stimulation, when they had
increased by between 4.5% and 13% (Figure 1).
Stimulation parameters were progressed again, with
duration of each session increased from 15-30 min,
now performed twice daily (Table 1). After another
17 months, having continued with the same stimula-
tion programme, dimensions were remeasured, and
showed further increases, by between 9% and 21%
(Figure 1). During this time Mr P had had a number
of small areas of broken skin on his buttocks,
resulting mainly from trauma during transfers.
However, these were all managed at home, and
required less than 1 week of bedrest, which was a
great improvement on previous similar events prior to
starting the stimulation programme.

Discussion

A number of possible alternatives are suggested as
explanation for these increases, including a collection
of local oedema, increased adipose tissue in the area,
and hypertrophy of the underlying musculature.

Local oedema was excluded as there was no clinical
evidence of it, nor could it explain the maturation of
scars and much faster healing rate of recent areas of
broken skin.

An increase in underlying fat seems somewhat
simplistic, as it also fails to account for maturation
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of scar tissues and much faster healing rate of recent
areas of broken skin.

Hypertrophy of the underlying musculature, on
the other hand, can only occur in response to
increased muscle activity, with an associated
increased demand for circulation. Such an increase
in blood supply will also facilitate maturation of

scars, improved comfort in sitting, and greater
healing responses.

Conclusion

The results in this case study support previous

ﬁndings,g‘” that increased muscle mass in, and
circulation through the gluteal region may occur in
response to chronic electrical stimulation. This
proposition 1s supported by the improved sitting
tolerance, reduced frequency and severity of pressure
sores, and completion of the healing processes of
surgical scars demonstrated by Mr P. As he is now able
to sit all day he has returned to his previous levels of
socialisation, with associated improvement in confi-
dence and self image.

These results also represent significant savings for
the health budget. A stimulator has a one-off cost of
less than $US1200, and recurrent costs are likely to be
in the order of $USI1S5 per month, or $US180 annually,
less than the cost of 1 day in hospital.

Any modality which provides a means of main-
taining tetraplegic individuals in their chairs will, in
the longer term, provide them with greater protection
against the debilitating complications of bed rest. Use
of electrical stimulation after spinal cord injury is
becoming more accepted, but tends to be used as a
means of facilitating return of wvoluntary motor
function, gait or functional restoration. The results
of this study suggest electrical stimulation can be used
in this way to ‘keep people in their chairs’, and thus
warrants further trials, which should include a pain
scale, and CT scanning to quantify gains in muscle
bulk. '
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