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Introduction
Much can be done to improve the hand function of tetraplegic patients who have C6 lesions and
below with international classifications 3 or better by the use of tendon transfers. However,
those with weak C6 and C5 lesions present a greater problem to the hand surgeon as these
patients have insufficient muscles under voluntary control for tendon transfer. The
NeuroControl Free Hand System attempts to produce a useful grasp by means of an implanted
FES (Functional Electrical Stimulation) device. Epimysial electrodes are implanted on to up to 8
muscles to produce finger flexion and extension, abduction, adduction, flexion and extension of
the thumb. C5 subjects who have no voluntary wrist extension use the 8th channel to provide
wrist extension. In subjects who have wrist extension, the 8th electrode can be used to provide
sensory feedback by stimulating the skin sensory receptors at the shoulder, an area where all the
subjects will have normal sensation. The frequency of stimulation is increased in five stages as
the hand moves from open to a tight grip.

Control signals and power are propagated by radio telemetry through the skin from an induction
coil taped to the skin, to the implant receiver, implanted just below the shoulder. The user
controls the hand by moving the contralateral shoulder, detected by a twin axis goniometer on
the skin surface. The control can be programmed to respond to protraction and retraction or
elevation and depression of the shoulder. For example, a user might retract their shoulder to
open his hand and protract to close the hand. If the user wishes to hold an object for an extended
time, the hand can be locked in position by making a quick movement with the shoulder. If a
velocity threshold is exceeded the hand is locked in that position until the velocity threshold is
exceeded a second time.

Materials and methods
Patients are assessed using the GRT (Grasp Release Test), ADL assessment, grip strength, range
of motion (ROM) and usage by questionnaire. 5 subjects have received the implant (tables 1
and 2). Subjects are assessed prior to implant. Following the operation the arm is immobilised
in plaster for three weeks. Once the plaster is removed electrical stimulation training exercises
are commenced. The duration of the exercises is doubled weekly until at

Table 1.
Subject Level International*

Classification
Age Time since

injury
Sex Side

1 C6 L OCu 2
R OCu 2

43 14 years M R

2 C5 L O 0 R O 0 37 4 years M R
3 C5 L O 0 R O 0 36 15 years M R
4 C5 L O 0 R O 0 36 5 years M R
5 C6 L O 1 R O 1 49 12 years F L

*Sensory ability: O - eye sight but no skin sensation, OCu - eye sight and skin sensation.
Transferable muscles: 0 - no muscle below elbow, 1 - Br only, 2 Br and one wrist extensor.
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Table 2.
Subject Stimulated Muscles Tendon Transfers

1 EPL, AdP, AbPB, FDP, FDS, EDC,
FPL , Sensory

Deltoid - Triceps, Br - ECRL, FDS
Synchronisation, FPL split, FDP
Adjustment

2 EPL, AdP, AbPB, FDP, FDS, EDC,
ECU, Sensory

Deltoid - Triceps, Br to ECRL/B, ECU
- ECRL/B, FDP Synchronisation

3 EPL, AdP, AbPB, FDP, FDS, EDC,
FPL , AbPL

Deltoid - Triceps, FPL Split, AbPL -
ECRL/B

4 EPL, AdP, AbPB, FDS, EDC, FPL ,
AbPL, ECU,

Deltoid - Triceps, ECU - ECRL, ABPL
- ECRB, FPL Split

5 EPL, AdP, AbPB, FDP, FDS, EDC,
FPL, Sensory

Deltoid - Triceps, Br - ECRB, FPL
split,

four weeks exercise are of eight hours duration and carried out at night. At this point the
shoulder controller is tried and if successfully used, taken home to practice hand control. At 11
weeks post op the subjects are re-assessed and trained to complete there self selected ADL tasks.
Once the training is completed, the subjects are again assessed. Follow up assessments are made
at six and twelve months.

Results
At the time of writing three subjects have reached or completed the training stage of the
programme. One subject will enter it in four weeks time and the fifth subject in three months
time. Of the three patients who have reached the training stage:
1. All have achieved their self chosen ADL tasks.
2. All have achieved improved scores in the GRT.
3. All three patients have achieved a greater ROM when using the system.
4. All patients have achieved grip strength measurements where no grip was possible

before.
5. All patients have use the system on a daily basis preferring to use the device rather

than previously used splints and aids.
6. One patient (3) has suffered radial nerve dysfunction preventing finger, thumb and

wrist extension due to an unrelated cause, preventing the full use of the device. This
may be temporary dysfunction due to a Neurapraxia.

Conclusions
1. The Free Hand System provides useful function for C5/C6 tetraplegics.
2. Provision of wrist extension is important for use of the system with C5 patients.
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