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Summary,  Almost 3% of  cases of  tuberculosis of  
the spine develop a severe kyphotic deformity. The 
patients at risk are those who developed the dis- 
ease under the age of  10 years, who had involve- 
ment of  three or more vertebral bodies and had 
lesions between C7 to L1. A severe kyphosis is 
more than a cosmetic disfigurement because nearly 
all such patients develop cardiopulmonary dys- 
function, painful impingement between ribs and 
pelvis and compression of  the spinal cord with 
paraplegia at an average of  10 years after the 
onset of  the disease. Correction of  the established 
deformity is difficult and dangerous. Anterior 
transposition of  the cord does not always result in 
permanent neurological recovery, so it is im- 
perative to diagnose and treat the condition either 
before bony destruction has occurred or when it is 
in an early phase. Those patients who are at risk of  
developing a severe deformity should be treated by 
posterior fusion o f  the spine. 

R~sum& PrOs de 3% des tuberculoses du rachis 
s'accompagnent d'une cyphose sivkre. Les pa- 
tients it risques sont ceux dont la maladie a com- 
menc~ dans la petite enfance (avant l'gtge de 
10 ans), qui ont une atteinte de 3 corps vertdbraux 
ou plus avec une Iocalisation entre C7 et L1. La 
cyphose importante ne doit pas gtre considirie 
seulement comme un trouble esth~tique, puisque 
presque tousles patients vont d~velopper dans un 
d~lai de 5 it 20 ans apr~s le d~but de la dd- 
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formation, des troubles cardio-pulmonaires, des 
douleurs par conflit costo-pelvien et des troubles 
neurologiques allant jusqu'it la parapldgie. La 
correction d'une dYformation dtablie est difficile et 
dangereuse, la transposition antirieure de la 
moelle et des racines ne donne pas toujours un bon 
risultat sur les troubles neurologiques, aussi est-il 
impdratif que le diagnostic et le traitement soient 
faits it une phase pricoce de la maladie. I1 faut 
traiter par arthrodkse rachidienne postgrieure, les 
patients prgsentant des ldsions it risques qui peu- 
vent conduire it une cyphose importante. 

Introduction 

Thirty million people throughout the world suffer 
from tuberculous disease with 8 million new cases 
occurring each year. The downward trend of the 
disease in affluent countries has been reversed 
because of the large number of people with auto- 
immune diseases. At present, over 3 million are 
infected with both HIV and tuberculosis. 

Tuberculosis of the vertebral column constitutes 
nearly 50% of all lesions of osteoarticular tu- 
berculosis, the commonest site for the disease 
being in the paradiscal region. Before modern 
imaging techniques became available, the clinician 
depended on conventional radiographs for making 
the diagnosis. The classical lesion was narrowing 
of the disc space with erosion and fuzziness of the 
paradiscal margins of the vertebral body and 
varying degrees of localised osteoporosis with 
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Fig. 1 a, b. Photographs of a patient with a severe kyphotic 
deformity resulting from healed tuberculosis which involved a 
large number of thoracic vertebrae. He had the deformity for 
the part 10 years, and been able to walk. He was stunted and 
suffered from respiratory embarrassment, costo-pelvic impin- 
gement and bilateral extensor plantar responses when he was 
examined at the age of 17 years 

Fig. 2a, b. Lateral radiographs of a young patient (a) in 1985 
when the kyphotic angle was 35 °, (b) in 1994 when the angle 
had increased to 140 °. Such a rapid and severe deterioration is 
due to continued growth of the posterior elements when the 
vertebral end plates had been damaged. We advocate early 
posterior fusion in such cases 

collapse of the involved vertebral bodies. By the 
time a patient reports for specialised treatment in 
developing countries, 95% show a clinically de- 
tectable kyphos or reversal of the normal lordosis. 

In spite of prompt treatment with modern anti- 
tubercular drugs, with or without operation, some 
degree of deformity persists after the disease is 
healed. Analyses of large series shows that the 
kyphos increased from 0 to 10 ° in 85%, from 11 ° 
to 30 ° in 12% and to more than 30 ° in 3% of cases 
[7, 10, 11, 12, 15, 17, 20, 21, 22]. 

This paper considers those cases in which the 
deformity had increased to more than 30 ° . 

Evolution of severe kyphotic deformity 

Most of the deformity in adults is the outcome of, 
and directly proportional to, the diminution in 
height of the disc space and destruction of the 
vertebral bodies. If the disease occurred early in 
childhood, in addition to the destruction of the 
intervertebral disc and wedge-shaped collapse of 
the vertebral bodies, the growth plates of the ver- 
tebral bodies are also destroyed to a variable ex- 
tent, resulting in slowing of their growth potential. 
As with progressive deformities of the limbs, 
continued growth of the posterior elements, when 

the anterior growth plate is arrested, leads to pro- 
gress of the kyphos even after healing of the dis- 
ease [2, 13, 15, 16, 20, 21]. 

Once the deformity is more than 45 ° the pos- 
terior spinal muscles are at a mechanical dis- 
advantage which adds to the deforming force. In 
the thoracic spine, there is a pre-existing kyphotic 
curve and gravity perpetuates the deformity. The 
relatively large transverse processes and preexist- 
ing lordosis in the cervical spine minimise the 
kyphotic deformity. In the lumbar spine, the large 
vertebral bodies and vertical disposition of their 
posterior articular facets make them more likely to 
telescope than to angulate. 

A formula to predict the kyphotic deformity has 
been suggested [18]: Y = a + bx, where Y is the 
future angle, a and b are the constants 5.5 and 30.5 
respectively, and X is the initial loss of height of 
the vertebral bodies. However, it is difficult to 
estimate the initial loss of height of the vertebral 
body, or bodies, in children from radiographs. 

If the paradiscal type of tuberculous spondylitis 
begins before the age of 10 years and affects 3 or 
more vertebral bodies with arrest of the same 
number of growth plates and the disease is be- 
tween C7 to L1, there is a very high chance that a 
kyphotic deformity of 45 ° or more will develop 
(Figs. 1 and 2). The deformity may progress to 
almost 145 ° depending on the growth potential 
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remaining. We have not encountered deformity 
greater than this, because at this angle the vertebral 
bodies of the proximal part almost rest on those 
distal to the apex of the deformity (Fig. 2). 

gressive deformity [23], but they had excluded 
patients and lesions which have been generally 
observed to develop severe deformities, such as 
those with involvement of three or more vertebral 
bodies. 

Prevention of severe deformity 

The disease can now be diagnosed before de- 
struction has OCCUlTed, provided the public are 
aware that symptoms should be reported at an 
early stage. Modem anti-tuberculous drugs, given 
for an average of 12 months, will result in healing 
without significant deformity and only slight nar- 
rowing of the affected disc space. In difficult areas 
and in young children, radiographs do not show the 
extent of the disease clearly, and CT and MRI are 
of great value. If the risk criteria mentioned above 
are encountered, usually in children with extensive 
disease, posterior spinal fusion, extending from a 
normal vertebra above to a normal vertebra below 
the diseased area, should be offered to minimise 
the chances of developing a severe kyphosis. 
Those presenting with gross destruction, severe 
kyphosis, abscess or sinus formation and neurolo- 
gical involvement reflect neglect on the part of the 
patient, his guardians and the attending physicians. 
There are, however, 7% of patients who fail to 
respond to modem drags due to inherent or ac- 
quired resistance, atypical mycobacterium, an im- 
mune deficient state, or failure to comply with 
treatment. Complete and lasting control of the 
disease in such patients is almost impossible, de- 
spite using extensive surgery and newer drags. 

Posterior spinal fusion minimises progress of the 
deformity by arresting the growth of the posterior 
elements. A concomitant anterior operation of 
debridement, with or without decompression, is 
indicated if the disease is not controlled by drugs or 
if the neurological deficit does not respond to rest. 
Yau et al. pointed out that in childhood the kyphotic 
deformity may be unstable and progressive, and 
believed that the severe deformity associated with 
active disease was an absolute indication for ante- 
rior operation and stabilisation, as late reconstruc- 
tion was difficult and dangerous [24]. 

When the disease involves more than two disc 
spaces, it is unwise to rely solely on anterior 
grafting to prevent increase in the deformity, al- 
though it may be done as part of a panvertebral 
fusion to improve the prospects of healing with 
minimal deformity. 

Upadhyay et al. reported recently that they 
found no evidence in their cases to suggest that 
growth of the posterior elements, in the presence of 
anterior destruction, was responsible for pro- 

Correction of severe kyphotic deformity 

This is major surgery which requires experience 
and thorough knowledge of the operative techni- 
ques of spinal and thoracic surgery. There may be 
serious blood loss and a risk of damage to the 
spinal cord. Most general orthopaedic surgeons 
discourage the correction of such deformities be- 
cause of these difficulties and complications. 
Hodgson developed a method of correcting fixed 
spinal curves [5, 6] and the best results have been 
claimed only by the pioneers [11, 12]. Dommisse 
and Enslin reported their results in 55 patients with 
permanent paraplegia in 4, death in one and an 
average loss of spinal correction of 50% [1]. 

Hodgson used a transpleural anterior approach 
to the thoracic spine, combined with an extra- 
peritoneal approach for the thoracolumbar region 
[5, 6]. The anterior area to be wedged open is 
cleared of all diseased tissue so that healthy bone is 
reached above and below where autogenous bone 
grafts are to be inserted. Care must be taken to 
avoid damage to the cord when working poster- 
iorly. The corresponding spinous processes, lami- 
nae, pedicles and transverse processes are exposed 
and sufficient bone is excised to produce the re- 
quired wedge. The wedge is then opened anteriorly 
and closed posteriorly by manual pressure at the 
convexity and simultaneous use of vertebral 
spreaders anteriorly. The anterior wedge is held 
open temporarily by sterile wooden blocks until 
they are replaced with massive autogenous iliac 
grafts. The posterior wedge is closed and secured 
by Harrington compression rods, whose hooks are 
firmly fixed into the proximal and distal pedicles, 
before completely opening the anterior wedge. 

As the posterior gap is closed and the hooks 
approximated, the spinal cord is watched carefully 
and, if there is any pressure on the dura, bone is 
nibbled away. Posterior parts of the ribs above and 
below the deformity may have to be excised in 
order to close the posterior gap. After operation, 
the patients are nursed on previously prepared 
anterior and posterior plaster shells or on a Stryker 
frame for 8 to 12 weeks. The patient is then 
transferred to an ordinary bed and gradually mo- 
bilised wearing a spinal support. 

Louis et al. advocated correction of the ky- 
phosis by slow traction and corrective plaster casts 
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before operation [8]. In the thoracic and lumbar 
spine, correction of the deformity is followed by 
bone grafting and a plaster bed. A spinal os- 
teotomy being carried out in late cases. Other 
methods have been used in the attempted correc- 
tion of severe deformities including halo traction 
[16] combined with pelvic traction [14], with tibial 
traction [19] or with sacral bars [4]. The early re- 
sults hold some hope for correction of severe ky- 
photic deformities. Louw used vascularised rib 
grafts after decompression for a neurological def- 
icit and a preoperative kyphosis of 56 ° was cor- 
rected to 27 ° after operation [9]. 

We would not recommend operative correction 
of fixed deformities proximal to L2. It is safer to 
prevent deformity before it becomes fixed by 
progressive halo-pelvic or halo-femoral traction 
before operative fusion. The maximum limit for 
traction is 13 kg through the skull and 61/2 kg 
through each femur. The traction should be in- 
creased gradually and long tract function carefully 
observed. All the correction takes place within the 
first 3 to 4 weeks. It is dangerous to add further 
correction on the operating table and this should 
not be done unless facilities for spinal cord mon- 
itoring are available. Any correction obtained be- 
fore operation should be of the nonfixed element 
of the deformity. In the postoperative period, after 
the loosening effect of anterior surgery, further 
correction can be obtained using cephalo-caudal 
traction, especially of severe kyphotic deformities 
proximal to L1. We attempted correction of severe 
kyphotic deformity in two children by a panver- 
tebral operation and halo-pelvic traction. One of 
them, who had a deformity with the apex at T11, 
had severe permanent deterioration of his neuro- 
logical state; the other, with a deformity at L2-L3, 
had lost 50% of the postoperative correction after 
2 years. 

Neurological complications due to severe 
kyphotic deformity 

Most patients with severe deformity remain able to 
walk for many years after the deformity has been 
established (Fig. 1). The cord tolerates a marked 
degree of angulation because the deformity occurs 
slowly over a few years. Many patients, however, 
begin to show neurological symptoms of a late 
onset paraplegia after 5 to 20 years. Prolonged 
stretching of the cord over the internal kyphos 
results in atrophy or gliosis of the spinal tracts ]3] 
or other ischaemic changes in the cord [22]. 

Laminectomy with anterior transposition of the 
cord has been suggested by Griffiths et al. [3]; 

spinal nerve roots are divided to permit rotation 
and retraction of the theca so that bone can be 
removed from the front of the vertebral canal. We 
believe that satisfactory removal of the internal 
kyphos can be carried out through an anterolateral 
approach so that the cord lies in a relaxed anterior 
position without producing instability of the ver- 
tebral column. If necessary, the intercostal nerves 
on the opposite side can be divided by making 
another paravertebral incision. Only intercostal 
nerves can be sacrificed to allow the cord to shift, 
other spinal nerves cannot be divided without 
significant loss of function. When there is a severe 
kyphosis we feel that anterior decompression and 
transposition of the cord can only be accomplished 
by an anterolateral approach. An anterior approach 
is impossible in practice because of the difficulty 
in working so deeply at an acute angle. 

Between 1965 and 1970, we carried out opera- 
tive decompression for every case of severe ky- 
phosis with neurological involvement. 

Unfortunately, some of those who could walk 
were no longer able to do so after the anterior 
transposition procedure. Since 1971, our philoso- 
phy has been not rush to operate on patients with 
grade I or II paralysis. They are, however, kept 
under close observation. Deterioration is slow, but 
the moment a patient is unable to walk, anterior 
decompression and transposition is carried out 
through an anterolateral approach. Antituberculous 
drugs are given before and after the operation. The 
neurological recovery in 33 patients with a defor- 
mity of 45 ° or more was complete in 37%, partial 
in 15%, sensory improvement only occurred in 
9%, no recovery in 27% and deterioration in 12%. 
The prognosis is worse the more severe the de- 
formity, and a 60 ° kyphos seems to be the wa- 
tershed. Those who do not recover after adequate 
surgery and those who deteriorate after a few years 
should be rehabilitated as paraplegics. 
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