
ON THE GENESIS OF OSTEJTIS DEFORM 4NS (PAGET) 
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Among the diseases affecting the skeleton osteitis cleformans 
(Paget)  is of interest from a bone physiological point of view. The 
disease is a typical disease of aged people, and therefore a detailed 
study of the reactions in the aging hone tissue is possihle. A s  the disease 
usually has  a long duration and causes progressing deformities. the sig- 
nificance of strain in the forming of the skeleton can he hetter studied 
than in any other disease of the hones. The author (1931, 1933 and 
1937) has investigated the reactions in  the hone tissue of a variety of 
bone diseases and has for many years examined and followed-up cases 
suffering from Paget’s disease. The object of this article is to  show in 
what way the skeleton is affected a t  the earliest stages of the disease, 
how the pathological changes progress and to  discuss the etiology of 
the disease on the basis of the findings. 

S l T X f M . 4 R Y  O F  E A R L I E R  H Y P O T H E S E S  

Pagef (1877 and later) considered that  osteitis deformans is of an 
inflammatory nature, an  osteitis, and based his opinion on Butlin’s 
interpretations of the histopathologic changes. Lunn ( 1885) believed 
that  the disease was caused hy inherited constitutional factors. Other 
inyestigators (i.e. Stilling, 1890, von Recklinghausen, 1891, Looser, 
1926) came to the same conclusion as  Ruflin,  namely, that an inflam- 
matory process is the originating cause. Other causative factors sug- 
gested a re  syphilis, gout, chronic rheumatism, trauma, intoxication 
owing to metabolic or intestinal disturbance, carotene deficiency etc. 

The histopathologic changes recognized in Paget’s disease were for 
a long time classified as  a form of osteitis fihrosa cystica, although of 
“hyperostotic” type (Chrisfeller, 1926). This misinterpretation has  
since heen corrected, mainly by Schmorl. In view of the ohservation 
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otlltlrs). 
'Hie infl:iintnation theory is still niuch discussed. 0i)jcctions to it 

were :ilreatly raised as  early as 1888 (Cootlhcirt) ,  :mtl  since then other 
investigators, for ex:iihpIe Stenholm ( 19241, have :ibantIonecI tlie 
theory. A detailed study led Sclirnorl (1932) to thc conclusion, tha t  the 
tlisc:ise is a local, non-inflamiiiatory, primary hone disease of unknown 
origin softening the bone. 'I'his interpretation has heen ohjectetl to by 
Erdheim ( l 9 3 5 ) ,  who revived the classic inflamniation theory after a 
study of Pclget changes in the skull. Other authors, such as Hctslhofer 
(1937) ,  maintain, like Erdheim, that  osteitis deforrnans is a chronic 
osteitis. FVeinmann and Sicher (1947) are  of the opion that an  
hyperplastic osteitis may not be entirely unjustified. 
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’l’hc :inthoi.’s m:itcri:iI coiisists of I!) clinic:illy tli:ignosctl c:iscs of 
i’rigel’s discnsc, i n  14 of wliicli it w:is 1)ossil)lc to corro1)or:itc the dia- 
gnosis. ‘l’:ihIc l givcs in1oriii:ition with rcgartl to the I4  tlcfinitcly 
esta1)lishctl cases ( 11 ~ n c n  ant1 3 w)nien ). 

‘l’lic first par1 of the investigation consisted in macroscopic and 
microscopic studies on slieldal parts taken a t  autopsy from two 
hrothcrs and a sister sliffcring from Priyef’s disease (cases 6, 7 and 8) 
(\\’ilton 1 9 3 i ) .  

Suhscc~uent investig:itions were in the forni of frequent rocntgen 
examinations on living Pngef  t a w s  and examination of autopsy cases 
in the light of previous roentgen ohservations. 

Roentgenologic obsermlions.  

After comparing the roentgen pictures of skeletal parts appearing 
normal a t  the first exaniination with those taken later, when the bones 
displayed changes typical of Pagef’s disease, the author has come to 
the conclusion that  the earliest ohservahle roentgenologic sign of this 
disease is that the coarse-fihred lines of spongy bone ( the  Meyer lines, 
fig, l ) ,  running in the directions in which the strain is exerted, without 
being noticeahly thickened appear with ahnormal clarity in the 
roentgen picture (fig. 2, cuneiform hones). Later on, the lines coarsen 
and become confluent, giving rise to sclerosis (cf. calcaneous in figs. 1 
and 2 ) .  At  this early stage, it is (ardly possihle to diagnose Pagef’s 
disease on the hasis of the roentgeh appearances, seeing that  a similar 
type of sclerosis is also seen in other diseases of hone, such as  healed 
osteitis fihrosa cystica. A t  a later stage in the disease the Paget 
roentgenogram is characterized hy the presence of decalcified and 
rarefied foci in addition to the sclerosis already mentioned, and it is 
not until this stage has  been reached that Paget’s disease can he dia- 
gnosed with complete certainty (Polgar 1933). A s  the disease pro- 
gresses the skeletal parts involved gradually hecome deformed in a 
manner showing characteristic features for each individual bone (“fish 
vertebrae”, “heart-shaped pelvic inlet”, “bowlegs with sahre tibia”, 
and so on) .  

In  Pagef  patients with scoliosis, in whom the weight-hearing con- 
ditions in the pelvic hones and lower extremities, as  a consequence of 
this deformity, are unevenly distrihuted, the Pagef changes are  most 
pronounced on the side where the strain is greatest (fig. 3 ) .  

The disease may appear to be stationary for long periods a t  a time, 
but it nevertheless slowly progresses, earlier deformities becoming 
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Fig .  I .  
From Meger (1867). The figure shows the coarsely fihrcd spongiosa (so-called 

hieyer lines) in the 1,elvis and the bones of thc lower cxtrcmities. 

more pronounced and new parts of the skeleton gradually being 
involved. 

In the following macroscopic and microscopic analysis the roentgen- 
ologic changes have been divided as follows into stages which naturally 
cannot he strictly delimited from one another. 

Stage I :  Abnormally clear Meyer lines. 
Stage 2 :  Sclerosis. 
Stage 3 :  Sclerosis and rarefied foci. 
Stage 4 :  Progressing deformities. 

Exominafion of sections. 

Sfage 1 .  The hone structure in hones showing the earliest roentgen- 
ologic lesion is usually of a normal yellowish-white colour. Micro- 
scopically, the fine-fihred spongy bone which, in control cases, en- 
closes the hfeyer lines in a fine network is seen to have wholly or 

3 ACTA ORTH. X X I V ,  1 
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Fiy. 2. 
Roentgenogram of the hones of a foot with Paye t  lesions. The cutieiform hones 
display the earliest lesion, in the form of ahnormally clear Ncyer Lines. In the 
calcaneus a subsequent stage is seen, with coarsened Mepr lines which in places 

have hecome confluent giving rise to “sclerosis”. 

Fig. 3. 
Typical roentgenogram of a Paget pelvis displaying sclerosis and rarefied foci. The 
lesions are most advanced on the right side, where the strain, on acrount of scolio- 
sis, is greater than on the left side. On the right side also. the uelvis is drforrnd 



1)arti:iIly tlis:ip]~earetl (fig. 4 ) .  l'hc coarsc-fibrcd lincs also display 
:itrolihy in ~)l:iccs, ant1 the 1)onc ;hl)pears slightly brittle. A t  this early 
stage, thcrc arc no or insignificant resorption processes ant1 the niicro- 
scopic :ippcarances most closcly rcscnil)lc those seen in scnilc a t ro lhy  
of 1)OIlC. 

Slagc! 2. In the nest  stagc of the Prrg~ i  process the bone, macro- 

F i g .  4. 

hone) proves to he due  to atrophy of the fine-fihred spongy hone. 
The earliest roentgenologic sign of Paget's disease of hone (rf. Fig. 2 cuneiformi 

scopically speaking, is reddish in colour, and dark red spots resembling 
hemorrhages a re  often present. When the bone is examined micro- 
scopically this change is recognised as due to osteolytic foci, with wide 
vessels surrounded by highly vascularized, poorly differentiated bone 
tissue in the calciferous bone trabeculae (fig. 5 ) .  

The immature hone tissue is growing and after having undergone 
the maturing process forms new calcareous bone (cf. Wilton 1937) to 
strengthen the structural parts where the strain is greatest, i.e. the 
compact bone and the Meyer lines, as a result of which the sclerosis 
seen on the roentgen picture arises, At this stage, lacunar resorption is 
also observable in the microscopic sections side by side with the new 
bone formation. The bone tissue proliferating in the marrow spaces is 
highly vascularized and contains immature spindle-shaped bone cells 
resembling connective tissue cells. When the marrow cavities are 
filled with tissue of this kind the morphologic appearances that have 

3' 



hecn terinctl “ostcitis fihrosa” :ind “ii1:irrow lil)rosis” :irisc. ‘I’llcse 
appearanccs inay rcscmblc granulation tissuc ( Fig. ti) :ind Lliis cxplains 
why Paget’s discasc has previously hecn thought to I w  tluc to an in- 
flaininatory proccss. 1nflniiiin:itory cells :ire, h o \ w v r r ,  not tlislinguish- 
able, either :it this stage or :it other stages. 

Strrye 3. At a subsequent stage, the processes of new hilt formation 

Fig. 5. 
Early histo-pathological stage of Paget. Around the vessels in the calciferous bone 
there have arisen foci of dissolution with immature bone tissue, which is proli- 

ferating out into the fat inarrow. 

and resorption become iiiore active. The lacunae become confluent 
and forin large cavities, on the walls of vhich new hone formation 
and resorption take place in close proximity to one another. If the 
new bone is formed close to the old calcareous bone, broad “ce- 
menting lines” arise. A study of microscopic sections gives the im- 
pression that the resorption processes take place without conformity 
to any known law. By combining roentgenologic, macroscopic and 
rnicroscopic studies and observing the strain on bones affected with 
Paget’s disease the author has come to the conclusion that the intensive 
reconstruction processes are brought about by static insufficiency with 
its resultant alteration in the weight-bearing conditions. New bone 
formation takes place in those structural parts where the alteration 
has involved increased strain, and bone resorption where the strain 
has been lessened. The parts not subjected to strain become more or 
less cornpletely resorbed during this stage, and this is the explanation 
of the rarefied and decalcified foci seen in the roentgen picture. 
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. F i g .  6 .  
Scdioii f rom a par t  of thc t a l i i s  which had  a dark-red c u t  surface. The marrow 
spares a rc  occ~ipied with hlood-filled \-rsscls and immature  hone tissue, resiilting 
i n  the  morphologir pictures descrihed a s  “osteitis f ihrosa” and  “marrow fibrosis”. 

F i g .  7. 
Paget in a later stage. Mosaic structure, “marrow fibrosis”. processes of hone dis- 

solution and  new hone formation a rc  to hc distinguished. 

Bccausc of the intensive reconstruction processes the previous 
microscopic structure of ihe calcareous hone. changes, the hone appear- 
ing to be composed of a large number of small pieces of bone (so-called 
mosaic structure. fig. i )  separated from one another by broad cement- 
ing lines with irregular deposits of mineral salts ( c f .  Engfeldt e t  al., 
1952). 
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Fig.  8.  
Roentgenogram of the medial part of a Pagct tibia with sclerosis on the posterior 
(concave) side where the strain is greatest and rarefied foci on the anterior (con- 

vex) side where the strain has been lessened. 
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F i g .  9. 
A femur in an adranced stage of Pnyet ’s  disease. The hone shows the same neero- 

biotic and necrotic features as in advanced senile osteoporosis. 

Stage 4. At the stage where deformity has developed, the principles 
governing the reconstruction processes become more evident. In  the 
sabreshaped deformation of the tibia, for instance, sclerosis of the 
compact bone and the Meyer lines arises on the posterior (concave) 
side where the strain is greatest while the bone resorption processes 
dominate on the convex side where the strain has  been lessened 
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( rig. 8 ) .  ‘I’hc progressing Prr!/et 1)roccss is cli:ir;iclcrizctl, Iiistolmtho- 
logic:illy. hy hone production o f  lowcr quality, and “liriinitivc” imie is 
ol‘tcn Foriiictl i n  the “iiiarrow fihrosis”. ‘ l l ic  ccincwting liiics I)ccoinc 
broader while a t  the wine time the new-toriiirtl matrix consists to an 
ever increasing cxtent o f  hyaline in:isscs Iioor i n  collagcil in which hone 
salts arc tlel)ositetl in the saiiie way a s  in the ceincwtiiig lines. Gratlu- 
a\\y this type of matrix, ;is in advanced senile osttwporosis, becoines 
nccrobiotic (fig. ‘3). 

D I s (: I’ s s I0 I\‘ 

The inost characteristic feature of Paget’s disease is the advancing 
deforination of various parts of the skeleton. Pnget declared that  de- 
formities arise because the diseased skeletal parts, owing to their soft- 
ness, have a lowered resistance to load. The author is of the sanie 
opinion and as each skeletal part has its own special loading char- 
acteristics each bone will always be deformed according to a certain 
pattern . 

Various explanations have been advanced to account for  the “soft- 
ening” and the resulting static insufficiency. Those investigators who 
consider Pnget’s disease to be a form of osteitis regard the static in- 
sufficiency as dependant upon inferior new bone formation clue to the 
inflammatory process. As no  signs of inflammatory changes a re  ob- 
served in Paget’s disease this hypothesis has  no objective grounds. 

The author accounts for the Paget changes and the sfecltiily pro- 
gressing static insufficiency as follows : 

The ability of any part of the skeleton to support its load is deter- 
mined ’by 1) the quantity and 2 )  the quality of the bone structure. A 
continuous rebuilding of the bone takes place as it performs its 
functions. The total q u a n f i f y  of the bone is determined by the inherent 
relative speeds of deposition and resorption. The capacity to  produce 
new bone depends on the growth rate (new forination of bone-produc- 
ing cells). In the early ontogenetic stages of development the capacity 
for bone growth (potential powers of new bone formation) and its 
growing activity (active new bone production) are  considerable, but 
these decrease as development proceeds. 

High-quality bone structures require fully developed organic matter 
and regularly deposited mineral salts. From what has  been observed 
the formation of both the organic and inorganic matrix apparently 
takes place as the result of the activity of the bone cells. With gradually 
increasing functional maturity these gain the power to produce a high- 
quality matrix (Wilton, 1931). In the senile stage of life the bone 
cell’s power of maturation gradually diminishes and the growth power 



is siii;ill, 1ib:idiiig to foriiiatioii of iiil‘erior iii:itris : i i i t l  :itrolilly ol‘ Llic 
l’iiicly fibreti sl)oiigy l ,onc> (\VilLoii l ! U i ) .  

‘l’lic. l’irst sigii of t l i c  Pri!/et tIisc:isc is ;I gc~iic~r:rlizctl :itrol)liy of t l~c:  
fiiicly I’ ihrcd slwiigy I)one without :iny iiiori)hologic signs of rcsorl)tion 
~)roccssc~s, that is to say, :I inorhid cIi:ingc tli:it is c.:iusctl hy the I)OIIC’S 
rctliicctl c:il):icity for tlc\elol)incnt. A s  this Lylw of :itrophy, lltlrler 
physiologic conditions, hegins ;it a much ~ i i o r e  :itlv:incetl age tl1:in that 
a t  which osteitis tleforin:ins I)cgins, the conrlusion reached hy the 
:iuthor is th;rt Puyef  l&ons ;)rise 1)ec;iiise the bone fissiie e1zt.er.s its 
senile phcrse ctbnorrttalf!g ectrlg. ’l’lie norni:il strain thercrore has the 
effect o f  overstrain. The  bone tissue is, adrnittetlly, senile, hut :it this 
early stage of the disease it still retains its capacity for reaction :inti 
reacts in the siiine way as old, owrstrained hone tissue with an 
atrophied endosteuni and periosteum (osteolysis around the vessels in 
the ca1c:ireous bone, with forination of proliferative bone tissue; \Vil- 
ton, unpublished). Owing to the new bone formation, the skeletal part 
can function for a time in a normal manner, and few or no clinical 
signs of skeletal insufficiency arise. \Vith progressing age the bone 
tissue’s capacity for reactive processes diminishes, leading to the 
gradual development of skeletal insufficiency and deformity with the 
progressing skeletal insufficiency. Continual reconstruction processes 
occur, and we then get the characteristic histopathologic picture, with 
its numerous foci of resorption and new bone forination, “marrow 
fibrosis”, “mosaic structure”, and so on. The bone tissue’s capacity 
for reactive processes diminishes still further, the life of the newly 
formed bone tissue becomes shorter and shorter, and the bone becomes 
liable to necrobiosis. The Payet process a t  this stage is indistinguish- 
able froni the changes displayed by highly senile bone tissue. 

The occurrence of osteitis deforinans in families has been known 
for a long time. Da Costa and his co-workers made a study of the cases 
of Payet’s disease described in the literature, where the disease had 
attacked two or more members of the same family. Kerr  supplemented 
this review with other similar cases (Table 1 1 ) .  Still other cases, such 
as  those described by Hankes (1935) ( 4  brothers) may be added to 
these reviews. In ~ n y  material, three of the cases were brothers and 
sister. 

The fact that  two or more members of the one family may suffer 
from such a rare disease as  Paget’s disease is strong evidence in support 
of the view that the abnormally small deuelopment capacity of the bone 
tissue is caused b y  hereditary factors. 

Many facts argue in favour of local factors also having a certain 
importance in the arisal of Paget changes. As Sclimorl has already 
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’rAlil’Ic I 1  
I ) t r  (:rlslfl .  

A II t I 1  I ) r l(r1:it ionship t ) f  c a w s  

I ~ i ~ i i ~ n i e r  ..................................... 12:itlier :ind son 
Sini 111 ........................ ] ) I ) .  

0ltinjic.i. anti  ~ \ j i : i s s ~ ~ - I , : ~ i ~ i ~ ~ ~ t  ......... Vatliei. : i n d  2 S I ) I I S  

Ill~l)erts ....................................... 
Fritz .......................................... S i i n .  father. sisler, and 3 great-aunts 

Sl)Il. father, i l l l l l  I,rolher 

2 1)rothers 
DO. 

Whit c p  ......................................... I l l ) .  

Xlaelicnzir (ritetl hy Sniith)  ......... I l l ) .  

1)uhrciiilh and 1,auhich .................. 2 hrothers and so11 of 1 of them 
Parry ......................................... 2 s i s t e r s  
Stah1 .......................................... DO. 
DaCosta .............................. DO. 
K i 111 er ........................................ 131-0 t h er a 11 d s i  sl er 
Lindsay and Gordon .................... N a n  and 2 paternal uncles 

k‘crr. 

Chauffart .................................... blother and daughter 
Rerger ........................................ Mother and son 
l\’allet ........................................ Brother and sister 
Ahhey ......................................... 2 hrothers 

pointed out, Paget lesions first begin, and become most pronounced, in 
those parts of the bone structure that a re  exposed to the greatest strain. 
In  Paget patients with scoliosis the Paget lesions a re  severest on the 
side bearing the greatest weight. These observations suggest that the 
strain exerted on the bone structure may he a local genetic factor. 

S 1; 11 hf A R T 

Fourteen cases of Paget’s disease have been examined and followed- 
up. It is shown that the first sign of the disease is a generalized atrophy 
of the finely fibred spongy bone without any signs of inflammatory 
processes. On the basis of the investigation the author advances the 
hypothesis that  the genesis of Paget’s disease is an abnormally small 
development capacity of the bone tissue caused by hereditary factors. 

R E S U M E  

14 cas de la maladie de Pagef  ont CtC examines et suivis. I1 s’est 
montrC que le premier signe de la maladie est une atrophie gCnCralisCe 
de 1’0s spongieux finement fibre, sans aucun signe de processus in- 
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Vie rzeh n Fi I le vo n Page t s E r I< rail ku ng w 11 r( I c- n 11 n t c rs ii  c ti t u nd 
wciter 1)eohachtet. E s  wird gezeigt, dass rlas erste Zeichen tler Erkrank- 
ung eine allgeiiieine Atrophie der feingefaserte Spongiosa ist und dass 
Z e ic hen en t z ti n d I ic he r P rozes se n ic h t vo r h an tle n s i 11 d . Au f G r u nd 
seiner Untersuchungen stellt der VerEasser die Hypothese auf, dass die 
Ursache der Paget Erkrankung in einer erhlichen Schwiche der Ent- 
wicklungsfihigkeit von Knochengewebe zu suchen ist. 
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