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I I N T R O D U C T I O N 

In Finland, tuberculosis has always had great social and medical signif­
icance. The resources available for combatting bone and joint tuberculosis 
have always been limited. The small provincial, urban and university hos­
pitals have not been able to allow these patients, whose care normally 
takes two to three years, take up their few beds. The new scheme for 
central hospitals has not yet been completely realized. 

According to the Finnish Association for the Prevention of Tuberculosis 
( 1 9 5 3 ) , at the beginning of this century seven to eight thousand persons 
died annually of pulmonary tuberculosis. By 1 9 5 2 , the mortality had 
dropped to 2 , 0 4 2 . The annual reports of the Central Medical Board state 
that during the period 1 9 2 9 — 1 9 3 8 a total o f 7 , 4 3 4 cases o f bone and joint 
tuberculosis were treated. Since then, the statistics have been upset by 
the war, and the annual reports of the Central Medical Board have not 
been compiled. 

The treatment o f tuberculous spondylitis is usually taken to imply 
treatment in sanatoria. Im Finland there are no sanatoria for adults with 
bone and joint tuberculosis. It is thus of interest to see what results have 
been obtained here without sanatoria. 

The method developed about 1 9 1 1 by Albee with fusion o f the spine 
was introduced into Finland by F. L A N G E N S K I Ö L D in about 1 9 2 3 . Strepto­
mycin became available in this country in 1 9 4 7 . Isoniazid arrived in 1951 
and PAS in 1 9 5 2 . There is a feeling that cases make a better recovery than 
before. Nevertheless it seems obvious that the new drugs do not g ive 
complete protection against recurrences and complications. And now that 
radical operations on the tuberculous lesions have come into wider use, 
an evaluation of the results obtained by the earUer methods of treatment 
seems indicated. 



I I R E V I E W O F T H E L I T E R A T U R E 

T h e C l i n i c a l P i c t u r e 

A g e a n d S e x D i s t r i b u t i o n . 

H E N D E R S O N ( 1 9 1 7 ) stated that the greatest frequency of tuberculous 
spondylitis occurred at the age of 2 5 years. Zur N E D D E N ( 1 9 1 9 ) held that 
between 5 0 and 6 0 % o f all cases arose in patients aged from one to ten, 
and L E S K I N E N ( 1 9 2 3 , 1 9 2 4 ) considered that 81 .6 % of those affected fell 
ill during the first fifteen years of life. D U B O I S ( 1 9 2 7 ) thought that 7 5 % 
fell ill during childhood, and K Y R K L U N D ( 1 9 2 8 ) affirmed that the greatest 
frequency occurred before the age o f six. I t was the opinion of R U M M E L -
H A R D T ( 1 9 3 0 ) that those most commonly affected were young persons 
between the ages of twenty and thirty. P A L M E N ( 1 9 3 1 ) stated that almost 
one half of the cases were of children less than ten years of age, and Kuss 
( 1 9 3 1 ) found that in 52 .3 % the disease developed after school age. H A R R I S 
and C O U L T H A R D ( 1 9 4 0 ) and C L E V E L A N D ( 1 9 4 0 ) found the highest incidence 

from 2 1 to 3 0 years of age. In a series o f operatively treated cases, KLOSS-
N E R ( 1 9 4 9 ) gave the greatest incidence as occurring between the ages of 
fifteen and thirty. A L V I K ( 1 9 4 9 ) stated that the largest group, in excess of 
2 3 % , was that o f persons between the ages of twenty and twenty-five. 

W U L L S T E I N ( 1 9 0 4 ) , L E S K I N E N ( 1 9 1 3 , 1 9 2 3 , 1 9 2 4 ) , S T A L M A N N ( 1 9 3 5 ) , 

L A M P A D I U S ( 1 9 3 7 ) , W A L H E I M ( 1 9 3 9 ) and H E M P R I C H ( 1 9 4 0 ) stated that the 

frequency o f tuberculosis of the spine was greater among women than 
among men. In T H O M S E N ' S ( 1 9 3 9 ) series the number of men exceeded that 
of women ( 3 4 4 / 2 5 5 ) , and M E Y E R D I N G ( 1 9 4 0 ) stated that the proportions 

were 3 7 . 7 % women, 62 .3 % men. 

Thus publications have indicated a gradual shift towards older age groups. 

S i t e o f t h e L e s i o n . 

The different parts o f the spine are not equally liable to be affected by 
tuberculosis. In Table I can be seen the percentages according to pubUshed 
reports. 



T A B L E I 

The Regions of the Spine Involved, Given as Percentages. 

Author Year Cervical Cervico-
thoracic 

Thoracic 
Thoraco­

lumbar Lumbar 
Lumbo- c , 

sacral "̂"̂ "̂ ^ 

. 1917 44.4 13.6 42.0 
HiBBS . 1918 3.9 45.8 32.3 18.1 
Zur NEDDEN . 1919 14.2 54.0 32.0 
LESKINEN . 1923 16.2 56.4 27 .4 
HiBBS & RiSSER . . . . 1928 3.8 52.1 40.6 3.5 
BUSINGER . 1928 5.5 48 .2 46.3 
RUMMELHARDT . 1930 12.9 34.3 39.3 
Kuss . 1931 5.6 45.2 37.6 
KOFMANN . 1937 5.4 44 .0 10.0 39.6 
STEINMANN . 1938 33.3 20.8 45.8 
THOMSEN . 1939 4.8 45.6 48.7 0.9 
WALHEIM (children) 1939 2.7 51.4 9.4 35.6 1.3 

» (adults) . . 1939 48.2 8.3 42.4 1.1 
HEMPRICH . 1940 19.1 33.3 47.6 
MEYERDING . 1940 0.2 0.4 41.7 16.3 41.5 
A L V I K . 1949 1.2 0.6 26.6 11.4 40.6 6.0 9.7 

There are six publications from the period 1 9 1 6 — 1 9 2 8 which show a 
higher frequency in the thoracic region, and f ive pubUcations from the 
period 1 9 3 0 — 1 9 4 9 which give a higher figure for the lumbar region. 
Three publications from the last-mentioned period show a higher figure 
in the thoracic region. Children are more often affected in the thoracic 
region, and adults in the lumbar region ( S C H U B E R T H 1 9 2 8 , K Y R K L U N D 
1928, W A L H E I M 1 9 3 9 ) . 

Authorities vary in their statements as to the chances of different verte­
brae being affected. According to Zur Nedden ( 1 9 1 9 ) , the percentages 
are L I 2 9 , L I I 2 7 , L I I I and T h X I I 15 . R U M M E L H A R D T ( 1 9 3 0 ) found 

Th I X to be the commonest site o f tuberculosis, B I E R R I N G ( 1 9 3 4 ) L I I , 
LAMPADIUS ( 1 9 3 7 ) T h X I I , T H O M S E N ( 1 9 3 9 ) L I , K L O S S N E R ( 1 9 4 9 ) L I I , 

and A L V I K ( 1 9 4 9 ) L I V . 

Zur N E D D E N ( 1 9 1 9 ) found one affected vertebra in 4 4 cases, and two 
in 51 cases. Kuss ( 1 9 3 1 ) had one vertebra in 8 9 cases, and two in 167 cases. 
A L V I K ( 1 9 4 9 ) had one vertebra in 4 .5 % , and two in 5 8 . 4 % . C O L O M B A N I 

(1956) stated that of 1 ,500 cases, only one case was discovered with mono-
vertebral localization, although this case was uncertain. H A L L O C K and 
JONES ( 1 9 5 4 ) instanced only 1 % in a single vertebra. 
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A N D E R S O N ( 1 9 4 0 ) described cases o f solitary tuberculosis in the spinous 
processes. 

P E A B O D Y ( 1 9 2 2 ) , in a series of 3 1 2 cases, found that 4 % had a second 
lesion in the spine. He pointed out that the discovery of the other focus 
could in almost every case be attributed to chance. In a considerable num­
ber of the cases, the area of the spine that was roentgenographed was too 
small. S C H U B E R T H ( 1 9 2 8 ) expressed the opinion that the second lesion 
seldom caused pain. Kuss ( 1 9 3 1 ) estimated the frequency of multiple foci 
in the spine at 7 .2 % , B I E R R I N G ( 1 9 3 4 ) at 7 % , H E L L S T A D I U S ( 1 9 3 7 ) at 

9 . 4 % , W A L H E I M ( 1 9 3 9 ) at 5 % , K E Y ( 1 9 4 0 ) at 1 0 % , A L V I K ( 1 9 4 9 ) at 

9.9 % , H A L L O C K and JONES ( 1 9 5 4 ) at 7 .8 % with two separate lesions, 

and at 1.6 % with three. 

Thus, with the shift from childhood to older age-groups, tuberculosis 
moved downward from the thoracic to the lumbar section. 

The existence o f monovertebral lesions may be questioned. 
Multiple foci occur in the spine and, according to the literature, two 

separate lesions are present in 5 — 1 0 % o f cases. 

A b s c e s s , K y p h o s i s a n d P a r a p l e g i a . 

K U S S ( 1 9 3 1 ) emphasized that 32 .7 % of the cases had an abscess as the 
first symptom. SEVER ( 1 9 2 9 ) stated that he took greater interest in cases 
without an abscess than in those with one. W I D E N H O R N ( 1 9 3 5 ) found 
abscesses in 1 0 0 % o f cases on postmortem examinations. Table 2 , below, 
presents the percentual figures for the frequency o f abscesses, extracted 
from published reports. 

T A B L E 2 

The Frequency of Abscesses in the Literature 

Author Year Percentage Remarks 

BUSINGER 1928 62.9 

DouB & BADGLEY 1932 84.0 

BiERRiNG 1934 78.0 

THOMSEN 1939 64.0 ind . X - ray visible 

80 % 

M E Y E R D I N G 1940 52.3 

Harris & Coulthard 1942 90.0 

L A U G E H A N S E N 1946 25.0 

A L V I K 1949 39.8 incl. X - ray visible 

91.7 % 
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The Frequency of Fistulae according to the Literature 

Author Year Percentage Remarks 

Kuss 1931 21 .2 

KOFMANN 1933 10.0 

STALMANN 1935 18.8 
THOMSEN 1939 23.0 
WALHEIM 1939 25.0 
BoswoRTH & L E V I N E . . 1949 38.9 
ALVIK 1949 13.4 with children 

11.9 % 

BETTMAN ( 1 9 2 8 ) was o f the opinion that the delayed puncturing o f 
abscesses, or puncturing carried out in a technically unsatisfactory way, 
caused fistula, mixed infection, amyloidosis, mihary tuberculosis and men­
ingitis. H A R R I S and C O U L T H A R D ( 1 9 4 2 ) stressed that infection of the sinus 
is not dangerous in itself but that secondary infection of the bony tissue 
created a very serious situation. 

L A N G E ( 1 9 2 4 ) challenged the assumption that kyphosis is unavoidable, 
and stated that the first task was that o f preventing gibbus formation. 
BUSINGER ( 1 9 2 8 ) found kyphosis in 5 0 . 9 % o f cases, S T A L M A N N ( 1 9 3 5 ) 

in 1 0 % , and S T E I N M A N N ( 1 9 3 8 ) in 62 .5 % . O T T E R L O O ( 1 9 3 8 ) emphasized 

that children had a greater tendency towards kyphosis than adults. 
In the year 1779 Percival Pott pubhshed his famous monograph entitled 

»Remarks on that kind of Palsy of the L o w e r Limbs which is frequently 
found to accompany a Curvature o f the Spine, and is supposed to be 
caused by i t » . Questions relating to the symptomathology o f paraplegia in 
tuberculous spondyhtis were given consideration by D E N K ( 1 9 2 4 ) , 

The frequency o f abscesses varies between 2 3 and 1 0 0 % . Those which 
are visible radiologically, but which exhibit no clinical symptoms, increase 
the frequency to 8 0 — 9 1 . 7 % . Post-mortem findings g ive a figure which 
attains 100 % . Authors do not always state the basis on which their esti­
mate has been made. 

The frequency of fistulae, according to the literature, varies between 
1 0 and 38 .9 % . 

Table 3 , below, gives the fistula frequency according to publiched 
reports. 

T A B L E 3 
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O t h e r T u b e r c u l o u s M a n i f e s t a t i o n s . 

B U S I N G E R ( 1 9 2 8 ) gave a figure o f 56 .5 % for patients with other tuber­
culous lesions. From their material, C L E V E L A N D and P Y L E ( 1 9 2 9 ) inferred 
that cases with many other manifestations react unfavourably. In children 
with tuberculous spondylitis, W I D E N H O R N ( 1 9 3 5 ) found that 81 % had pri­
mary infection in the lungs, and 2 % in the abdomen. D U N C A N ( 1 9 3 7 ) stat­
ed that pulmonary tuberculosis associated with bone and joint tuberculosis 
is likely to be extremely benign. R I V O I R ( 1 9 3 8 ) , on making follow-up 
examinations o f patients affected by spondylitis, found 5 — 1 2 . 8 % of uro­
genital lesions. F. L A N G E N S K I Ö L D ( 1 9 2 3 ) emphasized the significance of 
pleuritis in the antecedent history. In an insurance series, T H O M S E N ( 1 9 3 9 ) 
found 3 5 % o f multiple lesions. H A R R I S and C O U L T H A R D ( 1 9 4 2 ) were of 

the opinion that pulmonary tuberculosis is the worst complication. 
B U S I N G E R ( 1 9 2 8 ) , Kuss ( 1 9 3 1 ) , A L V I K ( 1 9 4 9 ) and S N E L L M A N ( 1 9 5 0 ) reported 

concomitant of urogenital tuberculosis. H A R R I S and C O U L T H A R D ( 1 9 4 0 ) 

B U S I N G E R ( 1 9 2 8 ) , R U M M E L H A R D T ( 1 9 3 0 ) , Kuss ( 1 9 3 1 ) , A R N E S E N ( 1 9 3 2 ) , 

S E D D O N ( 1 9 3 5 ) , G R I F F I T H , S E D D O N and R O A F ( 1 9 5 6 ) . 

Table 4 gives the frequency o f paraplegia in the literature. 

T A B L E 4 

The Frequency of Paraplegia in the Literature 

Author Year Percentage 

Z u r N E D D E N 1919 11.2 

SCHMIEDEN 1930 12.0 

A L B E E 1930 7.7 

THOMSEN 1939 12.4 

C L E V E L A N D 1940 23.7 

M E Y E R D I N G 1940 17.5 

C H A N D L E R & P A G E 1940 7.7 

H A R R I S & C O U L T H A R D 1940 16.3 

B o s w o R T H & L E V I N E 1949 15.8 

A L V I K 1949 5.6 

DoBsoN 1951 24.8 

H A L L O C K & JONES 1954 12^0 

T h e frequency o f paraplegia is reported to vary between 5,6 % and 
2 4 , 8 % . 
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13.0 

21.4 

17.4 3.9 59.7 3.6 1.2 

It thus seems that there are widely differing reports as regards other 

manifestations. The most important sites are the bones and joints, the 

lungs and the urogenital system, with a surprisingly small number o f 

reports of meningitis. 

D i g a n o s i s a n d d i f f e r e n t i a l d i a g n o s i s . 

C L E V E L A N D an P Y L E ( 1 9 2 9 ) were astonished at the length of time that a 

patient had to stay at a hospital, waiting for effective treatment to begin. 

Kuss ( 1 9 3 1 ) recommended more frequent suspicion o f tuberculosis of the 

spine if radiating pains, i.e. »distant» symptoms were present. G Y L L I N G 

(1951 ) gave a description o f three cases o f tuberculosis o f the spine in 

which positive myelography resulted in exploration o f the disc, a disc 

prolapse being suspected. D O U B and B A D G L E Y ( 1 9 3 1 ) , H E L L S T A D I U S ( 1 9 4 6 ) , 

GIRDLESTONE ( 1 9 5 0 ) and B R O C H E R ( 1 9 5 3 ) laid emphasis on the significance 

of the narrowed intervertebral space as being the first radiological symptom 

in tuberculosis of the spine. S C H U B E R T H ( 1 9 2 8 ) urged the necessity o f taking 

X-ray pictures of the whole o f the spine, and H E L L N E R ( 1 9 3 7 ) attached 

importance to taking roentgenograms in two projections. H E L L S T A D I U S 

BUSINGER . . . 1928 

ALBEE . . . 1930 

Kuss . . . 1931 

DUNCAN . . . 1937 

STEINMANN . . . 1938 

WALHEIM . . . 1939 

CHANDLER & PAGE . . . 1940 

HARRIS & COULTHARD . . . . . . 1940 

HARRIS & COULTHARD . . . . . . 1942 

B o s w o R T H & L E V I N E . . . 1949 

A L V I K . . . 1949 

HALLOCK & JONES . . . 1954 

33.0 10.0 

2.4 

54.5 7.0 

35.9 24.2 

12.5 

25.0 

61.5 

30.0 26.3 

21.4 15.6 

24.3 

59.7 3.6 

51.0 

stressed that in tuberculous spondylitis the urine test is as important as 

a picture of the lung. In Table 5, below, are given the various sites and 

the frequency of such manifestations. 

T A B L E 5 

The Frequency of Other Tuberculous Manifestations in Connection with 

Tuberculous Spondylitis according to the Literature, Given as Percentages 

Author Year and Lungs "^¡j"" Glands 

joints * system 

17.0 33.0 10.0 12.0 

2.8 

24 .2 54.5 7.0 6.0 
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(1946) described a case in which tuberculous necrosis o f the whole of the 
5th lumbar vertebra was not apparent on the roentgenogram. BROCHER 
(1953) assumed that modern tomography would disclose similar cases. 
S T E N S T R Ö M (1951) pointed out that tomography reveals small areas of 
bone destruction that are not visible in normal roentgenograms in tuber­
culosis. C L E V E L A N D and B O S W O R T H (1942) drew attention to the fact that 
the roentgenogram fails to show the full extent o f the whole process in 
the vertebra. BÜSSEM (1933) gave it as his opinion that to be visible on the 
normal roentgenogram the focus would have to be 1̂ 4 cm in diameter. 
H A G E L S T A M (1948) drew attention to certain condisions in tuberculosis of 
the spine which are similar to spondylolisthesis. A . L A N G E N S K I Ö L D (1953) 
gave a description o f » i v o r y vertebra» in tuberculous spondylitis, a radio­
logical phenomenon which is also present under other conditions. E D G R E N 
and V A I N I O (1957) have discussed the differential diagnosis in cases of tuber­
culosis of the spine. Questions relating to differential diagnosis were also 
given consideration by M E Y E R and C U N Y (1926), P E T T E R and M E D E L M A N 

(1934), G O L D and S T E R N B E R G (1935), W I D E N H O R N (1935), H I L D E B R A N D 

(1936), W A S S E R F A L L E N (1946), S I C A R D and T E R Q U E M (1954), and others. 

The relationship between low back pain and lumbo-sacral tuberculosis is 
treated in a different paper. A m o n g 3,203 cases of back trouble treated 
at the Orthopaedic Clinic, there were 20 cases of lumbosacral and 11 cases 
of sacroiliac tuberculosis which were being given treatment elsewhere, 
without diagnosis, as ordinary cases of pain ( B A K A L I M , 1959). 

Tuberculosis o f the spine must accordingly always be taken into con­
sideration when back troubles are being treated. The first o f the radiolo­
gical symptoms may be a narrowed intervertebral disc. Tomography is 
very important in such cases. 

T r e a t m e n t 

G e n e r a l P r i n c i p l e s . 

Emphasis was laid upon the importance of general treatment by 
R O L L I E R (1913), M A U (1924), K Ö N I G (1928), A L L I S O N (1928), SEDDON 

(1935), C O M P E R E and JEROME (1935), K E Y (1940), C L E V E L A N D (1940), 

M E Y E R D I N G (1940), M A Y E R (1940), etc. Rest, nutritious food, vitamins, 
and certain special forms of diet were earlier the rule in the treatment 
o f tuberculosis. Heliotherapy, introduced by R O L L I E R (1913) and 
V u L P i u s (1913), is still advocated today, as is lying in the open air, 
especially where pulmonary tuberculosis is concerned. Sun and light 



15 

treatment were also recommended by M E N A R D ( 1 9 1 3 ) , K R O G I U S ( 1 9 2 1 ) , 

P A L M E N ( 1 9 2 2 ) , J O H N S T O N E ( 1 9 2 7 ) , A L L I S O N ( 1 9 2 7 ) , K Ö N I G ( 1 9 2 8 ) , JOISTEN 

(1928, 1 9 2 9 ) , D U C R E Y ( 1 9 3 6 ) , and M E Y E R D I N G ( 1 9 4 0 ) . A L L I S O N ( 1 9 2 7 ) laid 

stress upon the combination of this treatment with surgical intervention. 
During the »historical» period o f spondylitis treatment, the application 

of force to bring about reduction by means of manual pressure, traction 
or extension was proposed, those advocating such treatment being C A L O T 
and PIERRE ( 1 8 9 5 ) , H E U S N E R ( 1 8 9 9 ) , and R É D A R D ( 1 8 9 9 ) . The experience 

gained with this method was not satisfactory however, and gentler means 
of gradual reduction were introduced by v . F I N C K ( 1 9 0 4 ) , W Ö L L S T E I N 

(1904) , G A U G E L E ( 1 9 0 9 ) , B I E S A L S K I ( 1 9 2 3 ) and W A L D E N S T R O M ( 1 9 2 4 ) , the 

last-mentioned combining this form of treatment with spinal fusion in 
accordance with A L B E É ' S method. N I T S C H E ( 1 9 3 4 ) and O R E L L ( 1 9 4 2 ) 

rejected reduction completely because o f the gaps arising between the 
vertebrae. 

The L O R E N Z plaster bed still constitutes part o f the routine treatment 
of tuberculosis. The importance of this means o f securing immobilization 
was pointed out by F . L A N G E N S K I Ö L D ( 1 9 2 3 ) , L A N G E ( 1 9 2 4 ) , B E T T M A N N 

(1927) , JOISTEN ( 1 9 2 8 ) , v . G A Z A ( 1 9 3 2 ) F R E U N D ( 1 9 3 3 ) , H E R L Y N and K O C H S 

(1935) , COMPERE and JEROME ( 1 9 3 5 ) , W A H R E N ( 1 9 3 6 ) , C A L V E and G A L L A N D 

(1936) . W A L D E N S T R O M ( 1 9 2 4 ) and H I L S E ( 1 9 2 7 ) employed sheets of felt 

under the gibbus for gradual reduction and W A L H E I M ( 1 9 3 9 ) used filling, 
which had to be applied through a hole cut in the plaster. 

C h e m o t h e r a p y . 

G E R A R D , M A R C H A N T and S A L M O N ( 1 9 5 0 ) compiled a detailed synop­

sis of the chemotherapy employed in bone and joint tuberculosis. 
According to B O S W O R T H , P I E T R A and F A R R E L L ( 1 9 5 0 ) , healing depended 

upon the duration of medication with streptomycin rather than upon 
the total quantity. D A U B E N S P E C K ( 1 9 5 1 ) recommended the evacuation 
of abscesses and instillation of tuberculostatic drugs. K A S T E R T ( 1 9 5 0 , 
1956) used instillations of streptomysin after radical operations. B O S W O R T H 
and W R I G H T ( 1 9 5 2 ) , E V A N S ( 1 9 5 2 ) , H A R R I S , C O U L T H A R D and D E W A R ( 1 9 5 2 ) 

achieved the most satisfactory results in cases where chemotherapy had 
been combined with surgical treatment. E V A N S ( 1 9 5 2 ) stated that sanatorium 
treatment without surgery brought the worst results. A s regards the treat­
ment of old lesions by streptomycin, the results were not very good . 
VOLKERT ( 1 9 5 1 ) did not realize the advantages to be gained by the com­
bination of streptomycin with P A S . L A N G E and G L O G O W S K I ( 1 9 5 6 ) em-



16 

phasized that a combination o f isoniazid and streptomycin is more effective 
than P A S and streptomycin. G E R A R D and M A R C H A N T (1954) pointed out 
that chemotherapy has no effect until the reactions of the body itself, or 
the powers of defence, have established themselves. O R E L L (1951), accord­
ing to a number of papers, administered P A S for 2 weeks before intervention 
(evacuation of focus), then streptomycin and P A S a few days before and 
for two weeks after, and finally P A S . Conteben was given with PAS. 
Iproniazid was recommended by B O S W O R T H , W R I G H T , F I E L D I N G and 

Wilson (1953), and by B O S W O R T H (1959). V O L K E R T (1951) recommended 
1 gram of streptomycin ( 0 . 5 x 2 ) in 24 hours, in all 30—70 grams. For 
children, the dosage would be 0.25—0.5 grams in 24 hours. B O S W O R T H , 
P I E T R A and F A R R E L L (1950) prescribed 2.0 grams every sixth hour during 
the first week, then 1 gram a day, and subsequently 0.5 grams a day. E V A N S 
(1952) used small doses of streptomycin over a longer period: 1.2 grams X 
2 each week, and 4 grams o f P A S daily. H A R R I S , C O U L T H A R D and D E W A R 

(1952) also recommended 0.5 grams X 2 daily. Local applications of 
streptomycin were made seldom, and without exception only in cases 
where intramuscular injections proved fruitless. A s regards P A S , the dosage 
should be 10 grams daily. For adults, E R L A C H E R (1955) used streptomycin 
0.5 grams X 2, for children under the age o f 15, 0.25 grams X 2, and for 
those under 5, 0.125 grams χ 2. A s for isonaizid, 50 milligrams should be 
given per 10 kilograms of body-weight every 24 hours. From 10—14 
grams of P A S should be given every 24 hours. 

F I N L A N D , M U R R A Y , H A R R I S , K I H L M A N and M E A D S (1946) were of the 

opinion that the emergence of drug resistance is a greater danger with 
streptomycin than it is with penicillin. D A U B E N S P E C K (1951) was unable 
to detect any resistance during the second cure. H A R R I S , C O U L T H A R D and 
D E W A R (1952) pointed out that resistance did not develop if the patient were 
simultaneously getting 10 grams o f P A S daily. During the period 1948—49, 
resistance occurred in every case but one, streptomycin alone being used. 

Accordingly, a combined treatment with streptomycin, isoniazid and 
P A S is to be preferred. The problem of drug resistance is o f great impor­
tance. Streptomycin is given mostly in doses of 1.0 gram, isoniazid 0.3 
gram, and P A S 10—14 grams every twenty-four hours. 

S p i n a l F u s i o n . 

I n d i c a t i o n s . The object o f A L B E E (1911), H E N L E (1911), and 
H I Β BS (1912) was to achieve spinal stabihty and to eUminate the functional 
insufficiency brought about by the lesion. 
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Having operated upon three cases ( 1 9 1 1 ) , A L B E E recommended spinal 
fusion in every case o f tuberculosis o f the spine, provided that neither 
fistula nor abscess was present in the operative region. In 1 9 3 5 , he gave 
detailed indications: paraplegia, paravertebral abscess, multiple lesions. The 
fistula was insignificant. Every age-group was to be operated on. The sole 
contra-indication was high temperature. F. L A N G E N S K I Ö L D ( 1 9 2 3 ) intro­
duced A L B E E ' S spinal fusion into Finland, adopting it as the normal method 
for the treatment o f tuberculous spondyhtis; the contra-indications were 
very large kyphosis and cervical tuberculosis. Preliminary treatment was 
advised for abscesses and paraplegia. Furthermore, he pointed out that 
the reduction of the period of treatment would have social and economic 
consequences. A t that time, German surgeons were in general opposed 
to ALBEE 'S operation because o f the complications and the poor results 
obtained: S C H M I E D E N ( 1 9 3 0 ) , B A U E R and J E N N E R ( 1 9 3 3 ) , B É R A R D and 

K N O R R ( 1 9 3 9 ) . A L B E E ( 1 9 1 1 , 1 9 3 0 ) , H I B B S ( 1 9 1 2 ) , and HOESSLY ( 1 9 1 6 ) 

wished to carry out the operation at as early a stage as possible, v . G A Z A 
(1932) and B I E R R I N G ( 1 9 3 4 ) recommended it to be done somewhat later, 

and W A L D E N S T R O M ( 1 9 2 4 ) , D E N K ( 1 9 2 4 ) , D U B O I S ( 1 9 2 7 ) , JOISTEN ( 1 9 2 8 ) , 

FREUND ( 1 9 3 3 ) , W A L H E I M ( 1 9 3 9 ) , and M E Y E R D I N G ( 1 9 4 0 ) felt that it should 

be performed in the final stage after conservative treatment. Contrary to 
the opinion expressed by A L B E E ( 1 9 1 1 ) , many surgeons disapproved of 
spinal fusion as far as children were concerned, as for instance H I B B S 
(1912) , H E N D E R S O N ( 1 9 1 7 , 1 9 2 9 ) , M A U ( 1 9 2 4 ) , SORREL and R O C H E R ( 1 9 2 9 ) , 

M A R I A N T C H I K ( 1 9 3 5 ) , W I D E N H O R N ( 1 9 3 5 ) and F I N K E L S T E I N ( 1 9 3 8 ) . A c ­

cording to F R O M M E ( 1 9 2 0 ) , D A R D E L ( 1 9 2 8 ) , S C H M I E D E N ( 1 9 3 0 ) , F. L A N ­

GENSKIÖLD ( 1 9 3 2 ) and S T E I N M A N N ( 1 9 3 8 ) , tuberculous manifestations in 

other organs are contra-indications. 

T e c h n i q u e . In A L B E E ' S original method of 1 9 1 1 , the spinous pro­
cesses had to be split medially. A graft from the tibia, 1 0 — 1 9 cms in length, 
6 to 1 2 mms in breadth, and 6 — 9 mms thick was inserted in the furrow 
so formed. Fixation was achieved by means o f careful suturing of the 
supraspinal and interspinal hgaments; A L B E E made use of kangaroo 
tendons for suture material. I f the kyphosis were too acute-angled for a 
straight graft, an arched splint had to be sawn from the tibia, this 
splint being less curved than the kyphosis in order to maintain the 
correcdon produced by manual pressure and recumbency. Should 
the kyphosis be large, the sawing of notches was recommended, 
and the splint had to be bent. In such a case, a spinal brace was 
necessary during postoperative treatment, but it was to be used in 
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no other instance, the primary stabiUty afforded by the graft being 
sufficient. 

In 1 9 3 0 , A L B E E published an account which laid stress upon the neces­
sity o f immobilization o f only 1 healthy spinous process above and below 
in the lumbar region, but 2 healthy spinous processes above and below 
in the thoracic region. So as to avoid any interference with the blood 
supply, a point which A L B E E especially emphasized, only one half of the 
spinous process was to be bent outwards. In cases with larger kyphosis, 
the graft had to be rendered flexible by means of longitudinal cuts with 
the saw. I f there were extensive kyphosis, only longitudinal bone slips 
were employed. 

H E N L E ( 1 9 1 1 ) made the skin incision 1—1 34 cm laterally from the 
medial line. The spinous processes were exposed, and the fascia and muscles 
detached from the spinous processes on either side. A sUght manual pres­
sure was then put on the kyphosis. He spht the tibial graft longitudinally 
into two parts o f equal size, and fixed it on either side o f the spinous 
processes. Fixation was achieved by means o f silk threads drawn around 
both grafts through the interspinal Ugaments. I f the shape o f the kyphosis 
was unsuitable for straight grafts, H E N L E sawed arched grafts from the 
tibia. I f the kyphosis was very large, he advised breaking of the graft, 
preferably by infraction. 

H I B B S ( 1 9 1 2 ) made an incision in the medial line. The periosteum was 
spUt over the spinous processes, and turned aside to the transverse pro­
cesses. Each spinous process had to be exposed, and following this, they 
were removed from their bases, and turned over, thus forming bridges 
over the spaces between the vertebral arches. The bases were then lying 
on the raw surfaces of the arches, with the tips on the surface of the follow­
ing arch. Later, these three methods had innumerable modifications: 

H A L S T E A D ( 1 9 1 5 ) and P O L Y A ( 1 9 2 1 ) cut the spinous processes off at the 

base, placing the graft as near to the focus as possible. K I P N I S ( 1 9 2 6 ) and 
S P R I N G E R ( 1 9 2 8 ) totally removed the spinous processes for the same 
reason. Roos ( 1 9 2 3 ) set the graft laterally between the spinous processes 
and the arches. H A S S ( 1 9 2 1 ) cut and turned to one side the tips of the 
spinous processes. A L L I S O N ( 1 9 2 8 ) split the spinous processes in three 
parts, and placed a graft on either side. C A L V É and G A L L A N D ( 1 9 3 6 ) and 
NicoD ( 1 9 4 2 ) fused the arches. COMPERE and JEROME ( 1 9 3 5 ) and PETTER 

( 1 9 3 7 ) ankylosed the small intervertebral joints, excising the facets. ELSNER 
( 1 9 2 2 ) bored holes through the bases o f the spinous processes and drew 
silver threads through them. M A G N U S O N ( 1 9 2 4 ) advocated screw fixation 
of the graft. M Y R O N and G E I S T ( 1 9 3 3 ) employed a modification of HIBB'S 
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operation, making finger-nail-sized tibial grafts. G I B S O N ( 1 9 3 1 ) and BOS­
WORTH ( 1 9 4 2 , 1 9 4 5 ) introduced the » f i -g ra f t» . G J E S S I N G ( 1 9 5 1 ) recom­

mended anterior spinal fusion. B O S W O R T H ( 1 9 5 6 ) suggested his »circum-
duction method». C A L V É ( 1 9 2 8 ) and O R E L L ( 1 9 4 2 ) , in contrast to A L B E E , 

recommended a short and broad connection between a few vertebrae. 
O R E L L ( 1 9 4 2 ) introduced a method making use o f »os novum». B O S W O R T H , 

W R I G H T , F I E L D I N G and G O O D R I C H ( 1 9 5 3 ) abandoned the employment o f 

bank bone for spinal fusion in tuberculosis. 
A faulty location o f the graft is an aggravating complication. W A L D E N ­

STROM ( 1 9 2 4 ) drew a catgut suture through the skin as a marker. D U C R E Y 
(1936 ) used two needles. C A L V E ( 1 9 2 8 ) made use o f a special screw with 
a handle, which was inserted into the spinous process. L E C L E R C E ( 1 9 3 6 ) 
recommended methylene blue solution, and O R E L L ( 1 9 4 2 ) drove in a 
Rissler's nail, about 1 5 — 2 0 cm long, which had to be palpable through 
the skin, the X-ray picture being then taken. 

P o s t - o p e r a t i v e T r e a t m e n t . 

A L B E E ( 1 9 1 1 , 1 9 3 5 ) prescribed rest in bed for six weeks after the per­
formance of spinal fusion with no subsequent support, in accordance 
with the principle o f substitution of external by internal fixation, that is 
to say the graft. The implementation of this rule gave rise to many failures 
in spondylitis therapy. 

F. L A N G E N S K I Ö L D applied a rule ( 1 9 2 3 ) o f rest in bed for six to eight 
weeks in hospital fol lowing the operation; furthermore, patients were 
instructed not to engage in employment for a period of one year. During 
the first eight months, they were allowed to get up at meal-times only, 
and for visits to the toilet. Otherwise, they had to lie supine on a rather 
hard mattress. Certain authors recommended that despite the operation, 
the usual conservative treatment should be given ( B U S I N G E R 1 9 2 8 , S C H M I E ­
DEN 1930, and F R E U N D 1 9 3 3 ) . O D E L B E R G - J O H N S O N ( 1 9 3 4 ) , O R E L L ( 1 9 4 2 ) 

and A L V I K ( 1 9 4 9 ) recommended individual treatment, with regular X-ray 
examination and checks o f blood sedimentation rate. B E T T M A N ( 1 9 2 8 ) 
stressed the necessity for supervision extending over a period of years, 
and of great care in the use o f the back. C H A N D L E R and P A G E ( 1 9 4 0 ) wished 

to extend supervision to the whole lifetime o f the patient. 

A plaster bed was made use of by L A N G E ( 1 9 2 4 ) for six weeks subsequent 
to die performance of spinal fusion, by W A L D E N S T R O M ( 1 9 2 4 ) and W A H R E N 

(1936) for two to three months, and by B I E R R I N G ( 1 9 3 4 ) , and G R I G O R E S C U 

and V A S I L I U ( 1 9 3 6 ) for two months. 

G U I L D A L ( 1 9 2 3 ) , D E N K ( 1 9 2 4 ) and E L Y ( 1 9 2 6 ) prescribed the wearing 



20 

o f a leather corset for one year after the plaster bed. W A H R E N ( 1 9 3 6 ) used 
either a plaster jacket or a leather corset. F . L A N G E S K I Ö L D ( 1 9 2 3 ) pre­
scribed a spinal brace for children only. Mere rest in bed after spinal fusion, 
without a plaster bed, was employed by F . L A N G E N S K I Ö L D ( 1 9 2 3 ) , by M A U 
( 1 9 2 4 ) for twelve weeks, by E L Y ( 1 9 2 6 ) for six weeks, by O D E L B E R G -

J O H N S O N ( 1 9 3 4 ) for six to eight weeks, by A C K E R M A N N ( 1 9 3 7 ) for eight 

to ten weeks, and by S W I F T ( 1 9 4 0 ) for from three weeks to four months. 
H O F F M A N ( 1 9 2 5 ) stressed the necessity for using a spinal brace and a piaster 
bed because of the healing in o f the graft. 

There is considerable divergence of opinion among authors as to post­
operative treatment. Some prescribe rest in bed, plaster bed, plaster jacket 
or leather corset; the period o f immobilization varies. 

C o m p l i c a t i o n s i n c o n n e c t i o n w i t h B o n e G r a f t i n g . 
A L B E E makes no mention of graft complications in his first publication 

of 1 9 1 1 . In 1 9 3 0 , he had one fracture among 8 6 5 spinal fusions. LEXER 
( 1 9 2 5 ) stated that fracture and resorption of the graft were of frequent 
occurrence. B I E S A L S K I ( 1 9 2 3 ) had three pseudarthroses among eight patients 
undergoing spinal fusion. E L Y ( 1 9 2 6 ) wrote that spinal fusion often proved 
a failure because o f breakage of the bone bridge. The frequency of pseud-
arthrosis in the graft according to the literature is shown in Table 6. 

T A B L E 6 

Frequency of Pseudarthrosis in the Graft, According to the Literature 

Author Year Percentage 

W A L D E N S T R O M 1924 17.5 % 

O D E L BERG-JOHNSON 1934 12.9 % 

W A H R E N 1936 25.0 % 

S T E I N M A N N 1938 6.3 % 

M E Y E R D I N G 1940 3.3 % 

H A R R I S & C O U L T H A R D 1942 8.0 % 

A L V I K 1949 12.9 % 

KLOSSNER 1949 17.1 % 

H A L L O C K fie JONES 1954 26.0 % 

The frequency accordingly varies between 3.3 % and 2 6 . 0 % . 
L E X E R ( 1 9 2 5 ) considered the graft to be exposed to a bending force 

( » K n i c k u n g » ) . B I E S A L S K I ( 1 9 2 3 ) , B A U E R and J E N N E R ( 1 9 3 3 ) were of the 

opinion that the spondylitic process determines the future of the graft, 
bringing about pseudarthrosis i f necessary, softening the transplanted bone 
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and transforming it. L A N G E ( 1 9 2 4 ) laid stress upon the extreme fragihty 
of tibial grafts; a sudden movement might cause a fracture. W A L D E N S T R O M 
( 1 9 2 4 ) stated that fractures always occur after a trauma. B I E S A L S K I ( 1 9 2 3 ) , 
M A U ( 1 9 2 4 ) and JOISTEN ( 1 9 2 8 ) expressed agreement with LOOSER'S old 

doctrine of rebuilding areas (»Umbauzonen») , and their transformation 
into pseudarthrosis, that is a substitution process lasting from nine to 
twelve months. During this period, the graft would be sensitive to any 
trauma. L E X E R ( 1 9 2 5 ) described fibre formation within the longitudinal 
lamellae not identical with Looser's areas o f rebuilding. O D E L B E R G - J O H N -
SON ( 1 9 3 4 , 1 9 3 9 ) , partly on the basis o f experimental work, discussed this 
question in detail. He was o f the opinion that the graft gradually under­
goes physiological necrosis and resorption, being replaced by new bone. 
Fractures in the graft would occur when the graft, more or less resorbed, 
is exposed to a trauma which might be acute, or have a slight or gradual 
effect. Even physiological movements, such as bending, may bring about 
fracture. O R E L L ( 1 9 4 2 ) mentioned that from six to seven weeks have to 
elapse before the union with the bed is sufficiently strong, and that fracture 
may occur. Normally, the interval is from four to seven months, reckoned 
from the date o f the operation. In their material, H A R R I S and C O U L T H A R D 
(1942) found that fractures occurred most often between L V and S I . 
JuHL ( 1 9 4 2 ) found that a fracture occurred in every instance in which the 
bone bridge extended downwards to the sacrum. A L V I K ( 1 9 4 9 ) had fractures 
only in the application of long grafts; none occurred with short ones. 
H A L L O C K and JONES ( 1 9 5 4 ) gave the following factors as an explanation 

of the phenomenon: ( 1 ) the local effect o f the tuberculous infection, ( 2 ) 
posterior site o f the focus in the vertebra, ( 3 ) the tendency of the graft to 
bend forwards, with the consequent effect o f extension o f the graft as 
well as the fusing spinous processes. In this respect, grafts in the lower 
thoracic and thoraco-lumbar regions are the most liable to fracture. 

Roos ( 1 9 2 3 ) emphasized that the healing of graft fractures is not proved. 
ODELBERG-JOHNSON ( 1 9 3 4 ) considered that if fracture make their appearance 
during the stage of regression, they exhibit good capacity for heahng with 
conservative treatment. I f the vertebrae are already well fused, the graft frac­
ture will prove to be insignificant. I f inflexion is gradually increasing, 
together with angulation o f the graft, the tendency to heal is slight. In two 
cases, a fracture occurred even with renewed transplantation of bone. S T E I N -
M A N N ( 1 9 3 8 ) stressed that the results were wholly dependent upon the tuber­
culous process in the vertebra. I f the lesion is limited, the graft is strongly 
inclined to heal. As soon as the lesion has healed, the graft heals too. In some 
instances, the vertebrae are destroyed and collapse, in spite o f the graft. 
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L E X E R ( 1 9 2 5 ) , H O F F M A N ( 1 9 2 5 ) and S T E I N M A N N ( 1 9 3 8 ) considered that 

too early getting up and placing of stress upon the graft leads to fracture 
and pseudarthrosis. T o the contrary O D E L B E R G - J O H N S O N ( 1 9 3 4 ) and O R E L L 

( 1 9 4 2 ) emphasized the importance o f a short immobilisation if graft frac­
tures are to be avoided. I f the patient is confined to bed for a lengthy 
period, there is a risk that the graft will be resorbed. The patient should 
stay in a plaster bed for seven to eight weeks, and wear a corset for twelve 
to eighteen months. According to O R E L L , the patient should be allowed 
to get up from two to three months after the spinal fusion. 

Thus according to the literature, the frequency o f fractures or pseud-
arthroses o f the graft varies between 3.3 % and 2 6 % . Many authors 
enter into discussion of the cause o f graft fractures, and present various 
theories concerning rebuilding areas (»Umbauzonen») , trauma, physiol­
ogical trauma, long grafts, and the location between L V and S I . The 
graft fracture may heal spontaneously, but this depends upon the course 
o f the disease in the vertebra. Some authors are o f the opinion that too 
early stress is an important factor in causing fracture whereas others 
believe the exact opposite. 

R e s u l t s o f T r e a t m e n t 

R o L L i E R ( 1 9 1 3 ) described the process o f heaUng as seen on the X-ray 
picture as follows: 1 ) clear limitation and demarcation. Sclerosis occurring 
at the edges o f the focus. 2 ) resorption of pathological products, 3 ) func­
tional readaptation of structures and bone. Block formation, 4 ) reparative 
processes with bridge formation and reorganization of small abscesses. 
Fining o f defects with tissue. H E R L Y N and K O C H S ( 1 9 3 5 ) pointed out the 
significance of recalcification and increased density o f structures. SCHEEL 
( 1 9 3 9 ) also analyzed the osteosclerosis in tuberculosis o f the spine. A D A M S 
and D E C K E R ( 1 9 3 7 ) , W E S T E R M A R K and F O R S M A N ( 1 9 3 8 ) and H E L L S T A D I U S 

( 1 9 4 6 ) made endeavours to classify the different types and stages of tuber­
culous spondylitis seen in X-ray pictures. 

The signs of healing in the X-ray picture may accordingly be as follows: 
clear limitation, sclerosis and increased density, the filling o f defects, 
fusion and block formation. 

V e r t e b r a l r e c u r r e n c e s . 

B U S I N G E R ( 1 9 2 8 ) stated that as far as a recurrence is concerned, one 
never knows for certain whether a tuberculous lesion has healed com­
pletely; it is necessary to take into consideration the risk o f a relapse. 
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even though the disease is completely quiescent. The second and the 
third year after healing are the most dangerous, relapse sometimes 
taking place f ive , seven and nine years subsequently. H e recommended 
re-examination at intervals o f from six months to one year. N I T S C H E 
( 1 9 3 4 ) was of the opinion that the period of healing lasted up to 
thirty years, and that tuberculous spondylitis might recur after twenty 
years or more. W A L H E I M reported ( 1 9 3 9 ) 6 % o f relapses among 
operatively treated cases, and 1 8 % among those given conservative treat­
ment. C L E V E L A N D ( 1 9 4 0 ) mentioned two relapses after six years among 
50 operatively treated cases, generally with a good subsequent result on 
re-examination after a period of seven years. M E Y E R D I N G ( 1 9 4 0 ) found 
3.8 % of relapses. SERRÉE, D E T T L O F F , H U B E R T and V E R N E T ( 1 9 5 0 ) had 

1 0 % of relapses after early spinal fusion, and only 2 % with classical 
conservative treatment. O R E L L ( 1 9 5 6 ) considered that in some cases there 
was no possibility o f preventing relapse. 

Publications thus indicate that relapses may occur many years after 
spinal fusion or after conservative treatment. The frequency varies bet­
ween 2 .0 % and 1 0 . 0 % . 

N e w m a n i f e s t a t i o n s . 

D A R D E L ( 1 9 2 8 ) stated that new manifestations may occur in the 
pleura, kidneys and coxa during after-treatment, and ascribed this to 
too early rising from bed and too short a stay in hospital. A D A M S 
(1940) wrote that the healing of the spondylitis does not prevent 
the development o f new foci in joints, or in the lungs or kidneys. 
H A R R I S and C O U L T H A R D ( 1 9 4 0 ) estimated the new manifestations in the 

hip, knee, adrenals, the genitourinary tract and the meninges at 1 2 % . 
SWIFT ( 1 9 4 0 ) pointed out that even after the disease has been quiescent 
for years the patient might present evidence o f virulent infection. 

T h e e n d r e s u l t s a f t e r s p i n a l f u s i o n . 
ALBEE ( 1 9 1 1 , 1 9 3 0 , 1 9 3 5 ) reported good resuhs in each publication. For ex­
ample, in the year 1 9 3 0 , he reported 9 0 % of results as successful, 1 0 % not 
being so. There was severe criticism of A L B E E ' S g o o d results when subse­
quent experience showed that the cases concerned did not always fol low a 
favourable course ( S C H M I E D E N 1 9 3 0 , B I E R R I N G 1 9 3 4 and B E C K E R 1 9 3 7 ) . F. 

LANGENSKIÖLD gave an introductory lecture at the Fifth Meeting o f the 
Scandinavian Orthopaedic Society in Stockholm, 1 9 2 3 ; twenty patients 
out of a total of thirty-four who had undergone spinal fusion had recovered, 
and were fully fit for work within periods of six months to two and a half 
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years. Guildal, who also spoke at this meeting in 1 9 2 3 , reported good 
results for most of the cases, and arrest o f the kyphotic process, and W A L ­
D E N S T R O M reported (the was published in 1 9 2 4 ) that of eighty patients 
undergoing operation fiftysix had recovered. In 5 8 cases, the spine was 
quite straight without kyphosis. K Ö N I G ( 1 9 2 8 ) was of the opinion that 
spinal fusion prevented kyphosis from developing, and kept it within 
reasonable bounds. Nevertheless, the effect upon a large gibbus was un­
certain. D A R D E L ( 1 9 2 8 ) and R E S C H K E ( 1 9 3 9 ) emphasized that spinal fusion 

contributes to quicker and more sound healing. In 1 9 3 0 , A L B E E ' S spinal 
fusion was placed upon the agenda for discussion at the German Surgical 
Congress. The discussion was opened by S C H M I E D E N , w h o condemned 
this method o f intervention on account o f bad results. 

The percentages of those recovering, those experiencing improvement, 
and those patients for whom failure was recorded as regards improvement 
and fitness for work, are given in Table 7 according to the authors of 
the pubUshed reports. 

T A B L E 7 

Results after Spinal Fusion, According to Publications Issued between 1917and 1954. 

Author Year Healed Improved N o t healed Remarks 

HENDERSSON 1917 42.4 % 45.2 % 2.7 % 

DEBRUNNER 1921 81.2 % 2.7 % 5.4 % 

F . L A N G E N S K I Ö L D 1923 64.5 % 6.5 % 

W A L D E N S T R O M 1924 72.5 % 

E L Y 1926 82.3 % 2.7 % 13.5 % 

K Ö N I G 1928 50.0 % 13.0 % 

D A R D E L 1928 74.0 % 6.4 % 

SCHMIEDEN 1930 25.0 % 56.0 % 10.0 % 

R U M M E L H A R D T 1930 98.9 % 

A L B E E 1930 73.0 % 17.0 % 8.0 % 

BAUER & JENNER 1932 50.0 % 10.0 % 

F . L A N G E N S K I Ö L D 1932 68.0 % 10.0 % 

H E R L Y N & K O C H S 1935 5 5 0 % 5.0 % 

GRIGORESCU & V A S I L I U . . 1936 29.0 % 60.9 % 

S T E I N M A N N 1938 63.6 % 31.9 % 4.5 % Mortality 

B E R A R D & K N O R R 1939 76.1 % 19.1 % 4.8 % rncluded 

W A L H E I M 1939 82.7 % 16.4 % 0.9 % 

C L E V E L A N D 1940 54.2 % 19.2 % 

S W I F T 1940 50.0 % 14.0 % 8.0 % 

M E Y E R D I N G 1940 63.6 % 11.6 % 6.3 % 

C H A N D L E R & P A G E 1940 74.3 % 10.3 % 

H A R R I S & C O U L T H A R D . . 1942 81.0 % 12.0 % 

KLOSSNER 1949 66.9 % 7.8 % 9.5 % 

H A L L O C K & JONES 1954 74.5 % 7.7 % 
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The percentage o f patients reported as being healthy and fit for work 
varies between 2 5 . 0 % and 9 8 . 9 % , in most series falling between 4 0 . 0 % 
and 80.0 % , between 2 .7 % and 6 0 . 9 % for » improved» , and finally, for 
»not healed» between 0 .9 % and 1 4 . 0 % , year after year. Statistics regard­
ing the results of spinal fusion since the introduction o f chemotherapy 
are not available. 

T h e e n d r e s u l t s a f t e r c o n s e r v a t i v e t r e a t m e n t . 

Bad results on conservative treatment before the introduction of tuber­
culostatic drugs were reported by L E S K I N E N ( 1 9 1 3 ) , F. L A N G E N S K I Ö L D 

( 1 9 2 2 ) , K Y R K L U N D ( 1 9 2 8 ) , B U S I N G E R ( 1 9 2 8 ) and L A G E R B O R G ( 1 9 3 1 ) . 

H E R L Y N and K O C H S ( 1 9 3 5 ) reported 2 6 % o f g o o d results. The series o f 

DOBSON ( 1 9 5 1 ) showed 5 5 % of healed cases. JOISTEN ( 1 9 2 9 ) , S W E T T , 

BENNET and STREET ( 1 9 4 0 ) , SERÉ, D E T T L O F F , H U B E R T and V E R N E T ( 1 9 5 0 ) 

found no difference between the results o f conservative treatment and 
spinal fusion. 

T h e e n d r e s u l t s a f t e r c o n s e r v a t i v e t r e a t m e n t 
w i t h t u b e r c u l o s t a t i c d r u g s . 

V O L K E R T ( 1 9 5 1 ) stated that there was improvement in hopeless 
cases. D A U B E N S P E C K ( 1 9 5 1 ) reported complete recovery o f children 
in fresh cases of skeletal tuberculosis (including spondylitis). Fistulae 
closed quickly ( D A U B E N S P E C K 1 9 5 1 , V O L K E R T 1 9 5 1 , D E R O Y and 

FISHER 1 9 5 2 ) . K . A T T H A G E N ( 1 9 5 4 ) held the v iew that chemotherapy 

had no great significance in the treatment of tuberculous spondy­
litis in closed cases. D E R O Y and F I S H E R ( 1 9 5 2 ) warned of the danger o f 
new lesions despite treatment with tuberculostatic drugs. A public health 
service cooperative investigation ( 1 9 5 2 ) made a comparison of cases o f 
streptomycin-treated skeletal tuberculosis (including spondylitis) with 
untreated patients and reported g o o d effects on the general condition and 
the secondary focus. Fistulae healed more rapidly. W I L K I N S O N ( 1 9 5 4 ) 
discovered no marked difference between a group o f forty-six patients 
treated by chemotherapy and anotlier group of sixty patients given con­
servative treatment alone. 

M o r t a l i t y . 

The immediate operative mortality brought about by post-operative 
shock, embolus, deaths due to narcosis, pneumonia and secondary in­
fection is reported in the respective publications. As may be expected in 
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C H A N D L E R & P A G E 1940 15.4 % 

C L E V E L A N D 1940 26.6 % 

H A R R I S & C O U L T H A R D 1940 12.0 % 

S W I F T 1940 28.0 % 

BoswORTH & L E V I N E 1949 37.3 % 

T A B L E 9 

Late Mortality after Concervative Treatment, According to the Literature 

Author Year Percentage 

Zur N E D D E N 1 9 1 9 59.0 % 

B E T T M A N 1928 33.0 % 

BUSINGER 1928 24.1 % 

S T A L M A N N 1935 22.9 % 

K O F M A N N 1937 28.0 % 

H A R R I S & C O U L T H A R D 1940 56.7 % 

In the spinal fusion group, the mortaUty varies between 12 .0 and 3 7 . 3 % . 
Only tuberculous comphcations are taken into account, and intercurrent 

an intervention o f tliis type, the figures are generally small. For example, 
D A R D E L ( 1 9 2 8 ) had one immediate post-operative death. In seven spinal 
fusions, S C H M I E D E N ( 1 9 3 0 ) had two deaths on the operation table. S W I F T 

( 1 9 4 0 ) had 1.4 % due to post-operative schock, and 5 % as a result of 
infections. M E Y E R D I N G ( 1 9 4 0 ) had 1 % . K L O S S N E R ( 1 9 4 9 ) reported three 

deaths in a series he had followed up, one being due to fat embolus, one 
to pneumonia and one to icterus. A L B E E ( 1 9 1 1 ) , H I B B S ( 1 9 1 8 ) , L A N G E N ­

S K I Ö L D ( 1 9 2 3 ) , W A L D E N S T R O M ( 1 9 2 4 ) , L A N G E ( 1 9 2 4 ) and W A L H E I M ( 1 9 3 9 ) 

cited no complications o f this type. 
According to the hterature, the cause o f death after discharge from 

hospital were as follows: mil iary tuberculosis, tuberculous meningitis, 
pulmonary tuberculosis, tuberculosis o f the kidneys, and, as a secondary 
complication, amyloidosis ( H I B B S 1 9 1 8 , D E N K 1 9 2 4 , E L Y 1 9 2 6 , K Ö N I G 

1 9 2 8 , Kuss 1 9 3 1 ) . The figures given by different authors for this late 
mortality after spinal fusion and following conservative treatment are 
detailed in Tables 8 and 9 . 

T A B L E 8 

Late Mortality after Spinal Fusion, According to the Literature 

Author Year Percentage 
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diseases are excluded. In the conservatively treated group, the mortality 
varies between 2 2 . 9 and 5 9 . 0 % , and thus the figures are considerable 
higher than those in the operatively treated group. F R E U N D ( 1 9 3 3 ) con­
sidered the mortality from this operation to be not much less than that 
found with conservative treatment. 

Finally, mention may be made of the effect o f possible complications on 
mortality. B U S I N G E R ( 1 9 2 8 ) stated that 35 .3 % died of an abscess, and only 
5 % had no abscess. O f 2 3 patients with fistulae, 1 4 died. According to 
S T A L M . \ N N ( 1 9 3 5 ) neither abscess nor fistula had any influence on mortality. 
C L E V E L A N D ( 1 9 4 0 ) stressed that 5 0 % of patients with fistula had died. 
A D A M S ( 1 9 3 4 ) found that young patients in the age group 1 2 — 2 0 had the 
highest mortality. H A L L O C K and JONES ( 1 9 5 4 ) stated that of patients with 
paraplegia 5 0 % died. B O S W O R T H , P I E T R A , R A H I L L Y ( 1 9 5 3 ) and G R I F F I T H , 

SEDDON and R O A F ( 1 9 5 6 ) gave similar figures for flaccid paraplegia; for 
partial and spastic paraplegia, the mortality was 6 . 7 — 1 4 % . 

Published information regarding the influence of chemotherapy upon 
the mortality in bone and joint tuberculosis, especially in tuberculous 
spondylitis, is scanty. A n attempt was made by B O S W O R T H and W R I G H T 
( 1 9 5 2 ) to divide their material into two periods, one before the advent 
of tuberculostatic drugs from 1 9 4 1 to 1 9 4 6 , and the other after their 
introduction from 1 9 4 6 to 1 9 5 1 . In the first-mentioned period, they 
reported 21 .1 % of deaths, and in the latter 5.8 % . The mortahty was 
reduced by 72 .5 % . G E R A R D - M A R C H A N T ( 1 9 5 4 ) pointed out that 
chemotherapy has changed the prognosis in bone and joint tuberculosis. 
H O R V A T ( 1 9 5 6 ) reported that mortality had decreased. 

The immediate operative mortahty is thus inconsiderable, as far as 
published details are concerned. 

The subsequent mortahty, after discharge from hospital, is surprisingly 
high, varying between 1 2 % and 37 .3 % in the spinal fusion group, and 
being still higher in the material given conservative treatment, varying 
between 22 .9 and 5 9 . 0 % . Complications such as abscess, fistula and 
permanent paraplegia raised the figures to 5 0 % . 



I I I P R O B L E M S 

The aim of this study was to investigate the results o f treatment in a 
series of patients with tuberculosis of the spine not treated in sanatoria. 
The author has attempted to provide an answer to the following questions 
regarding the treatment o f tuberculous spondylitis. 

A . The significance of spinal fusion. 
1. Can spinal fusion prevent the recurrence o f tuberculosis of the spine? 
2. Can spinal fusion prevent the spread of the disease to other organs ? 
3. What is the frequency and significance of graft fractures? 
4. Can early spinal fusion prevent kyphosis ? 
5. Does spinal fusion hasten healing and block-building? 
B. The significance o f chemotherapy. 
6. Can chemotherapeutic agents prevent the recurrence of tuberculosis 

of the spine? 
7. Can these drugs prevent the spread of the disease to other organs? 
8. What is the effect o f chemotherapy on the regression of the lesion 

and on block-building ? 
9 . Has mortality diminished since the advent o f the new antibiotic or 

tuberculostatic drugs ? 
10. What are the results o f treatment by spinal fusion, with and without 

chemotherapy? 



I V M A T E R I A L 

The material consists o f a total o f 1,018 cases of tuberculous spondy­
litis, not treated in sanatoria, from the Surgical Clinics I , I I and I I I , Uni­
versity of Helsinki, and from the Kuopio General Hospital. Since 1950, 
all cases of bone and joint tuberculosis seen at the University Surgical 
Clinics have been remitted to the I I I CUnic. Spinal fusion was carried out 
in 208 cases, and were given conservative treatment. Subsequently, 53 
cases which had been operated on in other hospitals were included in the 
material. They could hardly be recorded among those getting conserva­
tive treatment, nor among those undergoing spinal fusion, since the opera­
tion had been performed elsewhere. The period covered is from 1930 to 
1953 (Table 10). 

T A B L E 10 

Series of 1018 Cases. 

Resection 
Fusion Conserva- oí\^s\ons 

Spinal performed tj^g Lamin- " Whole 
fusion earlier m treatment ectomy spmous ^^^j^^ 

other only and 
hospitals transverse 

processes 

Surgical Clinics 
I. II and III . . . . 131 41 438 8 4 622 
Kuopio General 
Hospital 77 12 306 1 396 

208 53 744 9 4 1,018 

In the University Clinics, there had been 622 cases of tuberculous 
spondylitis, of which 131 had undergone spinal fusion, whilst 438 had 
had conservative treatment only. Eight cases o f paraplegia had been 
treated by laminectomy. In four cases, resection o f lesions in the spinous 
and transverse processes had been performed. In 41 cases ultimately treated 
at the University Clinics, spinal fusion had been performed else­
where at an earlier date. 396 were treated at the Kuop io General Hospital. 
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In 77 of these cases spinal fusion had been performed, and 306 had had 
conservative treatment alone. In 12 cases spinal fusion had been carried 
out elsewhere at an earlier date. 

A s mentioned above, these patients had not been treated in sanatoria. 
After being treated at the clinics, they were sent home or to provincial 
hospitals to lie in plaster beds, and came back regularly for examinatíon. 

M e t h o d o f I n v e s t i g a t i o n 

Each o f the 1,018 patients was sent a questionnaire. I f no reply came, 
a further questionnaire was sent. In all, 1,103 questionnaires were distri­
buted, 517 inquiries made to parish offices, 32 to registry offices, and 
afterwards 100 summons were sent to patients upon whom spinal fusion 
had been performed, asking them to attend in person for follow-up exam­
ination. The idea of the questionnaire was that it should not contain 
questions too difficult to understand, but yet that it should be sufficiently 
detailed to provide information as to the state of the patient. In addition, 
anamnestic information might be completed. The case records, with notes 
concerning recent visits, were available. 

The questionnaire was worded as follows: 

What was your former profession ? 
Date of birth ? 

Has there been any tuberculosis in your family? 
Have you been living with a person having tuberculosis of the lungs, or of any other organs? 
Have you had enlarged lymphatic glands ? 
Have you had pleurisy ? 

When did you feel back trouble for the first time? 
In which place did you feel pain for the first time? 
Did you feel pain only when working ? 
Did you feel any pain when stooping? 

Did you feel any pain after being in a sitting posture for any length of time ? 

Have you had any pain in the back at night? 
Did you have any rise in temperature ? 
D i d the pain radiate into the thigh or the leg? 
Have you had pain or paralysis in the lower extremities ? 

Have you had any trouble with urination or evacuation? 
Have you undergone medical treatment at hospital earlier ? If so, when ? 

What was your illness called at that time? 
W a s it believed to be tuberculosis ? 

What kind of treatment did you get ? 
D i d you lie in a plaster bed ? For how long ? 
Was rest in bed alone prescribed ? For how long ? 

Did you get a corset ? 
Have you been using it regularly for a long time? 
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What directions were given you for using it? D i d you not obtain any directions? 
Have you been operated on for tuberculosis of the spine ? 
At which hospital ? 

For how long were you confined to bed after the operation ? 
Did you have a relapse in the spine ? 
Did you have a relapse in any other organ? 
How are you now ? 
When did you return to work ? 
Did you change your work because of tuberculosis ? 
On what work are you engaged now ? 

Of the patients who had undergone spinal fusion, 173 answered the 
questionnaire, and 27 had died. Replies were not received from 8. The 
conservatively treated group consisted of 744 cases, and answers were 
obtained to 300 questionnaires; 319 patients had died. In 125 cases, either 
the place of residence was unknown, or the inquiries remained unanswered 
despite repeated requests. 

Every patient who had undergone spinal fusion and had answered the 
questionnaire was requested to submit personally to a follow-up examina­
tion. A n appearance was made by 85 % (69/81). Patients who were in 
good condition were the only ones to attend; it is readily understandable 
that those still ill, confined to bed or lying in a plaster bed, and those with 
paraplegia or a relapse were not prepared to g o to the inconvenience o f 
a long trip. Despite great efforts, the author found it impossible to achieve 
his aim of getting at least 100 patients to submit personally to the fol low-
up examination. 

Under these circumstances, it must be remembered that those who 
did attend have to be considered as a selected group to some extent. 
Consideration of this group should therefore in itself yield results which 
are too favourable. 

The following routine examination was carrier out: an X-ray photo­
graph of the whole of the spine and the lungs, determination of the sedi­
mentation rate, a urine test with cuhure of tubercle baciUi ( L Ö W E N S T E I N ) 
and guinea-pig inoculation. The flexibility of the spine was examined 
forwards, backwards and laterally. See section V I . 

The angle of kyphosis was measured on the X-ray pictures. See section 
V I . Fig. 20. 

A g e a n d S e x D i s t r i b u t i o n 

Interest attaches to the age distribution in this series insofar as it gives 
information as to the age at the onset o f the disease, the age at diagnosis 
and admission to hospital, and finally the age at performance of spinal 
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fusion. The age of the patient at the onset o f tuberculous spondylitis and 
the age when diagnosis is made are not always identical. The course of 
the disease is chronic. Some of the patients had undergone treatment 
earUer at other hospitals, and not infrequently others consulted a doctor 
only after the lapse o f some years. In some instances the disease was ex­
ceedingly slow in developing at the beginning; many cases were diagnosed 
astonishingly late. 

Thus it is often impossible to obtain exact information as to the onset 
of the disease, and only the information contained in the case record is 
available. I f the classification is made at f ive year intervals, the differences 
between the ages at onset and on admission to hospital do, nevertheless, 
diminish considerably. 

The age distribution of the whole series o f patients can be seen from 
Table 11. The greatest frequency occurs within the age group 16—30 
years, the maximum being attained in the group 21—25 years (17.2 % ) . 

T A B L E 11 

Age and Sex Distribution of the 1,018 Cases 

A g e group Male Female Total Percentage 

0— 5 38 36 74 7.3 % 
6—10 28 21 49 4.8 % 

11—15 38 26 64 6.3 % 
16—20 80 61 141 13.9 % 

21—25 101 74 175 17.2% 
26—30 72 72 144 14.2 % 

31—35 49 48 97 9.5 % 
36—40 40 38 78 7.7 % 

41—45 29 25 54 5.3 % 
46—50 17 23 40 3.9 % 

51—55 19 14 33 3.2% 
56—60 9 27 36 3.5 % 
61—65 5 14 19 1.9% 
66—70 4 5 9 0.9 % 

71—75 1 2 3 0.3 % 
76—80 — 2 2 0.1 % 

Totals 530 488 1,018 100.0 % 

Spinal fusion was most frequently performed within the age groups 
from 16 to 40 years, the maximum appearing in the age group 21—25 
years. The youngest patient to undergo spinal fusion was 4 years old, 
and the next youngest 5. The oldest patient undergoing this operation 
was 64. O f the operations, 27.9 % were performed on patients from 21 to 25 
years of age, 14.9 % from 16 to 20 years, and 12.5 % from 26 to 30 years. 



33 

Fusion 
per-

Location formed 

As faf as conservative treatment is concerned, the age groups were 

more uniformly represented, with the exception o f the maximum figures 

between 16 and 30. The figures for children were rather high, although 

children's treatment has in recent years been transferred to other hospitals; 

generally speaking, children did not undergo operation, but were given 

conservative treatment. Nevertheless, our clinics are not as a matter o f 

principle opposed to spinal fusion in children. 

In all, the series comprises 530 males and 488 females. 97 men and 

111 women had undergone spinal fusion, and 403 men and 341 women 

had conservative treatment. The difference in distribution between the 

sexes is not remarkable, with the exception of the age group 16—25, with 

a majority of males. 

S i t e o f t h e L e s i o n 

In this material, the cases o f tuberculous spondylitis were grouped 

according to the site o f the lesion as follows: the cervical, cervico-thoracic, 

thoracic, thoraco-lumbar, lumbar, lumbo-sacral and sacral. In Table 12 are 

to be seen the different localizations, together with the various methods 

of treatment. Children are placed in a separate group. 

T A B L E 12 

The Location of Ttiberc/dosis in Different Parts of the Spine and Treatment 

in Adults and Children 

Extir- Totals 
pation of 
spinous Conserv-

Spinal Lamin- and ative 
fusion ""¡^^^ ectomy trans -̂ treat- ^^^^^^ ,̂̂ ^^ ^^^1^ 

where dren material 
process­

es 

Cervical — — — — 38 38 20 58 

Cervico-thoracic . . — — — — 1 1 3 4 

Thoracic 72 20 8 2 213 315 81 396 

Thoraco-lumbar . . 2 1 5 1 — 56 83 14 97 

Lumbar 97 26 — 2 241 366 38 404 

Lumbo-sacral . . . . 17 1 — — 30 48 2 50 

Sacral 1 1 — — 7 9 — 9 

Totals 2Ö8 53 9 4 586 860 158 1018 

With adults, the lumbar region is affected more often than the thoracic 

region both in the spinal fusion group, 46.6 % (97/208), and in the patients 

given conservative treatment, 41.1 % (241/586). With children, thoracic 
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Spinal 
fusion 

Conservatively 
treated Whole series 

group group 

6 6 

10 10 

12 12 

10 10 

— 12 12 

17 17 

14 14 

1 11 12 

2 12 14 

5 21 26 

11 36 47 

10 43 53 

13 48 61 

22 58 80 

32 69 101 

32 78 110 

38 80 118 

50 73 123 

49 95 144 

46 100 146 

41 114 155 

47 118 165 

54 127 181 

38 114 152 

1 1 2 

18 34 52 

1 1 

3 3 

lesions are the most frequent, 51.3 % (81/158), this area being affected 
twice as often as the lumbar region. The figures are somewhat confused 
by the existence of the transitional regions, but the predominance in the 
lower part o f the spine is obvious as far as adults are concerned. 

The observations made are in conformity with those reported in the 
Uterature, according to which a shifting of the most usual site of spinal 
tuberculosis from the thoracic to the lumbar region has taken place. One 
circumstance which might be conducive to this is the decreased incidence 
o f tuberculosis in children and the increase in more advanced age-groups. 

A s is stated in earlier reports, the occurrence o f tuberculous spondyhtis 
outside the corpus is rare. In this material, the smaU intervertebral arti­
culations were affected in one case, the transverse processes in two, and 
the spinous processes in three cases. 

Table 13 gives information as to the vertebrae affected. 

T A B L E 13 
Vertebrae Involved and Treatment 

Vertebra 

C I 
C I I 
c m 
C I V 

c V 
C V I 
C V I I 

T h I 

T h I I 
T h I I I 
T h I V 
T h V 

T h V I 
T h V I I 
T h V I I I 

T h I X 
T h X 

T h X I 
T h X I I 
L I 

L I I 
L I I I 

L I V 

L V 
L V I 
S I 
S I I 

S I I I 
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Numbet of 
vertebrae 1 2 3 4 5 6 7 8 9 10 11 12 

Spinale fusion, 
per cent 8.7% 72.2% 13.0% 2.5% 1.2% 0.6% 1.2% 0.6% - - — — 

Conservatively 

treatec group 1 

per cent 22.9% 50.0% 16.1% 5.3% 3.1% 1.6% 0.6% 0.2% - 0.2% 

Whole series, 
per cent 17.9% 54.1% 16.8% 6.1% 2.5% 1-7% 0.7% 0.1% - 0.1% 

In most instances, there were two vertebrae involved. In the conservatively 
treated group, there were a larger number of monovertebral affections 
than in the spinal fusion group. I t is probable that the diagnosis was more 
accurate in cases undergoing operation. From the Uterature, one gathers 
that monovertebral affections may be called in question, and frequently 
the second tuberculous vertebra may fail to be diagnosed on the basis o f 
the X-ray picture. Tomography has only been practiced in recent years 
in the examination of these patients. 

Cases with 4, 5, 6 or more affected vertebrae had been subjected to 
operaüon rather seldom, possibly by reason of the technical difficulty 
of performing spinal fusion by means of bone grafts according to Albee's 
method in cases with a large kyphosis. 

Multiple foci in the spine have been aUocated to a class by themselves. 
Only cases in which there is a healthy vertebra and a healthy intervertebral 
disc separating one focus from the other have been included. The defin­
ition is important in this connection, as multiple lesions in the spine may 
be confused with surface spondyUtis with many vertebrae affected, but 
unchanged intervertebral discs. 

In 21 cases, there were t w o different foci, and in 3 cases, three foci. 
Each part o f the spine was represented; the 24 cases constituted 2.4 % 
of the whole material (24/1018). 

In this series, both among the patients undergoing spinal fusion, and 
among those given conservative treatment, L I V was attacked most fre­
quently. The subsequent sequence was: L III—165, L II—155, L V—152, 
L I—146, T h XII—144, and so on. In one case, coccygeal vertebra I V 
was affected. 

The number o f affected vertebrae per patient is shown in Table 14. 

T A B L E 14 

Distribution of the Number of Affected Vertebrae and Treatment 
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Site Spinal Conservatively W h o l e 

fusion group treated group series 

Neck 10 10 

Retropharyngeal — 4 4 

Paravertebral (incl.roentgenological) * ) 39 132 171 

Retroperitoneal 1 — 1 

Iliac fossa, psoas 24 37 61 

Gluteal 6 16 22 

Inguinal 8 39 47 

Femoral 8 24 32 

Totals 86 262 348 

* ) Paravertebral clinical only 10 73 83 

Accfordingly, the possibility of multiple lesions in the spine always 
necessitates roentgenography of the whole of the spine. The second lesion 
may be latent or occasion very little pain or discomfort. 

By way o f summary, the main observations may be given as follows: 
with adults, the lumbar region is affected more often than the thoracic 
region. Thoracic lesions are the most frequent in children. A shift in the 
commonest site o f spinal tuberculosis from the thoracic region to the 
lumbar region has occurred, in accordance with the age-shift from child­
hood to more advanced age-groups; this is in agreement with the reports 
o f others. 

In this series, the incidence seems to have been highest in the lumbar 
vertebra I V . 

In the majority o f cases, two vertebrae were affected. 

A b s c e s s , K y p h o s i s and P a r a p l e g i a 

The triad abscess, kyphosis and paraplegia at one time played an im­
portant role in the diagnosis of tuberculous spondylitis. Nowadays, these 
are to be regarded as late symptoms, and signs of neglected cases. Notwith­
standing this, cases are still sometimes seen in which the diagnosis has not 
been made before this phase has developed. 

A b s c e s s e s . Abscesses were estabUshed in the material as is shown 
in Table 15. 

T A B L E 15 

The Site of Abscesses 
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T A B L E 16 

Degree of Kyphosis in Different Parts of the Spine in the Whole Series 

Kyphosis Ccrvical , 
thoracic 

Thoracic Thoraco­
lumbar 

Lumbar 
l,umb( )-

sacral 
•I'otal 

Per­
centage 

Severe 4 — 57 12 9 82 21.4";, 

Moderate . . . . 2 — 59 17 14 — 92 23.9'}(, 
Slight . . 1 1 — 98 13 86 2 210 54.7','.;, 

Totals 

Percentages . , 
17 — 

. . 4.4",, -
214 

55.7"„ 

42 

, 11.0",', 

109 

28.4';,', 

2 
0.5'!;, 

384 
100.0";, 

lOO.O 'X, 

T A B L E 17 

Degree of Kyphosis in Different Parts of the Spine in the Operatively treated cases 

Kyphosis Cervical 
Cervico-
thoracic Thoracic 

'I'horaco-
lumbar 

Lumbar 
Lumbo­

sacral 
Total 

Per­
centage 

Severe 4 6 1 11 10.0"„ 
Moderate . . . 1 18 6 3 — 28 25.5",, 
Slight 2 26 8 35 — 71 64.5",, 

Totals 7 50 14 39 110 100.0';,, 
Percentages . . . . 6.4'; 45.4';„ , 12.7"„ 35.5";, — 100.0",, 

Thus, in the whole series there were abscesses in 34.2 (348/1018), 
among patients undergoing spinal fusion in 41.3 % (86/208) and anmong 
patients given conservative treatment in 35.2 % (262/744). By comparison 
with earlier reports, these figures are low. Comparisons with reported 
figures present difficulties, however, as there is uncertainty whether they 
include cases which were roentgcnologically visible but impossible to 
diagnose clinically. On the other hand, if information were given clearly 
that every abscess visible on X-ray pictures was included, the percentages 
would rise considerably. In an autopsy series, it might amount to 100 

Among those patients undergoing spinal fusion, fistulae were found in 
7.2 % (15/208) prior to the operation, and among those patients given 
conservative treatment in 10.1 (75/744). The corresponding figures for 
the whole series were 8 .8% (90/1018). 

K y p h o s i s . In Tables 16—18 a classification of this material has 
been made according to the degree of kyphosis. 
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Kyphosis 
r, . , Cervico-
Cervical . 

thoracic 
„ . . Thoraco-
Thoracic , , 

lumbar 
Lumbar Lumbo­

sacral Total 
Per­

centage 

Severe 51 12 8 71 25.9% 
Moderate 1 — 41 11 11 — 64 23.4% 
Slight 9 — 72 5 51 2 139 50.7% 

Totals 

Percentages . . 

10 — 

. . . 3.7% -

164 

59.8% 

28 

10.2% 

70 

25.5% 

2 

0.7% 
274 

100.0% 

100.0% 

Kyphoses are divided into slight, moderate and severe ones. A slight 
kyphosis is palpable as a node or prominence only, with no importance 
for the patient from either the physiological aspect or from the point of 
v iew o f physical appearance. The angle of kyphosis is less than 10°. A 
severe kyphosis involves numerous vertebrae with irregular deformities. 
Large areas o f the spine are affected, the internal organs become dislocated, 
and the physical appearance is altered. Subsequently, the respiratory func­
tion and the heart function are affected. The vital capacity diminishes. 
The angle of kyphosis is over 40°. In section V I , an explanation is given 
o f the principles applied in measurement o f the angle. In Table 16 is given 
the frequency of kyphosis in the whole series, in Table 17 that in the spinal 
fusion group, and in Table 18 that in the group receiving conservative 
treatment. A s could be expected from the natural tendency towards kyp­
hosis in the thoracic region, it is here that the frequency is greatest in all 
groups. There are few cases with severe kyphosis in the spinal fusion 
group because of the tendency towards selection to some extent of the 
cases for operation. In the whole series, kyphoses are given as 37.7 % 
(384/1018), in the spinal fusion group as 52.9 % (110/208), and in the con­
servatively treated group as 36.8 % (274/744). The number in the opera-
tively treated group is surprisingly high; the explanation here may be that 
some early cases without severe changes are conservatively treated. 

P a r a p l e g i a . In this series 1 1 . 2 % (114/1018) o f cases had para­
plegia with clear neurological symptoms in complete correspondence to 
the information given in earlier investigations. 

Table 19 shows the percentages o f cases with paraplegia grouped 
according to the site o f the lesion. 

T A B L E 18 

Degree of Kyphoús in Different Parts of the Spine in the Conservatively treated 
Cases 
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Spinal fusion Conservatively Per­
Location group treated group W h o l e series centage 

Cervical 5 5 4,4 
Cervico-toracic . — — — — 

Thoracic 7 70 77 67,5 
Thoraco-lumbar . — 6 6 5,3 
Lumbar 2 24 26 22,8 

Totals 9 105 114 100,0 

Paraplegia is most apt to occur when the lesion is in the thoracic region. 
In the case records relating to the spinal fusion group, paraplegia is men­
tioned in 4,3 % (9/208), and in those for the conservatively treated group 
in 17,7 % (105/586). Exact figures for spastic and flaccid paralysis could 
not be obtained. 

In addition to these cases of paraplegia, in which the neurological symp­
toms are clear, others have occurred in which the patients have complained 
of weakness and paraesthesia in the lower limbs. These symptoms could 
not always be distinguished from the other vague ailments o f which patients 
frequently complain. They may nevertheless be the prodromes o f incipient 
paraplegia. 

Thus abscesses occurred in 34.2 % of cases, kyphosis in 37.7 % , and 
paraplegia in 11.2 % . 

O t h e r T u b e r c u l o u s M a n i f e s t a t i o n s 

The earUest manifestations of tuberculosis, such as erythema nodosum 
and conjunctivitis phlyctaenulosa, were taken into consideration when 
examining the material. They are allergic conditions not specific to tuber­
culosis, and may arise from other causes. Frequently, patients do not 
associate them with subsequent manifest tuberculosis. Erythema nodosum 
was recorded in only 4 cases in the material, and conjunctivitis phlyctae­
nulosa in 3. It is most probable that these conditions were not taken into 
account when recording the case history. 

P l e u r i s y . The classic sequence pleurisy, pulmonary infiltrate, bone 
and joint tuberculosis as well as parenchymatous tuberculosis, may be 
difficult to fol low in every individual case, as each state dooes not always 

T A B L E 19 

The number of cases with paraplegia grouped according to the site of the lesions 



40 

become manifest. Pleurisy may be of nontuberculous origin, e.g. from 
rheumatic fever, pneumonia, tumour, etc. It was impossible to exclude 
such cases, but the probability that pleurisy in these patients was in fact 
o f tuberculous origin was very great. Patients undergoing spinal fusion 
gave a history of pleurisy in 36.8 % (98/208) of cases, and the group 
undergoing conservative treatment in 15.7 % (117/744) o f cases. The pre­
dominance o f this condition in the spinal fusion group may be only appar­
ent, and explained by the fact there were 158 children in the conservatively 
treated group, from whom no history o f pleurisy could be elicited. 
The first-mentioned figure is thus more useful. A certain elapse of dme 
takes place between pleurisy and the first symptoms o f tuberculous spon­
dylitis. In Table 20, the interval is shown in 156 cases. 

T A B L E 20 

The Interval from Pleurisy to the First Symptoms in the Spine 

Interval 
Spinal 
fusion 
group 

Conservatively 
treated 
group 

Whoel 
series 

Synchronous 7 
3 months 2 

6 » 1 
1 year 16 
2 years 20 

3 » 13 

4 » 3 
5 » 5 
6—10 years 10 

11—15 » 2 
16—20 » 3 
21—23 » 

33 » — 

Totals 82 

Uncertain date 14 

Totals 96 

3 
10 
23 

7 
3 
2 

14 
2 
2 
3 
1 

11 
2 
4 

26 
43 
20 

6 
7 

24 
4 
5 
3 
1 

74 
43 

156 
57 

117 213 

As regards a further 57 cases, no statement could be made as to the date 
o f pleurisy or the date o f the appearance of the first symptoms in the 
spine. In 11 cases, spondyHtis and pleurisy coincided. The most usual 
interval was 2 years, then 1 year and 3 years. For at least three years after 
pleurisy, attention must be given to possible symptoms in the spine and 
other organs. 
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H i l a ' r a d e n i t i s . There is lettle information regarding the prevalence 
of thes condition in the present series, and hense it is not possible to 
enter into discussion on it. 

P u l m o n a r y t u b e r c u l o s i s . In the majority of cases, pulmo­
nary tuberculosis had already been diagnosed earlier. As regards the fusion 
group, 15.4 % (32/208) had earlier had active pulmonary changes. In 13 
cases, inactive puliiionary lesions were established radiologically at the 
routine X-ray examination. The patients receiving conservative treatment 
showed 18.1 % (137/744). These figures appear in Table 21. 

T A B L E 21 

Sites of Nonsheletal Tuberculous Manifestations 

Site 
Spinal 
fusion 
group 

Conservatively 
treated 
group 

Whole 
series 

Percentage 

Acute miliary spread . . 1 5 6 0.6% 
Meninges — 7 7 0.7% 
Lymphatic glands . . . . 18 76 94 9.9% 
Mamma — 1 1 0.1% 
Larynx 1 2 3 0.3% 
Lungs 32 137 169 17.8% 
Abdomen 6 16 22 2.3% 

Urogenital system*) . . 17 56 73 7.7% 

Eye — 4 4 0.4% 
Skin 2 8 10 1.1% 

Totals 

*)Kidneys 

77 

4 

312 

37 

389 

41 4.3% 

N o attempt has been made here at classification of the pulmonary changes 
into fresh, old, active, inactive, demonstrable tubercle bacilli, etc. 

O t h e r e x t r a p u l m o n a r y s o f t t i s s u e f o c i . Table 21 
shows the sites of non-skeletal extrapulmonary foci. Next to the lungs, the 
most frequent changes are those in the lymphatic glands, the urogenital 
system, and abdomen (peritoneum, intestine). 

Accordingly, in the whole series the frequency of soft tissue tuber­
culosis (pleuritis and hilar adenitis excluded) was 38.2 % (389/1018), in 
the spinal fusion group 37.0 % (77/208), and in the conservatively treated 
group 41.9 % (312/744). When pleurisy is included, the figures for the 
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. 1 _ 1 0.1 % 

— 1 1 0.1 % 
3 16 19 1.9 % 

— 1 1 0.1 % 
1 3 4 0.4 % 

1 — 1 0.1 % 

— 3 3 0.3 % 

4 4 0.4 % 

4 4 0.4 % 
1 1 2 0.2 % 

7 21 28 2.7 % 

2 13 15 1.5% 

2 8 10 1.0 % 

3 1 4 0.4 % 

21 76 97 9.6 % 

whoFe series are 59.1 % (602/1018), for the spinal fusion group 83.2 % 

(173/208), and for the conservatively treated group 57.7 % (429/744). 

As regards other foci in bones and joints. Table 22 shows their loca­

tion and frequency. 

T A B L E 22 

Site of other Tuberculous Manifestations in Bones and foints 

Spinal Conservatively ™ . , 
Site fusion treated ?^ Percentage 

series 
group group 

¡Mandible 

Sternum 

Ribs 

Acromion 

E l b o w 

Radius 

Wrist 

Phalanx digiti 

Ilium 

Sacroiliac joint 

Hip 

Knee 

Ankle 

Metatarsus 

Totals 

Changes in the hip, ribs, knee and ankle predominate. In the whole 

material, the frequency amounts to 9.6 % (97/1018), in the spinal fusion 

group 10.1 % (21/208), and in the conservatively treated group 10.2 % 

(76/744). The frequency for each site is given in the table. 

Multiple lesions may thus occur, and must be taken into consideration 

in every case. Nevertheless, it does appear that soft tissue lesions far out­

numbered changes in the bones and joints. 

D i a g n o s t i c a n d D i f f e r e n t i a l D i a g n o s t i c A s p e c t s 

It is not the author's intention to deal with the well established and well 

known symptomatology o f tuberculosis of the spine. Erythema nodosum, 

hilar adenitis and pleurisy have been mentioned earlier, as have the triad 

consisting o f abscess, kyphosis and paraplegia. In the diagnosis o f tuber­

culous, spondylitis, what were formerly the classic symptoms, such as 

abscess, kyphosis and paraplegia, are nowadays to a certain extent deprived 
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of their significance. Earlier diagnosis is expected. The early symptoms o f 

incipient spondylitis, the pain (sometimes radiating), the narrowed disc 

and the tomographic findings are very important. But in some cases pain 

may be absent. 

Fig. 1. Diagnosis by tomography of tuberculous spondylitis in the initial stage. The patient nas sent to 
another hospital for spinal fusion: there, they had no faith in the tomographic finding. After admission 
to three fiirtlier hospitals, without result, the patient returned after three years with abscess, incipient 

kypliosis and slight spasticity in llie feet. 

Fig. 2. Incipient tuberculous spondylitis. The lateral roentgenogram shows 
indi!l¡ncl erosion of tlje discal surfaces. Tomograpliy indicates tlie site of 

the lesion and its extent. 
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Fig } . Tuberculosis in the initial stage. Normal pictures 
shoni only a narrowing of the intervertebral space L V— 
S I. There may be an indication of pathological changes 
in tlie lateral view in the posterior lower part of the Vth 
lumbar vertebra. Tomography reveals that there is 
destruction of the lower edge of L V by sequestration. 

Tomography is very important in the diagnosis o f tuberculous spon­
dylitis, especially in incipient, early cases, and also subsequently in order 
to arrive at an understanding o f the real extent o f the lesion. In Figures 
1—3 are illustrated three such cases, in which tomography was decisive 
in diagnosis. Figure 1 shows a patient whose diagnosis was made at the 
Out-patients' Department of the Surgical Clinic. The patient was sent to 
another hospital, where the tomographic finding was not regarded with 
any faith. After admission to three further hospitals, without result, the 
patient returned after two years, with abscess, incipient kyphosis and slight 
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N o . of 
cases 

Percentage 

41 10.7 % 
46 11.9 % 
96 25.0 % 
94 24.5 % 
32 8.3 % 
21 5.5 % 
14 3.7 % 
23 6.0 % 

9 2.3 % 
6 1.5 % 
1 0.3 % 
1 0.3 % 

384 100.0 % 

spasticity in the feet. Figure 2 illustrates how tomography aids the diagno­
sis. The lateral v iew shows indistinct erosion of the discal surfaces. T o m o ­
graphy shows distinctly the site of the lesion and its extent. As regards 
Figure 3, the routine X-ray pictures show merely a narrowing o f the inter­
vertebral space. There may be an indication o f pathological changes in the 
lateral view in the posterior lower part of the Vth lumbar vertebra. T o m o ­
graphy illustrates the fact that there is destruction of the lower edge of 
L V by sequestration. 

In some cases, it was possible to state the interval between the com­
mencement of back pain and the making of a diagnosis. As is shown in 
Table 23 10.7 % (41/384) were diagnosed from 2—3 months after the 
occurrence of pain, 11.9 % (46/384) after 6 months, 25 % (96/384) after 
twelve months, and 24.5 % (94/384) after 2 years. Thus, in 49.5 % o f the 
cases 3 years and upwards. Remarkably lengthy periods were found in rare 
cases in which the interval was 15, 16, 19, 20, 30 and 31 years. Only 46.7 % 
were diagnosed before the end of the first year. Frequently, these patients 
had consulted a large number o f doctors without getting a correct diagno­
sis. The figures given above relate to the phase prior to admission to 
hospital. 

T A B L E 23 

The Interval between the Occurrence of Back Pain and the Diagnosis 

Interval 

2—3 months 

6 months 

12 months 
2 years 
3 years 
4 years 
5 years 
6—10 years 

11—15 years 
16—20 years 

30 years 
31 years 

Totals 

The following faulty diagnoses were recorded: Rheumatism was 
reported most commonly, in 49.6 % of cases, sciatica next in 9.8 % , 
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lumbago in 6. 2 % , deforming spondylosis in 3.5 % , weak back in 3.5 % , 
spondylolisthesis, old fracture of the spine, congenital vertebral 
affection, muscular rheumatism, muscular inflammation, muscular sprain, 
»rehumatism o f the nerves», neuralgia, osteomyelitis, tumour, pleuritis, 
fracture of the ribs, affection of the kidneys, appendicitis, lues, gynaecolo­
gical affections, too frequent partus, dyspeptic trouble, anaemia, hyper-
sensitiveness, tiredness, hypochondriasis, simulation. 

A l l o f these faulty diagnoses were made during the period before ad­
mission to hospital .An examination has also been made as regards correct 
diagnosis in hospital. 

Spinal fusion was performed on the basis of faulty diagnosis in 6 cases. 
The diagnosis was' 2 spondylohsthesis L V — S I , anchylosing spondyl­
arthritis, myeloma, metastasis in T h X I I of a malignant melanoma, and 
congenital synostosis of T h I V — V . 



V . T R E A T M E N T 

G e n e r a l P r i n c i p l e s 

The treatment included mesures to improve the patient's general con­
dition, chemotherapy, immobilization, plaster of paris bed and surgery. 
Constitutional treatment consisted o f improved nutrition, general care of 
the patient, and rest. 

The patients o f the present series were not treated in sanatoria. Since 
1950, spinal fusion has been performed in every case. During the period 
1930—1948, there were some cases including both children and adults, 
in which spinal fusion was not undertaken. This is the »conservatively 
treated» group. 

C h e m o t h e r a p y 

In this series, 49 cases were treated with streptomycin, isoniazid ( I S N ) , 
and PAS (para-amino salicylic acid). 

As a rule, streptomycin was given in doses of 1 gram daily, isoniazid 
0.1 gram χ 3 daily, and P A S 10—16 gram daily. Streptomycin was given 
in 44 cases, isoniazid in 18, and P A S in 37. The combination streptomycin/ 
PAS was used in 32 cases, streptomycin/isoniazid being used in 10 cases. 
If there was hypersensitiveness to a certain drug, it had to be discontinued. 
Dermatitis with streptomycin, and gastric troubles with P A S were the 
most frequent side-effects. Antihistaminic preparations were employed for 
the treatment of allergic reactions. CompUcations such as vert igo, hearing 
disturbances and permanent deafness were not noted. T o avoid resistance, 
streptomycin was reserved for the pre- and post-operative periods when 
spinal fusion was performed; combinations o f two or three drugs were 
employed for the same purpose. Wi th fistulae and abscesses, streptomycin 
was used. On occasion, it was locally injected in connection with the 
aspiration of pus, or was applied in connection with the evacuation of 
abscesses. 
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S p i n a l F u s i o n 

I n d i c a t i o n s 

From various points of v iew, prolonged conservative treatment is not 
desirable. One of the main arguments in favour of spinal fusion is the 
reduction o f the treatment time. In the absence of sanatoria for adults with 
bone and joint tuberculosis, a long period of conservative treatment is 
very undersirable. Lengthy periods of bed rest have substantial disadvan­
tages from the economic and social points o f v iew. The psyche may be 
altered in the direction of depression and apathy. Separation from home 
and family may have unfavourable consequences. It is even possible to 
speak of the social and economic advantages o f spinal fusion — but the 
shortening of the treatment is only relative in nature. T o regard the process 
in the vertebrae as being healed after the consolidation o f the graft is a 
mistake. 

The object o f operative intervention is, by constructing a bone bridge 
to provide compensation for the weakness of the vertebrae and the poor 
contact between the diseased vertebrae. In Section V I , some consideration 
is given to the question o f whether spinal fusion is capable o f preventing 
deformity or increase o f a deformity which already exists. It may be pre­
sumed that it is easier to prevent a deformity in an early stage of the disease. 
Thoughy must be given to the risk of paraplegia. A s a rule, our indica­
tions have not been as wide in scope as those of A L B E E , whose only contra­
indication was that o f a high temperature brought about by a mixed in­
fection. 

In the performance o f spinal fusion, the patient's general conditior 
should be as g o o d as interventions of this magnitude demand, taking into 
consideration the possibihty of carrying out the operation under local 
anaesthesia. The sedimentation rate should be on the way to becoming 
normal, but does not need to be normal. Preoperative treatment must 
have been begun (immobihzation, plaster of paris bed, chemotherapy, etc.). 
In recent years spinal fusion has, in consequence of chemotherapy, been 
performed earlier than was at one time considered indicated. The tuber­
culous vertebral lesion should show regression on the X-ray picture. The 
diffused fuzzy zones of resorption should disappear, giving place to clearer 
structures and sclerosis. 

The indications become clearer when one takes into consideration the 
contra-indications as well. Some of these are only relative, and may dis-
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T e c h n i q u e 

ALBEE'S original method was employed in 1 2 8 cases ( 6 1 . 5 % , Fig. 4 ) . 
The graft was placed somewhat laterally in 1 7 cases ( 8 . 2 % , Fig. 7 ) . It was 
placed bilaterally and subperiostcally ( H E N L E ) in 1 0 cases ( 4 . 8 Fig. 8 ) , 
unilaterally and subperiostcally in 2 8 cases ( 1 3 . 5 % , Fig. 1 0 ) . In 8 cases, 
(3.8 % ) the techniques of A L B E E and H E N L E were combined, three sphnts 
being used, namely one medially according to A L B E E , and two bilaterally 
according to H E N L E . The » H - g r a f t » of G I B S O N and B O S W O R T H was em­

ployed in 1 2 cases ( 1 . 9 % ) . H I B B ' S technique was adopted in 1 2 cases 
(5.8 % , ) . It is not possible to draw a sharp line between the two first men­
tioned modifications. In numerous cases, the chisel must certaiidy have 
split the spinous processes laterally instead of medially as intended. 

In most cases, tibial grafts were used — in 2 0 2 instances. In 6 cases, a 
graft from the crista ihaca was apphed. Use was not made of »bone bank» 
material. 

SINCE 1950, the only method employed at the Orthopaedic Clinic has 
been the unilateral subperiosteal one, this being a modification of the 
methods of A L B E E , H E N L E and Roos. The incision is made laterally of the 
medial hne. The tips o f the spinous processes are exposed, and the peri­
osteum detached on one side as far as the base. Both the surface of the 
spinous process and the arch are freshened. The graft is taken from the 
tibia. Frequently, chips are also used. Normally, the operation is per­
formed under local anaesthesia. The following advantages are gained by 
this method. The operative trauma is less i f the periosteum is detached, 
the surfaces freshened and no bone chiselled with force in proximity to 
the lesion. Mechanically, the function of the support becomes more effi­
cient the nearer it is to the lesion. In contrast to H E N L E ' S method, only 
one splint has to be used (Fig. 1 0 ) . Sawing the graft in two longitudinally 
weakens it: sawing it into three parts is still worse. The arch also has to 
be fiised. 

appear during the course of treatment. Large abscesses may vanish as a 
result o f aspiration or surgical evacuation. Fistulae must close; they may 
be excised. Very old patients should not be subjected to operation. Act ive 
tuberculous changes in the lungs, intestines, or kidneys or in other bones 
and joints may be treated first. Bilateral affections o f the kidney may be 
regarded as a perjnanent contra-indication to the performance of spinal 
fusion. 
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Fig. 4. Albeé's original method, 
the spinous processes being split 
exactly in tlx middle {the up­
permost spinous process is to 
some extent laterally split). 

Fig. 5. The drawbacks of 
Albee's original method. The 
graft is far from the lesion. 

Mechanically unsound. 

Fig. 6. The comments on Fig. 
5 apply equally well here. 

Fig. 7. Typical long graft, fixed 
laterally. Consolidated well and 
thickened: two healty vertebrae 
above and below the lesion immo-

bilis^ed. 

Fig. 8. Two grafts according 
to Henle's method. Both con-

solitated well. 

Fig. 9. Similar in method to 
Fig. 8. but with one of the 

grafts placed on the arch. 
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Fig. 10. Short graft fixed uni­
laterally and subperiosteally. 

The principle followed at present is that vertebrae should be fused 
only where this is absolutely necessary. I f the process is assumed to be 
limited, healed or inveterate, only the affected vertebrae should be fused. 
In view of the possibility that the disease process might later spread to 
adjacent vertebrae, one vertebra above and one below the lesion have to 
be fused in order to ensure that support is provided by the bone graft. 

From Figs. 5—7, one can see the inconveniences of the original 
method introduced by A L B E E . In the thoracic region, two healthy verte­
brae above and below the lesion should be fused. This requires extremely 
long grafts; for instance, that in Fig. 7 is 1 9 cm. long. Fig. A—6 show 
the difficulties o f splitting the spinous processes exactly in the middle, 
and the impossibility of pushing the graft deep enough towards the base. 
The graft will remain at a considerable distance from the lesion, and the 
ankylosing effect wil l be dubious. Fig. 7 shows a case with lateral splitting 
of the spinous processes. The graft was uniting well , and had thickened. 
Fig. 9 shows a bilateral method according to H E N L E ; one o f the grafts is 
placed on the arch, and makes no contact with the spinous processes. 

As far as the end results are concerned, there do not appear to be any 
substantial differences between the various groups. The occurrence of 
graft fractures seems to have been caused by certain circumstances con­
nected with the transplanted bone. 
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Fig. 11. The lead marker film 
before the operation, and marking 
tlie skin with methylene blue 
solution facilitate identification 

of the correct vertebrae. 

C o m p l i c a t i o n s C o n n e c t e d w i t h 
B o n e G r a f t i n g . 

In the review of the literature, some of the mechanisms and changes in 
the graft connected with transplantation are considered. I t is not possible 
in this paper to discuss the theories of the biological processes involved 
on the basis o f the clinical material: nevertheless, some clinical and roent­
genological observations may be noted. 

The comphcations in the material connected with bone grafting were 
fracture, and pseudarthrosis o f the graft. A m o n g those cases examined 
subsequently, 6.6 % had fractures (5/76), o f which pseudarthrosis per-

Faulty location of the graft during the operation was confirmed in 2.6 % 
(2/76) of the patients re-examined. I f all the other cases known on the basis 
o f information found in case records and old X-ray photographs are in­
cluded, the figures are 3.8 % (8/208). Reoperation was performed in 3 
cases. 

Faulty location o f the graft may be avoided by the use o f lead marker 
films taken before the operation. The skin above the spinous processes 
should be marked by means o f an intracutaneous injection of methylene 
solution. See Fig. 11. 
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sisted in 2.6 % (2/76). From case records and old X-ray pictures, 3 further 
fractures were established, 1 pseudarthrosis remaining. N o n e o f the patients 
with fractures which had healed experienced any trouble at the follow-up 
examination. 

Complete aseptic necrosis and resorption, as mentioned in the literature 
were not found. In many cases, after a time the graft becomes rather faint 
and indistinct on the X-ray picture as a result o f physiological resorp­
tion and rebuilding. Routine X-ray photographs taken at definite inter­
vals often did not cover the period during which this process occurred, 
so that it cannot be fixed with precision; presumably the change takes 
place up to one year after the ttansplanation. This period should accor­
dingly be critical as far as the graft is concerned, and some form of im­
mobilization (corset) is required. Later X-ray photographs frequently 
show the graft getting stronger and thickening, with plentiful new bone 
formation taking place (cf. Fig. 7) . The stronger the graft is from the 
beginning, the more clearly discernible it will be. A tibial graft with a 
strong cortex will be more clearly visible than a graft taken from the 
crista iliaca. I f the side of the graft covered with spongiosa is turned 
towards the spinous processes, there seems at times to be an unsatisfactory 
contact. 

The longer the interval after spinal fusion, the better is the consolidation 
of the graft as shown on the X-ray picture. Frequently, block formation 
occurs simultaneously between the vertebrae. 

It is probable that in all cases of spinal fusion (spondyloUsthesis, l o w 
back pain, etc.), the factors which conduce to graft pseudarthrosis are in 
part the same but in tuberculous spondylitis there is the additional influence 
of the disease process, which may lead to compression, fusion, changing 
of kyphosis, scoliosis and torsion. The importance o f the following factors 
will therefore now be considered: postoperative trauma, the location of 
the graft, the number o f vertebrae affected, the length of the graft, the 
extent of the graft, the progression o f the tuberculous process, the degree 
of kyphosis and increase of the angle of kyphosis, and the after-treatment. 

The problem presented by graft fractures may be considered in the 
light of the 8 cases known to have occurred in the present series, although 
this figure is comparatively small (Figures 12—19). Trauma had occurred 
in only one case, that of a patient who fell on his back. Thus trauma was 
of little significance. It is difficult to pass judgment on small physiological 
traumas, particularly if they occurred repeatedly, which might g ive rise to 
partial aseptic necrosis of the same type as in Looser's »Umbauzonen» areas 
of rebuilding, or what is termed a »march» fracture in other connections. 
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Fig. 12. Case 1. Lesion L 
II—IV. Graft: length 19 cms. 
Extent Th XII—S I. Frac­
ture on level with L II—III. 

Fig. 13. Case 2. Lesion L 
V—S I. 2 grafts: longer one 
18 cms. Extent L II—S I. 
Fracture on level withL V—SI. 

Fig. 14. Case 3. Lesion L 
II—IV. Graft length 17 cms. 
Extent L I—S II. Fracture on 
level with the upper surface of L 

III. 

Fig. 15. Case 4. Lesion Th 
XII—L I. Graft length 15 
cms. Extent Th X—L III. 

Fracture on level with Th 
XII—L I. 

Fig. 16. Case 5. Lesion L II—III. 
Graft length 15 cms. Extent Th 
XII—L IV. Fracture on level 

with L I—II 

Fig. 17. Case 6. Lesion L 
III—IV. 2 grafts. Length of 
arch 15 cms, extent L II—V. 
Fracture on level with LIII— 

IV 

The site o f the tuberculous lesion in cases o f fracture o f the graft can 
be seen from Table 35. A s appears from the Table, the lesion was on one 
occasion located in T h X I I and L I : in 5 cases the lumbar spine was affect-
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Fig. 18. Case 7. Lesion L 
IV—V. Graft length 13 cms. 
Extent L III—S II. Frac­
ture on level with L V—S I. 

Fig. 19. Case 8. lesion L 
V—S I. Graft length 12 cms. 
Extent LIV—SIII. Fracture 

on level with S I—II. 

ed, and in 2 cases the lumbo-sacral. Thus in 7 cases the site was lumbar 
or lumbo-sacral, this region being noteworthy for the great mobility and 
flexibility o f the spine. The graft is more exposed to injury at this level 
than in the thoracic region. 

As regards the significance o f the number o f affected vertebrae in graft 
fractures, it can be stated that 3 vertebrae were involved in two cases, 
and 2 vertebrae in the remaining 6 cases. The number of vertebrae involved 
was thus not large. According to Table 14 the number o f affected verte­
brae in the spinal fusion cases was usually 2, with 3 ranking next. 

T A B L E 35 

The length and Extent of the Graft in Cases of Fracture 

Case 
N o . 

Site of 
the lesion 

Extent of 
graft 

Length of 
graft in cm. 

Level of 
fracture 

1 L I I — I V T h X I I — S I 19 L I I — I I I 
2 L V — S I L I I — S I 18 L V — S I 
3 L I I — I V L I — S I I 17 L I I I 
4 T h X I I — L I T h X — L I I I 15 T h X I I — L I 
5 L II — I I I T h X I I — L I V 15 L I — I I 
6 L I I I — I V L I I — L V 15 L I I I — I V 
7 L I V — V L I I I — S Π 13 L V — S I 
8 L V — S I L I V — S I I I 12 S 1 — I I 
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Fracture o f the graft never occurred on a level with the centre o f the 
focus in these cases, but at a distance o f about one vertebra above or 
below (Table 35). See Figures 12—19. 

The length and extent of the graft in the various cases can be seen from 
Table 35 (cf. Figs. 12—19). In these cases, long grafts had generally 
been employed — 19, 18, 17, 15, 13 and 12 centimetres. The lengths were 
measured at operation and noted in the case records. The longest graft of 
the series extended from T h X I I to S I (19 cm). Such long grafts may be 
necessary when adhering to the principle of fusion of a number of healthy 
vertebrae above and below those affected. A L B E E fused 2 healthy vertebrae 
above and below the focus in the thoracic region, and 1 healthy vertebra 
above and below in the lumbar region. In long grafts here were 37.5 % 
(6/16) of fractures and in short ones 3.3 % (2/60). The length of the graft 
appears to have significant influence on the occurrence of fractures. 

A further important factor may be that in 6 cases out o f 8 the lower 
end o f the graft rested on the sacrum. 

The spread o f the disease into new vertebrae did not play an important 
role in this connection, and only one case occurred, the new lesion being 
situated in a completely different region of the spine. The primary lesion 
was in L I V — V , and the secondary one in T h V I I I — I X . The spread of the 
disease into new vertebrae thus had no significanse. 

Kyphosis occurred in 50 % of graft defects. The angle of kyphosis was 
5°, 10°, 15° and 25°. Large kyphosis was thus absent. 44.1 % (26/59) had 
kyphosis at the time o f the operation; among them, fracture of the graft 
was confirmed in one instance. I t seems that the size o f the kyphosis had 
accordingly no significance in this respect. 

In only on case o f graft fractures did the kyphosis increase by 3°: the 
figure is such a small one that it might well have been occasioned by an 
error o f measurement on the X-ray photograph. The fusion of the verte­
brae and the change taking place in their mutual position extended over 
so long a period that the graft had ample time for transformation. 

As far as graft fractures are concerned, it is rather difficult to determine 
the interval between spinal fusion and the occurrence of fractures. In four 
cases it could not be done. In those cases where the interval could be 
determined, it was 2 months, 1 years and 4 years respectively. 

After-treatment given before the occurrence of graft fractures included 
bed rest, a plaster bed in one case, a plaster jacket for eight months in 
another. Five patients were given spinal braces. In only one case was the 
duration of bed rest less than the six weeks recommended by ALBEE, 
Presumably, in prescribing this short period o f immobihzation he took 
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into consideration the consohdation o f the graft only, and not the healing 
of the tuberculous process. Thus for cases with graft pseudarthrosis, the 
plaster bed was used in only one case. 

The eight cases in this series are rather too few in number to provide 
information one way or the other. 

The above-mentioned complications did not notably prolong the period of 
treatment. There is only one case in which the patient did not recommence 
work until f ive years after the performance of spinal fusion. The treatment 
rendered necessary by the complication, that is to say immobilization in a 
plaster bed or spinal fusion for the second time, might, o f course, extend the 
period of treatment, although this is not apparent from this series of cases. 

In most instances, a plaster bed was employed when fracture of the 
graft occurred. T w o patients underwent "^nrther operations. In two cases, 
pseudarthrosis persisted during conservauv^e treatment. It is possible that 
graft fractures heal more easily in a tuberculous spine which is already 
stiffening as a result o f the disease and immobilization subsequent to 
spinal fusion, than at transplantation in other connections, eg. in spon­
dylolisthesis, l o w back pain, etc. 

As regards end results, there is no difference between the cases with 
graft fractures and those with grafts that have healed without fracturing. 
Quite possibly, fractures of the graft are of little significance as far as the 
final outcome is concerned. It is true that the operation fails in its aim, but 
this state of affairs is compensated by the tendency of the graft to heal 
satisfactorily and the somewhat prolonged period o f immobilization 
which promotes the healing o f the tuberculous lesion. 

Since 1950, a noteworthy feature has been the absence of complications 
involving the graft. Fractures and pseudarthrosis have been avoided, 
probably because the fol lowing principles and precautions were observed: 
short grafts are used i f possible, and (bearing in mind the danger o f spread 
to adjacent vertebrae) only one vortebra above and below the focus are 
fused: the patient is laid in his previously made plaster bed before he 
leaves the operating theatre: the period o f immobilization has to be suffi­
ciently long after the bone grafting: a spinal brace is prescribed for wear 
for twelve months after the patient is allowed to leave his bed. 

If a comparison is made with the results reported in the literature, it is 
seen that the frequency of 6.6 % is rather low. 

T o summarize, it may be said that fractures of the graft amounted to 
6.6 % , and that pseudarthrosis persisted in 2.6 % . There was no occur­
rence of complete aseptic necrosis and resorption. 
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The following factors appeared to be o f importance in fractures and 
pseudarthrosis: the length o f the graft, its location and its extent. The 
lumbar and lumbo-sacral parts o f the spine are predisposed to such mishaps. 

Most graft fractures should heal as a result o f conservative treatment. 
The plaster bed must be tried first; if this should be of no avail then a 
new fusion has to be carried out. 

The observations made on this series o f patients showed that the final 
results o f tuberculous spondylitis were not substantially impaired by graft 
fractures. They may well be less significant than has been presumed, and 
possibly heal more easily in a tuberculous spine which is already stiffening 
as a result o f the disease and the immobilization than in other connections. 

P o s t - o p e r a t i v e T r e a t m e n t . 

In part, post-operative treatment was the same as that given pre-opera-
tively. Subsequent treatment was partly carried out in other hospitals, or 
at home, the patients returning at regular intervals for examination as 
during the period o f pre-operative treatment. 

Earlier, the patient was immobilized in hospital for six to eight weeks 
after spinal fusion, and further advised, to refrain from earning a livelihood 
by physical work for a period of one year. During the first eight months, 
he was allowed up at mealtimes only, and for making visits to the toilet. 
Otherwise, he would be lying flat on his back on a comparatively hard 
mattress. In some cases, ALBEE'S after-treatment o f only six weeks in 
hospital was given, this being a short period indeed. In a few of the earlier 
cases, patients recommenced work immediately on discharge from hospital; 
they might even fail to fol low the prescribed after-treatment and neglect 
to attend follow-up examinations. The aim at the Orthopaedic Clinic has 
been to g ive individual treatment to each case. The course of the disease 
process as seen by X-rays, the sedimentation rate and the general con­
dition have been the decisive factors in determining the form of after-
treatment given to the patient. He would, in his plaster bed, be subjected 
to examination at intervals o f three months (sedimentation rate. X-ray 
pictures o f the spinal column and lungs). 

As mentioned earUer in the section on indications, at the Orthopaedic 
Clinic endeavours have been made in recent years to perform spinal fusion 
somewhat earlier than before with the aid of chemotherapy. T o some 
extent, this principle has had some influence upon after-treatment. The 
plaster bed has been made before the performance o f spinal fusion. While 
the patient is still on the operating table, it is placed beneath his back. 
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and he is lying in it when lifted on to his ordinary bed. The possibility of 
trauma is thus reduced to a minimum. The immobilization o f the patient 
in the plaster bed is carried on for six to nine months, depending upon 
the individual case. 

After operation, chemotherapy is continued with streptomycin, isoniazid 
and PAS. Streptomycin is given during the pre- and post-operative periods. 
Isoniazid and P A S may be given for 1—2 years. 

During the period of immobilization, the patient must exercise his ex­
tremities. Occupational therapy is continued during after-treatment, and 
does in part prepare for the resumption of work. 

Mobilization of the patient from the plaster bed is carried out gradually. 
Once the patient manages to stand for a sufficient length o f time, he is 
measured for a spinal brace, which is used for one year. In cases o f lumbar 
tuberculosis, a spinal brace of » T a y l o r » type is employed. 

When the spinal brace become superfluous, the patient begins back 
exercises so that he may strengthen the muscles and ligaments. Despite 
the healing of the lesion, pain in the back may occur later. It is at this 
stage that the question of a change of employment may arise. Any kind 
of work which obliges the patient to stoop for a number of hours each 
day, or which makes it necessary for him to lift heavy weights is unsui­
table, even if the lesion in the spine has healed. 



V I R E S U L T S O F T R E A T M E N T 

R e c u r r e n c e s 

After-the discharge of the patient from hospital, recurrences may occur, 
and they manifest themselves by a renewed outbreak of the disease after a 
symptom-free interval which varies in duration. Pain, an increased sedi­
mentation rate, abscess, fistula or paraplegia occur again. It is not always 
an easy matter to determine whether this is a continuance, or recurrence. 
In this paper, the following criteria are appUed to a relapse. A period of 
at least two years should have passed since the occurrence of the last pre­
vious symptoms, and this period should have been completely pain-free. 
Thus, in this section, relapses will be considered in a clinical sense. Natu­
rally, there can be argument as to whether they are so in a patho-anato-
mical sense. The information regarding relapses comes from records, 
questionnaires and follow-up examinations. 

Table 25 shows recurrences among patients who had undergone spinal 
fusion, and those given conservative treatment alone. After spinal fusion, 
there were 17.5 % (25/200) o f relapses, and on conservative treatment 
7.4 % (46/619). 

T A B L E 25 

Recurrences 

Spinal Conservatively 
fusion treated Totals 
group group 

35 49 84 

O f the patients who had undergone spinal fusion, 1.5 % (3/200) relapsed 
into paraplegia, and of those given conservative treatment, 1.9 % (12/619). 

In the series as a whole, there were thus altogether 10.3 % (84/819) of 
recurences in the spine. 

A s recurrences appear to occur at varying intervals, the period elapsing 
between of the discontinuance o f post-operative treatment, or of the con­
servative treatment, is o f interest. See Table 26. 
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T A B L E 26 

Symptom-free Interwal between Previous Treatment and Relapse 

Spinal Conservatively 
Interval fusion treated Totals 

group group 

Years 
2 12 12 24 
3 6 8 14 
4 4 5 9 
5 1 2 3 

6—10 7 18 25 
11—15 3 . 1 4 
16 -20 2 2 4 

21 — 1 1 

Totals 35 49 84 

In patients who had undergone spinal fusion, approximately 50 % of 
relapses occurred during a period of two to four years after the end of 
the post-operative treatment, or after the last symptoms o f activity had 
subsided. As regards the conservatively treated group, the corresponding 
figure during the same period after the end of the treatment was 40.8 % . 

Table 27 shows the distribution of vertebral relapses according to site. 
Among patients w h o had undergone spinal fusion, relapses occurred most 
frequently in the thoracic region. As far as conservatively treated cases 
were concerned, the distribution was comparatively even. Nevertheless, 
there were no relapses in the cervical group, very likely owing to the fact 
that the follow-up interval was lengthy, and that 57.5 % had died. There 
were no relapses among the patients with lumbosacral lesions in the opera­
tively treated group, and only two in the group treated conservatively. 

T A B L E 27 

The Distribution of Relapses According to Site and Method of Treatment 

Site 
Spinal fusion group Conservatively treated group -r » i c 

N o . of Percentage N o . of Rgi^psg^ Percentage ° * ° 
patients 

Relapses 
relapses patients relapses 

relapses 

Cervical — — 40 
Cervico-thoracic — — 2 — — — 
Thoracic 70 17 24.3 % 227 21 9.3 % 38 
Thoraco-lumbar 21 1 4.8 % 57 3 5.3 % 4 
Lumbar 92 8 8.7 % 254 23 9.1 % 31 
Lumbo-sacral . . 17 — — 32 2 6.3 % 2 
Sacral — — — 7 — — — 
Totals 200 26 — 619 49 — 75 
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I t is extremely difficult to provide an explanation o f the striking differ­
ence in favour of those patients who had been given conservative treatment. 
The opposite might have been expected to be the case, with less favourable 
results from the conservatively treated group. Possibly the conservatively 
treated cases ran a more chronic course, without improvement. Or again, 
the explanation might be that formerly, especially at the beginning of the 
spinal fusion epoch, the intervention was sometimes performed too early, 
and the stage o f the disease not being taken into consideration and without 
satisfactory pre-operative treatment disease. Furthermore, the post-opera­
tive treatment was comparatively short; some patients recommenced work 
too early. The significance of surgical intervention has perhaps been over­
estimated. 

Subsequent to the introduction o f tuberculostatic drugs, only 2.0 % 
(1/49) of relapses occurred among patients who had undergone spinal 
fusion. There are no patients in the present series who received purely 
conservative treatment and chemotherapeutic drugs. In a corresponding 
control group, without chemotherapy, recurrences amounted to 11.1 % 
(5/45). 

Thus in a great number of cases the performance of fusion offered no 
protection against recurrences. 

Fol lowing the introduction o f chemotherapy only 2.0 % relapses oc­
curred in the spinal fusion group. 

N e w M a n i f e s t a t i o n s 

N e w tuberculous foci may appear in other bones or joints or extra-
skeletal structures. O f the patients who had undergone spinal fusion 
24.0 % (48/200) had new manifestations, compared with 17.9 % (111/619) 
in patients who had been given conservative treatment. See the Table 28. 
Here, the figure 19.4 % (159/819) appears. In this series, patients who 
had undergone spinal fusion were subject to rather more new manifesta­
tions than those w h o had been given conservative treatment. 

I f the distribution of these new manifestations is analysed, it can be 
seen that the operatively treated group had new manifestations as follows: 
hip — 1, knee — 1, tarsus — 1, and thus the skeletal cases amounted to 
6.3 % (3/48); meninges 20.8 % (10/48), lungs 27.1 % (13/48), pleura 10.4 % 
(5/48), urogenital system 22.9 % (11/48). A s regards the patients given 
conservative treatment, the corresponding figures show that the elbow 
was affected in one case, the hip in 4.5 % (5/111), the knee in 1, tarsus in 1, 
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T A B L E 28 

New Manifestations 

Site 
Spinal 
fusion 
group 

Conservatively 
treated 
group 

Totals 

Skeletal: 

E l b o w 

Hip 
Knee 
Tarsus 

Extra-skeletal: 

Acute m liary spread 

Meninges 

Lymphatic glands 

Mamma 

Lungs 

Pleura 
Abdomen 

Urogenital * ) 

Totals 

*) Kidneys 

— 1 1 
1 5 6 

1 1 2 

1 1 2 

. 11 11 
10 18 28 

4 4 8 

1 — 1 

13 43 56 

5 6 11 
1 4 5 

11 17 28 

48 111 159 

8 14 22 

the skeletal cases thus being 7.2 % (8/111). Acute mihary spread occurred 
9.9 % (11/111), and new extraskeletal lesions arose in the following organs: 
meninges 16.2 % (18/111), lungs 38.7 % (43/111), urogenital system 15.3% 
(17/111), etc. (cf. Table 28). 

The most important new sites in both groups are the meninges, lungs, 
pleura and urogenital system (kidneys). I t was only in the conservatively 
treated material that miliary tuberculosis occurred. A l l o f the meningitis 
cases, with the exception o f one treated with tuberculostatic drugs, and 
all miliary cases, ran a lethal course. 

When percentages are calculated for the whole of the operatively and 
conservatively treated groups, the figures are as follows: 

In the whole spinal fusion group — 
meninges 5.0 % (10/200), lungs 6.5 % (13/200), 
urogenital system 5.5 %, (11/200), and 
in the whole conservatively treated group — 
acute mihary spread 1.8 % (11/619) 
meninges 2.9 % (18/619), lungs 6.9 % (43/619), 
urogenital system 2.7 % (17/619). 
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In the series as a whole, the corresponding figures are — 
acute miliary spread 1.3 % (11/819), meninges 3.4 % (28/819). 
lungs 6.8 % (56/819), urogenital system 3.4 % (28/819). 
kidneys 2.7 % (22/819). 
In Table 29 are shown the length of the intervals from the performance 

o f spinal fusion, or from the beginning of the conservative treatment 
until the occurrence of the new manifestation. 

T A B L E 29 

The Intervalfrom the Beginning of Treatment to the Occurrence of New Manifestations 

„ . Spinal Conservatively 

2 group group 

3 months 4 9 13 
6 months 2 6 8 
1 year 8 13 21 

2 years 15 11 26 
3 » 4 9 13 

4 » 2 12 14 
5 » 3 3 6 

6—10 » 9 32 41 
11—15 » _ 7 7 
16—20 » 1 3 4 

21—24 » — 2 2 

Totals 48 107 155 

As regards the patients who had undergone spinal fusion, 60.4 % of 
new manifestation occurred within the first two years after the intervention. 
In the conservatively treated group, the corresponding figure was 44.9 %. 

Thus the spinal fusion cases in the series were subject to more new 
manifestations. This may be explained by the fact that in the operadvely 
treated group there were more recent cases, and in the conservatively 
treated group more old cases in which a different phase o f the disease had 
already been reached. When the operation was performed possibly at too 
early an active stage, or the duration o f pre- and post-operative treatment 
was too short, the danger o f the tuberculous infection spreading was 
considerable. 

After the introduction of chemotherapy, new manifestations occurred 
in only 8.2 % (4/49) in the knee, kidney, mamma and lymphatic glands. 
The lengths of the intervals from the operation until the occurrence of the 
new focus were in three cases two years and in one case f ive years. 
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In a corresponding group of spinal fusion cases, without chemotherapy, 
new manifestations occurred in 13.3 % (6/45) or rather fewer than in the 
whole group; three were cases of meningitis and the kidneys were affected 
in a further three cases. 

The old question o f the relationship between the operative trauma and 
the miliary spread o f tubercle bacilli infecting other organs via the lym­
phatic glands and blood vessels may be mentioned in this connection. 
Of course, the chiselling of the spinous processes for the graft bed is a 
trauma, the extent o f which is greatly dependent upon the technique 
employed and the force applied. The intervention may bring about hyper-
aemia of the surrounding parts, and perhaps also o f the focus. Nevertheless, 
perhaps the most important factor was the deterioration in the general 
condition which at one time took place after an operation performed 
under general anaesthesia without sufficient shock treatment in the absence 
of chemotherapy. 

The above observations may be summarized as follows: 
N e w extravertebral manifestations occurred among patients undergoing 

spinal fusion. 
Following the introduction of chemotherapy the frequency of new 

manifestations decreased. 

E n d R e s u l t s o f S p i n a l F u s i o n . 

This section is concerned with the end results obtained with the 208 
patients who had undergone spinal fusion. The 49 cases given chemo­
therapy are given consideration separately, and a comparison is made with 
a group not given chemotherapy. The end results are also discussed from 
the roentgenological aspect, and also the possibility of preventing kyphosis 
by means of spinal fusion. 

As has been stated, relapses may occur in the spine even 15 or 20 years 
after the end of treatment. It is always a difficult matter to judge the defi­
nitive heaUng of spondyhtis, and for this reason an interval of two years 
was taken as the shortest period of observation. A follow-up period o f 
five years would be ideal, but then those patients treated with chemo­
therapy would be largely omitted, in v iew of the recent introduction of 
diis form of treatment. 

In approximately 50 % of the cases, the period of observation was from 
6 to 24 years, and in the remainder from 2 to 5 years. The shortest fol low-
up time was accordingly 2 years, and the longest 24. 
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Interval N u m b e r of cases 

6 weoks 9 
3 months 8 
6 months 19 
1 year 65 
2 years 23 
3 » 12 

4 » 4 
5 » 3 
6 » 3 

7 » 1 
8 » 1 
9 » 

10 » 1 
11 » 2 

Total 151 
Unfit for work 22 

Questionnaire unanswered 8 
Dead 27 

Total 208 

Nine patients started work immediately on discharge, their period of 
treatment thus being hmited to 6 weeks only, the length of the time spent 
in hospital. Such an early resumption of activity may have been due to an 
incorrect conception o f the rate of return to health of the spine after ope­
ration. T o place implicit reliance on the capacity of the graft to protect the 
affected vertebrae, is to forget that tuberculosis is a systemic disease which 
runs its own course, depending upon the virulence of the bacteria and 
the immunobiological resistance. In some instances, the patients ignored 
the instructions given to them on discharge. 5.9 % (9/151) returned to 
work immediately after leaving hospital, 8 after three months, and 19 
after six months. In all, 23.8 % o f the patients returned to work too early. 
43.0 % (65/151) were reported as starting work after the elapse of a year. 

Generally speaking, the same advice was given to all the patients i.e. 
that for one year following spinal fusion the patient should not return to 
work. In practice, only some of the patients were able to set about earning 
a hvelihood at the end of a year. See Table .30. 

T A B L E 30 

The Interval between Spinal Fusion and Return to Work. 
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Working capacity N o . of cases Percentage 

Heavy work 23 13.3 % 

Average work 82 47.4 % 
Light work 46 26.6 % 

Unfit for work 22 12.7 % 

Total 173 100.0 % 

Questionnaire unanswered 8 
Dead 27 

Total 208 

(82/173) on average work, and 26.6 % (46/173) on hght work only. A n 
examination of those patients w h o were unfit for work (Table 32) showed 

Thus a total o f 66.9 % (101/151) returned to work within one year or less 
of the operation. It is our opinion at the Clinic that it is impossible to 
present any definite scheme as to when a patient can be considered fit 
to resume employment, but that too early a return to work is to be 
condemned. 

It is a difficult matter to make an objective appraisal o f working capacity 
during the course of a follow-up examination. The capacity varies accord­
ing to such circumstances as the profession o f the patient before the oper­
ation. One who had been engaged on forest work before falling ill would 
regain his working capacity by slower degrees than one whose work con­
sisted of light sedentary duties in an office, or running a household. 

The classification given below was formulated according to the work 
engaged in by the patients — heavy, average or light. Factory work, 
forest work and farm work were considered to be »heavy» . »Ave rage 
work» includes clerical duties, the work carried out by shop assistants, 
chauffeurs, domestic servants in town, servants in general, school-teachers, 
those engaged in handicrafts or attending school, milliners, dressmakers, 
etc. »Light w o r k » comprises such activities as needlework, housework 
at home, half-day employment and incidental work, and work done by 
pensioners. As can be seen from Table 31, o f 208 persons who had under­
gone the operation, 8 failed to answer the questionnaire, and 27 had died. 
Of the 173 patients w h o provided information, 12.7 % (22/173) were 
unfit for work, 13.3 % (23/173) were engaged on heavy work, 47.4 % 

T A B L E 31 

The Working Capacity at Follow-up Examination of Patients who had Undergone 
Spinal Fusion 
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Active lesion 5 
Relapse (including 3 with paraplegia) 6 
Extravertebral tuberculosis 

Knee 1 

Lungs 1 
Kidneys 1 

Nontuberculous causes 
Heart 1 

Asthma 1 

Causes presumably in connection with 

tuberculosis of the spine 
Back pain 6 

Total 22 

O f the 76 patients submitting to this follow-up examination, one still 
had an active lesion in the spine and was lying in a plaster bed; the sedi­
mentation rate was high. The remaining 75 were healthy and fit for work. 

The X-ray pictures of the lungs showed no active lesions for any of 
the patients, only evidencing healed and calcified changes. 

A t follow-up examination, the sedimentation rate was found to be raised 
in 26.3 % (20/76). Despite careful examination, it was not possible to 
provide an explanation of the raised sedimentation rate; continued obser­
vation might have resulted in determination of the cause. The sedimen­
tation rate, although it is not a specific reaction in cases of tuberculosis, is 
of significance in providing a means for following up the course, impro­
vement or impairment, of the patient's condition. 

One urine test showed a positive culture, and the patient was sent for 
further urological examination. Other urine findings were comparatively 
insignificant (B.coli was found in 2, and streptococci in 3 cases). 

that in 5 patients the focus in the spine continued active following the 
performance of spinal fusion. Relapse was confirmed in 6 patients (3 of 
whom had paraplegia), and new extravertebral lesions in 3: pulmonary 
tuberculosis in 1, tuberculosis of the kidneys in 1, and tuberculosis of the 
knee joint in the third. T w o were unfit for work as a result o f nontuber­
culous affections; heart and asthma. In 6 cases, back pain was given as 
the reason for unfitness. 

T A B L E 32 

The Causes of Complete Unfitness for Work at Follow-tip Examination 

Cause of unfitness for w o r k N u m b e r of cases 
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In one case, active untreated tuberculosis of the knee was found; the 
sedimentation rate was normal. 

N o great significance can be attached to the bending capacity o f the 
spine as the tuberculous lesion in itself results in stiffening of the affected 
part and spinal fusion has the same intended and desirable effect. A long 
graft had a greater stiffening effect than a short one; in one instance, a 19 
centimetre graft (measured at operation) made bending impossible. The 
bending capacity of the spine, was tested forwards, laterally and back­
wards. N o t e was made o f the capacity to reach the f loor with the finger­
tips without flexing the knees. This is by no means a satisfactory test. On 
carrying it out, it is imporant to observe the extent to which the spine 
itself can be bent, as in some instances the hip joint provides compensation 
for the stiffness of the spine; a patient can touch the f loor with the finger 
tips despite a spine which is absolutely inflexible. Nevertheless, this method 
was employed so that some indication of the bending capacity could be 
obtained, together with the condition o f the back muscles. Weakness o f 
the latter may subsequently result in weakness, tiredness and possibly 
pain even after successful fusion and healing of the tuberculous lesion. 

52.6 % (40/76) of the cases showed excellent ability to bend the spine 
forwards and touch the f loor with the finger-tips. It was established that 
those engaged in heavy work showed greater capacity to bend than those 
carrying out light sedentary work. A t the follow-up examination, the results 
were least satisfactory as regards those still wearing a spinal brace, or those 
who had used one for a long time. In the region of the spine where the 
graft had been fixed, flexibility was o f course non-existent, and hardly 
desirable either. Generally speaking, the sections above and below the 
lesion must provide compensation for the stiffness through increased 
flexibility and enlargement of the intervertebral space. This last-mentioned 
change is also brought about by another cause, and is often visible on 
the X-ray pictures. The sections of the spine above and below the kyphos 
undergo a compensatory lordosis. The enlargement o f the intervertebral 
spaces and the increased flexibility may damage the disc, with attendant 
degeneration. This affords an explanation of the pain which may subse­
quently occur even though the tuberculous process has, healed. 

In 77.6 % (59/76) o f the cases, lateral flexibiUty was good (15—20°), 
and the capacity to bend backwards was good in 65.8 % (50/76) o f the 
cases (20—30°). The angles were measured at the cüncal examination. 

At follow-up examination 73.4 % (55/76) o f the patients complained 
of trouble in the back, although the X-ray photograph showed the process 
to be inactive; 28.9 % (22/76) complained o f pain, 30.3 % (23/76) of 
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Roentgenologicak Findings at Follow-up Examination 

So that the course and the healing of the disease as shown by X-ray 
pictures might be investigated, the roentgenological findings were classi­
fied in six stages as follows: I . Cases with roentgenological changes visible 
by tomography alone, I I Cases with a narrowed disc. I I I Cuneiform verte­
brae, I V Pseudoblock formation, V Complete block formation, and V I 
Irregular deformities (cf. Table 33). 

T A B L E 33 

Roentgenological Findings at Follow-up Examination 

e N o . of cases τ r.^ _ i s N o . of cases r n Increase or 
^'^8«= before fusion f° l '°^. -"P decrease examination 

I 3 — — 3 

I I 14 8 — 6 

I I I 40 18 —22 
I V — 8 + 8 

V 1 23 + 2 2 
V I 1 2 + 1 

Totals 59 59 

* ) The stages are explained in the text. 

tiredness, and 13.2 % (10/76) o f stiffness. Eleven patients stated that 
there was pain, especially after performing heavy work, and 1 intimated 
that there was pain at the top of the graft, although nothing of special 
note was found. Three complained of pain brought about by changes in 
the weather, and 1 o f pain which existed irrespective of the nature of the 
work done. One stated that he suffered from pain in the evening after 
work, and 1 said that he was troubled at night. One patient was admitted 
to hospital with sciatica; no special cause could be found. T w o spoke of 
heart trouble. Next to pain, tiredness of the back was given as the most 
important symptom. 

Mention may still be made of f ive female patients who married sub­
sequent to spinal fusion; each of them gave birth successfully to at least 
one child. A t follow-up examination, the condition was good . T w o had 
backache, but no special cause was established. 
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Stage I includes cases which were diagnosed by tomography alone. 
This group includes those having spinal tuberculosis in the initial stage 
There were surprisingly few such cases in the series I I . Narrowed disc, 
small bone defects on X-ray pictures. Stage I I I . A cuneiform vertebra 
and a narrowed disc, possibly completely destroyed. Unfortunately, this 
is a rather usual type of healing resulting in kyphosis. Stage I V . Pseudo-
block formation, being an incomplete fusion of two vertebrae. In one or 
other of the projections, large or small remnants of the intervertebral disc 
will appear. I f partial osseous fusion occurs, the result may be as good as 
the following one. Stage V . Complete block formation. Complete fusion 
occurs, and no intervertebral disc is seen in any projection. This is the 
most satisfactory type of healing. Group V I . Cases which showed a num­
ber of vertebrae with irregular deformities and remnants o f intervertebral 
discs. The vertebral corpus may disappear completely, or leave only small 
remnants. Generally, the kyphosis is large and disturbing from the v iew­
points of anatomy, function and physical appearance. 

The pre-operative occurrence o f the various X-ray stages can be com­
pared with the changes observed at follow-up examination, with a v iew to 
determining the possible increase or decrease (Table 33). In 59 o f the 76 
cases, complete series of X-ray photographs were available for those who 
had undergone spinal fusion, and w h o had attended follow-up examination. 
Unfortunately, some of the X-ray records of the other cases had been 
lost. 

It can be seen that Stages I I — I I I decreased and Stages I V — V increased; 
thus complete block formation and pseudoblock formation rose in num­
ber, whereas there was a decrease in cases with a narrow disc alone or 
cuneiform cases without block formation. Wi th the passing o f the years, 
accordingly, it seems that there have been more and more cases with 
pseudoblock formation and complete block formation, or in other words 
the most satisfactory type of healing is on the upgrade. 

In Table 34 is shown the effect o f time-factors on vertebral affections 
after spinal fusion. 
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T A B L E 34 

The Relationship between the Period of Observation and Roentgenological Findings 
after Spinal Fusion 

Period of observation G r o u p s 

Years I I I I I I I V V V I 

2 — 2 1 1 5 — 

3 — 2 2 1 5 — 

4 — — 6 — — — 
5 — 1 9 — — 1 

7 — — 2 2 3 — 
8 — 1 — 2 — 
9 — 1 1 2 4 — 

10 — — 1 — 2 1 

12 — — — — 1 — 
13 — — 1 _ _ _ 

14 — — — 1 2 1 
15 _ _ _ 1 _ 1 
18 _ _ _ _ _ 1 1 
19 _ _ _ 1 _ _ 

20 — — — — 2 — 
21 — — — — 1 

7 24 9 31 5 

Where the follow-up period was lengthy, it is obvious that partial and 
complete block formations were predominant. 

Prevention of Kyphosis by Spinal Fusion 

In order to determine whether fusion prevents the occurrence of ky­
phosis, or brings about an increase in one already in existence, the cases 
have been divided into four groups. 

Figure 20 illustrates the means used to measure the angle of kyphosis 
on the X-ray pictures. As the ends of the curves, those vertebrae were 
selected which were nearest to being on one curve or the other, a—b 
and c—d. Lines A — Β and C — D were drawn, and the angle A O C mea­
sured. 

1. Cases with no kyphosis either before or after the fusion, 
2. Cases with no kyphosis before, but with kyphosis after spinal fusion, 
3. Cases with kyphosis before the fusion, which did not increase after 

the operation. 
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Fig. 20. The meíljod used to measure the angle of kypho­
sis on tlje X-rays. See the text. 

4. Cases with kyphosis before the fusion, which increased despite the 
operation. 

Group 1. For the 31 cases with no kyphosis either before or after the 
fusion the observation period varied from 2—19 years. The affected verte­
brae were mostly 2 in number. There were wide variations in the grafting 
technique employed. Most frequently, or in 19 cases, grafts were fixed 
laterally or subperiostcally. In four cases ALBEE'S primary technique was 
employed, with the spinous processes split medially, in f ive cases bila­
terally; in two cases the H-graft was used, and in one instance HIBB'S 
technique. In two cases, fractures of the graft occurred with no increase 
in the kyphosis. 

Group 2. In two cases kyphosis was absent before the performance of 
fusion, but came into being later. The angles of kyphosis were 16° and 30°. 

Group 3. In six cases the kyphosis present before the operation did not 
increase after fusion. The angles of kyphosis were: 4°, 17°, 21°, 25°, 30° 
and 48°. The period of observation was between two and eight years, 
3 cases having been followed-up for only two years. In one case, the 
graft was fixed in the medially split spinous processes, and f ive times 
laterally and subperiostcally. There were no graft fractures in this group. 
The conclusion drawn is that only in 23.1 % (6/26) of the cases was it 
possible that spinal fusion may have prevented the deformity from in­
creasing. 
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T A B L E 35 

Patients in whom Kyphosis Increased in Spite of Spinal Fusion 

Follow 
x-ray 
stage 

Angle of 
kyphosis Follow-up examination 

-up 
Interval 
(Years) 

Site x-ray 
stage before 

spinal 
Angle 

of 
Increase 
of the X-ray 

-up 
Interval 
(Years) fusion kyphosis angle stage 

5 L I—11 I I I 2 4 1- 2 I I I 
2 T h X I I — L I I I I 31 33 f- 2 V 
4 L I I — I I I I I I 29 32 f 3 I I I 
9 L I — I I I I I 7 10 -f- 3 I V 
5 T h X — X I I I I 35 38 + 3 I I I 
4 T h I X — X I I I I I 19 23 + 4 III 
8 T h V I I I — X I I I 16 21 -(- 5 V 
6 T h X — X I 11 8 13 1- 5 Π 
4 L I I — I V III 16 21 1- 5 V 
7 T h X I — X I I I I I 21 26 + 5 V 
3 T h X I I — L I I I I 24 30 + 6 V 
9 T h I X — X πτ 16 26 + 10 V 
5 L I—11 III 40 50 + 10 III 

10 T h V I I I — I X V I 84 95 1-11 V I 
15 T h I X — X III 25 37 + 12 V I 
13 T h V I I — X I I I 37 49 H 2 III 

2 T h X I — X I I I I I 36 49 1-13 ν 
4 T h V I I I — I X I I I 23 57 1-34 ν 

15 T h X — X I I I II 63 101 -h38 V I 
14 Th V I I I — X I I III 32 81 1 49 ν 

Group 4. Table 35 includes the 20 cases where the kyphosis increased 
despite fusion. In these cases, there was an inconsiderable or small increase 
in the angle o f kyphosis, (2°—6°), in 11 of the patients, i.e. in 55.0 % (11 /20). 
On the other hand, in 45.0 % (9/20) a considerable increase had occurred. 
Thus, in the majority of these cases severe kyphosis was already present 
before the fusion operation. Roentgcnologically, most o f them were in 
Group I I I (one case I I , and one case V I ) . ALBEE'S primary technique, 
with medial splitting of the spinous processes, was employed in 3 cases, 
in 11 cases with lateral splitting or lateral subperiosteal location of the 
graft, and 1 bilaterally. There was 1 case with an H-graft, and Hibbs' 
operation was performed four times. 

A further analysis o f the groups shows that 48.4 % of the cases in Group 
1 belonged to stages I — I I , and 51.6 % to I I I ; 5 % of the cases in Group 
4 were in stages I — Π , and 90 % in stage I I I before spinal fusion. In this 
respect, it thus appears that the early stage of the tuberculous process 
responds best to operative treatment. After spinal fusion, stages I — I I , 
I I I , I V and V are almost equally distributed in Group 1, and, in comparison 
with stages I — I I , stages I V and V dominate in Table 37. In all groups, 
the number o f vertebrae in the different cases are nearlv identical. As 
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G r o u p T h L L — S Totals 

1 16.1 % 58.1 % 25.8 % 100.0 
2 50.0 % 50.0 % 100.0 

3 83.3 % 16.7 % 100.0 

4 75.0 % 25.0 % 100.0 

In Group 1, the proportion of thoracic lesions is low. Group 4 has three 
times as many thoracic as lumbar lesions. This casts some doubt upon the 
assertion that spinal fusion is certain to prevent kyphosis from developing 
in cases where it is lacking. 

The main observations may be stated as follows: 
The follow-up interval varied between two and twenty-four years. In 

about 50 % o f the cases, the follow-up interval was from six to twenty-
four vears. 

regards the end resuhs, the technique employed seems to have had little 
effect, with the exception o f the four H I B B S ' operations with considerably 
increased gibbus. The three fractures o f the graft do not appear to have 
influenced the course o f healing; the urdon o f the graft was equally satis­
factory in all groups. It does not seem that the length of the graft was 
of any significance. 

The preceding account may be re-stated as follows: 
1. Cases without kyphosis before the fusion operation did not, with the 

exception of two cases 6.1 % (2/33), have kyphosis subsequently. 
2. Kyphosis which was in existence before the operation increased in 

76.9 % (20/26) of the cases. The relationship between the thoracic, 
lumbar and lumbosacral locations in the groups might, nevertheless, 
necessitate reconsideration o f this conclusion, as the lumbar and 
lumbosacral regions were less prone to develop kyphosis owing to 
their natural forward curve. Table 36 has been prepared in order to 
throw, some light on this point; the table shows the percentage distri­
bution o f these locations in the four groups mentioned above (p.72, 
classified according to the state and the course o f development of 
the kyphosis). 

T A B L E 36 

Percentage Distribution of the Various Locations of the Disease Focus in the 
Groups based on the State and Course of Development of the Kyphosis 
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12.7 % were unfit for work, 13.3 % were engaged in heavy work, 
47.4 % were engaged in average work, and 26.6 % in hght work. 

The cases in which the patient proved to be completely unfit for work 
were as follows: 5 witli continued active disease, 6 relapses, 3 new extra­
vertebral lesions, and 6 cases of severe back pain. 

The results obtained are in general in conformity with those reported 
in the literature. 

In the personally re-examined group, 73.4 % of the patients had some 
subjective trouble in the back; 28.9 % had pain, 30.3 % tiredness, and 
13.2 % stiffness. The flexibility of the spine was investigated. 52.6 % of 
the patients could touch the f loor with their finger-tips. Long grafts made 
the spine stiffer. W o r k generally increased the flexibility. 

X-ray pictures of the spine revealed a tendency to fusion in a block 
formation where the follow-up interval was lengthy. The groups with 
narrowed discs only, or cuneiform vertebrae with material defects, de­
creased, and block formation increased. This process may take ten years 
or more, with the lesion quiescent and giving rise to no symptoms. 

Where kyphosis was absent before the performance of spinal fusion, it 
developed subsequently in only two cases in this series. It is possible that 
the operation hindered its occurrence. In only 23.1 % of the cases was it 
possible that spinal fusion might have prevented an increase in the existing 
kyphosis. 

E n d R e s u l t s a f t e r t h e U s e o f C h e m o t h e r a p y in 
c o n n e c t i o n w i t h S p i n a l F u s i o n . 

At present, but little data is available in Finland concerning patients 
treated with spinal fusion and chemotherapy. C^nly a short time has elapsed 
since the introduction o f chemotherapy for tuberculosis, and a long period 
o f observation is necessary before definitive conclusions can be drawn. 
The reports published so far are somewhat conflicting, and at times con­
fusing. In this section, I intend to make a comparison between the results 
o f cases treated with chemotherapy and those o f a corresponding group 
of patients treated without these drugs. The number of patients receiving 
chemotherapy is small, there being only 49 cases from the years 1950— 
1953 section V , the dosage is given of streptomycin, isoniazid and PAS. 
In the present series there are no cases treated with chemotherapy without 
the performance of spinal fusion. 

During exactly the same period, from 1950 to 1953, 45 patients were 
treated with spinal fusion without chemotherapy and these cases were for 
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A g e in years Group given chemotherapy Control group 

6—10 1 

11—20 7 6 

21—30 18 17 

31—40 10 14 

41—50 9 7 

51—60 4 — 
61—65 1 — 
Totals 49 45 

T A B L E 38 

Site of the Lesion in the Group treated with Chemotherapy Compared with the 
Control Group 

Site Group given chemotherapy Control group 

Th 18 19 

T h — L 3 5 
L 20 18 

L - S 8 4 

S 1 — 

Totals 50 46 

In the group given chemotherapy, the interval between spinal fusion 
and return to work, compared with the control group, shows no substantial 
divergence. Chemotherapeutic drugs thus made no real difference in this 
respect. It is here most hkely that, despite the possible advantages gained, 
aftertreatment has to be given in the same manner and for the same length 
of time as if no chemotherapy were employed. (Table 39). 

ρ υ φ θ 5 ε 5 of comparison taken as a control group. On the whole, the ma­
terial corresponded with the group treated with chemotherapy as regards 
follow-up interval age (Table 37) site of lesion (Table 38) and number of 
affected vertebrae. In both groups there was one case, with two lesions, 
one of them thoraco-lumbar, and the other lumbar, the number o f loca­
tions in each group thus increasing by one. 

T A B L E 37 

ylae Distribution in the Group treated with Chemotherapy and the Control Group 
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T A B L E 39 

Interval G r o u p given chemotherapy Control group 

3 months . . . . 
6 months . . . , 

1 year 
2 years 
3 » 

4 » 
5 » 

Totals 
Unfit for w o r k 
Dead 

Totals 

2 
6 

18 
9 
4 
2 

4 
7 

13 
7 
4 

41 
5 
3 

36 
7 
2 

49 45 

In Table 40, a comparison is made between the working capacity of 
the two groups. 

T A B L E 40 

Working Capacity on Re-examination of the Group treated with Chemotherapy 
as compared with the Control Group 

Working capacity 
Group given 

N o . of cases 

chemotherapy 
Percentage 

Control group 

N o . of cases Percentage 

Heavy w o r k 5 10.9 % 4 9.3 % 

Average work . . . . 24 52.2 % 19 44.2 % 

Light work 12 26.0 % 13 30.2 % 

Unfit for w o r k . . . . 5 10.9 % 7 16.3 % 

Totals 46 100.0 % 43 100.0 % 

Dead 3 2 

Totals 49 45 

In the group treated with chemotherapy, 10.9 % of the patients were 
unfit for work (5/46), 10.9 % (5/46) were engaged in heavy work, 52.2 % 
(24/46) in average work, and 26.1 % (12/46) in light work. In the control 
group, 16.3 % (7/43) were unfit for work, 9.3 % (4/43) were engaged in 
heavy work, 44.2 % (19/43) in average work, and 30.2 % (13/43) in light 
work. Thus, rather more of the patients in the group given chemotherapy 

The Interval between Spinal Fusion and Return to Work; a Comparison of the 
Group treated with Chemotherapy and the Control Group 
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1. Tuberculosis of the spine 
Continuing disease 1 1 

Recurrence 1 3 

2. Extravertebral tuberculosis 
Knee 1 — 
Kidneys 1 — 

3. Non-tuberculous causes 
Organic heart disease 1 — 

4. Causes possibly connected with 

tuberculosis of the spine 
Back pain — 3 

Totals 5 7 

of tuberculosis of the kidney, and 1 of tuberculosis of the knee joint. One 
patient was rendered unfit for work by reason of a diseased heart. The 
corresponding figures for the control group were: 1 case of continued 
active disease, and 3 relapses. There were no new manifestations. 

As mortality will be discussed later, it will only be stated here that there 
was no death occasioned by tuberculous causes in the group treated with 
chemotherapy. Three patients died of such complications as pulmonary 
embolus, perforated stomach ulcer and suicide with phenol. Fol lowing 
discharge. 2 patients of the control group died of tuberculous meningitis. 

The sedimentation rate did not drop to a normal value in all cases as 
a result o f chemotherapy. O n follow-up examination, the following raised 
values were noted: 15, 18, 18, 21, 23 and 33. These rises could not be 
explained by the clinical and roentgenological examinations. 

The effect o f chemotherapy on the course o f the disease is o f great 
interest. The roentgenologic findings seen at follow-up examination, in 
comparison with the initial stage before the fusion operation, are appa­
rent from Table 42. 

did average work, and rather more of the patients in the control group 
did light work only or were unfit for work. A further analysis o f the cases 
unfit for work in both groups (Table 41) shows that in the group treated 
with chemotherapy 1 patient had a lesion which had continued active 
after the performance of spinal fusion. Further, there was 1 relapse, 1 case 

T A B L E 41 

The Causes of Complete Unfitness for Work; a Comparison of the Group treated 
with Chemotherapy and the Control Group 

Cause of unfitness Group given Control rou 
for work cheniotherepy ^ " 
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T A B L E 42 

The Roentgenological Findings at Follow-up exatiiination: a Comparison with the 
Initial Stage of Patients treated hy Spinal Fusion and Chemotherapy 

N o . of cases N o . of cases at 
_ _ b e f o r e fusion follow-up examination 

I 1 0 
I I 8 8 

I I I 32 24 
I V - 3 

V — 6 
V I — — 

Total 41 41 

X-ray pictures before 
operation not available .S 5 
Dead 3 3 

Totals 49 49 

The ideal end stage, with block formation I V and V , appears in 21.9 % 
of cases (9/41), I I I , the cuneiform one in 58.-5 % (24/41), I I , with a narrow­
ed intervertebral space without vertebral changes in 19.5 % (8/41). As 
regards the shift in distribution between the different groups before and 
after fusion, it may be stated that the proportion of cases showing block 
formation within this group (21.9 % ) is rather low in comparison with 
the 50.0 % among all patients who underwent spinal fusion. However, 
two different explanations may be advanced to account for this: 

1. Chemotherapy arrest the disease at an earlier stage. 
2. The follow-up period was shorter (from 2 to 5 years) than for the 

whole fusion group (from 2 to 24 years). The frequency o f block 
formation appears to increase with time. 

In earlier sections the recurrences and new manifestations during the 
course of the disease were discussed. In the group given chemotherapy 
2.0 % (1/49) of relapses and 8.2 % (4/49) of new manifestations occurred. 
In the control group 11.6 % (5/45) of recurrences and 13.3 % (6/45) of 
new manifestations occurred. A t the time of the follow-up examination 
only still active foci or fresh complications were diagnosed. 

The recurrences decreased from 17.5 % in the series as a whole to 2.0 % 
in the group treated with chemotherapy. The control group had more 
recurrences (11.1 % ) . 

The new manifestations decreased from 24.0 % in the series as a whole 
to 8.2 % in the group given chemotherapy. The control group had 13.3 % 
or rather fewer than in the series as a whole. 
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The favourable trend may also be ascribed to decreased virulence of 
the bacillus together with better treatment during recent years. 

Nevertheless, as mentioned earlier, chemotherapy did not always pro­
vide protection against the spreading o f the tuberculous infection to 
other organs. 

Thus the answer to the important questions of whether chemotherapy 
reduced mortality and recurrences, shortened the time of treatment and 
made possible an earlier return to work, permitted better working capacity, 
and prevented deformity by arresting the process at an earlier stage, cannot 
be so favourable as might have been expected. There were no deaths, but 
one recurrence and some new manifestations considerably diminished the 
feelings o f optimism. The sedimentation rate did not become normal in 
all cases, and there were no striking differences to be noted in the working 
capacity. Perhaps the process was halted at an earlier stage and thus de­
formity was avoided, but the observation time, two to f ive years, was 
shorter in this group. 

The observations may be sunimarised as follows: 
The follow-up interval was 2—5 years. 
In both groups, the patients returned to work at almost exactly corres­

ponding intervals. 
The working capacity o f the group treated with chemotherapy was 

rather more favourable, but the difference was not great. 
In the chemotherapy group, there were fewer recurrences, i.e. 2.0 % 

compared with 11.1 % in the control group. N e w manifestations in other 
organs occurred in 8.2 % , against 13.3 % . Here, there is no obvious 
difference. A t the time of the follow-up examination o f the cases, the 
chemotherapy group had only one recurrence, to 3 in the control group. 
There were 2 new manifestations, against none in the control group. 

There were no deaths caused by tuberculous complications. In the 
control group, 2 died of tuberculous meningitis. 

The results are thus not so encouraging as might have been expected. 

E n d R e s u l t s o f C o n s e r v a t i v e T r e a t m e n t 
b e f o r e t h e U s e o f C h e m o t h e r a p y 

Conservative treatment ordy was given to 744 patients from 1930 to 
1955. A l l groups were treated initially in the same way: bed rest immo­
bilization in a plaster of paris bed, etc. I f spinal fusion was contraindicated, 
conservative treatment continued to be given. In recent years, all patients 
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have been subjected to spinal fusion. N o material has been treated by means 
of chemotherapy only. In earlier days, patients sometimes refused opera­
tion; in the period before 1940, fusion was performed in some few cases 
only. 

It is thus impossible to make direct comparisons between patients 
undergoing spinal fusion and those being given conservative treatment. 
The former constitute a selected group in g o o d general condition without 
open fistulae, without very large lesions and with comparatively small 
deformities. 

Despite this reservation, one cannot ignore this group, as at any rate 
it does throw some light upon the treatment given from 1930 to 1953. 
The material includes 73.1 % (744/1018) of patients who had been given 
conservative treatment. Mortality, recurrences and new manifestations 
within the group have been dealt with in other sections. Thus, 41.0 % 
(24/619) died o f tuberculous causes, and 10.5 % (65/619) of other causes. 
Recurrences amounted to 7.4 % (46/619) and new manifestations to 
17.9 % (111/619). 

The follow-up interval is given in Table 43 below. 

T A B L E 43 

The Follow-up Interval for Patients Given Conservative Treatment 
Follow-up 

interval N o . of cases 
in years 

2 44 

3 1 8 

4 15 

5 1 3 

6 — 1 0 68 

1 1 — 1 5 48 

1 6 — 2 0 48 

2 1 — 2 4 56 

Total 3ÖÖ 

Dead 3 1 9 

Inquiries unanswered . . . . 125 

Total 744 

The shortest follow-up interval was two years, and the longest twenty 
four. In about 50 % o f the cases, the follow-up interval was from eleven 
to twenty four years, in the remainder from two to ten years. 

In Table 44, there can be seen the elapse of time before return to work 
after conservative treatment. 
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T A B L E 44 

The Return to Work after Conservative Treatment. 

Interval N o . of Patients 

Immediately 9 
6 months 7 
1 year 18 
2 years 18 
3 » 8 

4 » 7 
5 » 2 
6 » 2 
7 » ; 1 

9 » 2 
10 » 1 

12 » 1 
13 » 2 

17 » 1 
10 » 1 

20 » 1 

Total 81 

Unfit for work 60 
Children without employment 77 

Questionnaires unanswered . . 125 
N o information available . . . . 82 

Dead 319 

Total 744 

Nine patients employment immediately after the end of immobilization. 
More than 50 % of the patients returned to work from 6 months to 2 
years afterwards. 

The results o f treatment were classified on the basis o f the answered 
questionnaires. See Table 45. 

T A B L E 45 

The Working Capacity, at Follow-up examination of Patients who had 
been given Conservative Treatment. 

Working capacity N o . of patients Percentage 

Heavy w o r k 59 19.7 % 

Average work 142 47.3 % 

Light work 39 13.0 % 

Unfit for work 60 20.0 % 

Total 300 100.0 % 

Questionnaires unanswered 125 
Dead 319 

Total 744 
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Those not answering the questionnaires amounted to 16.8 % (125/744), 
and 40.2 % (319/744) had died in the interim. A s regards 16.8 % , these 
either failed to answer, or could not be traced. 20.0 % (60/300) were 
unfit for work, 19.7 % (59/300) were engaged in heavy work, 47.3 % 
(142/300) in average work, and 13.3 % (39/300) in light work only. The 
principles employed in classification corresponded to those used for spinal 
fusion patients. A n examination of those unfit for work (Table 46) showed 
that 23 had an active process, and of these 8 had paraplegia. T w e l v e had 
a continued active process, and 11 had recurrences. Extravertebral tuber­
culosis was established at re-examination in 12 cases, and nontuberculous 
causes in 8. Eight patients complained o f poor general condition, and 8 
of back pain, these troubles presumably being connected with tubercu­
losis directly, or being the result o f static disturbances in the spine. 

T A B L E 46 

The Causes of Complete Unfitness for Work among the Patients 
given Conservative Treatment. 

Causes of unfitness for w o r k N o . 

1. Tuberculosis of the spine 

Continuing disease 12 

Recurrences » ) 11 
2. Extravertebral tuberculosis 

Coxa 5 
Knee 1 

Phalanx digiti 1 
Lungs 3 
A b d o m e n 1 

Kidneys 1 
3. Non-tuberculous causes 

Chronic rheumatoid arthritis 1 
Hepatitis 1 

Cerebral apoplexy 2 
Arteriosclerosis and senile marasmus . . . . 2 
Pensioned be low retirement age 2 

4. Causes possibly connected with tuberculosis 

Poor general condition 8 

Back pain 8 

Total 60 

* ) 8 with paraplegia 

It is a matter for surprise that 19.7 % were able to carry out heavy 
work in this group, against 13.3 % of the spinal fusion group, and 9.3 % 
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of those treated with chemotherapy. Average work showed approximate 
correspondence as regards percentages in all groups. A s might have been 
expected, more patients were unfit for work (20 % ) in the conservatively 
treated group than in the spinal fusion group (12.7 % ) . 

Thus the follow-up interval varied between two and twenty four years. 
In 50 % of the cases, the follow-up interval was seven to twenty four 
years and as regards the remainder from two to six years. 

20 % were unfit for work, 19.7 % were engaged in heavy work, 47.3 % 
in average work and 13.0 % in light work only. 

On re-examination, an active lesion was detected in 23 patients, com­
prising 11 recurrences and 8 with paraplegia. There was extravertebral 
tuberculosis in 12 cases. 

P r o f e s s i o n 

Tuberculosis has always been regarded as a disease which is more pre­
valent among those in straitened social circumstances. There are exceptions, 
however. Persons engaged on heavy work, factory workers, forest labour­
ers, farm labourers, farmers and smallholders represented 39.6 % of the 
whole material (403/1018): intellectual workers constituted 3.7 % (38/1018) 
only. Close examination of the main forms of employment gives us the 
following figures: workman 10.6 % (108/1018) female workers 1.7 % 
(17/1018), wives of workmen 4.6 % (47/1018). Farmers were 8.1 % (82/ 
1018), and farmers' wives 5.7 % (58/1018). 

On closer examination of the material, it appears that a change of occu­
pation was rarely undertaken. 

M o r t a l i t y 

The mortality in the material is considered in the three main groups o f 
treatment: cases of spinal fusion, cases of spinal fusion given tuberculos­
tatic drugs, and cases treated conservatively. 

Deaths among patients undergoing spinal fusion are divided into three 
groups: 

1. Deaths occurring immediately in connection with the operation 
2. Deaths later during stay in hospital 
3. Deaths after discharge 
1. None of the patients died as an immediate result o f spinal fusion, 

either on the operating table or during the subsequent postoperative treat-
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Cause of death During stay in 
hospital 

After discharge Totals 

Tuberculosis of the spine with 

sinus and secondary infections . . — 9 9 

Tuberculous meningitis 3 6 9 

Pulmonary tuberculosis — 1 1 

Totals 3 16 19 

As regards the causes o f death during stay in hospital, the necessary-
information was obtained from the case records. Mortality after discharge 
was obtained from parish registers, and was based upon the death certi­
ficates made out by the doctors concerned. N o post-mortem examinations 
were made. In accordance with the nomenclature employed earlier to in­
dicate the cause o f death, non-specified diagnoses, such as spondylitis 
tuberculosa, paraplegia and tuberculosis ossium et articulorum were-Some-
times given, without statement of particulars. Eight patients about whom 
no information could be obtained were not taken into account. 

In all, 9.5 % (19/200) of the patients who had undergone spinal fusion 
died of tuberculous complications (cf. Table 48). A further seven died of 

ment. One case of pulmonary embolus resulted in death three weeks after 
the operation. The patient was a young man, twenty-three years of age, 
who was suddenly overtaken by dyspnoea and became cyanotic with a 
weak pulse: he died within a few minutes. As three weeks had elapsed 
since the operation, the case might be transferred to the following group. 

2. Later, during stay in hospital, three patients died of tuberculous 
meningitis before the introduction o f chemotherapy, representing 1.4 % 
(3/208). These patients were respectively 22, 28 and 36 years of age. Each 
one of them was affected by stiffness of the neck one month subsequent 
to spinal fusion, and died within two weeks, six weeks and three months 
respectively. It is to be presumed that the meningitis was brought about 
by the operation, and was partly explained by the poor general condition, 
and partly operative trauma (cf. Table 49). 

3. After discharge, a further sixteen died, o f whom nine had tuberculous 
spondylitis with attendant complications, six meningitis, and one pul­
monary tuberculosis. The patients affected by meningitis were also adults. 
Refer to Table 47. 

T A B L E 47 

Deaths from Tuberculosis in the Spinal Fusion Group 
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Cause of death During stay in 
hospital 

After discharge Totals 

Tuberculosis of the spine with atten­

dant complications*) 12 69 81 
Other bone and joint tuberculosis 

with attendant complications . . . . 1 25 26 
Miliary tuberculosis 1 13 14 
Tuberculous meningitis 7 23 30 

Pulmonary tuberculosis 2 65 67 

Abdominal tuberculosis 1 9 10 

Urogenital tuberculosis * * ) — 26 26 

Totals 

* ) with paraplegia 
* * ) renal 

24 
3 

230 
21 
21 

254 
24 
21 

Of patients who had been given conservative treatment, 41.0 % 
(254/619) died of tuberculous complications. 

Those dying of nontuberculous causes amounted to 7.4 % (46/619): 
1 sepsis, 3 diphtheria, 1 influenza, 1 poliomyelitis, 2 pneumonia, 1 embolus, 
6 cerebral haemorrhage, 2 cardiac infarctions, 10 myocardial diseases, 1 
ductus choledochus stone, 1 chronic nephritis, 2 senile marasmus, 1 septic 
abortion, 2 sarcoma, 1 parotid carcinoma, 1 oeasphageal carsinoma, 1 

nontuberculous causes after discharge: cerebral haemorrhage, tumour of 
the brain, diabetes, perforation of the gall bladder, perforation of gastric 
ulcer, intoxication and accident. 

Deaths among patients who were given conservative treatment are 
divided into two groups: 

1. Death during stay in hospital. 2. Death after discharge. 
During stay in hospital, 3.2 % (24/744) of the patients being given 

conservative treatment died of tuberculous complications (cf. Table 48). 
T w o died of nontuberculous causes, diphtheria and chronic nephritis. 

After discharge, 37.2 % (230/619) died of tuberculous compUcations, as 
can be seen from Table 50. The most common tuberculous causes of death 
according to the incomplete deaths certificates were: spondylitis with 
attendant complications (21 cases of paraplegia) and other bone and joint 
tuberculosis with attendant complications, tuberculous meningitis and 
tuberculosis of the kidneys. 

T A B L E 48 

Deaths from Tuberculosis in the Conservatively Treated Group 
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ventricular carcinoma, 1 mammary carcinoma, 2 fractures of the cranium, 
5 by accident and 1 killed in war. In seventeen cases the causes of death 
were unknown. The case records were consulted for details o f those who 
had died in hospital. Information on mortality subsequent to discharge 
was obtained from the parish registers. Those w h o could not be traced 
and were not taken into account numbered 125. 

N o n e o f the patients w h o had undergone spinal fusion died with para­
plegia, whereas 3.9 % (24/619) of those who were given conservative 
treatment did so. 

O f 9 patients with paraplegia who underwent laminectomy, 1 died in 
hospital o f decubitis and sepsis; 6 died later after discharge, 3 of decubitus 
and sepsis, 2 o f pulmonary tuberculosis, and 1 o f miliary tuberculosis. In 
some cases o f paraplegia, the prognosis may be very bad. 

As regards four cases with radical operation on lesions in the spinous 
and transverse processes, one patient died after discharge, the cause of 
death being given inexactly in the certificate as tuberculous spondyHtis. 

Close examination o f the causes o f death after fusion and conservative 
treatment shows, as mentioned earlier, that the following were most fre­
quently given; tuberculous spondylitis with complications, lesions in other 
bones and joints with complications, miliary tuberculosis, tuberculous 
meningitis, pulmonary tuberculosis and urogenital tuberculosis. 

Tuberculous spondylitis: this inexact diagnosis was all that was given 
on the death certificates. Complications such as abscess, fistula, paraplegia, 
decubitus, sepsis, amyloidosis, urinary infections, etc., pertain to this 
group. This diagnosis was given as occurring among patients w h o had 
undergone spinal fusion to the extent of 4.5 % (9/200), and among cases 
who had received conservative treatment in 13.1 % (81/619). In the series 
as a whole, the corresponding figures were 10.9 % (90/819). A s mentioned 
above, o f patients who had been given conservative treatment 3.9 % 
(24/619) died with paraplegia. 

Other skeletal manifestations: this group included various diagnoses of 
lesions and complications. The operatively treated cases had no causes of 
death pertaining to other bones and joints. The conservatively treated 
cases had 4.2 % (26/619). 

Miliary tuberculosis: in the operatively treated cases there were no deaths 
due to this cause; conservatively treated cases showed 2.3 % (14/619). 

Tuberculous meningitis: 4.5 % (9/200) o f the patients w h o had under­
gone spinal fusion died o f this complication. A s stated above, 1.4% 
(3/208) o f those operated on were affected with stiffness in the neck one 
month after the intervention, and died within a period of from two weeks 
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Site of lesion 
Total Died 

Percent 
age 

Total Died 
Percen­

tage 

Cervical 40 23 57.5 % 

Cervico-thoracic — — — 2 2 100.0 % 

Thoracic 70 5 7.1 % 227 113 49.8 % 

Thoraco-lumbar 21 3 14.2 % 57 27 47.4 % 

Lumbar 92 9 9.8 % 254 81 31.9 % 

Lumbo-sacral 17 2 11.1 % 32 8 2.5 % 

Sacral — — — 7 — — 
200 19 619 254 

MortaUty among patients w h o had been given conservative treatment 
increased the higher up the spine the disease focus was located. MortaUty 
was inconsiderable or nil as regards the lumbo-sacral and sacral sites; the 
highest mortaUty occurred in the cervical group. As deaths foUowing 
spinal fusion were so few in number, it is impossible to draw any con­
clusions. 

The number of children (under 15 years of age) in the series amounted to 
126. The mortaUty among children was 38.9 % . The treatment given was 
generally conservative. The following causes of death were given: 14 cases 

to three months during the stay in hospital. Later, following discharge, 
a further 6 died o f meningitis. A t that time, streptomycin, P A S and isoniazid 
were not yet available. A s for the patients who had been given conserva­
tive treatment, the corresponding figures were 4.8 % (30/619), and for the 
series as a whole, 4.7 % (39/832). 

Pulmonary tuberculosis: this diagnosis is one o f those most commonly 
given as a cause o f death. O f spinal fusion patients, 0.5 % (1/200) died of 
this, and among conservatively treated patients 10.8 % (67/619). The 
corresponding figures for the series as a whole were 8.3 % (68/819). 

Urogenital tuberculosis: Usually, tuberculosis of the kidney, ureter, 
bladder and genitals constitutes a whole, and several parts are affected 
simultaneously. This cause of death did not appear among those patients 
who had had spinal fusion, whereas those conservatively treated showed 
4.2 % (26/619). The kidneys were affected in 3.4 % of the cases (21/619). 

Table 49 has been compiled in order to present the mortality distribution 
according to the region o f the spine affected. 

T A B L E 49 

Mortality Distribution according to the Region of the Spine affected 

Spinal fusion group Conservatively treated group 
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of tuberculous spondylitis and complications (abscess, fistula, secondary 
infection, paraplegia, etc.), 11 tuberculous meningitis, 6 miliary tuber­
culosis, 1 abdominal tuberculosis, 3 renal tuberculosis, 1 sepsis follow­
ing secondary infection, 2 tuberculous coxitis, 2 died o f amyloidosis, 4 of 
diphtheria, 1 o f pneumonia, 2 of heart disease, 1 (as an adult) o f septic 
abortion, and 3 of causes unknown. The 4 cases of diptheria are a reminder 
of the onetime diptheroid infections in children's departments. The mor­
tality among children, 38.9 % , was not higher than the mortality following 
conservative treatment for the whole group. 

As regards the effect o f tuberculostatic drugs on mortality, it was stated 
that none of the 49 patients given chemotherapy had died of tuberculous 
causes (see section on tuberculostatic drugs and the control group). As for 
one case of meningitis, the patient, who had not been initially treated with 
tuberculostatic drugs and had undergone spinal fusion, was found to be 
beyond recovery despite the subsequent use o f streptomycin. In the 
corresponding group to w h o m chemotherapy had not been applied two 
died of tuberculous meningitis. 

Accordingly, it can be said that the mortality in the present series was 
extremely low, amounting to 9.0 % of patients w h o had had spinal fusion, 
and considerably higher 41.0 % , among those given conservative treat­
ment. The mortality among children was 38.9 % . Nevertheless, the groups 
cannot be directly compared as those operated on were a selected group 
of favourable cases. 

The inexact causes of death given, possibly under difficult circumstan­
ces, presented many obstacles to determination of the actual causes of 
death in my material. But the large number of cases available provides 
some data concerning mortahty in connection with tuberculosis of the 
spine. There is no importance attached to the comparison of the mor­
tality of the material with that o f the general population o f Finland; it is 
difficult to do this because of the variations during the years, especially 
in the Second Wor ld War. 

In conclusion, there may be discussed the deaths caused by meningitis 
in the hospital and after discharge following spinal fusion, taking into 
consideration the question o f possible dissemination o f tubercle baciUi 
occurring in connection with the operation, by the lymphatic system and 
blood vessels as a result o f trauma or any deterioration of the general con­
dition after the intervention. This point is discussed in part in the section 
on operation technique. The difference between the percentage of deaths 
from tuberculous meningitis during the stay in hospital, 1.4% (3/208), 
and the percentage among the conservatively treated cases, 0.9 % (7/744), 
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is not striking. Following discharge, there is also correspondence between 
the figures: 3.0 % (6/200) after spinal fusion, and 3.7 % (23/619) after 
conservative treatment. It is probable that no real significance can be at­
tached to the intervention as a cause o f spread of the infection. O n the 
other hand, it should be borne in mind that generally speaking the con­
servatively treated group was a selected unfavourable one. 

The main observations may be summarised as follows: 
Immediate operative mortaUty did not exist among those patients in 

the material undergoing spinal fusion. 
In all, 9.5 % o f the patients w h o had undergone spinal fusion died o f 

tuberculous complications. 
O f those patients given conservative treatment, 41.0 % died o f tuber­

culous complications. 
The mortality of children was not higher than that o f the whole material. 
The figures provided for the material are extremely favourable as regards 

patients w h o had undergone -spinal fusion; nevertheless, no direct com­
parison can be made between the groups as those operated on constituted 
a selected favourable group. 

None of the cases given chemotherapy died of tuberculous compli­
cations. A group from the same period not given these drugs had two 
deaths from tuberculous meningitis. Thus chemotherapy appears to pre­
vent mortality for such complications. 



V I I D I S C U S S I O N 

The aim of this study was to investigate the results of treatment of tuber­
culous spondylitis with spinal fusion and chemotherapeutic drugs. The 
patients concerned were not treated in sanatoria. 

Early treatment is o f paramount importance because the spinal defor­
mity which may occur is irreversible. Early diagnosis is therefore essential, 
Abscess, sinus and paraplegia may occur. In spite of new methods of 
diagnosis, such as tomography, many patients have for years gone from 
one doctor to another without getting a diagnosis. A large proportion of 
cases have been treated as jrheumatism or other common painful condi­
tions in the spine. This applies not only in the case o f lumbo-sacral tuber­
culosis, but also when the focus is situated in other regions o f the spine. 

Tomography is o f great importance in revealing the true extent of the 
disease in the vertebrae. The existence of monovertebral lesions is nowa­
days doubted by most authorities. A m o n g the present series of patients, 
there appeared to be numerous cases of monovertebral involvement. It is 
possible that in the earlier years covered by the study the second focus 
escaped detection in the absence of the present-day improved and more 
accurate methods o f examination such as tomography. It is nowadays a 
much easier matter than before to spot each affected vertebra. 

Every case exhibits peculiarities both qualitative and quantitative. In 
some the course is acute and fulminant, while others progress slowly and 
insidiously. Treatment must be individual, and the same plan of action 
cannot be applied to every case. 

Treatment must be directed towards improving the general condition 
(malnutrition, fatigue, worry, anaemia or some associated condition) and 
locally towards the lesion. 

Bad results of conservative treatment before the introduction o f chemo­
therapy are mentioned in a number o f reports. 

In some reports no differences appeared between the results of conser­
vative treatment and spinal fusion. After Wor ld War I , German surgeons 
were opposed to fusion on grounds of the bad results obtained. 

The mortality in my conservatively treated group before the introduc-
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tion of chemotherapy is considerable. A higher proportion of the patients 
were incapable of work than in the operatividy treated group. However , 
the conservatively treated group cannot be directly compared with the 
operatively treated group, which is a selected, favourable group. I f spinal 
fusion was contra-indicated, conservative treatment was given. 

It is extremely difficult to find reports o f comparable series comprising 
cases which on the one hand had undergone spinal fusion, and on the 
other had been subjected to conservative treatment. The results are affect­
ed by so many different factors, such as the time o f observation, the varia­
tions in the cases, and the stage at which treatment was given. The majority 
of conservatively treated cases arc of earlier date, and those of spinal fusion 
more recent. The virulence of the tuberculous infection also varies. 

G o o d results have been obtained from operations based on the highly 
plausible assumption that a bone bridge between the spinous processes 
and arches will immobilize and protect diseased vertebrae. Albee himself 
claimed that this operation had a directly curative effect, through hyper-
aemia and inward growth o f ihe blood vessels. There is scarcely any real 
foundation for this assumption. 

Spinal fusion has found a permanent and widely recognized place in the 
treatment of tubercular spondylitis. This surgical measure has for a long 
dme been the treatment of choice for these patients. On occasion, the 
objection has been raised that spinal fusion interferes with the tendency 
of the vertebrae to break down and form a block. Follow-up examinations 
have shown, however, that the latter process frequently takes a very con­
siderable time, during which there are often no symptoms. Early in the 
era of spinal fusion, possibly under the influence of Albee's enthusiasm, 
there was a dangerous tendency to assume that the disease had healed as 
soon as the graft had united. The large number o f recurrences and com­
plications, together with the mortahty brought about by other tuberculous 
manifestations, often after a long period o f time, reveal the need for cau­
tion. The old saying, based upon cUnical experience, »once a phthisis 
patient always a phthisis patiënt», also applies here. 

The methods o f ALBEE and HIBBS for spinal fusion have been subject 
to innumerable modifications. 

The multiplicity of the methods employed is a consequence of the desire 
to achieve as stable a fusion as possible. Accordingly, the original immobil­
ization of the spinous processes was extended to include fusion of the 
arches and the small intervertebral joints. Furthermore, it was intended 
that the graft should be set as near to the disease focus as possible which 
is of advantage mechanically. 
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By the administration of chemotherapeutic drugs, it is hoped that better 
prospects will be created for the battle against the tubercle bacillus. The 
number o f bacilli may decrease, and hence the toxic effect as well , with 
consequent improvement in the general condition. The body can more 
easily overcome the injury to the tissue, the exsudate may be resorbed, 
and the tuberculous tissue heal more quickly. 

Even before the introduction of chemotherapy, good results could be 
obtained with spinal fusion; this is evident from the control group treated 
during the period 1 9 4 9 — 1 9 5 3 , for whom tuberculostatic drugs were not 
available. The new medicines have not fulfilled all the hopes raised by 
their discovery. In addition, there is the threat o f the problem of resistance 
which arises from length treatment. It appears that mortality is reduced 
or nil, but there may be recurrences together with new manifestations. 
Meningitis, which at one time played so great a role, has not occurred. 
Isoniazid and P A S may be given for a prolonged period, usually o f 1—2 
years. The recurrences and new manifestations showed that the value of 
the new drugs had been overestimated. Fusion and immobilisations must 
be resorted to just as before the introduction of tuberculostatic drugs. 

The sedimentation rate provides a good means of following the course 
of a case. I f it remains high, despite repeated examinations which reveal 
no clinical symptoms, and with the necessary roentgen control, it does not 
always indicate active tuberculosis. 

In the past, in consequence of experience gained, a very cautious view 
was taken o f abscesses. Fistulae, secondary infections, amyloidosis, miliary 
tuberculosis and meningitis threatened if abscesses were evacuated. BOS­
WORTH, PIETRA and FARELL 1 9 5 0 , O R E L L (in several papers) 1 9 5 1 , BOS­

WORTH and W R I G H T 1 9 5 2 , H A RRIS , COULTHARD and D E W A R ( 1 9 5 2 ) empha­

sized that conservative treatment alone with tuberculostatic drugs does 
not lead to good results in bone and joint tuberculosis. Surgical inter­
vention, such as anchylosing operations, evacuation of abscesses and 
curettage of foci, is also necessary. 

Radical operations in cases of tubercular spondyhtis have been perform­
ed by W I L K I N S O N ( 1 9 5 3 ) , ORELL ( 1 9 5 1 ) , KASTERT ( 1 9 5 0 , 1 9 5 6 , 1 9 5 7 ) and 

FELLANDER ( 1 9 5 5 ) . The difficulty, which is also acknowledged by the 
majority o f authors with experience in this field, is that the extirpation 
of the diseased tissue is never wholly complete. 

FELLANDER reported 3 6 % o f relapses, an operative mortaUty of 3 % , 
and a subsequent mortaUty o f 1 0 % . Nowadays, the operative mortality 
in cases o f spinal fusion is almost negligible. FELLANDER had deaths as a 
consequence of meningitis, miliary tuberculosis and pulmonary tuberculosis. 
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A comparison of patients rendered fully capable of return to work after 

radical surgery in my series and in those of others does not reveal any 

great differences: W I L K I N S O N 62.0 % , KASTERT 68.5 % and FELLÄNDER 

85 % . In a series o f patients from the period 1949—58 B A K A L I M and A . 

LANGENSKIÖLD ( i960) found that even among those subjected to radical 

surgery, block building was relatively slow, and that in these cases spinal 

fusion some time after the first operation would have accelerated the 

process. 

Paraplegia constitutes a problem on its own, and has not been discussed 

on the basis of this secies. In most cases, the "treatment given was con­

servative. 

The pathological anatomy of paraplegia has for a long time been ull-

defined, and opinions have varied as to the-ca«se «£-the pressure; such 

opinions have been based upon experience in postmortem examinations 

and laminectomies. BUSINGER (1928) stated that tuberculous granulation 

dssue reached the spinal cord and its membranes. FREUND (1930) believed 

that paraplegia was the result o f pressure from the bony narrowing of 

the spinal canal and from sequestra, seldom being due to pachymeningitis. 

ARNESEN (1932) described a case of cervical spondylitis with luxation 

bringing about compression of the medulla. K E Y (1940) emphasized that 

it is only in rare cases that a sequestrum occurs in the spinal canal. H A L L O C K 

and JONES (1954) reported some instances of paraplegia after spinal fusion 

as operative trauma. A t what is termed »anterolateral decompression», 

GRIFFITH, SEDDON and R O A F (1956) found the following causes of spinal 

cord compression: contrary to earlier opinions, they discovered in each 

case a cause of compression anterior to the dura mater, a partly dried up 

abscess, parts of a sequestrated intervertebral disc, and one or several 

bone sequestra. In older cases, there was an interior kyphosis or a bone 

ridge. 

The numerous cases of recurrences and new manifestations, which seem 

perpetually to menace these patients, constitute a reminder of the multi­

focal tendency of tuberculosis. This is systemic disease, in which the 

vertebral lesion may be merely one o f many foci. In planning therapy, it 

is important to remember that in the final issue the contest is between 

the immuno-biological powers of the organism and the virulence and size 

of the population of the tubercle bacilli. A t its disposition, the organism, 

has the immuno-biological powers dependent upon inherent or acquired 

resistance, the passing through primary infection, Calmette vaccination, 

treatment, raising o f the general condition and chemotherapeutic drugs. 

Immobilization also plays its part in this connection. 
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In many instances, a change in the patient's occupation is desirable. 
Even if spinal fusion is performed successfully, and the process of healing 
is good , it must be considered that heavy work is unsuitable for the most 
part, as for instance in farm-labouring, forestry work, factory employment, 
and so on. In such cases, training for entry into another profession is 
indicated. During recent years, the development of social welfare schemes 
intended to assist invalids in our country has greatlv increased the oppor­
tunities available for change o f occupation. Courses are arranged for those 
suffering from tuberculosis, but in each individual instance the advis-
abihty of the new profession or form o f employment must be given careful 
consideration. 



V I I I C O N C L U S I O N S 

O n the basis of the findings made in the present investigation, the fol­
lowing conclusions may be drawn in answer to the questions posed at the 
beginning of this paper: 

1. Relapses and new manifestations occur despite spinal fusion. 
2. The series included no instances of immediate operative death. 
3. In the spinal fusion group, 9..5 % of the patients died later of tuber­

culous complications and 41.0 % in the conservatively treated group. 
4. Fractures o f the graft occurred in 6.6 % o f cases and pseudarthrosis 

persisted in 2.6 % . The length of the graft, its location and extent appeared 
affect the occurrence of fractures and pseudarthrosis. The lumbar and 
lumbo-sacral parts of the spine are predisposed to such accidents. The final 
results o f treatment of tuberculous spondylitis were not substantially inpaired 
by graft fractures. They may well be less significant than has been presumed. 

5. In the present series, if kyphosis was absent before the fusion, it 
appeared subsequently in only 6,1 % . Where kyphosis was already estab­
hshed it was prevented by fusion from increasing in only 11.4 % of cases. 

6. X-rays o f the spine revealed a tendency to fusion and block formation 
during a lengthy period of observation. 

7. The end results o f spinal fusion showed that 12.7 % o f the fol lowed 
up were unfit for work, 13.3% carried out heavy work, 47.4% average 
work, and 26.6% light work. 

8. The end results in the group treated with fusion and chemotherapy 
were somewhat better, especially as regards recurrences and new mani­
festations. There were no deaths caused by tuberculous complications. 

9. After conservative treatment, before the introduction o f chemo­
therapy, 20.0 %, of the followed up were unfit for work, 19.7 % were 
engaged in heavy work, 47.3 % doing average work and 13.0 % light 
work only. 

10. Tuberculostatic drugs have somewhat improved the results, but 
have not fulfilled all the hopes raised by their discovery. 

11. The results are in conformity with those reported in the literature. 
12. Fusion aids in giving stability to the diseased portion of the spine. 
13. Spinal fusion and the old conservative methods of treatment still 

have a place in modern therapy. 



I X S U M M A R Y 

The object o f this paper was to investigate the results of treatment in 
a series of patients with tuberculosis of the spine not admitted to sanatoria. 
During the period from 1930 to 1953, 1,018 cases were treated at the 
Surgical Clinics I , I I and I I I , University o f Helsinki and at the Kuopio 
General Hospital. There were 622 cases from the former, and 396 from 
the latter. Spinal fusion was performed in 208 cases, and 744 were given 
conservative treatment. 

The paper is divided into three parts, the first o f which gives an account 
of the composition o f the series, the second the treatment given to the 
patients, and the third the end results. 

The age distribution in the series shows that tuberculous spondylitis 
most frequently occurred in the age group 16 to 30 years, the peak being 
reached in the group 21 to 25 years. The greatest number o f spinal 
fusions was carried out on patients between 16 and 40 years o f age, the 
peak being reached between 21 and 25. 

There were no considerable divergences as regards sex distribution, 
with the exception of the age group 16—25 years, where males were in 
the majority. 

A s far as adults were concerned, the lumbar region was affected more 
frequently than the thoracic, whereas with children the thoracic region 
was affected twice as often as the lumbar. Lumbar vertebra I V was affect­
ed most frequently. Most commonly, two vertebrae were affected, then 
three and then one. 

Before treatment, abscesses were present in 34.2 % of all cases, fistulae 
in 8.8 % , kyphosis in 37.7 % , and paraplegia in 11.2 % . 

Other manifestations in bones and joints occurred in 9.5 % , mostly in 
the ribs, hip, knee and ankle. 

The frequency of soft tissue tuberculosis was 38.2 % . After the lungs, 
the most frequent changes were in the lymphatic glands, the urogenital 
system (kidneys), and abdomen. Pleurisy was present in 36.8 % o f the 
spinal fusion group, generally two to three years before the vertebral 
manifestation. 
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The difficulties o f diagnosis were emphasized: 27.9 % had to wait from 
three to thirty-one years to obtain a diagnosis before admission to hospital. 

The commonest erroneous were rheumatism, sciatica, lumbago, defor­
ming spondylosis, »weak back», and so on. 

The importance of tomography in obscure and early cases is emphasized. 
The narrowed intervertebral space may be the only roentgenological symp­
tom in the early stage. 

Constitutional treatment and immobilization, bed rest, a plaster o f paris 
bed, etc., are still important. During the period 1949—1953, 49 cases were 
given chemotherapeutic drugs: streptomycin, isoniazid and P A S , the most 
common combination being streptomycin and P A S ; 44 patients were 
given streptomycin, 18 isoniazid, and 37 P A S . In the hterature, resistance 
is most commonly reported with streptomycin. As it proved the most 
efficient medicament it was generally reserved for pre-operative and post­
operative treatment in spinal fusion. Streptomycin was also used in treating 
fistulae and abscesses. Because of the low dosage, it is presumed, compli­
cations did not arise in conneqtion with chemotherapy. 

Spinal fusion is o f advantage in almost all cases o f tuberculous spondy­
litis, in order to counteract the weakness of the spine and functional in­
sufficiency. 

In recent years, spinal fusion has been performed at a rather earlier 
stage, thanks to the assistance given by tuberculostatic drugs. 

Contra-indications are as follows: large abscesses, fistulae, extensive 
foci in the lungs and other active manifestations. Some o f these are rela­
tive, and disappear during the course of treatment. 

The spinal fusion technique employed has varied to some extent. ALBEIÍ 'S 
original method was employed in 61.5 % of the cases. Since the year 1950, 
unilateral subperiostal applications o f grafts have been in use the graft 
being placed at the bases of the spinous processes. The arches also have to 
be fused. Vertebrae should only be fused where this is absolutely recessary, 
and thus as a general rule only short grafts are required. 

During immobilization, the patient must exercise his extremities in 
order to avoid decalcification of the bones and atrophy the muscles. 

Occupational therapy is also of the greatest importance. It helps during 
the long period of illness, and prepares the patient for greater activity. 

The treatment should be individual, the sedimentation rate and X-ray 
photographs being valuable aids in following the course of the disease. 

Relapses occurred in the vertebrae of patients w h o had undergone spinal 
fusion in 17.5 % , and in 7.4 % o f cases given conservative treatment. The 
increased disposition towards relapses which is evident in the fusion group 
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might have been occasioned by inadequate pre-operative and post-opera­
tive treatment at the beginning o f the fusion epoch. Fol lowing the intro­
duction of tuberculostatic drugs, only one relapse occurred (2.0 % ) in 
this group. 

Extravertebral new manifestations occurred in 24.0 % of the operatively 
treated cases, and in 17.9 % of the conservatively treated cases. N e w mani­
festations, such as miliary tuberculosis, and tuberculosis in the meninges, 
lungs and urogenital system (kidneys), occurred. In the spinal fusion 
group 60.4 % o f the new manifestations appeared within the first two 
years after operation. 

After the introduction o f chemotherapy, the frequency o f new foci 
decreased from 24.0 % to 8.2 % . Nevertheless, the tuberculostatic drugs 
did not always provide protection against the spread o f tuberculous in­
fection to new organs. I t is possible that the favourable trend might be 
due to a less virulent type o f infection having arisen. 

The immediate operative mortahty in the series was nil. Subsequently, 
9.5 % of the patients who-had undergone spinal fusion died of tuberculous 
complications. O f the patients w h o had been given conservative treatment, 
41.0 % died of tuberculous complications. The mortahty among children 
was no higher than that for the whole series. 

N o n e of the patients given tuberculostatic drugs died o f tuberculous 
compUgations; chemotherapy thus seemed to reduce mortaUty to nil. The 
most common causes o f death were compUcations such as secondary in­
fections o f abscesses and fistulae, amyloidosis, paraplegia, decubitus, 
sepsis, urinary infections, etc., tuberculous meningitis, pulmonary tuber­
culosis, urogenital tuberculosis, tuberculosis o f other joints and bones 
with compUcations, miUary tuberculosis and abdominal manifestations. 

Fractures o f the graft occurred in 6.6 % of cases, and pseudarthrosis 
persisted in 2.6 % . The following factors seemed to play an important 
role in the occurrence o f fractures and pseudarthrosis: the length o f the 
graft, its location and extent. Fracture seemed particularly Uable to occur 
when the graft was in the lumbar and lumbosacral regions. Most graft 
fractures should heal on conservative treatment: if healing does not take 
place, rearthrodesis has to be performed. In the material, the fractures 
did not impair the final results to any great extent. 

Before an evaluation o f the end results, the elapse o f at least two years 
was considered necessary. Approximately 50 % o f the cases were followed 
up after an interval o f from six to twenty-four years. O f the patients who 
had undergone spinal fusion, 12.7 % o f the followed up were unfit for 
work , 13.3 % were engaged in heavy work, 47.7 % in average work, 
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and 26.6 % in light work. 5.9 % returned to work immediately on 
discharge, and on the whole 23.8 % took up employment too early. 

The sedimentation rate was found to be raised in 26.3 % o f the cases 
followed up; despite very careful examination, no explanation was forth­
coming for this. Study of the sedimentation rate provides a g o o d means 
following the course of a case, but it is possible that in some instances in 
which it remains high no significance need be attached to this fact. 

52.6 % of those re-examined subsequent to fusion could touch the 
floor with their finger tips. The flexibility was in general increased by 
work. Long grafts made the spine less flexible. 

73.4 % had some subjective trouble in the back: 28.9 % suffered from 
pain, 30.3 % from tiredness, and 13.2 % from stiffness. 

X-ray photographs of the spine revealed a tendency of the affected 
vertebrae to fuse together into a block formation with the passage o f time. 
This process might take ten years or more. 

Where kyphosis was nonexistent prior to surgical intervention, it arose 
in only 6.1 % afterwards. I t is-thus possible that the operation prevented 
its occurrence. In only 23.1 % of the material did spinal fusion prevent 
the increase of already existing kyphosis. 

The working capacity of the group treated with tuberculostatic drugs 
showed figures which were somewhat better, although the difference was 
not a striking one. 10.9 % were unfit for work. Heavy work was being 
done by 10.9 % , average work by 52.2 % and light work by 26.0 % . 

N o valid comparison can be made between those patients who had 
undergone spinal fusion and those given conservative treatment. The 
first-mentioned comprised a selected group in good general condition, 
without open fistulae, without extensive spread o f the focus, and with 
comparatively minor deformities. 

As regards those patients who were given conservative treatment before 
the introduction o f chemotherapy, 2 0 % of the followed up were unfit 
for work, 19.7% were engaged in heavy work, 47 .3% in average work, 
and 13.0 % in lightwork. 

In the series as a whole, 39.6 % carried out heavy work. Intellectual 
workers constituted only 3.7 % . Changes of profession did not take place 
to the extent desired. 

The results are in conformity with those shown in earUer reports. Tuber­
culostatic drugs partially improved the results, but have not fulfilled all 
the hopes raised by their discovery. Spinal fusion and the old conservative 
treatment still have a place in modern therapy. 





B I B L I O G R A P H Y 

ACKERMANN, W . : Spinal Fixation Ultimate Results. — Surg., Gyncc. & Obst. 1937: 64: 826. 

ADAMS, Z . B.: Tuberculosis of the Spine. — J. Bone & Joint Surg. 1934: 16: 200. 

ADAMS, Z . B . : Tuberculosis of the Spine in Children. — . ] . Bone & Joint Surg. 1940: 22: 860. 

ADAMS, Z . B . and DECKER, J. J.: Unusual Locations of Tuberculous Lesions in the Spine. — 

J. Bone & Joint Surg. 1937: 19: 719. 

ALBEE, F . H . : Transplantation of a Portion of the Tibia into the Spine for Pott's Disease. A 

Preliminary Report. — J. A . M . A . 1911: 57: 885. 

ALBEE, F . H . : The Bone-Graft Operation for Tuberculosis of the Spine. — J. A . M . A . 1930: 

94: 1467. 

ALBEE, F . H . : Spinal Tuberculosis. Climatic and Operative Treatment. — Amer. J, Surg. 

1935: 30: 60. 

ALLISON, N . : Heliotherapy in Surgical Tuberculosis. — Surg., Gynec. & Obst. 1927: 44: 743. 

ALLISON, N . : Fusion of the Spinal Column. — Surg., Gynec. & Obst. 1928: 46: 826. 

ALVIK, I.: Tuberculosis of the Spine. I. A n Analysis and Follow-up Study of 507 Patients. 

I I . The Mobility of the Lumbar Spine after Tuberculous Spondylitis. — Acta Chir. Scand. 

1949: Suppl. 141. 

ANDERSON, R . L . : Osolated Tuberculosis of the Spinous Process of a Vertebra. Report of a 

Case. — J. Bone & Joint Surg. 1940: 22: 741. 

ARNESEN, Α . : Cervical SpondyUtis with Luxation and Medullary Compression treated by Oper­

ation. — Acta Chir. Scand. 1932: 70: 104. 

BAKALIM, G . : L o w Back Pain and Tuberculosis. — Annal. Chir. et Gynaec. Fenniac. 1959: 

48; 141. 

BAKALIM, G . and LANGENSKIÖLD, Α . : Radikal utrymning av tubcrkulösa härdar i kotor. — 

Finska läk. sällsk. handl. 1960: 104: 242. 

BAUER, K . H . und JENNER, B .: Über die Endergebnisse der Henlc-Albeeschen Operation bei 

Spondylitis tuberculosa. — Zbl . f. Chir. 1932: 50: 2948. 

BAUER, K . H . und JENNER, B . : Ist die Henle — Albceschen Operation bei Spondylitis tuber­

culosa noch erlaubt? — Brun's Beitr. 1933: 157: 337. 

BECKER, F.: Z u r Wertbeurteilung der osteoplastischen Versteifung der Wirbelsäule bei Tuber­

kulose. — Schweiz, med. Wschr. 1937: 2 : 615. 

BÉRARD, F. und KNORR, G . : Die Behandlung der Spondylitis tuberculosa der Kinder und 

Jugendlichen in den Mittclmeerhospitälern von Giens — Hyéres. — Zschr. f. Orthop. 

1939: 69: 155. 

BETTMANN, E.: Über ein neues Verfahren zur schonenden Rcdression des spondylitischen 

Gibbus. — Zbl . f. Chir. 1927: 54: 77. 

BETTMANN, E.: Die orthopädischen Behandlung der Skelettuberkulose. — Münch, med. Wschr. 

1928: 21: 839. 

BIERRING, K . : Kliniske undersocgelscr over spondylitis tuberculosa, med sarligt henblik paa 

behandling med Albee's operation. — Arnold Busck. Koebenhavn 1934. 



104 

BIESALSKI, Κ. : Zweck und Schicksal des Albeespans im Spondylitis. — Arch. f. kUn. Chir. 

1923; 127: 667 

BOSWORTH, D . M . : Clothespin or Inclusion Graft for Spondylolisthesis or Laminal Defects of 

the Lumbar Spine. — Surg., Gynec. & Obst. 1942: 75: 593. 

BOSWORTH, D . M . ; Clothespin Graft of the Spine for Spondylolisthesis and Laminal Defect. — 

Amer. J. Surg. 1945: 67: 61. 

BOSWORTH, D . : Circumduction Fusion of the Spine. — J. Bone & Joint Surg. 1956: 38 A : 263. 

BOSWORTH, D . M . : Treatment of Bone and Joint Tuberculosis in Children. — J. Bone & Joint 
Surg. 1959; 41 A : 1255. 

BOSWORTH, D . M . and LEVINE, J.: Tuberculosis of the Spine. — J. Bone & Joint Surg. 1949: 

31 A : 267. 

BOSWORTH, D . M . , PIETRA, A . D . and FARRELL, R . F.: Streptomycin in Tuberculous Bone 

and Joint Lesions with Mixed Infection and Sinuses. — J. Bone & Joint Surg. 1950: 

32 A ; 103. 

BOSWORTH, D . M . , PIETRA, D . A . and RAHILLY, G . : Paraplegia Resulting from Tuberculosis 

of the Spine. — J. Bone & Joint Surg. 1953; 35 A : 735. 

BOSWORTH, D . M . and W R I G H T , H . Α . : Streptomycin in Bone and Joint Surgery. — J. Bone & 

Joint Surg. 1952: 34 A : 255. 

BOSWORTH, D . M . , WRIGHT, H . Α . , FIELDING, J. W . and GOODRICH, E . R . : A Study in the 
Use of Bank Bone for Spine Fusion in Tuberculosis. — J. Bone & Joint Surg. 1953: 35 A : 

329. 

BOSWORTH, D . M . , W R I G H T , H . Α . , FIELDING, J. W . and WILSON, H . J.: The Use of Iproniazid 

in the Treatment of Bone and Joint Tuberculosis. — J. Bone & Joint Surg. 1953: 35 A : 

577. 

BROCHER, J. E.: Die Wirbelsäulentuberkulose und ihre Differentíaldiagnose. Georg Thieme, 

Stuttgart 1953. 

BUSINGER, C : Beitrag zum Verlauf und zur Prognose der Tuberkulose der Wirbelsäule auf 

Grund von 108 Fällen der Eidgenossischen Miütärversicherung aus den Jahren 1902— 

1927. — Schweiz, med. Wschr. 1928 58: 355. 

SÜSSEM, W . : Differentialdiagnostische Schwierigkeiten zwischen Spondylitis tuberculosa und 

unspezifischer Erkrankung der Zwischenwirbelscheiben. —· Deutsch. Zschr. f. Chir. 1933: 

240: 464. 

CALOT, F., & PIERRE, J.: Est — il permis dans l'ètat actuel de la science d'oper des malades 

atteinst de paralysie du mal de Potte — Revue d'Orthop. 1895: 6: 249. Ref. GRIFFITHS, 

D . L . , SEDDON, H . J. and ROAF, R . : Pott's Paraplegia. — Geoffrey Cumberlege. Oxford 

1956. 

CALVÉ, J.: Sur un procédé de rcpárage vertebral. — Presse medical. 1928: 36: 1493. 

CALVÉ, J., and G A L L A N D , Μ . : Osteosynthesis in Spinal Tuberculosis. — J. Bone & Joint Surg. 

1936: 18: 46. 

CHANDLER, F . A . and PAGE, M . Α . : Tuberculosis of the Spine. End-result Series Studied at 

the Children's Memorial Hospital Chicago. — J. Bone & Joint Surg. 1940: 22: 851. 

CLEVELAND, M . : Treatment of Tuberculosis of the Spine. — J. Bone & Joint Surg. 1940: 

22: 824. 

CLEVELAND, M . and BOSWORTH, D . M . ; The Pathology of Tuberculosis of the Spine. — J. 

Bone & Joint Surg. 1942: 24: 527. 

CLEVELAND, M . and PYLE, E.: Joint Tuberculosis. — J. A . Μ . A . 1929: 92: 1496. 



105 

COLOMBANI, S.: Die operative Behandlung der Knochen und Gclcnktuberkulose unter dem 

Einfluss der modernen chemischen und antibiotischen Behandlungsmittcl. — Wiederher. 

Chir. Traum. 3: 80. S. Karger, Basel—New Y o r k 1956. 

COMPERE, L . E . and JEROME, J. T . : The treatment of Tuberculosis of the Spine in Young 

Children. — Annal. Surg. 1935: 102: 286. 

COMPERE, Ε . L . , KLEINBERG, S., KLEIGER, Β. , MOORE, P H . Η . , STEWART, Μ . J,, and WRIGHT, 

P. B . : A Public Health Service Cooperative Investigation. Evaluation of Streptomycin 

Therapy in a Controlled Series of Ninety Cases o f Skeletal Tuberculosis. — J. Bone & 

Joint Surg. 1952: 34 A : 288. 

DARDEL, G . : Z u r Indikation der osteoplastischen Operation nach Albec — de Quervain bei 

Spondylitis tuberculosa. — Schweiz, med. Wschr. 1928: 58: 570. 

DAUBENSPECK, K . : Erfahrungen mit der operativen und medikamentösen Behandlung der 

Knochen und Gelenktuberkulose. — Verh. Deutsch. Orthop. Ges. 38 Kongr. Zschr. f. 

Orthop. 1951: 80 (Beilageh.): 151. 

DEBRUNNER, H . : Die Indikationsstellung zur Albeeschen Operation bei tuberkulösen Spon­

dylitis. — Schweiz, med. Wschr. 1921: 2: 446. 

DENK, W . : Z u r operativen Behandlung der tuberkulösen Spondylitis. — Arch. f. kün. Chir. 

1924: 132: 156. 

DEROY, M . S. and FISHER, H . : The Treatment of Tuberculous Bone Disease by Surgical Drain­

age combined with Streptomycin. J. Bone & Joint Surg. 1952: 3 4 A : 299. 

D o B S O N , J.: Tuberculosis o f the S p i n e . A n Analysis o f the Results o f Conservative Treatment 

of the Factors influencing the Prognosis. — J. Bone & J o i n t Surg. 1951: 3 3 B : 517. 

DouB, H . P. and BADGLEY, C . E . : Tuberculosis of the Intervertebral Articulations. — Amer. 

J. Roentgenol. 1931: 25: 299. 

DouB, H . P. and BADGLEY, C . E. : The Roentgen Signs of Tuberculosis of the Vertebral Body. 

— Amer. J. Roentgenol. 1932: 27: 827. 

DUBOIS, M . : Beiträge zur Biologi des Knochens und zur orthopädisch-chirurgischen Therapie 

der Spondylitis tuberculosa. — Zschr. f. orthop. Chir. 1927: 48 (Beilageh.). 

DUCREY, E . : Unsere Behandlung der tuberkulösen Spondylitis. — Deutsch Zschr. f. Chir. 

1936: 246: 307. 

DUNCAN, G . Α . ; Skeletal and Extraskeletal Tuberculous Lesions associated with Joint Tuber­

culosis. — J. Bone & Joint Surg. 1937: 19: 64. 

EDGREN, W . and V A I N I O , S.: Differential Diagnosis in Tuberculous Spondylitis. — Annal. 

Chir. et Gynaec. Fenniae. 1957: 46: suppl. 71 . 

ELSNER, J.: Z u r Technik der Henle — Albee Operation. — Z b l . f. Chir. 1922: 49: 257. 

ELY, L . W . : Ankylosing Operations on the Tuberculous Spine. — J. A . M . A . 1926: 86: 1748. 

ERLACHER, Ph.: Lehrbuch der praktischen Orthopädie. — Wilhelm Maudrich. Wien—Bonn 

1955. 

EVANS, E . T . D . : Tuberculosis o f the Bones and Joints with Special Reference to the Influence 

of Streptomycin and the Application of Radical Surgical Techniques to Certain Effects 

and Complications of the Tuberculous Lesion. — J. Bone & Joint Surg. 1952: 34 A ; 267. 

FELLÄNDER, M . : Radical Operation in Tuberculosis of the Spine. — Acta Orthop. Scand. 1955: 

Suppl 19. 
F i N C K , J.: Das Problem der absoluten Ausgleichbarkeit des spondylitischen Buckels. — Zschr. 

f. orthop. Chir. 1904: 12: 706. 
FINKELSTEIN, H . , GREENBERG, B . B . , JAHSS, S. A . and MAYER, L . ; Operative and Conservative 

Treatment of Tuberculosis of the Spine. A Comparative Study. — J. A . M . A . 1938: 110: 

480. 



106 

FINLAND, Μ . , MURRAY, R . , HARRIS, B. , K IHLMAN, L . and MEADS, H . M . : Development of 

Streptomycin Resistance During Treatment. — J. A . M . A . 1946: 132: 16. 

FREUND, E . : Z u r Klinik und Radiography der Spondylitis Tuberculosa. — Arch. f. klin. Chir. 

1930: 159: 434. 

FREUND, E .: Contribution to the Question of Spinal Fusion in Tuberculous Spondylitis in 

Childhood. — J. Bone & Joint Surg. 1933: 15: 752. 

FROMME, Α . : Über die Albee'schcn Operation bei der tuberkulösen Spondylitis. — Brun's 

Beitr. 1920: 118: 1. 

GAUGELE: Z u r Behandlung der spondylitischcn Lähmungen. — Arch. f. kUn. Chir. 1909: 90: 

899. 

V O N GAZA: (Aussprache) Z b l . f. Chir. 1932: 59: 2948. 

GÉRARD-MARCHANT, M . P.: Les Antibiotiques dans les tuberculoses ostëo-artlculaires. — 

Sixiémc Congres de la Société Internationale de Chirurgie Orthopédique et de Trauma­

tologie. 1954: 134. 

GÉRARD-MARCHANT, M . P . et SALMON, Μ . : Les antibiotiques et la chimotherapie dans les 

tuberculoses osseuscs et articulaires. — Revue d'orthop. 1950: 5: 242. 

GIBSON, Α . : A Modified Technique for Spinal Fusion. — Surg. Gynec. & Obst. 1931: 53: 365. 

GIRDLESTONE, G . R . : Tuberculosis of Bones and Joints. In PLATT, H . : Modern Trends in Ortho­

pedics. Buttcrworth & C O . London 1950., 

GJESSING, M . H . : Osteoplastic Anterior Fusion of the Lower Lumbar Spine in Spondylolisthesis, 

Localized Spondylosis and Tuberculous Spondylitis. — Acta Orthop. Scand. 1951: 20: 200. 

G O L D , E . und STERNBERG, H . : Über das gemeinsame Vorkommen von Skoliose und Spon­

dylitis tuberculosa. — Arch f. orthop. Chir. 1935: 35: 292. 

GRIFFITHS, D . L . , SEDDON, H . J. and ROAF, R . : Pott's Paraplegia. — Gocffrcy Cumberlege. 

Oxford 1956. 

GRIGORESCU, J. and VASILIU, Α . : Erfahrungen mit der operativen Behandlung der Spondylitis 

tuberculosa nach Albee, modifiziert nach Jacobovici. — Brun's Beitr. 1936: 164: 1. 

GUILDAL, P.: O m ankyloserendc Operationer ved Spondylitis tuberculosa. — Hospitalstidende. 

1923: 66: 723. 

GYLLING, M . U . : Lumbosacral Root Syndrome Caused by Tuberculous Spondylitis. — Annal. 

Chir. et Gynaec. Fenniae. 1951: 40: 262. 

HAGELSTAM, L . : Rctroposition of Vertebrae as an Early Sign of Tuberculous Spondylitis of the 

Lumbar Spine. — Acta Orthop. Scand. 1948: 17: 3 1 . 

HALLOCK, H . and JONES J. B.: Tuberculosis of the Spine. A n Endresult Study of the Effects 

of the Spinal Fusion Operation in a Large Number of Patients. — J. Bone & Joint Surg. 

1954: 36 A : 219. 

HALSTEAD, A . E.: A N e w Method of securing Boncy Ankylosis of the Spine in Pott's Disease 

by Means of a Bone Transplantation. — Surg., Gynec. & Obst. 1915: 21: 8. 

HARRIS, R . 1. and COULTHARD, H . S.: End Results of Treatment of Pott's Disease. — J. 

Bone & Joint Surg. 1940: 22: 862. 

HARRIS, R . I. and COULTHARD, H . S.: Prognosis in Bone and Joint Tuberculosis. — J. Bone & 

Joint Surg. 1942: 24: 382. 

HARRIS, R . I . , COULTHARD, H . S . and DEWAR, F . P.: Streptomycin in the Treatment of Bone 

and Joint Tuberculosis. — J. Bone & Joint Surg. — 1952; 34 A : 279. 

HASS, J.: Z u r Technik der Albccschen Operation bei tuberkulöser Spondylitis. — Z b l . f. Chir. 

1921: 48: 709. 

HELLNER, H . : Über das Nichtcrkennen von tuberkulösen Scnkungsabscessen. — Münch, med 

Wschr. 1937: 4: 658. 



107 

HELLSTADIUS, Α . : Über die Entvicklung des tuberkulösen prozcsse und die Entstehung ver­

schiedener Ausheilungsformen bei Tuberkulose der Wirbelkörper sowie einige damit 

zusammenhängende Verhältnissen. — Acta Orthop. Scand. 1937: 8: 1. 

HELLSTADIUS, Α . : Tuberculous Necrosis of Entire Vertebral Body with Negative X-Ray Fin­

dings. — Acta Orthop. Scand. 1946: 16: 163. 

HEMPRICII, R.: Über zusammenhänge zwischen Spondylitis tuberculosa und urogenitaltuber-

kulose. — Deutsch. Zschr, f. Chir. 1940: 254: 181. 

HENDERSON, M . S.: Tuberculosis of the Spine. End-Results of Operative Treatment. — Surg., 

Gyncc. & Obst. 1917: 24: 60. 

HENDERSON, M . S.: Operative Fusion for Tuberculosis of the Spine. Report of Three Hundred 

and One Cases. — J. A . M . A . 1929: 92: 45. 

HENLE, Α . : Versteifung der Wirbelsäule durch Knochentransplantation. — Verh. deutsch, 

Ges. f. Chir. 1911: 1: 118. 

HERLYN, K . E . und KOCHS, E . : Ergebnisse konservativer Behandlung der Spondylitis tuber­

culosa. — Brun's Beitr. 1935: .162: 83. 

HEUSNER, L . : Über die Calot'sche Operation der Pott'schen Höcker. — Zschr. f. orthop. 

Chir. 1899: 6: 248. 

HIBBS, R . Α . : A n Operation for Pott's Disease of the Spine. — J. Α . Μ . Α . 1912: 59: 433. 

HIBBS, R . Α . : Treatment of Vertebral Tuberculosis by Fusion Operation. — J. A . M . A . 1918: 

71 : 1372. 

HIBBS, R . A . and RISSER, J. C : Treatment of Vertebral Tuberculosis by the Spine Fusion Ope­

ration. — J. Bone & Joint Surg. 1928: 10: 805. 

HILDEBRAND, W . : Schwierigkeiten bei der Diagnostik der Tuberkulose der Articulatio sac-

roiliaca und des 5. Lendenvirbels. — Zschr. f. Orthop. 1936: 65: 340. 

H i L S E , Α . : Z u r permanenten Redression des spondylidschen Gibbus im Gibsbett. — Zbl . f. 

Chir. 1927: 54: 2514. 

H o E s s L Y , H . : Die osteoplastische Behandlung der Wirbelsäuleerkrankungen, speziell bei Ver­

letzungen und bei der Spondylitis tuberculosa. — Brun's Beitr. 1916: 102: 153. 

HOFFMAN, V . : Die autoplastischcn Knochentransplantationen vom Standpunkt der Biologi 

und Architektonik. — Arch. f. klin. Chir. 1925: 135: 413. 

HORVAT, M . : Die operative Behandlung der Knochen- und Gelenktuberkulose unter dem Ein-

fluss der modernen chemischen und antibiotischen Bchandlungsmittel. — Wiederher. 

Chir. Traum. 3: 135. S. Karger, Basel—New Y o r k 1956. 

JOHNSTONE, J. G . : Treatment of Surgical Tuberculosis in Children with Special Reference to 

Tuberculous Disease of the Spine. — Lancet 1927: 213: 1177. 

JOISTEN: Erfahrungen mit der Albeeschen Operation bei Spondylitis tuberculosa an der Ortho­

pädischen Klinik Köln. — Z b l . f. Chir. 1928: 55: 2198. 

JOISTEN: Zur operativen Behandlung der Spondylitis tuberculosa nach Albee. — Arch. f. 

orthop. Chir. 1929: 27: 50. 

JuHL, S.: Albee Treatment of Tuberculous Spondylitis. — Acta Orthop. Scand. 1942: 13: 295. 

KASTERT, J.: Eine neue chirurgische Methode zur Behandlung der Wirbelsäulentubcrkulos. — 

Chirurg 1950: 2 1 : 691 . 

KASTERT, J.: Operative Behandlung der Knochen- und Gelenktuberkulose unter dem Schutz 

der modernen Chemo-antibiotica. — Ztschr. f. Orthop. 1956: 87 (Bcilageh.): 46. 

KASTERT, J.: Die kombinierte Opcrativ-tuberculostatischc Herdterapie der Spondylitis tuber­

culosa. — Annal. Surg. 1957: 8: 14. 

KATTHAGEN, Α . : 4 2 Bchandlungsergebnisse der Knochen- und Gelektuberkulose. — Zschr. f. 

Orthop. 1954: 84: 516. 



108 

KEY, Α . J.: The Pathology of Tuberculosis of the Spine. — J. Bone & Joint Surg. 1940: 22: 

799. 

K i P N i s , B.: Knochcneinpflanzung bei Wirbehuberkulose. — Deutsch. Zschr. f. Chir. 1926: 

194: 325. 

KLOSSNER, A . R.: L u u - ja niveltuberkuloosin hoito ja holdon järjestely Suomessa. — Duodecim. 

1949: suppl. 18. 

K o F M A N N , S.: Über die Diagnos der Spondylitis tuberculosa im antegibbären Stadium. — 

Zschr. f. orthop. Chir. 1933: 60: 163. 

K o F M A N N , S.: Spondylitis tuberculosa, der Verlauf und der Therapieausgang auf Grund eigener 

statistischen Daten. — Arch. f. orthop. Chir. 1937: 38: 355. 

KROGIUS, Α . : O m solbchandlingen av den s.k. kirurgiska tuberkulösen, med speciell hänsyn 

tili dess tillämpning i Hohenlyckcn. — Finska läk. sällsk. handl. 1921: 63: 385. 

K u s s , H. : Z u r Statistik der Spondylitis tuberculosa. — Arch f. klin. Chir. 1931: 166: 136. 

KYRKLUND, R.: Erfahrungen hinsichtlich Bier-, Kisch-, Sonnenlicht-, Stauungs- und Streck-

verbandsverfahren bei der Behandlung von Knochen- und Gelenktuberkulose. — Acta 

paediatr. 1928: 7 (suppl. 2 ) : 173. 

KÖNIG, E.: zur Bewertung der Wirbclsäulcnvcrsteifung durch freie Knochenplastik bei der 

Spondylitis tuberculosa. — Arch. f. klin. Chir. 1928: 151: 505. 

LAGERBORG, V . : Die lokale konservative Behandlung der tuberkulösen Spondylitis. Bericht 

über das Resultat der Behandlung im Sanatorium Högsand. — Finska läk. sällsk. handl. 

1931: 73: 945. 

LAMPADIUS, H . : Die Behandlung der Wirbeltuberkulose und deren Erfolge im Flachlande. 

(Kruppclheim). — Zschr. f. Orthop. 1937: 66: 89. 

LANGE, F.: Die operative Schienung der spondylitischen Wirbelsäule. — Münch, med. Wschr. 

1924: 71 : 904. 

L A N G E . F.: Die operative Schienung der spondylitischen Wirbelsäule mit Celluloidstäben. — 

Zschr. f. orthop. Chir. 1924: 45: 492. 

LANGE. M . und GLOGOWSKI. G . : Das Spiegelbild des kombinierten tuberkulostatischen Heil­

verfahren bei Knochen- und Gelenktuberkulosc unter Berücksichtigen der extra- und 

intrafokalen Eingriffe. — Reconstr. Surg. Traum. 1956: 3: 147. 

LANGENSKIÖLD, Α . : Ivory Vertebra in Tuberculosis. — Acta Chir. Scand. 1953: 104: 373. 

LANGENSKIÖLD, F . : The Result of the Conservative Treatment of Tuberculous Spondylitis. — 

Acta Chir. Scand. Proceeding North. Orthop. Association. 1922. 

LANGENSKIÖLD, F.: O m den tuberkulösa spondylitcns operativa behandling enligt Albee. — 

Finska läk. sällsk. handl. 1923: 65: 297. 

LANGENSKIÖLD, F . : Senresultat i fall av tuberkulös spondyUt, behandlade med operativ fixation 

huvudsakligen enligt Albee. — Finska läk. sällsk. handl. 1932: 74: 128. 

LANGENSKIÖLD, F.; Spätresultate in Fällen von tuberkulöser Spondylitis bei Behandlung mit 

operativen Versteifung hauptsächlich nach Albee. — Acta Chir. Scand. 1932: 69: 556. 

LAUGE HANSEN, N . : Nyrenes og urinveienes pävirkning av psoasabscesser og retroperitoneale 

abscesser ved Spondylitis etc. — N o r d . Med. 1946: 32: 2255. 

LECLERE, G . : Les résultats éloignés de l'operation d'Albee dans le mal de Pott de l'adultc. — 

Presse medic. 1936: 2: 1684. 

LESKINEN. S.: Säilyttävän hoidon tuloksista tuberkuloottisissa nikamatulehduksissa. — Duo­

decim. 1913: 29: 346. 

LESKINEN, S.: Säiljfttävän hoidon tuloksista nikamatulehduksissa. — Duodecim. 1923: 39: 346. 

LESKINEN, S.: Uber die Erfolge der konservativen Behandlung der tuberkulösen Spondylitis. 

— Acta Chir. Scand. 1924: 57: 193. 



109 

LEXER, Ε.: 20 Jahre Transplantationsforschung in der Chirurgie. — Arch. f. klin. Chir. 1925: 

138: 251. 

MAGNUSON, P . B.: Indications for Internal Splinting of the Spine. — Surg., Gynec. & Obst. 

1924: 38: 112. ' 

MARIANTSCIIIK, L . P.; Zur Bewertung der entfcrten Resultate der chirurgischen under der 

konservativen Behandlung der tuberkulösen Spondylitis im Kindcsalter. — Arch, orthop. 

Chir. 1935: 35: 177. 

M A U , C : Spätresultate der Albee'schen Operadon bei der Spondylitis tuberculosa. — Deutsch. 

Zschr. f. Chir. 1924: 187: 353. 

MAYER, L . : A Critical Study of Tuberculosis of the Spine in Children. — J. Bone & Joint Surg. 

1940: 22: 875. 

MENARD, v.: Die Behandlung der tuberkulösen Knochen- und Gelenkentzündungen der See­

station zu Bcrck. — Zschr. f. orthop. Chir. 1913: 32: 372. 

MEYER, M . and CUNY, J.: Mal de Pott larve simulant l'appcndicite. — Revue d'orthop. 1926: 

13: 243. 

MEYERDING, H . W . : Tuberculosis of the Spine: Treatment and Results. — J. Bone & Joint 

Surg. 1940: 22: 840. 

MYRON, H . and GEIST, E . S.: Spinal Fusion by Simplified Technique. — J. Bone & Joint 

Surg. 1933: 15: 622. 

ZUR NEDDEN, I.: Uber die in der Chirurgischen Universitätsklinik zur Göttingen Während der 

Jahre 1890 1916 behandelten'Fälle von tuberkulöser Spondylitis. — Brun's Beitr. 1919: 

117: 685. 

N i c o D , L . : A propos des greffes d'Albee. — Schweiz, med. Wschr. 1942: 23: 646. 

NITSCHE, F.: Zur Behandlung der Spondylitis tuberculosa auf Grund 10 jähriger Erfahrung 

mit der Fincksche Methode. — Zschr. f. orthop. Chir. 1934: 61: 27. 

ODELBEBG-JOHNSON, G . : O n Defects in the Bone-graft after Albee's Operation for Tuberculous 

Spondylitis. — Acta Orthop. Scand. 1934: Suppl 1. 

ODELBERG-JOHNSON, G . : O n Defects and Pscudarthroses of the Bony Bridge Following Para-

spinal Bone Transplantation in Growing Rabbits. — Acta Orthop. Scand. 1939: 10: 160. 

ORELL, S.: A new Method in the Treatment of Tuberculous Spondyliris. Transplantation of 

Os N o v u m in Addition to Chips of Excited Tibia and their Osteogenous Transformation. 

— Acta Chir. Scand. 1942: 86: Suppl. 69. 

ORELL, S.: Chemotherapy and Surgical Treatment in Bone and Joint Tuberculosis. — Acta 

Orthop. Scand. 1951: 21: 190. 

ORELL, S.: Kemoterapi och kirurgiska ingrepp vid ortopedisk tuberkulös. — Svenska läk. 

tidn. 1951: 48: 18. 

ORELL, S.: Streptomycin in the Surgical Treatment of Bone and Joint Tuberculosis. — Acta 

Chir. Scand. 1951: 102: 113. 

ORELL, S.: The Radical Treatment of Bone and Joint Tuberculosis. — Acta Orthop. Scand. 

1951: 21: 187. 

ORELL, S.: Surgical Treatment of Vertebral Tuberculosis with the Aid of Chemotherapy and 

Antibiotics. — Reconstr. Surg. Traum. 3: 46. S. Karger, Basel—New York 1956. 

ORELL, S.: Operative Behandlung der Knochen- und Gclcnktuberkulose unter dem Schutz der 

modernen Chemo-antibiotica. — Zschr. f. Orthop. 1956: 87 (Beilageh.): 44. 

OTTERLOO, J.: »Spondylodesis». The Use of the Short Bone Graft in Fusion of the Tuberculous 

Spine. — J. Bone & Joint Surg. 1938: 20: 320. 

PALMEN, A . J.: Lapsuuden tuberkuloosista ja sen auringonsädchoidosta. — Duodecim. 1922: 

38; 304. 



110 

PALMEN, Α . J.: Viidcn vuoden kokemuksia n.s. kirurgiscsta tuberkuloosista. — Duodecim. 

1931: 47: 103. 

PEABODY, C H . W . : Secondary Foci of Tuberculosis in the Spine in Pott's Disease. — Annal. 

Surg. 1922: 75: 95. 

PETTER, C H . K . : Rib-splinter Graft in Spinal Fusion for Vertebral Tuberculosis. — J. Bone & 

Joint Surg. 1937: 19: 416. 

PETTER, Ch. K . and MEDELMAN, J. P.: A Typical Case of Tuberculosis of the Spine. — J. A . 
M . A . 1934: 102: 1378. 

POLYA, E.: Z u r Technik der Versteifung der Wirbelsäule bei Spondylitis. — Z b l . f. Chir. 1921: 

48: 884. 

POTT, P.: Remarks on that Kind of Palsy of the Lower Limbs, which is Frequently Found to 

Accompany a Curvature of the Spine and is Supposed to be Caused by it. Printed for J. 

JOHNSON, N O 72, St. Paul's Church-Yard, London 1769. 

REDARD, P.: Die Behandlung der Verkrummerungen der Wirbelsäule und insbesondere die 

Behandlung des Pottschen Buckels. — Zschr. f. orthop. Chir. — 1899: 6: 258. 

RESCHKE: Albeescher Operation bei Spondylitis mit Ascess und Fistelbildung. — Z b l . f. Chir. 

1939: 66: 1209. 

RIVOIR, J.: Wirbcltuberkulosc und Tuberkulose des Urogcnitahraktes Spontane Heilung einer 

Wirbelsäulencaries. — Z b l . f. Chir. 1938: 65: 1107. 

KOLLIER, Α . : Über die Sonnenbehandlung der Knochen und Gelenktuberkulose. — Zschr. f. 

orthop. Chir. 1913: 32: 337. 

Roos, Α . : Über Spätresultate nach Osteoplastik der spondylitischen Wirbelsäule. — Zschr. f. 

orthop. Chir. 1923: 43: 321. 

RUMMELHARDT, K . : Über 178 Fälle von Spondylitis tuberculosa aus den Jahren 1907—1927. — 

Arch. f. klin. Chir. 1930: 160: 771. 

SCHEEL, Α . : Osteosklerosen ved tubcrkuloes spondylitt. N o r d . Med. 1939: 2: 1831. 

SCHMIEDEN, V . : Die operative Chirurgie der Wirbelsäule. — Arch. f. klin. Chir. 1930: 162: 

388. 

SCHUBERTH, Α . : Z u r Lokalisation der tuberkulösen Wirbelsäulenerkrankung. — Münch, med. 

Wschr. 1928: 41: 1756. 

SEDDON, H . J.: The Morbid Anatomy of Caries of the Thoracic Spine in Relation to Treatment, 

Lancet. 1935: 2: 355. 

SERRÉE, DETTLOFF, HUBERT, and VERNET, : Mal de Pott. Greife prccoce ou traitement 

dassifiquc — Revue d'orthop. 1950: 36: 66. 

SEVER, J. W . : Abscesses in Tuberculosis of the Spine. — J. A . M . A . 1929: 92: 1822. 

SICARD, A . et TERQUEM, J.: Mai de Pott lombo-sciatiques. — Presse medical 1954: 62: 799. 

SNELLMAN, B .: The Occurrence of Tuberculosis of the Renal Parenchyma in Association with 

Bone and Joint Tuberculosis. — Acta Chir. Scand. 1950: 100: 259. 

SORREL, E . ct ROCHER: Indications ct resultáis des osteosyntheses dans Íe traitement du mal 

de Pott. — Presse medical. 1929: 134: 1349. 

SPRINGER, C : Die operative Schienung der Wirbelsäule bei Spondylitis tuberculosa. — Med. 

Klin. 1928: 2: 1335. 

STALMANN, Α . : Über Erfolge und Misserfolge in der Behandlung der Wirbelsäulentuberkulos 

am Hannastift Hannover. — Zschr. f. Orthop. Chir. 1935: 63: 319. 

STEINMANN, R . J.: Erfahrungen mit der operativen Wirbelsäulen Vers te i fung bei tuberkulöser 

Spondyhtis. — Deutsch. Zschr. f. Chir. 1938: 249: 736. 

STENSTRÖM, R . : Tomografi i röntgcndiagnostiken. — N o r d . Med. 1951: 46: 1324. 



I l l 

S w E T T , P. P., BENNETT, G . E . and STREET, D . M . : Pott's Disease: The Initial Lesion, the Rela­

tive Infrequency of Extension by Contiginity, the Nature and Type of Healing, the Role 

of the Abscess, and the Merits of Operative and Non-Operative Treatment. — J. Bone 

& Joint Surg. 1940:·22: 878. 

SWIFT, W . E.: End Results of the Spine-fusion Operation for Tuberculosis of the Spine. —• J. 

Bone & Joint Surg. 1940: 22: 815. 

THOMSEN, H . : Das Material des Invalidenvcrsichcrungs-Gerichthofes betr. Spondylitis tuber­

culosa in den Jahren 1921—1932. Eine analytische Studie. — Acta Orthop. Scand. 1939: 

10: 1. 

T i i O M S E N , H. : Den operative Behandling af tuberkuloes Spondylitis. Ugeskr. f. laeger. 1939: 

51: 1506. 

WAHREN, H . : O n the Treatment of Tuberculous Spondylitis in Children. 20 After-examined 

Cases Treated according to Albct's Method. — Acta Orthop. Scand. 1936: 7: 177. 

WALDENSTROM, H . : Die Behandlung des tuberkulösen Gibbus mit Osteosynthese nach allmäh­

lichem Rcdressemcnt. — Zschr. f. orthop. Chir. 1924: 45: 595. 

WALDENSTROM, H . : The Treatment of the Tuberculous Kyphosis by Osteosynthesis after Gradual 

Correction. — Acta Chir. Scand. 1924: 56: 463. 

WALHEIM, T H . ; Tuberculous Spondylitis. A Clinico-Statistical Study. — Acta Chir. Scand. 

1939: 83: 123. 

WASSERFALLEN, Μ.: La spodylite au debut. — Rev. suiss. tbc. 1946: 3: 405. 

WESTERMARK, Ν . and FORSMAN, G . : The Röntgen Diagnosis of Tuberculous Spondylitis. — 

Acta Radiol. 1938: 19: 207. 

WIDENHORN, H. : Zur rationellen Behandlung der chirurgischen Knochen- und Gelenktubcr-

kulose des Kindcsalters. — Arch. f. klin. Chir. 1935: 181: 268. 

WILKINSON, M . C : Chemotherapy of Tuberculosis of Bones and Joints. — J. Bone & Joint 

Surg. 1954: 36 B: 23. 

WILKINSON, M . C : Synovectomy and Curettage in the Treatment of Tuberculosis of Joints. — 

J. Bone & Joint Surg. 1953: 35B: 209. 

VOLKERT: Über die Bchandlungsergebnisse bei Knochen und Gclenktuberkulose mit chemo-

terapeutischen und antibiotischen Mitteln an der Orthopedischen Klinik München. — 

Verh. Zschr. f. Orthop. 1951: 80 (Beilageh.): 160. 

WULLSTEIN, L . : Die Behandlung der tuberculösen Spondylitis. — Zschr. f. orthop. Chir. 1904: 

12: 723. 

VuLpius, O. : Über die Lichtbehandlung der chirurgischen Tuberkulose. — Zschr. f. orthop. 

Chir. 1913: 32: 448. 




