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PREFACE

" The author's early experiences with severely disabled persons was

initially gained while employed at the Bio-Mechanics Laboratory,
attached to the Department of Orthopaedics of the H.F. Verwoerd
Hospita], Pretoria. AA small number of quadriplegics were admit-

ted per year to the Spinal Unit of the Department, andAthose requir-'
ing augmentation of their residual function by Ofthotie meehs were
referred to the Bio-Mechanics Laboratory where bio-engineering
techniques were applied to improve their funetiondl‘capacity.' Thus,
Fhe early techniques'used‘by the author for the activation of
eartia11y and totally paralysed upper extremities were developed af

the Bio-Mechanics Laboratory.  These form the basis on which many -

~of the procedures'described in this thesis were formulated.

In 1971, a programme was initiated by the‘Department of Bio-

Engineering and Medical Physics of the University of Cape Town, in

~ co-operation with the Cape Provincial Hospital Services, tb investi-

- gate techniques for the functional rehabilitation of patients who

" Conradie Hospital, at Pinelands in the’Cape; one of the largest such ' ‘

had suffered damage to the spihe. The Spinal Ihjuries Centre at-

centres in the Southern Hemisphere, was the obvious choice forlthe'
centralisation of these activities. It was here, in a positive

and stimulating academic environment, that the author was provided

- with the opportunity to practically realise new ideas and refine

existing procedures directed at -the functional rehabilitation of
quadrip]egich .
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- "CHAPTER 1

1.1 [INTRODUCTION AND DEFINITION OF SCOPE OF THESIS
Because of recent advances in medical technology, patients who have
undergone severe trauma or villness are surviving where they would not have

in the past. In many instances it is necessary for patients' stay in

hospital to be protracted for a number of months until they are sufficient]y

medically fit for discharge. Many times, before such a patient can return
as\a productive member of society a programme of intensive rehabilitation is
necessary. |

Amongst the most difficult tasks confrontiné those resﬁonsib]e for
rehabilitating such long stay non-acute patiente, is that of rehabilitating

a quadriplegic. Quadriplegia, or as it is sometimes referred to,

- tetraplegia -, is defined (1) as the partial or total Toss of motor function

in both upper and lower limbs.

This thesis deals with some of the ﬁrob]ems that afe presented by patfents
Qho suffer quadriplegia, and with practical engineering so]uiions to some
of these problems. Functiona1 rehabi]itation, by augmenting and7supp]e—
menting the patient's res1dua1 ability so that he may most effect1ve1y |
interface with his surroundings, is the chief theme of this work

Particular emphasis is 1aidion the contribution of the bio-engineer to

the efforts of the team of specialists assigned to rehabilitate the quadri-
p]eg1c ' _ |

The purpose of this project is two-fold, being d1rected toward returning
kias great a degree of independence to the patient as possib]e, and relieving
to some extent the burden p]aced on the fam11y and those hav1ng to tend

to the patient’s needs

- A b o ¢ s
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1.2. STRUCTURE OF THESIS
1.2.1.

Chapter 2 of the thesis provides the medical background to the problems

of quadriplegia and details the causes and imp1ications of severe trauma

to the spine. The extent of loss of motor and‘sensory function related

to the Teve] of injury of the spine is clearly defined to enable the
engineer to appreciate fully the residual funetiona] capacity of the.

1iving system with which he is dealing. Some of the dangers and complica-
tions which_beéet patients who have suffered quadriplegia and the procedures
and necessary precautions which must be exercised to promote the independent
existence of such a patient are outlined. A Glossary of medﬁca1_terms to
which the reader is referred,bis presented in Appendix A.  The diverse

problems presented by the qUadrib]egic patient necessitate co-operation

between a number of specialists in both the medical and non-medical disciplines.

In the Tatter half of this chapter fhe role that each specialist must play

is examined’and a plea is made for a truly co-ordinated approach to ensure

the optimisation of the patient's rehabilitation programme and. its success.

The contribution that the bio-engineek is able to offer particularly in the
early pOSt traumatic stages,is also high]ighfedf-‘ |

1.2.2. |

The development of a diaghostic'ahd therapeutic instrument which can be

used by para-medica] personne1 to assess the extent of any recovery of muscular
innervation in a particular muscle and which permits even a flicker of
muscular activity to‘be Qsed in a therapy progrémme,eis presented in Chapter‘3.
‘The rationale behind the development of the apparatus which uses the myo-
electric signaj of the muscle under test as its input, is thqrough]y explained
and the author's method of signal proeessing is contrasted with different

methods employed by other researchers.

I T
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The practical realisation of the instrument in both block and circuit
diagram fdvm is presented.

Based on results obtained in inveétigations conducted by the author,

norms for quantitative readings from the instrument for speciffc muscle
groups have been predicted and in the light of the author‘s experience,
and data collected from spinal injuries centres using the instrument on a
day to day basis, the value of the instrument is assessed.’

1.2.3. | |

- The enigineering procedures and techniques that are applied to the quadri-
plegic to supplement his functional capacity necessifate thé use‘of‘some
form of appliance or machine.  Such a device may be attached directly to

a functionally deficient Timb and may be used to supplement movement of

“that particular body segment. Alternately, the patient may influence his o

surroundings through machines which are not necessarily attached td a
particular part of his body, but to which he has easy access. In either
instance, the interface between the pétient and his appliance must be
carefully considered to ensure harmonious interaction between the‘human

controller and his machine. Chapter 4 is devoted in its entirety to an

appraisal of the quadriplegic and his machines, the considerations of feed-

forward from the patient and feedback from the machine and to the fo]1y of .

overtaxing the disabled patient's efféctivé machine control capacity.
1.2.4. | | | |

The actua} hardware used by‘quadrip]egics_is the subject of Chapters 5,

6 and 7, of the thesis. Chapter 5 outlines the purposes of the different
splinting procedures, the criterea by which these are app]ied and fhe
functional»usefu]nessvof the various orthotic devices which are body

or internally(') powered. | |

Ty TR

internally as opposed to externally powered motorised devices
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The development of the most important type of hand splint used for lower
lesion quadriplegics, the tenodesis sp]iht, is detailed together with
modifications and adaptations which extend the usefu]ness of the splint.

A design for an active spring loaded orthesis for treating contractures

of the elbow is discussed as well as its potential usefulness in providing
artificial triceps action. |

The improvement in functional capacity of the hands of C5,6 and C6,7
quadrip1egics when mechanical splinting techniques are employed, are
contrasted with results obtained when surgical procedures aimed at

providing return of function are attempted.

Chapter 5 concludes with some pertinent remarks on the subjects of splint

manufacture and patient motivationand training to obtain the the best

functional use from an orthesis.

1.2.5.
In recent times myo-electric control has been hailed as the ultimate control

medium for both prosthetic and orthotié appliances. Chapter 6 deals ex-

tensively with this subject and with a number of contro],systéms-which
" have been developed over the years by the author and by others.

' Myo-electric control of electrically powered motor driven ortheses as well

as of physiological stimulators is considered. Other motorised orthesis

control media suitable for use by the quadriplegic are also described.

| Constructional details of the poweredsplints used by the author are present-

ed and the extent to which complex multidegree of freedom of movement

ortheses may be used to implement functional return to the patient -is out-

lined. Case studies of patients who Have been fitted with complex

ortheses are used to illustrate the necessity of ensuring complete compata-

bility between the patient and his machine. Computer aided control of

-ortheses and of ordered stimulation of the existing musculature are explored

B
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as possible (future) solutions fo achieve improved patient functional
,capacity;

1.2.6.

The concept of the environmental controller and its use as bne of the

" most effective techniques that might be employed to facilitate return of
function to high lesion quadriplegics is introduced in Chapter 7.  Two
multifunction environménta] control units are'describeﬂ in detail and
guidé]ines for creating an ‘artificial environment' in which the disabled
person can spend most of his waking Hours are set out. Descriptions~of
all circuitry in both block diagram form and pfinted circuit component

' 1ay00t are previded to enable the reader to synthéﬁise part or all of the
controller sysfem if required. '

1.2.7. |

Chapter 8 revolves about some of the rehabilitation 'pr0b1ems of thé
‘quadrip]egic encounters once has left the confines of the hospita].
Difficu]ties‘at hoﬁé, in obtaining empleyment, in overcoming prejudice

. against the handicapped and the general ignorance'cf the public at. large
tbkthé needs of the quadrﬁp]egic are discussed.. Further, the authorfs
views on rehabilitation particularly as far as the use of environmental
controllers are concerned, are contrasted with the oppcsing vigﬂs of some.
jqf'his colleagues. | |

The cencluding pages of this chaptef (and of this thesis) deal with the.

lack of organised after-care of the quadriplegic patientvand the need for a

‘technical follow up service .to effect maintenance and repairs of patients'' .

hardware and eguipment. Also, suggestions for improvements to existing
techniques and procedures as discussed in the preceeding chapters, are re-

viewed.-
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1.3. DESIGN CRITERIA.

The fo]]ow{ng criteria were conSidered essential to the success of the

éngineering techniques detailed in Chapters 5,6 and 7:-

i) Any édded incfease in the.patient's ability to influence his_surroundfngs
should be consistent with the degree of effort required to effect such
influence, and | 7

ii, the financial cost of adding to the patient's abi]ity should not be so
excessive as tec place beyond the reach of the patient the acquisition4-

of the equipment necessary to achieve any such extra functional ability.
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CHAPTER 2

2.1. CAUSES OF QUADRIPLEGIA
Quadriplegia may result from numerous diseases, pathologies or trauma
which cause damage of the spinal cord and/or to the anterior horn cells.
Amongst the more common neurological diseases which may give rise to
quadriplegia are acute myelitis such as polio-myelitis, Guilian Barré
syndrome, and multiple sclerosis. Spinal cord compression following
extra-medullary or intra-medullary tumors or granu]omas,'or bone diseases
such as osteomyelitis and tubercular spondylitis énd consequent spinal
éordvinyolvement may also result in qUadripfegia. The most'common
incidence of quadrip]egia.however is due to traumatic lesions of the
spinal cord. Recent statistic§ (1) indicate that trauma accounts.for aS
_much as 97% of all new hospital admissions of patients suffering from
pathologies associated with spinal cord ma]fﬁnctions. It is thus pre-.
_dominaﬁt]y for the treatment of patients who are quadriplegic following -
severe spinél cord trauma that the téchniques deécribed.in this.thesis

are directed.

2.2. THE SPINE

2.2.1. Anatomical Considerationé |

The spinal column or as it is more correctly termed, the vertebral columh,'
is the central axis of all vertebrate animals. It may be described broadly

as a flexible curved column of bony segments separated from each other by -

fibro-cartilagenous pads and interconnected by a 1a£tice of ligaments.
Since the column is made up of segmented components and is not a sfng]e
continuous bone, a 1iﬁ1ted amount of movement, thh radially and along
its longitudinal axis, can takelplace. The vertebral column supports the
weight of the trunk and it is the central structure to which the pelvis

and lower limbs are connected. Further, the spinal cord - the complex

bundle of communication connections Which re]éy both afferent and efferent

S
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data between the brain and the motor system - passes down a central
canal in the column. The bony sufround of the individual vertebrae
affords protection td it.

2.2.2. Segmental Levels

The vertebrae are classified 1ntovf1ve main groups (4 major and 1 minor)
according to their anatomical situation along the spinal column: namely
the cervical - 8 segments, thoracic - 12 segments, lumbar - 5 segments,
sacral - 5 segments, and caudal - 1 segment (cf. fié. 2.1). At each

vertebral segment, both motor and sensory nerves branch off from the

spinal cord and pass through two secondary cahaﬂs(intervertebra] foraminae).

These nerves, referred to as spinal nerves, branch out further to innervate
specific areas peculiar to each nerve. The‘sbinal nerves are classified

by relating them to the pakticu]ar area of the vertebral column frbm‘

which they originate; the nerve originating from between the third and
fourth cervical vertebrae would thus be classified as spinal nerve Cq4.

Fig. 2.2 details the areas of fhé bpdy innervated by the different spinal

" nerves.  The eff%CtS of transections of the spinal column at parficu1ar'

segmental levels are consistent from patient to patiént, and result in

permanentv1qss of both motor and sensory function below the damaged'Segmeht.

Patients who have suffered trauma to the cefvica] spine may become quadri-
plegic. According to Wilcox and Stauffer (2), injuries to the cerVicéT

spine accounf for over 50% of all spinal injuries.

2.3. MECHANICS OF SPINAL INJURIES

The bony e1eméﬁt§ of the spine are by no meéns homogeneous‘in their shape
‘and size. AThe cervical vertebrae are smaller than the -thoracic and Tumber:
vertebrae and their construction permits a large degree of extension and
f]e*ion. The upper thoracic vertebrae permit a larger degree of spinal
rotation than does the cervical épine while the lumbar region, the most

stable section of the spfne'structura]]y, permits little extension -
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flexion and rotational movements. Because of the different physical
properties of the vertebral column segments, it is to be expected thét
they will react differently to injuries likely to cause damage to the
spine. | | |

2.3.1. Fracture - Dislocations of the Cervical Spine

Since the cefvica1 spine 1srthe most mobile section of the spine;'the
articu]atihg facets of the vertebrae are shallow and are 1oose1y linked.
This anatomical structure predisposes dislocation of the cervical spine
in injuries where the forward motion of the body is suddenly arrested

(for example when a motor car crashes into a stationary mass). The

head being weighty tends to continue on its forward trajectory pulling

several of the uppermost vertebrae with it. A forward dislocation of

the upper vertebrae on the lower vertebrae and luxation of the spinal

. cord therefore takes place. Luxation is usually effected at the 4th,

5th or 6th cervical vertebrée and is more often than not accompanied
by fractures of thelarticulafing facets'of'the vertebrae.
2.3.2. Compression Fracture of the Cervical Spine

This type of injury may occur when a heaVy weight is dropped directly

‘onto a person's head or when a person dives onto his head into a shallow

pool. The vertebrae are severely compréssed and bone fragments are
usually forced into the spinal canal causing extensive damage to the
spinal éord; és’is to be expected head or brain 1njur1esboften.accqmpany
this type of fracture. Compression fractures occur 1e§§'Frequent1y than
do dislocation fractures. B |

2.3.3; Fractures of the Thoracic'Spine

Because of the strong anatomical structure of the thoracic spine,
injury to this area is rare except in cases of extreme violence. The

nature of the injury is usually such that gross damage to the spiné_and'

ribs is caused.

- at me e
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2.3.4. 'COmpression Fracture of the Lumbar Spine

Dislocation fractures'df the Tumbar spine are rare because of the large

size‘and strength of the Tumbar vertebrae. However, compression fractures

do occur when, for~e¥amp1e, a heavy weight falls on a person's back.

The back bends forward into flexion and the thorac1c vertebrae provide-

a fu]crum effect on the Tumbar vertebrae. This results usuaIIy in a

compress1on fracture of one of the Iumbar vertebrae and damage to the

spinal cord by bonyvfragments.

- 2.3.5. Other.Injuries

Crushing injuries caused by persons being pinned under heayy‘weights

can'cause severe damage to the~vertebra1 column and spina] cord. |

Penetrat1ng wounds of the spine usually result from stabbings or gunshot

"wounds. Genera]]y such spinal - damage resu]ts in 1ncomp1ete paraIys1s
since 1n»most cases transection or damage to a complete cross-sect1on

“of the cord is unusuaI. Table 2-3 detaIIs the direct causes and

:Vfrequency of occurrence of spinal cord lesions. As ean be seen motor .

vehicle accidents are the greatest single cause of spinal injuries.

2.4, SEX AND AGE DISTRIBUTION OF SPINAL CORD INJURIES

Approximately 66% of spinal injuries are yoanger than 40 years of age.

over 80% of these patients fall in the 20-40 years age group (3). The

ratio of males to females of such patients is'approXimately 9:1. The

relative yeuth of most spinal patients is probably one of the few ad-

vantageous factors that the condition of quadrip]egia affords.

2.5. THE FUNCTIONAL SIGNIFICANCE OF INJURIES AT DIFFERENT CERVICAL
SPINE LEVELS

In discussing the functional significance of injuries at different spinal

Ieve]s it will be assumed for the sake of clarity, that the lesion has

resulted in a'complete transection of the cord at a particu]ar’segment.

(In practice however, as many as 66% of cervical spine injuries are
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“Cause & Frequency of Spinal Cord Lesions
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Fig 2.4 Segmental Innervation of the Upper Extremity.
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incomplete and two, three or mofe segméntsAare qua]]y involved). Re-

ferring to Fig. 2.4 it is seen that as the cord is injured at successive]y_

10wer segments, more residual functiéna1 capacity is available to the

ﬁatiént. Injuries to the spfna] cord at Teve1s Csy i.e. transection of |

the cord between the secohd and third vertebrée,;invo1vé the phrenic nerve

and consequent paralysis of the muscles of the diaphragm. Invafiab]y fhe

patient who has sustained such sevére injury does not survive until

medical aid can be summoned.lohly patfenfs with'Tésions atvlevéls Cq4 and

10Wekfare therefore cohéjdéred} i |

2.5.1, Lesions at Levels Cq

Patients with 1e$ions at-segmehta] level C4 pose the most complex

'rehabi1itation problems. The diaphragm, trépezius,,rhombofds, scapulae

and the m1d~cervica1 extensors and f]exors are virtually all that are

left to the patient. There is no voluntary function whatéver in the

1imbs; shbulder elevation and good neck énd head movements are the only
voluntary functions that the pafient cankeffect. Respiratory insufficiency

A‘is also prevalent in ﬁatienfs with lesions at C4Vsince the intercosta1‘
A(ThAl) and the Sca1eﬁus muscles are not innervated.

2.5.2. Lesions at Levels Cg

The‘addéd function of the biceps muscles and brachialis which are

Ipartially innervated at segmental 1e§e1 Cg, permit thé patient to flex

his e]bow. Deltoids are also partially innervated at this level but are
unable to function efficient1y siﬁée innervation of latissimus, pectoralis,

and serratus is absent. There is no voluntary function of the wrist and

“hand. |

2.5.3. Lesions at Levels Cé

At segment Cg the radial wrist extensor muscles (extensor carpi«radia1ﬁs)

are present and brachi radialis and biceps are totally innervated thereby

permitting good Qpper arm-movement. The latissimus, seratus and pectoralis

are partially innervated and thus the patient has rotational movement and

e
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adduction of the gleno-humeral joint. Also a marked increase in ability
to maintain postural balance in a wheelchair is evfdent in patients with.
lesions at Cg. | |
~2.5.4. Llesions at Level Cy
The contribution of segment C; has a drématic effect on thé improvement
of voluntary function of the upper limbs and»handé. Triceps which enable
‘the patient to stabilise his elbow in extension are a]mosf_fu]]y |
innervated as are the wrist extensors and f]exors; the 1ong finger
éxtensors are also innervated. Complete hand function however is only
reStored below segmental levels Cg and Tj.
Un]ike patients with highervlesions, the Cy quadriplegic is able to
transfer from his wheelchair to his bed with 1ittle or no aid because of
improved nerve supp]y of the back and trunk'muscles.
2;6. IMPLICATIONS OF THE LOSS OF MOTOR AND SENSORY FUNCTION AS A RESULT
OF QUADRIPLEGIA ~
Aside from the motor and sensory loss of funttion which result from severe
trauha of the spine, many normal bodily functions are disrupted as a
cbnsequence-of‘quadfiplegia; Treatment of the quadriplegic patient is
therefore extremely complex, and highly trained medical personnel are
required to attend to the patient’s medical condition, particularly in
the acute éar1y>stages<of treatment. |
2.6.1. Stabilisation of the Spinal Fracture_r
Fracture dislocations of the cervical spine are most commonly tréated‘by
traction methods. Crutchf1e1d sku]] tongs(4) applied directly to the
head have proved to be the most efficient method of applying traction.
Traction is maintained for periods of time ranging between 6-12 weeks to
- permit the establishmentof a fibrous union between the damaged vertebrae.
Compression fractures of the cervical spine are also treated by traction
using Crutchfield tongs. Where severe malalignment of the longitudinal’

section of the vertebral column has taken place and traction has not
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proved\suécessfui, surgical procedures énd spina]ifusion ére resorted fo.
2.6.2. Prevention of Decubiti

Bed sores, pﬁesspfe sores dr‘as they are more corréct]y termed-'decubiti',
invariably result from ischemia as a résu]t bf continued bfessure on soft 
tissue. | 4

Since the pafient 1s‘anaesthetic,be1ow the 1eve1‘of the spinal'lesion he
is unable to’feeikthe effects of pro]onged pressure‘and great care and
constant vigilance on the part of thevnursing'staff is necesséry if’such ,
sores are to bé prevented. In many cases‘plastiﬁ surgery is,necéssary tov
repair recurrent bed sores. | | o
2.6.3. RespiratorykInsufficiencies

Fracture diS]oéationS of the spine often 1nvo]ve»(to a lesser or greater
degree), the 3rd, 4th, and 5th cervical segments thereby 1mpeding theA
route whereby the diaphragm.fs innerVated. Further, post traumatic oedéma
or Swe]]ing of the cord may 1nterfere with respiration uﬁti] such‘swelling
._has subsided. AThe patienf‘is therefofe able to éccomp]ishAon1y Sha]]ow' |
breath{ng; andkif he is iﬁ tréction and therefore lying on his back, he

. is unable to clear his mouth and posterior pharynx of mucus. Respiratory
tract infections may develop as a result of this poor drainage and'»
diminished chest excursions and in fact (hypostatic) pnéumonia is a major
causefof*concern during the initial acute stages of treatment. |
2.6.4. Bladder and Bowel Functions

Volitional control of both bladder and bowel funcfion iévabsent in all
cases of complete quadrip]egfa. Bowel function is considered simple to
control when compared té the preéautions which must be exercised in the
care of the b1adder.i |
Constﬁpation is almost the rule in spinal 1hjuries and incontinence of
faeces is fare;.use of suppositories or enemas of soap and wafér-or'
glycerine are most commonly employed tb effect bowel function confrol.

Bladder and kidney infections are a major causé of concern to all paralysed
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spinal patients. The mechanics of 1nfe¢tion of the bladder and kidneys

are not well uhderstood but it is thought that infection is carried Via

the b]oodstream‘to the kidnéys and bladder from 1nfected'foci such as
decubitus'ulters elsewhere on the body. In the acute stage’dfktreatment
the incidence of bladder infection is highest since continual or
intermittent éatheterisafion is necessary to ensure urinary continence.
lA]so, since patients are confined to bed and immobi{}ged unt11 bony fibrous
union of the spinal fracture is complete, ca1cium imbalance and an osteo-
pbritic conditipn of the weight bearing bones is common as a result of
-disuse atrophy. Calcium precibitates out of the system to fofm»kidney‘or:

. bladder stones. U]timate1y'these must be remoVed éurgfca]]y if they are
not to cause obstrucfion of the urinary tract. |
2.6.5. Mass Reflex Spaém ‘ | |
Patients who have suffered spinal lesions i.e. upper motor neuron lesions
generally suffer mde muscular spasms. Approximately 65% of quadfip]egics,
'however, suffer mass reflex spasm as a direct result of their injuries. |

The onset of spasm usually takes place after the ihitia] spinal shock has
subsided. Spasm manifesps itself as powerful, uncoordinated and grotesque
movements of both upper énd lower 1imbs and is usual]y_a source of extreme
inconvenience to patients. Sometimeé, the spasm completely overrides any
volitional function which tHe patient may attempt to effect thus detractfng
further frdm the patient's residual ability. The causes of spasm are notﬂ
c]earTy defined but are ~thought to stem from heightened reflex activity

as a result of irritation of the spinal cord at or near the éite of trauma.
Surgical'procedufes are resorted to and the spinal nerves are excised

where mass réf]ex spasticity is intolerably high. Différentia]nervevblocks(s)
may be used to dampen spasticity in cases where some volitional function
remains and where excision of the spinal roots would result in total or
flaccid paralysis. Nerve b]oqks have to be repeated from time to time if

their effect is to be maintained. (It is 1nteresting'to note that mass
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ref]ex,spasficity can,be useful in preventing osteoporosis because of

the resu]tant stresses transmitted to fhe ské]eton.) |

2,6.6. - Disuse Atrophy of the Musculature ahd Contfactures

In the immediate post traumatic cbndition of patients whb have undefgoné
severe spinal‘surgernylaccid‘para]ysis of the musculature below thé
a%fected spinal segment is éommon. As a direct result thereof muscle
atrophy or wastagé takesvp1ace; as much as 40% weigﬁf‘1oss méy be recorded(ﬁ)
1fwﬁthin the first 14 days post-accident. Oﬁce reflex induced spasticity

is present muscles may regain somé of their lost weight. |
:Contractures occur‘in‘cases of both flaccid and spastic.para1ysis and
‘=resy1t from‘immobi1isation of the limbs and joints for extended periods

_of time. Cafe,éhou]d be taken to‘exercise regularly all joints and muscles
which are susceptib]eAto éontractures and patienfs‘ feet are usually
propped up using wooden foot rests to prevént flexion contractures of the:
fbot; - ‘ | | |

2.6.7. Life'Expecfancy of the Quadriplegic

Tempefed optimism is appropriate in projecting thekiife expettancy of"
quadriplegics. Provided bed sores, urinary fract and respiratory infections
~are controlled, quadriplegics after their accidents, can be expected to
~survive for many years and the cause of death may not even be attributable
.tdlthe patienf's paralytic condition. The most common cause of death
amongst all spinal injuries is toxic»bed~sores énd urinary.tract infections
resulting u]timéte]y in renal failure. |

2.6.8. Morté]ity in Cases of Qadriplegia

'Approximape1y 10% of spinal 1njuries die during their acute hospita]isat%on
beffod. (8% is the latest figure available from Spinal Injuries Centre at

" Conradie Hospita1(7)). Of this figure 60% are cervica1~spineAinjuries;
Death is most oftén ascribed directly to injuries of the spinal cord and

- consequent respiratory involvement or to other extensive injuries sustained |

_at the time of the accident. Death resulting from poor hospital treatment
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has been minimised byvensuring that spinal injuries are generally removed
fo specially equipped nursing centres.

2.6.9. Prognosis of Recoveéy

_ The extent to which the patient recovers functional movement is dependent
ehtire1y on the extent of the damage to the spinal cord. Comp]ete
transectioﬁ'of the cord results in tofa]‘and irreversible loss of motor
and sensory function while partial damage to the cord may permit varying
vdegrées of recovery of function once oedema has subsided. In instances
of incomp]ete tran;ections of the cofd, months may e]apsé before return
I’of function is evident. Thus it is wise to wait until several months have
passed after the accident befdre considering a patient's functional

capacity as having stabilised.

©2.7. POST-ACUTE TREATMENT

thce the immedi&te post tréumafic treathent of thevquadriblegic has been
resolved i.e. once the spinal fracture has stabilised, and respiratory,
~uro]6§ica] and boWé] functions are adequately controlled, the patient

: pagses from the acute stage where his life was very much in the balance,
to a convalescent stage where medical attention is reduced to a schedule
of routine maintenance usually effected through specially trained nursing
personnel. The paramedical personné] are now ca]]ed upon‘td make a more

significant contribution to the patient's well-being.

2.8. PARAMEDICAL SERVICES/ASSOCIATED WITH TREATMENT OF QUADRIPLEGIAV
2.8.1. Physiofheraby | | ‘

The chief function of thé physiothefapy'staff fs to preserve the range

of movements of the patient's joints and muscles and thereby‘prevent the
incidence of contractures. Further, exercises to promote the maintenance
"and strengthening of the patient's residuaT functional ability Afe app]ied.
Once the patient is no longer confined to bed, part of the'physiotherapy

programme requires the patient to stand upright'whi1e strapped to a tilting
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table. This is carried but in an attempt to arrest calcium precipitation
by placing stresses on the patiert's weight~bearing bones (any beneficial
effect of such treatment theVer is dubious(g)).

2.8.2. Océupationa] Therapy | ‘

While the patient is st111 confined to béd; the oécupatidna1 therapist's
efforts are directed mainly at involving the patient in diversioné] and
recreationé] activities. AMusc]e strenghtening is also attempted using

the techniques described in Chapter 3. Once thé patient is wheelchair
bound (6~12 weeks post-accident), the occupational therapist instructs

him how best to cope with the activities of daily 1fving within the
1imitat10ns:0f his residual functional ability; for examp1é, the patient
is taught how to feed himseif, and how to push his whee]chajr;uétc: :

The role of the occupafional therapist in teaching patients fo\use
equipment designed to.augment residual voluntary functions is most significant.
After assessing the patient's capacity for work he is éncouraged to take
part in work orientated activitieskwith a view to finding suitable employ-
ment, or if the patient is still school going, he is encouraged to contihue
with his studies. ' | | |

2.8.3. Social Services

State and local welfare organisations are informed by the social worker

of the admission to hospital of the spina]ihjury patient, and should the
patient»qua]ify for state or institutional aid, érrangements are made to
acquire wheelchairs, bio-engineefing equipment and appliances, and where
necessary to effect any structuka] changes to the patient's home in
preparation for his home-coming. |

Further, it isvthe task of the social worker tovinvestigate the patient's
background and home circumstances to determine whéther in fact it will

be possible for the patient to return to 1ive‘at home at all. If the home
circumstances are unfavourable, suitable arrangements must be méde for

the patient's after-care on being diSchargéd from hospital.
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\

Buring the course ofrthe Rehab11itation'Programme,'the social worker,

in close conjunction with the occupational therapist, investigates what

' possibilities exist for placing the patient in gainful employment.

2.8.4. Psychologica1 Observations

Accident rates have reached such a]armfng e%eportions that attempts

have beeh‘made to‘categorise the type of persdn most often involved in
serious aceidents. The majority of spinal injuries havera history of

being accident prone. . It is thus not uncommon to find that duadrip]egics
‘have suffered many minor accidents prior to'having}undergone spinal trauma.
‘(In a number of cases sp]inting of the hands has been impaired and even
rendered impossible by the pat1ent having lost a distal pha]anx or a
complete finger or two in a prev1ous acc1dent)

After having investigated a series of accident victims, Dunbar(g) descrfbes
a typical accident prone person as having a shallow chafactef and being
somewhat introverted. Such persons are not of very high educationa]
standards, are intensely interested in sport and gambling and haye(]itt1e
respect for authority. Sociological prohTems are also common to accident
prone persons. In fact,‘the’writer's personal experienceitends tokindicate
that a severe social problem is almost a prerequisite for a quadrip1egia,
In Qenera] the foregoing description typifies the spinal injury patient.
The mental trauma that accompanies the sudden loss of function is of
catastrophic proportions and can resu]t in the patient w1thdraw1ng into
himself or becom1ng overt]y aggress1ve and non-cooperative.

While phys1ca1 trauma is viewed with the utmost concern, the emotional

. trauma accompanying total ahd permanent paralysis receives scant medieal
attehtion. Ié is distressing. to note that there are those (medical
personnel and others) who today still underestimate the contribution

that the trained psych1atr1st ana/or psychologist is able to make to the

treatment of the severe]y paralysed.
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2.8.5. Bio~Engiheer1ng Personnel
Having assessed what functional movement the quadriplegic is able to
effect and having considered the problems detailed in Section 2.7 df
~ this Chapter; the bio-engineer's tasks are clearly defined. He must
detérmine how beét to apply his scientific knowledge énd the skills of
his technicians to:

1) 'subplement the residual motof capacity of the patient to

| maximise and optimise patient—énvironment control and,.

ii) to reduce and simplify patient treatment and after-care

@herever possible.

2.9. INTERDISCIPLINARY‘CO—OPERATION - THE REHABILITATION TEAM

From the foregoingoit is evideﬁt that a close degree of co-operation

must exist between the protagonists of the different disciplines involved

in providing ayba1anced treatment and reﬁabi]ftation programme for
quadriplegics. VRodnd table consultations and discussions between medica1
specialist, paramedical staff, social worker, psychiatrist and bio-
engineer, where each contributioh is as important as the other, is to be
commended and encouraged. Absolute co-operation and consultations at

all levels are esgéntial to the success and efficiency of the rehabilitation
programme. The realisation of this conceptwof a team approach to the

. rehabilitation of quadriplegics 1s‘however difficult to achieve in practice.
Para-medical staff have been trained to accept, to a large extent un-
questioningly, instructions from theif medical superiors in much the same
way as technicians carry out the instructions of engineers. Consedﬁent]y,
the doctdr is unaccustomed to discussing patients problems with his

- paramedical staff bu£ prefers to prescribe treatment based on his own
viéws(of the particular case.

The problem unfortunately does not end here, the doctor often tries to

extend his authority to disciplines about which he has little knowledge.
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This attitude,vunacceptable to any professionai engineer and no doubt

to othef¢member5‘of the rehabilitation team, must lead to frictioﬁ and

the creation of a pecking order or, alternately fo the total abrogatﬁon

of the doctor's interest, either of which situation is to the ultimate
detrimehtAof the patient. It is time for all involved with patients

having as severe medical, sotio]ogical and techho]ogicé] problems as those
facing quadriplegics,.to stop paying lip-service to the "team'approach"

of rehabilitating therseVere1y disabled and for feam members to reé]ise

the importance 6f each discib]ine‘s contribufion to the overall well-

being of the patieht. (It should be stressed that the writer is not .

‘advocating that nurses;physiotherapists or occupational therapists should

be placed on a par with doctors,*or that technicians and engineers be
considered as equals, but that each discipline should enjoy the status
and proféssiona] etiquette that his separate speciality entitles him to).

The doctor should at no time attempt to extend the authority he has over

the paramedical staff to the engineering personnel. Direct interdisciplinary

consultations at’all levels cannot but contribute to the smooth functioning
of the rehabilitation programme.

It is often ne;eésary fof one discipline to modify its particular re-
habilftation programme to accommodate factors considered beneficial to

the patient by another discip]ihe. For‘example, the'bio~ehgineer‘mu5t
consider the.advice of the social worker or psychiatrist in récommending
what éids should be utilised to the utmost in thé patient's home

circumstances.

2.10. ~CO-ORDINATION OF THE INTERDISCIPLiNARY ACTIVITIES' »

The question of who shoU]d co-ordinate the activities of the rehabi]itation :
team’is\one that requires caréful‘atténtion. Tradifionally, the role that
the doctor plays as healer in the eyes of the patient and his faﬁily is

so firmly rooted that it would seem«most‘inapproﬁriate to expect anyone
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but a medically trained person to lead such a team. A more important
considerat{on is that we are dealing with a 1living sysfem and a]though

- the contributions from other disciplines to the system'é we11~being

~and its optimum independent existence mightxindeed’be significant, there
can be no d&ubt that a doctbr should be respdnsib]e for the supervision
of the pétient‘s progress ﬁn‘the broadest sense. Moreover, from a |
legal standpoint, the doctor is thé only member of the rehabi]ifation team
| whpvmay‘carry the responsibility of the patient's health on his shou]deré.
Ffom which speciality of medicine shquld.the Programme Co-ordinator be

- drawn? It is difficuit to decide from a medical point of view, whose

" role is mdst significant; specialist neurosﬁrgeons, orthopaedic surgeons,
uro]ogists, psychiatrists and plastic surgeons are geherally all con-
sulted when a patient suffers severe spinal trauma. Tb ensure that tob
much stress is not laid in one particular area if is most prudent to
choosé neither of the abové mentioned speéia]ists but - to fé]y on one

who has a broadekvand more general approach tovthe quadriplegic and his
problems. Although little light has been focuésed on Rehabilitation
Medicine fn the past, recent reports from the United States of America
indicate that rehabi]itatﬁon is réceiving greater qttention and that
doctors are specialising in the field. It is from the ranks of thése
sbecia]ists that the Programme Co-ordinator should be appointed. Amongst
the obvious qualities that this person must possess, is the ability to
dovetail and co?ordinate'the efforts of'the‘various team members efficient-
1y aﬁd maintain communication Tinks betweéﬁ the patient, his family and

specialists of all the fields attending to him.

2.11. THE ROLE OF THE BIO-ENGINEER IN THE INITIAL REHABILITATION STAGES
The bio-engineer should be consulted soon after damage to the spinal cord
has been assessed and once . the patient has recovered from the initial

trauma or from any major surgical procedures that might have been necessary.
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Orthotic devices (Chapters 5 & 6) should be provided as soon as possible
and environmental controllers (Chapter 7) should be linked to the patient
where necessahy.u Such procedures sh0u1a be commenced with while the
patient is still undefgoing treatment to stabilise his damaged spine.

This he]ps the patient to adjust to himse]f‘and to his unfortunate
circumstances and gives him.an insight into what he will be ab]é to
accomplish physically and how he will be able to communicate with the
environment about him.‘ It is most impoftant that the patient should notA‘
be Teft alone to contemplate his total Toss of motor function. |
Once the patieﬁt has grown aCcumstoméd to being unoccupied for a number
of weeks and has people about him tend to his-every need, it.is most
difficu]t to persuade him to‘attempt the activities of datly Tiving within
his limited capabilities especially if it requires great physiﬁa] and .
"sometimes mental effdrt. Experience’has shownAthat thé'1fke1ihood of
patient-equipment compatibi]ity is greatest if an eér]y'start is made |
in providing the external equipment and app]iances which‘the patient may
ultimately reqﬁire. |
It may be felt that one should wait af least until the neurological
lesion has been adequately defined or until the patient's physical con-
ditionAhaﬁ stabilised so that the efforts of the technicians invo]ved

in making the appliances should not be wasted. Even if it ﬁight becdme
necessary to modify or even discard an appliance because of additional -
muscular atrophy or weight loss, or because of neuroTogica1 return, the
cost of fabricating a few splints is far less than the pricé which the
patﬁent might'have to pay for the pbtentia1'1oss of function resulting -

from an advefse mental attitude to his equipment.
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CHAPTER 3

3.1. MUSCLE TESTING AND ASSESSMENT

The residua} functional ability of quadriplegics with complete fransection
of the spinal cord at different segmehta] regions has been detailed above.
Furthef, it was noted that considerable time might pass before the
patient;s neurological condition had stabilised and thus before his
ultimate physical capacity might be determined accurately. It is desirable
for members of the rehabilitation team tovbe aware of any recovery of
musc]e F%nctions by the quadriplegic, and the rate of any such recovery,

so that they may amendltheir rehabi]itétion procedures and their projection
of»the patient's prognoéis. Since techniques for grading muscle function
-do éxist but are generally quafitative and thus not scientifically accurate,
diagnoses of a patient's prognosis vary from clinician to,c]iniéian: '
3.1.1. Strength Duration Techniqueé for Muscle Testing

One of the more scientific muscle testing procedures in common usé and .

kan exception to the above statement is the Strength-Duration Test(l); By
means of this technique thé electrical excitability of the musé]e and its
innervation may be determined. The test procedure finds particu]ér appli-.
cation in instances of lower motor neuron involvement and may thus be

used to determine whether nervous pathways other than those of the spinal
cord have been damagéd. (MUsc]es whose nerve supply have been abolished

at some point between the spinal root and the myo-neural junction i.e,
kmuscTe that has suffered disruption of the periphera] nérve supply is
descfibed as\hgving been affected by a lower motor neuron lesion). Such
muscle will not respond (contract) to electro-stimulation by Faradic -
currents i.e. when pulses of current having a duration-of Tess than 1;5?m.se¢s
“are applied to the musé]e. ' ’
Provided that there is no pathojogy associatedkwifh the husc]e itself, the

degree of 1ts excitability is dependent on the extent of innervation of



30.

the muscle via the peripheral nerve supply. As peripheral nerve supply
is re-established, the amount of cdrrent necessary to elicit a muscular
response is reduced. Graphical representation relating the excitability
of the musc1e.to currents of differing strengths and of diffekent time
durations of current may thus be used to determine quantitatively the
rate of regeneration or degeneration of the peripheral nerQe supply to a
muscle.
Id instances where the peripheral nerve supply is intact and the muscle
being tested is non-functional because of an upper motor neuron lesion
affecting the spinal cord, the strength-duration test will provide ré-
sults displaying features characteristic of normally innervated muscle.
This technique cannot therefore be apb]ied in determining the degree of
innervation or re-innervation of muscles affected by upper motor neuron
“1esions.' As far as the quadriplegic patient is concerned, the Strength-
Duration curve is useful on]yvin assessing whether any peripheral nerve -
damage was sustained at the time of trauma to thé spine.- .
3.1.2. The Oxford Standard of Grading
Following a recommendation in a memorandum released by the British Medical
Résearch Council in 1943(2) that a standardised method of muscle grading
be adopted, muscle condition and function have been related to a sca]e
ranging from 0-5. The method suggested, known as the 0xford Standard of
Muscle Grading has been adopted thfoughout the British Commonwea]th g |
countries, and categorised muscle movements in the following way:-

Grade 0 - no contraction whatever

Grade 1 - flicker, or mindte trace of contraction :

Grade 2 - active movement of joint controlled by muscle being"
assessed with gravity eliminated

Grade 3 - active movement against gravity
Grade 4 - active movement against gravity plus some resistance

Grade 5 - normal muscular function.
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While this method of grading might be satisfactory as far as gradés 0-1
are concerned, it is evident that there are many intermediate muscle
gradings which are not explicitly described. Assessments of musc]es as
2+ or as 4- are thus common and since the grading is based on human
judgment, différent gradings by different people of the same muscle are
to be expected. .

3.1.3. Electromyography as a Diagnostic Medium

While there are numerous references in the 11teraturé to the use of
electro-myography in lower motor neuron diseases and pathologies of the
musc]e(3’4), no definite indications as to its application in upper motor
neuron lesions are presented. Lenman(®) has shown that electromyograms
of upper motor neuron 1esions‘do not exhibit any marked variation from
normally innervated muscle, excépt that the muscle tension is diminished
and thus both the amplitude énd high frequency content of";he
myo-electric signa] is diminished. Further, speéia]ist knowledge of
electromyography as regards technique and interpretation of results is

" necessary if if is to be used as a diagnosfic tool. Changes ih myQ-
electric signal intensity which may be attributed to imbroved muscular
innervation monitored when using either surface or needle electrodes are

difficult to detect unless these changes aré comparatively gross in nature.

| 3.2. THE DEVELOPMENT dF A USEFUL DIAGNOSTIC AND THERAPEUTIC AID

3.2.1. Introduction - Muscle Physiology

Muscles are comprised of numbers of motor units grouped together. These
motor units inTturn consist of numbers of muscles fibres; the numbers of
fibres per motbr unit varies from muscle to muscle. By definition, a-motor
unit is considered to be made up of the muscles that are innefvated by a.
single motor neuron (nerve) and it is the sha]jest unit of muscle that can
be voluntarily acfivated. The innervation ratio of muscle fibres to motor

'~ neurons may vary from 5:1 to more than 5,000:1(6) and is related to the



32.

fineneés or degree of contrcl that the muscle can develop.

For example, the extrinsic oc¢u1ar muscles, which are required to

position the eyeball very accurate?j, have a Tow innervation ratio while
the gluteus maximus muscle responsible for the more gros§ movements of

the Teg and fhigh have a much higher.innérvation ratio.

The innervation ratio is also determﬁned by the inertia of the body part
which is to be moved; the Teg would require many muscle fibres contracting
simultaneously to move its mass and consequently one would expect a

higher innervation ratio. -The anatomical distribution of.the muscle fibres
throughout a partfcu1ar muscle varies. | ' |

The fibres may be grouped together in a whole unit, in several éub—units

or they may be scattered randomly throughout the muscle. (It is.assﬁmed

by most authors in the 1iteratufe, that each motor uhit is supplied by

only a single neuron. The concept_of polyneutral innervation is mooted(7),
but there is no positive information proving or refuting'eithef assumption.
The aphasic or-po1yphasic myo-electric signal is derived from fhe'e1¢ctrica1
activity associated with the asynchronous contraction. of many mOtor UnﬁtS;
in a muscle. The time sequence and intervals befween firing of the.
different motor units of a muscle has been examined'by.many workers fn_an
attempt to establish if there is any periodicity associated with the |
composite myo-electric signa1 pattern. 'Indicatidns are fhat ho such periodicity
‘exists(8) and that the myo-electric output from a contracting muscle is
best described aéra random signal. - v |

3.2.2. The Piper Rhythm or Myo-Electric Signal Carrier FreqUenéy

While no periodicity has been established fdr the amplitude and frequency
characteristics of, the myo-electric s{gna1, as éar1y'as 1886(9), é
khythmica1 tendency asspciated with the activity of motor units, was
reported. The phenomenon, termed the Piper Rhythm (after one of the

early workers to have observed this rhythm), has attracted the attention
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of a number of workers notably Lippold, Redfarm and Vuco(lo). Extensive
investigafions were undertaken by Lippold et al to define the nature bf |
these rhythms and to determine the factors which influence them. They
found that in general motor unitscuntracted at approximately 9 cps and
confirmed that the motor units scattered throughout the muscle contracted
asynchronously. The effect of increased tension of the muscle and fatigue
was to increase synchfony of firing throughout the muscle; cooling the -
musé1e had the effect of slowing the basic firing rate throughout the
muscle.
The physio]ogicaTAreasons for the existence of the Piper rhythm are'not“
clear; however Lippo1d suggests that it may be thé result of the finite
time constant associated}with the muscle feedback control Toop operafion.
Kadefors 33‘31(11) state that_the‘Piper rhythm frequency associated with
«the myo-electric signal derived from surface electrodes is between 40 and
50 cps. It may thus be concluded that although there is no periodicity
or predictability as far as the comp]ex myo-e1ettric signal waveform 1s
concerned, there does seem to be a "carrier signal" of approximately 3
| 40-50 cps on which the aphésic myo-electric signal rides. .
3.23. The Mechanism_of'MuScular'Contraction |
It is generally acéepted(IZ)‘that és<the v011tiona1‘tension'in aAmusc1e 
increases, more motor units are recruited to contribute to the muscle . |
power output, and the frequency of firing of motor units that are é]regdy
actively partitipating in the muscle contraction, is 1nCreaSed.r Furthér,
kduring extended periods of constant muscular contractidns,vmore motor
units are recruited while the frequency of contraction of those a]ready
involved in the contractfon is reduced(13). At near maximum levels of
muscular contraction, a degree of synchronfsm of motor.unit firing ié
observed and at abso1ufe maximé] contraction tetanic: or synchronbUs -

contractions take place resulting in muscle tremor.
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3.2.4. Amplitude Characteristics of the Myo-Electric Signal

It has been found(14) that there exists a degree of proportionality
between the myo-electric signal amplitude output and the fension being
developed in a muscle. The absolute amplitude value of the myo-

electric signal output however, varies from patient to patient and is
dependent on factors such as the type of electrodes used to monitor the
myo-electric signal, the distance between electrodes if bipotar electrades
are used, and the geometrical configuration of the electrodes. When
surface electrodes are used, subject's skin condition and the nature of
the interposing tissue between musc1e and skin surface has considerable
influence on the monitored e1ectfomyograph1c readings. Thus, while it

is possible to compare normalised myo-~electric signal amplitude output
versus muscle tension relationships, from éubject to subject, no absolute
vaTue tables re]atiﬁg myo-e]ectrﬁc signal output to muscle tension may

| be deduced. | |

~ 3.25. Frequency Composition of the Myo-Electric Signa1s

Quajitative changes in the myo-electric signaj wave-forﬁ accdmpanying
certain muscle and lower motor neuron pathologies have been documented VA
(Lerman 1959); frequenéy ana1ysis Qf signals derived from such musC]ésr
were investigated to determine whether such.pkocedUres might be significant
in confirmiﬁg and supplementing present diagnostic procedures. In an |
investigation described by Johannsen et al (1970)(15) small co-axial
needle electrodes were inserted into the biceps brachii of a number of
subjects to monitor myo~e1ectric'signa1 output for congtant moderate
contractions. After having been amplified, the myo-electric signals were
passed through 4 separate pass band fi1ters'havjng centre frequencies at
50, 200, 800 and 1,600 cps. The resultant output s{gnals from the filters
were passed through short time amplitude integrators and their outputs |
were recorded, tabulated and compared to provide a quantitaﬁive evaluation

of the myo-electric activity in each pass band. It is interesting to
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note that the results of the investigation reveal (amongst other thihgs),
that theré exists a re]ationship between the readings obtained for the
percentage frequency content of myo-electric activity in each pass band

(cf Table 3.1). Variations from the mean percentages obtained in the
different frequency bands - with the exception of one reading - do

not exceed 10%. This is considered to be quite accurate for physiological
measurements.

Since different muscle groups contain different numbers ofrmotor units,

it might be expected.that percentage spectral content from musq]e to

‘muscle would be differeﬁt. Johannsen does nof prasent any comparative
muscle group studies however, nor are any clinical or diagnostic application
of this particﬁ]ar signal processing procedure suggested.

3.2.6. Power Density Spectrum of the Myo-Electric Signa]ﬁ

Scott(16) presented curves of the smooth power density spectrum (i.e.

" continuous power spectrum) of the e]ectromyogfam for frequencies up fo

300 cps. (Three hundred cps is chosen as the upper 1ﬁmit for Scott's
graphical presentations since he mainfains that the power spectrum of
myo-electric signals do not contain any significant components above

this frequency). . .

In most instances the chief component of thé power spectrum lay in thé
50«60‘cps. range. .Comparative studies of different muscle groups however

| do indicate general differences in power spectra associated with different
muscle groups. For example, theAbiceps muscle (cf fig.v3a ) show muCh Tess high
frequency powekr content than do the musc1es fiexor carpi radia?is. Further,
analysis of the power density spectra 1ndicatés that there is a shift to
higher frequency powerlincrease, with increase in muscle tension. Unfortunate-
1y,vas was the case in the foregoing section, no clinical app]icatipn of
power density spectrum analysis 1is suggested,'probab1y because the assémb]y

of the necessary input data for the digital computer techniques associated
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with continual power density spectrum analysis, is extremely tedious.
3.2.7. The Differentiated Electromyogram and'Zero Crossing Counts
Differentiation of the myo-electric signal provides an indication of the
number of peaks or inflections ih the myo-electric signal waveform and
the rate at which transitiqns from peak to peak take place. Direct
reading; of the zero crossings per second of the differéﬁtiated»wave~
form and short time amplitude integration of the differentiated signal
rendefs a measurement of their.time rate of occurrence. Fursfje]d
(1972)(17) attempts to correlate normal ahd pathological muscle zero
cross counts of the undifferentiated (rawj,.first derivative and second
derivative myo-electric signals and has presented a series of cases to
compare results obtained experimentally from a number of subjects witH
certain c]inica11y observed pathologies. |

In genera] there is good correlation between the two and Fursfield
suggests that the zero cross counting procedure of myo—e]ectric’signa1
processing may be extended to be of use in the diagnosis of other myo—'
pathic states. "

3.2.8. Zero- Cross1ng Counts of the Raw Myo-Electric Signal

Consider a single motor unit contracting; it is accepted that the number -
of peaks of Spikes associated with the contraction is indicative of and

~ proportional to the degree of activity of the motor unit. Since the
occurrehce of peaks in firing motor units is random and since fhe firing
of motor units takes place asynchronously, it is not unreasonable to
postulate that the number of peaks monitored from a group of motor units
is related te‘;he contractile aetivity of the group as a whole. The number
of peaks or spikes of a group of motor units is not 11neaf1y proportional
to motor unit population since suﬁmation of the rahdemly occurring spike
potentials takes place. Twice the number of motor units taking eart in

a contraction results in approximate vz 1ncrease in the muscles electrical

(18)

outnut . Eergstrom(lg)compared the short time amp]1tude 1ntegrated
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electromyogram with the number of spfkes in the myo-electric wave-form and
was able to demonstrate almost Tinear proportiona]ify between the two. An
increase in the number of spikes is thus indicative of an increase in the
motor unit population taking part in a contraction.
If the number of spikes in a myo-e]gctric wave-form is indicative of the
degree of activity in a muscle and, if one assumes that the number of minor
inflections or minor peaks (Fig. 3.2) in each half cycle of the myo-electric
signal waveform is approximately constant, i.e. if the ratio of major to
minor peaks in the random type myo-electric interference pattern is
cohstant, then counting the number of times that the myo-electric signal
passes through zero vo]ts provides a direct quantitative way of assessing
muscle activity. Further, if a tetanic muscular contraction is e]icitedv
or if the contraction is of such magnitude that tetanus is nearly approached,
then | |
i) the majority of motor units in the muscle will be contraéting and,
ii)‘ they will be contracting in near SynchronOUS'fashion;»‘
Therefore, the number of zero crossings counted when a muscle is undergoing
maximal contraction, and is approaching a state of tetanus, is directly
related to the total nﬁmber of innervated motor units in the muscle.-
On the basis of the foregoing hypothesis, thé writer‘set up an experiment.
to measure the zero crossing count of signals derived from muscles of normal
subjects. The subjects Were required to contracttheir muscles isometrically
and maximally for short periods of time and the results derived from four
different muscle groupé were compared to see if any average value for a
zero crossing count associated with a particular muscle group could be |
~established.
3.2.9. Experimental Procedure
Ten healthy subjects between the ages of 7-50 years volunteered for the
series of experiments. None.of the volunteers could reca11 having suffered

any pathology of the muscles or of théir nerve supply. Surface electrodes

Iy SR o o o s O e e g A o

s s st Y



FES

Fig. 3.2. E]ectromyogram showing Major (
Inflections in Waveform.

PHYS [OLOGICAL

(TEXTRONTIX RM3I22;

4 x SH741
0P, AMFS

AMPLIFIER N

INSTRUMENT -
ATION TAPE
RECCRDER.
(AMPEX)

RECTIFIER AND
HIGH GAIN AMP

A) and Minor (B]

1 x SH741
P, AmMp

FILTER
(MAKZONT 1952)

DIGITAL COUNTER
(MONSANTO 1108}

Fig; 3.3. Experimental Arrangement for deriving Zero

Crossing Counts

39.

A e

S R b Kt S oW S YR K O TRA A np A e o s+ M Hs < A e A A



40.

(type Becton-Dickinson BD Disposal) were used throughout the investigation
and electrode spacing was kept constanf at 1" between electrode centres.
The electrodes were attached over the belly of the muscles monitored and
were connected to a high input impedance physio]ogica] amplifier |
(Tektronix type RM 122). |

The output signals from the amplifier Were recorded on magnetic tapé on
an Ampex instrumentation tape recorder at 73 1;p.s. (frequency response
d.c. to 20 kcps) so that the signals could be processed by a number of
different methods_if required and at any convenient time. The biceps,
extensors of the wrist, flexors of the wrist, and quédricéps mu;cles of
both left and right hand side of each volunteer were'inveétigated. Each
subject was requested to cohtract his muscle against a fixed resistance
for about 30 secs. while the muscle activity was recorded.

The signals were processed in the following way:

The tape recofdér output was fed to a high input impedance amplifier with
a gafn of 10 times. Thereafter the signal was fed directly to a Marconi
universal filter (typé Marconi 1952). The output from the ff]ter was
half-wave rectified and thereafter greatly amplified to obtain saturated
output signals in square wave form; each square wave corresponded to a
positive excursion of the myo~e1ectric signé] ahove the zero volts line.
This amplifier output was connected to a digital counter (Monsanto type 110B)
and a humerica] display of the zero crossingvcount was»obtained.‘ The
electrical arrangement is shown in figure 3.3 in b]ock_d{agfam form.
The tapé recorder output signal was processed using three different band
‘passes - 60—1,000'cps, 75-1,000 cps, and 100-1,000 cps. Rejection at the
extremes of the pass bands for the Marconi filter is 30dB per octave.
'Since there is little myo-e]éctric activity above 1,000 cps. the filters
are effectively high passrfiltefs. Low freqqency components of the myo-
electric signal were rejected For the following réason: The myo-electric

signal was being examined for its spike content, and since the spikes
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themselves are not of a low freguency nature, summation of a number of
spikes 6ccurving asynchronously must have given rise to the low frequency
components of the myo-electric waveform. The exclusion of 1owef fre-
quencies would thus tend to breakdown the electromyogram into its
constituent components. Further, possible Piper rhythm effects and mains
interference were eliminated using~the high pass filters. (Measures to
minimise mains interference were necessary when readings of muéc]es of Tow
activity were made - particularly of quadrip]egics‘tmusc1es - for
comparative study purposes).

3.2.10. Results

A table of readings obtained for the four different muscle groups is
presented in figure 3.4 and histograms showing the relative distribution
of results in the 100~1,000 cps region is sbown in Fig. 3.5. Initial |

- indications are that there is a particular avefage zero crossing count
associated with each of the four muscie groups investigated. (It is

stressed, however, that the figures presented here are to be considered

only as results of an initial investigation and that more precise and more

extensive researching is necessary to confirm these preliminary results).
Since there are differing numbers of motor units associated with each
“muscle group, it is to be expected that higher zero crossing counts

should be registered for muscles having a greater population of motor

units. As mentioned e]sewhereb(section 3.2.1.) muscles with Tow innervation

ratios are associated with the finer controlled movements of the body.
The wrist extensors and wrist flexors muscle groups exhibited highest
zero trossing counts of the four muscle groups investigated. On ﬁhe
basis of the theory preseﬁted above, this was to be expected sincé these
“muscles are associatedAwith fine hand (wrist) movement. The quadriceps
~ zero crossing count however, was unexpected]y higher than that of the
biceps(husc]e. The contribution of the‘quadriceps muscles to the

comparatively gross movements of locomotion did not indicate zero crossing
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184.,2 172.2 1a4,1 160,56 184 6 115,38 13a,1 158,7 155.3 151*{ 183.n
171.2 195.6 ° 158,7 1£8.6 159.6 191,5 133, 168,13 131.,2 1&?.9 181,2
184,2 198,13 151,56 15%3.5 1795,4 8,7 115.,3 165.7 131.2 147.9 181.2
1871 205.,2 177.7 181,72 197.1 127.1 in,s 161.3 146.8 149,8 170.3
163.3 186.2 171.1 183 .5 9.1 113.,7 128.4 15n.5 145, 4 13n,0 161.2
185.8 an;l 137.,2 148,19 171.1 a7.0 132,72 176.2 130,19 152.,6 110,01
14n,6 173,58 1907 115.7 160,3 1148, 157.1 1%8,n 125,323 1Ah,0 1an,1
184.1} 1ae.3 169.5  171.8 | 201.3 103.§  122.F| 15a.% 137.9  158,6 | 20%.8
176.5 | 2106 125,90 1f1.2 | 131,09 1026 1243 | 166.7 143.6  165.9 | 201.2
195.,7 211.,6 165 .9 174,9 190,55 ‘ 112,3% 113,70 158 ,1 117,90 . 141,7 173,5
157:.7 177.3 128.8 140.6 166.3 1n9,2 120.3 15¢.3 11%,9 1259.9 15?;2
209,9 227.9 154 .6 148.9 135.3 33.2 113.,3% 15,2 124,10 145,38 1?&}7
129,5 155.% 124, 4 i50.4 m9,n T 81.h 119.1 159,12 135.5 16L.2 128,82
195.9 220,56 14n.4 163,13 187.1 1n5.9 125.6 1541 134.8 174.2 196.1
212.3 225.3 13n.,4 174 .3 135.8 93.% 117,48 15€.2 12,3 163.0 190.9
159,3 144, 4 IKU.B‘ 141.,5 175,2 13,2 12%,5 15F.% 1451 15,1 176,0
183.5 2601.2 1R2,2 171,8 108, % 131,13 14%,7 173.% Ihl.f 13,1 175.2
147,49 13=.0 110,858 149,2 1723 76.1 166.,5 168.5 En.4 7 173.7
137.2 205¢ﬂ 147,58 159.,5 173.19 RN, 112,22 182, 121.7 163.0 lan,9
172.¢% 197.83 150,17 140 ,2 126.6 107.,3 125.2 158.,° i30.3 151,5 122.%7
24,6 18.1 22,5 14,4 1%.3 4,5 12,5 ] .1e,3 1.5 15.5 13,4
11.1 7.0 13.2 7.4 5.8 15.1 7.u { [ ' ﬂgi* 7.4 S.8
Fig 3.4 Zero Crossing counts for 4 Different Muscle Groups.

(Freq.Range ¢=130~1000cps boxed.)

FREQ, RANGE
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£n-1010cps.
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i) Wrist Extensors
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i) Biceps
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readings of such magnitudes. However, the gquadriceps do cdntribute té
the upright postural maintenance of the body and therefore these muscles
are responsible for fine movements which are necessary for small dis~
placements of the body centre of gravity. Of the four muscle groups
investigated the biceps exhibited the lowest zero crossing figure re-
presenting the mus;1e of grossest movement.

The measurements deriVed from readings of the biceps muscle are thevmoét
consistent of all. The reason for this 15 possibly because this muscle
is most clearly defined anétomica11y and inAgeneral there is little
interposing tissue between the muscle and the skin surface. ‘

3.2.11. Application of the Zero Crossing Count to Quadriplegics' Musc]eé
‘The object of the above investigation was to determfne: A

i) if the zero crossing count of muscles undergoing maximal volitional
contractions differed for different muscle groups,

- ii) if the zero crossing count for muscles affected by upper motor
neuron lesions could be used to determine the extent of
innervation of a muscle, and, ‘

ii1) if improvement of such innervation could be indicated by -
corresponding change in the zero crossing count.

If the above objectives could be realised, then using surface e]ectrodér
techniques, daily or weekly assessments of muscle nerve supply could be
made. |

To this end, twenty patients suffering from upper motor neuron pathologies
were examined and a total of sixty six readings of zero crossing counts
from these'patients were made and compared with muscle evaluations based
on the Oxford 0-5 Standard Method of Muscle Grading. Wherever possib]e,
patients whose lesions were, asymmetrfta] f;e.\Whose muscles were better
innervated on the one side (left or right side) than on the other, were
~chosen as subjects. - This was done so that muscles of the same group but -
of different strengths CouId‘be evaluated in the same person. |

3.2.12. Analysis of Results

In general it was found that with patients having Oxford ratings between

3- and 4+, the zero crossing count did display lower readings for lower
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Oxford assessments. This was evjdent when muscles of different strengths
of patients with asymmetricé] lesions were examined. On no occasion was

a greater zero cross count obtained for weak muscles than for stronger
muscles. kMost of the muscle groups eXamined, i.e. wrist extensofs,

wrist flexors, and biceps exhibited zero crossing counts consistently
within. the Timits determined for muscles of healthy subjects.

There were occasions where muscles of patients having incomplete

lesions exhibited abnormally high zero crossing coﬁnts - 1nAthese
instances the patients were quadriplegic as a result of stab wounds and

it is suspected that lower motor neuron damage was a]éo present. Fenmah(s)
has recorded an increase of myo-electric signal high frequency content

for Tower motor neuron pathologies. |

Muscles having been assessed as 2-, 2 or 2+ displayed higherkzero cross{ng
counts in'the’IOO—],OOO cpsvrange than might have been expected. The |
60-1,000 cpsvband reéding however, were more consistent with their Oxford
Standard rating. Unfortunately not many patients having muscles of this
strength were available for assessment - only 7 readings were obtained -
and thus readings cannot be considered to be sufficiently representative
to be quoted as reliable. Table 3.6 summarises the results obtained for
| quadripiegic patients. |

3.2,13. Implication of the Results obtained from Zero Cross1ng S1gna1
Processing Techn1ques ’

Initial 1nd1cationsfare that for muscles undergoing maximal or near
lmaximal isometric contractionﬁ, different zero crossing cdunts for
different muscle grouﬁs exist and that the zero crossing count may'be
related to the degree of innervation of the muscle and/or to the number
of motor units taking part in the contraction. The preliminary figures
obtained above cannot be.consideked to be sufficiently accurate to |
supércedevthe existing method of grading muscle strength. Much more data

needs to be collected by examining many more patients before any such
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Frnqhoncy Range & = 60-1000 cps
b= F9-1000 cps 0.5, = Oaferd Standard
::

100-1000 cps

Subject  Dizgnosis o WRIST FLEX RRIST EXTEN - RICEPS
‘ a b 2 0.5, 2 b 4 015, a b [ 0.5.
L.D, Syringa Myelia R 129.9  142.0 167.5 4 ‘13,5 127.2 146.2 5 T 105,01 133.6 1646 S
) L 123.0 14L1 1613 4 107.4 138.3 165.1 & 117.8 141.1 162.6 &
M. Cg 7 conplete R 5.0 1158 155.7 3 o
: ! , L 82.3 118.2 145.2 3
M.S. . Cg 7 incomplote R 53,3 9.0 156.8 3+ )
‘ ST L 73,5 127.3 156.9 4
M.P. - Cg g incomplete | R 100.2 123.0 140.6 3 87.6 119.3 146.5 S
- ) L 120.9 140.1 1s5.2 5-
LS. G5 complete R ' 5.8 107.4 150.8 5
, t . 8.6 89.9 142.2 I+
.M, Cs,5 corplete R -112.1 1240 148.3 4 105.6 116.3 142,3 4
‘ . , L 146.5 .159.3 175.0 & 104.5 118.6 138.6 4
R.K. €c incemplete R 129.9. 152,3 170.6 .3 : -
, L 139.9 157.0 175.3 4 . 1459 159.9 1BB,3 §
CHLT. C5‘7Kincomp}ete " R 128.3  ]45.0 165.8 3+ 152.7 178.2 194.8 5§
' L 162.8 184.6 189.7 5 120.0 133.3 156.0 S
H.Z. €y,5 incomplete R 54.6 131.0 149.5 3- , 88.1 105.5 130.2 4
» Lo ) 120.7 133.4 150.8 3+ 95.3 116.5 144.0 4+
J.F. . Cg,7 incomplete R 1461 154.5 164.8 3+ 122.9 140.0 163.8 4+ '
: t : 1247 135.0 154.4 4
- M.P, ' Cs.7 incomplete R 145.0  154.9 173.2 4+ 158.1 173.4 162.9 §
S L 1281 134.2 156.7 3¢ 135.0 149.6 156.8 5

Figure 3.6(%)

~

Readings of Muscles‘ow grading greater than 3-

Subject  Diagnosis. .  MRIST FLEX : WRIST EXTEN ' " G1CEPS
e T ’ F b ¢ 0.5, 2 1) < o.s. 'Y 5 ¢ a.s,

1027 1233 155.3 2

.2, Gy pcomplete R
L , 95.8 113.2 158.8 2-
E.K - Cg,q incomplete R 0.3 812 1577 2 92,3 137.1 157.3 2+
LS, -Gy 5 incomplete R 64.2 1469 2- - 59.B 137.9 2- o
R.K. “Cg,g incoupiete R ; ‘ . 153.1 162.5 173.8 2+~

~Figure 3.6(i1)

Readings of Huscles of grading less than 3-
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claims can be adequately substantiated.
3.3 THE APPLICATION OF ZERO CROSSING COUNT SIGNAL PROCESSING IN THE
INITIAL TREATMENT OF QUADBRIPLEGICS

An instrument known as the Myo-Electric Signal Monitor (Ruch 1966?O)v
has been developec for use by Occupational Therapists in '
their early rehabilitative treatment of quadriplegics. The instrument

operates in the following way: Surface electrodes (similar to the Beckmah

type bipolar electrcdes) are placed over the muscle whose activity is

being monitored. Care is taken in locating the electrodes over the same

sites on the skin at successive treatments and to maihtain consistent

inter-electrode spacing in an effort to eliminate the influence that
changes 1in these parameters hight have on the myo~e1eetric signal readings.

- The myo-electric signals generated when the patient contracts his muscle,

are fed to a high gain, high input impedance differential amplifier ands

processedvto obtain a reading on a meter on the front pane1 of the instrument.

The reading is proportional to the.zere crossing count of the myo~e1ectrit

signal. Experience has shown that the zero crossing count is proportionat

vto the tension in the muscle in much the same way as tension and myo-
electric signal amplitude are inter-related. The patient's effort may thus
be gauged by observ1ng the meter reading F19 3-7?)' | |

Once the zero crossing count of the monitored myo- e]ectr1c signal reaches.

- a preset value which is determ1ned by the Occupational Therapist using the
patient's previous performance as a Quide, ah indicator lamp is illuminated
to indieate that the patient is contracting his muscle sufficient]j. If
the contraction is maintained at this level for approximately % second,

a pu]se count is 1ogged on a courter In accordance with a regime deve]ppedk"
by the occupational therap1sts(21) the patient is required to elicit |
contractionskin this muscle at present intervals aﬁd'at a level consistent

with ‘a preset zero crossing rate. To provide fncenttve to the patient o)

that he will in fact contract his muscle when required, a timing device is






triggered by the Myo-E]ectric Signal Monitor output. Power is supplied:
via this timing unit to slide projectors, record players or ofher suitable
electrical appliances; non-contraction of the muscle being monitored in
strict accordance with the prescribed régime will result in interruption '
of the power supply to the appliance.
The occupational therapists are required to note the values of the zero
crossing readings from treatment to treatment and to log the total number
of contractions that the patient was able to effect. Records gathered from
two spinal injury centres in South Africa indicate the following:-
i) It is possible to gauge muscle strength increase even on a day
to’day basis by noting a corresponding increase in the zero
lcrossing reading, and
ii)_ the zero crossing readings obtained from muscles that are
considered to have stable innervation i.e..muscles that are not
improving nor degenerating, do not differ more than + 5% from ‘
the average of readings’obtained.previous]y. | |
When used with quadriplegics the Myo-Electric Signal Monitor finds
particular app1ication in the specific treatment of weak musc]es thch are
expected to improve and for maintaining existing muscle strength and
mobi]it&. It is also a means whereby patient's muscle contrattions may
be monitored, improvements noted and where muscle contractions of just
Oxford 1 grading may be put tb functional use in the early stages of
patient treatment. Therevare a number of Myo-E]ectric~Si§na1 Ménitor
instruments in widespread use in all three spinal injury centres in South
Africa; 'two units in Australia are also experimenting‘with this instrument.
There does not seem to be any direct correlation between results obtained
from different patients as regards readings fof similar muscle gradings.
This does not in itself indicate that no.such correlation éxists.‘
Experimental procedures and processing techniques using perhaps‘different
pass bands might well show that quantitative muscle comparisons and

gradings are possible. On the strength of the above pre]iminary resu1ts,'
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further investigation using larger populaticns of both volunteers and
patients would be worthwhile to determine more conclusively the value
of the zero crossing count method of signal processing in muscle per-

formance evaluation.

3.4. CIRCUITRY CONSIDERATION OF THE MYO-ELECTRIC SIGNAL MONITOR
A b]ockAdiagram illustrating the operation of the Myo-Electric Signal
Monitor is presented in fig. 3.8 A high input impedance, differential
pre-amplifier is used to monitor the myo-electric signals derived from
the muscle being exercised. To eliminate the interference described in
3.2.9. above, a 50 cps‘notch filter is inserted in the circuit.‘(By
capacitive coupling much -of the Tow frequency signal bé]ow 50 cps is
excluded). The notch filter output is further amplified usiﬁg a varjable
gain amplifier andbthe signal is then half-wave rectified. The rectifier
output is amplified to provide a square wave (saturafed) signal fdr each.
half-wave of the myo-electric signal. The,squafe wave signals are’
differentiated and the positive going $pikes are used to trigger a
monostable multivibrator. The monostable multivibrator (MMV) thérefofe
puts out a pulse for every positive going zero crossing of the myo-
electric signal. The MMV time constants are switch selected (4 positions)
and determine the full scale reading of the front panel meter. Larger
capacitors providing larger time constants éfe'switched in if the muscle
is weak and if as a consequence low zero crossing counts are expected.
The meter is connected directly to this monostable mu]tivibfator and thé
inertia of its"moving coil acts as a low pass filter. The ambunt of
current per zero crossing of the myo-electric signal is controlled by means
of a seriés resistor thus permitting meter ca]iBration. vThe meter séa]e
factor is changed by selecting the different MMV time constants.
The Monostable Multivibrator also feeds an incandescent lamp driver

circuit and pulses of light related to both the frequency and duration‘
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of the MMV output are generated. These are directed to a light dependent
resistor (Phi]ips type LDR - 08). Both the incandescent lamp and the
resistor are slow operating devices and their intrinsic time constants

are used to smooth (short time integrate) the direct current analog signal
representative of the zero crossing count of the electromyogram. The d.c.
signal thus obtained is compared with a locally generated preset voltage

and should the processed myo-electric signal output exceed the preset value,
a second monostable multivibrator of } second time constant is triggered.

A "Signal Register" lamp is illuminated for as long as the myo—e]ectrié .
intensity results in a processed signal that is greater than the internally
generated preset voltage. Should the "Signal Register" lamp still be
illuminated éfter the 1 second MMV has returned to its stable state, a

third MMV is set. This MMV provides the output signal for the timihg

device described above in Section 3.5. The } second myo-electric signal
maintenance requiremeht is inc]uded in the design specifications to eliminate
the effect of mains transients, generated by appliances being switched on or
off in the immediate vicfnity of the Myo-Electric Signal Monitor. The
instrument thus reacts to signals of time occurrence greater than } second.
The reader is referred to Appendix B for a full description of the instrument

operating procedure and for circuit diagrams and component specifications.

4
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_CHAPTER 4

4.1, MAN AND THE MACHINE

From the beginning of time, man used rough implements.of stone, bone or

wood to extend, increase and replace his functional capabilities within

the envﬁronment in which he lived. Technological advances have long

since superceded the crude instruments of prehistoric man, however the

criteria by which the degree of usefulness of modern day appliances and

‘tools are measured,are much the same as those of days gone by. These

" criteria may be enumerated in general terms as follows:-

i)

i)

ii1)

iv)

Vi)

vii)

The design and construction of‘the tool should be such that it

is optimally suited to performing the task fOrAwhich it is
intended. A

The decision mak{ng.capabilities of the human operatdr using

the appliance should not be taxed beybnd his intellectual capacity.

The degree of skill required in the operation of the appliance

should be within the operator's physical ability.

Information regarding the success with which the appliance is
being used must be relayed simply and effectively to the |
controller. This is necesﬁany so that the operator may modify
his actions to maximise the use of his appliance.

The effort (both physical and mental) involved in accomplishing
a task must be less than that involved in accomplishing the same
task by bther means.

The cost in Tabour, components and time to manufacture and
maintain the appliance fust be consistent with its degree of \
usefulness. |

The equipment must be psychologically compatible with the human
contrq]]er. He should be able to integrate fully with such
equipment to visualise its function as a conveniént and logical

extension of himself.
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Al1 of the above requirements must be adequately catered for if ak
successful man-machine systeﬁ is to be synthesised.

This applies equally to the quadriplegic and any orthotic equipment
designed for his use. Because of the sevefe physical limitations of
bodily function accompanying qqadrip]egia, the criteria enumerated

above are extremely difficult to satisfy.

AL TR

4.2. THE- PARAPLEGIC, HIS MACHINE AND HIS ENVIRONMENT

' The paraplegic Who is mildly disabled when compared to a quadriplegic,
must. use a wheelchair or crutches in order to move around in his environ-
ment. These are the main machines which the paraplegic uses constantly.
Only with extreme diffiCu]ty can pardp]egics who ambulate using crutches
negotiate a staircase, while thoée who are wheelchair bound would not
qttémpt such an ostacle unaided. Environmental considerations, there-
fofe,‘determine the spétia] limits in which a paraplegic may moyé.

The paraplegic's independent range of access may be extended by either
acquiring a wheelchair that can negotiate staircases - regrettably no
wheelchair that can traverse both'sfeps and flat surfaces has yet been
successfully designed - or,‘by building graded ramps to e]iminate stair-
cases in places frequented by the paraplegic. ThiS‘éxamp1e illustrates
two distinctive approaches which are employed in dealing with severely

handicapped persons. These are:-

i) the use of adaptive(‘) mé%hfnéég‘i.é; mu}t{funct{on méchines, and,
ii) the imposition of constraints on the independent activities of
the disabled person by requiring him to confine himself and his
machine to an existence in a specific or modifiéd,environment.
Wherever possible the former approach is preferred.
Other environmental modifications that are considered for paraplegics
include the raising of table surfaces to accommodate wheelchair arm

rests, and constructional modifications in the bathroom and toilet.

(") The term adaptive is used in a different context in section 4.3.4.
."of this Chapter -
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‘Resorting to the approach of having to confine the patient's independent
~activity to a specific environment should not be viewed solely as an
admission of failure in being unable to design sufficiently versatile
and adaptive machines but it shou]d be viewed also as an acknowledgement

of the magnitude of the technological problems associated with even

modest return of function to the severely disabled.

The mahamaéhine interface between the paraplegic and his whee1chair'fs“
quite simply accomplished. Since the patient has full use of his hénds,
internal body power 13 avai]ab]evto propel the wheelchair and at a

speed cqmparab]e with walking. Furthef, speed and direction of movement
are under the patient's control. Since there is no interposition of
power amplifiers or delays introduced by'éssistive externally powered

mechanisms, the man-machine system is extremely stable.

~4.3.  THE QUADRIPLEGIC, HIS MACQINE AND HIS ENVIRONMENT -

4.3:1. The Cg,7 Quadriplegic |

The Cg,7 quadriplegic, while being able to propel his wheelchair, is
unable to exercise fine wheelchair contfo1. He has dimihished‘pbwér in

his upper 1imbs and genera]]yAexperiences greater difficulty than does

the paraplegic in propelling his wheelchair. Additional constraints are
thus placed on the patient's independent movements by requiring an
environment with ramps of minimum gradient to be provided so that these
may be negotiated by the patient. Knobs are attached to the wheel Fims

of the wheelchair to enable the quadriplegic to facilitate the man-

machine interface.

The added disability of loss of hand function requires some attention.

As detailed in seétions 2.6.3. and 2.6.4. the Cp,7 quadriplegic generally
has both active wrist extension and flexion but no useful finger movements.
External appliances in the form of splints or értheses must thereforé

be provided to augment existing hénd function.
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The mbst efficient fﬁhétiona]ihand splint used for the Cﬁ,7 quadripliegics,
the tenodesis or flexor hinge hand splint, makes use of the remaining
activé wrist extension and/or flexion to prévide driving power for the
splint. Flexion of the wrist causes the levered component part of an
exo-skeleton fashioned about the'fingers, wrist and forearm to mové SO
that the forefinger and index finger are oppoéed against the thumb to
provide a 3 point pincer grip.A Since body power is used, and since_Cﬁsy
quadriplegics do have moderately good sensation in their hands, bilateral
transfer of information between both man and his machine is faci]itated,
i.e. patient can modulate the inténsity of his grip at will and is also
fully aware of how his_machine aided hand is operating.
Morevadvanced f]exor—hihge sp]fnts bermit patients tb control‘the degree
of wrist extension required to oppose finger and thumb. This adaptive
facility permits efficient gripping of both small or large objects. The
three point type of grasp is however the only grip that the orthesis
affords. There are no adaptatiohs which permit an operator to change
from the 3 point grip to a total finger flexion or fist type grip.
Constraiﬁts are therefore placed on the type.of functions which the sb1inted
hand may perform and‘the environment in which the patient exists must be
adapted or modified if maximum and efficient patient control therein is
to be obtained. Eating implements, combs etc. must be modified soythat
they can be grasped more easily by the batient. There are activities such
as unscrewing 1ids off jars which the patient will have difficulty in
acéomp]ishing; wherevervpossib1e the necessityvof having to effect such
operations should be excluded or minimised in the patient's environment.
A battefy of splints far less efficient than the flexor hinge ortheses
described above, have been devised. These will permit the patient to
effect épecific tasks or to ho1d~spec1f1c objects. For example, it is
not uncommon to see a Cq,7 quadriplegic who has a splint to facilitate

_writing, a smoking splint and a sp1iht with which to eat. These splints
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may be described as non-adaptive type appliances and are classic examples
of devices which, because of their low level of functional variety, place
inhibiting restraints upon a patient who still has .(potential) multi-
function ability. The use of such inhibitive equipment should be dis-

~ couraged af eVery’dppoktunity. |

4.3.2. The Cg,g Quadriplegic

Innervation of the biceps and its muscle output bower is diminished to a
degree in the C5,6.quadf1p1egic, however adequate residual fqnction is
available to permit_the,pa;ient to manocuver and propel his whee1chair.‘ The
remarks made regarding thefC6,7vquadfip1egic and his wheelchair are thus
applicable also to the C5,6 quadriplegic. Also, the flexor hinge hand
sp]intimay sti]]lbe used although diminution of sensation in the patient's
hands degrades the degree to‘which the operator may gauge directly how
huch pressure he is exerting on an object within his grasp. Since visual
feedback, and proprioceptive feedback as a resu]t of the splint being body
powered, is present splint operating proficiency is not affected to any
marked degree. '

The C5 g quadriplegic does not have fhe use of wrist flexors and thus
asidé from the environmental constaints placed on quadriplegics of lower

' 1esions,ah ada{f%ana]constraint is placed on tasks which the controller
may confidéntfy expect to carry out. In the case of the Cg,7 quadriplegic
who had active wrist flexors, the fingers and thumb of the splinted hand
cdu]d.be actively opposed (wrist extensors) and active disengagement of
gr{p‘cou1d be éffected (wrist flexors). Since the C5,6 quadriplegic has
no wrist flexion, he must rely solely on the effects of gravity to release

an object from his grasp.
Efficient man-machine interface of Tow lesion quadriplegics who still have
multi-functional ability is relatively simple to achieve. The degree of

proprioceptive feedback which is afforded the patient by his being able
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to use residual body power to operate his splint is the most important
single faétof contributﬁng to the success that has been achieved in
efforts to supplement functional use of the hand.

4.3.3. The Cg, 5 Quadriplegic |

¢
,5 lesions is far more

The man-machine system for quadriplegics with Cg
complex both from the actual hardware and intérface considerations than
are systems for quadrip]egicsvwith lTower Tesions. In most cases the
C4’5 quadriplegic still retains useful biceps and does not have greater
difficulty propelling his wheelchair than does the Cg g level quadriplegic.
There are'iﬁstances, however, where the C4’5 quadriplegic is unéb]e to
propel his wheelchair. In such Cases motorised wheelchairs may be used
to extend the limits of the patient's independence. The man-machine inter-
face is accomplished by joystick control which may be directed either
‘manually (byVa suitably splinted hand) or by using chin or headvcontro1§.
(Chin or heéd control is only resorted to where there is insufficient
biceps power to position the hand).
A ‘Usua11y fhe C4,5 quadriplegic is éb]e to position his hand in space in
front of him; he is unable to extend or flex his wrist however and
therefore cannot use the tenodesus type hand sb]int described above.
External poWer mustkbe provided to articulate the fingers. Further,
Tittle or no sensation remains in the patient's fingers and thumb and he
15 fhus quitevuhawafe of the pressure at his fingertips nor has he any
proprioceptive indication of the damaging effect of excessive pressure or
the prolonged maintenance of such pressure. A functional hand orthesis
for a Cq 5 quadriplegic must permit two degrees of freedom of movement;
it should | '
01) facilitate prehension (externally powered) and .
'ii) permit changes in the amount of wrist extension and flexion to

afford optihum wrist attitude in accomplishing a required activity.
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The wrist movements may be either passive or active i.e. manual adjuét-
-ments-of wrist attitude (by the patient himself or by an attendant) may
be provided for, or such movements may be externally powered.

There are few constructional difficulties that musf be overcome to produce
efficient ortheses having only two degrees of freedom of movement; the

vobstac]es preventing the synthesis of efficient man-machine systems are
nof associated with hardwareper se but revolve around the control of SUCh
hardware. The patient sHéu]d be able to generate sufficient control
signals to operate the orthesis and at a rate acceptable to himse]f as
approaching normalcy. The.C4’5vpatient's man-machine interface is
inefficient sihce he does not have proprioceptive feedback channels and
must rely solely on visual feedback to bevideboth posﬁtion and force
information to his central nervous syste%.-(V1sua] éxtrapo]ation of

. force output is gained by observing the effect of the grip on both the
object being grasped ahd on the splinted fingersj.

4.3.4, Quadrip]egicé with Lesions above Ca,5
1. Body Aided Systems ' | -

.The quadriplegic with Tesions higher than level C4 g5 has minimal use of
his biceps (at best a 2 or 2+ grading on the Oxford Standard). He is
thus unable to 1ift his forearm and wriét to position his hand 1in space
unless externally aided. Ortheses which do facilitate arm movements for
such patients‘have'been developed. (cf. Chapter 6). The orthesis com-
prises a forearm channel mounted on a spring loaded swivel mechanism. The
mechanism is gttached to the patient's wheelchair on a free moving axis
which permits friction free movement in the horizontal plane. The spring

loaded channel is so adjusted that the weight of the patient's forearm

- is counter-balanced by the effect of the springs. Thus gravity is

eliminated as far as the forearm is concerned, and the remaining biceps
activity is sufficient to permit the lifting of light and small objects.

Horizontal movements are effected using the remaining shoulder girdle

-t
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muscles. Naturally, external power must be provided to control prehension
and, ff required, wrist extension and f]exion} ‘Since the degree of elbow
flexion is still related to the effort elicited by the patient‘s biceps,
proprioceptﬁvé feedback is present-forkforearm’movements. |

'Ball raceé feeder mechanisms'as they are termed, may a1so be'used to
facilitate arm movements for the C4 5 quadriplegic. These devices ére

' a]so‘gravity operéted.and consiét of a forearm support attached to a |
’mechanism whith'bermits friction free movement in the horizonta1‘p1ane,

. The forearm suppdrt is centrally situated on é'pivot which'bermits the
hand to tf]t fdrward and'downward_as the patient e]evateé his shou]der;A
‘depressing the Shou]der’has the opposite effect - that of ]iftihg the hand.The -
»patjentvusesAweak_bjcepé and shoulder girdle muscles to operate this system.
A]thpugh range of movement is somewhat'Timited using these devices,
~pkopr10ceptive position and force feedback is available to the controller

~and patients aré reborted(l),to have achieved great proficiency in their

~ use. A

2. Powered Mu]tidegreé df Freedom Devices

To extend the range of movement and power output capabilities of patients

with movement only 1in the»Shou]der girdle mUsc]es, complex orthotic

devices havebeen designed and developed. 'Machines having up to seven

‘degrees 6f freedom (cf. Chapter &) are available. Uﬁfortunate]y the

extent of the man-machine interface problem increases as the complexity

Qf the ortheses is 1ncreased.. Beside the demands of stringent design and

technological sophistication needed to produce mechanically sound mu]ti?

functiona1‘app11ances, complex patient operating procedures are required

to exercise control over the orthesis. Since no proprioceptive feedback

is possible with such a device, patient céntro] is effected using visual

feedback only. Further, the bit rate of 1nformat10n-transfer from man\to

his machine is Tow since tongue switches, head switches or myo-electrically

operated controls with low information rate outputs are the only means
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whereby control signals can be generated.

The above is an\exaﬁp]e of a lTow variety of movement system - the C4
quadriplegic - inhibiting anothek‘system with multi-function capabilities -
the complex orthesis. The nett effect of such a combination ¥s an in-
efficient man-machine system and, as in the parallel example of a low
variety type splint adversely af%ecting a C5’7 and C5,6 quadriplegics®
man-machine system, the integration of such mismatched systems is il1l-
advfsed. Practical experience (cf. Chapter 6) has sHown that .the use of"
multidegreekof freedom ortheses»ishnot well tolerated by high lesion
quadriplegics. These patients elect not tdkuse their appliances énd '
prefer to make use Qf the services‘that hea]thyApeople around them are
prepared to offer.

. The rejection by the quadriplegic. of the complex mechanical orthesis

‘and its substitution by a"human machine' may be considered as an
extension of the quadriplegics man-machine system, The healthy person

who has respondéd to the quadrip]egit's request for assistance, may be
viewed as an improved ‘machine'. Such a 'machine' .is as multi-functioned
and as adaptive as the quadriplegic may requfre, and the quadriplegic

may communicate with the méchine using conventional speech chanhnels.,

The 'machine’ may communicate with the controller in a similarly efficient
way. The quadriplegic is no longer limited by his low variety of

physical function and may'convey his intellectual multi-function capa-
bilities via an’efficient two-way communication medium to a ‘machine’

of multifunction physical capacity; two such multifunction ability sub-
systems matched together constitute an éxtremely efficient man-machine
system. It is small wonder, therefore, that high lesion quadriplegics do
~all within their financial means to acquire help in the form of a full-time

attendant.
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As a consequence of the above statements the‘fo]lowing question is no

- doubt raised: If engineers heve failed to produce efficient man-machine
sysfems for quadrip]egics and, if such naturally occurring 'maehines' may
be acquired, why is so much effort being directed at developing a man-
macnine systen that will be expensive to purchase and meintain dnd that
cannot‘conceivably (at the present time)_be more efficient than'fhat

which is already avéi]ab]e? The answer lies simply in the psychological
make-up of man; man guards his independence zee]ously and wi]} strive

to maintain hié independent existence even 1n'catastr0phic circumstances,

~ Further, man might accept dependence on inanimate objects but absolute

and total dependence on other people is an affront to huhan dignity and
se]fkespect. The efferts being made throughOut the world by researchers

in the field of orthotics should thus be viewed not on1y as being directed
.toward minimising disfunction of a damaged system but as an effert te
provide a means whereby se]f~respect‘and human dignity,vwhich go hand

in hand with independent existence, may be placed within the reach of

the severely disabled persen.

.Special purpose computers have been used to extend the functiona]lcapacity
of the inefficient man~mechine system described ebove (cf. page134). Since
the patient is unable to put out high information rates, his low bit-

rate output is used to control machines which operate largely in automatic
mode. The patient has merely to initiate a desired action and the machine
will effect the required movement as stored in the memory of a special
purpose computer. Adaptive machines able to 'learn' body movement patterns
and reproduce them witn the controller being required to provide only a
rough guide as to what movement path is required, are also being deve]oped.’
While adaptive and computer aided operation of ortheses is presently being
used under experimental conditions it is lTogical to expect that with the
advent of large scale integration of micro-electronic components the use

of computer aided control techniques in functional rehabilitation systems
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will become more wideépread.

4.4. ENVIRONMENTAL MODIFICATIONS FOR HIGH LESION QUADRIPLEGICS
The environmental modifications which may facilitate the C4,5> and higher,
lesion quadriplegics' independent existence deserve consideration. For
such patients it is not sufficient to modify minor aspects of the patient's
enVironment as was the caseror quadriplegics with lTower lesions. Exten-
eSiVe environmentaT‘modificetions are necessary to permit efficient inter- .
face between‘the,quaeribiegic and his environment. ~The‘quadr1p1egic is

| surreunded by equipment (non~orthotic) which he may efficient]y and

; easily operate even With.his Tow capecity ef information‘qutpUt, The

equipment is contro]]ed‘by a preprogrammed special purpose computer which

- interpretskthe QUadriplegie's input signafs ahdipermits automatic mode

_ operation of equipment (cf. Chapter’7). Appliances which the patient
might wish to use'in his day to day activities are adapted for use with
th{s(type of’machine. These appliances inelude tape recorders, telephone
and other jntercommunication SyStems, radios, television etc. Envikon-
mental controllers as these special purpose computers are ealled, have
found extensive app]icetion in the rehabi]itation of qeadriplegics and
Vhave proved to be both functionally useful and well tolerated by the

patient,

4.5. MAN-MACHINE INFORMATION REQUIREMENTS

The'inability of high lesion quadriplegics to generate sufficient control
“information to operate mu]tidegree‘of freedom ortheses has been outlined

in the sections above. It is necessary to determine what the information
output capacity of the quadriplegic is, and what the control requirements

of a multivariety system are, so that a mere precise measure of the mismatch
of the sub-systems of the man-machine complex as a whole may be assessed.
4.5.1. Human Information Output Cepacity

Pursuit or compensatory tracking is a popular method employed by
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bsycho]ogists to determine the rate of ffansfer of information from man
to a'machine under His contral(2).  The results obtained from various
experimental procedures, are précesSed according to the c1essica1 in-
formation theory techniques as presented by Shannon and Neaver(3) and
'a’va1ue for human 1nfofmation output for a particular set of circumstahces
is obtained in terms of bits of information,
vCrossman (1960)(4) postulates the existence of at least two detinct
parts in therhumanisensori—motor apparatus,
i) the decision or D mechanism, and
‘~ii) the effector or E mechahism;
The interaction between the two is illustrated in the figure below.
' He ferther suggests on the basis offresuTtsbobtained'from pufsu%t tracking
experiments that the D*mechanism has a capacity of 5 bits/sec in most
cases and of 15-20 bits.in highly practised tasks, while an E-mechanism
has an output capacity of io bits/sec for hand movements. Quast1er(5)
’suggests that a sk111ed and praetised piano player (using both hands) is
"capable of generating 15;20 bits/sec. |
eThus trainingténd practice are seen to be most important factors 1nf1uencihg
information output capacity.Kréife]dt(ﬁ)considers the human operator in a
control system as operating in a sample data fashion rather than operating
-in a continuous data processing mode. The operator sampling frequency,
‘therefore, determines the rate at which changes in course correction in
pursuit tracking tasks will be made. Measurements.of response spectrum
characteristics after Craik(7:8) display a predominant frequency component
of‘appfoximate1y 2 cps, while Freedy(g) quotes references indicating that
80% of the wavelengths of correcting responses of trained pursuit frackers
ranged between 0.2 and 0.6 seconds. The frequency of operation of the |
human controller is thus within the range 1.0-5 cps.
The general expression for the information of a system is:-

C=28 Pilogs Pi bits/sec
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A- Schematic Representat1on of Informat10n F]ow in the Human
Perceptua] -Motor System

- The Decision mechanism translates perceived signals into instructions
for the effector system. A '

The Effector mechanism controls the muscular activity needed to

carry out the instructions. It may use visual feedback, "v"
kinaesthetic feedback "k".

(after Crossman(®) )
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whereAPi‘z probability of occurrence of the f'th Tevel in a series of n

levels | . |

and B i bandwidth of the system.

If the number of different levels occur with equal probability, f.e.

if transitions from one position to another are totally unrelated, then,
C = B. log, bits/sec. |

For the;purpose of ca]cu]ating the information output.tapacity of a

human c6ntro1ler, consider thé value of 2 cps for B.

The éxpreséion fbr.C then becomes |

c

Ll

2 1ogén bits/sec

1t

_l_y]ogzﬁ bfts/sec.
0.5 L

In the pyréyjt tracking experiments from which the value of B above was
deduced, all authors referred to used tracking apparatus which was hand
operated,"The dégree of control over movements of the hand is greater

fhan that of jimb_or trunk movements. Thus when cbnsidering signals other
‘than those thaﬁ are hand genéfated,Aa110wances must be made for,thé’
increased reactidn fime'ofhthat body in calculating its information oﬂtput
capacity. The results of the calculations of the following pages should

- thus be considefed as optimistic since no correcfive édjustments td the
value of B have been made. f

4.5!2. The Quadriplegic's Cohtro] Sources

The high lesion quadriplegic does not posséss many signal sources through
which he is ab]evto effect coﬁtro] over an exferna11y powered app]iance.
Head sw1tches and shoulder switches which are operated d1rect1y by

physical displacement of these body parts have been used to provide contro1
signals as have switches operated by tongue movements, and by sucking

or blowing on pneumatic transducers.. Since the patient employs MOst of

his residual functiona] capacity to maintain his postﬁre in his wheelchair,

remaining trunk muscles cannot usually be utilised for control movements.

67.
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Switches mounted on halo type headbands have not proved successful as an

~information output medium for two reasons:

v1) » constraﬁnts on patientfs head<m§vements must‘bé imposed ‘if
.,tHe switches are not to be triggeféd inadyéfténtly'by'the patient
A5 th1e ta]kihg or looking abbut, and ¢ R m
2) COsmetica]ly, the quadriplegic patient finds this arrangement
 unacceptab1e.‘ |
Chin sWitches'may bévuéed with,Some‘guccess fo provide Tow level in-
formation output. (Examp]esvdf,suéh'use are presented in Chapter 6 for
both wheé]chaif énd,orthesis contro]). Shoulder switches are genera]Ty
| unsuccessful‘since the pretise_positidning of the switéh above the
: patienf‘s shdu]der is‘critica]. Thé patient'does not remain stationary‘
in his wheé]chaﬁr'throhghout the day and with'eath new posftionfthatvthe‘
‘patient adopts, thebswitch must be reQadjusted. The tongue has béen
‘V used as a most versatile confrdl medium, it being able to bperate as a
'mu]tifunction output device because‘of the degrees of freedom of movemént
. that it possesses. The most serious drawback in using the tongue as a-
control ‘means is that it interferes with talking and eating and it is
also cosmetically unécceptab]e. Myo-electric signals derived ffom muscles
- that are considefed to be redundantr(i.é. are not required for normal body
activities on a continuous basis) hayé also been ehp]oyed for orthesis
control, and much hope s centeked on its use as the ultimate and most
efficient means whereby information may be relayed across the mah¥
machine intérface. |
4.5.3. Information Output of Quadriplegic Signal Sources
The number of discrete levels n,‘that'may be 1ndependent1y generated
using the control media enumerated above should be ‘examined to arrive at
a value for the bit rate of patient 1nformation 6utput. For the myo-
electric sighaT, VYodovnik andere1f¢1dt(10) have shownAthat as many as
30 different levels of myo-electric signal output are attainable. This

~is however only possible if long time constants are associated with the
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myo-electriﬁ signal processing circuitry. Lowering the system time
~constant results in a reduction of the number of discernable levels of
myo-electric signal output.

In developing the méthematics whereby thé 30 1evéls of myo-electric
signals were predicted, Vodovnik and Kreifeldt %onc]udekthat the most
efficient myo-e]ectkic control systemS'contain on]y 3 possib]é levels
of discfjmination of signal. ‘As they point out, there are a number of
researchers who hége'used 3 étate myd-e]ectrica]]y contré]]éd systems
with success. o

The expression for C,for a three state myo-electric system js:’

C = 1 B : )
0.5 log, 3 bits per second

i -

2 log,3

3.16 bits/sec.

: Bidirectiona]upneumafic switches i.e. pneumatic switches which are able
tovdetect both positive‘(b1ow1ng) and negafive pressure (sucking) signals
~also provide 3.16 bits/sec. of information.

Using head, shoulder, or uni-directional pneumaticfswitches which provide

on-off output signals controllers are able to generate only:

C=_1 1og22k
on-off 0.5 A
= 2 bits/seconds/switch.
Tongue movements have been used to control banks of up to 7 bidirectional
switches. Assuming that it takes 0.2 seconds for a skilled operator to
change from one switch toVanother in a 7 way bank of tongue switthes,
the information capacity of such a switch may be estimated as follows.
The effective bandwidth of the system is determined by tﬁe time taken to
sample the possible aiternative sWitches in the tongue switch array. T
is thus
7 x 0.2 secs = 1.4 secs : ‘ o -

The tota1'numbér of discreet levels N, of the tongue switch array is
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N =7x3
= 21
oL
Thus C =T lTogoN bits/sec
| - 1 o
1.4 log, 21 bits/sec P
= 4.32 ‘
1.4 bits/sec

¥3'3.16 bits/sec. which as is'to be expected, is the same
_as the Fesu]t derived for a simple 3 way switchQ A bank of tongue-
switches may bé used to advantage however, when a numbér of switches are
operatéd simu]taneousTy. |
~4.5}4;7 Information Capacity of Speech Communication
The averége number of bits per word in speech communicatfon using the
EnQ]iSh 1aﬁguage based on |
- 1) the average information content per Tetter, and
2) an approximate'formu1a for word frequency distribution is
estimated by Quast]er(5) to be

. 6.25 + 25% bits/word. |
There are 2.1 words per minute transmitted fn normal speech thus. such
‘communication gives 2.1 x 6.253_ 25% |

i.e. T1-17 bits/second.

In a face to face conversation, words are not the only means of communi-
cation; contributions in the information cqpacity as a result of facfa]
expression, voice 1nfonation and gesticulation enharnce the quaTity of
transfer of informatioh. A |
Compare the information outputs of the above signal sources with that
of a regﬁ]ar~speech comnunication channel. It is small Qonder that
quadriplegics reject their orthotic appliances and prefer to elicit the
aid of an attendant to accomplish their tasks..
4:5.5. Orthesis Information Input Requirements‘

Consider an orthatic arm system having three degrees of freedom of
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movement in the x, y and z rectangular co-ordinates. Three separate sets
of input défa must be- relayed to the‘orthesié.motor’contro] to Tocate a
specific}point ih space. Let the range 6f movement in the x, y and z
dﬁfections be 90 cms, 50 cms and 30 cmsyresbective]y. This corresponds
roughly to the extent within which a quadriplegit might require to situate
his hand in front of him. Let the accuracy with which position 10cation

is required be 1 cm, i.e. + 1 cm in each x, y and z direétion.’ The total
number of discrete target Tocations is thds: |

N= 30 x 9 x 50 = 13.5 x 104
7 7z T2 g

The number of bits required to specify any one position is 1092N

it

log, 13.5 x 104
92 A2 1100

logy 1.69 x 104
2,2
%)

]

10@2 (1.3 x 10

it

2 x Tog, (1.3 x 10%)
[2x 7.022

It

14.044 bits

i

A tota1>arm orthesis would have 4 more degrees of freedom; wrist
extension-flexion finger prehension and control of rotational attitudes
of ;he4hand and forearm. The norma]yamount of shoulder rotation required
in a,functiona] orthesis would be approximate TT radians, and that of
forearm rotation _IT radians. |

The range of movemegt of wrist extension-flexion is a]sq;fg_ radians;

a prehensile range of movement of TT radians is consideréd adequate.
Assuming that ten different angu]arspositions for each of the above
movements are sufficient for adequate positioning of the hand and for
prehensjon, 104 different discrete locations afe available. A total

of 1092104 bits must therefore be made available to specify hand position-

in the planes of movement available to the patient. This is equivalent to:



7 iog2 100 bits
2 X 6.64 bits

it

13.28 bits

n

A total of 13;28 +‘14.04 = 27.jé bits of information are reduired to
position a comp]ete‘arm orthesis in space. '
Assuming that the human controller would be satisfied with a speed of
operation that would completely specify a point ﬁn*say 5 secs. the.

- continuous bit rate of information transfer to the orthesis would have
to be | |

: 22 32 & 5.5 bits/sec.
[

Seven separate distinduishab]e channels of information would have to be

used to specify the hand attitude and throughout the duration ofvorthesis

movement a number of channels would have to be activated simultaneously.
Complex multidegree of freedom tasks requiring simultaneous confro] of |
6n1y two functions, taxes the mental capacity of even normal persons. .

It is thus quite uhrea]istic to expect a high lesion quadriplegic to be

able to derive satisfactory use from a man-machine system that reguires

a control information rate that is incompatible even with healthy persons.
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CHAPTER ‘5
STATIC AND DYNAMIC BODY POWERED SPLINTS

5.1. INTRODUCTION
-App1iantes which are emp]oyed to:
i) provide assistance to under—pqwered body segments
ii) substitute for absent motor function
ii1) .provide support for body parts requiring‘po$1tioning,
stretching or immobilisation |
»iv) facilitate existing body movement patterns so the net
overall effect of the movement is fuﬁctional
v) facilitate the attachment of devic¢§,

are known as splints, ortheses or braces. The prime objective of qsing '
any type of splint is to change a body part from a condition of non-
function or 11mitedlfunction to a condition of optimal function. The
spf%nting of the upper 1imbs of quadriplegics inc]ude‘techniques for
accomplishing the manifold functibns of the spfints enumerated above,
Sp]fnts may‘be categorised into two different types name]y,'static'sp1ints
and dynamic functional splints. The static sp]int 1im1t$ any movement of
the splinted body segment which the patient might ordinarily be able to
move. These splints are used'primari]y for immobilising a joint in the
course of treatment. Dynamic splints, as their name implies, permit
functional movement of the sp]%nted body segment. This type of splint
may be either body powered, body powered and gravity assisted, body
powered and assisted by springs or elastic componénts, or externa]iy
_poweréa using hydraulic pneumatic or e1ectr1ca11y powered actuators. This
.Chapter deals primarily with static and body powered dynahic splints as
applied to quadriplegics; externally poweréd devices are descfibed in the

following Chapter.
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5.2. EARLY COMMENCEMENT OF SPLINTING PROGRAMME

The‘spiinting of upper extremities, particularly of the- hand ahd wriét,sﬁpu]d
be commenced as soon as practicablé after the patient's admission to
hospital. The pfimary function of splints at such an early stage is
proﬁhy]axis i.e. to prevent the‘occurrence of contractures which mightf
-adversely affect any‘functional recovery in the use of’the wrist and hand-
or impede the function of the splinted hand. In the quadriplegic’s hand
ithere is no inﬁervation of the lubriacles and interossii muscles which
provide the characteristic hump shape of the metacarpal arch. Flexion ‘
- contractures of the fingers'are common in SUCh instances, as are con-
tractures of the web space between the first and second metacarpal joints.
Further since wastage of muscle is maximal in thé immediate post traumatic
period of the quadrip]egic's existence, contractures can be expected to
ibe most easily sustained during this period. To maihta1n~good functional
shape of the hand, rolls of materia] or cottonwool are placed within the
patient's palmar surface to support the palmar arch and the‘fingers and
thumb are f]exed around the roll. It is sometimes ﬁecessary to hold the
digits in place by pulling a suitable piece of stockinette over the patient's
ffst or by strapping the fingers in place. The writer advocates the\use

of plastic moulded hand cuffs which are individually moulded and fitted

to the pafient's hand to provide palmar support for the metééarpa] arch and
to maintain the thumb in an opposition attitudé. Velcro straps which pass
over the dorsal side of the hand hold the cuff in place and permit the
splints to be put on and removed with a minimum of bother. These hand cuffs,
which form the central component of the Engen type functional hand Sp]int(l),
is the most convenient method of preventing flexion contréctures of the
fingers and maintaining the web space between the thumb and index finger.

For patients who do not have effective residual wrist stabilisers, it is
important to splint the wrist joint to prevent stretching of muscles and

tendons. Any increase in the length of muscles and tendons - which is
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primarily due to continued flexion of the wrist because of gravitational
effects - will result in inefficient functional capacity'of the wrist
should return of movement take place at some later stage. Further, if

the Wrist is in'f1exion, the tendons of tﬁé digits are under tension and
this is 1ikely to cause contractures of the fingers to develop. According
| to Bunnel1(2) the wrist should be splinted in a slightly dorsiflexed
positioﬁ, the position of balanced functional useuFoF both wrist extensor
and f]exof muscles. Where return of function of wrist flexors is not
expected . (C5,6 quadrip]eéic) the writer cohsidérs fhat it would seem
judicious to splint the hand in a greater degreerf dorsiflexion than is
present prattice. The slight shortening in muscles extensor carpi
’radialis thafAmight result from this proceduré, would contribute to the
more efficient utilisation of this muscle in driving the tenodesis hand
splint described below. |

Cock~up splints, i.e. appliances to immobilise the wrist in é dorsiflexed
attitude, consist basica11yvof a palmar forearm channel from which pro-
 trudes a moulded hand attachment. Support for the metacarpa] arch is
provided in é well designed cock-up splint. A cock-up sp]inf may be’
simply constructed by attaching oné of the plastic moulded hand cuffs
described above to a suitable shaped forearm.channe1(3XThe splint is held

in position using leather or velcro straps.

*5.3. TENODESIS TYPE HAND SPLINTS ‘

The tenodesis type hand splint is so called because it has a similar
functional effect to-the surgical tenodesis procedure. This procedure,
whereby the long flexor tendons of the fingers and thumb are detached

from their muscle .and inserted at a distal position on the radius, is
claimed to be useful in cases of flail hands with active residual wrist
extension(4). Dorsiflexion of the wrist automatica]]yvcauses the fingers
and thumb to flex so providjng a grasping action of the hand. A mechanfca]

device which utilised residual wrist movement to obtain active finger
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movement is described by Schottstaedt(5). The "Haﬁdy hand" as this type

‘of functional splint was called, consisted of a forearm cuff and a dorsal
hand piece which extendea over the fingerskof the.hand and the thumb. The
hand biete was constructed to permit free mbvement at the metacarpal- |
phalangeal joint. The hand piece and forearm were connected together at
é‘hinged wrisf joint. Adaptations of this splint permitted it to be |
used in a numbér of different ways; elastic band assisted finger extension
or flexion, or cabie controlled fihger extension and/or flexion could be
easily facilitated. By cohnecting levers as shown in fig.ys.l activé

wrist extension or f]éxfpn could be used to effect active finger extension
and/or f]exion; This configuration of the "Handy Hand" was the fore-
runner of the tenodesis or flexor hinge hand splint. Nickel‘gz_gl(6)
described a more advanced type of flexor hinge splint consisting of a

metal exo~§ke1eton which is less cumbersome than the "Handy Hand" (fig. 5.2)
In this splint the first two fingers are opposed toward the stabilised

and stationary thumb to provide é three point grip. A]thoughAtenodesfs
splints have been used for polio, neuro-muscular diseases and arthritis

- sufferers, this type of splint finds particU]ar abp]ication‘in providing
~return of hand funcfion to C5,6 and Cg 7 quadriplegics.

The Cg g quadriplegic 'u;ually has good residual functional ability in the
extensor carpi radialfs muscle - one of the muscles associated with wrist
extension. This muscle may be inspanned to provide active finger flexion
when the patignt extends his wrist. The résidua] musculature ihnervation
o% the CG,7 qu%drip]egic permits active wrist extension and flexion;

thus both finger flexion and extension are available to the quadriplegic.
Referring to figure 5.2 it can be seen that the length of the lever which
links the movement of the wrist and metacarpal-phalangeal joints determines
the degree of wrist extensioh af which the fingers and thumb are opposed.
The longer the lever, the greater degree of wrist extension is required to

attain opposition of thumb and forefingers. Engen(7) of the Texas

—
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Fig. 5.1. 'Handy Hand' After Schottstaedt
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Institute of Rehabilitation and Research was the first to pfovide a
mechanism whereby the effective Tength of the_iﬁter-]inking lever could

be simply and eési1y adjusted (fig. 5.3a). Engef 23:21(8) also des-

éribed a tenodesis hand sp]fnt with'adjustéb1e connectfng 1evér (ffg,5.3?
The advantagés offered by the 1ncorpofation into the splint of.an ad-

~ Justable 1everA1ength‘extend to é marked degree thé usefulness of the
:fiexdr hinge hand sp]inf. :The wearer is able to g;ggp OEjeqtsvand,ho]d
tHem at aﬁtitudes‘of wrist extension most convenient to himself. Further,
by changing the.length of tﬁe 1éver, he is'permitted to pick up and hold |
:jboth small and large objects. These splints are good example of ‘adaptive’
’Vdevices. | | B -

The basic differences betweén‘the Engen and Engé] type f]exbrvhihge splints
1ie$:in the mateYia]é USea for their construction. The Eﬁge1 splint is
‘éonstructed solely from mefa] components;Astain]ess steel and aluminium
being used throughout. The metacarpal arch‘support'and finger and thumb
‘pieces have to be individua11y fitted to each patiént andisince a1]'thesé
componénts are made out of mefa], it takeSLUp to 40 hours of a 5ki11ed
orthopaedic,technician's,time to fabricaté a hand splint aftef the design
suggested by Engel. |

The simp]icity'ofbdesign, and the edse whereby fitting,may‘be accomplished |
using an Engen typevhand splint, make it the splint of choiée in a]moét

all instances where active wrist extension and/or flexion is to be harnesséd
to provide finger movements. The splint consists of a plastic moulded
hand cuff which provides palmar support for the metacarpal érch, also a
thumb support is integrated into the hand cuff, the thumb'being held in

a "posted" posifion'against which the 3 jaw chuck grip is stabilised. Web
space is preservéd by the inherent construction of the hand cuff. The cuff
is so fashioned that it extends laterally over the wrist joint and the
metacarpal phalangeal joint. It is fibreglass reinforced ét these locations

to permit the inserting of aluminium joints about which a simple forearm
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piece and a finger piece may swivel. The forearm piece is fashioned from aluhf

inium and provfdes a stable cohponent onto which the adjustable length

connection lever or telescoping rod may be mounted. The finger pieces,

hand cuffs .and forearm cuffs are commercially aQai]ab]e(') in four different

sizes. The size which best fits the patient is“thus chosen from a stock

of components - this greatly facilitates fitting. Fitting of the forearm

cuff and finger pieces are the most time consuming procedures; any adjust-

ments of fit that need to be made to the hand cuff are simply effected

using a heat gun. The total 1ength of time taken to fabricate an Engen

orthesis should not normally exceed four. hours.

The splint is 1ight in weight, requires Tittle maintenance and if properly

finished off'is cosmetically qﬁite acceptable. Further, even C5.6 quadri-

plegics are able to'put on their ortheses unaided. Velcro fasteners are

used to stabilise and position the forearm and hand cuffs, and anchor the

digits in the finger piece.

5.3.1. Splint Acceptability

Because of the excellent funcfion available to the Cg5 g and C6,7 quadriplegics

who are fitted with flexor hingé splints, the rate of patient rejection of
 this equipment is extremely 1ow.' In the writer's experience gained in

having directed neér]y 90 Engen tenodesis hand splint fittings, only a

hahd full of patients elected to do without their épp]iances completely.

Of those patients who did reject their equipment, most were fitted after

extended per{ods of time had elapsed after having suffered quadriplegia

and nbne was able to manage more efficiently without his splint. Prior to

1969 a number of patients were fitted with stainless steel flexor hinge

hand splints. To the best of the writer's knowledge not one of these

splints is in use today.

5.3.2. Splint Modifications and Adaptations

Because quadriplegics .who must use a tenodesis type hand splint qua]]y

have-only extensor carpi radialis with which to power the splint, wrist

(") Urthotic Systems Inc;, Houston U.S.A.
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hovement is sometimes accompanied by excessive radial deviation of the
hand as the'wrist is extended. This movement if restrained, inhibits

. the power output of the wrist extensors and consequently reduces the
efficacy of the splint. Allowance must therefore be made to féci]itate
radial deviation in wrist extension. Such adaptations are not possible
if Nickel or Engen type designs are .used for sp]iht constfuction. With
the Engen type 6rthesi§ however, insertion of a spf?hé steel link of

about 2" long between the forearm and hand cuffs and the mounting of the
exfension rod on a swivel mechanism permits adequate radial movement.
’Abodt 10% of quadrip]égic patients who may benefit from the use of

flexor hinge splints require this kind of adaption.

Writing attachments are usually provided on the splint to facilitate
maintenance of grip on a pen or pencil. A metal, plastic or rubber ring
is attached to the finger piece and the pencil or other writing implement
is passed through the centre of the ring. Plastic or rubber rings are recom-
mended since such a ring that is slightly undersized will stretch to
accept pens or pencils of a somewhat 1§rger diameter and w111 thereby
provide'extra stability of gfip. Further, metal adaptations do not permit
movement of the pen or pencil in the longitudinal plane. This might be
required in order to provide the patient wfth a more comfortable grip;
p]aStic or rubber holders Qi]] permit this movement. Orthop]ast('), a
commonly used splint making matéfia], is admirably suited to this purpose.
The photograph; in figs. 5.4 and 5.5. indicate how such writing rings may
* be attached. . .

A §erious disadvantage of most tenodesis type hand splints is that patients
ére unable to push their wheelchairs efficiently whi]st\wéaring their
splints. Since all of the splints described above have components which

extend over the palmar surfaces of the hand, there is diminished traction

(') Manufactured by Johnson & Johnson






84.

between the metal or plastic orthesis componehts and the wheelchair rims
or wheels. If the patient requires to move some distance in his chair,
it is thus advisable for him to remove the splints to effect horé efficient
wheelchair probu]sion., | |
Attempts to increase.tractidn between splint surfaces and wheelchair rims
were made by vu]tanising the palmar surfaces of the hand cuff segménts
of the Engén type flexor hinge orthesis. Whi1é a successful bond between
rubber and plastic was accdmp]ished (using the technique described in
section € of the Appendix), wheelchair dexterity though much improved
with Sp]in£5‘having rubberised forearm cuffs, was not of such quality as
to cohp]ete]y satisfy patient needs.
For patients who were required to hahd]e sheets of paper in their day to
day.activities, vulcanising of specific areas on the thumb support section
of the Engen’drthesis proved very useful. fhe lateral part of the thumb-
piece isvkubberised so that papers may be gripped and sorted wfth greater
‘ease and speed. | |
© 5.3.3. Flexor Hinge Splints for Weak Extensor Muscles
Figure 5.6 illustrates how ah Engen type hand orthesis may be adapted to
permit functional finger movement‘by wrist extensors that are little more
than é+ grading (Oxford Standard). The particu]ar patient for whom this
splint waskmade did not have full range of movement against gravity of the
extensor carpi radialis muscle, and was‘ab]e to 1iff her wrist from a |
position of total flexion to the neutral position only. No active dorsi-
flexion of the wrist was possible. A coil spring was inserted between the
forearm tuff'and the hand piece to provide supplementary movement and
power to the driver muscle. The tension of the spring was adjusted so
that when the wrist extensor muscles were totally relaxed, and the forearm
was pronafed the effect of gravity was just sufficient to cause the
splinted wrist to be flexed, thereby extending the fingers. The residual

wrist extension movement could thus'be utilised to dorsiflex the wrist
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since gravity was effectively 'eliminated' by the spring tension. Provided
gravity is used to extend the fingers, functional movement is évai]ab]e

even if weak extensor carpi radialis muscles are present.

5.4. STATIC HAND SPLINTS

A large variety of static type hand splints have been.devised over the
years. These splints are used to accompliéh specific taéks where movement
gin the‘body~segmént is not required; For example, ;piinté made ffom

" stiff metal wire are constructed to permit the quadriplegic to hold a
cigarette. The Wire fs bent ﬁround the patient‘s’fingers and-a‘1oop is
forméd through which the Cigareﬁi? is held; figure 5.7 shows a’patient
using a writing splint cohstruéted after this fashion. Shaving splints,
‘eating splints dnd’host of many other unsophisticated appliances may be
made for the quadripiegic;A For the quadrip]égic who hés at least residUa]v
activeAwrist extension the devices described abovevaré strongly contra-
indicated. :As pointéd out e]éewhere, the 1ow‘functiona1 nature of these
sp]ints inhibft the multifunctional capacity of the pafient, since by
their vefyvnature they are designed to facilitate thévekecutiOn of a
specific task to the exclusion of all others. It is far more efficient
to make minor adaptations to a dynamic functional orthesis, i.e. to

add attachments to the basic orthesié, to faci]itéfe_activities which the
patient might find difficult to carry out. Where theré is no active

wrist e*ténsion or flexion, and where the patient does not uée a powered
splint, the usekof passive type splints is recommended. Their use cannot

further inhibit the patient's low residual cépacity.

5.5. ORTHESIS FOR EXTENSION AND‘FLEXION OF THE ELBOW

The C4.5 dr higher Tesion quadriplegic is most likely to require the
assistive properties of orthesis developed to facilitate elbow extension’
and flexion. These splints find application where there is insuffjéient
- residual function in the biceps to effect elbow f]exjon. AThe forerunner

of the body powered orthesis used presently to supplement weak elbow
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.movéments, was probably the Barker feeder (after the patient for whom

it was devised) developed at the Georgia Warm Springs. Foundation jn June
1936(9).  The device consisted basically of a forearm channel mounted on
a hinge on which the forearm could pivot 16 see-saw fashion. The
mechénismkwas mounted 6ﬁ_a,tab1e or onto the.patient's Tapboard and was
opérated by'the patient elevating or depressing his shoulder. This-
feéu]ted in the elbow being extended or flexed. Subsequent variations

~in the design of.the splint inc1uded suspending the forearm channe1s from
trapézeilike yokes attached to an overhead suspension mechanism eXtendingl
from a mounting on the back of the wheelchair. ‘Since these devices were

: used,main]y for facilitating feeding they were known as ‘feeder mechanism'.
Figure 5.8 shows fhe construcfion of a feéder'mechanism(') in common use
today.v‘A su5p¢nsion arm mounted on a suitable friction free-joint
aftached at the back of the pétient‘s wheelchair forms a stable base onto
whﬁch thé-hinged forearm trough and its pivot may be connected. Joints

A and B are constructéd using ball races to minimise friction and permit
freedom of movement in the horizontal plane. Aside from see-saw vertical
movement the trough may also swivel in the horizontal plane. An elbow
backmstop is provided to prevent the forearm from slipping out of the
‘orthesis when the e1bow is fully f]éxed. Provision is made to faci]itaté \
the positioning of the forearm trough pivot to sdit the requirements of‘
different batiénts.- |
It is 1mportqnt when using the ba11.ra¢é feeder mechanism that the
functional capacity of the patient be correctly assessed and that by
correct angular adjustment of the wheelchair mounted pivot A, thaf the
needs of the patient are adequafe]y catered‘for. The residué1 muscular
strength particu1ar1y of the biceps will normally determine whether

the trough should be pivoted so that it is ‘elbow heavy' or 'hand heavy'.

(') Jaeco Orthopaedic Specialists. Arkansas, U.S.A.
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‘The exact criteria WHereby ball bearing feeder ortheses (B.F.0.) may be
efficiently set up have been‘we]1 documented e]sewhere(lo); Kay and
Appo]df(il) have feviewed the type of BFO devicés available ahd the
reader is referred to the above sources for further information.

While BFO's can be applied eXtensiVe]y to quadriplegics, the writer has
not made much use of these techniques for supplementing residual patient
movemeht,_ A sdmewhat different appliance {s preferred and is described
~as part of a composfte orthésis providing motorised pfehension, in

Chapter 6 (of page'128).

5.6. ORTHESES USED_AS CORRECTIVE MEASURES

5.6.1. Ortheses may be applied to correct deformaties due to contractures
in both the fingersand elbow. These splints are usually spring loaded so
~ that traction in a direction which will minfmise the effect of the
contracture'may'be applied. In applying traction to joints that are

' deformed'by contractures it is to be noted that less traction over
extended periods of time is more efficient than strong traction over
short periods of time.(12) ~ _ -
Special care must be exercised with quadriplegics to ensure that the
vefféct of tractioh is not daﬁaging to the 1imb since in some cases the
patient is unable to record the painfull effects that indicate damage.
For the same reason when applying traction splints, care should be takenv
tp évoid excessive pressure at any point to prevent the formation of
decubiti.

~ The splints f{rst suggested by Bunnell(Z) are stili used for

the cdrrection of.flexion contractures of the hand. lTHese Qse elastic
bands or spring steel components to effect active traction;

Stretching of flexion contractures of the elbow may be treated by using
non-conforming passive orthesis made out of plaster of Paris bandages.
The orthesis is non-conforming in that it does not fit the body segment

precisely and it is so shaped that when it is strapped onto the patient's
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.arm it forces the elbow into less of a degree of flexion. As the contracture
is'diﬁinished, successive splints. are made to maintain corrective traction.
- In another splint designed to correct flexion contractures of the elbow,
‘turnbuckles are used toﬁincrease the tension of the corrective traction(®),
Humeral and forearm cQ%fs are fittéd to the patient and the turnbuckle
mechanism is anchored between these two segments. The above sp]ints‘are
Qéually applied at night so that what movement is available to the patient
is not inhibited during his Waking.hours.

5.6.2. An Active Splint for Contractures of the Elbow .

- Figure 5.9 illustrates a splint designed by the writer to exeft active
traction on flexion contractures and also to pefmit active flexion of the
elbow. fhe sp]int consists of a forearm and humeral cuff which are

'hinged together at the elbow joint.v Qe]cro fasteners are used to hold

the splint in position. ‘fhe hinge is spring loaded using a heavy coil
spring. ‘The tensidn of the spring may be increased or diminished by

. tightening or releasing an adjusting screw mechanism on the side of the
spring assembly hOUSing.v A profective elbow guard (to prevent the
formation of pressure sdres at the olecranon,is provided so that the patient
‘may rest on his stomach énd prop himself up on his elbow if he so desires.
Extremely good results have been aéhieved usfng this plint and its use can
be recommended. Full constructional detai]s of the device are supplied

in Appendix D.

The wearer is permitted to retain active use of hig arm at all timés when
wearing the sﬁ]int and thus may wear the splint continuously, not only at
night. Simulated triceps movement is available to the patient by using

the spring loaded orthesis move%ent as antagonist for biceps movement.
Motions such as ‘grooming, and holding objects in elbow extension e.g;
holding a book in front of ones face when lying supine, are thereby fa-
cilitated. When the patient is cenfined to bed such movements are most

usefu].k Quadriplegics, however, manage adequately without the use of
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xtriﬁeps wheh they are up in a\whee]chair; the use of this splint is thus
somewhat Timited in its app]icafion as a method of providing artificial
Qtriceps;

5.7. REVIEW OF SOME ORTHESES POWERED BY REMOTE MUSCLES

A number of splints have been designed using boé; power derived from body
parts that are comparatively -~emote from the sp]inted body segment. Kabat
and:Rosenberg(13) describe a haend splint for é C5,6 quadriplegic patient
who has not more than a 2 grading (Oxford Scale) of muscle power in the
wrist extensors bﬁt who still have good biceps with which to position
their arm. The principle of operation of theAsplint is similar to thét

in which the cable and harness controlled prothetic hand operates. E]evat{on
ofﬁthe scapula or abductioﬁ of the shoulder causes retraction of a cable
against a spring loaded articulating finger piece of the orthesis, thereby
causing finger extension. On relaxing the shoulders, spring tension re-

~ turns the ihdex and middle fingefs to an attitude of opposition with the
thumb. The cable control may be attached to a figure of 8 harness about
the scapulae or if the cable is mounted on some conveﬁient~part of the
wheelchair, elevation of the scapula is required to operate the device.
Care must be exercised in using an orthesis of thi; kind since the

fingers and thumb are in a continuous state of oppositioﬁ. A quadriplegic
with a lesion as high as to necessitate his having to use an appliance of
this nature, has no sensation in his hand and thus pressure sores may
develop if the spring tension controlling opposition is excessive.

~ Further, most guadriplegic patients do not have good postural balance in
their wheelchairs, and it is thus not uncommon to find a guadriplegic
sittiﬁg with one arm hooked behind'the handle on his wheelchair to
supplement his bé]ance. If shoulder harness cable controlled splints are
to be used, a prerequisite for good function is controlled and accurate

shoulder girdle function. This is not usually possible in quadriplegics
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of high ]esions.

‘Schottstaedt‘and Robinson(®) described a technique where'prosthet{c hooks
(of‘the=Dorance type) operated by scapu]ohumeral forward f1eXion and |
abduction was used to provide return of funttion to a (g quadrip]edicr
The hook was mounted io the palmar part of the hehd of a patient who

Tost the use of wrist‘extension and passive finger movements aska result
of an unsuccessful surg1ca1 procedure Although good results were pred1cted
using this techn1que, no follow- up 1nformat1on was published.

‘Jones and James(14) presentéd an orthesis driven’by elbow extension. A
leather humeral cuff is strapped‘aroUnd the patient's biceps and with -
the elbow in aboutVQQo.of flexion a‘cable:israttached from the cuff. to
toe‘tinger piece of a hand splint. The finger piece is spring loaded so0
that’thekfingers are held in opposition with the posted thumb.A Fioger:
extension 1is accomplished by extending the arm using gravity or by
supinatingtthe orm. Either of these movements causes the ‘cable to be
stretched thus extend1ng the f1ngers. The comments made above regard1ng
k‘the probiemIOf pressure.sores when using Kabat‘and~RoSenberg‘s splints, :
epply,equa11y in this cose. Further, sihce the patient has to rely onAﬁ
dravity‘to extehd his Wrist or on supination‘for splint. operation 5t is
difficult to see how accurate grasping of an object is accomp11shed and
it is doubtfu] if the degree of success reported is consistently atta1nab1e
in pract1ce

It is the writer's opinion that unless active wr1st extension or flexion
is available, body power cannot be utilised to drive prehension ortheses;

external power must be provided in such .cases.

5.8, SURGICAL PROCEDURES USED TO IMPROVE MOVEMENT IN THE QUADRIPLEGIC HAND
A number of surgical procedures have been suggested to improve the
functional capacity.of quadriplegics with res1dua1 muscular power in the

forearm. Arthrodes1s of the wrist Jo1nt of the 5,6 quadr1p1eg1c, i.e.
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surgical immobilisatidn of thg wrist, in a functional poSition of slight
dorsiflexion, and transfer of the tendéns of the wrist extensors‘to the
tendons contro111ng finger flexion is commended by 50me(5) . Bunne11(15}
considers wrist movement to be too valuable a function to sacrifice for
finger flexion and maintains that since there are no finger extensors no

real benefit can be derived from wrist arthrodesis and such tendon transfer

‘B s

'Tenodesis of the finger f]exors(15)is by far the most popular;and“success-

Fq] surgical procedure applied to the hands of C5.6 and C6,7 quadriplegics.

4 The tendons of all the flexor digitium profundus'together with the flexor

of the thumb (pollocus 1ongu$) are fastened to the radius (usually beneath
a volar cortical flap of bone and secured with the aid of pull-out wires).

The wrist is maintained in a flexed position with the fingers extended when

) the tenodesis is carried out. On extension of the wrist, thé fingers

automatically flex thereby providing a grasbing action for the patient.

To supplement the autbmatic movement by providing some direct voluntary

kff]exion,,the brachio radialis muscle may be attached to the tenodesed

tendons at a point just lower than their insertion at the radius. Alternately

if the patient only has weak wrist extensors branchio radialis may be

used to supplement wrist extension. To provide opposition of the thumb,
abductor pollicis breves‘is attached (by'tendon gr&ft) to the ulna (cf -
figure 5.10). | |

Nickel and Perry(ls) describe é soﬁewhat different. procedure to provide

a "f]exor-hinée hand". A bone block is inserted at the thumb and it is
fused permanently in a position ofvopposition. The interphalangeal joints
of the first and second fingers are also fused in functional positions.
Standard tenodesis is then performed to provide powered flexion of the
fingers. For the C7/Cg quadriplegic Bunnell(ls) suggests a whole series of

tendon transfers to‘provide flexion of the digits and thumb.

Whilst a measure of hand movement is returned to the patient, it is the
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writer's experience as an objective obsérver, thaf-for quadriplegics
surgical tenodesis procedures are not sufficiently successful to provide
efficient hand functjon. Muscle transplants, such as the use of
braéhio—radia]is to supplement weak wrist éxtension,,are also not usually -
successful. The measure of added functional capacity obtaiﬁed when using
tenodesis type ortheses by far exceeds the benefit that may be derived
from current surgical Co}rections.
The main objections to surgically faci]itatea movements are:
1) - the movement of the digits are‘not adequate]y directed and it
is thus not'possib1e to obtain an accurate three jaw chuck or
pincér grip by thumb and finger opposition;
2) the degree of wrist extension required to accomplish ffnger
flexion is fixed at the time of sukgery and cannot be_chahged
to accommodate more comfortable gripping éttitudes; |
3) thefe is a risk that adhesions of transferred tendons may form

thus further limiting fuhctiona] hand movement.

5.9. COMBiNATION OF SURGICAL AND ORTHOTIC TECHNIQUES
The writer~c0nsider$ that there is merit in the judicious combination of
surgical and orthotic techniques for quadriplegics who are able to dorsi-
flex their wrists. Part of the technique suggested‘by Nickel and Perry(ls)
could be used to provide improved function of the hand when used tbgether
with a’f1ex0r hinge type splint. Fusion of thé thumb in addition to
arthrodesis of the interphalangeal joints would make for more efficient
splint function. The thumb should be fused 1n’an attitude of internal
rqtation to permit grasping of objects with the pulpy surface of the thumb.
~ Support of the metacarpal arch‘coufd be provided by using a hqdified form
of handcuff after the Engen design; no thumb support would be necessary
since this would be provided surgica]]y. The finger piece and the

telescoping rod which permits wrist angle adjustment, could be.attached
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to the arthrodesed fingers to provide prehension in the usual way..

‘5,10, CINEPLASTIES TO PROVIDE INTERNAL'BODY.PONER
No mention is'made in the literature of the possible functional benefits
that may betderived from cineplastic type operations'to drive prehension

'ortheses."Cinep1asties have been used in the past(17)

totproyide motor
power for upper 1imb prosthetdc devices ‘The'residﬁaW mOvement in for
vtexamp]e, the wrist extensor or flexor musc]es of a m1d forearm amputee |
. are 1nspanned to operate¢f1nger prehens1on in an.art1f1ca1 limb. A tunnel -
| his~surgica11y"fashioned through the muee]e which is to.provide the motor
power. bThis tunnel is lined With sktn and once the body‘has recerred ’
.~ from the surg1ca1 procedure, a dowel- p1n is passed through the tunne]

.Th1s pin moves up and down with the musc]e as 1t changes 1ts 1ength when‘
_contracting or re]ax1ng. The movement is transmitted to the prosthes1s
,by‘means of a‘Bowdenicable or by connecting 1jnkages. It might'be worth-
while to use a strong brachi—radia1{s muscle to provide extension or‘
flexion of the d1g1ts in a spring 1oaded hand orthes1s A dev1ce of th1s‘
nature would be part1cu1ar1y USefu1 for quadriplegics who are unab]e to
operate the wrist driven flexor hinge splint and if successful this
technique would provide a measure of proprioceptive feedback which is not

available with powered splints.
5.11. USE OF ORTHE<I§ 7O CONSOLIDATE SURGICALLY PROVIDED FINGER hOVEPtNTS

AC quad:1p1eg1c, underwent surgery to one arm in which the wr1st was

6
arthrodesed and action cf the extensors of the wrtst were transferred to

the flexor profundus tendons.  The result of the operation was that the

pat1ent was able to attain gross finger flexion. - The movement was rend-
ered non-suntt1ona|, however, since there were no active means whereby

the fingers could be extended. An orthes1s was constructed for the

patient using an Engen type hand-cuff to which a finger



98.

kpiece was attached. A coil spriné was attached to the finger piece which
extended the fingeYs when the patieqt relaxed his (flexion)grasp, (fig. 5.11)
| The patient was satisfied with the resu]ts of the combined surgical
orthotic procedure ahd he is reborted to have attained good proficiency
in the use of his hand. | |
;'Thié pakticuiar'casé provided an opportunity to cémpare return bf‘hand
fun;tion providéd by surgical means, wifh that provided using a standard
| -Zf1eXOr~hinge fitting. The functional capacity of the hand fifted with thé
'flexor-hinge splint was superior in every respect. \
Vin'1956,.5chottstaedt and Robinson(s) conc]uded that “functiona1 bracing
of the érm should not ;uperCede recqnstructive surgery for upper extfemities.’
A reconstfuction if properly perceived and executed is always superior to
" the use of external appliances. - However, functional bracing of the arm |
’will occasionally serve to supplement surgical results." Advances in
both functional body powered and externally powered appliances no longer

justify the acceptance of these views.

'5.12. ‘SUME>ADDITIONAL REMARKS ON SPLINT FITTING
5.12.1.k‘Splint,Manufa;ture | |

A]] standard splint fittings should be carried out By a certified ortho-
paedic technician. When mbre~comb11cated fittings are required, the |
bio-engineer should be Cohsu1téd to direct alterations to existing splints
or to implement new designs. In many centres throughout the world, the

“ Occupational Therapist has assumed the role of an 1mpromptuk5p11nt‘maker -
this practice is to be discouraged since the simpiistic techniqueé thaf
are within the therapistfs dbi]ity revolve about the provision of low
variety type splints. The effect of the use of such devices for a quadri-
plegic with a comparatively Tow spinal lesion has been detailed elsewhere.
The occupational therapist should be requested to contribute to the actual
making of the splint where an adequate bio-engineering service, or where

orthopaedic workshop facilities are not available.
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5.12.2. Pre-Fitting Patient Education and Training
It’is most imporfant that the patient be made to realise the extent to
thich he may behefit from his appliance. Even before he recéives his own
splint he should be able to make an ac;urate assessment of his ultimate
capabilities. To this end, it is advisable to'show the patienf how_ a
| splint simi1af‘to the one he is to be fitted with;voperates, and if
:possible, to have another patient proficient in thgxdse of thfs equipment
‘ Ademonstrate its function. 1In thfs way it is hoped to stimulate the
patient ahd to encourage him to ]ook«forward to receiving andAusing his
: sp]int: | | |
For patients who are to be provided with externally powered ortheses,
it is considered useful to ensure that the patient is familiar wfth the
mefhod by which the control of his splint is to>be effected. If myd-
electric controT (Chaptér 6)'15 contemplated the patient must be faught
- how td'COntract his control musc]esvcorrect1y>and if switch or other
-transducer mechanisms are to be used,'the patient'must be able to elicit
~ the appropriate movements with a minihum of effort.
A Musc1e$ which are to be used to provide movement for body powered ortheses
should be strengthened by both isometric and isotonic exercises to ensure
that maximum function will be transmitted to the splinted body segments.
The use of the Myo-e]ectfic Signa]tMonitor described in Chaptér 3 is most
vappr0priéte for this purpose. This instrument is used mainly for muscle
strengthéning_through isometric contréctions and is particularly useful-
for monitdring movement in weak muscles (1-3 Oxford Standard).
IsotoniC‘merments of weak upperlimb muscles may be facilitated by
suspending the 1imb in overhead slings to eliminate the effeCts,qf gravity.
Strengthening and impfovement of movement of theiG]eno—humera] joints,
shoulder adduction, and elbow extension and flexion, may be effected using

thjs simple procedure.
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5.12.3.

Once the pétient has réceived his sp1inf he'is to be encouraged to make

use of it to as great a degree as possible. If cannot be expected that -

he will wéar his app]iancé constantly during all his waking hours immediate-
ly, as initially he will experience»difficulty in adjusting to the way

his splint operates; in the words of'Long(lg) "implicit in increased
wearing time is increased use of the splint”.

. The occupatﬁoha] therapist should devise a training programme to facilitate
patient proficiency in the use of his equipment. Early traihing programmes
.shou1d be carefully structured so as nof to $et up goals for the patienf ‘
thatlare'beybnd‘his present capability. The therapist should thus instruct
the batiént how to accompTish more of the requiremeﬁts of daily Tliving

at each successive trainihg session, |

Amongst the first skills that the occupational therapist must teach the
'.patient, is how to put on énd take off'his‘5p1iht unaided. . '(This is
possible only with patients who are able to operate wrist driven flexor
~Hinge splints). Thfs is necessary so that the patient will not be unduly

' inhibited should he wish to push his wheelchair or carry out other activities
- which he could more easily effect without the use of his ortheses.

When the patient has mastered the basic functions of his splint, it is
propicious to call a round table meeting of all hospital personnel involved
with the patient on a day to day basis. The functional capacity of the
patient should Be outlined at this meeting as well as what the patient is
éxpected to accomplish independently with the use of his splints., It
should be impressed upon all those present that if the patient is to derive
the maximum benefit from his equipment, he shou]dkbe encouraged to carry

- out all tasks that he is technically able to accomp]iéh, without aid from
any quarter. ‘He‘fs to feed himself, attend to his grooming etc., provided
that these activities are within the 1fmits of his functional capacity.

Those who are directly responsible fdr patient care should be instructed
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how the splint is to be put dn (if the patient is unable to do so himself)
and how to make any non~structura1 adjustments to the patiént‘s equipment;
For example, thé nurse who will help the Cg patient dfess in the morning
should bé shown how to put the patient's spTint on, how to switch power
- to the prehension actuator and how to adjust the gain of the control
system. Also, the danger signs whiéh indicate prolonged pressure or
poorly fitting'splinté which may ultimately resultA?n»a pressure sore on
.some part of the patient's anaesthetic hand, shou]d‘be pointed out. It
is vital that the pétient‘s family be advised of his ability and that
. they too be requested not to provide unneceésary aid and to kéep a watch-
-ful eye for any causes of pressure sores. | |
It is necessary to create a congenial and positive, though nof authoritarian,
~ atmosphere within which the patient is td be encouraged in the use of his
~orthesis. Further it is essential to impress upon all those who come into
contact with the patient, that they have a direct contribution to make in

promotihg the patient's independence and his ultimate physical and mental

well-being.
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 CHAPTER 6
EXTERNALLY POWERED FUNCTIONAL SPLINTS

6.1. INTRODUCTION

‘The use of external power is indicated where body power is not évai]ab]e

for driving functional hand and afm ofthesés>for quadriplegics. Approximaté~
ly 15% of quadriplegics have lesions that are sufficiently high to necessitate
the use bf externally powered appliances for prehension and/or dther arm
moVements.

The Timitations of powered orthotic systems have been outlined in section 4.5,
above and were ascribed basicé]]y to a lack 6f efficient mén~mach1ne M
communication. Thus, while soph1st1cated electronic control systems may

be devised to provide natura] life-Tike movements of splinted hands, the
control information that the patient is able to generate for control. is

of such low quality that system operatidn'is severely inhibited.

Practica] externally powered orthotic systems, i.e. powered ortheses that

.are within the financial meéns of most rehabilitation services, are

therefore simplistic in their operation and cannot provide as much return

of function to the quadriplegic as is necessary.

A number of d1fferent -control concepts have been used in powered systems
designed to provide return of function to the d1sab]ed and some of these

will be examined below to ascertain their functional use for quadriplegics.
However, it is first necessary to invéstigate‘the means whereby quadri-

plegics are able to generate control signals for orthesis control.

6.2. CONTROL MEDIA AVAILABLE TO THE QUADRIPLEGIC

It is a truism that the more severe the extent of quadrip]egié the less
control s1tes are ava11ab1e from which suitable signals may be obtained.
Further, the quadr1p1eg1c pat1ent who has suffered damage to his spine

such that he requires externally powered ortheses, uses much pf the

residual upper 1imb and trunk movements to maintain his postural balance
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in his wheelchair.

Thus thekquadrib1eg1c has very little functional capacity to devote to
'ortheSis controT; the most thét one could hope for wbﬁ]d be small excursions
of body segments to provide on/off type ;0ntro1 signals.

Light beam switches, lever swft;hes, and micro-switches in different
housings and mounted in various configukations, and which rely on movement
of body parts for thefr operation have been used tdﬁpfovide contf01 of
ortheses. |

;AMuch attention has been cénté;edbn the use of myo-electri& signals as a
Ameéns of providing orthesis cdntro]. ‘STnce‘subjects are ab1é to elicit
different levels of myo-electric activify, sucﬁ a cohtro1 éburce might be

used to provide continuously variable control for ekternally,powered'

systems.

6.3. MYO-ELECTRIC SIGNALS IN THE CONTROL OF POWERED SYSTEMS
‘EarlyAmyo~e1ectr1c control systems were used for m1d~forearm'amputees(1).
In the 1ogica1 course of events this method of contro1 was extended for

use wifh appliances for above elbow amputees, lTower 1imb prostheses, and
for control of orthotic devices fof patients who has lost control or
effective use of theirlupper Timbs. (2)

The mid-forearm amputee has remaining wrist extensor and flexor muscles
from which two separate control channels may be defivéd. Since generally
there is no patho1ogy associated with the muscles themselves, both control
sites are of extremely good quality as far as signal to noise ratio is
concerned.

Diécrimfnation between chénne1s is excellent because of the anatomical
separation of the muscles. Further, once the arm has been amputated, there
is no practical use for the wrist extensor and flexor muscle groups. These
muscles, which to all intents and purposes afe'redﬁndant, are ideal for .
use as control sites for externally powered appliaﬁces. ‘Unfortunate1y‘-

there are no such high quality redundant control muscles in the case of
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the high lesion quadriplegic.

6.3.1.

SeTecting the Contrb] Muscle.

Opinjons vary greatly as to which part of the remaining musculature of

the quadriplegic is most suited to providing myo-electric signals for

splint control. Whichever muscle is chosen the factors detailed below

determine the reliability and efficiency of the control Site:-

1)

3)

Volitional contraction of the muscle must be easily accomplished

"~ and must be such that it is not accidentally triggered by
accessory movements.of the body.

. - The myo-electric signal output must exceed + 100 pv (at

maximum contraction) since weaker sigha]s of Tow amplitude
necessitate over elaborate techniques of signalvprbcessing.
The quality of the signél.available from the control muscle
should be such that various 1eVels of e.m.g. activity can be
vb]itiona]]y generafed thereby permitting the use of level

discriminating circuitry in the control system.

-~ Artifact noise and spurious signals such as crosstalk from

adjacent muscles which are being utilised fok movements not
associated with splint control, should not account for more than

about 30% of the monitored signal at any one time. Interference

greater than this amount could lead to a degradation of the

reliability of the system.

In an attempt to ascertain which of the femainihg functional muscles of

a C4,5 quadriplegic are most suited for providing control signals, Miller

33_21(3) investigated three muscles. There were:-

1)
i1)

i)

the upper trapezius - muscle associated with shoulder elevation,
the frontalis - muscle associated with raising the eyebrows, and

the platysma - muscle associated with depressing the jaw and

~ wrinkling the skin of the neck.
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The trapezius was found.tb be the most unsuitable of all the muscles

tested since the patient employs this muscle in maintaining his balance

in the wheelchair and in assistive movements of the arm. Control of the
fronfé]is could be effetted adequately; however, movements such as

tensing the jaw or c1osing the eyes tight]y’introducéd spurious signals...
Also the situation of electrodes over the forehead was considered cosmetical-
ly unacceptable, Of thé three muscles investigated the patysma was found

to be the most appropriate for use as a control site. ‘Although movements

associated with swallowing, turning the'head, coughing and clenching the

teeth did produce signals in the electrodes over the patysma, the magnitude

of these signals were so small that they did not impair the re]iabﬁ]ity

~of the control muscle. “From a cosmetic viewpoint electrode sites may be

chosen in close proximity to the clavicle where these can be easily

covered by the patient's clothing.

" The possibility of deriving myo-electric control signals from weak - too

weak to be of any functional use - extensor carpi radialis muscles have
been investigated by the writer(4), Brachio radialis and the 5upinator‘

muscles lie in very close proximity to this muscle and it is difficult

to differentiate between their electrical activity when surface electrodes

are used to monitor the myo—e]éctric.signa]. Only when constraints are
placed on the arm movemeﬁts whfch the patient may carry out - thereby
1imiting activity of brachio radialis énd supinator - is itvpossiblé to
isolate the e]ectrica]lactivity of‘the weak wrfét extensor. - Weak non-
functional though electrically active, biceps'muscles have also been used

with some success as control sites in myo-electric control systems(s).
Y

6.4, SOME MYO-ELECTRIC CONTROL SYSTEMS

6.4.1. Three State Systems

" Since there are few sites available for orthesis control, it has been

the practice of researchers to make as much use as possible of each control
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site. One oontro] site would thus be used for bi—directiona1 contro1aof;a
degree of freedom of movement of the orthesis For example, in the case'
~of prehen51on, the contro] site wou]d contro] both f1nger extens1on and
Af1ex1on | ' ‘

The best known and possib]y the earliest control syétem nhtch provided such
.}economic uti]fsat%on of a'éontrol Site was that»described by Doreas and
Scott in‘]965(6).v In this system, the amp]itude of the myo-electric
' signal output determined‘in'which one of three modes or states the orthesis
| motor would be found. The myo-electric signal output and the orthesis’
motor states were related as follows:-

1) Zero to s]ight‘myo-e1ecthic activjty.~_orthesis motorxstopped.
o 2) Moderate myo»eTectric activity - orthesis motor rotates to
‘ oppose finders and “thumb ' -
35 Strong myc- -electric activity - orthes1s motor rotates to extend
f1ngers. |

The ch1ef drawback of this three state system is ‘that the pat1ent has no
control over the speed or force of the motor output and he mist confine
the activity of his muscle Within narrow bands. - Sdbsequent systems(7)
have been deve]oped which provide proport1ona1 type control over the speed
of operation of the orthesis in one d1rect1on of motor rotation. As the
' pat1ent increases the volitional myo-electric output from the control
muscle, the speed of the motor is 1ncreased tn the forward direction. When
the control signal magnitude reaches a preset level, the‘motor is connected
so that its armature current is reversed thereby reversing its direction
of rotation. ‘The transition from maximum rotaticn in the forward direction
to maximumdreperse rotation may be eliminated by the interposition of a
dead zone at the transition point to yield an operating characteristic
similar to that shown in figure 6. 1b.

Because the moteyr output state changes rap1d3y when the mjo ~electric signal

-reaches a preset amplitude, & 'smooth' or continuously variable control is

-
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not possible throughout the full range of volitional myo-e1ectr1c signal
output. Further the benefits of proportionality that the System affords
are lessened somewhat since proportional contro] is only poss1b1e over a
d1m1n1shed band of the control signal output range

6.4.2. An Improved Three State Control System

The following system was deve]oped by the author to permit the ut111sat1on
of the full range of myo-electric signal in both forward and reverse motor
djrections.(g) System operation 1s explained with the aid of the block
,diagram in figure 6.2. | | |

«The myo-electric contro] output is monitored using surface ejectrodesAand
is fed to a suitable amplifier. After rectifytng and smoothing to obtain

a D.C. analogue representation of the myo-e]ectrio activity, the signal

is passed to a simple differentiating circuit. The differentiator provides
an amplitude outpUt sigha1 which is related to the time rate of change of
the myo-electric input signal. If the amplitude output-of the difterentiator
is below a predetermined va1oe-i.e. if the rate of change of the amplified,
“ rectified and smoothed myo-electric signal is below a .predetermined level,
Vthen the processor output signal is fed to the motor control to permit N
the motor operétion in the forward direction. Pseudo~proportional control
is provided in the forward direction by ensuring that the armature Current
is proport1ona1 to the myo- -electric signal input (cf. figure 6.3.)

- Should the amplitude output of the differentiator exceed the preset amp11tude
output 1eve1_1fe. should the rate of change of the processed myo—e]ectr1c
signal exceed a predetermined vaiue, then the differentiator.circuit wi]]-.
channel the myo-electric D.C. analog signal to the motor control.in a way
as to reverse the motor direction of rotation. (A signal with maximum rate
of change is generated by eliciting a quick and strong contraction in the
control muscle). Proportiona1'contro] in the reverse motor direction is

a little difficult to achieve, sinoe the oatient has to put out a maximal

signal to switch into reverse mode, he will thus switch directly into a
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condition of maximum speed,inﬂthe reverse direction, However,iby re-
vviaxing the control muscle signa]vimnediate1y after having switched into
reverse some proportionality may be made available. To allow for
spurious signé]s_generated because of armature comnotetion noise, or

as a result of strong electric fields, a dead band is incorporated

into the 1err range of the control circuitry; the myo-electric signal
must thus exceed a“certain'minimum value before the contro] signal h111
be'passed to the motor drive circuitry;‘ Circuit d1agrams and component
specificatfon_are provided in Appendix E. Experience with the above
‘system indieates that patients ore able tovatta1n good orthes1s contro]'
and that they do va]ue the 1mproved proport1ona1 fac111ty wh1ch the |

‘system affords The success of the system is borne out by it hav-

- ing been adapted for use with externa]]y powered upper 1limb protheses

by Ch11dress(9) and more recent]y by Silner and Hagg (]0);

6.4.3. Sequent1a11y Operated Control Systems

As1de from it be1ng emp]oyed in three state contro] systems, a myo-

e]ectrto eontro] site may be operated in ‘sequential’ fash]on to proytde

: oontr01 over more than‘one operation~. An ear]ytsequential system for use

in motor1sed prehension ortheses for. quadr1p1eg1cs was first presented by

the wr1ter in 1968(2)

In th1s system, surface electrodes were connected over weak extensor carpi

radialis muscles - Oxford Grading l+. if the patient wished to initiate

»“movement of his splinted f1nqers, he contracted the control muscle. The
ectr1ca] act1v1ty associated with th1s contract1on Was amp11f1°d and used

to trigger a four bit cyclical counter. On count 'l' of the counter, the

orthesis motor was connected in soch.a way as toAbegin to f]ek the splinted

fingers. On count '2' the hotor waSVStopped. Pulse three caused the

'f hotor to be connected so as to open the fingers. count '4' caused the

-motor to stop again, and SO on.

The Viennatone Orthomot() (11) also operates in sequehtia]ffashion but

(") Viennatone Horgerite,Vienna, Austria
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requires continual myo~e1ectr1c signal output while the orthesis motor

is operating. - . |

1 Muscles whichvarevcapabie of more than jﬁst a flicker of activity must
Athekefore be used for control of this system. Tb operate his ép]iht, the
.patieht must e]icitrmyb—e1ectric activity above.a preset 1evé]. The
orthesis motor is then activated to cause finger extension. On relaxing
the control must]e, fhe‘motor iS switched off andyfhé splinted fingers‘
are locked in a stationary‘position. Further, the control electronics

are automatica]]yrswitched so that when next’the»patient Qenerates myo -
electric activity above a certain level, the ortheses motor is connected
for operation in the reverse direction to permft finger flexion. ‘On’
ke]axing the control once the desired degree of.finger flexion has been

i attainéd, the motor is stoppedfaud the system is switched again sd that
the next burst of myo-electric activity will once more permit finger
extensibn. |

The\ernnatone system lends itself to be used in.pkoportional mode, the
manufacturers however have notAyet iﬁcorporated this fati]ity in their
design. The most serious drawback of both of the above sequential

systems, is obviously the time factor involved in se]ecting the operating
mode. It is seldom that the patient is cbmp]ete]y satisfied with the type
of grip that he has attained since He is‘unab]e to sense the pressure with)
which he is holding an object (because‘of diminished sensation in the
hand). It may thus be necessary to alter the grip a number of times

before the pafient is satisfied; this is a timekcon§uming procedure.
Further, even though the amplifiers used hay be of good quality, spurious
signals may cause inadvertent triggering of the sequential contro] circuitry.
This results in uninitiated splint operation in the first system described
above, and a change in direction of motor operation in fﬁe latter system.

Notwithstanding these criticisms, much success has been claimed by workers
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at the Tobelblad Rehabilitation Centre in Austria(lz) using the seguential
Viennatone éontrol’systemQ. .‘

6.4.4. Position antro]VUsing Myo~Electric Signals

A further myo-electric control system hés been described by the writer(z).
The myo-é]ectric'signa1 output is processed acéording to the b]ock)diagram
in figure 6.4. When the volitional myo-electric activity reaches a
predetermined 1eve1‘the switch ;A“is activated; The output from switch

'A' is fed to a dual input 'nor' gate. The other input to the 'nor' gate
is derived from a micro-switch which'is mounted on the hand‘splﬁnt.' The
micro-switch is 50 situated that,ftis triggeredvonly‘when the orthesis
finger piecevfs extendéd to its maximum limit. When neither of the two
‘inpufs are present, the orthesis motor is commanded:to open, that is, A
or WTCrOSWITCh = 'orthesis open'. |

vwhen either of the 'nor’ inputs are présent, the circuitry’interprets the
'bgate output signal as an instruction to maintafn the motor in a stationary
:position. Should the vo]itionai muscle activity exceed a second preset
level greater than the D.C.level required to trigger switch 'A' a second
switch, 'B' is triggered. The orthesis motor will then be comhanded to
rotate in such a direction as to close the splint. -

The motor armature current is-directly related to the vo]itiona] myo -
'potehtial‘output above the D.C. level required to trigger switch 'B'.
.Consequently, the patient has some control over the speed and force of
the orthésis in the closing direction. |

When the patient requires the position of his sp]int and therefore hfs
hand, to remain in a.certain desired fixed-bosition; he merely reduces
the level of the myo-electric activity in the contro]]jng muscles to that
required to triggef switch 'A' only, (and nbt 'B'), and Fhereby provide
an input to the nor* gate. As explained above, this results in the motor
stopping. |

When the patient requires to open his hand or release his grasp about an
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dbject, he relaxes the control muscle completely. The éwitéh ‘Al s

now turned off and neither of the two inputs are present at the ‘hor‘
gate. The output from the ’nor’kgafe now directs the control circuitry
to open the hand, and the splint opens to its maximum limit. At this
point the micro-switch is triggéred; and Having provided an input to the
‘nor' gate, the reversing action of the motor is inhibited. The orthesis
is inactive until an activating signal is once more generated by‘the;control
muscle. | | | | |

In practice it has been found that a gfeat degreeiof precfsion of the
control muscle, and much concehtration by the patient was required.
After a few minutes of continual splint use; thé patient's concentration 

flagged and he could not control his devite adequately. He was thus

~unable to maintain a grip about any object.

Position servo control of myb-electrica]]y,operatéd orfhotic deVices,
Wheré the‘degree of extension-flexion of the splinted fingefs is directly
related to the intensity of the myo-e]éctric signa1.outpUt, also requirés
excessive patient éohtentratidn to maintain constant myo-e]ectric signal

output As with the system descr1bed above, at best a Jerky unsure control ‘

is atta1nab1e

Both systems’cannot therefore be considekéd as practical and sﬁitab]e
means of myo e]ectr1c sp11nt control,

6.4.5. Myo- -Electric Control of Phys1o]og1ca] St1mu1ators

Attempts at prov1d1ng myo e]ectr1c control of orthot1c hand sp11nts wh1ch,
used surface electro-stimulation of the ex1st1ng mus;u]aturevto prov1de

motor power, were described by VodoVnik{gE_gl(ls)

. Myo-electric signals
from the left trapezius muscle were used to modulate a faradic type

stimulator positioned over: the right extensor digitorum'musc1es. The

 fingers of the hand could thus be’extended in'sympathy with the trapezius

muscle contractions. Using a splint which stabi1i$ed the patient's wriétw

and provided a spring 1oaded'finger'piece'to return the fingers to the -
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normally flexed position when the st1mu1et1or was turned off, patients wer
reported to be able to attain degrees of finger extens1on at w111 Im-

~ planted myo-electric telemetry systems'and stimulating electrodes have

been 1nvest1gated by a number of workers (14), (15) (cf. pagel36) and

varying degrees of success have been reported.

The d1ff1cu1t1es w1th such systems, however, do not lie 1in the*technologieal
barriers connected with hardware development, but are associated‘with a .
‘]dck ofksufficient.contro] sites and the low grade of information output
.available fromfsuch sites.ll _ | o

6.4.6. Additional Remarks on the Use of Myo-Electric Control Systems‘

~ The control systems described above have been designed for use so]ely by
quadriplegics who retain some arm movement (C4,5) and therefore require

only externally poWeredbprehenston. ‘No myo-electric oontrol,systems have

~ yet been developed for multidegree of:freedom ortheses. >It‘is doubtful

- whether myo-electric controls generally are superior to body movement activated'
switches. Unless proportional control 1s avat]ab]e from a myo-electric |
control site, or the control muscle is too weak to move its body segment

and is thus truly redundant there is Tittle point in using a sophisticated
contro1 system whtch does not offer‘any more than does the simp]e and

reliable on-off micro—switch{

6.5. MECHANLCAL CONSTRUCTION OF MOTORISED SPLINTS FOR PREHENSION

The basic metal hand sp]int described by Nickel (cf page 77 ) has been
adapted for use with both e]ettrica]]y and pneumética]Ty powered ortheses.
Pneumatic motors(16)s(17) are not generally used any more today since the
use of electrically driven systems is far more convenient. (Engen however,
still prefers to use thevpneumetic artificial musc]e(lg) with‘Whieh to
drive his externally powered ortheses). Figure 6.5 illustrates how some
externally powered ortheses have been constructed.

The orthesis currently prescribed by the writer is shownitn figure 6.6.

It consists basically of an adaptation of the Engen type orthesis. The

.t
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standard hand-cuff provides support for the metacarpal arch and/or the thumb
piece against which the articulating index and middle finger are opposed.
A forearm.piece is attached to the hand cuff at the wrist and secured by
means of a joint which permits the positioh of the wrist to be set at any
convenient angle. A 'passjve' or 'active' wristéjoint may be used. The
‘active’ wrist joint has a spring loaded catch which permits the patient
to alter the Angle-of the wrist unaided. By pushing the Tever (fig. 6.7)
against fhe side of the wheelchair arm rests, the catch is disengaged;
with the non-sp1inted arm the patfent can then adjust the wriSt.to the
desired angle. The wrist position is locked by the patient removing
pressure from the 1evér.7 The ‘passive' wrist is comprised of a friction
joint which permits manua} sefting of the wrist in . any desired functiona]b
~position. This is usually effected by an attendant.
- A D.C. torque motor and associated gearbox, originally deveioped at the
spinal injuries centre at Rancho Los Amigos Hospita1(19) provides the
power for the splint. The motor is situated remotely from the splint at
some convenient location on the patient's wheelchair and power to provide
prehension is directed to the orthesis using a Bowden cable system. Finger
‘o‘flexibn is provided as thé cable 1is rétracted through its odter housing
while being wound up on a drum 1n.tﬁé motor and gearbox assembly. vThe
finger piece is spring loaded such that as theAcable unwinds'from the drum
the splinted fingers are extended.

When using body powered flexor hinge splints, it is common practice to
provide bilateral splints, i.e. both 1gft and right hands are splinted.
Unilateral fittings are the rule for externally powered devices since the
patient experiences sufficient difficulty controlling only one splint;

the provision of two splints would overload the patient's control capacity

and thus minimise overall splint operation efficiency.
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6;6; MICROSWITCH CONTROL FOR POWERED HAND SPLINTS

The non-splinted arm may be used to provide orthesis control signals by
the forearm being either adducted or abduéted against a spring Toaded
control lever mounted on‘the wheelchair arm rests. The patient seen in
the photograph (fig. 6.8.) a C4’5 quadriplegic, retained bilateral biceps
strength of 4- and was thus able to position his arm in front of him
‘without aid.A‘Externa1 power was pfovided for active prehension. TheV
control lever operated two micro-switches; one as the arm was adducted

and the other as the armvﬁa5~abducted.‘ |

Figure 6.9. i]]ustrateévthe use of a pneumatic‘switch arrangement for
orthesis power contfo], The patient was able only to move one arm and
thus it was not possible to use the contralateral unsplinted arm for
control. No attempt at using myo«e]ectric control was made since the 
~patient 1ived on a farm and it would have been inconvenient to service the
unit should any breakdown have 6ccurred.

A pump diaphragm was mounted between two air-tight flanges which were so
contructed to permit the mounting of micro-switches on either side of the
céntré] meta1's1ug of the diaphragm. Aside from an inlet pipe which was
“connected to one of the flanges, the whole assembly was airftight. Blowing
into the pipe resulted in fhe one microswitch be{ng depressed while
sucking on the pipe caused the other microswitch to be depressed. These
actions corresponded to a signal to flex and extend the fingers respectively.
When neither suck or b]ow'signa1s were present power“to the motor was
switched off. The pneumatic pipe (plastic) was enshrouded in a metal
gooseneck and attaﬁhed to the rear of the patient's wheelchair. Thé
. assembly was sufffcient]y flexible to allow it to be adjusted in a
convenient position within easy reach'of the patient's mouth.

For patients who .have some biceps movement in the unsplinted arm which
may be suitable for splint control, a slide switch mechanism may be used

(fig. 6.10). A forearm channel is constructed for the arm which is to
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effecf cbntro] and a moulded elbow stop is provided to position the elbow.

The forearm channel and elbow stop are mountec on a ball bearing slide

“ which in turn is attached to the wheelchair arm rest. ~Using residual

biceps and scapular movements the patient is able to slide the forearm
piece forward and backwards in the horizontal plane. Microswitches are

mounted at the extremes of travel of the forearm trough and are used to

provide signals to extend and flex the fingers when triggered. Maintaining
‘the forearm;ﬁn mid~position between the limits of travel of the slide

ensures that power to the orthesis motor is off thereby preserving the

degree of extension or flexion of the fingers.

It may be necessary to adjust the height of the forearm s]ide‘ewitching
meehanism to the patient's convenience. Also. to compensate for functional
deficiencies it might be necessary>to.f11t‘the slide mechanism vertically

either up or down to provide bias in a 'hand heavy' or 'elbow heavy'

direction. Further, the patient might wish to maintain his foreafm at an

ahgTe (in the horizontal p]ane i.e. with his elbow in a degree of ab-

A multidegree of freedom jig was therefore constructed so that the patient's
precise requirements could be ascertained (fig. 6.11). The jig fits into
theearm‘rest retaining ho1es of fhe etandard Everest end Jennings wheel -
chair. Once the required height and angles of vertical and horizonta]

titt are determined, the moving segmente of the jig are locked into position
and the slide §witching mechanism is constructed directly to conform to
these jig positions. | |

Since the slide switch permits some forearm movement in the intermediate
positions where the control switches are not triggered, the patient does

not feel inhibited by the movementsvwhich he is permitted .to carry out.

The eystem has been found to work efficiently and is well toterated by

patients.
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6.7. POWERED HAND ORTHESES WITH ELBOW MOVEMENT ASSIST

Ba]] race féeder systems have been described above in.sectionv5.5.

These devices bermit body powered assisted movements of elbow extehsioh

and flexion and facilitate movements of the arm. Figure 6.12. illustrates
how a similar deviée(zo) may be used to provide ?mproved arm function for
patients,having a bicepg of only 2+ Oxford Grading. The forearm trough -
support is mounted on a pivot incorporated on a parallelogram lattice.
work. The parallelogram éssemb]y is hounted on the wheelchair as shown

in the figure. A stiff coil sbring 1§ attached between the opposite
cornérs‘of the parallelogram so that its effect is to provide an upward
lift to the forearm trough. Patient's range of elbow elevation (shou]der
abduction) is greatly enhanced with the use of this device, and biceps
function is improved by the effective e]ihination of gravity due to the
combined action of the sprihg assisted movement and the friction free pivoted
forearm trough. | |

Uniess prehension is provided for such.a orthesis it is of little'functional
value. Prehension is provfded by attaching a hand cuff to a metal rod ~
extending ffom the forearm trough. A spring loaded finger piece is
~attached to the hand cuff and activé_finger flexion is supplied to the
finger piece in fhe usual way using a remotely situated D.C. torque motor
and Bowden cable System. Control for prehension may be derived from a

lever switch assembly mounted on thchhin cohtro]}unit of the powered wheel-

chair (fig. 6.13) or by any of the techniques described above.

6.8 POWERED MULTIDEGREE OF FREEDOM ORTHOTIC DEVICES

Where theveffective range of movement afforded by ball bearing feeder

or spring assisted devices is insufficient to provide adequate return of
fuhction'to the patient, total arm ortheses with mu]tideéreebf freedom
of movement have been fitted to patients. The Rancho Electric Arm(21),

a total arm orthesis developed at Rancho Los Amigos Hospital in 1964, is
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used a1mdst universally where effort$ to motorise a totally paralysed
upper limb are attempted. |

The Electric Arm is powered by e]ettrica]]y driven motoks‘ahd has seven .
degreés of freedom providing arm and hand movements considered necessary
to accomﬁ1ish most normal activities of daily 1f@1ng. The §b1int consists
of a basic exo-éke]eton Qith hinges at the shoulder, e1b0w, wriét and

metacarpal-phalangeal joints. Motors are incorporated into the exo-

‘skeleton at the appropriate joints to provide humeral extension and

flexion, humeral rotation, abdQCtionvahdvadduction; e]bow extension aﬁd
flexion, and foreérm pronation and supination. Power is directed via
Bowdeh Cables from motors t6 provide wrist extension and flexion, and
hrehension. The orthesis is mounted onto the ﬁatientfs whée]chéir and is
so constructed that the parélysed arm mqynbe simply stfapped into it.
Control over this cohp]ex'orthesis is accomplished by means of‘a bank"
of seven, three position lever switches. The switches are biased so

that when they are not activated, they are automatically returhed to the

centre 'off' position, PuShing a lever forward connects the corresponding

motor for operation in the forward direction while pushing the lever back-

wards, reverses the motor direction df operation. Control of the bank

of switches is effected by the tongﬁe and thus the switch array is mounted
-in close proximity to the patient's moﬁth. |

6.8.1. Case Studies |

Two patients were fitted with the Rancho Arm on an experimental basis to

gain a first~hand assessment of the device as a clinically acceptable

rehabilitation medium. (")
The first patient fitted was a polio quadriplegic of more than 10 years
standing; the only movement that the patient could execute was some head

and neck movements; he was also able to flex his small finger on the left

- hand.

(") ETectrolimb Corp. Altadena, California
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Havjng been fitted with the orthesis the patient was é]ated at.being able
to move his arm about, and within a few days was able to exercise good'
cdntro] over thé orthesis. However, the patient soon comp]éined that the
device was too slow, and its movement foo robotflike. Notwithstanding

the patient being above average intelligence, wei] orientated to self help,

and that he soon learned to operate a number of microswitches simultaneously

to permit‘a more natural looking pattern of orthesis movement, the slow-
ness of operation of the device ahd ]ess'imporfant the fact that there were
always people who were eagér to help the patient, soon resulted in his
rejecting his appliance. Further, as the control unitvhad to be situa£ed

almost directly in front of the patient's mouth, the orthesis could not

- be used for féeding. The patient had to wear a cumbersome breathing assist

unit for most of his waking hours; it can thus be safely inferred that

“his reason for rejecting his appliance was not based on it being cosmetically

unacceptable.
An attempt was made to utilise the movement which the patient retained in
his finger to provide an extra control channel to compliment the tongue.

switch control. To facilitate eating, finger movement was used to provide

~signals to a motor swivel unit onto which the micro-switch control array

was/attached} A cuff was ;onstructéd about the pafient's little finger
which, when flexed, caused the bank of switches to swivel éway from his
face; the movementAwas halted when the patient stopped flexing his finger. -
On flexing the finger a second time, the current to the motor was reversed
and the control unit was again swivelled to a positiqn in front of the |
patient's face. |

Alternately, it was thought that it might be possible to utilise the finger

‘to'generate control information in code form by flexing the finger séquential-

1y for longer or shorter time periods. Although much effort was directed
to investigate this possibility, it proved unsuccessful as the patient

could not enter sufficient information into the control unit before the

= Wby
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muscles of the finger fatigued.

The second patient fitted with the Rancho E]ectrié Arh Qrtheéis had
suffered traumatic quadriplegia at theVC4 level, Aside from head andk
neck movement the only movemeht that the patient could effect was slight
shoulder elevation. Further, having suffered quadriplegia as a result

of trauma to the spine and not as a result of polio, the patient's hands

and most of his arms wefefanaesthetic. The 1ikelihdod of orthesis

acteptance was thus diminished when compared to fhé previous patient
because bf the loss of proprioceptive feedbaék,

The patient persevered in the use of this orthesis for some weeks and
made a serjous attempt to accustom himse1f to using the device. Despite
constéht encouragement; and éxce]]ent training and $upervision in,the'
occupational therapy department, the patient soon elected to do without

the aid of the appliance.

}6.8.2.« Intraoral Transducer Contro]vof the Rancho Electric Arm

To. improve on the tongue operated microswitch érray, the use of intra-

oral transducers mounted on a dental plate are presently being investigated(zz).

- The transducer comprises a number of pressure sensitive areas which are

activated by the tongue. :To obviate the inconvenience of direct wired

connections between the transducer outputs and the oktheses, a radio 1ink

is provided to transmit information to the motor control circuitry. It

is doubtful however if intraoral control will much improve existing micro-
switch techniques since no effective upgrading of the system information

handling capacity is inherent in the system.

6.9. APPRAISAL OF THE FUNCTIONAL USE OF PONEREDVORTHESES
The quadriplegic's ability to control his powered orthesis directly
determines the usefulness of the appliance. Efficient control is dependent’
on the following: |

1) the degree to which the decision méking‘capacity'of the

patient is loaded.
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2) the rate at which control commands may be relayed to the orthesis,
and |
 3) ‘the existence or provisidn of feedback channels whereby the -
“patient is aware of the performancé of his orthesis.

ThevC4,5 quadriplegic who has resfdda] biceps function need only devbte
his control efforts to operate an orthesis providing one degree of freedom
'of mermentA- thét of prehension. A measure of success-is thus possible
in providing some functioné] return to the batient.‘AThis is particularly
the case if the patient has retainéd some sensation in the hand.
~ Patients who have minimal biceps function - less than 3 Oxford Stgndard
of Grading - are not able to attain much independent and functional move-
ment even when usingvballrbearing‘feeders or spring assist devices since
there is little power in mévements facilitated by these app]iancés. The
: prehehsi]e capacity of the patient's splinted hand is thus 1im1ted; '
As.indicéted above; powered multidegree of freedom of movement ortheées
for high lesion quadriplegics are not well tolerated because of their
high control information requirements, and to a lesser degree becaysévof
a 1a6k of proprioceptive feedback. Patients who are fitted with total
arm értheses are unable to effeét control over fine movement such as
writing or handling small objects; they are also unable to feed them-
selves. Thus patients' activities are confined to lTifting objécts and
relocating them in different positions in space. The effort and
fruétration involved 1n‘accomp115h1ng such mundane tasks are hardly com-
mensurate with the feeling of satisfaction experienced on the successful
comp]etidn of the task.
From‘purely an engineering vieﬁpoint, there is really no logic which can
Jjustify the use of total arm’otheses fdr quadriplegics. It is utter]y‘
senseless to pilot the mass of an anaesthetic arm about }n space when-
more versatile manipulator type prosthetic devices cou]dvbe used to

provide superior>functiona1 return of movement to the patient. Since the
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manipulator would not be confined 1n.its trajectory by the limitations of
the ranges pf movements of the arm segments, it might operate in polar
co-ordinate (r,¢ ahd e ) mode. A grapple could be attached to the end

of the telescoping radial arm to provide prehensile function for'the
prosthesis., While the control requirements of such a device wpu1d be
less stringent fhan those of the total arm orthesis, it is doubtfu]
however, whether the patient would be able tp identify psycho]ogiéa]]y‘
withbthe robot-1ike nature of the machine. Until such time as'more effeetive
appliance control media are developed it would probably be advisable not
to complicate further the man-machine interface by compounding the psycho-
~Togical difficu]ties‘which the severely disabled patient a]ready faces.

In the 1ight of the foregoing it is apparent that excepting for patients
with lesions at segmental 1eve1s C4,5 current techniques for activeting
‘paralysed uppep extfemities are not successful. This conc]uéion7shou1d
~not be viewed as a pessimistic speculation resulting from the author's
(apd others') unsuccessful attempts at provjding adequate returneof |
function to high level quadrip]egics;since theoretical.cohsiderations of
the man-machine interface detailed in Chapter 4 predjcted fhat usipg
~available control modalities, failure to achieve acceptable information

transfer rate, and therefore adequate speed of movement, was inevitable.

6.10. COMPUTER AIDED ORTHESIS CONTROL

As early as 1964(23) digital computer techniqueé were used in attempts to
facilitate patient control of mU]tidegree of freedom powered ortheses.

The comppter weS’loaded with tapes on which were recorded explicit

orthesis control information which could be used in accomplishing movements
associated with various activit{es of daily living. By selecting an
appropriate part of the tape, the patient was able to effect a desired
movement without having to generate control signals to actuate specific

individual segments of the orthesis. Selection of a pre-recorded programme

was effected by 1ight beam guidance, controlled by head movements.
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The computer aided system was dperated in either automatic or autonomous
mode, or in manual mode to pefmit direct patient confro] of the;orthesis
motors, ThiS is to facilitate finer adjustments of the‘arm and hand. 1In
feeding operations therefore, the appropriate tape sequence fok locating
the hand nearest the food is selected. Then the non-automatic control
modé is employed to executevthe more pfecise movements required to
actually grasp the food. - An autonomous sequence is~finally selected to
bring the splinted hand and food up to the patieﬁt‘s mouth.
More recént]y Fréedy 334*1(24) described a system which provided for
an adaptive or learning capabi]ity'in computer aided orthesis control.
This control system finds particular app]icatfon in tasks which have
“much repetitive movement associated with their execution, aS'fbr example
tasks such as moving objects from one fixed location to anotﬁer, The
compufer detects any repetition of’movemeht which thé orthesis makes
under direct patient supervision and based on the likelihood of the
recurrence of such movements, programmes itée]F to reproduce these movements .
in subsequent stages'qf‘the task cycle. Ultimately orthesis operation is
almost tohp]ete]y autonomous, the .patient merely acting as an initiator
or inhibitor of an ‘'acquired' computer controlled movement. Patient over-
ride of the computer controlled activity is provided.to effect changes in
. the automatic mede of orthesis operation. |
Laboratoky tests of computer aided orthotfc control systems have demonstrated
»their capacity for réducing the patient'; decision load and thereby re-
ducing the bandwidth requirements of the information channel between the
'patient'and his orthesis. Hopefully the advent 6f micro-miniaturisation
and smaller computers will see the development in the not too distant

future, of automatic and/or adaptive functional systems for general clinical

- use.

6.11. STIMULATION OF EXISTING MUSCULATURE TO ACHIEVE FUNCTIONAL RETURN
OF MOVEMENT

The early work of Liberson(zs), Vodovnik (26) and others(27)’(28), have
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prompted researchers to invesfigate the possibility of providing return

of movement of paralysed body parts by the simuTtaneous‘ordered stimulation
of a number of muscle groupe. While the practical realisation of the

use of such systems particularly for paralysed upper extremities appears
to be some time away at this stage, much activity has been centered on

» the application Of_e1ectro-stihu1ation fechniqueg. Milner gi‘gl(zg)A

have determined the ﬁyo-e]ectric signal outputs from normal subjects

tegs during walking and have correlated the processed myo-electric signals
- with the various phases of the wa]king cycle. They have a]éo demonstrafed
the feasibility of simultaneously stimu]ating a number of muscle groups

to provide.functioha1 movement of the foot. Beeause of the repetitive na-
ture of the walking movement, computer basea programmes for ordered |
stimulation of the‘1ower T1imb would be far easier to achieve than for
affectihg functional electro-stimulated movements of the afms. Most of
the Qork thus far hes therefore evolved about aspects of Tocomotion,
However, the techniques which must be perfected to determine parameters
such as stimulation electrode placement for optimal contractions, electrode
configuration, current pulse characteristics, etc., will no doubt be
,‘applicable to'a11 bddy segments.

The use of electro-stimulation produced movements wou]d permit functional
return without haﬁing to rely on externally powered motors. Re]ative]yv
small amounts of power are necessary to elicit Timb movements - very

much less than what is. required to operate even a 1ow-power‘motor driven
hand splint. | |

Nickel (1972)(30) describes an imp]anted system of electrostimulators
controlled by inductive coupling between an external transmitter and

a sub-cotaneous receiver. Large numbers of muscles may)be driven by

this system by connecting electrodes directly to the nervous pathways

associated with these muscles. Provided adequate patient information output
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rates can be achieved, one may predict’exciting and even unlimited
possibilities fpr implementing return of function to the sevgre]y
disabled. The»u;e of miniaturised computer aided adaptive control of
implanted electrostimulators wou]d:most certainly be one of the major

techniques employed for this purpose.



10)

11)

12)
13)

138.

REFERENCES - CHAPTER 6.

Battye C.K., Nightingale A. & Whillis J. (1955)
"The Use of Myo-Electric Currents in the Operation of Prostheses"

J. Bone & Joint Surgery Vol 37B p 506.
- Waring W., Antonelli E.E., Fries D., Runge M., StanfferE.S.,

Nickel V.L. (1967).
"Myo-Electric Control for a Quadriplegic" «
Orthotics and Prosthetics, Dec, 1967 p 255.

Miller F.C.; Buller J.R., Bender L.F., Cocknell J.L. (1970)
"Myo-Electric Control Sites for Upper Extremity Devices"
Arch. Phys. Med. & Rehab. Vol 5, No 12 p 702.

Ruch C. (1968)

"Myo-Electric Control of Prostheses for M1d forearm Amputees

and for Orthotic Hand Splints for Quadriplegics" ‘
Unpublished Masters Thesis, University of the Witwatersrand p 93:

Ruch C. (1968)

“"Motorisation of Paralysed Upper L1mbs with Special Reference

to the Use of Myo-Electric Signals for Optimum Control"
Proceedings of Symposium on Cross Disciplinary Sciences in
Bio-Medical Research, Johannesburg, S.A. April 1969.

Dorcas D.S., Scott R.N. (1966)
“A Three State Myo-Electric Control"
Medical & Biol Engng. Vol 4 No 4 1966.

Doreas.D.S., Dunfield V.A., Scott R.N. (1970)
"Improved Myo-Electric Control System"
Med. & Biolog, Engng. Vol 8 p 331 - 341.

Ruch C. (1969)

"A Single Input Myo-Electric Control System for Orthotic & Prosthet1c
Devices with Facilities for Propportional Control in Both Forward
and Reverse Directions"

Lab. Report, Bio-Mechanics Unit, University of Pretoria, S.A.

Childress D.S. (1969) -
Personal Communication.

Dillner S., Hdgg G. (1972) '
"Three Methods of Controlling an Externa]]y Powered Prosthesis
with one Myo-Electric Signal Only"

Lab Report 4.71, Research Lab. Med. Electronics,Chalmas.

- University of Techno]ogy, Goteborg. Sweden.

Viennatone Hand (1971)
"Paralysed Patients Get a Electron1c Hand"
Electronics, November 8, 1971.

As Above.
Dorcas D.S., Scott R.N.” (1966)

"A Three State Myo-Electric Control"
Med. & Biol. Engng. Vol 4, No4,1966.

-



Il

13)
14)

15)

16)

v17.)

18)

19)

20)

21)

22)

23)
24)

25)

REFERENCES - CHAPTER 6 cont.

Vodovnik L., Long C., Reswick J.B., Lippay A., Starbuck D.'(1965)
"Myo- E]ectr1c Contro] of Para]ysed Muscles" :

. 1.E.E.E. Transactions on B1o Medical Engng. 12, July - Oct

Hirsch C., Kaiser E. and Petersen I. (1966)

. "Telemetry of Myo-Potentials"

Acta Orthop, Scandinav. Vol 37, p 156 - 165

Lorig R., Greene L. Vodvn1k L. (1967)

"Myo- E]ectr1c Contro] from Radio Transmitter Imp]anted in Man
Engineering Design Centre, Report No 4-67- 17

Cape Western Reserve Un1vers1ty

Kinnear Wilson A.B. (1965)
"Hendon Pneumatic Power Units and Controls for Prosthesis & Sp11nts
J; Bone & J0int Surg Vol 4/B No 3, pp 435 - 441. :

Young J.S., Scott B., Gordon V., Gilfoyle E. (1961)
"Use of Ny]on Musc]e in Funct1ona1 Bracing in-Severe Quadriplegia"

Arch Phys. Med & Rehab. Vol 42 pp 286 - 289.

Engen T.J., Spencer W.A. (1969)
"Deve]opment of Externally Powered Upper Extremity Orthotics”
Final Report. Texas Inst. for Rehab. & Research. Houston, Texas.

Waring W., Nickel L. (1968)
Personal Communication.

Engen T.J. (1965)
"Development of Externally Powered Upper Extrem1ty 0rthot1c Systems
J; Bone & Joint Surg. Vol 47B p 467

Allen J. R., Karchak A.J., Nickel V.L. Snelson R. (1966)
"The Rancho Arm"
The 3rd Annual Rocky Mountain Bio-Eng.. Symposium.

- IiE.E.E. Conference Record.

Bontrager E., Scott I., Ut]ey B., Nickel V.L., Ash M. (1969)

. Intra-oral Contro] Systems"
“Third International Symposium on External Control of Human
. Extremities., Dubrovnik, Yugoslavia.

Cyberhetic Systems for the Disabled
Case Institute of Technology - Engineering Design Centre
Report No 5, Dec 1966, pp 35 - 43.

Freedy A., Hull F., Luccacini L.F., Lyman J;'(1971)
"Adaptive Aiding in Artificial Arms Control"
Pro. Confr, Human Locomotor Engineering, University of Sussex.

Liberson W.T., Holmquest H.J., Scott D., Dow M. (1960)
“Functional Electrotherapy® by
Proc. 3rd Int. Congress of Phys. Med., Chicago.



26)

27)
28)

)

30)

140.

REFERENCES - CHAPTER 6 cont.

Vodovnik L., Crochetiere W.J., Reswick J.B.(1967)

~"Control of a Skeletal Joint by E]ectr1ca1 St1mu1at1on

of Skeletal Muscle"

Med. & Biol. Engng. Vol 5, pp 97 - 109.

Long Charles II, Masciarelli V.D. (1963)
"An Electrophysiologic Splint for the Hand".
Arch. Phys. Med. & Rehab., Sept. 1963.

Burke J.F., Pocock G.S., Wallis W.D. (1963)

'"E]ectrophys1olog1ca1 Brac1ng in Peripheral Nerve Lesions"
.~ J. Am. Phys. Ther. Ass. Vol 43, pp 501 - 504.

" Milner M., Quanbury A.0., Edwards E.P. (1969)

"Human Locomotion by Ordered Stimulation of the Available.-

- Musculature"

Progress Report No 1, Control Systems Lab., Division Mech. Eng.
National Research Council of Canada. ,

Nickel V.L., Stauffer E.S. (1972)

- "Control Systems for Upper Extremity Function in Traumat1c

Quadripiegia"
Paraplegia, Vol 10, pp 3 - 10.



141.

CHAPTER 7
ENVIRONMENTAL CONTROLLERS

7.1. INTRODUCTION |

Despite the efforts being directed toward finding methods whereby more
intimate communication between man and his orthotic machines may be
accomplished, there éré no indications that satisfactory solutions to this’
problem are.at hand. It would be unrealistic for researchers who find
themselves in a situation where.they are confronted with high lesion quadrij
plegics, td wait until such time as the interface’prob1ém is resolved

before attempting to provide return of function to their patients; an
approach other than that of motorising paralysed upper éxtremities should
therefore be considered.

One such approach might be a logical extension of tﬁe basic env{ronmenta1
modifications that afe already commonly app]iéd to facilitate the acfivities
of daily living of paraplegics. For example, famps are provided so that
inclines may be negotiafed and a]tefations aré made in the patient's'home

to permit easy access to the kitchen appliances, toilet faciiitiés, etc.
Attempts are not made to modify the patient by encumbering him with comp]gx'
orthotic hardware to facilitate patient-environment interface, but the
environment in which the patient is to spend most of his time is modelled

or tailored so that a patient-(modified) environment interface is efficient-
ly accomplished using the reéidua] functional ability of the patient.

The low Eit féte of‘ﬁnformationkoutpﬁt of'the‘C4;5 quadrip]egic‘ﬁaY_ ‘
‘therefore bé‘uged to géﬁérateAsigna1s to effectkédntro1 over a drasti-

éa]]y modified environment.

7.2. ENVIRONMENT CONTROL SYSTEMS
7.2.1. The Possum - » , 7
- The Patient Operated Selector Mechanism (POSSUM)(1) developed at . the Naticnal

Spinal Injuries Centre at Stoke Mandeville Hospital in the United Kingdom
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permits control over a number of electrical appliances such as lights,
heater, te1ephone; radio, alarms, etc. To operate ~the system the patient
sucks on a pneumatic switch. This results in a light appearing fn the
first of a number of compartments of a display unit and then advancing‘

at a preset speed from compartment to compartmentt Should the’oﬁerator
require to sQitch the heater on, for‘example, he stops sucking on the
pneumafic switch as the roving 1light reaches the compartment marked
‘heafer'. The heater is then switched on and the machine is reset to carry
out a further se]éctioh when this is required{ To switch an appliance that
s already oﬁ,toff, exactly the same procédure is fo]]owed;‘i,e. selecting
the same function repeatedly results 1nv1t being'a1ternate1y switched on
and off. - |

‘More sophisticated controls have been developed whereby the operator has
control of devices that require mﬁ]tip]e control inputs,‘not merely 'on-
off' control. The operator might require to select a different station .
or to modulate the volume or bri]]iéhce of a T.V. set. Control is effected .
in a similar fashion by sqcking on the pneumatic switch at which time a
Tight moves downward vertically from compartment to compartment until the
required set of functions is reached; the patient then stops 5uck1ng. ',
thereby locking the system into a sub-programme. Hhen'sucking is recom-
menéed the roving 1light moves a]ong‘through compartments in a horizontal
direction and when the’required function is lit up, it is selected by thé
operator ceasing to suck. The Tight then returns to the beginnihg of the
sub-programme and the selector unit is reset to carry out another se]ectioh
should this‘ﬂgyrequired. i

To de-se]ect a sub-programme, the controller sucks until the light moves
along to avposition in the sub~programme marked 'terminate programme’;

at this point, if the patient stops sucking, the programme is terminated.
TypeWriters, dictaphones, calculators etc. have been‘adépted for use with

this type of control.
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Most of the Possum devices currently in use are not of the sophisticated
complex type since these are still in the experimental stages. Consequent-
ly, patients are not afforded multi-choice facilities associated with an
appliance, and areAab1e only to switch appliances ’qn‘ or 'off',
Electromechanical relays and uni-selectors are used throughout the Possum
control circuitry, It is understood however,(z) that presently efforts
are being directed to transistorise the control 1ogic in the interégt of
more efficient and maintenance free operation, Notﬁithstanding the in-
corporation of many electro-mechanical components, the Possum {i.e. the
basic ‘'on/off' type).has proved to be sufficiently successful and useful
to patients that the Ministry of Health in the United Kingdom views the

provisions of such a system in the same light as it considers the provision

- of artificial 1imbs. Consequently, the system is made available under thé
- National Health Scheme to those who réquire it. |
7.2.2. Other Environmental Controllers
1. The "Voiciphone", developed bL Telmec Systems Inc.vU.S.A.(g) uses
the patient's voice to activaté telephone answering. By speaking iﬁ aj
Touder than usual manner, the telephone handset is effectively 1ifted
to answer the te]ephone, "The convérsationlis terminated in the same wéy;
The system employs a treshoid detector which switches a bistable circuit
at each high intenéity sound input signal.
2. Light beams are usedyto operate the Patient Initiated Light Operated>
| Tele-Control {Pilot) environmental controller@), A 1ight source is
- attached to a head band or to the patient's spectacles and by moving hié
head, the patient directs the ]ight beam onto a number of 1ight seﬁsitive
transducers. Each light sensitive device has a particular function
associated with it and when triggeréd by the 1i§ht beam a bistable circuit
is switched on or off. A typewriter control has been developed to,operatev
‘in a similar féshion.:

The disadvantage of the Pilot system is that the patient has to confine-
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his head movements to friggef the device only when he wishes to switch
an appliance on or off. Further, the system as a whole operates in
on-off mode and does not permitvcontinuous1y variable control over the
patient's modified environment. |
3. Recently it has been reported(S) that the National Aeronautics and
Space Administration have devé]oped an environmental control system of
their bwn design; to date no detailed information is available on the

system opération.

7.3. DESIGN}AND'DEVELOPMENT OF MULTiFUNCTION ENVIRONMENT CONTROL SYSTEMS
Because environmental controllers available for uée by quadrip]egié
patienté were not sufficiently versati]e in their functional capacity and
operation, patients could not exercise adequate control over their modified
environment.. While they could switch a radio 'on', patients were unab]ev
to modulate the volume, nor could they chénge from one station to another.
To maximiée patient-environment éontro1 it was necessary to deye10p~ver-
satile environmental controllers which wpuld place within patients'
capacity, complete and continuously variable control over a number of
appliances which they woujd most likely kéqyire to use in thefr day to

day existence.‘ ‘ |

Two environmental contfo11ers were developed: (/)

System 1 was signed sbecifica]]y for use by quadriplegics who have no arh
movéments whatever (C4 lesion); envjronmenta] control signals are generated
by the patient éuching.and blowing on a piﬁef This system‘is designafed

as the Suck-Blow Selector System - SBSS.

System. 2 was desiﬁned for use by quadriplegics who ketain_some useful

arm movements and,who are able td posftion their arms in space. Confro1.»
signals are generated by the patient touéhing sensiti?e SW1tches; This

is the Touéh Button Selector Systém - TBSS. |

Initial experiences with the systems have proven their reliability and
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efficacy in providing most versatile environmental control to permit

substantially increased patﬁent independence.

7.4. THE SUCK-BLOW SELECTOR SYSTEM

7.4.1. General Operation

A bi-directional pneumatic switch, operated by both sucking and/or blowing
provides the input signals to the Suck-Blow Selector System (SBSS).
Utilisation of tri~$tafe switching has' the effect of freeing system |
operation from the time‘factor associated with the sequential access
swftching programme of the Possum system, where the coﬁtro]]er had to Wait
until the Se]ect mechanism progressed in time to a particular function
before it could be selected. The access timeuaSSOCiated with the se]ectipn
of all functions in the Suck-Blow Select System is the same.

Should the patient - (henceforth referred to as 'the controller') - wish

to select any of the available functions (cfvTab1e>7.1.) a 4 bit SUCK—:
BLOW code must be entered into the SBSS viavthe bi-directional pneumatic
switch. A numerical display indicétes to the:contro11er what code he has
entered and, that by having entered 4 SUCK or BLOH bit$ of information,

he has 'primed' a particular circuitvfdr selection. To effect sé]ectioh

of the 'primed' circuit, the controller must generate a SUCK input bu]se;
the cirtuit.corresponding to the entered code is thén switched oh. To
cancel a ‘primed' selection - (due'perhaps to having entered a code
~incorrectly) - the controller generates a BLOW ﬁu]s@, thereby resetting
zand c]earihg the select circuitry. Consequently, the disp]aytinditates
that«fhe controller may enter a new 4 bit' SUCK-BLOW code sequence when_

he s0 dESirés. ‘ | o
Since 4 bits of 2nformation are generated by the controller when selecting
a function, it is apparentkthat'as many'as 16 different selections may be'»
hade. However, it has been found that by utilising oniy 9 of the possibie

circuits or programmes, sufficient versatility in environmental control
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is made available.
0f the nine Primary or Main functions available to the controller, four
functions are ‘complex functions' i.e.:mu1t1bTe choices are associated
with each ot these selections; as many as sixteen separate selections are
possible in each complex function sob-programme. The remaining five
functions consist of 'on-off' circuits. Three of these*circuits have
bistable switching modes and two circuits operate in monostable mode (fig.7.1)
Repeated se]ectionuof non-complex functions result in their being:-
i) reseTected in the case of monostable functions and

ii) alternately switched on and off_tnvthe case of the bistable

| functions. |
To enter a complex function, a SUCK-BLOW coderis'entered in the normal way.
Once the required function has been"primed', the contro11er Se1ectsvthe; |
function by entering a SUCK signal. Al sUbsequent codes now,entered are
channe]edkto the sub-programme associated with the particular function
_selected. | |
To re-enter the main select programme, a code constitoted by generating
four consecutive SUCKAsigna1s is entered;‘on SUCKiNG once more, the sond B
programme is de-selected and the‘contr011er is then free to operate in other(. |
programmes of his choice. A flow chart of how the system operates is |
presented in Figure 7.2 and %able 7. 1 1nd1cates what se- | |
1ect1ons are available to the contro]]er and deta11s the appropr1ate codes.
7.4.2. Construct1ona1 and Design Deta11s |
Integrated circuits are used extens1ve1y in the des1gn of the system and
all circuitry is assembled us1ng glass epoxy pr1nted c1rcu1t board The i
. circuit boards are’ mounted on plug-in Vero card frame modu]es and assembled
in 19" racks in a Botley type cab1net 24" high.
The bulk of the logic employed in the Selector Systems signal processors .
in High Level Logic made by s6S(6). " The systems nere initially deSigned -

using TTL Togic of the 74 Series, however difficulties encountered because
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of the Tow noise immunity of-TTL - (1 vo1t) - necessitated going over to
High Levé] Logic (HLL) which has a noise immunity of 5Y minimum. The
functions currently available in the HLL family are somewhat 1imited when
compared to‘the TTL 74 Series, however the circuitry at ones disposal is
sufficiently versatile to'synthesise the requikements of the Sé1ector
Systems. |

7.4.3. The Suck-Blow Transducer Unit - General Description

The Suck-Blow transducer unit first cOnstrudted, consisted of a diaphragm
enclosed in an airtight housing. A metal slug was mounted in the middle

of the diaphragm, which made contact with one of two micro-switches
respectively when positive or negative pressure was applied to a mouthpiéce,
connected via an airtight gooseneck to the diaphragm housing. Screw ad-
Jjustments provided sensitivity control permitting use of the device with
small volumes of dir. | |

When patients with Tow residual respiratory ability tested this mechanism

it was found that blowing presented quite some difficulty and'thus.other
more sensitive methods of deriving a Suck-Blow signal needed to beyin;
veétigated. The system which was finally adopted - (and which has application
in most cases where directional detection of gas flow of small guantities

is desired), is descfibed with the aid of the block diagram (cf. 7.3). .

Two sma11,.bead negative temperature'thérmistors are placed one behind the
other in a perspex - (or other non—meta11id) - tube through which the gas
flow takes place. The thermistors are connected in opposite armé.of 2
wheatstone bridge and an electrical cUrrent is passed-through the thermistors

to elevate their temperatures - (by I2

R dissipation) - to a Tittle above
ambient. Blowing down the pipe in which the thermfstors_are mounted.causes:g
i) the proximal thermistor.bead to be ébo1ed down - (the dedFEe |
of cooling is fe1ated to the volume of air circulating about the

" bead), and
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i1) the distal bead to be warmed slightly as a result of heat
“transferred by the air flow from the proximal thermistdr.

A corresponding decrease and increase in resistance of the respective
thermistors takes place and becomes manifest as a chenge in the WheatstoneA
bridge output. Sucking on the bipe causes a reversal of the above effects.
Thus, by connecting a suitable amplifier across the bridge output, a
signal re]ating both the volume of air flow and its direction is available.
The time constants associated with the thermistor aésemb]y present a
problem in that the time taken for the thermistors to cool down and return
to their quiescent states has the nett effect of limiting the rate at
which input signals may be entered into‘fhe Central Processing Unit of
the SBSS. However, by app1y1ng feedback to the therm1stors in the bridge,
effect1ve]y force heating and cooling the coo]er and warmer therm1stors
respectively, the problem is adequately overcome.
The extent of the improvement 1n,tfansducer characteristic when feedback
is applied in the circuitry is illustrated in Figurev7.4;
vCircuitry Considerations
The Wheatstone bridge’oufputs are D.C. coupled to an opefationa1 amplifier
connected so that the incomihg signal 1sAamp11f1ed ten times (cf block
dfagram 7.3.) The signal is then further amp11f1ed (Amp11f1er 2) and
the resultant s1gna1 is inverted by a unity gain amplifier. ‘The outputs
from the second amp1if1er and its inverted signa] are used to provide the
feedback signals necessary for 1mbrov1ng system performance. The degree
of feedback 1s set by edjust’ng the gain of Amplifier 2 and fine adjust-
ments are made to 1nd1v1dua1 therm1stor feedback paths by setting series
trimmer potentiometers VR; and VRp. These potent1ometers are set to
ensure minimum system'overshoqt,~ ‘ |
The outputkfrom Amplifier 1 proVides also the input signal for Amplifier 4.
The gain of Amplifier 4 -(adjusted by VR4) -~ controls the sensitivity of

the transducer circuit as a whole - {but does not influence the thermistor
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Figure 7.4.

Top Trace - thermistor characteristic without feedback
(0.5 sec/div).

Centre Trace - thermistor characteristic with too much overshoot
(0.2 sec/div).

Lower Trace -~ thermistor characteristic with feedback adjusted
for minimum overshoot (0.2 sec/div).
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characteristics as do Amplifiers 2 and 3). _

Amplifier 4 output - {node A, block diagram 7.3) - is fed to two comparitor
circuits €y and Cp wh1ch provide trigger pulses to two monostab]e multi-
vibrators. If the outout at A should exceed a preset p051t1ve voltage

- (set by potentiometer VRg) - a SUCK pulse is made available to the
Central Processing Unit and conver§e1y, if output A is Tess than a preset
neéative voltage - (set by VRg), a BLOW pulse is generated. VR5 and VRg

are adjusted-ihdependent]y to accommodate for the va}iations in patients’
ability to suck and blow. B |

The comparitors (Figure 7.5) consist of suitably bufféked Schmidt trigger
circujts_with adjustable trigger levels. The trigger circuits differ

only in the type of transistor used in their construction. That which
switches on positive going signals uses Tlargely NPN‘transistors and is
connected between earth and the positive supply, while that which switches
on negative signals uses éomp]ementary PNP tfénsistors and is connected

~ between earth and the hegétive supp]y.v Light emitting diodes (LED's)
indicate when the comparitor circuits are in the triggered state.

The outputs from the Schmidt trigger circuits are coupled to respective
SUCK and BLOW monostable multivibrators.: Furthér LED outputs afe provided
to indicate when a SUCK of BLOW signal has been succeséfu]]y accomplished.
SGS typé H 117 integrated circuits menostable multivibrators with tjme
constants of + 150 m.secs. are used'as the SUCK-BLvasigna1-generators.
Power Supply | | | |

+12 volt as well as ~12 volt power supp]iés are required to power both thé
Amplifier and Compakitor circuitry. The positive poWer supply may be taken'
from either of the two MAIN POWER supplies (cf) or, if desired, provision
has been made for 1ndepehdent +12 volt and -12 voTt supplies in the design.
of the SUCK-BLOW TRANSDUCER printed circuit board itself. The supplies
are constructed using integrated circuit regu]afors type LM 036 together

with the appropriate bridge rectifiers and smoothing capacitors (Figure 7.6).
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The Pipe-Thermistor assembly is mounted in the base of a microphone stand.
As was the case with transducer A, plastic tubing enshrouded in a metal
gooseneck, connects the mouthpiece with the transducer itself.

(For component Tayout and p.c. board details see Appendix F ).

7.4.4. The Main Select Unit (Figure‘7.7)‘

The 'SUCK' and ‘BLOW' signals generated in the fiow transducer unit are
reshaped by feeding tHem direct]y to respective 'SUCK' and 'BLOW'
monostable multivibrators (cf Figure 7.7) and, assuming that node Q of

the MAIN BMy is high, the signals are nanded to provide SUCK (S), BLOW (B)
and SUCK or BLOW (S + B) signal. The S + B signal is directed to two
monostables where it is delayed by about 1vm.sec.jbefore beiﬁg passed on

to a decade counter. This counter Jlogs  the number of S + B pulses
generated by the controller. If the counter ‘0" output is high - whfch
indicates that the se]ect sequence has not yet been initiated.- and a

SUCK pulse is generated by the controller, the SUCK pulse and the '0' out-
put are nanded to provide a signal which will set BMV REGISTER 1 to the
high output state. If the controller generates a BLOW pulse, no signal

to set REGISTER 1 15 generated and its output will remain Iow..'In’eithek
of the above instances the SUCK or BLOW (S + B) pulse is passed on-to\the.
counter after befng delayed for 1 m.sec. and node '1‘ of the counter is
then'set to a high output. REGISTER 2, 3 and 4 outputs are‘determinéd in
exact1y the same way as is the output of REGISTER 1. Also after eachvr
register has been set, a S + B pulse is Togged by the counter. Once four
such SUCK-BLOW-~codes have been entered,-the counter is set s0 that node ‘4'
is high.

A1l further input signals to thé COUNT port of the COUNTER are now inhibited,
i.e. the counter can no longer log S + B signals. ‘

Should thé controller now generate a BLOW pulse, the BLON signal and the
output from node 4 of the COUNTER are combined in a nand gate and its output

resets REGISTERS 1 - 4 and resets the COUNTER to O and the system is primed
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to accept a new sequence of select pulses. If a SUCK pulse is generated,
the outputs of the four REGISTERS are combined with the S.4 (SUCK AND FOUR)
pulse and outputs equivalent to 4.S . (contents of Reg. 1), 4.5-; (contents
of Regq. 2)‘4.§A:(contents of Reg. 3); and 4.S . (contents of Reg. 4), are
made available to the subsequent circuitry. Only on S.4 are any signals
passed on for further processing by the SBSS e]ectronies. Light emitting
dioded are used to phovide an indication of the contents of the 4 REGISTER
circuits as well as to provide a visual indication to the controller as

to when the se]ect'sequence is readied to accepts a new coded input (COUNT.
'0') and when four bits of select informafion have been entered (COUNT

'4') into the REGISTERS.

éince there are four registers, up to 16 different‘combinations of
register settings may be entered by the controller; nine of these com-
binations ere used to provide outputs for the main SBSS programmes. |

The codes associated with control of the mu]tifuncﬁion selection possi-
bilities presented by the RADIO, TAPE RECORDER, TELEPHONE_AND-INTERCOM
systems; i.e. complex functions, are so chosen that REGISTER 3 must beb
set to the high state if any of these functions are required to be
selected. If such a code is generated and if.the code is confirmed by

the controller generating a 'SUCK' pu]se'oh count '4' of the COUNTER, the
MAIN FLIP-FLOP (BMV méin, Figure 7.7) is triggered -v(by nand gate 4.S.
Reg 3) - so that the odtput Q goes high. ALL SUCK, BLOW, and SUCK +

BLOW signals are then d1verted to provide outputs S' B' and S' + B'
s1gnals;for control of se]ect1on of the individual functions associated
with the particular complex function selected. |

7. 4 5. Main Decoder Unit

The REGISTERS, 4 S outputs from the MAIN SELECT UNIT are decoded by the

4 to 10 Tine decoder circuit and 1nd1v1dua1 functions of the main pro-
.grammes are selected by the_]og1c of the MAIN DECODER UNIT (cf. Figure
7.8). - '
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The 4 11né tp 10 line decoder - driver provides 'Se]ect; pu]seé on one
of nine lines once the appropriate codes have been entered. Outputs 'l'
and '2' of the decoder-driver are fed to two monostable multivibrators
which result in two relays beihg energised for periods of time détermined
by the MMV R-C time constants. (The CALL and PAGE TURNER functions are
connected to these relays).
» Qutput ‘3', '8' and '9' are coupled to respective toggle BMV circuits
and are used to drive relays associated with ON-OFF type selected functions.
: A11 three of these relays control mains supply to 3 x 15 amp sockefs mounted
on the side of the selector mechanism cabinet, A

Qutputs '4', ‘5*, '6' and '7' are fed tp RS type BMV's, the input conneptions
being made on the S line. These BMV outputs, which correspond to the
selection of SUB-PROGRAMME ENABLE commands are routed to the appropriate
individual circuit boards associated with programmes for providing control
ofvsuitably modified RADIO, TELEPHONE, TAPE RECORDER AND INTERCOM'systems."
‘Programme disenable or deselect signals are available either by entering

the appropriate code or by depressing the manual resef'button. A]T T,
flip-flops are reset to zero output when the manual reset is activated.

To advise the controller that the SBSSfis operating in a sub-prpgramme,

a visual LED display indicates when any of the 4 BMV's associated with:
multi~function programme selection, have been triggered. | |
7.4.6. Sub-Select Unit

ThelS', B‘,‘and S' + B' signals generated pncé a complex function has‘

been se]écted, are processed by the SUB-ELECT unit (Figure 7.9) andvpulses
corresponding to the coded input signals geperated by the contrpller.are
made available on the unit's output lines. These are combined with the
‘PROGRAMME ENABLE' signé1s originating at the MAIN SELECT UNIT to provide
the trigger pU]ses for individual function Selection in multifunction
programmes. The functioning of the SUB-SELECT unit is analogousjtq that

of the MAIN SELECT UNIT so far as the setting of the desired codes in
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REGISTERS 1-4 is'conéerned (cf. Figure 7.7.) As is the case in the

VAIN SELECT UNIT, on count 4 of the COUNTER cyc]e'fufther input impulses
to the COUNT ncde of the COUNTER are inhfbited, 4.B“reset§ all REGISTERS
and thé COUNTER to zero and 4.S' resu]tsAin the contents of the REGISTERS
being passed on to the decoder-driver circuité for further processing.
Sixtéen discrete outputs are made available by using two decoders in
parallel. The output of REGISTER 4 is used to decide which of the

decoders will process the entered code. - If REGISTER 4 output is high,

8 output pulses are gaited via one HI58 decoder; 11 REGISTER 4 output is 1dw,.

8 output pulses are gated via the remaining H158 decbdert OUtput 15,
represented by code $SSS is usedkthfoUgﬁout all sub-programmes for
resetting the BMV MAIN control in the.MAIN SELECT circuit board, i}é,Z’
if -output 15 is entered into the. SUB-SELECT registers and the controller
then generates a  SUCK pulse, the MAINiFLIP—FLOP in the MAIN SELECT |
'circuit is reset to enable the contrsiler to effect selection of other.
functions in the MAIN PROGRAMYE. | |
7.4.7. Complex Functidn Circuitry Descripfion - Radio Contr01
- .The functions that need to be provided to facilitate total control over
»Aa commercial radio receiver system are:- |
~ 1) Radio on and 6ff
ii) ‘Change or seject différent stations
v i%i)' Volume level control -
iv)  Tone Tlevel cdntrdT.
A'radiolthat wés found to interface extremely well with the Suck B]dwl
Selector System design is the Blaupunkt Wiesbaden car radio.  Thié; |
' Aparticu]ar sét-haé aVStatiqn seeking faciTity and is easily modified for
use in cdmp]ete]y automatic mode. (The wiesbaden‘dbes not have band .

selection facilities being able to receive only in the F‘M; band, .

however, should a controller require to be able to select different wave

bands,'other models of radios which do have this facility are available).

- —————-

e A g Ay

N ek s AT Pt b b R S W



) v . : 164.

The composite schematic diagram of the control circuitry employed is

shown in Figure 7.10. The RADIQ ENABLE signal from the MAIN DECODER UNIT

is passed through an inverter before being combined with the four by 2

input nand gates. .

If RADIO has been enabled i.e. if it has been selected, and if the
appropriate input code has thereafter been entered, a pulse is passed to

the BMY - (T fiip-f]ob) - which results in a change of state of its output.
The output change is interpreted by the driver circuitry as a signal to -
cause the relay contro]]fng the ON/OFF condftion of the radio to be

'A energised. Subsequent input pulses to this BMV result in the relay being
alternately de-energised and re-energised i.e. result in the'rddjo being
switched on and off.

Should the controller wish to tuné into a different station, the appropriate
code is entered and after having been nanded with the RADIO ENABLE signéT,
the pulse so generated triggers a monostable mu]tivibrator which energises
the relay associated wfth station change. The relay contacts short-

_ circuit the necessary input controls of the radio for approximately 0.5

secs to initiate théAstation seeking sequence. | |

Motor Driven Potentiometers

Motor driven potentiomefers are used to provide control of thevolume and
tone facilities of the radio. Graupner type TO 5 motors and matching gear-
boxes -{gear ration 485:;1) - are situated conveniently near the volume

and tone potentiometers. Rubber driving belts connect the respective shafts
and pulleys together (Figure 7.11).

The control c{rcuitry operation for the motor driven potentiometers is
common for both the volume and.toné controls {cf Figure 7.10) and applies
equally to tHe motor driven potentiometers associated with the volume,

tone, balance and record 1evé1s of the Tape Recordef. The SUB-PROGRAMME
ENABLE signal is combined with the pulses generated by entéring an appropriate

suck=blow sequence-and fed to a 2 input nand gate. This signal is passed
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to a BMV‘? (T f1ip-flop) and its output is in turn passed to a second T
f]ip—f]ob. Together these two BMV circuits make up a divide by 4 cyclical
counter which Tlogs input pulses as they are generated by the contro]]er.
Two X 2 1npﬁt nandvgates are used to decode the counter flip-flops' output
~and to provide signals to respective relay driven circuits on counts 1
and 3 of the counter cycle. On arrival of the first trigger pulse, that
is on count 1 of the counter cycle, a signal to the relay driver energises
RELAY ONE thereby connecting the motor for clockwise rotation. At the
second pulse, fhe relay is de-energised and the motor is consequently
switched off. Count 3 results in connection of the motor for counter-
clockwise rotation via RELAY TWO and count.’4‘ once again switches the
motor action off. The nekt select pulse starts the cycle over again.
Belt drives are adjusted so that the belts are'permitted to slip once the
potentiometers reach the 1Timit of their travel so preventing stalling and
overloading of the drivef motors. -

7.4.8. Telephone Control

‘The TELEPHONE Sub-Programme, once selected, results in a two c/o relay

~ being energiéed. The relay is so conne;ted to the eleétrics of a G.P.0,
approved telephone apparatus mounted in the Se]ectok'System Cabinet,

that when energised it has the effect of 1iftfng the telephone handset

7 of f from 1t$ cradle.  Incoming calls are therefore answered and outgoing
calls are initiafed by mere]y‘ensuring that the Te]éphone'Sub-Programme
i.e. TELEPHONE ENABLE, has been selected. |
‘Dialling is accomplished by entering the appropriate codes specﬁfying
digits 1-10. Respectjve'pu1ses so generated are combined with the
TELEPHONE ENABLE Tine as explained below with the aid of diagrams in
‘Figures 7.12, 7.13 and 7.14, , | | _

The SELECT DIGITS pulses arriving from the SUB-SELECT UNIT are nanded
(Figure 7.12) with the TELEPHONE ENABLE Tine. A 10 input OR gate, made

up of 3 x 4 input nand gates and 3 invertor circuits, provides a signal
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that indicates when the TELEPHONE ENABLE and any of the 1-10 digit sfgnals
are presént - (output P Figure 7.12). Simultaneously the digit select
input signals are encoded by means of a diqde array to provide an appropriate
4 bit bindry coded signals ( Figure 7.14) |

The. encoded signals are entered via lines 1-4 into a 4 bit register com-
pffsed of 4 R-S flip~-flops. As 111ustratéd in Figure 7.13, the 4 R-S
flip-flops are interconnected to form a 16 bit counters; the outputs from
these flip-flops are connected to a 4 input nand gate. |

Onceva digit select signal has been entered into the Register-Counter, the
nand gate output goes high and tHis proVides a signal to energise a 2 c/o
tontact relay. This relay, when energised effectively short cirtuits the
transmitter and receiver terminallof the telephone handset - (as is the
case when»d1a1ling is effected with normal telephone usage).' Fﬁrther,

~ the 4 input nand gate output is fed to a 3 input nand gafe having as its

“ other two inputs, input P (of Figure 7.12) and an input derived from a
free running astable multivibrator (Figure 7.13). | |
Input P to the 3 input nand gate, returns to its high state once the
dialling se]e;t signal has passed? and, should the 4 input nand gate output
be high - (as would be the caseif a djgit had just been entered into the

4 bit registér), all 3 inputs to the nand éate‘would be high for periods
of time determined by the astable multivibrator time‘constqnts.t Conse;A
quently, for as long as P is high'and provided the outputs of the 4
registers are not all high, the AMV signal is passed on by the 3 input.
gate. This output signal triggers a monostable multivibrator which feeds
the COUNT node of the Régister—Counter configuration and‘a1so causes the
driver to energisetits corresponding relay to pulse the G.P.0O. 11ﬁe thus
effecting dialling. This continues until the Register-Counter has all

1£s outputs in the high state. At this time one of the inputs to the

3 input gate feeding the monostable multivibrator W111 go high thereby

preventing further AMV Count pu]seskand Dialling pulses from being generated.
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Encoding ‘

Referring>to Figure 7.14 it is seen that to select digit 1 - (i.e. to
dial digit 1) - all 4 Registers' outputs are set to zero; i.e. counter
outputs are 0000. The arrival of an encoded 'l' pulse sets all Registers
to the 'l' state. Encoding Registers so that their outputs are 1000
results in two pu1ses being permitted to pass through to the counter before
their outputs become 1111 thereby inhibiting subsequent AMV pulses from
triggering the counter input. Setting Registers'such that the counter
output is 1100 results in '3' being dialled, and so on.. |

Hands Free Telephone Operation |

For Selector System operators who are unable to 1ift the telephone handset
~to their heads, a 1oudspeaking telephone set - (AIWA GA88 or sim.) may be
used to facilitate conversation in a 'hénds-free‘ mdde. The obvious lack
of privacy when making telephone calls ﬁsing this type of device can only
be overcome in such circumstances by the operator uéing.a telephonists’
handset. |

Hold Facility ’ »

As indicated aboVe, once the TELEPHONE ENABLE circuit has been selected,
a relay is energised which‘has the~equiva1ent effect of Tifting the hand-
set 6ff the cradle. Conversely, once TELEPHONE haé been de—se]ectedvthe

- effect is to replace the handset on the cradle and thereby terminate the
telephonic Tink. Shoqu the contro]]ervwish to enter some other main-:
programme after having accepted or initiated a call - (for examp]e’he
might wish to turn the radio volume down or wish to switch on the tape
recdrder) - he would risk losing fhe call as soon as he éntered the other
selected sub-programme. To eliminate this undesirable feature, a 'HOLD'
faci]ity is built into the telephone circuitry. Selecting 'HOLD' sets a
T flip-flop (Figure.7.12) thus providing an alternate OR signal to tHe
'"1ift handset' relay. Having se]ected ‘HOLD‘ the controller is free to

move to any of the remaining programmes to effect selection of a function
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-

of his choice. 'HOLD' should be de-selected once TELEPHONE has been

selected so that the alternate OR input signal is no longer present when

the controller wished to.terminate the telephone call.

7.4.9. The Impulse Triggered Monostable Maintained Switeh (ITMMS)

By connecting two x 2 input nand gates as shown in Figure 7.15 it is

possible to synthesise a switch wh%ch finds appTication in a number of

circuits of the Selector Systems.

It is at times required to channel a sustained signel such as that put out
by a monostab]e‘or by a PROGRAMME ENABLE signal to one of a number of

possible circuits. Applying this signal to ajl the circuits and a trigger

pulse to the particular circuit will resU]t in that circuit changing its

output state from high to ]ow;yit‘will maintain itself in the low position.‘

for as long as the monostable pulse or PROGRAMME ENABLE input signal is
“present. For identification purposes the writer has designated the -

circuit as follows:=-

a2 sron

~

7.4.10. Tape Recorder Control
The tape recorder deck, Philips type 2401, was chosen fer<use in the
Se]ect SyStems,for the following two main reasons:-
i) fhe push button controls facilitate ihferfacihg'withtlinear
motors, and | | |
ii) an inbuf]t casette eject aﬁd re;cycle system.permits a choiee
of any of 12ksides of'taped musfc, dictating space, etc. withoutl
e*terna] intervention.
Aside from volume, tone, balance and record level contro]s, provision fof

start-eject, stop, pause, record, tape forward and rewind controls must be
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made. Four motor driven potentiometer control circuits permit volume,
tone, bajance and record level adjustments. For these four circuits the
TAPE ENABLE signal is combined with 4 decoded SUB-PROGRAMME inputs to
generate puises to the‘appropriate‘four bit cyclical counters (Figure

7.16 and page 175 ).

Substantial efforts directed at using solenoid operated rams for pushing
down lever operated tape recorders decks yielded disappointing results.
Continual adjustments to the lever and spring return mechanisms (Figure
7.17) were necessary and the powerful solenoids actidns that were required
generated excessive noise. Further the workshop time takeh to construct
the solenoid operated unit was inéonsistent with the quality of the ovefa]i
results obtained. |

After due consideration it was decided to investigate the»possibi]ity of
using pneumatic piston and cy]indervrams for providing the‘motdr power
necessary to operate lTever or push button tape recorder controls. The
simplicity of operation of the system and the éase with which the prototype
was constructed left no doubt as to which system, the electro-mechanical
or, electro~pneumatié, was to be preferred. The advantages of the pneumatic
~ system 1.e; ease of operation aﬁd maintenance free operation far.outweigh
the inconvenience of havihg to change the 40 cubic ft.,compkessed air
supp1y cy]inders,approximéte]y once every 10 weeks. |

Two way and thrée way solenoid operated pneumatic VaTves with 220 volt AC
cbiTs are provided to control the gas flow (Figure 7.18) to the rams.
Solenoid Operation | |

The three way valve is the Master Control for the gas_supp]y to the ram
array. When the $olenoid of the valve is not.enefgised; a f]bw path
between ports C & B {cf Figure 7.18) is avéi]ab]e. When the solenoid

is energised gasvis permitted to flow from the subp]y cylinder via the
regulator, through path AB of the system to the individual 2 way valves

subp]ying particular rams. The operation of the valve timing sequence is
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illustrated with the aid of Figures 7.19 and 7.20.

After the RECORDER ENABLE signal'has been inverted it is fed to nand gates
which provide an output when a deéired function is seiected. The ~ (negative
gaing) - imbu]ses so generated when 'START-EJECT‘, 'STOP', 'PAUSE’,'or
'RECORD' TAPE RECORDER functicns are required, aré passed through a NOR
gate comprised by the triple 3 input nand gate - (H103) - and MMV as well
as MMV, are triggered. The MMVs output is coupled to the so1enqid of the
three way valve, and gas flow is permitted to f]owvthrough pafh’AB for

a time T3. Simultaneously, MMV, and the trigger pulse associated with

the selected function, are passed to the appropriate impulse triggered—
monoétab]e maintained switch - (for detailed operatibh of this ITMMS

switch of page Y - and the corresponding 2 way valve is.opened fdr time
To. Since time Tp is greater than T3, the gas is exhausted from the
~selected ram - (via path BC) - after time Tp - T3 has passed. Ram impulses
are thereby available for fhe functions 'START-EJECT', 'STOP', 'PAUSE' and
'RECORD' . | | “
Sihce it is necessary - (from the tape deck operation viewpoint) - forlthe
"PAUSE' ram to be depressed priof to the 'RECORD' ram being operafed, the
"PAUSE' ram is always triggered whenever RECORD is selected. An R-b ”
circuit delays the input to-the RECORD ram‘solenoid However,fby approxi~
mate1y 0.2 secs, thereby ensuring that the PAUSE button has already been
dépressed before the RECORD ram is operated. |

For TAPE FORWARD and REWIND it is necessary to maintaih.the~push button
~controls on the Tape Recorder in the'depfessed state for as long as

these functions are required. A‘third‘monqstable MMV{, together with MMV,
provide the timing pulses necessary‘to accomplish fhis. Referring to Figure
-7.20 it is seen that the FORWARD or REWIND pulses are passed through to
respective T flip-flops which provide a change in output sigral of the

nand gate - (output forward -~ réwind-+ 2) - for every second ‘FORWARD!

or 'REWIND' impulse generated. This signal is passed through to the OR
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gate of Figure 7.19 and causes MMV3 to open the 3 way valve. Simultaneocusly
(Figure 7;20) MMV, is also triggered ‘and this signal together with the
appropriate trigger pulse sets either the FORWARD or REVERSE ITMMS opening
the correspoﬁding 2 way valve for fime Tl' |

The interval T

is however shorter than T,; the gas present in the ram

1 3°
therefore is trapped since the two way valve closes before the three way
valve has permitted the gas to be exhausted from the system. The ram
piston is consequeht]y held in the extended bosition, thereby maintainingA,
~the push button assdciated with the selected function in the depressed po-~
sition. When the function~1s reselected the 'reverse - forward = 2' signal
goes high again and since MMV3 can only be triggéred by negative going
pulses on the NOR input gate, MMV5 and hence the 3 way solenoid valve
remains untriggered. MMV; however is triggered and the appropriate two
way valve is opened. The gas entrappéd in the ram is now able to escapé
through path BC of the unenergised 3 way valve and the ram‘piston is
retracted thereby cancelling the FORWARD or REWIND se]éction."It should

be noted that once a FORWARD or REWIND signal haé been entered, no other .
operating instructions can be accepted ; (other than jnstructions to the
motor driven potentiometers) - since the NOR gate of Figure 7.19

is permanently triggered. The 3 way va]veican not be fufthéf triggered
-unt11 the FORWARD or REWIND instruction is cance]]ed; The Qafety feature
is necessary for the protection of the tape deck mechanism.

FMeChanica] Détai]sz

Compressed air stored at 2200 1bs/sg. 1ncﬁ in a 40 cubic ft. cylinder is
directed to the solenoid-ram assembly via flexible rubbef hose. A gas
regulator is used to reduce the pressure to a working pressure of 40 lbs/
sq. inch. Single acting miniature pistoh and cy]fnder assemb15es of 1"
stroke - (types TF 1006 (8mm bore) and TF 1016 (12mm bore) made by CPOAC |
Pneumatics~Hydrau11é§ of France), are mounted on a stéé] framework over-

hanging the tape recarder push button array. The framework is bolted
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down to the covef of a wooden cabinet in Whicﬁ the solenoid valves and
their associated relays are housed. Miniature 2 way andv3 way valves

with 220 volt coils supplied via a double wound isolating transformer

are used to control gas flow to the piston and cylinder assembly.

Flexible plastic tubing of 3" diameter connect respective rams and

~valves together.» |

To facilitate servicing the cabinet cover is hinged, thus providing access

to the contr&] system. A second metal framwork is prdvided for the mount— 
ing of the motor and gearbox assemblies. As in the RADIO control, the
potentiometers are connected to their respective gearbox outputs by suitable
pulleys and driving belts. Adestments may be made to the tension of the

driving be]ts by altering the motor‘bositions along mii]ed slots in the
metal framework assemb]y._ The tape recorder may be removed from the ram
and motor assembly quite easily by merely detaching the driving belts

.a530ciated with the motor powér supp]y to the tape recorder.

7.4.11 Intercom Unit

The INTERCOM ENABLE signal generated by selecting the appropriate sub-

| programme is combined with signé]s derived from the SUB-SELECT UNIT to pro-

..vide inter-communication on a Master-Slave basis betweén the contro)]er'-
(master) - and three rémote stations - (s]aVes) - (Figure 7.21). |

Once the controller has entered the necessary signal to conneét to the re-
quired slave station, an ITMMSAprovides-a signal to énergise'the reléy
associated with the particular s1ave. Any or all of the stétions may be
selected and switched in at the same fime.

The Speak-Listen relay of the intercom is activated by combining the
appfopriaté]y encoded signal with the INTERCOM ENABLE so that repetitive
triggering of this function results in pulses being made avai]ab1evto a.
T~f11p—f1op. The T flip-flop alternately causes the Speak-Listen ré1ay_

to be energised or de—eﬁergised. A visual indication of when a stafion

has been selected is incorporated in the Slave speaker units. . The occupants
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of the room or area in which the speaker 1sAsituated, are thus able to

tell that the SELECTOR SYSTEM controller is in contact with them.

The amplifier used in the prototype se]ectof system intercom is constructed
using‘an 1nfegrated circuit module. The design of this circuit is not at
all critical and any convenient amplifier may be used provided that the
input and output speakers have common negative cohnections going to earth.
The power supply for driving the amplifier may be taken from the ex1st1ng,

- VCCp 12 volt supply of the MAIN SUPPLY unit (cf page190 ).

7.4.12 A Ind1cator Display Cab1net '

So that the contro]]er is aware of the state of the majorAnodes in the

SBSS electronics and to facilitate controller proficienéy and efficiency,
~a numerical disp]ay is provided. The display indicates the contenfs of

the two sets of REGISTERS‘i,e. the contents of MAIN SELECT and SUB-SELECT
REGISTERS and in what states the respective ‘COUNTERS are. The'display

unit is housed in a small cabinet sepérate from the Main Processor Unit

(cf photograph) and is connected to the Main Processor Unit via a mu]tie

way plug and socket.v This enables the'disp1ay unit to be situated_in an
optically convenient position for the cohtro11er.. |

Output signals taken directly from the REGISTERS are fed to ‘high level
logic to low level logic' convertor circuifs - (H113 of Figure 7.22) - and
after inversion aré céup1ed directly 1ntb 4 line to 10 line decoder driver
circuits plus associafed foie indicator tubes. For the REGISTERS associated
with the SUB-SELECT decoder unit, visual disp]ayvof the tens as well as, 
units dﬁgit\igvrequiréd - (to display digits 0-15). The tens digft is
consequently deriVed by suitabfy gatfng the input to a driver transistor

of the appropriate Nixie tube filament. 'Light emitting diodés indicating
the states of the multi-function brogrammes énd their respective app]iénces :
are mounted on the front panel of the indicator unit. The operation of -

these LED's is determined by the INDICATOR DRIVER circuit board.
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7.4.13 Indicafor Driver Circuit

Signals for the control of the INDICATOR DRIVER circuitry (Figure 7.23)
are derived from the MAIN SELECT UNIT outputs and from 1ndiviﬁua1 Sub- |
Programme ciYcUit boards. When functions '8, '9' and sub~programme INTERCOM
are selected and switched on i.e.Vif‘MainS'power is present at plugs '8’
or '9' and/or if the INTERCOM is in use, a corresponding LED is switéhed
on. When these functions are de-selected the LED is switched off.

The display circuitry associated with the remainingvmu1tifunction controls
is more complex. Fof example, four states are indicated by the LED

associated with the RADIO circuit. These are:-

1) LED off- - Radio off, and radio programﬁe not selected
2) LED on and flashing - Radio programme selected but power to radio
quickly 1£se1f is switched off
3) LED on and flashing - Radio programme selected and power to radio
slowly ' present |
4) LED cantinuously on . Radib programme de-selected and radio power
| present.

- Two free ruhning astabTe.mu]tivibratofs_constructed from 2 by 3% SNk7413,
Schmidt Trigger circuits provide the timer pulses for the diffekent flashés
'siQna] rates - (fast and slow). | |
Signals representing the state of the programme i.é. whether the pfogramme
has been se]ected or not, and whether the radio etc. has power supplied |
to it or not, are fed to 3 by 3 input nand gates and depending on their
input conditjog;, there is a discrete output fromvéach of these ga%esl

The outputs from the 3 nand gates are fed to a further 3 input nand gate :
and its output indicates what tHe combinéd staté of the sub-programme
selection and its associated appliance is. After being inverted by a 1/6’
SN 7404, thebéigna1 is curfent amplified - (by 1/6 SN 7416) - and used to
drive théAappropriate LED indicator lamp. | '

The Tape recorder display circuitry is the same as that emp]oyed for the

Radio display.
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The Telephone circuit is slightly different in that it 1nd1cates only

when the'te1ephone has been se1ected - slow flashing, and when the HOLD
circuitry is operational - fast flashing, The TELEPHONE ENABLE, the

HOLD off, ane Long Time Constants amv signa]s>are combined to form one
input to the LED driver circuitry, while the 'HOLD' on and Short Time
Constant amv prdvide the second‘input to the LED driver circuifry.

Since the display circuitry consists only of passive type circuits,,i,e;
it does not contain anykbistab1e or monostable decision making elements,
there is no danger that noise generated by spurious interference cou1dk
cause erroneous signal outputé. It is therefore not necessary to use
high level Tlogic cifcuits in this unit. Except on the input side where
high level tov1ow level logic converter circuits are used - (H113) - TTL
circuitry is used for the remaining parts of the circuit. Pfovision for
a low voltage power supply for>the‘TTL‘circﬁits, is made by incorporating
on card, a SGS type LM 005 5 volt regu]ater. v

- 7.4. 14 Relay Driver Circuitry

Where practicable card relays - (Siemens Type V 23012) - are ﬁncerporated
direct]y on the plug-in printed circuit boards to switch output contacts
~ associated with function selection. However, for mains operated circuitsf
and other functions requiring substantial power for their operation, re]ay;
-with heavier switching contacts are employed - (Omron Type 5 amp e/o
contacts). The command signa]s for operating these relays are directed
to the DRIVER x 10 circuit_board which is mounted directly onto one wall
of the SBSS cabinet. This board consists essentially of ten current
amplifiers as shown invFigure 7.24, which are able to supply sufficient
current to operate the power'relaysei

7.4.i5 Power ReTay_Mouhting Board.

Provision is made for mounting up to fourteen power re]ays on the Power
Relay Mounting board (cf Appendix F ).  Printed circuit board’mounting.

plug-in sockets are used for each relay to facilitate replacement of the



189.

S :“’;‘"/‘.S‘Y - A
' R ' é SAC wm
L R T s :
. : AN G~ A5

L S gessg 0 2 S
ST YN ] S SE

oL /O/?fw)/ _ A

ORI LITE X /o k

Fig. 7.24 Relay Driver Circuitry. - - .

Loatc ot

[P —

A

S L L

SUN



190.

relays.should this become necessary. Appropriate capacitor and resistor
~protection is provided for the c/o contacts‘ to prevent arcing, thereby
minimising electrical interference aﬁd'extehding contact life. The Relay
Driver circuitry is also protected by connecting a reverse biased diode .
and suitable condensor across the relay coil terminals. |
An OR gate driver circuit - (IC H109) - is also incorporated on the
‘Power Relay Mounting board. Signals from the TELEPHONE ENABLE and Telephone
HOLD éircuitry are directed to‘the inputs of this OR gate. When energised,
the relay associated with the OR driver circuit has the effect of lifting
the telephone from its cradle. |
The Power Relay Mounting board is located on the base of the Control System
_Cabinét and is held in p]ace‘by four Tocating screws, |
7.4.16 Main Power Supply
Separate supplies (Figure 7.25) are proQided for5~

i) logic circuitry, and

ii) the relay drivers, indicator and other compoﬁents requiring

12 volt regulated supply.

Integrated circuit regulators which are 1htern511y'shorf circuit brotected
provide the basjc regulation for the sup§1y. The units used, SGS_type
LM 036, cén provide up to 500 m.amps without external components.
However, to extend the current handling capabi]ities of the'device~ah
externdi power»trahsistor type 2N3055, mountéd on a suitable heat sink is
provided. Each supply is fed from a 4 amp 30Y centre tapped transformer
~via two BFX 39 diodes - (rated at 6 amps),»and a 2;5001mf;smoothin§ '
condensor. Wﬁgn switching’the system on; to ensure that all the logic
circuitfy output relays, etc., aré in the 'off' or 'reset' state, the
system RESET line is held at zero véTts - {(the required reset vo]tage),
for approximately O.25ysécs. This is accomplished by means of the relay -
in Figure 7.25, supply L. Since it takes a finite'time for capécitor Cis

to charge via Rl to the voltage necessary to switch transistor T on; :
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thereby energising the re]ay,,thé norma11y closed contacts of the relay
maintain the reset line at zero volts - (via a 120 ohm resistor) - until
such time as_the relay is energised. A manual reset push button is also
provided on the Power Supply modules front panel (Figure.7.25). The
connections to the switch a;e paralleled with the horma11y closed contacts
of the relay.

Smoothing condensors (ZSOO.ﬁf) are situated on the power supply outputs
and these are augmented by othér capacitors situated on some of the other
circuit boards in the system; |

7.'4.17_ Wiring Diagrams and Circuit Interconnections

“Al11 printed circuit wiring diagrams giving details of component layout as
well as diagrams showing ¢ircuit board interconnections are to bé found in

the Appendix F.

7.5. THE TOUCH BUTTON SELECTOR SYSTEM

7.5.1. Genera1'0peration

The Touch Button SeIectorfSysfem (TBSS) is designed for controllers having
more residué] functional ability than that available to a Cy lesion quadri-
plegic. Biceps on one side with at least Oxford Standard Grading of 3
must‘be present if a controller is to be able to opérafe the TBSS.

An array of 18 Touch Buttons is used to‘provide the ihput signals to the :
TBSS Electronic Control Unit. Six buttons cohtro1 the selection of MAIN
PROGRAMMES, while the remaining 12 buttons control individual function
operations in these PROGRAMMES. | |

The six MAIN PROGRAMMES available to the controller are:-

1) GENERAL TOUCH BUTTON 13)

izl

2) RADIO - - 18

4) TAPE RECORDER " " 16)

1 V |!' 17 )

(

(
3) TELEPHONE = - ( " " 15)

(

5) INTERPHONE - (

| (

6) SPARE ~ - " 1g)
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The GENERAL programme provides control over 6 bistable mains operated on-
off circuits (15 amp output sockets mounted on the side of the cabinet
housing of the TBSS) and two monostable on-off circuits. As well as

control over a suitably modified radio receiver, the RADIO programme control
operates 3 Tow power bistable on-off circuits and two monbstab1e circuits.
The SPARE circuit may be used for additional facilities such as television -
(when the service is 1ntroduced); or as the controller desires,

7.5.2. Function Selection ‘

Table 2 illustrates what functions are available to the controller and
which touch button must be operated to select a particular function. After
having decided on avse1eCtion, the MAIN PROGRAMME into which the desired
function is categorised is selected by the controller touching the éppropriate
button. The 12 remaining touch buttons not associated with MAIN PROGRAMME
sefection are now linked to the'se1ected MAIN .-PROGRAMME so that when touched -
(tfiggered) - their outputs will only be related to functions - (sub-
programmes) - of the selected MAIN‘PROGRAMME. The controller then touches
the button associated with the particular function’required thereby causing
it to be selected. : A

For further clarification of the éeiect brocedure consider the fo11owihg h
.examp1e:- | | |

The patient wishes to switch 6n his reading lamp - (connected to P1U§'3

on the side of the.TBSS cabinet),, then switch on his tape recorder to
listen to some music pre-recorded on a caSsetfe stacked in the cassette
hopper; wh11e‘[jstening to the music the contrb]]er wishes to read a book
that has been set up 1h the Page Turner. |

Referring to Table 2 the controller first se]eéts'the MAIN‘PROGRAMME in
which the Tight circuit is situated, i.e. touch button GENERAL is triggeréd.
Thereafter the particu1ar function in the GENERAL programme is selected |
by touching button number 4. The power is thenAsupp11ed on Plug No. 3

and the lamp is switched on. »Rebeated seTection of a function which operates
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in a bistable fashion i.e. which has only on-off states éésociated withk‘
it, results in its being alternately switched on and off. Therefore should
the controller wish to §witch the Iamp off at this stage, he has merely

to touch button 4 again. o A s
"To switch the Tape Recorder on, the touch button associated with the

Main Programme\TAPE RECORDER is triggered; fouch button No. 8 is then
triggered and the Tape Recorder is switched on. (Retriggering the same
touch button switches the Tape Recorder off). To select a particular
cassette in the storage hopper,‘button No. 7 -A(START EJECT) ~ is repeated-
1y triggered until the désired cassette is loaded into fhe deck. - '
The Page Turner controls are located in the RADIO programme - buttons 7

and 8. Therefore RADIO must be selected - (enabled) - and thereafték touch
buttons 7 or 8 triggered to turn pages in the forward or reverse direction
respectively. It should be noted thaf moving from one MAIN PROGRAMME to

a subseguent Programme does not in itself interfere with the state of ahy
already selected function, i,e. having switched the 1ight on in the GENERAL
programme and then moving to the TAPE RECORDER programme does not cause

the Tight to be switched off. |

To facilitate touch button function identificatiqn; a suftab]y engraved :
perspex plate is mounted below each touch Button. Sufficient information
is engraved on the plate to enable the contro]]ef to predict systém
bperation for any‘selécted MAIN FUNCTION.

7.5.3. Constructional and Design Details

For the reasons outlined on pagel47 High Level Logib is used in tHe TBSS
signal processor circuits, and all printed circuit boards are mounted on
plug-in frams in.a 19" rack. As with the Suck—Blow Selector System all

the TBSS electronics are enc]Oéed in a 24" Botley case.

7.5.4. Touch Button Trigger Circuits

A number of methods for entering the trigger 1mpulsés necessary for the

selection of a desired function were 1nvestigated; These included simple
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contact push button swit;hes, micro-switches mounted in speéia]]y con-
structed'housings, skin conduction triggered‘switches, énd ;apacitive ‘
type switches. | | ‘
Mechanical Switch Assemblies

Since patients who require aids sqch as the Touch Selector System do not
'genera11y have the use of their triceps, they are unable to carry out
active elbow extension; they must therefore rely solely on gravity to
provide the force whereby push button tybe switches can be operated.

While it is possible to design extremely sensitive micro-switches and push
button triggér assemblies, the expense and delays involved in small |
quantity manufacture of such units and the critical initial adjustments
associated with the correct setting of the operating limits, prompted
investigations into mdre suitabTe'trigger means.

 Light Beam Switching

Light beam interruption to provide a simple means of accomplishing selection

signals without fhe patient having to exert anyvdownward sthing action
‘was considered. So that the 1ight beam sWitcheg Qou]d be used in all
conditions of ambient 1ighting, each light sensor would have to havé its
dwn chobped 1ight source, frequency selective receiver, and associated lens
and.focussing system, Sﬁnce 18 such switching points would be necessary
to accomplish function selection it was decided that 1ight beam inter-
ruption was not a practical so]ufion. |

Skin Conduction Switches

Skin conduction switches‘made on fibre glass printed circuit board were
designed as illustrated in Figure 7.27. Alternate copper strips were
connected together to form two multiple contact point electrodes. The
electrodes were coupled to a high input impedence FET amplifier énd when
any COnducting medium such as the electrical path offered by norma] skin
conduction was shunted across the electrodes, a trigger pulse was'geherated

by the amplifier and its associated circuitry. - This arrangement worked
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adequately when tested on people who were not quadriplegics, however

because there is no sensation or at best limited sensation over the major
areas of the quadrip]egic‘s hands, normal skin excretions such as sweating,
which imbart’conducting properties to the skin, do not take p]aceQ This

type of switch fherefore was totally 1nadequaté for use by quadriplegics.
Capacitive Switches \

Using the same mechaniéa] lay-out as described above (Figure 7.27), and

by coating the copper strips with a light covering of plastic, a capaciti&e
type switch was constructed. Placing the hand or finger on the switch
increased the inter-electrode capatitance of the arrangement from - (typical-
ly) - 25 pf to 120 pf. A change in capacitahce.of such magnitude s quité‘
sufficient to modulate a high frequency signa1 source. Before construct-

ing an array of 18 sourcés and their associated demodu1ators,'a task
which promised to be both complex and expensive, other capacitative type
switching devices were investigated. | |

Gas Dischérge Tube Capacitance Switches

Re]atiQe]y few componénts were used in the capacitative switch u]timateiy
selected for trigger purposes. A gas discharge tube type Cerberus GS11
isbthe main element in the switch. Touching the button electrode on the -
outer houéing of the discharge tUbe resuItsf1nvan 1n¢rease in e1ectfode

to earth ﬁapacitance which causes the tube to fire; the rose coloured glow
of the ioniéed gas in the tube indicates that the tubé has fired and is
conducting. The operatibn of the touch switch is explained with the aid
ﬂof‘the circuit diagram in Fﬁgure 7.28. Once the glow tube has been triggered
i.e. touched, a voltage of approximately 20 volts is established across |
the 680 ohms resistor in the anode circuit of the tube. Capacitor Cy
‘charges toward this voltage via R3. The Schmidt Trigger'- (TRl and TRp) -
switches once this capacitor has charged sufficiently and causes. the 2 c/o
relay to pull in. The cathode of the trigger tube is connected to fhe |

SUpply via‘the'norma11y closed contacfs of the relay. Once triggered the



199.

-z
CEARDLAVS
¢ ex 7
o .
¥
5
. I
3 Aa
)  aa—
Y coxn I prRomLl
v ) f 1 L sgv
o s ]
& +
ro mt A ] R
P TR A ﬂ
+c
e . H 2.2
3 -, wsO
N 1%
N AN
B fr—
AR04A 10K
3 ’fo:,

o T ‘ ’ 4\ ' ‘ Lzzo:_j‘

Figure 7.28

Gas Discharge Tube Capacitance Switch.
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Schmidt trigger therefore breaks the current flow in the diseharge tube

and extinguishes it. The second pair of relays contacts are used to provide
vthe trigger pulse to the Select System, one of the contacts being connected
to earth, the other directly to the MAIN SELECT unit in the Central Pro-
cessing Unit via a multiway plug and socket. Once capacitofs C1 and Cg
have discharged the Schmidt trigge; circuit causes the relay to be de-
energised. After this delay the touch button trigger Circuit‘is automa-
tica11y reset to receive the next incoming signal. The 220 K ohm trimmer
potentiometer connected in series withvthe 100 K ohm resietor,between
points 2 and 3 in Figure 7.28 controls the overall sensitivity of the

touch trigger circuit. Ai] switches are mounted on individual prjnted
circuit boards which are in turn mounted on a rack inside the touch button
cabinet. A single isolating transformer is used to supply power to a11.

“touch switches - (points 2 and 3) - in the select unit.

Further Switeh'Requirehents

Because the patient has only biceps remaining in his arm and Hds to rely .
“on gravity as antagonist for this muscle, it is to be expected that a
somewhat unco-ordinated and jittery action is at best available from the
patient when he is situating his forearm and hand in front of him. To
compensate for this, thevde1ay circuitry as described above is incorporated
in the Touch Switch unit. This effectively desensitises the todch switch

- for + 1 see immediately after it has been triggered and eliminates the
poséibi]ity of erroneous multiple triggering of selector switches. .Also,
the switches are situated at approximately 4" distance from each other to
ensure that the patient selects only the required switch and its associated
function. Eighteen switches are provided for the Touch Select System.
"These are arranged in a 3 x 6 matrix on a console which is positioned con-
veniently fer the patient. The front panel on wh{ch the select buttons

are mounted is sloped to facilitate patient access (Figure 7.29).
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7.5.5. Touch Button Main Select Unit’

The six main programmes associated with the Touch Selector System are
selected by means of the TOUCH BUTTON MAIN SELECT circuitry (cf Figure
7.30). The outputs from switches 13-18 are fed directly to this unit where
they are passed through two series 1nve}tor and shaper circuité to provide
outputs_Bl - B6 ahd Al - AS'

A four input nand gate suitably modifiedAto accept the six Ay - Ag in-
vertor outputs~dete¢ts the arrival of an input from.the touch button select
switcheé. After having been inverted, the modified 4 input nand gate
triggefs a monostable multivibrator circuit with a timé constanf\of
épproximate1y 15 m.sec. This monostable, whose function 15 essentially that
of introducing a delay into the system, triggers a second monostab]e‘mu1£i~
vibrator circuit (Figure 7.30., iii) of a similar time constant - (15 m
secs), as it returns to its stable state. The outputs A; to Ag and B1 to
Bg are then combined with the output from the second monostable mq]ti-
vibrator and depending which tduch button has been triggered, the appropriate'A
R - S bistable multivibrator is set; simultaneously all the remafning
bistable multivibrators are reset to zero.. v |

It is thus necessary to select only the MAIN PROGRAMME requfred - the
action cancelling all previously selected MAIN PROGRAMME fuﬁctions auto-
mética]Ty. Operating the manual RESET 1line causes all BMV's to bejéet

to zero. | |
7.5.6. Selection of Fﬁnctions in Programmes ’ |

Once a particular MAIN PROGRAMME has been se1ectéd,'fhe butput Qf the‘BMV
associated with the programme changes its‘outpuf from a high to a 16W~
state (Figure 7.30, iv). The outputs from the 'minor' or ‘sub-programne’
switches - (tough buttons 1 - 12) - are now cbmbined with the_output from
the MAIN PROGRAMME BMV's to provide the trigger pulses for the circuitry

employed in individual function selection.
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7.5.7. Genera] Select

The GENERAL programme permits selection of six bistable on-off circuits

and of two cjrcuits whoseon time is determined by monostable multivibrators.
Control of mains operated appliances that require only to be switched on

or off is effected by the first six switches. Reading 1amp, main 1ights,
heater, fan, e1ectric typewritef etc. are some of the apparatus that may

be controlled. The two monostable controlled circuits may be used to
operate bell calls, alarm circuits or to provide trigger pulses for page
furning devices. | | V

After having been inverted the GENERAL ENABLE signal - (i.e. the signaT
»generéfed by selecting the GENERAL programme) - is combined (Figure 7.31)
with the inéomfng signals derived from the touch button minor programme |
array. If there 1is an inbut on any of lines 1 - &, the appropfiated nand
gate output triggers the T flip-flop - (BMV) - associated with 1t,.and a
signal is.péssed to the driver circuit to energise the relay and thereby
switch.the sé]ected circuit on. Subsequent selection of the same function
results in it being a]ternéte1y switched on and off. The manual reset

line when appropriately triggered —A(by momentarily shortiﬁg it to earth)'A
resets all output relay contacts to-the.norma11y dpen state.

Eaéh of the two monostable cdntro]]ed circuits are se1ectedAfn the same
way as the bistable elements above. (Once triggered the mohoétab]e mu]tie o
vibrators cannot be retriggered until they haQe returned to their off
<sfate). |

In the'Touch‘BUtton Se1ectbr System two GENERAL circuits are 1hé1uded in
the composite unit. Since thevRadio required but 4 of the 11 possible
selections available in the programme for its operation, the remaﬁning 7
possible selections are utilised for the second GENERAL circuit. VThese
circuits make avai]ab]e 5 low tension switches and é 1ow1ten$ion monpétab1el

switches for use by the controller.
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7.5.8. Radio, Telephone and Tape Recorder Controls

The circuitry associated with the operation of the Radio, Telephone and‘
Tape Recorder‘contro]s‘of the Touch Button Se]ectorSystem is identical to
that of the Suck Blow Se}eqfor System. It is thus unnecessary to explain
the operation of these circuits here and the reader 1s'refefked to pages
163-182 for circuitry descriptio;, substituting Touch Button trigger
signals originating at the Touch Button MAIN SELECT for Suck Blow coded
trigger signals originating in the SUB-SELECT circuiﬁjwhere necessary.

The circuit boards were designed to be interchangeab]e between different
Selector Systems in an attempt to'standardise modules wherever possible
and thereby simp]ify sekvicéiprocedureszand;constructiqn;f

7.5.9. Interphone |
The.INTERPHCNE circuitry 1s‘designed to facilitate controller interface ’
with a particular telephone type 1ntercommunicatfon system (Aiphone 12H)
installed in the contro]]ér's home. Up to six remote stations'may‘be
selected by the patient; a 'RING' control is also provided. | :

Once the INTERPHONE ENABLE has been selected (Figure 7.32)~é relay is
energised which has the equivalent effect of 1Tifting the té]ephbne receiver
from 1ts cradle. To select a.desired étation, the appropriate touch button:
is triggered and the cqrresponding ITMMS - (page 173) - 1is triggered.. The
station is now connected to the controller's handsét and will rehain SO
connectéd until the INTERPHONE programme 15 de-selected. Should the con-
troller wish to operate the call buzzer in the telephane at a particu]ar
station, the desired station is first selected and then the RING button -
(fef. table 2) - is triggéred. The monostable multivibrator associatéd
with this circuit then causes the required pulse to be put onto tHe 1ine
to effect ringing. | | | |

A1l six stations’may be called up to the interphone during any one con-

versation. This feature is inherent in the basic intercom system.



FASTRIR OO
LA LR

.
[

EXIITON T, VR AIIR

—{>—d -

#1702
2. P
l: —
b
3 Vq&’az
s
4', Hhrew2z
¢ L]
s 25702
- -
¢ NIz ||
Pnrseemnsamincnnrs |
—>-F
oeng? NTFver ||
¢ )

- Fig. 7.32. Interphcne

Control.

24 Aoy
DRNER BLLR
Shaker _Yh#rep
[ el PAVEE e l RLLGy l
Pa A0 Ja o9
¢ F s pER REZG,y
Y prsve Jasvsop
LRIVER 45&4/
S0z S4 409
2h42 Hros
o | JRRIER ALy
Saseon S #7vo5
_}—— x/»é/yg,? /c’(-‘c/)/v
A AOD Sy
—}_—.___ A r Y I P— B LLLry

207.

T I T S

A e e



208.

7.5.10. Display Circuitry

~To enable the controller to know in which MAIN PROGRAMME he is operating,
and to advise him of the electrical state of certain of the terminal

- appliances, a display system is incorporated in the TBSS. The disp1ay
outputs comprised of 6 light émitting diodes, are situated on the touch
button console cabinet. Each of the MAIN PROGRAMME touch buttons has one
LED associated with it, the LED being mounted above the corresponding o
touch button as shown in the photograph of Figure 7.29. Signals for fhe
c@ntro] of the display unit are derived from the MAIN SELECT UNIT and from
»the individual PROGRAMME circuits. |

The circuitry used in the TBSS Display unit is the éame as. that uséd in
thé SBSS i.e. as with the RADIO, TELEPHONE and TAPE RECORDER programme
circuitsy the reader is réferred to page186_for.a‘detai1ed description of 
circuit operation. The output signals generated when programmes GENERAL,
INTERPHONE and SPARE are §e1ected however, reﬁ1ace the input signals
“associated witﬁ switching plugs 8‘and 9 on, and intercom selection cqntro1
as indicated in Figure 7.33. N

The powér supply for the LED's is housed in the touch button array cabinet
and consﬁsts simply of a transfofmer, single diode and smoothing capacitor.
7.5.11. Power Supply | _ |

The power supply modules used for supplyfng both SBSS and TBSS are identical
and the reader is referred to page 190 and Figure 7.25 for a deta11ed

description of the circuitry.

7.5.12 Wiring Diagrem and Circuit Interconnections.
A1l printed circuit wiring diagrams giving details of component lay~out
as well as diagrams showing circuit board intercennection are to be found

in Appendix F .
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7.6. INSTALLATION OF THE SELECTOR SYSTEMS AND LAYOUT OF A TY?ICAL ENVIRONMENT
In‘designing the layout of the environment in which the controller is to
operate and in which the SBSS or TBSS system is to be installed, the-fo]]owing
must be con;fdered:

i) the patient hust have eaéx access to the inbut devicé'i.e; to
the Suck-Blow transdd@er or to the Touch Button console,

{i) sufficient working space fgr the cdntro]]er to situate his type-
wfiter,.page tufner, desk lamp, etc. as well as sufficient storage
for books and cther daily requiremehts must be provided.for,

iii) to facilitate servicing the control electronics and aésociafed
appTiances’must be conveniently located and easily accessible,

iv) aesthetic appearance of the Selector System installation and decor.'
of the rooﬁ in which the patient is to spend most of his active
1ife must be carefu]]y planned to provide a colourful, wérm and
stimulating environment. |

The artificial environment described be]ow was creqted in the home of a
voung female school going 64’5 incomplete quadriplegic. Thevpatienf has
bilateral use of strong biceps and Oxford Grading 2+ Bf extensorAcarpii
rgadja]is on the right hand side. Hfth the aid of a spring assisted

- flexor hinge hand splint, the patient was able to handle a.variety of"v'
objects and with practice was able to write legibly. The patient was
also able to push a wheé]chair with some difficulty.

Diagram 7.34 details a p1én and view>of the TBSS installation.

The ‘distance between the desk top and the floor is sufficient to permit
the wheelchair arm rests to pass underneath the desk thereby allowing the
controller to rest her arms on the work surface in front of her. For the
confro]]er's conveniencé a semi-circular area is cut out from the desk

top thereby extending the area over which the controller can operate and
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Plan and View of A Touch Button Selector System
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providing additional support for the contro]1er‘s.trunk.‘ Sufficieht space
is aliowed in front of the controller's wheelchair so that the footrests
c]ear the wall against‘which the desk is built by about 5".

A nest 6f two drawers and an open she]f is provided on the right-hand s%de
of the desk. The shelf is iﬁtended for storage of writing paper, while
the drawers are used for the controller's pens, copy books and other items

which are used most often during the day. - The nest is so hinged that the

controller may swivel the entire unit by pulling on a conveniently situated-

‘handle. This feature facilitates easy access to the dravers and shelf of
the nest. The hénd]es are chosen’so that they may be grasped easily A
(Figures 7.35 and 5.36)f ,

"The Touch Button array is mounted to fhe right and‘slightly forWard of
the controller and angled in a cut-out in the desk to provide the most

, convenieht access to the 1npUt unit. Two telephone handset stands, one
for the G.P.0. telephone and the othér for the Interphone system, are
situated to thé left of thé Touch Button Console. . An ang]e poise reading
lamp illuminates the work area of the controller. (Figures 7;37 and'7.38).

The cabinet containing the tape recorder, solencid, and relay;éssembly‘is

mounted below the surface in the left-hand cornérvofwthe desk unit. The
top of the cabinef is screwed to the desk top and é cut-out in the desk

permits the 'top of the tape deck, and fhe framework on which the rams

and motor drives for the'respéctive push button and potentiometer controTS»'

‘are mdunted, to protrudé above the surface of the desk.A Access to the

speaker input plugs and microphone jack is permitted via a hinged panel

on the desk surface. A decorative cbrnér—stand is mounted over the ram-'_

array and obscures the tubing used ‘to direct the compressed air to these

rams. A mirrdr is mounted on the corner-stand and its angle is adjusted'
so that the controller mdy see the record level 1ndicat0r dial and the
tape fobtage counter. To provfde better 111umihation of bofh']eve]

indicator and footage counter a 15 watt globe mounted in the corner-stand
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un1t is connected in para]]e] with the Tape Recorder power supp]y (Figures

7.39 and 7. 40).

The typewriter which fhe'contro11er operates occasionally is situated on
the 1eft-hana side of the semi-circular cut-out of the deék. The platform
on which the typewriter is mounted is 2" Tower than the surface of the
desk to ‘enable the controller to reach the kéyboard easily. The widfh of
the p]atform is such that the controller may manoeuver the whee]cha r so
that the whee]chd1r arm rests stradd]e the p]atform (The controller types

using one finger of the splinted right hand).

.Two shelves are provided on the left-hand side of the desk unit in which
books or ornaments may be stacked: (Figure 7.41). fhe shelf unit is
hinged at one end:“ - It may tﬁus be swung away to one side to provide
access to the rear compartwent under the desk top. The cabinet in which
the contro] circuitry is housed as well as the radio assembly and gas
cylinder are stored in this area. (Figures 7.42 and 7.43).

Three loudspeakers are mounted on the desk top, twp in the rear left-
hénd corner and the remaining one in the right back corner. The speakers
in alternate corners of the desk are for the stereo Tape Recorder while
the other speaker is used for the Radio. |

Antearth~1eakage relay which controls poWef supply to the who1e system i;
mounted on the desk wall. This safety feature is incorpofated in the

system for the maximum protection of the controller against .electric shock.

/.7 CONCLUSEON

7.7 1. System Cdst

At all times during system desian, efforts were made to keep costs down
to a minimum so that as many pat1ents as possible might find 1t within

their means to benefit from the Selector System. I

As is to be expected the cost of the TBSS is greater than the SBSS; the

Touch Button console component cost alone exceeds R00. Excluding

conm e g e+ S weonn s
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-

Heve]opment and Tabour costs complete SBSS and TBSS may be made for
approximately R1,200 and R1,350 respectively. These figures do not in-

clude the cost of the custom made desk which will differ from patient to
patient as financial circumstances dictate.

The cost of High Level Logic is very.much more than TTL Logic - (approximate-
ly 6 to 8 times moré expensive) —kbut the improvément in syétem performance
more than adequately compensates for this expense, Further, the cost bf
mouhting the various printed circuit boards on p]ug;in card modules is
-expected to minimise the cost of periodic service inspection and repairs

that might be necessitated from time to time. |
7.7.2. Re]iabiiity of Qperation :

The Selector Systems‘have undergone extenéive testing both in the laboratory
and in patients' homes. In both instances system operation Has been most
re]iéb]e and no breakdowns whatever have occurred in the Central Processihg
Units e]ectronics.r Pdor connections in mu]tiway‘piugs and sockets have

thus far accounted for most of the difficu1ties‘experienced with the system.
However, since the systems have been installed in permanent Tocations in
patients’ homes problems of this nature are not expected to recur;

7.7.3. Patient Acceptance |

Throughout the development and conﬁtructioﬁ of the Selector Systems deé—
cribed above the patients for whom the equipment was beingvmade were
constantly consulted for their comments and attitudes with regard to the
various aspeﬁts of function selection and programme operation. At each
stage of syﬁtem'deve1opment patients‘Areactions were considered and

where necessary suitab]e&changes were made to satisfy patients' »
requirements. The systems were therefore designed 'around’ the paﬁient :
in the true sense of the word énd és’was to be expected, pqtient acéeptahcé
of the equipment is good. |

Initial indications are that both systems described above are being used

extensively by the patients for whem they were constructed and that they.
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are extremely satisfied with system operation. There can be no doubt
that theipatients‘ effective capacity and independence have been immensely
increased by using this apparatus and that thereby their disability is

made easier to bear.

It is appropriate that the closing paragraphs of this chapter should
deal with patient acceptance of his equipment, since in the end it is on
success in this direction that the value of the project as a whole should

be assessed.

. —— - noomame o -
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CHAPTER 8.

"The goal of rehabilitation is always directed toward
.promoting ego integrity and feelings of self-worth...
The aim is to assist the person tocward reformulating
a self that approves of continuity to be, despite
important discontinuities with its past identity.
Specifically, this means the promotion of a new self
predicated on worth, rather than on def1c1ency and
self contempt.”

Jerome Siller Ph.D(1)

8.1 GENERAL ASPECTS OF THE REHABILITATION OF THE QUADRIPLEGIC. (')
Rehab1]1tat1on of the quadr1p1eg1c may be d1v1ded up into three
d1st1nct and separate stages:
1) Intensive Care - where'the pétfeht requireé the continuous
| ‘attehtion of medicé]tpersonneT (of Chapter 2)
’2) Intermedfate Care - during which time the'patientvis taught some -
| | -‘ actiVitie$ of dai1y 1fvihg within his capa-
bilities, and is fitted with orthotic applian-
' i ees'and other equipment, (of.Chapters'5,6,7)>
3) Self Care and Long- - where the patient makes his first contact with
| ‘;Ferm Rehabi]ftatiop:' ‘society onside the sheltered Confineé of the
.:ilwl’,:‘“ - hdsbita1;’seekslemp1oyment and atteﬁpts to

~ return fovhis home .

Stage .3, probably the most protracted period, is the most crucial for the
quadriplegic who as a severely disabled individual, must renew contact
with society. It is in this time that the various techniques and

' procedures that have been app11ed to the patient will be put to the test.

(') the observations on‘this subject.abply particularly to conditions

" in South Africa.
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Uhhappi]y, in South Afrita as ih many other countries of the Western
World,because of the acute shortage of hospital beds and accommodation,
- and because of an unrealistic approach to rehabilitation, stages 2 ahd

3 of the rehabilitation programme are combined and compacted, to the
ultimate detriment of the rehabilitant. The patient is considered to

be ‘rehabi]itatéd' as soon as he i; deemed able te exist without constant
medica] attentioh‘and when he has become proficient in some of the basic
activities of daily 1iving. | |

Ideally the quadrip]egfcvshould remain hospitalised or should reside in

a convalescent home in an atmosphere permitting an ordered adjustment

to life in a whéé]chéir; it is really on]ylat this stage when the
patient is medically fit, that his rehabi]itation can be practically
implemented. It is from such a haven that.he should be ab]e‘to venture
| slowly into society permitting the transitional difficulties that quadri-
p1egics eXperiencé as they progress along the road to social independ-

ence to be overcome at a leisurely pace.

During sfage 3 the quadriplegic should be thoroughly tested to define

his physical and mental capacity, his work potentia], and he shou]d.

be adequately trained for ehp]oyment in a suitable occupation. It
hight be abpropriate to place the quadrip1egic in sheltered employment
'temporarily until his work tolerance and capacity reach an acceptable

and competitiQe 1eve1;.

The patient.shou1d spehd_a few days at home from time to .time to accustom
himself to 1ife at home as a dﬁadrip1egic- the patient's family would
also have an opportunity to accustom themselves gradually to the medica1

and psychological difficulties of'Caring for a severely disabled person.

Where Tong stay 'transitional' accommodation is not available, it is the



practiée of some spinal injury centres(') to encourage'the,family“mémf
ber most 1ikely to be concerned with tending to the patient's personal
‘hygiene and care, to spend approximately one week prior to the quadri-

plegic's discharge with the hospital personnel. During this time the

-

&

regimes for bladder and bowel control, precautions necessary for the
prevention ofvbed sores, as well as procedures which -must be followed

to ensure the overall well-being of the patient are explained. .fhe

: 1imitafions_of the quédrip]egiés functional cabacfty as well as fhe dse
and operation of anykequipmént with which he«mfght havevbeen supplied
are demonstrated. Time shoqu also be spent with the‘psycho1ogist 6f
the rehabilitation team so that an understanding of the psychological
implications of quadriplegia hay be gained. Un]ésé the quadriﬁ]égi;

| and his family are édéquate]y equipped both physi@é]]y and péycho-
10§1ca11y to cope with the stresses fhat the disabled person will en—»k’
" counter once he has left hospital, much of the effort of rehabi]itatfon
will have been wasted. R | |

8.1.1. Optimisatibn of the Quadr{plegiés Functiqna] Capacfty.

The ultimate purpose of orthotic app]iances‘and other sophisticated
equipment supplied to'quadriﬁTegics is to maximise the functional
capacity of patients. Consider the example of the Touch Buttén Selec~
tor System environmental controller installed for USé by a patient who |
could not really be classed as a high lesion quadriplegic (Chapter?).<>
The patientAhad strong bilateral biceps and was able to use a spring
assisted flexor hinge hand splint. It. has been suggested by some of the
writer's colleagues, that such paf%ents should not be equipped with
versatile environmenta] controllers becéuse they arekab1e to effect some

control over their environment using residual body movement.

(") Spina1 Injuries Centre at Conradie Hospita], Pineiands, Cape Province.
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Also, it is argued that it is good therapy for the quadriplegic to do

whatever he can without aid. The writer disagrees with the foregoing

‘and recommends the judicious use of a combination of all the techniques

‘available to simplify the existence,of the quadriplegic and to facilitate

his interface with society.

, This difference of opinion arises from a fundamental disagreement on the

.

essence and_purpose‘of rehabilitation and the ultimate goals which are
set for the quadrip]egic While the writer concedes that‘body mouement :
can be- used for environmental control, the time rate at which the patient
can effect such control is excessive. For examp]e, the patient could

indeed dial a te]ephone number without the use of the T,B.S.S. but the

: successfu] accomplishment of such a task wou]d require much physical

effort and concentration. Such efforts are not consistent with the over-

‘_ a]] measure of achievement attached to the task, since the motions of

dialling were never ever intended to be time consuming and frustrating

Further, the writer does not view the accomplishment of activities such

as telephone dialling as being meaningful, worthwhile or even useful in

the patient's rehabilitation programme.

Efforts directed toward attempting to interface quadriplegics directly

,jwith machines designed to be operated by healthy subjects are without

logical foundation. While the patient must certainly be encouraged
to accomplish activities which are within his capabi]ities, the practice
of expecting the patient to master activities which require excessive

effort with Tittle reward should not be pursued.

"Ortheses and environmental controllérs are designed to facilitate free-

ing of the quadrip]egic’patient from the frustration of petty incumber-
ances which confine both his physical and mentai'activities‘within the

Timitations of his physical disability.
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8.1.2. Employment for Quadriplegics.
The growing need fof brainpower rather than physical effort,coup1ed with
the fact that Very seldom do employment opportunities require the use of
all human faculties, suggests that émp]oymént for even tHevseverely dis~
abled quadrip]egic might be found.\ Mechanical and electronic aids make
it increasingly possible for individua]s who are able only to operate a'
- switch or two to contribute substantially in a suitably structured wofk
situation. |
That so much difficulty is experienced in finding employment for quadri-
(plegics'and other severely disabled individuals may be attributed chief-
ly tb fwo factors. These are:- |
| i) employers' prejudice agafnst the handi-
~ capped and
i1) the technical inability of the social
and welfare authorities who seek employ-
~ment for the disabled to create the
necessary environmental conditioqé_or
prescribe»modificatiohs to prospective
v A work situations. | |
~ Employer's prejudice against the physica11y disabled and ihdeed that of
the pub11c at large is rooted in ignorance. Thus, it should be one of
. the objectives of those responsible for the rehabi]itation of the physi-
cally disabled to educate the public to appreciate’the needs of the
handicapped. ‘ Particularly it should be demonstrated to potential employ-
ers that once adequately equipped and trained even the severely handi-

capped are capable of substantial achievement.

The problem of environment modification deserves consideration. No

facilities exist in South Africa for consultations with technically
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qualified personnel to effect modifications to a disabled persons work
environment, '-whereas an employer might be persuaded to employ a dis~
abled person, it is unrealistic to expect him to meet the costs of en-
vironment modification even if such modifications are comparatively minor.

A stéte subsidy should therefore be provided in ;hstances where expen-
ses cannot be borne by the disabled person or his family. This expendi-
ture could be viewed by the authoritfes aé a capital investment trans-
forming a nonjprodUCtive person who is a burden ‘on the State, to that of
being a productive mémbef of society. Until such time as this becomes
standard practice, the‘prospect ofrlarge scale emp]bymént of the dis- |
abled and particularly of the QUadriplegic remainstremdte;

8.1.3. Patient After-Care |
Patient aftef—careAfrom the medical, psychological and technical aspecfs

must be ensured if the patient is to realise and maintain his maximum |
physical and mental capacity. Medical after-care for quadriplegics is

' usQé]]y effected through regular house visits. by a district nurse.

 Bed sores, bladder and bowel complaints of a relatively minor nature may
be treated at home. Where complications do arise the quadriplegic is
hospitalised for treatment. |
There are no psychiatric personnel attached to the district nursing ser-
vice, nor aré there district technical personnel to attend to maintenance,
repair;‘or rep]acement of patient's equipment. ,

‘Thﬁs, quadrip]egits who are not financially independent must wait for re-
admission to hospital on medical grounds before they can have}access to
technical facilities. The benefit of recent orthotic and other technical
advances are therefore denied to those who do not heed to be hospitalised.
Whilst free State hospitalisation is available t¢ indigents in South

Africa, there exists no mechanism whereby funds may be made\avai]ab]e'for
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posf hospitalisation non-medical necessities. An incongnuousrand para-
doxical situation exists where the patient receives the best possible
medical care in hospital and in some instances is provided with free orth- -
otic_app1iances,;Wheelchair and environmental cqptro]]ers but on dfscharge,
irrespective of his financial abi]ity, the patient must fend for himsé1f
 as regards the installation and maintenance of his equipment at home.

To illustrate the above, consider the case of a}particu]ak C4’5 quadri-—
plegic who, ;onsidered medically fit, was discharged from'hospﬁtai with a
motorised wheelchair; no other equipment was supplied. This man return- |
éd to live at home with his wife and'chi1dren‘in‘a semi-detached cottage.'
A smali State disabi]ify grant does not allow fdrvhired help.  Thus, the
sole responsibility of caring for the quadriplegic rests on the wife who
must re{& on the kindnéss‘of neighbours for help in 1ifting her husband out‘
of bed, into the wheelchair or into the bath. Very often days go by when
this unfortunaté individual has to spend all his time in-bed because there fé no
assistance fo? hfs wife. Further, this quadriplegic experiénced gkeat
difficulty in manoeuvering hfs motorised wheelchair within the small .
~confines of his house, and was unable to negotiate steps in and about the
house. Since a motorised wheelchair cannot be mahually operated with
ease, an independent welfare organisation was persuaded to donate a
v standard whée]chair. Unfortunéte]y the sides of this wheelchair are not
removable and as such it is not entirely suitable for ﬁuadrip]egics.
Relatively minor structural changes to the house such as widening door-
ways and replacing the steps with ramps and the provision of a simple
mechanical hoist to facilitate single handed 1ifting of the quadriplegic
into a wheelchair with removable sidesAwou]d greatly alleviate the dis-

tress of this family,
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" The extent of a quadriplegic patient's disability is such that the re-
habilitation programme cannot be considered complete, nor society's
obTigation fulfilled, With the patient's discharge from hospital. It
is apparenf that present hospital and medica] facilities are not yet
orientated towards perceiving the pract1¢a1 essentials for promoting
rehabilitation of the quadripiegic; Rehabilitation becomes meaningful
once the patient is able to compete wfth normal subjects and is restored
- to a condition whefe he can become independent and productive. It -s
unfortunate thét SO many quadrip]egics are saved from death only to be
consigned to the scrapheap of humanity soon after diséharge from hospi-

tal.

8.2  SUGGESTIONS FOR IMPRQVEMENTS TO EXISTING SPLINTS FOR QUADRIPLEGICS.

8.2.1. The C and C6 7 Quadriplegic.

5,6
The techniques using Engen type Ortheses (Chapter 5), provﬁde a ngd
measufe of functiona} restorétion to the C5,6jand C6,7 quadriplegic.

The orthesis construction however, precludes the patient from h51ding ob-
- jects in any manner other than by abthree point pincer grip. Since this
is not always convenient it would be advantageous if some means could be
provided whereby this th;ee point grip could be changed to a grasp utili-
sing full finger flexion in a fist-type grip. The functional capacity
of the quadriplegic would be markedly improved if the desired grip could
be selected as simply as changing the orthesis Tever length controlling
the degree of wrist extension necessary to oppose fingers and thumb .
8.2.2. The C4,5 Quadriplegic. .

By appropriate linkage connections between wrist and elbow joints of a

total arm prosthesis, Simpson (4) ensured that during elbow extension

and flexion, the attitude of the terminal device (i.e. of the prosthetic
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hand or hook), remained‘at a constaht angle to the horizbhta]. Thus ,if
the user was engaged in bringing a Sp00nfu1vof food up to his mouth,

the speoon would remain at a eonstant angle to the horizontal ahd its
contents woqu not spill out. In norma1 hand-arm co-ordination the pro-
cess of maintaining the wrist at a constant anglz to the‘horizonta1 is a
most useful compensatory action. It is therefore suggested that the
princip]e embodied in the pantograph type elbow-wrist linkage system
devised by Simpson (for use in prostheses for limb deficient thalidomide
chf]dren) could be put to beneficial use in externally powered pre-A
hension ortheses for C4 5 quadr1p1eg1cs

As deta11ed in Chapter 6, the wrist joint of the splinted fore arm of

the C4’5 quadriplegic is maintained in a preselected position of wrist
extension 6r f]exton by a frictioh or lock joint. Any radial movement
of the wrist is thus precladed and should the patient attempt to 1ift

a spoon of food or T1ift a glass of water in the normal mahner using eTbow
flexion on]j, the results would be disastrous. To lift a'g1ass of water
to his mouthvtherefore, the quadriplegic must compensate for the Tack

of radial movement at the wrist by abducting the shoulder until the splint-
| held glass is at mouth height. He must then flex the elbow to bring

the glass toward his face. Because of 1nsufficient innervation of the
shoulder girdle muscTe, this movement is difficult to accomplish.

The following arrangement might be a means whereby automatic compensatory
wrist movement to maintain a hand-held utensil or object at a constant

- angle re]ative to the horizontal cou]d be provided. The splint to be
constructed shou]d’have two degrees of powered movement; that of pre-
hension, and radial wrist extension and flexion.

A suitable constructed goniometer which would provide an electrical out-

put signal proportional to the degree of extension and flexion of the



231.

elbow should be incorporated in the splint. The output from the gonio-
'metér would be fed.to_a servomechanism controlling the degree of radial
' extension and flexion of therwrist. The transfer'charaéteristic of the
servomechanism should be such that the degree of radial extension or
flexion of the wrist would be related directly to the degree of elbow
éxtension and flexion. Using this, or a similar system the patient would
be able to 1ift a glass of water to his mouth without spi]]ing'using bi-
ceps aCtionAon1y. | .
8.2f3.' High Lesion Quadriplegics.
The potential use of a mjniature computers to reduce the information input
requirements of complex mu1ti;degree of freedom of movement orthesis con-
'ftro1 and the consequent diminution of the load on the decision.making
capaéity‘of-the human controller, has been discussed in Chapter 4 and 6.
The application of such techniques wou]d certéin]y éxtend to a marked
_deg}ee:'the funtional range of the severely disabled quadriplegic. It is
hoped that encouragement of kesearch in this:djrection will soon place
more versatile comp1exv0rthe§es at the disposal of the rehabi]itatibn team.
The development of optimal orthotic control systems however cannot be
contemplated until much basic research in the life sciencés has been
sutcessfu]]y completed. There is a need for better understanding of how
the central nervous system funﬁfions and how volitional motor control over
the Timbs and other body segments is affected. Whilst the mechanism of
impulse conduction through nerve pathways is relatively well understood
(5), researchers have still to devise means whereby motor contro] inform-

ation carried in impulse form in-a bundle of nerve fibres to a particular

- body point may be monitored, decoded and correlated to permit specific

impulse patterns-to‘be identified with corresponding movement patterns.
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.To achieve optimal orthesis control for quadrip]egfcs it will be‘necessary
to monitorAimpu1ses in the upper motor neuron centres .of the body, i.e.
~inside the spinal cord or even in the cerebral cortex itself, for relay to
therrthesis control system.  To complete the control loop, feedback
VSﬁgna1s from theyanaeéthetic body segments musf be channelled to the motor
control cehtke. Outputs'from the body réceptors on the skin and in thé
mﬁsc]e must be directed across the brpken 1ink at the site of damage to
the4spine. Thus, hany of the most c1o$e1y Vei1ed secrets of the human

- body and of the mind must be unmasked if the aboVevis to become a practical
~ and realistic solution to.aéhieving absoTute man-machine integration.

To theorisevon whether the ultimate jn okthotic systems would consist of
suitab]y motorised hardware or would operate by the ordered stimu]ationv

of the quadrip]egic‘; musculature is pure spebu]ation at this ppint in
time. | | . |

8.2.4. Improvements to’Environmenta1 Controllers.

To operate’the environmental contro11er§ described in Chapter 7, fhe quadri-
plegic must situate himself at a specific‘statioh at his console. A
radio link between fhe patient in hfs wheelchair and’the environmenfa1
controller electronics to provide remote environmental controT, would no
doubt be a useful addition to present“systems. Suck-Blow signal trans-
mission could quite easily be accomplished using a single chénne1 transmitter
attached to a pipe transducer mounted on the patient's wheelchair (as
“illustrated in fig;6.9.). Remote Touch Button Selector System contrd]
would be complex since this would necessitate the incorporation of a touch
button conso1e on the wheelchair; this cumbersome addition to the wheel-
chair could be obviated by requiring the controller to effect control by

generating Suck-Blow signals if remote operation is required.
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APPENDIX A.
GLOSSARY OF MEDICAL TERMS.

Afferent =~ conveying towards a centre (brain)

Cartilage - a specialised connective tissue.
Catheterisation - introduction of a tubular surgical instrument

into the bladder for the withdrawal of urine.
Contracture - Condition of fixed high resistance to paésive stretch of
S ~a muscle from fibrosis of the tissue supporting the muscies
or of the joints.
Efferent - conveying away from the centre (brain).

E]ectrbmyogram - recording of changes of electrical activity of a
muscle.

- Fibrous tissue - tissue composed of or containing fibres.

. Focus - chief centre of a morbid process.

: Granuloma =~ the formation of wounds of small rounded fleshy masses.
| Guillan Barré/Syndrome ~ encephalitis of virus origin.

Hypostatic Pneumonia - congestion of the lungs due to stagnation of
the blood in portions of the lung.

Ischemia - ' Deficiency of blood in a part due to functional constriction
or actual obstruction of a blood vessel. '

Lesion ~ any pathological or traumatic discontinuity of tissue.
Ligaments - bands of tissue that connects bones or organs.

Luxation - dis]ocafion. |

Motor System - Muscular system.

Myelitis - inflammation of the spinal cord.

NervevB10ck‘ - regional anaesthesia secured by making extraneural or

paraneural injections in close proximity to the
nerve whose conductivity is to be cut off.

Oedema - swelling, presence of large amounts of body fluids in the
: intracellular tissue spaces of the body.

Osteoporosis - rarefaction of the bone.
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Pathologies - diseases causing structural and functional changes in

tissue or organs of the body.
Polio‘Mye11£is - viral disease of the central nervous system.
Renal failure - failure of the function of the kidneys.
Spasm - a sudden violent, involuntary contraétion of mustle or group
‘of muscles.
Tétanus - continuous tonic spasm of a muscle.
Toxic - of the nature of poison.
Trauma -7 wound or injury. ’
Tumor - mass of new tissue which grows independently of its surround-

-ing structures and which has no physiologic use.

Urological - perta1n1ng to the urological tract of both male and
" female and to the gen1ta1 organs in the male.

Reference: "Dorlands I1lustrated Medical Dictionary”

24th edition - W.B. Saunders & Co., London.
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. APPENDIK B.

© THE MYO-ELECTRIC SIGNAL MONITOR =

_Instrument;Operating,Proceduke,.7“
v  Circuit Diagram and'Comenent‘.'{',;-T' .

-lzspecificatiohs.' S
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THE MYO-ELECTRIC SIGNAL MONITOR (')
OPERAT ION PROCEDURE

Materials required.

‘1. Electrode assembly consisting of two Beckman electrodes (similar
to Part No. 350040 plus one earth plate 2cm. x 10cm. of copper
backed bakelite.) | |

2. Two Hypodermic syringes with b1untéd needles.

3. Disposable achesive collars (Beckman Parf. No. 350075 or similar).
4. Electrode gel gimi]ar to Beckman Paste.
5. SciSsors.

6} ’ Steel wool.

7. Cotton wool.

8. " Acetone.

9. One roll of adhesive PVC tape.

Application of Electrodes.

1. Clean a patch of skin directly over muscle bulk, of the muscle

| selected for treatment.  The area to be c]eaned should be Targe
enough to accbmmodate the two electrodes and the earth plate. A

cotton wool swab dipped in acetone is used for this purpose{

~

(') The above is an extract from the "Instructions for Use of the Myo-
~electric Signal Monitor" drawn up by the author in conjunction with
the National Construction Committee of Occupational Therapists in

Pretoria, South Africa.



239,

2. Clean the earth plate with steel wool to remove any insulating

oxide coating which might have .formed.

- 3. App]y the exposéd surface of the collar to the electrode so that the
small holes in the electrode body are directly beneath the hole in

the collar . | o .

4. Partly fill a hypodermic syringe with'electrode paste.

5. Completely fill fhe cavity between the electrode sénsing element
and the skin baffle with electrode paste, being paréfu] not to leave
any air bubbles, by injecting into the middle hole of tﬁe electrode
until it oveff]ows from',the surrouhding holes: be certafn to fi]]

~ the cavity to the top of the cardboard backing of the collar.

6. Remove the remaining cardboard backfng from the collar, and apply

electrode to the cleaned area of skin over the muscle bulk.

7. Apply e]ectroae pasfe to the copper surface of the earth plate and
affix to the skin in the vicinity of the other two electrodes by
means of the adhesive PVC tape. To ensure gobdtskin-paste-
earth plate contact, rock the plate gently backward and forward

over the skin.

8. The electrode assembly is now ready for use.

3. Operating Procedure.

1.  Open the flap on the left hand side of the M.S.M. fnstrhmeht.
There are two Din sockets in this compartment. The electrode cord is
plugged into the rear socket. | A

2. Plug the M.S.M. into the power point and switch the instrument on by
turning the power knob.  This Tights up to indicate that power is

connected.
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Turn the three control knobs on the lower half of the front panel

completely in a clockwise direction.

Turn up the sensitivity knob from 20-15, ensuringrthat the patient
maintains a relaxed muscle. The Zero Cross-over Count meter should

remain at zero. If this is hot the case, check electrodes, paying

special attention to the earth plate. - InstrucE}the patient to

contract the muscle under test. Movement of the needle on the meter

should now be detected. Continue to turn the sensitivity control

~ toward "0" until a maximal deflection of the meter pointer is

obtained. It is not usually necessary to set this knob to less
than about 12 and where ever possible the knob reading should be as-
high as possible to minimise external interference. (This control

sets the amplitude sensitivity of the instrument.)

Set the frequency range knob such that the reading on the meter
should be approximately in the centre of the meter when the patient
is contracting his muscle.  (For muscles used in gross movements,

such as the M. Quadriceps, M. Biceps the frequency range should be

~set to the- 100 or 200 range. For the flexor and extensor group of the

muscles in the wrist, which are used for finer movements,the frequency
range must be set within the 200 or 400 range setting. For a very
weak muscle with limited innervation the 50 range setting would be

used.)

The Set Register Level knob is used to regulate at what reading of

the Zero Cross-over Count meter the signal register 1{ght will switch on.
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: The patient'is instructed to contract his muscle to obtajn a reading

on the meter. Turn the set register Tlevel knob anti-clockwise

until the signal register ]fght goes on. The patient must maintain a
contraction, kéeping the signal register light on for‘at least .5sec.
After that time the I.T.S.(') register indicator will light, and a
"click" w111 bé heard. The patient must relax his muscle to allow the
signal register light to go off before the i.T.S, register can again be
triggered. |

Connect the I.T.S. and the M;S.M. together by means of the cord proVided.
~ The socket on the M.S.M. for this cord is situated adjaéent to the
electrode socket. | ‘

The maximum reading on‘thé zero-crossing meter shou]d'be'noted at

veaéh treatment and a progress log sheet should be kept for record
purposes. | |

‘When treatment has been completed remove the electrodes by lifting

~ the edge of the collars. Do not attempt to remove by pulling on wire
as it may damage the electrode. Remove the co]]ars'beihg careful

not to pull the wire. Thoroughly clean the electrodes with water
using a syringe. The earth plate should also be washed with water

and dried.

(') I.T.S. - Intermediate Time Switch Unit - thﬁs is the timing unit

referred to in section 2.3.
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APPENDIX C.

Vu]panisation 0f Splint Surfaces
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VULCANISATION OF SPLINT SURFACES.

“'Materials Reduired(')

" Bufso Solvent.

Pangitol and Hartner Primer,
Pangolit aﬁd'Cata]yst.
Pangit White Rubber A. -

Pangit White Rubber B.

Procedure.

The splint Surfaces on which the rubber coating is to be bonded is

first prepared by cleaning with 'Bufso so]ventf. A coating of primer of
a 6:1 mixture of Panéito] and Hartner is thehrépp1ied to the surface and
allowed to dry for 30 minutes. A 25:1 mixture of PangoTit (Pangoprene)

" and caté]yst is then painted over thé Pangito1‘coéting and allowed to

dry for 15 minutes. Thereafter a seéond coating of Pangolit and
Catalyst is applied. | | |

A quantity of Pangit White A and Pangif White B rubber compounds is mixed
and spread over the surface to be rubberised. Allow to harden for 24

hours.  The hardened surface may be buffed down as required.

(') Materials available from-Automatic Vulcanisers Corporation,

16 Hudson Street, New York. U.S.A. N.Y. 11013
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APPENDIX D.

‘Constructional Details of Spring Loaded ETbow Extension Splint
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APPENDIX E.

s

Circuit DiagramsAof Myo-Electric Control System Utilising Rate of
Change of Ihput Signal to Determine Direction of Orthesis Motor

Rotation.
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Circuit Description.

‘TheiMyo~e1ectric signal amplifier consists of 3 stages (fig. 1) - a
differentia]vamp1if1er input.and two common emiéter stages. A 50 c.p.s.
fitter is used to minimise stray pickup. ’

After being amplified and full wave rectified (fo and Try),the output is
- shaped to obtain one rectangular pulse for every rectified signal above
zero volts (fig.2). . These pulses are then passed to a frequency counter
- for averaging. To obtain a measurerof the réte of change of the signal,
therutput from the frequency counter fs differentiated. Should the difféf4'
entiator output e*ceedka.set 1eve1'(determined by R.V. in figure'3), the
triggef circuit is initiated and the "maximum rate of chahge control® is

~ cormanded to cperate. A Tatching "AND“‘gate is then switched on, and as
Jong as a myc-electric signal of about 1/3 of max imum output is present,

a relay remains switched in.  This relay reverses the power supply to the
orthesisvmotors. '(To minimise motor noise interference, separéte power

supplies are used for the motor and for the electronic unit.)
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EMG Amplifier.

1.

.Fjg.
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Wiring Diagrams, Circuit Interconnections, Printed Cirgujt and Component

Layout of Suck-Blow Selector System and Teuch Button Selector Syétem

~ APPENDIX F. '

Environment Contro]]ers.

Printed Circuit Diagrams And.Component Layout Of Systems.

Fl.

F2.
-F3.
F4.
F5.
F6.
F7.
F8.
Fg.
F10.
F11.
Fl12.
F13.
Fl14.
F15.
F16.
F17.
F18.
F19.

Suck-Blow Transducer Unit

Main Select Circuitry

Main Decoder Unit
Sub-Select Circuitry
Radio Control

. Telephone Control

Tape Volume etc. Control

Tape Rams Circuitry

Intercom Circuitry

Indicator Driver Circuitry
Indicator Gisplay Circuitry
Relay Criver Circuitry

Power Relay Mcunting Board
Main Power Supply

Gas Discharge Touch Button Trigger
Touch Button Power Supply
Touch Button Main Select Unit
General Select Circuitry
Internal Phone Circuitry

263
265

267
- 269
271

273
275
277

- 279

281
283
284
285
287
289
290
291
293
295
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f_,Wiring Diagrams Of
Suck - Blow Selector System

pp. 298 - 301



Wiring Diagram
Suck - Blow Selector Unit

No. 1.
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Wiring Diagram
Touch EE*‘-’O" Selector Unit

No. 4,
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