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This subject is a wide one, and I have no intention of trying to 
deal systematically with the numerous conditions affecting the 

spinal cord and nerve-roots which may come within the ambit 
of the surgeon. I propose to discuss some general principles and 
indicate the lines along which our methods of handling these 
cases have been modified in recent years by increasing experience. 

The spinal cord is a delicate structure, carrying within small 

compass tissues mediating motor, sensory and trophic functions 
for the body, and consequently a lesion of limited extent, but 

implicating the cord, makes its effects widely apparent. The 

pathological states involved are varied ; they include traumatic 
lesions, acute and chronic inflammatory processes, tumour 

formations and congenital anomalies. The vertebral column or 

any one of the structures contained within the vertebral canal 

may be primarily affected. In the cases calling for surgical 
treatment the operative technique is in most instances directed 

towards relieving pressure upon the spinal cord or nerve-roots. 
The results obtainable after timely surgical intervention are 

frequently among the most gratifying in the whole field of 

neuro-surgery. It should be noted that timely intervention is 

specified, and I should like to emphasise the potential urgency of 

every case showing a syndrome suggestive of compression of the 
spinal cord. Too often in the past surgical treatment has been 

delayed until the bladder failed to empty, catheterisation with its 
aseptic paraphernalia became necessary and at last the case was 
referred to hospital or to the surgeon. Such an easy-going attitude 
is no more excusable than delay in dealing with a gangrenous 
appendix. 

The important part played by circulatory disturbance within 
the cord in the development of the symptoms and signs is not 

commonly realised. Pressure upon the cord first affects the 

veins, causing local congestion, suboxaemia, and probably oedema, 
resulting in dysfunction of the affected nervous tissue. At this 
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stage restoration of the circulation and of normal function can be 

expected to follow relief of the cord from pressure. Continued 
ischaemia leads to permanent destruction within the cord, and we. 
know that in some cases this destructive process may be long 
delayed, then proceed disastrously perhaps within a matter of 
hours. When the compressing agent is a localised slowly-growing 
tumour, for instance, a meningioma or a neurinoma of a spinal 
nerve-root, the cord possesses a remarkable power of moulding 
itself into the diminishing space available within the theca, so 

that on cross-section it may come to lie like a crescent around 

the tumour indenting it. But even so, a time comes when the 

circulation can no longer be adequately maintained and the 

progress of symptoms thereafter is rapid. 
It is common clinical experience that after lumbar puncture 

the signs indicative of compression of the cord may be 
accentuated ; perhaps a definite upper level of sensory loss may 
become apparent for the first time. The explanation is again to 
be found in local impairment of circulation within the cord ; the 
fluid pressure in the lumbar sac is reduced, perhaps to zero, by 
the puncture and the normal fluid pressure above the level of the 
lesion impacts the cord more firmly down into its restricted bed. 
It is always good practice, therefore, to re-examine every case 
after lumbar puncture. 

I need not dwell upon the obvious importance of careful 
clinical investigation in the diagnosis of lesions of the spinal cord 
and nerve-roots. As is usual in neurological cases the history 
must be detailed, accurate and preferably set forth chronologically. 
The examination of the patient should be conducted in surround- 
ings warm and comfortable enough to overcome any tendency to 
shivering and physiological muscular hypertonus due to exposure. 
Accurate sensory examination requires sustained attention by the 
patient, and this may not be attainable if he is distracted by 
personal discomfort. 

Lumbar Manometry 

This is certainly the most important of the accessory methods 
of investigation. The demonstration of a partial or complete 
spinal subarachnoid fluid block often provides the final and 

conclusive evidence that a space-occupying lesion is present. 
In performing the test, the jugular compression should be applied 
on both sides simultaneously. Unilateral jugular compression is 
of value only when the patency of one lateral sinus is in doubt. 
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The promptness and rapidity of fall of fluid in the manometer 
tube on release of the jugular veins is of more positive value 
than the rate and extent of the preceding rise of fluid level. 

Incomplete compression of the jugular veins might cause a 

rather slow rise of the fluid level, but there can be no dubiety 
about the sudden cessation of the pressure upon the veins. 

Finally, the patient should be relaxed and breathing quietly during 
the test. 

In quite a number of cases simultaneous cistern and lumbar 

manometry is helpful. This provides a valuable check on a 

doubtful lumbar manometric observation and also permits 
comparison of the constituents of the fluid above and below the 

suspected lesion. 

Laboratory examination of the fluid obtained by spinal 
puncture is important. The total protein content is frequently 
raised in the conditions under present consideration. Throughout 
the country it has been common experience that the protein 
readings from different laboratories are apt to vary consistently, 
and this is in part at least due to the method used. The most 

accurate of all is, of course, the micro-Kjeldahl analysis, but 
this is too time-consuming for routine use. We have recently 
been favourably impressed by the constancy and accuracy of the 
results given by the Lovibond colorimeter. 

Radiographic Examination 

This is of obvious importance when the vertebral column is 
injured, but radiological assistance should be sought in all cases. 
Important information may be missed in " 

single 
" 

films, and 
whenever possible stereoscopic films should be requested. Fine 

details of bony structure may be altered ; enlargement of an 
intervertebral foramen may give the clue to the presence of a 
neurinoma extending out along a nerve-root; the pedicles may 
be compressed and the distance between pairs of pedicles may be 
increased when a very slowly-expanding lesion lies within the 

vertebral canal. On occasion it is even possible to see scattered 
flecks of calcification in a spinal meningioma. These are only 
some examples of the assistance afforded by good X-ray films. 

The injection of heavy radio-opaque oil into the theca by 
cistern or by lumbar puncture is frequently requisite when 
clinical and radiological examination fail to provide an accurate 
localisation of the lesion, or when, as is often the case, we wish 
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to have all the information obtainable in planning our surgical 
attack with precision. The French " Lipiodol 

" 
was much used, 

but had the disadvantage of gradually liberating free iodine and 
whenever that had occurred the oil acquired irritant properties. 
Even when recently-prepared oil of light colour was used, we found 
it responsible occasionally for a persistent lumbo-sacral radiculitis. 
We have not been alone in this experience, and the present 
tendency is to abandon use of the oil except in small amounts of 
1-2 c.c. Recently iodised oils for which greater stability is 

claimed have become available ; time will show whether they 
may be used with impunity. Dr J. C. White of Boston on his 
recent visit to Edinburgh recommended a method he had found 
successful in reclaiming a large part of the oil from the theca. 
The patient lies prone on the X-ray table. A lumbar puncture 
needle, preferably of rather wide bore, is inserted at the usual 

interspace until its point lies near the anterior wall of the theca. 
With the help of the screen the oil can be aspirated mixed with 
cerebrospinal fluid. We have repeatedly been able to reclaim 

75 per cent, and more of the injected oil in this manner. 
Although the oil is usually injected by cistern puncture with 

the patient sitting, it may be injected into the lumbar sac for the 
study of a high cervical obstructive lesion. The patient is then 
tilted increasingly head-downwards on the X-ray table and the 
oil is followed on the screen as it gravitates toward the upper part 
of the vertebral column. 

I turn now from the general to the particular, selecting for 
comment some only of the many conditions which might come 
within the scope of this lecture. 

Traumatic Lesions of the Spinal Cord 

If, as the result of injury to the vertebrae, the vertebral canal 
becomes narrowed so as to cause pressure upon the spinal cord, 
steps should be taken without delay to relieve that pressure. 
Exceptions may be made when the lumbar fluid contains a 

considerable quantity of blood, indicating irreparable damage 
to the neural structures contained within the theca, or when there 
has been immediate total abrogation of motor and sensory 

function below the level of injury. In very many cases, however, 
evidence of a total transverse lesion of the cord is apparent only 
on recovery from a period of unconsciousness occasioned by a 
concomitant head-injury ; in other cases the circumstances of the 
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Fig. 2.?Radiographic appearance before treatment, showing 
the uncommon posterior atlanto-axial displacement. 

Fig. 2.?Radiographic appearance before treatment, showing 
the uncommon posterior atlanto-axial displacement. 

Fig. 3.?Improvement attained in six days with skull-traction (11 lbs.). Fig. 3.?Improvement attained in six days with skull-traction (11 lbs.). 
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accident may have prevented attempts by the patient to move the 
limbs for some little time after the injury. A compression fracture 
of the body of one vertebra without damage to the related articular 

processes may be reduced by hyperextension combined with 

traction in the long axis of the trunk. This procedure should, 
however, be reserved for those cases of compression fracture 

showing, at most, slight neurological dysfunction. 
With the above exceptions, then, we have adopted the policy of 

being guided by the findings on lumbar manometry. If there is 

a partial or complete spinal subarachnoid fluid block, and the 
lumbar fluid is clear or contains little blood, we decide to 

operate. The operation of choice may be laminectomy or open 
reduction of a dislocation ; in cervical injuries the application of 
skeletal traction will frequently suffice. 

We are aware that in many cases this policy runs contrary to 
classical teaching, but bearing in mind the harmful effect of 

continuing pressure upon the circulation of the spinal cord it 

seems logical to intervene at the earliest possible moment. 

Valuable time is being lost if we are to wait, perhaps for several 
days, to observe evidence of returning conduction of impulses 
through the damaged segments ; thus, indeed, we may throw away 
the chance of obtaining any functional recovery. It is true that 
in very many cases irreparable damage is done to the cord at the 
instant of injury, and if we are prepared to operate on the 
indications provided by lumbar manometry, many disappoint- 
ments must be expected. Yet in the knowledge that the procedures 
mvolved carry no appreciable operative risk, we feel that every 
effort should be made to spare the patient from a paraplegic 
existence. 

Pressure on the cauda equina should always be relieved. 
The treatment of fractures and dislocations involving the 

cervical vertebrae has been greatly facilitated by the introduction 
?f skeletal traction applied to the skull. This method has many 

advantages over the irksome chin-halter. It is comfortable, yet 
permits much heavier traction weights to be employed, movements 
?f the lower jaw are unimpeded, and more positive control is 

obtained over the direction of the correcting force. The risk of 

Pressure sores in the occipital region is avoided, and this is 

important if surgical exposure of the cervical vertebrae should 
later be indicated. The traction may be maintained for weeks 

Without risk of cranial osteitis, and a plaster-cast can be applied 
without difficulty before the apparatus is removed. 
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The following" case is illustrative :? 
A young officer received a bullet-wound of the left cheek 

during the raid on Vaagso Island. The main force of the bullet 

was expended in destroying the lower alveolus on the left side. 
The bullet came to rest in the soft tissues of the naso-pharynx 
and was later lifted out therefrom. The patient immediately 
experienced the effects of concussion of the spinal cord, but 

recovered from this in a few minutes. Injury to cervical vertebras 
was suspected, and although the radiological evidence was 

negative a plaster-cast was applied. In due course he was referred 
to a base hospital for further treatment of the facial and pharyngeal 
injuries. Spinal cord functions were normal and the plaster-cast 
was removed. About two and a half months later, while sitting 
up in bed washing, he suddenly felt the tips of the thumb and 
fingers of both hands going numb, and this sensation persisted 
although objectively no sensory loss was demonstrable. Soon 
afterwards he found that voluntary full flexion of the head 

occasioned a tingling sensation distally in both upper limbs and 
often in the calves simultaneously. The paraesthesia disappeared 
when flexion ceased. He had no disturbance of bladder function. 

Radiological examination now showed a gross displacement 
of skull and atlas backward upon the axis. The odontoid process 
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had been fractured at its base and was carried backwards along 
with the anterior arch of the atlas. Close study of the X-ray- 
films taken on admission to the base hospital showed a faint 

tell-tale line of rarefaction through the base of the odontoid 

process ; there was no doubt that the base of the odontoid had 

been fractured by the impact of the bullet and that gradual 
luxation had occurred after removal of the supporting plaster- 
cast. The Blackburn skull-traction apparatus was applied to 

the skull under local anaesthesia and alignment of the atlas and 

axis was much improved. 
Here I should like to make passing reference to the valuable 

device described by Cone and Turner, which we have found of 

considerable assistance in the treatment and nursing of these 
cases. As usual, the rope attached to the traction appliance passes 
round a pulley to reach weights suspended a short distance from 
the ward floor. The pulley is so made that it can travel freely 
from side to side, running by a second pulley-wheel on a horizontal 
bar set out a convenient distance clear of the bed. With this 

arrangement the direction of pull is not materially altered when 
the patient is turned on one side, since the rope, pulley-block and 

Weights travel freely along to the required new position. 
Returning again to the case of the officer, reduction was far 

from complete and there was no doubt that luxation would soon 
recur on removal of the traction. Accordingly (ten days ago) the 
dorsal aspect of the upper four cervical vertebrae was exposed by 
operation, with skeletal traction still maintained. The atlanto- 

axial articular facets could not be brought into good apposition 
owing to intervention of soft tissues carrying the important 
vertebral arteries, but with the aid of a powerful instrument 
made specially for the purpose, controlled pressure was brought to 
bear on the posterior tubercle of the atlas and improved alignment 
Was secured. Two lengths of rib-graft were procured from the 
thorax. The grafts were lashed in place with wire loops passing 
through holes in the occipital bone near the foramen magnum 
and also passing under each lamina. The accessible articular 

facets down to C 4-5 were scarified to promote fusion. 
The case for bone-grafting in some injuries of cervical 

vertebrae has been well made out by Cone and Turner. Fusion 

operations are indicated in atlanto-axial dislocations and in 

fracture-dislocations at any cervical level when the deformity is 

readily corrected and will as readily recur. From their experience 
Cone and Turner state that, contrary to current belief, osseous 
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union occurs between the odontoid process and the body of the 
axis, provided the parts are immobilised by bone-grafting. The 

subsequent stability of the vertebral column appears to be 

permanent. Fusion of the upper four cervical vertebrae alone still 

permits some useful movement at the lower vertebrae. 

Spinal Tumours 

This comprehensive and rather inexact term embraces a 

variety of neoplasms differing in their morbid anatomy and 

histological characteristics. If one excludes secondary malignant 
disease, in the majority of cases seen the tumour is benign and 
can usually be extirpated completely. Delay in treatment of 
these cases is therefore all the more to be deprecated. 

Even in the less favourable types of primary tumour to be 
found in the spinal cord (angioblastoma), in the epidural space 
(locally infiltrating tumours of unclassifiable cell-type), or in the 
vertebrae (several varieties of myeloma), X-ray therapy is able to 
accomplish what is beyond the surgeon in the way of radical 
cure. In such cases, however, surgery plays its part in providing 
immediate relief of pressure, and the opportunity of biopsy 
enables a histological diagnosis to be made so that X-ray therapy 
may be planned appropriately. 

The syndrome of spinal tumour is typically one of progressive 
sensory and/or motor dysfunction referable to the spinal cord or 
nerve-roots. Quite frequently localised root-pains are among the 
earliest symptoms and an accurate localisation may thereby be 
made, especially if corroborative clinical signs are to be elicited 
on examination. Early loss of pain and thermal sensation will 
suggest an intramedullary lesion, but with increasing experience 
neuro-surgeons are becoming less confident in their pre-operative 
opinion as to the morbid anatomy in cases of spinal tumour. 
Disturbance of blood supply in the affected and related segments 
of the cord may be responsible for bizarre effects, notably in the 
upper cervical segments which are dependent largely on the 

spinal branches of the vertebral arteries. The pressure of a 

tumour makes its effects felt throughout the whole thickness 
of the cord, and it is usually unprofitable to hazard a guess at the 
position of the tumour relative to the cord from an analysis of the 
symptoms and signs. In a few cases an incomplete Brown- 
Sequard syndrome will suggest an intrinsic lesion of the cord but 
benign extramedullary tumours are also responsible for this 
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syndrome. In short, then, in the majority of cases neurological 
study alone should indicate the level of the tumour, but may be 

misleading as to details of pathology at the affected level. 

Protrusion of the Intervertebral Disc 

Although herniation of the nucleus pulposus backwards 

through the annulus fibrosus and posterior longitudinal ligament 
into the vertebral canal had been recognised by pathologists and 
described as far back as 1896 by Kocher, it was not until 1911 that 
the first clinical account was given by Goldthwait. His case was 

one of supposed sacroiliac strain, subjected to manipulation 
under anaesthesia. On recovery from the anaesthetic the patient 
exhibited paraplegia and sensory loss corresponding to a lesion 
of the cauda equina, and without delay Dr Cushing was asked to 
perform laminectomy. At operation a large mass of tissue was 
found in the epidural space anterior to the theca in the lower 

lumbar region compressing the cauda equina. By a process of 
exclusion Goldthwait arrived confidently at the correct conclusion 
as to the pathology involved. 

The literature subsequent to this publication contains 

occasional reports of individual cases in which the spinal cord 
Was compressed by so-called chondromata of intervertebral discs 
at cervical, thoracic and upper lumbar levels. We should now 

recognise these cases as examples of disc protrusion occurring at 
levels in relation to the spinal cord. Such cases are still relatively 
rare ; in our series there is so far only one example, a bilateral 
protrusion at C 6-7, with a cord-compression syndrome possessing 
no distinctive features. 

It was only when protrusion of the nucleus pulposus came to 
be recognised as an aetiological factor among the sciaticas that the 
true frequency of pathological states of the lower lumbar discs 
Was discovered. Love and Walsh published from the Mayo 
Clinic a few years ago an analysis of 100 consecutive cases of disc 
Protrusion at all levels, which showed that in 76 per cent, of the 
series protrusion occurred at the fourth-fifth lumbar or lumbo- 

sacral interspaces. 
For practical purposes then, the cases present with the clinical 

Picture of a lumbo-sacral radiculitis, complaining of recurrent 
attacks of unilateral pain, and possibly paraesthesiae, in the lower 
lumbar and first sacral root-fields. The symptoms are exaggerated 
?n coughing and straining. Lumbar backache, frequently 
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preceding the radiation of pain down one or other lower limb is a 

common feature but is not constant. A history of backstrain or 
other trauma is quite often not obtainable, and in this connection 
the type of patient and his occupation should be borne in mind ; 

for instance, the miner working- at the coal-face must daily be 
exposed to many twists and strains, any one of which would 
deeply impress, say, a sedentary worker, and would readily be 
recalled to mind. 

On examination in a typical case there is evidence of an 

organic lesion of the lumbo-sacral nerve-roots?depression of 
cutaneous sensation, or perhaps hypersesthesia, in one or more 
root-fields ; perhaps wasting and fibrillation of muscles in the 
affected limb ; and depression or loss of a tendon reflex, very 
commonly the ankle-jerk. In most cases the normal lumbar curve 
becomes flattened and even lumbar kyphosis may be found. A 
lumbo-sacral tilt to the affected side is often present in addition. 
These abnormal postures of the spinal column are due to reflex 
muscle-spasm and usually they disappear when the patient is 
seated, with hips and knees flexed, thus relaxing tension on the 
sciatic nerve. The upper part of the sciatic nerve trunk may be 
tender on pressure, and sometimes the inflammatory reaction in 
the nerve may extend down as far as the major branches, so that 
even the common peroneal nerve may be palpably thickened and 
tender. We know that this inflammatory reaction also spreads up 
the roots intrathecally, and it is evident that we have often to deal 
with a quite extensive radiculo-neuritis although the exciting lesion 
is so localised. 

The diagnostic problem is one of selecting out those cases in 
which the symptoms are being maintained by the mechanical 
pressure of a protruded disc. 

Pennybacker, at Oxford, has recently differentiated anatomic- 
ally a diffuse yielding of the annulus fibrosus from localised 
protrusion of the nucleus pulposus through the annulus and 
posterior longitudinal ligament. The clinical syndromes can not 
yet be differentiated, and he is of opinion that the post-operative 
results in cases where the annulus bulges diffusely into the 
vertebral canal are apt to be unsatisfactory. Our experience of 
such cases is recent and limited, but, so far, we have no reason to 
be displeased with the convalescence and early results. We 
have removed as much as possible of the offending annulus and 
have removed also the pulpy nucleus. 

Laboratory examination of the lumbar spinal fluid is of 
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assistance. A total protein reading approximating the normal 
value of 30 mgm./ioo c.c. is in favour of a disc protrusion. A 

reading over 60 mgm./ioo c.c., especially if accompanied by any 
rise whatever in the cell-count, will make us suspect a primary 
toxi-inflammatory radiculitis, or, alternatively, an epiduritis? 
fibrosis and venous congestion around the nerve-roots in the 

epidural space. The latter conditions respond well to epidural 
injection of weak novocain solution in bulk, but, as would be 

expected, are not improved by surgical exploration. 
Radiological examination is not of much positive assistance 

apart from excluding tumour of the sacrum or vertebrae involving 
the roots. Normally, the lumbar interspaces vary greatly in 

width. " 

Wedging 
" 

of an interspace, as seen in antero-posterior 
view, is occasionally seen and may be accepted as strongly 
suggestive of a pathological disc. 

During the stage when all clinics were using heavy lipiodol as 
an aid to diagnosis, contrast radiography played an important 
part in the investigation of each case, but for reasons already 
detailed it is preferable to avoid the use of iodised oil. We prefer 
now to act on clinical judgment alone. 

I come now to the treatment of these cases. We are seeing 
them with increasing frequency, especially now that such a large 
proportion of the young adult male population is engaged in 

strenuous Service training. We are becoming less and less 

Jrnpressed with the efficacy of conservative treatment and have no 
hesitation now in recommending exploration. 

In the first two cases of our series the operation was a formal 

laminectomy and exposure of the lumbo-sacral nerve-roots. The 

nodule of protruded disc was approached transdurally. Those 

early cases demonstrated the characteristic swelling and injection 
of the root or roots, extending up as far as could be seen in the 
operation field, certainly several centimetres above the point at 

which the root pierced the theca. 

Hemilaminectomy then became for a time the operation of 

choice, and latterly the approach to the disc was entirely 
extradural. 

The final improvement in technique has been excision of 

hgamenta flava only, as suggested by Love, leaving the axial 
skeleton intact. The distance between adjacent laminae varies in 

different patients and at different levels in the one patient. When 

the ligamentum flavum is at all overhung by the lamina above, 
it is an easy matter to nibble away the lower border 

of the 
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lamina, when adequate access to the ligament can be obtained. 

Through the window thus made into the vertebral canal the 

nerve-root in its epidural course and the theca may be retracted 

medially, exposing the disc. The laminae, spinous processes and 

interspinous ligaments are not disturbed. One would not hesitate 

to explore on both sides with this fenestration technique. 
The functional results obtained with early active movement 

and graded exercise during convalescence have contributed in 

influencing us to advocate operation rather than conservative 

treatment for these cases. 

Before leaving this subject, brief reference must be made to 
the rather infrequent cases of massive protrusion of the nucleus 
pulposus in the lumbar region. This is the type of case already 
referred to in connection with Goldthwait's early publication. 
The syndrome is that of compression of the cauda equina as a 
whole, and usually manipulation of the spine under anaesthesia 
has been employed in the previous management of the case. 
Such cases must be relieved by operation without delay. Owing 
to the fact that the sensory roots are involved central to their 

ganglia, sensory recovery in the sacral root-fields may be in- 

complete or absent unless very prompt action be taken. There is 
therefore some danger attendant on spinal manipulation in cases 
where the symptoms are due to pathology of the intervertebral disc. 

Congenital Anomalies 

Spina Bifida.?All must be familiar with this relatively 
common developmental abnormality in its many forms. If 

surgical treatment is to be undertaken, I should like to emphasise 
the urgency of the matter in cases where the epithelium covering 
any part of the sac is very thin or deficient. The sac should be 
cleaned with strict aseptic precautions immediately after birth, 
so that a reasonably aseptic field may be preserved. Operation, if 
decided upon, should be carried out within a few hours of birth. 

We select for operation only those cases showing no extensive 
paralysis distally in the lower limbs. The reflex motor reactions 
to pin-prick on the dorsum and sole of the foot are particularly 
observed. A patulous anus, absence of the anal reflex or constant 
dribbling of urine are contra-indications to operation. We should 
also decline to operate on cases already showing signs of 

hydrocephalus. 
In the selected cases the aim of the surgeon is to return the 
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extroverted neural structures to the vertebral canal aseptically, 
effecting also a plastic repair of the deficient posterior spinal 
muscles and securing closure of the overlying skin. Even when 

the epithelium is deficient at some part of the sac the application 
of pinch-grafts may be considered as an immediate post-natal 
measure, so that a clean field may be provided for later reparative 
surgery. In such cases it occurs to me that insufflation of 

sulphanilamide powder, sufficient only to cause a 
" hoar-frost 

" 

appearance, may be an excellent immediate prophylactic measure 
against infection of the raw surface. We know from our colleagues 
engaged in plastic surgery that Thiersch or pinch-grafts will take 
even if applied on top of a layer of sulphanilamide powder. 

The defect having been repaired, all may be well. There still 

remains the possibility of hydrocephalus developing later and 

post-operative follow-up should be maintained for several years 
at least. There is a well-recognised association between spina 
bifida and hydrocephalus. The explanation lies in the co- 

existence, especially in cases of meningo-myelocele, of a deformity 
of the hind-brain known as the Arnold-Chiari malformation. In 

normal embryonic development differential growth-rate is account- 
able for the great disparity in length of the spinal cord and of the 
vertebral canal. If the lower end of the cord is anchored by 
abnormal attachment to connective tissues, as growth proceeds 
the effect is that of continuous traction in the long axis of the 
cord in a caudal direction. So it happens that in the Arnold- 
Chiari malformation the hind-brain is, so to speak, dragged down 
into the upper part of the vertebral canal and a pouch-like 
diverticulum of the fourth ventricle may be found lying dorsal to 
the cord as far down as the third or fourth cervical segments. It 
is easy to understand how obstruction to the drainage of ventricular 
fluid can thus arise. In spina bifida occulta, which constitutes 
the slightest grade of the abnormality under consideration, the 
caudal traction effect on the cord is minimal and adolescence may 
be reached before pes cavus or other deformity of the lower limbs 
and the onset of disturbance of bladder control raise suspicion 
that spinal abnormality is present. Some, more fortunate, go 
through life without developing neurological complications. 

Post-operative Management 

Care of the Bladder.?Normal micturition is interfered with 
in a high proportion of cases afflicted with disease of the spinal 
cord and nerve-roots. In cases amenable to surgical treatment 
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it should be the aim of all concerned to ensure that surgical 
exploration precedes and thus forestalls the onset of bladder 

symptoms. Retention of urine is the usual problem encountered, 
but in a few cases (injury or tumour involving the conus 

medullaris) the bladder and sphincters are atonic, resulting in 
dribbling incontinence and an empty bladder. When, through 
retention of urine, the bladder is allowed to become overdistended 
the contractility of the bladder musculature is rapidly impaired 
and simultaneously the risk of urinary infection becomes very 
great. 

Three lines of treatment are open to us in dealing with the 
retention of urine. If the patient's neurological disability is 

expected to be very transient, catheterisation with strict aseptic 
and antiseptic precautions at intervals not exceeding eight hours 
may be adopted. In some cases catheterisation may be avoided 
by injection of one of the choline drugs, provided that emptying 
of the bladder is thereby complete. 

For the case requiring sustained attention to the bladder by 
far and away the best method is tidal drainage. This requires 
an in-dwelling catheter which must be changed every three or 
four days, so that the point of the catheter may not rest continually 
against one point on the bladder mucosa and cause ulceration. 
The in-dwelling catheter alone, even with twice-daily irrigation, 
is a bad method and should not be employed. Tidal drainage 
apparatus can be assembled from standard hospital equipment 
of rubber and glass. We used the pattern advocated by Munro 
of Boston, but have lately found the arrangement described by 
Bellis (1940) works more consistently. The principle is simple. 
A drip-apparatus containing a weak solution of any urinary 
antiseptic is set up by the bedside and is connected indirectly to 
the catheter. The bladder gradually fills with fluid from the 

drip-apparatus and simultaneously, of course, with urine from 
the ureters. When the intravesical pressure reaches a head of 
water not exceeding three inches above the level of the pubis, a 
syphon is established and the bladder is rapidly emptied. As 
soon as the syphon effect is established, air is drawn into the 

system through a narrow by-pass insufficient to break the syphon 
until the flow of urine and fluid from the bladder is arrested, at 

which point the syphon is broken and the whole cycle repeats 
itself, approximately hourly. 

For the permanently crippled patient, and for those in whom 
overdistension of the bladder has been permitted, suprapubic 
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cystostomy gives the best results. Cystostomy is also to be 

preferred if for some reason the tidal drainage apparatus cannot 
be provided and catheterisation would be necessary for more than 
a few days at most. 

When the urine is already infected, we have found that 

instillation of I per cent, strength of soluble sulphanilamide 
solution acts most satisfactorily in cleaning up a septic bladder. 
About 4 ozs. of the solution is left in the bladder for an hour daily. 

General Reconditioning of the Patient 

Unwittingly, Hitler has done the spinal cases a good turn. 
The enormous hospital accommodation which was got ready in 

anticipation of immediate wholesale bombing has happily enabled 
us subsequently to make good and constructive use of the beds 
available in E.M.S. hospitals. We are not now obliged by 
pressure of the waiting list to turn our cases out almost as soon 
as stitches have been removed from the wound, but can remain 
in frequent personal contact with the patient in hospital until he 
is almost at a stage to resume work. 

Exercises to strengthen the muscles of the back are commenced 
"while the patient is still in bed, on the sixth day or so. He is 

allowed up on about the tenth day, unless paresis should forbid 
such early mobilisation, and very soon is performing exercises to 
promote mobility of the back. He then passes through three 
grades of physical training, under an Army instructor, while 

completing his physiotherapeutic treatment. Simultaneously, 
occupational therapy contributes to the toning-up of muscles and 
provides the mental stimulus of interesting constructive work. 

Working a treadle-lathe or weaving-loom, handicrafts of all 

types, and games of deck-tennis, table-tennis and darts are a few 

examples of his activities in the occupational therapy department. 
Some of these developments in post-operative management are 
new in this country and seem to have required the stimulus and 
necessities of war to bring them about. In Canada and in parts 
?f the United States, however, those schemes have been in 

existence for many years and have won the active interest and 

co-operation of industrial concerns and insurance companies? 
both, of course, practically interested in the patient's rehabilitation. 

Mr Dott has instituted a weekly meeting of the medical and 

special therapeutic staffs where cases are introduced for treatment, 
Progress is reviewed, and fitness for discharge discussed. This is 
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a good idea and is being taken up elsewhere ; it serves to maintain 

the interest of all concerned. We find also that we can gain much 
useful information from the staffs of the therapeutic departments 
concerning the patient s adaptability, will to recovery, and other 
important traits of personality, of assistance in planning treatment, 
and perhaps in advising choice of an alternative occupation. 

The patient graduates from the school of rehabilitation through 
the Ministry of Labour Scheme for re-employment of disabled 

persons, is interviewed personally by a representative from the 
Labour Bureau, and is thus assisted in finding his feet again in 
the outside world. 

There can be no doubt that circumstances formerly forced us 
to desert our patients prematurely. 
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