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I n  the large literature on curvatures of the spine most of the 
attention has always been given to  scoliosis, because a fixed 
lateral curvature is a n  abnormality, while the difference between 
the merely kyphotic posture and the actual, fixed, abnormal 
kyphosis is oiily a matter of degree. 

The kyphotic postzirc-the rouiiclecl back- is so coninion 
that  in its milder degrees it caiiiiot be coilsidered a s  an  ab- 
normality. J u s t  a s  it is impossible to define exactl? what cow 
stitutes the >>normal<< posture, as clistinguished from either flat 
or rounded back, so is it difficult in  the individual case to  show 
the existence o€ that  abnormal kyphotic posture which depends 
on various conditions of iaace, heredity or the age of the subject. 

As abnornial we may however consider the rounded back 
which is unable to straighten itself so much that  the thoracic 
portion of the spine does form an unhandsome, arched 
cwiivex. 

\Ye distinguish between the following forms : 
1) congeni tal  kyphosis, which is rare ; 
2 )  degenerat ive  kyphosis, which in some imbecile individuals 

is characteristic by the strong fixation ; 
3 )  ~ a c h i t i c  kyphosis in small children ; 
4) f7w kyphotic posture,-the slackly rounded back, which 

5) occzcpntional kyphosis (= kyphosis jzcvenilis) ; 
usually disappears after the school-age ; 

6) senile Iqphosis. 1 1  
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The terms occupational kyphosis, apprentice’s kyphosis and 
muscular kyphosis, or occupational stoop, were introduced into 
the literature by Schanz, in 1907.l) Several authors agree with 
his views and accept the term: inwff ic ient ia  vertebrm, which 
occurs again and again in his writings, and by which he under- 
stands a feeling of fatigue in the back, pains in the same region, 
radiating downwards into the sides or the legs, pains in the 
head and tenderness of the spinal processes; all of which he 
ascribes to abnormal distribution of pressure. In a paper publ- 
ished in 1913,l) his pupil Blsner deals at length with the same 
question. From among a material of 187 patients with deformi- 
ties of the back he was able to  pick out 29 cases of the character 
described, of whom he reproduces pictures, and whose sick- 
journals he publishes. Most of the twenty-nine belonged to the 
working class, and were young people who, by the time they had 
finished going to school, a t  the age of from fifteen to nineteen 
years, showed-in many cases even considerable-deformities, 
just at the period when great demands began to be made on the 
strength of their backs. Some of them declared that  their de- 
formity had dereloped more or less recently, a lesser number 
stated that  although they had had a slight curvature from in- 
fancy or since their early school-days, the deviation had been 
getting more pronounced since they had begun to  be engaged in 
hodily work. 

While Schanz thus deserves the credit for having called at- 
tention to the occupational, or apprentice’s, deformities, his 
theory of the muscular kyphosis as being due to the muscles 
of the back becoming slack or losing their strength through 
over-fatigue has proved incorrect. As a matter of fact, the musc- 
ulature of the back is very powerful in most of these patients, 
and the cause of the kyphosis mus be sought in the spine, as I 
demonstrated roentgenologically already in 1920.*) The term : 

I )  Eine typische Erkrankung der Wirbelsaule. Berl- klin. Wochenschr. 

I) Zeitschr. f. orthop. Chir. vol. XXXII, 1913; p. 277. 
*) Ugeskr. f. LBeger no. 12, 1920; p. 385. (Zeitschr. f. orthop. Chir. vol. 

no. 31, 1907. 

CLIII, 1928; p. 35. 
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juvenile kyphosis I must limit to denote only those forms of 
kyphosis, originating in late childhood, in which there clinically 
exists a rigid, arcuate, backward curvature, and, a t  the same 
time, roentgenologically demonstrable changes in the bodies of 
the vertebrte. Those changes consist in irregularities of the 
margins of the latter, opposite the intervertebral discs, and re- 
sult in a more or less cuneiform shape. At the time, I believed 
that they must be clue to a developmental disease in the annular 
epiphysis, but after Xchmorl’sl) investigations have shown that 
the zone from which the growth of the vertebm takes place lies 
on the side of the cartilage plate facing the corpus I rather 
think that  the cause must be sought there. Since the publication 
of my communication, in 1920, the  question has engaged the 
attention of sevmal authors, immensely aided by the appearance, 
just above that  time, of that  new device, the secondary ditr- 
plwagm, which has made is possible to obtain f’ar better roent- 
genographs. I n  my first investigations I had to use a tube dix- 
phragm, and therefore could get in only four or five vertebra? 
on each film. 

The first studies published on these diseases of the back were 
a series of articles by H a h n  and Mau, in 1923-1925. After them, 
several other German authors took up the investigations, no- 
tably Xchmorl and his pupils. Schmorl began a systematic col- 
lection of material already in 1925, and by the time of his death, 
in 1932, had examined not less than SO00 vertebral columns. 
Though the subject has not yet been fully cleared up, the ex- 
cellent contributions toward the solution of i ts  problems that 
have appeared in the years between 1925 and 1033 have brought 
the matter a great step forward. I n  France, where the disease 
is termed : dpiplrysite vertebrale clc croissmce, i t  has engaged 
the attention of Lance, So?-rel, Delahaye, Mathieu, Mouchet and 
12oeclerei-, Calvd and Galland, and others; in America it has been 
studied by Lewin, Christie and Boorstein; in Holland by Thn- 
mcr; in Russia by several authors;  in I ta ly  by Zuco, Galeax i  
and T’altancoli; in Sweden it has been the subject of several ini- 

I )  Arch. f .  klin. Chir. vol. CLIII, 1928; p. 35. 

11’ 



164 H. SCHEUERMANN 

portant publications by R o b w t  Hansott; and in recent years it 
lias been constantly written about, for instance at lenght in the 
American Journal of Iioentgenology and Racliuiii Therapy for 
106. 

It is however still a niatter for discussion whether the affec- 
tion shoulcl be regarded as a developmental disease or not. Its 
etiology it not known, aiid its pathogenesis only partly under- 
stood. As regards the etiology, we ai-e still unable to trace the 
piairnary cause ; of the pathogenesis we feel that  we understand 
soiriethitig more, as it can be followed by means of the roent- 
geiiographs aiid the microscope. By the results of the investiga- 
tions recordecl in the following pages I hope I may be able to 
contribute something to tlie better understanding of the patho- 
genesis and clewlopnient of the disease, as those results a re  based 
011 several Sears’ observation in all the cases. 

Eiglt,teeit Cases of J w e n i l e  Kyphosis.  
All the cases have been followed up for several gears, both 

cliiiically and roeiitgenologically. I n  those where it was found 
inipossible, for some reason or other, to get the patieiit to come 
to me for examination, he-or she-has been roentgeiiograplied 
at the nearest county hospital, and he, or his physician, lias 
answered a series of questions on a card sent for the purpose. 

Originally, I intended to liare the examinations made every 
six months, but this proved impracticable, because these pa- 
tients, who do not feel sick, did not show up in spite of requests 
to do so. I found, however, that it was possible to form a clear 
idea of the development of the process, nerertheless. I n  the cases 
where I succeeded in getting the roeiitgenographs every sis 
months tlie differences between these were namely so slight that 
I realised that there was no necessity, after all, for such frequent 
examinations, and that  information obtained a t  intervals of 
from one to  two years mas sufficient to give an  idea of how the 
final appearance and shape of the vertebrze mould turn out. 
All the patients came frorii the Cripples’ Hospital in Coponha- 
getz, to  whose senior surgeon, Dr. Gzcildrcl, I an1 indebted for the 
loan of the journals. 
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Sex: Of the patients examined, 13 were bojs, 5 girls. 
dye:  At the time of fiiast examination, 9 to 1s years. 

Boys : Girls : 
9 years old .......................... 1 3-1 years old .......................... I 

13 >> >> .......................... 1 15 > >> .......................... 1 
14 >> >> .......................... 2 17 >> > .......................... 2 
15 >> >> .......................... 3 18 >> > .......................... 7 
16 >> >> .......................... 5 
17 >> >> .......................... 1 P 

- 

73 

Time of first cliiiicnl J l a  izifestatiou. 
As earlier investigations hare shown, this form of kyphosis 

is much more irequent in  boys than in girls. I n  boys, the age 
a t  which it oftenest manifests itself, or causes the patient to 
consult a doctor, is the fifteenth or sixteenth year. As regards 
the girls, the figures are  more casual, and too small to yield aliy 
information. 

The kyphosis rarely develops in the course of a few niontlis. 
As a rule, there goes from six months to a year before the pa- 
tient decides to consult a physician because his surroundings 
have noticed thc curvature of his back, and  have realised that 
i t  is getting worse. I f  we look through the journals, we find the 
statements in regard to the t i m e  clui4ng which the der;eZopmerzt 
of the curcutzwe had been observed in our cases to be as follows: 

Case No. 
1-6 months. 

I1 3 years. 
I11 about 3 months. 
IV 6 months. 

VI  6 months. 
VII 1 month? 

IX 2 years. 

XI several years. 

V ?-Stated to have been ronndbacked since the age of 6 years. 

VIII 1 year. 

x 2 >> 

XI1 1 year. 
XI11 18 months. 
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none 1 Wedge-shape from the first, no particular 
aggravation. Condition more or less un- 
changed since first examination. 

of the condition often happens more or less incidentally,-the 
age a t  which t he  l i ~ ~ h o s i s  Zleyan was: 

Boys: 

11 >> 
12 >> 
13 >> 
14 >> 
15 >> 
16 >> 

at the age of 9 years 
Girls: 

........... 1 at the age of 5-43 years ... 1 ( ? )  

13 >> ... 1 ........... 2 
15 >> ... 1 ........... 0 

........... 1 ? >> ... 2 

........... -I 

........... 0 5 

........... 5 

- 

13 

In most of the boys i t  thus began a t  the age of from fourteeii 
to sixteen years. 

The most inlportaiit is however to be able to  ascertain the 
time at which fixation occurs ; that  is, when the condition chan- 
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ges from that  of simple kyphotic posture to actual, fixed lry- 
phosis; but  this is very difficult, because the change takes place 
gradually. The best way to ascertain a n  incipient fixation is per- 
haps to have the boy bend forward with this arms raised straight 
above his head. As the Danish State  Director of Physical Cul- 
ture, Mr. ICnudscn, has shown, this will often enable one to see 
that at a certain point the spine is for a short distance fixed, 
either straight or  slightly kypliotic. I n  most individuals, this 
condition will persist without any change ; only in the minority 
of cases does it develop into actual lryphosis, with cuneiform 
vertebric 

Cominciicemcn t of Chnnges in the Vel- tebm. 
To me there is no doubt but that  the beginning of the changes 

in the vertebrz in most instances coincides with the formation 
of the Zimbus wrtcb?-nZis. The changes show themselves in the 
fact that  the calcification of the cartilage, which normally begins 
a t  the place where the filial contour of the vertebral body is to  
be, begins farther back, close to the contour of the body, as  we 
shall see in tlie following, when we come to speak of the clevel- 
opnient of the lqyhosis. The difficulty, however, of demonstra- 
ting in what cases the changes are abnormal lies also in the 
fact that  it is not always easy, while those changes are  yet in  
the initial stage, to decide whether, in the given case, they are  
merely a matter of anomalous development which will gradually 
correct itself, or of permaiient, pathologic change. I have suc- 
ceeded in finding, and have followed iip for several years, five 
such borderline eases hetween the iiorninl and abnormal. I shall 
discuss these later on, after dealing with the pathologic forms, 
because I believe that thus the difference in their development 
will be more cleai*ly realisecl. 

As we know, the period at  which the formation of the limbiis 
takes place is liable to great individual variation. I n  some cases 
the developnienl limy be a t  a standstill for several years, while 
in others it proceeds so rapidly that  the pictiire changes cons- 
iderably within a year. This is associated with the growth of 
tlie individual diii*ing the period of puberty, and during that  
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period we will now see whether the development takes a normal 
or an abnormal course. 

Build.-Most of these young people were strongly built. Of 
the thirteen boys, only two were thin and poorly developed ; the 
others we1.e robust, sevei*al of them even tall and big. Also the 
five girls were physically strong. 

0ccupatioiz.-Of the boys, 6 were in agricultural service, 3 
school boys, 1 baker’s apprentice, 1 page boy, 1 messenger, 1 
milkmail’s assistant. Of the girls, 2 were servant girls, 3 did 
domestic work a t  home. The category of boys in whom the af. 
fection i s  oftenest met with are those engaged in farm work; i t  
is therefore natural to conclude that the heavy tasks whicli thilt 
occupation involves may have had something to do with theii. 
condition. On the other hand, we see that aniong my patients 
there were thrre school boys, and these all cleclared that they had 
never done any heavy physical work. 

I’amilial disposition.-As regards my case no. I X  it was 
stated that  his father and four paternal uncles had been round- 
backed since their youth, in  the same mariner as the patient. 
No. XVII  and no. XT’III were brother and sister; in them both 
the kyphosis was slight. I n  none of the other cases was there 
any information that  might point t o  heredity as a factor in the 
development of the disease; nor have I, in  reading through e 
great number of jouimals, fount1 anything that  might support 
a theory to that  effect. 

Pain. Fatig?te.-l’hese are  symptoms that  accompany the 
development of the Byphoxis. As a mle, the two sensations cannot 
be dissociated; pel*haps they might be better spoken of as  one 
symptom,-paiiifnl fatigue. The appearance of this does not ul- 
mays coincide with the time when the kyphosis first becomes 
manifest; in many cases it does not come on until six months 
or a year later, and may then disappear again, or be experienced 
only after some strong bodily exertion. i t  is mostly felt only 
when the patient is  standing, and disappears when he lies down ; 
though sometimes i t  may persist for some time even after he 
has gone to bed. Of the fifteen boys, ten were subject t o  such 
pains, of the five girls only one. I n  my after-examinations I have 
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us-ertaiiied that i t i  s(zwrc cuscs these pains m r y  persist i rb  lutcr 
life. The individual stateiiieiits on this poiiit differed somewtiat, 
lion-ever, aiid should perhaps not be altogether relied upon, as 
the milid of several of these patients had already begun to dwell 
on the idea of possible inralidity,-awl tlie chances of‘ indemnity 
for such. Also after the attainment of full growth heavy n-orlr 
~ a i i  in some individuals give rise to pains in the back and inalre 
it impossible for tlie person tliiis afflicted to keep pace with his 
workfellows; but in 110 sw11 case will the deforniity be so great 
as to reduce his capacity foi. work by one-third. I n  none of tlie 
cases was there any tcndcmcss of the spiiie, either subjective or 
ob j ec tire. 

Lateral dcr ia f ion- In  rriost cases rlie curvatwe is sti4ctly 
1;xyhotic. In  two of lily vases the lrypliosis was conibiiied with 
tl slight scolioais, in tn-o others a shortened leg caused soiiw 
lateral deviation of the curvature. 

Fixntion.-Ii) all the eighteen cases the Byphosis was more 
or less fixed; only in tw-o--nos. I and ITr-could the spine be 
straightened a t  the tirile when the patient was first examined. 
but also in these the curmture became fixed within six inoiitlis 
or  a gear. In  Ilie roentgenologic picture there is iiotliiiig to  in- 
dicate that fixation lias occurred. The cause of its occui*reiice is 
n o t  clear ; but as Gzie)ztc has shon-ii,l) fibrous degeneratioii of 
the interrertelwd discs, between the diseased vei*tebrac is not 
uncoinmou. According to &“cltnzol-Z, the change from the elastic 
caiidition slioulrl be clue to prolapse of the nuclei ; the inter- 
vertebral disc losiiig par t  of its elasticity when some of its tis- 
sue penetrates into the spongiosa. Against this it may be argiietl 
that  in many rases there i s  nothing in the roentgenologic picture 
indicating prolapse of the nuclei ; but to  this question we shall 
come back later, in the followiiig. It has ocurred to me that in 
the cases where the kypliosis can be straightened out passively 
during the first few inontlis, the explanation might lie in the 
existence of an initial, spastic stage, during which the condition 

I) Yersteifung der Wirbelsiiiule durch Fibrose der z\\-ischen\\.irbelsch~i 
ben. Mitteil. 11. d. Grenzgeb. d. Bledizin 11. Chir. vol. XLII, 1931, p. 505. 
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would then be similar to what we find in cases of genu valgiiiii, 
pes planiis and Perthes’ disease ; namely, a muscular fixation o l  
the osseoiis paiats involved, due to the pain occasioned by every 
movement of the back.-On clinical examination the fixation ot 
the kypliosis i s  very soon discovered. The patient can neither 
straighten that  par t  of his spine actively, nor can the straighten- 
ing be done passively, either with the subject suspended 01% lying 
on his stomach. Also lateral movements can be executed only to  
;I iiiiiiiinal extent. The degree of the fixation can, of conrse, be 
highly various, from slight stiffness to absolute rigidity. I n  i t s  
mildest degree it niay be found in children even before the age 
of ten years, and it can then often be difficult to detect it, a s  it 
may  exist in youngste1.s otherwise entirely normal. As already 
mentioned, it is best observed when the subject stands erect, 
with aims raised, a s  described by K. A.  Knudsen.l) He found i t  
in  about 50 per cent. of the youthful subjects he examined, and 
i t  must therefore be coiisiclered a s  a condition of the thoracic 
spine midways between normal and abnormal. I hare myself 
roentgen-examined ten such boys without finding anything ir-  
regular whatever. 

This whole question of early fixation of the thoracic spine, 
and its subsequent course, has not yet been thoroughly studied, 
and there have been no regularly repeated examinations, estend- 
iiig over a number of years, of these children ; consequently, ive 
hare no certain knowledge of what such a fixation may iniply. 
It results in  a certain stiffness of the back; yet we see that 
young fellows with even rather pronounced fixation inay i ie 

-\iertheless be good gymnasts. There is therefore hardly anyreasori 
to regard the fixation, in the case of those otherwise normal 
individuals, a s  anything serious ; only if it is accompanied by 
evidences of incipient kyphosis need any lasting changes be ap- 
prehended. I n  the latter case it niay then happen that  a t  the 
first examination of the subject one finds nothing to note ex- 
cept the existence of fization + kyphosis; while the roentgeno- 
graphs show nothing irregular, because the abnormal conditions 

I )  ,Folkeskolenq 1933, no. 2. 

12 
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in the spine begin to develop only later, in the course of a year 
or so. This was the case with two of my patients (Cases I1 
and VI) .  

Period of Observation.-My purpose with the investigations 
recorded in these pages has been to  follow the kyphosis, if pos- 
sible, from its earliest beginning until what might practically 
be considered as its final development, or at least until the 
vertebrac had assumed their ultimate shape. This has not beeu 
possible, however, as regard's the whole number of cases in which 
a first examination had been made, because several of the pa- 
tients could not be reached, or did not respond, when the time 
came for a subsequent examination. My material was thus some- 
what larger to begin with than the 18 cases comprising the series 
with which I have been able to carry the investigations through 
in the manner intended. These eighteen patients have been under 
observation for from 1 to 5 years; most of them for about 3 
years, with, on the average, one examination per year. 

The Vertebrcle. 
The question as to which vertebrac uiidergo a change can only 

be answered with the aid of the roentgenographs. With regard 
lo the above series we find that in 3 cases only one had altered, 
in 9 cases two, in 5 cases three, in  1 case four. I n  most cases the 
change involves two or three. I n  three cases only a single one 
was affected, viz. either the eighth or ninth thoracic. The greater 
the number of vertebrac affected, the more pronounced will, as 
a rule, the kyphosis be; if it is only a question of a single one 
the curvature will be relatively slight. As the bodies of the verte- 
brae never become entirely wedge-shaped as in tuberculous spon- 
dylitis and in cases of compression fracture, because even in ex- 
treme cases their anterior vertical width does not become less 
than one half of the posterior, the kyphosis will never become 
angular, but only arcuate. 

The changes have been in the eighth to  twelfth thoracic verte- 
brae, and have been greatest in the ninth to eleventh. This agrees 
with what has been noted by other investigators. Linzdemam') 

l)  Lirbd.emann: Die lumbale Kyphose im Adoleszentalter. Zentralbl. f. 
Chirurgie 1933, p. 832. 
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has recently reported four cases of kyphosis of the lumbar re- 
gion. I have myself seen only one such case, in a young female 
patient. Why the lower par t  of the thoracic spine is particularly 
liable to those changes is a t  present a matter of conjecture. It 
i s  usually stated that  the mobility in the spine is greatest be- 
tween the twelfth thoracic and the first lumbar vertebrae. Wwl- 
denstroml) has shown that  t u b e r d o u s  spondylitis most fre- 
quently attacks the ninth to  eleventh thoracic vertebrz, while 
according to Eusinge.1-2) those from the ninth thoracic to  the 
fourth lumbar are attacked with equal frequency. It is possible 
that traumatic influences play a par t  in that  respect. Something 
similar may perhaps be the case in  kyphosis, though there it 
would probably not so much be a matter of direct traumata, 
from excessive movements, as the result of more indirect influen- 
ces. It is thus conceivable that  the shock of an impact in the 
direction of the longitudinal axis of the spine, for instance at  
the end of a jump or  from the weight of a heavy burden, might 
affect the vertebra: in the middIe of the elastic vertebral column. 

U'hat i s  the Nature of the Changes in the Vertehrce? 
Formation of the  limbus vertebralis.--l'he changes which 

one observes in lateral roentgen pictures of the spine are  con- 
fined entirely to the superior and inferior contours of the ver- 
tebral bodies, especially in front, where both the posilion and 
the shape of tlle limbus vertebralis are  affected during the de- 
velopment of Ihe latter. One has to be thoroughly acquaintecl 
with the position and shape of the limbus of the normal vertebra 
in order to recognise the incipient abnormalities, which can often 
be very difficult. As a rule, a basis for such recognition may 
be founcl, however, in a comparison of the supposed pathologic 
changes with the condition of the adjoining, normal vertebrz 
above and below. 

Not only the limbus, but also the zone of growth-the co. 
lumnar layer of cartilage between the intervertebral discs and 

I )  Waldenstriina: Acta Chir. Scand. vol. LVI, 1924, p. 463. 
*) Dzlsiiiger: Schweitz. med. Wochenschr. no. 14, 1928, p. 355. 

12. 
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the spongiosa-is affected. Before the nucleus of the limbus is 
formed, the noi,mal vertebra appears with blunt angles anterior- 
ly, its contours towards the epiphyseal plates regular, with well 
defined margins, and in  the thoracic region its form, a s  seen 
from the side, is very nearly rectangular. At  the anterior and 
posterior corners there now appears-from about the eighth or 
ninth year in girls (Robert Honsoiz has even observed it at the 
age of six) ant1 from the thirteenth year in boys-a small cal- 
careous shadow, normally flat, but sometimes curving down- 
wards over the anterior corners. This shadow, which to begiii 
with only represents a calcareous formation in  the cartilage. 
gradually changes into true spongy tissue, and corresponds to 
the annular epiphysis, by fJchmor1 termed : die Rundleiste, by 
HelEmerl) : the liinbus wertebmlis. This limbus, which thus ap- 
pears as a small, flat shadow at the anterior and posterior 
borders of the vertebra, begins to form first a t  the lower an- 
terior corners of the ninth to twelfth thoracic vertebrae, the 
process extending thence up and down the column. Little h y  
little, it appears as a thin osseous line along the borders of the 
rertebrrc, with which it fuses by the twentieth to  twenty-fifth 
year. I n  sonie children of eight to  ten years, and sometimes sonie 
years older, one does not in the roentgenographs find the usual 
quadrilateral shape of the vertebral bodies, but a step-like for?,&. 
which in the side view makes them appear with deep rectangular 
incisions in the upper and lower anterior corners. These incisions 
a re  filled with cartilage, and in  this the nucleus of the l imbi i~  
normally develops. 

If the vertebra is to get a normal shape, it is now necessng 
that  the formation of the limbus should begin sufficiently far 
out  in the cartilage, so that  it will come to lie in  the riglit place 
when the ossification in  these step-like incisions sets in, and 
the vertebral body thus gradually become rectangular. I n  the 
cases where the vertebrae become wedge-shaped we find that the 
formation of the limbus has not begun at the normal place, but 
farther in towards the anterior, oblique corners of the vertebral 

l )  Acta Radiologica 1932, p. 485. 
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body, or else, more rarely, tha t  the limbus is either very feebly 
developed or its shape irregular. If  the vertebra is step-formed, 
it can be seen that  the nucleus, which lies in the notch, is also 
pressed in against the body of the vertebra, as, for instances in 
my cases no. I V  and VIII .  Thus, in no. IV, where the picture 
is very typical, the broad nucleus of the limbus is distinctly seen 
lying too far  in towards the bottom of the incision. Desides, i t  
is seen that  it does not lie as far  out  towards the anterior side 
of the vertebra as it should, in relation to the place of the nuclei 
above and below it. 

As these facts with regard to the development of the limbus 
h a r e  not been discussed before in the literature, and as I 
consider the knowledge of them indispensable for the diagnosis. 
I shall deal with them in some greater detail. If me study the 
iaoentgenographs we make the following observations : 

l.-The limbic nucleus m a y  be entirely lacking anteriorly. 
It is present in  the adjoining vertebrz, but not in  the affected 
one. It is consequently not found a t  the first roentgen examina- 
tion, nor does it make i ts  appearance later. The contours of the 
vertebra merely become gradually sharper and more regular. 
This will, of coiirse, eventually lead to its becoming decidedly 
wedge-shaped. We see examples of this in nos. 111, X and XVI. 
The condition may be found in  a single vertebra or in two adjoin- 
ing ones. Nost distinctly is it seen in  no. X, where two of the 
vertebrz a re  only half as high anteriorly as posteriorly. The 
nuclei of the limbus are  here lacking anteriorly, while they are 
distinct, and wen rather large, posteriorly in  the same vertebrxk. 
The tlevelopnient of the limbus can thus be entirely suppressetl 
anteriorly. There is absolutely no calcification or ossification in 
the anterior pa r t ;  only at the middle of the corpus does the 
tlerelopment begin, quite faintly, and rises thence to i t s  full 
hight posteriorly. As a result of this, the w-edge-shape of the 
vertebral body becomes very marked right from the onset of 
the affection and until the fusion between the limbus and the 
body takes place, so that  the latter ends by being only half as 
high anteriorly a s  posteriorly. 

3.-The nticlezts of the  l imbus  i s  placed close to the anterior 
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corners of the corpus. This is the condition most frequently 
observed. It is found in 14 of my eighteen cases ; only in 4 it is 
not so. As already mentioned, it is the case also when the ver- 
tebra in the lateral roentgen view appears with the step-like 
shape described in  the foregoing. 

3.-The nucleus of the lintbus does not, as in the normal 
vertebra, lie away out by  the anterior corner, but until 1 cm. 
behind the anterior contour. Some of the roentgenographs show 
this very distiuctly. The nucleus may be strongly developed, 
though; so that the anterior par t  of the ring is seen as a small 
curved shadow a t  some distance from the anterior margin. I n  
the roentgenographs we find this in five cases (nos. V, VI, VII, 
XI and X I I I ) .  I n  the second picture of no. V the anterior out- 
line of the limbus in the tenth thoracic vertebra is clearly seen 
to lie 0.5 cm. behind the margin of the vertebral body. 

The changes here described under points 1, 2 and 3 are par- 
ticularly characteristic of incipient lcyphosis formation. At least 
one of them will always be present, and a combination of two, 
or of them all three, is quite frequent. 

4.-Variatio?zs in the form of the nucleus are frequent. Often 
it is of the same size and appearance a s  those of the adjoining 
vertebra, but it is not unusual to  find it irregularly enlarged, 
blurred, and ragged of outline. This is the case especially in the 
vertebrE with deeply incised anterior corners, where the nucleus 
of the limbus develops in  the middle of such a n  incision, and 
not, as normally, farther out, corresponding to  the final con  
tour. The large, blurred, calcified mass gradually undergoes 
conversion into true spongy, osseous tissue, which fills the whole 
of the inciGon, without however giving the vertebra the same, 
normal form as the others. This is seen most distinctly in no. 
I V  (ninth thoracic), no. V and no. VIII .  

As norm for the origin and developmknt of-the process, Maul) 
sets up the following three stages: (1) stage of congestion (Reiz- 
stadium), (2) stage of deformation and destruction, (3) stage 
of repair. A similar division and momenclature is used by 

l) Mau: Zeitschr. f. orthop. Chir. vol. XLVI, 1930, p. 173. 
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French authors: (1) phase de congestion, (2)  fragmentation, 
(3)  pbriode de reconstitution. I find it difficult to accept these 
three stages, which pass so gradually into one another ; especial- 
ly the ,stage of congestion(<. I do not quite understand on what 
those authors build their assumption of an  actual congestion 
taking place to that part of the vertebral border. It is, on the 
whole, very difficult to get specimens for microscopical examina- 
tion from this disease, and nobody has yet possessed, and been 
able to thus examine, a specimen from its early stage. It is on 
that very ground that  Walther MiilZerl) has critisised Schmorl’s 
theory concerning the pathogenesis of kyphosis,-that i t  is 
founded on cases in which the disease was already more or less 
advanced. 

As Basis for our conclusions on this point we therefore have 
only the roentgenographs and such information as the clinical 
observation can give. As regards the roentgenological picture, 
it is only the blurred, irregular appearance of the nuclei that can 
suggest the idea of congestion; but, as a matter of fact, any 
process of calcification in cartilage presents that  appearance ; 
it is only after that process has been completely terminated that 
the limits become sharp, and the picture stands out clearly. 

As regards the clinical observations, it must be the incipient 
kyphosis, with the fixation localised to one particular point of 
the spine, and the possible paill and tenderness at that point, 
that suggest the idea of congestion. But  those symptoms vary 
more or less, and hardly justify the expression: stage of conges- 
tion. Mnu mentions as a special characteristic the occurrence, 
simultaneously with the changes in the ver tebrq of >>a more or 
less pronounced atrophy of the vertebral body at the summit 
of the kyphosiscc. I have never observed any such. On the con- 
trary, I have often wondered that  the changes did not go more 
deeply. The estimate with regard to  calcareous deficiency in a 
vertebra, from a roentgenological side view, is difficult, and 
must always be more or less subjective. 

l )  Das rontgenologische Bild und die klin. Bedeutung der sogenannten 
Knorpelknotchen der Wirbelsaule. Brun’s Beitr. z. klin. Chir. vol. CXLV, 
1929, p. 191. 
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The wedge-shaped vertebra-If we study the roentgenographs 
serially, we see how the limbus, where any such is present, grad-’ 
aally extends and fuses with the body of the vertebra, while the 
latter becomes wedge-shaped. I f  only w e  vertebra has been af- 
fected it will be the only one to get this shape. The degree t@ 
which the wedge-shape develops is very different, but in no case 
will the vertical height anteriorly become less than one half of 
the posterior, and the vertebra will retain this wdge-shape 
hencefarth, through the rest of the patient’s life. The wedge 
never becomes quite pointed anteriorly. 

The border of the vertebra.-As it might be expected, the con- 
tour of the vertebrse towards the epiphyseal plate presents an  
uneven appearance ; especially its anterior half, as the develop- 
ment of the limbus there takes place at different times, more 
or less irregularly. The step-like form is frequent, and contrib- 
utes to the abnormal pictures observed. The irregular contour. 
is the rule. We find it in all my eighteen cases ; only in nos. lx’ 
and XIV is the irregularity slight. I n  no. IX the kyphosis is not 
particularly pronounced, the form of the limbic nuclei is normal, 
and in no. XIV only a single vertebra has undergone a change. 
But besides the irregular limbus the unevenness of the vertebral 
borders may also be due to another cause, namely to: 

Prolapse of the nucleus.l)-the questions pertaining to this 
have now been cleared up, thanks to Schmorl’s investigations, 
We know that the nucleus pulposus can force its way through 
the layer of cartilage covering the end-plate of the vertebra, 
which during the period of growth is much feebler than it1 
later life. It can be seen how the nucleus causes the cartilage to 
bulge into the spongiosa and sometimes breaks through into the 
latter, whereupon a reactive zone of cartilage forms around the 
invading portion. The base of this prolapse may be more or less 
broad, and in the side view we then see notched indentations 
in the contour of the vertebra, as much as  8 mm. deep and 2 mm. 
wide, sometimes more flat, or slanting ; and these indentations 

‘1 Uber Knorpelkniitchen. Fortschr. a. d. Geb. d. Roentgenstr. vol. 
XXXVIII, 1928, p. 265; and Die pathol. Anatomie der Wirbelscheiben. 
Braun’s Beitrage z. klin. Chir. vol. CLI, p. 360. 
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contribute very much to the irregularity of the contour-The 
wavy contour is  a characteristic pertaining to the age of youth, 
:inti is  due to the forrnation of the liinbus. 

If we examine the roentgenogr~aphs of niy eighteen cases, we 
find prolapse of the nucleus in eleven of these. The conclition 
has never been observed prior to t h e  age of puberty, but is 
otherwise found in all individuals from that  age onwards : most 
frequently in those engaged in bodily m-ork. and often in  con- 
irexion with kyphosis juvenilis. The cause of i ts  occurrence is in 
:I paper by Schmod,  froni 1930, explained a s  follows: As it can 
be found a t  an early age i t  rnay be supposed that  i t  is clue to 
faulty development of some kind or other ; probably to some 
congenital weakness or abnormality in the structure of the 
liyaline cartilage, which locally niakes i t  less resistant. Schniorl 
lias namely in many instances found positive rnicroscopical 
changes in the cartilage discs though the intervertebral discs 
macroscopically looked perfectly normal, and in soiiie cases those 
changes could with alniost absolute certainty be traced to 
changes during the period of development. 

Prolapses of the nncleus pulposus are most frequently ob- 
served in the thoracic and liiiiibar regioiis, not in  the cervical 
one. Their size varies from very srriall to  nearly 1 cni. in dki- 
meter. Their forin is  lieniisplieroitlal, as a rule confined to the  
region of the nncleus ; but they can also be triangular or square. 
~wint ing  obliqnely backwards or forwards. They often lie s p -  
metrically on both sides of the intervertebral disc, which soiiie- 
times seems narroir-el’, because par t  of i t s  tissue has gone to 
form the prolapse. This is not seen in the roentgen picture, how- 
evei-. The most probable is that  the prolapses are not in then-  
selves a malformation, but rather the result of some slight 
1 ranma sustained by the vertebral colunin, whose tissues in 
some individuals, for reasons which we cannot explain, are 
(.ongenitally weak. Originally, Xchnaorl used the term : cartilage 
hernia, on account of the formation of cartilaginous tissue 
which, in cases of such prolapse, takes place in the surroundings 
of the latter. At that  time he had not formed for himself any 
clear idea in regard to the course of the process. The term is 
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still used by iiiany authors, though Schmorl himself has since 
declared it to be wrong; tlie fresh forniation of cartilage being 
merely a reactioii on the part of the tissw, wherefore the cor- 
rect designation for the phenomenon is either nucleus prolapse 
o r  Schrnorl’s mclule .  

ConipBre and Reyesl) have succeedecl in provoking nuclens 
prolapse experimentally in dogs by lesioning the intervertebral 
discs and the annulus fibrosus with a drill and a chisel. From 
two to six months after, they examined the vertebrllc both macro- 
and microscopically, and found in them a process exactly similar 
to the one observed in cases of spontaneous prolapse. When the 
intervertebral disc liad not been injured, but only the vertebral 
body fractured, 110 prolapse occurrecl. 

Though prolapse of the nuclei is often observed simultaneous- 
ly with kyphosis I find it difficult to believe that  the process has 
anything directly to do with tlie development of the latter. It 
can be found in subjects in whom there is not the slightest sign 
of any incipient kyphosis, in schoolboys who have never been do- 
ing any hard physical work, and may be seen in vertebra quite 
outside the kyphotic section of the spine. Thus, in my patien; 
no. XVI, in  whom only the eighth thoracic vertebra is wedge 
shaped, it will be seen (best in the first roentgenograph, no. 
420JZS) that  there are prolapsed nuclei in the inferior margins 
of the eighth to twelfth thoracic vertebm, though the form of 
the ninth to twelfth is perfectly noimal. TVissing*) has examined 
the roentgenographs of 421 subjects ancl found prolapse in 13.5 
per cent. of them. He does not believe that  severe traumata have 
anything to  do with their occurrence. Schmol-1 found prolapse of 
nuclei in 38 per cent. of the spines he examined. At  first he did 
not think it a feature of any pathological significance, but when 
he found that i t  was particularly frequent in the early part of 
life, in juvenile kyphosis, the prolapsed nuclei sometimes lying 
in a straight line, one below the other, in the thoracic and 
lumbar regions, he concluded that they must be patliologic after 

l) CompBre and Keyes: Roentgenological Studies of the intervertebral 

2, Acta Pathol. et Rlicrobiol. Scand., Suppl. 111, 1930, p. 499. 
disc. Am. Journal of Roentgenology, June 1933, p. 774. 
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all, and believed that they were the cause of the kyphosis. His 
arguriient w a s  1 hat lesions of the cartilage discs, in  combination 
with the piaolapse, produce a change in the elaslicity of the discs, 
and that  in indivitluals habitually working in a bent posture the 
pressure on tlie anterior portion of the vertebraj must therefore 
in tlie long run result in tlie growth of that  portion becomiiig 
less vigorous. just as the uneven contour of tlie vertebra niay 
be imagined to be the result of irregular pressure of the intrr-  
vertebral disc durii?g the caoiitinned growth ; and an aclditioiiid 
reason he sees in tlie opposition which tlie ligaineiits and the 
whole construction of the vertebrir offer to approach between 
the latter when the in teiwrtebral discs have become iiarrower 
through loss of substance to  the prolapse, as a result of which 
oiilp their anterior borders call come into contact with each 
other. 

I cannot agree with Schmorl in  this view of the matter ; for 
v7e know from his own investigations that  prolapse of the nuclei 
occurs oiily in  3s per cent. of cases, and if he were right in his 
arguments i t  must necessarily follow that  kypliosis would be 
more freqiient. I can rniich easier iniagine that  the pressure to 
which tlie intervertebral disc and the vertebral bodies are so 
often snbjectetl ils a result of the erect and frequently bent pos- 
ture will CniLse the  zoholt. antevior portion of the curtillage lnycr 
t o  bulge &nto the spongiosn. I have succeeded in finding several 
prepared specimens of liurnan vertebrz in which the nucleus is 
seen bulging in towards the spongiosa. One sees how the line of 
tlie cartilage is forced back, but is not yet broken; only i ts  most 
prominent par t  shows some degeneration and a considerable 
thinning of the cartilage layer. When one thus under the micro- 
scope sees how the unbroken line of the cartilage can bend under 
the pressure of the nucleus there i s  absolutely no difficulty in 
conceiving that  the whole caiWage bed, with the zone of growth, 
may be pressed into the vertebral body anteriorly. 

I n  these vertebra: the intervertebral disc is thns stronger thaii 
the spongiosa, which yields to the pressure. We therefore see that 
several intervertebral spaces gape anteriorly ; but this compens- 
ation is  not sufficient to prevent kyphosis from developing. Nor 
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does the fact that the invertebral spaces hardly ever get nar- 
rower, but sometimes can get broader anteriorly, f i t  with 
Schmorl’s theory concerning the tissue’s contribution to the  
prolapse and the cousequent narrowing of the intervertebral 
disc-as contributive factors toward the kyphosis. Those features 
a re  not usually found in the roentgenographs, and when they 
are, their presence is generally due to a lateral inclination of 
the spine. 

Why only the spongiosa of these vertebm yields to the pres- 
sure, while that of the adjoining ones above and below does not, 
can only be surmised. It may possibly be because the section of 
the spine from the eighth thoracic to the first lumbar vertebra 
is the one most exposed to traumatic lesions from movements 
of the trunk and from the weight of excessive loads. It is quite 
couceivable that  the effect on the elagtic spinal column may be 
confined to  a single vertebra, o r  to a few adjoining ones; on the 
other hand it ir: impossible, in cases where the process is more 
or less pronounced, to exclude the possibility of the existence 
of some individual factor. Thus, Wnlther NiiZZer>) for instance, 
conjectures the existence of local osteoporosis due to endocrine 
causes. I n  c a m  of senile kyphosis the curvature is usually si- 
tuated somewhat higher, around the fifth to  seventh thoracic 
vertebra; but in individuals between the ages of fifty and sixty 
one not infrequently sees, among the members of the series from 
the tenth to  the twelfth thoracic, characteristic examples of what 
are  known as >>fish vertebrax I n  those cases the coudition is 
due to senile 01- pre-senile osteoporosis, and is found not only 
in bodily workes. I have found it myself in business men who 
declared that  they had never done any heavy physical work. 

It can therefore not be osteoporosis that causes the spongiosa 
to yield in caws of juvenile kyphosis. As I have already said, 
the most likely supposition is that  it is the cartilage layer which 
is affected ;-that it i s  the pressure, directly, which pushes this 
pa9.t i n t o  the sponyiosa; and a s  the pressure is strongest an- 
teriorly this is the direct cause of the kyphosis. This theory also 

l) op. cit., p. 210. 
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squares with the fact that one sometimes can see indications of 
an  incipient wedge-sliape right a t  the beginning of the disease, 
even before the nuclei of the linibus have made their appearance ; 
as may be noticed, for instance, in case no. XVIII. Also a certain 
check on the capacity for growth in the places where the pres- 
sure is greatePt may possibly contribute to the wedge-shape of 
the bone. 

It seenis to me that this is a inow iiatuiaal conception of the 
matter than Xchn~o iTs  theory, accouling to which tlie determiii- 
ing factor should be the nucleus prolapse aiicl its influence 011 

the elasticity of the cartilage disc, and on the revtebral growth 
anteriorly. I t  j s  true that there are cases in which the prolapsr 
seems to meet some liiiidraiice to its direct penetration into the 
spongiosa, and therefore merely breaks through the cartilage 
disc and extends itself obliquely in ail anterior direction along 
the inner side of the zone of growth, where it undoubtedly caii 
affect tlie la t ter ;  but those c8ses are rare. Schnzorl is also in- 
clined to think that slight prolapses of the nuclei liave something 
to do with the irregnlar contour of the vertebno, but in many 
~oeiitgenographs I have found that  in that  respect the maiiiier 
in which the lirnbus develops plays a very iiiiportant r81e. I 
believe that this question can be decided with greater certainty 
by nieaiis of the roentgenographs than by exaiiiiiiatioii of the 
prepared vertebra?, which are  very liable to be damaged in the 
course of such preparation. The  i r regdur  con t o w  ui zrst be COYI -  

sidercd t o  be the result of il-iqprlar development of t he  l irnbiis;  
m l y  occasionally the result of prolapse of the w c l e i .  

Hook-shaped Projections. 
In some cases, especially in severe ones, there are seen on 

the anterior edges of the vertebiz small curved projections, 
which, just as in spondylitis deformans, can grow together, so 
tha t  finally a bone bridge is formed between the middlemost 
vertebrze at the apex of the kyphosis, which thus becomes absolu- 
tely rigid. Such projections were found in 5 of my eighteen 
cases, but only in 2 were they developed to any considerable 
ex tent. 
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Prolapse i n  posterior Dir.cctiolz, i n to  the spiiaal Canal. 

It might be asked why one does not also observe prolapse of 
the nuclei in anterior o r  posterior direction. Prolapse on the 
posterior aspect of the vertebral body is however not so in- 
frequent as formerly supposed. Schirmrl found it in 15.2 per cent. 
of the vertebric he examined, and .4ridrce1) has found it in 11.5 
per cent. of 174 spinal columns of iriale subjects. They can pro- 
ject for a little distance into the spinal canal, but seldom give 
rise to nervous symptoms. Dandy:) however, describes two cases 
in which the symptoms were so strong that  the projections had 
to be removed by operation. His microscopy hardly leaves any 
doubt but that they were actual nucleus prolapses. I n  recent 
years there have been published a number of cases in  which 
operation was necessary; but in these the cause was not nucleus 
prolapse, but either true osteornas or chondromas, or else pro- 
lapse of the annulus fibrosus. All these cases are  described in 
Mauric’s work : >>Le disque intervertehralcc. The most recent case 
reported is one communicated by IleZZmer,3) (Stockliolmi . This 
was a case of chondroma and calcification, and also in this oper- 
ation was necessary. 

Anteriorly, nucleus prolapse never occurs, because the ail- 
terior longitudinal ligament prevents it ; what the thin posterior 
longitudinal ligament is not strong enough to do. 

Prognosis. 
T t  is probable that an idea of the prognosis may be formed by 

studying the whole series of cases and comparing the details 
of the earliest pictures of each with the later ones from the 
same case, a t  the same time taking note of the relation between 

l) Uber Knorpelknotchen am hinteren Ende der Wirbelbandscheiben 
im Bereich des Spinalkanals. Beitr. z. path. Anatomie 1929, vol. LXXXII, 
p. 464. 

z, Loose cartilage from intervertehral disc, simulating tumor of the 
spinal cord. Arch. of Surgery vol. XIX, 1929, p. 660 (cit. Mauric: I,e 
disque intervertebral. Paris 1933, p. 122). 

a) Ein Fall von Verlagerung von Bandscheibengewebe nach hinten. 
-4cta Radiologica, vol. XIV, 1933, p. 165. 



the roentgeiiological chaiiges and the degree of the kgpliosis. 
The iiiatter is :i very tlifficult one, however; because tlie degree 
to which the c.ciiitlitioii has ile\-eloped when the patients first 
come ii i  for esaiuiiintioii varies so greatly. Coiiiparatirrly few 

.Jourii:iI Kr. 1. Aged 16 sears o- I. %lF/?S 2lst S o v .  19%. C1inic:tllg slight 
kyphosis. Idiiiibic nuc-lei I isilble. Yertrlirtv noriii;il. T l i v  only s1)noriii:il 
feature is t h t  i n  the cnndal corners :interiorly the nrirlri lie pressed 
closely in against the Imtiies of the I ertrl)rip. The C:IW iiirrst lie considriwl 

as a borclerliiie rare bel\~een noniial :,nd alinoriiial. 

come while the disease is yet in its early stage; iiiostly this 
tlepends oil wliether it is atieiidetl with pain or not. The p t ~ -  
gnosis is tlieiaefore nnce~tn  in. 



H. SCHEUERMANN 192 

Rcruccrks on t k c  itidiaidiial Cascs. 
No.  I is one of the typical rases. A boy sixteen years old pre- 

sents himself for consultation. Examination shows iiierely n 
tendency to kyphotic postnre, which is easily straightened out 
by suspension. KO fisatiun. Thc r o c n t p l i o ~ m p l i  alioics ,iomtab 

Journal Nr. 1. 11. 22nd May, 7029. The difference from the earlier liicture 
is especially i n  the obliqurriess of the inferior anterior corner of the 

eleventh thoracic vertebra. 

ue~tebrce,  11-it11 noriiial limbic nuclei except in the tenth and 
eleventh thoracic, in which there are two separate nuclei an- 
teriorly in the iiiferior par t  of the bodies, and these are situated 
a little closer to the corner of the latter than in  the other ver- 
tebr2. This irregularity is lion-ever so slight that  one would be 



iiiost inclined to regaid the case i m  either iiorriinl or, a t  most, A S  

a hordei*liiie case, wliicli iniglit peialiaps iiiake it advisable to 
lwep tlie patient under ohserration. This was done, aiicl we now 
see an nliiiost iniperceptible transition fiaoni iiormal to abnor11ii11 
conditions, thoiigh with only slight roentgeiiologic changes. The 

.Jo i im: i l  Pir. 1. 111. 3 1 ~ 1  .\pr.. 1!)30. Ninth  to rlrrenth thoracic vertt4)r:v 
sliqlitly \\ etlre slialied. I<> i,hosis inlenhifirtl. The linilms shntlows lie close 

to the Imt1it.s of tlir rertebm. 
Journal Kr. 1. 1V.  5 t h  Oct.. 7‘330. IXffererlre from preceding pictiirp 

only slight. 

irregularity of the liiiibic tle\~lopnieiit in the tenth, and espec 
id ly  in tlir elerenth tlioracaic rertebrie 1)crsists during llie fol- 
lowing years. iuitil it is finally ewnecl out a i d  a beginning of 

13 
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fiision is noticed four years after the first examination. By the 
end of this time the ninth to eleventh thoracic vertebm are 
somewhat wedge-shaped, but there is an apparent disproportion 
between the marked kyphotic deformity and the wedge-shape of 
the vertebra. I n  this case we thus see that a moderate wedge- 
shape of three vertebm is sufficient l o  canse marked lryphosis. 

Journal Nr. 1. V. 17th Feb., 1932. Kyphosis very pronoiinced. Ninth to 
eleventh vertebrz wedge-shaped. The intervertebral spaces broad, gaping 
anteriorly. The linibus shadows had fused with the bodies of the vertebrrp. 
Clinically, entirely rigid kyphosis. It would thus have been impossible to  

diagnose the incipient kyphosis at the first examination. 

This shows the impossibility of basing any prognosis on the 
indications furiiished by the first roentgenographic picture. All 
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one can say is  that there i h  an irregularity in the iwiniitiw de 
velopinent of the liinbus iii two 1-ertebrz ; it nzay not mean very 
mnc*h. but on the other hand the clerelopnient may be such that 
will  vesult in actual defoimity. 

S o .  I1.-At the first esainination the tenth to twelfth thoi*- 
;~cic. \ wtehrx aiw somm-liat wedge-shaped. This wedge-shape 
gi*atlnnlly bec.oiiir\ iiioi'e pi*onoiinced, and 3$5 years later i t  is 

Journal Nr.  3. AIale, aged 17 years. 1823/27. Three rcrentgenoer:i1~1is t:iken 
in  the coiirse of 3% years. Seventh to ninth thoracic vertrbrz affected. 
The last pictrirta is i~t.~rrodnced in order to show the dome-sJi;ll)etl !iyl)hosis. 

typical in t\vo of the vertebrp, ;rnd a t  the same tirne there i q  

rtiurkecl lqplrosis. I n  this case tlie degree of the latter is pro- 
lmtionate  to tlir wedge-shape. Alreacly on first esainination  on^ 

will coiisicler the lwogiiosis a s  bad, because the patient has not 
come under ol)servation iiiitil several years after the conclitioii 
began to develop. 

No.  III.-Tlie fimt examination sho\vs marked wedge-shape 
of the seventh to  ninth thoracic ver tebra  The disease had begnn 
one year previously. It develops into n very pronounced, almost 
semicircular kypliosia, with small intervertebral spaces. The 

13' 
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degree of the kyphosis is proportionate to the wedge-shape nl' 
the vei.tebrx*. 

N o .  IT7.-A more miusual case. The patient is a boy fourteen 
years old, only the iiiiitli thoracic vertebra is affected. At the 
time of the first examination there was merely kypliotic posti i~~e, 
which coulcl be conipletely stre ightrned out : czlvcady s i r  naoii thx 
after t1ilcr.c is kypliosis with fiantion. Three and a half yealas latey 

Journal 3. 20 years. 3. 

the cavity of the vertebra is filled with osseous tissue. The ver- 
1 ebra is  slightly wedge-shaped, the fixed lryphosis corresponcl- 
ingly slight. 

No. T'.-The first examination shows the ninth to eleventh 
thoracic vertebm to be wedge-shaped, their rnargins very ir- 
regular. I n  the course of two years the wedge-shape becomes very 
pronounced, and there is proportional, very pronounced kyph- 
osis. 

No.  VI.-The first 1.oentgenograph taken of this boy, who 
was fourteen years old at the time, shows normal conditions, 
with incipient limbus formation. Clinically there was merely u 
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kypliotic postillbe. with wiiie fixation. IIe pinesents himself be- 
cause lie has been having ;I pain in his l ) w k  for eighteen months 
past, ant1 becnnse lie Iias hecome rouiidl~;ic.Bed. Three ;mcl a lialf 
years after, the eighth to tivelfth tlioractic vertebm have becoiiie 
wedge-shaped, with iiwgiilar 1iiiil)ic. iiiivlei and pro)iozittced, 

v iy id  Ii~PlL~siiR. Thc. clegrre of t lie lattei- is proportionate to  the 
wedge-shape of the vertrbiw. 

As in No. I ,  the first roentgenogra1)li slioi\-s entirely normal 
conditions, ant1 also in this case i t  is I l ierefoi~ impossible to 
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prognosticate anything with regard to  the outcome, which in 
both cases has been nzala quoad snnationenz. 

No.  VII.-At the first examination the eighth and ninth 
ihcracic vertebrz mere found somewhat wedge-shaped, and there 
was rigid kyphosis. Three Sears after, the wedge-shape is perhaps 

Journal Nr. 4. 11. 31/1 years Inter. The cavity is filletl, the liinbus has 
fused. Slight wedge-shape. Clinically rigid kyphosis. 

a little more pronouiicetl : the liiiibus his fiised, but otherwise 
the coiiditioii is unchanged. The lq-phosis is i*igitl, pronounced, 
and proportionate to the wedge-shape of the vertebra 

No.  VIlI.--Slight wedgeshape of the eighth to tenth thoracic 
vertebrze of a boy fifteen years old, with some kyphosis, but no 
fixation. From the roentgenological climges, with the very ir- 



regiilar vertebral iiiai*giiis, t1iei.e \vas iwiwii to sii1)pose that  the 
case would develop into very pi~iioiiiice(1 li~pliosis. This Ivas not 
the case, however. Tlwec ycgrs r r f t o ’ .  t l ic l i ~ p l l ~ i u i . ~  h a d  Becoiiie 
fiwed, but had not incrwwvl. Its degi*ee is proportionate to  tlie 
wedge-shape of the vertebra. 

No.  IX.-Iii a boy fifteen years olc!, wit11 Ii!pllosis in iiiediutir 
degree, the first exaiiiiiia tioii shon-s slight wedge shape of the 

Journal Nr. 10. Feiii:tle, aged 17 years. 2991/30. I. Eleyenth niiil twelfth 
thoracic and first 1uinb:ir vertebrE affected. Imiiiecliately strong cle- 
formity. The vertebral bodies only half as high anteriorly as posteriorlg. 
No limbic nuclei yisihle, though surli a re  present, nncl noriiial, in llie 

adjoining rrrtebrre. 

iiiiitli to eleventh thoracic vertebiair. I n  tlie course of eighteen 
riioiitlis the kyphosis clots i iot g e t  more pro)~ou i tcer l ;  the limbic 
iiuclei develop well, but a re  situated close in against the bodies 
of the vertebrz. Also this is a case in which one would expect 
the conditioii to get worse. The degree of tlie li-ypliosis is propoi+- 
tionate to the n.edge-shape of the vertebrlr. 

No.  X.-The first examination shows inarked wedge-shape of 
the elereiith and twelfth thoracic aiid first lumbar vertebrm, 
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which are  only half a s  high anteriorly as posteriorly. The patient 
is a young girl, seventeen years old, who, when f i k t  seen, had 
already been suffering from kyphosis in  a considerable degree 
for several years. The singular feature of this case is that  in the 
diseased vertebm the developnzent of the limbus i s  completely 
suppressed, and only begins to appeas, very faintly, when the 
patient has reached the age of ttventg years. The kyphosis has 
by then become soniewliat more pronounced, and is almost 

Journal Nr. 10. 11.-Taken fifteen manths after the preceding one. The 
lryphosis much more accentuated than before. In the normal Jrertebrz? 
the limbus has coniniencecl to fuse, and the smne is seen to be the case 
posteriorly in the affected case. 9 year Inter, the roentgenological picture 

mas niore or less unchangecl. 

angular. Its degree is Iwoportionate to  the veclge-shape of tlie 
ver tebra  

No.  XrI.--Toung iiiiiii ,  eighteen years old when first examined. 
The ninth to eleventh thoracic yertebix are  a t  that  tiiiie found 
somewhat wedge-shaped ; thei*e is a siiiootli, rigid kyphosis, but 
the condition becomes only slightly worse during the following 
fifteen months. The degree of tlie kyphosis is p’oportionate t o  
the wedge-shape of the vertebm. 
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No.  XII.-The first examination shows the ninth to twelfth 
thoracic vertebrze to be wedge-shaped ; the condition gets some- 
what worse in the course of a year. The degree of the kyphosis 
is proportionate to  the wedge-shape of the vertebm. 

No.  XIII.--The first examination shows the eighth to  tenth 
thoracic vertebra? to be somewhat wedge-shaped, and there is a 
rather considerable rigid kyphosis (present for eighteen months 
past), of a degree which seems out of proportion to the not very 
pronounced roentgenological changes. I n  the course of two 
years the wedge-shape of the vertebrae gradually increases. 

N o .  XIV.-Affection of the ninth thoracic vertebra in a girl 
thirteen years old. Marked step-formation anteriorly on the 
caudal side, with large limbic nucleus,just as in  No.  IV ,  where 
likewise the ninth thoracic vertebra was affected. I n  the course 
of a year one observes incipient ossification of this part. The 
kyphosis is of medium degree and quite rigid, but has not be- 
come more pronounced. Its degree is fairly proportionate to  the 
wedge-shape of the vertebra. 

X o .  XV.-At the time of the first examination, when the boy 
was sixteen years old, the eleventh and twelfth thoracic vertebrz 
were wedge-shaped. Four and a half years after, the wedge-shape 
is very pronounced; the margins of the two vertebrze a re  uni- 
form, smooth. Very pronounced, rigid kyphosis ; the interverte- 
bra1 spaces rather wide anteriorly. The degree of the kyphosis 
is proportionate to the wedge-shape of the vertebrz. 

No. XVI.-The first roentgenograph taken of this girl, when 
she was fifteen years old, show? wedge-shape of the eighth 
thoracic vertebra. The limbic wuclei are l a c k h y ,  though such 
are  present in  the other, normal ver tebra  There is a certain 
degree of fixed kyphosis. I n  the next picture, taken two years 
after, the nuclei are  still lacking. I n  the last picture, taken five 
years after the first, the vertebra? are, if anything, a little less 
wedge-shaped ; their margins fairly uniform. The condition has 
not become worse, but is, on the whole, unchanged. 

The case thus resembles that of No. X, inasmuch as  the 
nuclei of the limbus are suppressed, and only begin to develop 
feebly after the age of twenty, whereby the wedge shape becomes 
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less apparent. The degree of the kyphosis is proportionate to the 
wedge-shape of the rertebm. 

No.  XVfI.-Girl, seventeen years old. At  the first examina. 
tion the tenth and eleventh thoracic vertebra? are wedge-shaped ; 
there is a certain degree of fixed kyphosis. The development of 
the affection is already far  advanced. The condition does not 
grow worse, and the kyphosis is rather slight. The patient is a 
sister of 

No. XVIII.-A very early case, of a boy nine years old, with 
lengthy cartilaginous stage of the step-formed depression in the 
ninth thoracic vertebra ; constriction of the intervertebral disc 
between the latter and the tenth thoracic. This condition remains 
unchanged for several years. Four years after, the depression is 
still large, and also in the eighth and tenth thoracic vertebrz 
there are  now step-formed depressions, with very irregular limbic 
nuclei. In  spite of this the kypliosis is slight, though fixed. The 
observation of the case it not yet ended, but it is very h t e res t ing  
by being the earliest denzotistratcd one of all nay cases.l) 

The conclusions to be drawn from these cases may be sum- 
marised as follows : 

1.-It i s  not a lways  possible t o  make an accurate prognosis 
on  the  basis of the f irst  roentyenograph, taken a t  the beginning 
of the disease. There a re  patients whose posture is kyphotic, in 
whom the roentgenograph discloses nothing abnoimal, and in 
whom the condition nevertheless goes in  the direction of fixed 
kyphosis and weclge-shaped vertebiw, without it being possible 
on first examination to prognosticate anything in regard to the 
eventual course. 'We see this fi-oni the two cases no. I and no. VI, 
which both developed into pronounced, rigid kyphosis. The only 
way to obtain a result is by keeping the patient under sharp 
observation, so a s  to be able to  intervene with treatment (re- 
clination) a t  the right moment. 

2.-Fixation of the lqjphosis can occzir toithi% a t ime of siz 
months (see no. I and no. IT7). 

I )  A similar case is described by TVaZther MuZZer in the Deutsche 
Zeitschr. f. Chirurgie vol. CCXXXV, 1932, p. 447. 
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3. An incipient, f ized kyphosis can show an absolutely normal 
roentgenological picture (no. I and no. VI ) .  If the fixation is 
not muscular, in the nature of a spastic fixation, it must be 
due to  the intervertebral discs. 

4.-The devclopment of the linzbus m a y  be entirely suppres- 
sed f o r  several years (no. X and no. XVI) ,  while the limbic 
nuclei are present in the adjoining vertebrae. 

5.-If only  o m  vertebra i s  affected, as is nos. I V  and XI\: 
(in both cases the ninth thoracic), the  kyphosis zoill only be of 
m i d d l k g  degrec. 

6.-If several vertebre are affected, the degree of the kyphosis 
will be proportionate to  the zvedge-shape of these. If  there is 
any disproportion in  this respect, a s  in no. XII I ,  it will be be- 
cause the intervertebral discs have become narrowed, and thus 
help to intensify the curvature. The case is not usual, but in 
this instaiice tlie narrowing can be seen already in the first 
roentgenograph, between the eleventh and twelfth thoracic 
vertebrz. 

7.-By tlie time the patients present themselves for first ex- 
amination they are, a s  a ride, already suffering from a certain 
degree of liyphosis of two or three vertebrat, which during the 
following time gradually become more or less wedge-shaped, so 
that tlie condition almost invariably gets worse, though in some 
cases only slightly so (no. T’III). This wedge-shape then remains 
unchanged during the rest of the patient’s life. 

Internaediatc Fornzs of the  Ver t ebre .  
I n  the foregoing I have described the cases of indubitable 

juvenile kyphosis whose development I have been able to follow 
for several years. The following 5 cases are  of patients who 
presented themselves for examination owing to kyphotic posture. 
Also these I have been able to follow, both by personal examina- 
tion and through roentgenographs, for a lenght of time, ranging 
from eighteen months to four years. I n  all of them the kyphotic 
posture has since the first examination either completely dis- 
appeaped or has at least not become more accentuated. All of 
them were school-children who had been complaining more or 
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less of pain and tiredueas in their backs, two of them also of a 
slight tenderness of the spine. In- two of them there was some 
fixation of the kyphotic part of the latter. Four of them were 
girls, the fifth a boy eight years old. 

I n  two of the girls the ninth to  eleventh thoracic vertebrre 
were affected, in the two others only a single vertebra (respec- 
tively the first and second lumbar), while in the boy it was the 
seventh thoracic. Already this difference indicates that  the na- 
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Developments in the roentgenological 
picture 

It might be thought that the large limbic 
nuclei, which do not lie quite anteriorly, 
would develop pathologically, but 3 years after 
it is seen that this has not been the case. The 
kyphotic posture remains. 

At first, one is inclined to think that the ver- 
tebra will become wedge-shaped, but gradu- 
ally the contour is  completely regenerated. 
No kyphosis. 

Clinically, incipient kyphosis, with some iixa- 
tion. Yet condition roentgenologically fairly 
normal, except for slight wedge-shape. It  is 
possible that the patient’s being kept for a 
time in reclination position has  arrested the 
process; she has since been well; the verte- 
brae normal. 

Incidentally roentgen-examined on account 
of a fall. Only an anomaly in the ossification 
of the lumbar at the caudal anterior marein 
of the 2nd lumbar v.; since entirely well, with 
vertebra almost normal. 

Kypholic posture, with some fixation ; unchan- 
ged 211, years after, with n o  aggravation. Is 
to be examined again in 3 years. 

ture of the affection was not the same, but that  it was a matter 
of more incidental disturbances of the ossification. The same 
is  the result one comes to by considering the form and location 
of the limbic nuclei, which in  most of the cases a re  normal. The 
irregularities one finds a re  so slight tha t  they can hardly be 
called abnormalities. Yet in some particulars these nuclei are 
different from those of the adjoining vertehm ; either they are  
larger and rounder, or else more feebly developed, and can 



Intermediate Form. Journal Nr .  II.-Female, aged 12 years. 6184. 
Irregular ossification of superior contour of the first lumbar vertebra. 
One might suspect a beginning wedge-shape formation, but gradually the 
contour is to some extent restored. Four years after. The conditions :we 
norinnl, :11s0 clinicnlly. Large nucleus prolapse in second 1iiml)nr v e r t e h .  
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resemble those whose development becomes abnormal later on. 
As the prognosis was thus uncertain, the children were kept 
under observation. 

I n  the boy, who \vas only eight years old, there was, of 
course, no limbns,yet; nor has i t  made its appearance two years 
later. The curious feature of his case is tha t  the seventh thoracic 
vertebra is slightly wedge-shaped, and that  this wedge-shape still 
persists two years and three months later. It is possible that 
i t  may eventually become entirely compensated by the develop- 
ment of the limbus, but as to  that  it is impossible to be in  any 
way certain, also because there is some fixation of his spine. 
It may be,-and I would even think it probable-that we have 
to do here with a case of incipient juvenile kyphosis just as n-e 
saw i t  in the boy, aged nine years, whose case I have described 
in the foregoing under no. XT'III. 

These t w o  l)oys, rcspectiwly e ight  aezd nine years old, thus 
represent the earliest beginning of a kyphosis among all tlLc 
cases. The wedfje-shape of t he  v e r t e b m ,  present already befor/: 
the appearance of the  limbic nuclei, thus shows that the primary 
cause mus t  be sought iiz the line of growth, which either becon~es 
pressed into the spongiosa or whose clevelopment anteriorly i s  
behindhand. 

I n  none of the four other cases did the affected vertebm be- 
come wedge-shaped, nor was there any irregularity of the verte- 
bral margins of any importance. I n  tu-o of them there was 
prolapse of the nuclei, though ; especially noteworthy in the case 
of no. 11. This patient was a girl who, when she was twelve years 
old, had been run down by a motor lorry. For two years after, 
she suffered from pain in her back, wherefore she was roentgen- 
examined, and an irregularity was found in  her first lumbar 
vertebra. Gradually the bone develops normally, however ; as a 
matter of fact it is only in the step-formed corner of that  
vertebra tha t  the cartilage has persisted longer than in thF 
others. There are  now discovered nixcleus prolapses both in  this 
f irst  lumbar and in  the twelfth thoracic and second lumbar ver- 
tebra:; the two last  ones particularly deep. Yet there has been 
no kyphosis formation. T h i s  case confirms t he  theory that  
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nucleus prolapse has nothing to  do  with the development of 
kyphosis. In the other case two slight nucleus prolapses were 
found between the tenth and eleventh thoracic vertebrae in a 
girl thirteen years old ; neither in this case was there any devel- 
opment into wedge-shape. 

As for the kyphotic posture, it persisted only in the cases of 
no. I and no. V ;  the three others recovered completely. As we 
have seen, the changes in these *intermediate< cases are not 
considerable, but in their incipiency they can precisely resemble 
those that lead to lasting deformity of the vertebra 

Bonae 8tudies of the vertclwal Epiphyses in Man und in Animals. 
I ' h e  vertebral Bpiphysis in Man. l'he Limbus vertebralis. 
The first to demonstrate the development of epiphyses roent- 

genologically was Koehlcr, who in his book published in 1915 
describes the appearance of their primitive centres in the in- 
ferior thoracic vertebrz of a girl, in a lateral view of the spinal 
column, in the form of small triangular shadows near the an- 
terior corners of the vertebral bodies, best developed along the 
mzgins, less distinct farther in towards the centre. He says') 
that granules and lumps of lime salts first begin to appear in 
the cartilage al the superior and inferior margins of the ver- 
tebrac about the tenth or eleventh year, and by the twelfth to 
thirteenth year unite into a continuous line, which by the twenty- 
second to twenty-fourth year ossifies and fuses with the ver- 
tebm; first with the cervical, latest with the lumbar ones. All 
the vertebrz, with the exception of the atlas and, three last oc- 
cygeal vertebrw, have these epiphyses, which are broadest in the 
lumbar section. 

As late as in 1924,KoehZer thought that the ability to re- 
cognise these epiphyses in the roentgenographs was of practical 
value only medicolegally, as a means of identification in the rare 
cases where the parts of a found body included only portions of 
the spine. 

The age a t  which the limbus vertebralis begins to develop 

l) 4th ed., p. 175. 
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varies somewhat. It is now coiiinionly agreed that  its develop- 
ment begins between the eighth and thirteenth year, somewhat 
earlier in girls than in boys. Among forty spinal columns se- 
cured pos t  morteni I hare found limbic nuclei in  one of a boy 
eight years old, aiicl in one of a girl aged nine. Hnrisorz has found 
them in a girl aged sis, and in a boy aged eight years. If there 
are  step-fornietl indeirtatioiis in the coimers of the vei+Awz, tlie 

Male, aged 19 gears. Norim1 rertebrre, still showing transverse fissures 
across the middle. Syniinetrical nucleus prolapses in the ninth to eleventh 
thoracic and first lunibar vertrbre. Microscopically: The entire cartilage 
layer, with the zone of growth, pressed into the spongiosa. The cartilage 

disc is here quite thin, in parts lacking, more faintly colored. 

nuclei shorn as small hooks curving around these corners. This 
epiphyseal ring (= Randleiste, limbus vertehralia) fuses i v i  tli 
the body of the vertebra by the twentieth to twenty-fifth year. 
sometimes not until the thirtieth. 

I n  man and in the higher apes the epiphysis is annular;  in 
the latter somewhat broader than in the former. According to 
Vii-chow1) it is also annular in elephants. 

l) Berl. Mecl. Wochenschr. 1916, p. 32. 

14 
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The forni and locatioii of the limbus have been mentioned in 
the foregoing. I have dissected out pos f  morfeua and i30entgeno- 
graphed seven or eight specimens, either entire vertebm or ver- 
tebral bodies alone, and have sawed out, for microscopical ex- 
amination, an  intervertebral disc with the contiguous osseous 
parts. The staining was done ad nioclum r an  Giesoii and with 
eosin. I reproduce some iiiicrophotograi>hs. G times enlarged. 

Text to Roeiztyeiroyrapiis with ~~icropnoto! / i ,apl is  juxtuposed. 
Female, aged 12 years. Vertehrs normal. Limbic nuclei strong. In  the 
microphotograph the latter is seen anteriorly RS R small area of cancel- 
lolls bone. Around the  intervertebral disc there is a strong unbroken layer 

of cartilage, with zone of growth towards the diaphysis. 

The vertebral Epiphgses in Animals. 
The veterinary literature contains only little information in 

regard to the vertebral epiphgses. I n  Max Weber's work on the 
mammals1) it is stated that the anterior and posterior aspects 
of the vertebrz is covered with a bone plate, the epiphgsis, which 
develops from a separate osseous centre, and does not fuse with 

') Xaa W-eber: Siiugetiere. 1927, p. 104. 
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the body of the vertebra until the animal i s  full-grown. I n  the 
cetacea they remain separate for a long time; in the kangaroos 
they a re  rudimentary. 

I n  the >>Handbuch der mikroskopischen Anatomie des Men- 
schen<<l) it is stated that  blood vessels penetrate from the peri- 
chondrium into the epiphyseal cartilage before the osseous centre 
is formed, and that  the growth of the epiphysis takes place in 
all directions, on which account there is no formation of co- 
lumnar cartilage or of beams of cartilaginous ground substance. 
The cartilage is disposed more in lines around the medullary 
spaces; only isolated remnants of it remain, and project into 
the latter. At the diaphysis there is columnar cartilage. As the 
individual grows older the cartilage plate becomes thinner, and 
finally i t  is broken tlirough, so that  communication is establ- 
ished between 1 he epiphysis and the diaphysis. 

Prompted by Scl~inoi.1’~ investigations concerning the ver- 
tebrzv. 0. Becrdle has made some comparative studies of the 
vertebral epipligses i n  man and in His investigations 
i ncliidecl 

1 vertebra of a calf 12 months old. 
1 )) >> > >> 15 B >> . 
1 >) >> >> fetus of calf, 8 months old. 
1 >> >> >> > >> > 4 >> >> . 
1 >> >> >> horse 19 months old. 

Resides vertebr:e of some pigs, young and old, and of small domestic 
animals. 

I, too, have made some similar studies, with a view to ascer- 
taining whether nucleus prolapses occurred also in  animals. The 
material was kindly fornished me by the Pathoanatomical In- 
stitute of the  State  Agricultural College in Copenhagen, to 
whose chief, Prof. Foelgcr, I here express my thanks for his 
courtesy in this matter. It included twenty-two young animals ; 
namely, 6 dogs, 2 cats, 3 goats, 3 pigs, I calf, 1 heifer, 1 wolf, 

’) Handbuch (1. mikrosk. Anatomie des Menschen, 1930, vol. 11, p. 457. 
z, 0. Beadle: Vergleichende Untersuchungen uber die Wirbelkorpr- 

epiphyse beim Menschen and beim Tiere. Beitr. z. pathol. Anatomie, vol. 
LXXXVIII, 1931, p. 101. 

14. 
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1 rabbit, 2 rock badgers, 1 polecat and 1 hare. From all these 
animals, the thoracic and lumbar spine was dissected out and 
sawn through lenghtwise in the midline, whereupon they were 
first examined macroscopically for nucleus prolapse, then roent- 
genologically, both in antero-posterior and in lateral projection. 
At either the twelfth thoracic or the first lumbar vertebra an  
intervertebral disc, together with half of the vertebral body on 
each side, was dissected out for microscopical examination. 

When the spine of an animal is sawn through, one sees that 
the nucleus pulposus projects much more strongly than in 
children. This is the case especially in pigs, where, on the other 
hand, the epiphysis is rather narrow. The nucleus pulposus must 
consequently, in these young animals, be either very tightly 
spanned in, or else very elastic. A distinct epiphyseal plate was 
found in them all, except in a fox-terrier seven months old, in 
the two badgers. and in the polecat ; in which four there was no 
epiphysis. 

Beadle says that in man there is a cartilage layer underneath 
the intervertebral disc, with a zone of growth towards the 
spongiosa, the intervertebral disc in animals is directly c o n  
tiguous to the epiphysis, because the cartilage disc is lacking. 
According to him, the tissue of the annulus fastens directly 
onto the end-surface of the epiphysis ; the fibres of the lamellar 
annulus sinking themselves, like Sharpey’s fibres, into the end- 
plate of the epiphysis, which consist of compact osseous tissue. 
My investigations show that this is not the case. Also in a n i m l v  
t h e m  i s  a cartilage layer between the intervertebral disc and 
the epiphysis, but it is relatively thinner and not so distinctly 
circumscribed as in man; its thickness varying in different 
animals. The longitudinal growth takes place, in animals, on 
the side of the intermediary cartilage facing the diaphysis, 
where a zone of growth can be seen, consisting of cartilage cells 
disposed in columnar formation. The nucleus pulposus is never 
seen to  force its way in through the epiphysis; in every place 
one finds an  unbroken cartilage layer. 

I n  order to  investigate the vertebral column also of larger 
animals, with respect to nucleus prolapse, I have examined, at 
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the Municipal Cattle Market and Slaughter House, about 400 
spinal columns of bulls, cows and calves and 25 horses, besides 
the sawn-through spines of about 200 pigs ; and in none of them 
did I find any signs of nucleus prolapse. On the basis of all 
these investigations I feel justified in saying that nucleus pro- 
lapse does not occur in animals of any of the species which I 

anterior- 
lY 

Pig, 2 months old. Rather narrow epiphyseal plates : nuclei protruding. 
Anteriorly, step-formed depression filled with cartilage. MicroscopicaZZ2/: 
Unbroken cartilage beds, with zone of growth on the intermediary car- 

tilage towards the diaphysis. 

have had occasion to  examine. Why this is so can only be con- 
jectured. Possibly the horizontal position of the spine may have 
something to  do with the matter. In  the vertically disposed 
spine the intervertebral discs are constantly under a stronger 
pressure, and i t  is quite imaginable that  this pressure, with the 
effect of some traumatic influence added to  it, may overtax the 
resisting power of the disc to such an  extent that  the nucleus 
breaks through the locally weaker cartilage layer. It is also pos- 
sible that Reudle may be right when he says that  the spongiosa 
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is stronger in animals than in nian, but of this I have never 
been able to find any evidence in my specimens. Rly impression, 
from examinations made with the same enlargement as used 
by him, i s  that the density of the spongiosa is very much the 
same in man and in animals. 

A specimen, from a pig two years old, is shown in the ac- 
companying illustration. 

SURIMALZY 

The terms : occupational kyphosis, apprentice’s kyphosis and 
muscular kyphosis, or occupational stoop, were introduced into 
the literature in 1007, by @chaw, as  expressions for certain 
pathological conditions which by him were ascribed to what he 
called : insufficentia vertebrarum. I n  a paper published in 1920 
I showed by means of roentgenographs that  those conditionswerr 
due to an alteration in the form of one or  several vertebra: in the 
spine of the subjects concerned, as a result of which these be- 
came wedge-shaped; and at that  time I rather believed the af- 
fection to  be some form of osteochondritis. 

I now present the results of my examination of 1s cases-13 
boys and 5 girls, of ages ranging from nine to eighteen years- 
all observed for from 1 to 5 years, with roentgen examinatiou 
every year. 

The affection most frequently develops a t  about the four- 
teenth to sixteenth year, and as a rule the kyphosis develops in 
the course of from six months to one year. I n  most cases, the 
changes involve two or three vertebrz, oftenest the ninth to 
eleventh thoracic. I n  severe cases the pains in the back can 
persist through life, called forth by any untoward exertion, biit 
they never result in actual invalidity. 

I n  several instaiices a mobile kyphosis has been seen to be- 
come fixed in the course of six months without any changes 
being observable in the roentgenographs. Such changes only 
occur in the course of a year or so. 

The change in  the shape of the vertebrse usually commences 
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siniultaneously with the first development of the limbus verte- 
bralis, a i d  manifests itself either b~ (a) total absence of the 
limbus, ib )  the linibiis being situated close to the anterioi. 
corners of the vertebral body, (c) tlie limbus not extending all 
the mag to tlie anterior margin of the vertebral body, or ( ( 1 )  
the f o m i  of the lirnbns being irregular. Sometimes, tliougli rarelj , 
the changes begin seveid z ears before the first  development of 
the 1inil;ns. 

The result is that  the bodies of the vertebrrr: become wedgcl 
shaped ; probably because the cartilage layer of the vertebral 
body becornes pressed into tlie spongiosa, probably also owing 
to some check in the growth. 

6’rhmt~Z’s theory, according to which nwleus prolapse shoulcl 
be the p ~ i i n a r ~  factor. ciinnot be accepted, a s  in many iiistances 
1 here is no siicli prolapse. 

The ivregiilar contour of the wedge-shaped rer tebrz  iiiust be 
supposed to be due to  the irregular developnient of the liinhiis 
vertebralis, and, in some instances, to  nucleus prolapse. 

The prognosis cannot be established a t  the beginning of the 
disease. Of cases, all carefixlly roentjien-es~riiined, which, when 
first observed, showed inei*ely a inobile liyphotic posture, some in 
the course of a year developed into rigid kyphosis, \vhicIi 
gradually got worse ; while others neither got worse nor clevel- 
oped into fixed kyphosis. The fixation is probably due to fibrons 
degeneration of the intervertebral discs. 

The youngest subject in \vhoiii the beginning of the disease 
\vas fonncl, and in whoni it eventually developed into true 1 q p h -  
osis, was a bop aged 0 pears. 

hIy stndies have dealt also with the anniilar epiphyses (== 
limbus vertehalis)  in  nian, and with the zone of growth beneath 
the cartilage layer, opposite the spongiosa. Roentgenographs and 
some microphotographs are  i3eprodiiced.- 

As a supplement to  these studies of juvenile-kypliosis I have 
made some studies of the vertebral epiphyses in animals. I haw 
examined the spines of 22 young animals ; viz., dogs, cats, pigs, 
goats, calf, heifer, wolf, rabbit, rock badger and polecat, both 
by roentgen, niacroscopically (after the specinlens had been sawn 
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through) and microscopically. Also, macroscopically, the sawn- 
through spines of about 400 bulls, cows, and horses, and of 200 
pigs. 

I n  young animals there is a marked projection of the nucleus 
pulposus. The cartilage layer which separates the intervertebral 
disc from the epiphysis is considerably weaker than in man;  
in some animals it is entirely lacking. The width of the epi- 
physeal plate varies in the different animals; it is separated 
from the diaphysis by a small intermediary cartilage. On the 
side of the la t ter  opposite the diaphysis is found the zone of 
growth,-the columnar cartilage. Nzcclcus prolapse i s  no t  seen in 
animals. Step-formation of the vertebrn. is sometimes found, 
just as in man. 

RBSU-118 
Les affections comprises sous les noms de cyphose du travail, 

cyphose de l’apprenti, cyphose musculaire ou dos vofit6 profes 
sionnel, ont  6tC introduites daiis la litt6ratui-e en 1907, par 
Xc?wn:. L’agent 6tiologique a116gn6 est ~l’lnsufficientia vertebra- 
ruin<<. E n  1920, l’auteur cle l’article ci-clessus a cl6moiitr6, par 
des radiographies, qu’uiie clCformit6 cun6aire des corps vert6- 
braux marquait le cl6but cle la maladie, qu’il regardait plut8f 
conime une ost6ochondrite. 

A pr6sent l’auteur publie des recherches portant sup 18 cas, 
13 gaqons  et 5 filles, bg6s cle 9 A 18 ans, et qu’il a suivis pendant 
1 A 5 annees, avec des radioscopies rCp6t6es chaque anuCe. L’af- 
frction se d6clare le plus souvent A l’bge de 14-16 am, la cy- 
phose se d6veloppant gknhralement au  COUPS de 6 a 12 mois. 
Dans le plus gi-and nonibre cles cas, 2 ou 3 vertebres sont d6for- 
mCes, le plus souvent les 9 -11 verti2bres dorsales. Dans les 
cas graves, les clouleurs ail dos revienneiit meme apres des an- 
nCes, A la suite de fatigues, sans causer cependant une invalidit6 
r6elle. 

Plus d’une fois l’auteur a constat6 qu’zcne cljphose mobile 
s’inzmobilise a u  cows de 6 mois, sans que la radiographie ri5vcle 
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des conditions anormales. Celles-ci ii’apparaissent qu’apr&s un 
an environ. 

Les d6formations des verthbres coincident le plus souveiit 
avec 1’Cbauche et  le d6veloppement du limbus vertebralis ; elles 
se prksentent sous les aspects suivants: 

a: L’kbauche du lirnbus fait d6faiit. b :  Le lirnhe 6bauchk est 
place tout contre les angles ant6rieurs du corps vertkbral. c: I1 
n’atteint pas le bord ant6rieur. d :  La forme en est souvent varike. 
e: Dans les rares cas, les d6formations conimenceiit pliisieiws an- 
n6es avant que le limbiis ne s’6bauche. 

De ces altbrations r6sulte la forme cunkaire des corps. La 
cause est probablement que la couche cartilagineuse des corps 
est enfonc6e dans le tissu spongieux ; peut-6tre aussi le procewus 
se combine-t-il avec uiie retardation de la ci*oissance. 

Xchmorl a mis en avant la thkorie que le prolapsiis du nu- 
cl6us serait le facteiir primaire. L’auteur ne peut pas accepter 
cette thkorie, comine beaucoup de cas ne pr6sentent pas de pro- 
lapsus nuclkaire. 

Le contour ir~6gulier clrs vert6hi*es cunCaires doit s’im 
terprkter comme la conskquence clu placement irr6gulier du lim- 
be vert6bra1, et quelquefois d’un prolapsiis niiclkaii*e. 

La pro!/nose ne se laisxe pas 6tablir ail dkbut de l’affection. 
Parmi les cas soigneusement 6tudi6s par  radioscopie, lesquels 
& la premiBe inspection ne prksentent q11’1111e att i tude cypho- 
tique mobile, il arrive qu’un cas 617olue, au  cours d’une annke, 
en une cyphose immobile qui s’aggrave avec le temps, tandis 
qu’un aiitre cas ne s’aggrave pas, et les articulations ne s’immo- 
biliseiit pas. 

Chez un garson de 9 ails, une prerni6re inspection a fait  con- 
stater iine l6sion qui est devenue une vraie cyphose, c’est le cas 
le plus pr6coce que l‘auteur a rencoiitr6. 

L’auteur a fait  des recherches sur  des 6pipliyses aniiulaires 
hnniaines, sur le limbe vert6bral e t  la couche prolifkrante qiii 
se trouve sous le disque cartilagineux, contre le tissu spongieus. 

L’article apporte des radiographies et  quelqiies microphoto- 
graphies. 

E n  outre on a fait dcs ?-echet*ehes sur les 6piphyses verte’bra- 
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les chex les animaux. On a 6tudi6 les colonnes dorsales de 22 
jeunes animaux des esphces chien, chat, ch&vre, pourceau, veau, 
g6nisse) lapin, daman, putois et liGvre, d’abord par radioscopie, 
et puis, les colonnes dorsales fendues A la scie, par inspection 
macro- et microscopique. De plus, inspections macroscopiques 
de 400 colonnes vertkbrales fendues A la scie, des esp&ces taureau, 
vache, cheval, et  de 200 pores. 

Chez les jeunes animaux on trouve un nucl6us pulposus ti& 
saillant. La couche cartilagineuse est consid6rablement plus 
faible que chez l’homme ; elle &pare le disque ligamenteux d’avec 
1’6piphyse, chez un petit nombre d’animaux elle fait complhte- 
men t d&f aut. 

La plaque kpiphysaire, plus ou moins large selon l’esphce de 
l’animal, est s6par6e de la diaphyse par un 6troit cartilage inter- 
mediaire, qui porte, SUP la face tourn6e vers la diaphyse, la 
couche prolifCrante, avec sa disposition par colonnes des cellules 
cartilagineuses. Le prolapsus nucl6aire n’est pas constat6 chez 
les animaux. On y trouve quelquefois des contours 2i gradins 
comme chez l’homme. 

ZUSAMMENFASSUNG 
Der Begriff der Arbeitskyphose, Lehrlingskyphose, musku- 

larer Kyphose oder des Berufs-Rundriickens wurde 1907 von 
Schanz in die Literatur eingefiihrt. Als Ursache wird aInsuffi- 
cientia vertebrarum< angenommen. 1920 wies ich an RontgJn- 
bildern nach, dass die Ursache in der Keilformigkeit der Wir- 
belkorper zu finden ist, und ich fasste damals das Leiden ncich 
am ehesten als eine Osteochondritis auf. 

Es liegt nun eine Untersuchung uber 18 Falle vor (13 Ena- 
ben und 5 Madchen zwischen 9 und 18 Jahren), welche 1-5 
Jahre hindurch mittels jlhrlicher Rontgenuntersuchung dureh- 
gefuhrt wurde. 

Das Leiden entsteht am haufigsten im Alter von 14-16 Jah- 
pen, und die Kyphose entwickelt sich in der Regel im Laufe von 
y2-l Jahr. I m  allgemeinen sind 2-3 Wirbel verandert, und 
das sind meist der 9.-11. Dorsalwirbel. Ruckenschmerzen kijn- 
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neii sich in scliweren Fallen %ei Aiistreiigungeii bis ins spatere 
Lebeii liincain erhalten, aber sie verursachen niemals eine wirk- 
liche Invaliditisit. 

Es wurde wiederholt konstatiert. class eine mobile Kypf iosc  
irrz Lau fe  eil7c.s halben bnlwcs fixiel-f wild, ohne dass das Ront- 
genbild abnornie \‘erIiaiitnisse aiifmeist. Diese treten erst im 
Laiife eines Jalires auf. 

Die T~’irbe1veranderungen fallen rneist zusainmen mit der 
Anlage uiid Eiitwickluiig des Limbus vertebralis und gestalten 
sic11 folgeiiderinasseii : a )  Die Limbus-Anlage kanii vollstantlig 
fehlen. b) Sie liegt dicht an den Vorderhornern des (70rpns. 
c I Sie reicht niclit bis an den Vorderrand lieran. d )  Ihre Form 
i s t  oft wecliselnd. e ) I n  selteneii Fallen beginnen die Veriinde- 
Iwngen melirere <Talire, bevor der Limbus aiigelegt wiid. 

Das Ergebnis ist eine Iieilform der corpora. -41s Ursuckc 
liierzu muss angeiioiiiinen werden, dass die- Iinorpelschicht an 
den corpora in die Spongiosa hineingedriickt wirtl, mahrschein- 
lich kombiniert mit einer Verringerung des Wachstums. 

Schnzorl’s Theorie, ein Nucleusprolaps sei der primare Fak- 
tor, kann niclit anerkannt werden, da ein Nucleusprolaps iii  

vielen Fallen gar niclit vorhanden ist. 
Die unregelmassige Wirbelkontur an  den keilformigen Wir- 

beln muss als  eine Folge des unregelmassig angelegten Limbus 
angesehen werden und hin und wieder als Folge eines Nucleus- 
prolapses. 

Die Prognose kann im Beginne der Kranklieit nicht gefitellt 
werden. Es liegen genau rontgenuntersuchte Falle vor, die bei 
der ersten Uiitersuchung nur  eine mobil kyphotische Haltling 
aufweisen. Im einen Falle entwickelt sich im Laufe eines Jahres 
eine steife Kyphose, die sich allmalilich verschlinimert ; im an- 
deren Falle kommt es zu keiner Verschlimmeruiig und keiner 
Fixation. Diese ist  vermutlich auf eine fibrose Degeneration 
der Zwischenwirbelscheibn zuriickzufuhren. 

Der erste Beginn mit nachfolgender wirklicher Iiypliose wnr- 
de bei einem Sjahrigen Knaben konstatiert. 

Es wurden Uiitersiicliuiigen aiigestellt uber den ringformigeii 
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Epiphysen-Limbus vertebralis des Menschen und die Wachstums- 
schicht, die unter dem Knorpel nach der Spongiosa zu liegt. 

Es werden Rontgenbilder und einige Mikrqphotographien 
beigebracht. Zugleich wurden Untersuchungen iiber Wirbelepi- 
physen bei Tierelt angestellt. 

E s  wurden die Wirbelsaulen von 22 jungen Tieren unter- 
sucht, und zwar von: Hunden, Katzen, Ziegen, Schweinen, Kal- 
bern, Farsen, Wolfen, Kaninchen, Gebirgsdachsen, Iltissen, 
Hasen, mit Rontgen, makroskopisch nach Durchsagung und 
mikroskopisch. Ferner makroskopisch 400 durchgesagte Wirbel- 
saulen von : Stieren, Kiihen, Pferden und 200 von Schweinen. 

Bei jungen Tieren findet sich ein stark hervorspringender 
Nucleus pulposus. 

Die Knorpelschicht, welche die Zwischenwirbelscheibe von 
der Epiphyse trennt, is t  bedeutend schwacher als beim Rlen- 
schen, bei einzeliien Tieren fehlt sie Gaiiz. 

Die Epiphysenflache ist, je nach der Art  des Tieres, breiter 
oder schmaler, von der Diaphyse durch einen schmalen Inter- 
mediarknorpel getrennt, welcher auf der der Diaphyse zuge- 
weiideten Seite die Wachstumsschicht, den Saulenknorpel, tragt. 

Bin Nucleusprolaps i s t  Bei Tieren nicht mc sehen. 
Man kann Treppenfiguren wie beim Menschen finden. 


