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Summary. This paper gives the main findings related to the case of a female newborn with 
achondrogenesis. The most important abnormalities affected the hyaline cartilage. This was 
characterized by absence of seriated chondrocytes, low levels of glycoproteins and acid 
glycosaminoglycans, and exceedingly low amounts of collagen fibrils which, in any case, had 
an abnormal structure. Almost no endochondral ossification was observed, and abortive 
attempts at calcification were only occasionally found in the cytoplasm of degenerated 
chondrocytes. Membranous and periosteal ossification, on the other hand, were normal. The 
ossified areas were separated from the uncalcified cartilage by the interposition of a con- 
nective, periosteum-like strip. The only ossification in the vertebral bodies occurred along 
thin invaginations of the perichondrium; intervertebral disks were not developed. 

These data suggest that achondrogenesis is a skeletal disorder essentially derived from a 
disturbed development of hyaline cartilage, and involving the persistence of features typical 
of primitive mescnchymal tissue. 
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Achondrogenesis  was f irst  descr ibed as long ago as 1936 b y  Paren t i ,  b u t  i t s  
r a r i t y  is such t h a t  i ts  p a t h o l o g y  is stil l  no t  comple te ly  unders tood .  As stressed 
recen t ly  b y  MeKus ick  (1972), the  confusion of ten fel t  a b o u t  the  disease is ma in ly  
due to  the  poss ib i l i ty  of f inding forms of the  d isorder  which differ  cons iderab ly  
in sever i ty  and  ex t en t  of skeletal  invo lvement .  The  confusion fel t  is a gg ra va t e d  
b y  the  fact  t h a t  only  a few of the  inves t iga t ions  on achondrogenes is  have  been 
accompan ied  b y  a comple te  pa thologica l  s tudy .  Very  few his tological  and  histo- 
chemical  inves t iga t ions  are, in fact ,  ava i lab le  (Remagen  et al., 1971), and  no 
u l t r a s t ruc tu r a l  f indings  are r epor ted  in the  l i te ra ture .  

W e  have  recen t ly  had  the  o p p o r t u n i t y  of s tudy ing  a newborn  whose dea th  
was due to  a skeletal  d isorder  consis tent  wi th  the  diagnosis  of achondrogenesis  
( type  I of MeKusick) .  The  presen t  pape r  repor t s  the  m a i n  clinical,  radiological  
and  pa thologica l  d a t a  pe r t i nen t  to th is  s tudy ,  and  gives special  emphas is  to the  
h is toehemieal  and  u l t r a s t r ue tu r a l  f indings.  

Case Report 
Female newborn, 1st child of a healthy woman of 26. Normal delivery after a 32-week, 

uncomplicated pregnancy. The mother was Rh-negative, but was not isoimmunized; the 
28-year-old father was healthy. Both had normal karyogram. Their pedigree pattern was 
unimportant and there was no history of consanguineity. Four months after delivery, the 
mother had a new pregnancy which ended in abortion 21 weeks after the beginning of ame- 
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Fig. 1. F ron t  view, showing short, deformed limbs, large head, abnormally short torax, and 
protruding abdomen 

norrhea. The fetus was soaked, bu t  i t  was possible to establish t ha t  the histological characteris- 
tics of his skeleton were normal. 

Physical Examination. The baby  had  severe micromelia and only gasping respirations. 
She died 15 minutes after  delivery. Her  body weight was 1080 g and her height  24 era. Severe 
skeletal deformities were evident (Fig. 1). The head was disproportionately large, with a 
circumference of 28 cm. The neck was short, so t h a t  the head seemed to rest  directly on the 
shoulders. The abdomen protruded and  was almost spherical. The extremities were extremely 
short ;  the arms measured 5 cm from shoulders to finger-tips and the legs 7 cm from hip to 
toe. Fingers and  toes were both  shorter  than  normal and no phalanx subdivision was evident  
in them. 

Post-mortem x-ray examination (Fig. 2) showed a relatively large, normally ossified skull 
with normal relationship between the cMvarium and the basal and facial bones. The calvarium 
was, however, thin,  especially at  the level of the parietals. Very small ossification centers 
were visible in the vertebral  bodies. They appeared as dots in frontal projection and as th in  
lines in lateral projection. The vertebral  arches and spines were more evident than  the  bodies, 
bu t  the posterior portion of the arches was uncMeified. The ribs were thin and short ;  they were 
also swollen and irregular a t  the costo-chondral junctions. The clavicles were normal, while 
the  scapulae were small and  irregular. An irregular zone of ossification was present in the 
ilia; its lower border was arched. 

Another  ossified area, probably belonging t o t h e  pubic bones, was hardly visible on bo th  
sides. The tubular  bones of tile arms were visible as short  and very irregular shaft-segments 
in which the  normal shapes of the  humerus, radius and Ulna were not  recognizable. Only 
two small centers of ossification, probably belonging to the carpus, were visible in the hands. 
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Fig. 2. Front  roentgenograms. Note almost complete absence of calcification in vertebral 
bodies 

The femurs and the tibiae appeared as irregular bone segments, while the fibula and the os- 
sification centers of the feet were not recognizable. 

Post.mortem Examination (autopsy n ~ 44353). Only major necroscopic features are 
reported. Lung, heart, liver and spleen were congested. The lungs were atelectatic. A few 
haemorrhagie petechiae were visible in the pleurae. The brain was congested and oedematous. 
The calvarium and the base of the skull did not appear to be grossly deformed. Dissected 
long bones of arms and legs appeared as irregularly lobulated, slightly elongated cartilaginous 
segments. 

Microscopic Examination. Osseous and cartilaginous specimens were taken from calvarium, 
base of skull, clavicles, ribs (costo-chondral junctions), vertebrae, and dissected humeri, 
femurs and tibiae. Other specimens were taken from lungs, myocardium, aorta, liver, spleen, 
kidneys, pancreas, adrenals, ileum, thymus, and skin. All the specimens were fixed in 4% 
formalin buffered at pH 7.2 with phosphate buffer. Small fragments were taken from the 
femurs and ribs, and post-fixed with 1% OsOa buffered at pH 7.2, as above. These small 
fragments were embedded in Araldite and used for electron microscopy. The other specimens 
were embedded in paraffin. Those including calcified areas were previously decalcified with 
2% formic acid. 

Sections from paraffin blocks were stained with haematoxylin-eosin for routine examina- 
tion. They were also stained by one of the following methods: a) Mallory method for collagen; 
b) silver ni trate--methenamine for argyrophilic structures; c) aldehyde-fucsin for elastic 
fibers; d) periodic acid--Schiff (PAS) for glycoproteins; e) 1% Alcian blue, pH 1.8, and 
colloidal iron (Mowry, 1958), pH 1.8, for acid glycosaminoglycans; f) 1% Aleian blue in the 
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Fig. 3. Section of a costo-chondrM junction. The cartilage is separated from the osseous 
trabeculae by a connective strip which shows osteogenetic activity. No seriated cartilage is 

present. Haematoxylin-eosin, × 100 

Fig. 4. Detail of costal cartilage. Haematoxylin-eosin, × 270 

presence of 0.4 and 0.9 M MgC12 (Scott and Dorling, 1965), for differentiating between chond- 
roitin and keratan sulphate; g) colloidal iron after hyMuronidase digestion, with the same 
aim as in /. HyMuronidase (bovine tcxticular hyaluronidase, Sigma Chemical Company) 
was used at the concentration of 1 rag/1 ml in 0.1 N phosphate buffer, pH 5.4, at 37 ° C for 
12 hours. Control sections were left in the same buffer for the same period of time and at the 
same temperature. Sections for electron microscopy were examined unstained and after 
staining with uranyl acetate and lead citrate. 

Results of Optical Microscopy. The process of endochondral ossification was 
comple te ly  abnormal .  I n  all the  skele ta l  segments  s tud ied  these inc luded the  
base of the  skull,  despi te  the  lack of gross ly  a b n o r m a l  fea tures  in i t - - n o  ser ia ted  
car t i lage was visible (Figs. 3, 5, 7). Traces of s t r i a t i on  could  only  be made  out  
in the  epiphyses  of the  clavicle and,  to  a much  lower degree, in those  of the  
femur.  The l imi t  between the  uncalci f ied car t i lage and  osseous t r abecu lae  was 
a th in  r im of connect ive t issue which was a d i rec t  con t inua t ion  of the  peri-  
os teum and  the  per ichondr inm (Figs. 3, 5, 7). This connect ive s t r ip  showed 
osteogenet ic  ac t iv i ty .  The  osseous t r abecn lae  a p p e a r e d  to der ive f rom the  
per ios teum in the  cor t ical  po r t ion  of each bone segment ,  and  from the  th in  
per ios teum-] ike  connect ive s tr ip,  wi thou t  the  i n t e rven t ion  of car t i lage  calcifi- 
cation,  in the  centra l  por t ion.  The lack  of car t i lage  calcif icat ion was also shown 
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clearly by the absence of axial cartilaginous cores along the osseous trabeculae. 
The connective strip was only interrupted in the base of the skull and in the 
femurs, in both of which a few areas of cartilage calcification were present. 
Traces of seriation were visible in cartilage in the cpiphyses of the clavicles, but  
the ceil columns were short and irregular. In  all bones the osseous t rabeculae- -  
whether originating in the periosteum or in the periosteum-like s t r ip- -appeared 
normal and surrounded by active osteoblasts and a few osteoelasts. The bone 
marrow spaces contained abundant  haemopoietic tissue. 

The most significant abnormali ty was found in the structure of the cartilage. 
This consisted of roundish, faintly stained chondrocytes which had a small 
nucleus and a barely visible cytoplasm (Fig. 4). The single chondrocytes were 
contained within roundish lacunae whose boundary was made apparent  by its 
slight basophilia and the presence of very thin fibrils. The surrounding matr ix  
appeared almost unstained in sections stained with haematoxylin and eosin 
(Fig. 4). Irregular areas containing blood vessels and very thin fibrils were visible 
in the cartilage. The cells in these areas had either a fusiform, fibroblast-like shape 
or a star-like shape. 

The histologic abnormalities in cartilage structure and endoehondral ossifi- 
cation reported above were accompanied by  changes in the general morphology 
of many  skeletal segments. The long bones of the limbs were deformed and only 
the central par t  of their diaphyses was ossified. The eosto-chondral junctions 
were unusually large and the limit between cartilage and bone was curved, with 
the concavity facing the eartilage (Fig. 5). The vertebral  bodies were highly 
abnormal. They contained no well-defined ossification centers. A thin strip of 
eonneetive tissue penetrated from the perichondrium into the vertebral body, 
and traces of ossification similar to membranous ossification could be detected 
at  various points along it (Fig. 6). Another thin connective strip penetrated 
irregularly into the vertebral cartilage. This was probably evidence of an abortive 
a t tempt  to form the intervertebral disks, which were not recognizable (Fig. 6). 

Membranous ossi[ieation of calvarium and elaviele appeared to be normal. 
The ealvarinm was thin, but  neither osteogenetie activity nor the structure of 
the osseous trabeculae were appreciably different from those found in normal 
subjects of the same age. 

The lungs were atelectatic and congested. The morphology of the bronchial 
cartilage was the same as tha t  described for the cartilage of the long bones. The 
bronchial mucus glands were unusually large. A few of the large elastic pul- 
monary arteries had an irregular internal outline apparent ly as a result of seg- 
mental  thiekenings of their wall. A similar localized thickening was found in the 
toracie aorta, where the thickened par t  appeared vacuolated and showed irregu- 
larities in the arrangement of its structures. A rather high degree of haemopoiesis 
was found in the liver. No significant changes were found in the other organs. 

Histochemieal results, too, showed that the cartilage structure was abnormal, but revealed 
no abnormalities in the osseous tissue. The cartilage matrix was slightly stained by the PAS 
method. Only a very thin border, containing a few fibrils, was deeply stained around the 
chondrocytes (~ig. 7). The ehondroeytes were easier to recognize than in haematoxylin-eosin 
stained sections, chiefly because of the PAS-positivity of this border. Cytoplasmic PAS- 
positive material was only rarely observed. 
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Fig. 5. Section of costo-chonch'al junction. The limit between cartilage and bone is curved 
and is occupied by a comlectivc strip. Haematoxylin-eosin, × 16 

Fig. 6. Section of vertebral bodies. Black arrows point to connective strips which penetrate 
from the perichondrium into the vertebral bodies. Calcification irregularly occurs along these 
strips. White arrows point to other connective strips which seem to correspond to abortive 

intervertebral disks. PAS, × 10 

After Alcian blue and colloidal iron staining, the intercellular matrix was slightly but  
diffusely stained. After hyaluronidase digestion, only the borders of the cellular lacunae were 
still stained by colloidal iron; these borders were also stained by Alcian blue in 0.9 M MgC12. 
After treatment with aldehyde-fuesin, the cartilage matrix was very deeply stained, appeared 
vaeuolated, and had a fibrillar appearance. After silver nitrate staining, the matrix was 
Mmost unstained, the borders of the ehondrocyte lacunae were argyrophilic, and the matrix 
appeared to be crossed irregularly by thin bundles of argyrophilic fibrils, which often sur- 
rounded small blood vessels. These fibrils were also stained by the Mallory method. 

The bronchial cartilage had the same histoehemieal properties as the skeletal cartilage. 
The bronchial mucus glands were deeply stained by Alcian blue, colloidal iron, and aldehyde- 
fucsin. This last method showed clearly that  both in the large elastic pulmonary arteries and 
in the aorta, the focal thickenings of the vessel wall contained elastic fibers which were 
disorganized, irregularly arranged, and of variable thickness (Fig. 8 a). The thickened areas 
were not argyrophilic (Fig. 8 b). The vacuoles present in the aortic thickening contained 
small amounts of colloidal iron and Aleian blue positive material. 

As a rule, ultrastruetural investigations have been restricted to the intercellular matrix 
of the cartilage, because specimens for electron microscopy could only be obtained 24 hours 
after death, by when autolytic processes had presumably occurred in cells. A few cellular 
findings of particular interest have, however, been recorded. 

Electron Microscopic Results. T h e  f ine  s t r u c t u r e  of t h e  ca r t i l age  m a t r i x  was 

f a M y  un i fo rm.  I t  cons i s t ed  of  v e r y  smal l  f ibri ls ,  whose  t h i c k n e s s  r a n g e d  b e t w e e n  
120 a n d  380 A. The i r  l e n g t h  was n o t  m e a s u r a b l e ,  because  of  t he i r  i r r egu la r  
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Fig. 7. Detail of the  junct ion between cartilage and bone in a femur. Section stained with 
PAS. The osseous trabeculae are deeply stained. They are in contact  with  a connective strip. 

The cartilage matr ix  is unstained. X 115 

Fig. 8 a and b. Serial sections of the  thickened par t  of the  aortic wall. a) Aldehyde-fucsin; 
b) silver nitrate.  The thickening contains disorganized elastic fibers and is vacuolated. I t  does 

not  contain argyrophilic fibrils. X 45 
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Figs. 9 and lO 
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orientation (Fig. 9). Most appeared to be very  short.  Large, seemingly empty  
areas separated these fibrils, which were only occasionally grouped in small 
bundles. This happened mainly  around chondrocytes,  in the very  same areas 
where lacunar borders were visible under the optical microscope. I n  this position, 
the fibrils formed a complete circle, often enclosing a chondrocyte ;  at  other 
times they  enclosed an e m p t y  lacunar space or a space containing an irregular 
network of fibrils (Fig. 9). 

The fibrils forming these pericellular or perilacunar bundles hardly ever showed periodic 
banding. Those found elsewhere in the matrix only occasionally showed periodic banding, 
the interval being about 250 A. Many fibrils were in contact with, and apparently coated 
by, an amorphous material. 

A few ehondrocytes,  showing varying degrees of degeneration, contained 
intraeytoplasmie loci of calcification (Fig. 10). This was the only calcification of 
cartilage found in this case, apar t  f rom a few restricted areas in which granular, 
apparent ly  normal  calcification was detectable. I n  bo th  sites the calcified loci 
consisted of roundish clusters of intrinsically electron-dense, e longated crystals. 
A number  of these crystals were occasionally related to roundish,  electron-dense 
bodies, some of them surrounded by  a membrane.  I n  this case, the crystals were 
often curved and followed the outer  border of these bodies (Fig. 10). 

Discussion 

The clinical, radiological and morphological  da ta  found in the present case 
are all consistent with the diagnosis of achondrogenesis and are similar to those 
previously reported as characteristic of this skeletal disorder (Fraccaro, 1952; 
Hous ton  et al., 1972 ; J imenez et al., 1973 ; Langer  et al., 1969 ; Parenti ,  1936; 
Remagen et al., 1971 ; Saldino, 1971 ; Xanthakos  and  Rejent ,  1973). 

The most  severe skeletal abnormalit ies were the " i m m a t u r i t y "  of the hyaline 
cartilage and the almost  complete absence of endochondral  ossification. Mem- 
branous ossification, on the other hand, was completely normal.  Periosteal 
ossification did not  seem quali tat ively abnormal ,  bu t  it was restricted to small, 
irregular segments which corresponded approximate ly  to the central  zone of the 
diaphyses and of some flat bones. Ossification was no t  l imited to the cortical 
zone of these bones. A thin, periosteum-like layer, no t  unlike the "periosteal 
strip" found in achondroplastie subjects (Jaffe, 1972), usual ly divided the ab- 
normal,  uncalcified cartilage matr ix  from the ossified axial area. The bone 
trabeculae were formed on the side of this layer which faced the bone in a way  
reminiscent of membranous  ossification. 

Fig. 9. Electron micrograph, showing the fine structure of the cartilage. The intercellular 
matrix contains irregularly oriented collagenous fibrils of variable length and thickness. Some 
of them form a roundish outline which seems to correspond to a border of a cell lacuna. 
Within this border an irregular network of fibrils is visible. Uranyl acetate and lead citrate, 

X 11000 

Fig. 10. Electron micrograph, showing clusters of intrinsically electron dense crystals found 
within a cellular lacuna. In stained sections, these clusters appear to be mixed with remnants 
of degenerated chondrocyte. The arrow points to a roundish structure whose border is outlined 

by electron dense, probably inorganic material. Unstained, x 41000 

22 Virchows Arch. A Path .  Anat.  and Histol .  Vol. 363 
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The morphology of the cartilage was sharply differentiated from that  of 
normal cartilage. The shondrocytes were not collected in isogenic groups but were 
irregularly distributed throughout the cartilage matrix. This, and the fact that  
they were mixed with fibroblast-like cells and star-shaped cells, gave the cartilage 
its immature appearance. The matrix produced by these ehondroeytes was both 
morphologically and histochemically abnormal. I t  contained an exceedingly low 
number of fibrils, and only a few of them could be identified as collagen fibrils 
by means of their periodic banding. There was no connection between most 
fibrils, so that  there was no trace of the typical collagen network visible in normal 
cartilage under the electron microscope (Cameron, 1963; Revel and Hay, 1963; 
Robinson and Cameron, 1956; Scott and Pease, 1956; Takuma, 1960). A thin 
layer of fibrils was, however, visible around chondrocytes; the fibrils then looked 
like the border of a cell lacuna. This fibrillar border contained glycoproteins, as 
shown by its PAS-positivity, and acid glyeosaminoglycans which, being stainable 
with Alcian blue in the presence of 0.9 M MgC12 and being resistant to hyMu- 
ronidase digestion, very probably consisted of keratan sulphate. As previously 
reported by Remagen et al. (1971), the intercellular matrix contained a low 
amount of glycoproteins and acid proteoglycans. Moreover, its stainability with 
Aleian blue and with colloidal iron was greatly reduced by 0.9 M MgCI 2 and by 
hyaluronidase digestion, respectively, thus showing that  the intercellular matrix 
mainly contained chondroitin sulphate. 

The reduction in the amount of proteoglycans was also visible under the 
electron microscope. Ultrastructural histochemistry has, in fact, shown that  
cartilage acid proteoglycans consist mainly of roundish granules and star-like, 
electron dense granules (both 100-150 A across) connected by thin filaments to 
the collagen fibrils (Anderson and Sajdera, 1971 ; Bonucei, 1971 b ; Campo and 
Phillips, 1973; Khan and Overton, 1970; Luft, 1965; Matukas et al., 1967; Smith, 
1970). These granules were not visible in the cartilage matrix in the present ease. 

Electron microscopy showed that, although virtually no cartilage calcification 
had occurred, abortive attempts to calcify were occasionally visible. These 
appeared as intraeellular accumulation of inorganic crystals, some of which were 
related to electron-dense, roundish bodies. These bodies were probably of the 
same type as those found extraeellularly in normal cartilage and recently named 
"calcifying globules" (Bonueei, 1971a). 

The abnormal development of the cartilage and the lack of endoehondral 
ossification were the cause of the severe alterations seen in the skeleton. Both 
clinically and radiotogieaIly it could be seen that  these alterations had occurred 
mainly in the limbs and the vertebral column. The almost complete lack of 
calcification in the vertebral bodies was one of the most important  lesions in this 
ease. I t  seems to be the most characteristic alteration which occurs in achondro- 
genesis, differentiating it from other ehondrodystrophie conditions, such as 
thanatophorie dwarfism and homozygous aehondroplasia (Houston et al., 1972; 
Langer etal. ,  1969; Saldino, 1971). Histologieatly, the vertebral column was 
completely abnormal. No ossification centers were visible in the vertebral bodies, 
and the ossification process only occurred along thin connective strips which 
seemed to be invaginations of the periehondrinm within the cartilage. These 
strips looked very like the "periosteal strips" found between cartilage and ossified 
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areas  in the  long bones of the  l imbs and  in the  ribs. The  lack of t rue  ossif icat ion 
centers  was accompan ied  b y  incomple te  divis ion of the  ve r t eb ra l  bodies  and  by  
the  absence of i n t e rve r t eb ra l  disks, which were rep laced  b y  th in  connect ive 
sep ta  running  i r regular ly  t h rough  the  ve r t eb ra l  car t i lage.  R e m a g e n  et al. (1970) 
have  suggested t h a t  these sep ta  are due to  pa tho log ica l  deve lopmen t  of the  
pers is t ing p r i m a r y  divis ion of the  sclerotoms.  

The observa t ion  t h a t  in the  presen t  case the  b ronch ia l  car t i lage  showed the  
same his tological  and  h is toehemical  s t ruc tures  as the  car t i l age  of the  skele ton was 
pa r t i cu l a r ly  in teres t ing.  I t  suggests  t h a t  the  dys t roph ic  condi t ion  typ ica l  of 
achondrogenesis  apphes  to  al l  the  hya l ine  car t i lage  a n d  is no t  res t r i c ted  to 
car t i lage  which n o r m a l l y  calcifies. 

The changes found  in the  wall  of the  large elast ic  p u l m o n a r y  ar ter ies  and  in the  
ao r t a  are no t  easy  to i n t e rp re t  a t  present .  Inves t iga t ions  on new cases of achondro-  
genesis will de te rmine  whether  t hey  were f indings  specific to  th is  case or are  to  
be considered typ ica l  fea tures  of the  p a t h o l o g y  of achondrogenesis .  The fact  t h a t  
the  elast ic  f ibers of o ther  t issues (skin, for ins tance)  were no rma l  in appea rance  
seems to favour  the  f irst  of these  two possibil i t ies.  

This investigation has been supported by grants of the Italian National Research Council. 
The authors are grateful to Dr. G. Iannaccone of the Department of Paediatrics, University of 
Rome, for kind supervision of x-ray films, and to Miss Giuliana Silvestrini and Mr. L. Virgilii 
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