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Scanning electron microscopy of bone collagen of three patients with osteogenesis im- 
perfecta congenita demonstrates the failure of thin collagen fibers to aggregate extracellularly 
into the distinct and separately discernible large collagen fiber bundles of normal bone. These 
organizational alterations may in part explain the changes in physical properties which 
resu]t in the frequent fractures characterizing this disease. 
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Introduction 

Osteogenesis imperfecta, a heritable disease of connective tissue usually 
t ransmit ted as an autosomal dominant, becomes clinically manifest by a pre- 
disposition towards multiple bone fractures. Clinical findings also include lax, 
hypermobile joints, blue sclerae, thin translucent skin, dentinogenesis imperfecta 
and deafness. I t  is not unusual for these patients to experience more than one 
hundred fractures, ult imately resulting in severe bone deformities. 

The disease manifests itself in two general clinical patterns. Osteogenesis im- 
perfecta congenita affects the newborn, while osteogenesis imperfecta tarda 
appears after birth and carries a more favorable prognosis. Although the patho- 
genesis of this disease is unknown, most investigators invoke alterations of bone 
turnover or abnormalities of collagen metabolism, t t is tometric [5, 18] and bio- 
chemical [7, 10] studies suggest increased resorptive activity accompanied by  
normal states of bone formation, resulting in decreased total  bone mass. 

Evidence of collagen abnormalities in osteogenesis imperfecta is controversial. 
Brown (1973), studying fibroblast cultures of patients with this disease, reports 
both decreased hydroxyproline production and collagen cross-linkage, thereby 
proposing qualitative and quanti tat ive abnormalities of collagen production. 
Conversely, Scrivcr (personal communication), examining log phase or confluent 
cell growth phase of skin fibroblasts from osteogenesis imperfecta patients, notes 
normal hydroxyproline/proline and hydroxylysine/lysine ratios. On the basis of 
these data he assumes tha t  hydroxylation of collagen within the cell and ultimate 
extrusion of the tropocollagen molecule are normal. Additional evidence affirming 
abnormalities of collagen metabolism include reports of elevated bone aspartic 
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and glutamie acid [121, abnormal  collagen eross-lh~kage [6], and decreased rates 
of eollagen synthesis [6, l 1]. 

Ul t ras t rue tura l  studies of bone collagen of pat ients  with osteogenesis imper- 
tecta are few. Using t ransmission electron microscopy, Dory and  Mathews (1971) 
and Riley and :Brown (1971) were unable  to demonst ra te  Mterations of fiber 
diameter  or periodicity. Therefore, while biochemical evidence alludes to ab- 
normM bone collagen in  osteogenesis imperfeefa, s t andard  ultrastruefmral in- 
vestigations have not  been fruitful.  

3Iater ia l s  and  3Ie thods  

We obtained iliac crest bone from three Caucasian femMes with osteogenesis imperfecta 
aged ten (OI-A), fen (OI-B) and eleven (OI-0) years. Two of these patients are identical 
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Fig. 5. Fiber width of osteoid tissue obtained from a normal control population (control) 
and 3 patients (OI-A, OI-B, OI-C) with osteogenesis imperfecta. The data for the osteo- 
genesis imperfecta subjects expressed as percentage of control reflect the mean • S.E.M. 
of 50 individual readings in each instance. For each patient, the deviation from control is 

significant at p < 0.001 according to the students " t "  test 

twins. All three patients are severely deformed, each having sustained at least 30 fractures. 
We also examined iliac crest bone from three age and sex matched controls undergoing 
reconstructive surgery. 

Following fixation in 70% ethanol the bone was bathed in 2.5% trypsin for 48 h at room 
temperature, after which residual marrow was removed with a water jet. The specimens 
were then coated with chrome in a vacuum evaporator and studied in a Cambridge scanning 
electron microscope. The widths of identically magnified osteoid fibers of each affected patient 
were measured and expressed relative to the mean width of 50 randomly selected control 
fibers. 

Results 

Thin  osteoid fibers of all three  pa t i en t s  wi th  osteogenesis  imperfec ta  eongeni ta  
fai l  to  aggrega te  in to  the  c lear ly  discernible and  ordered  th ick  f iber  bundles  of 
normal  bone descr ibed b y  Boyde  (1972) (Figs. 1 - -4 ) .  The osteoid of the  pa t i en t s  
wi th  osteogenesis imperfec ta  appears  as sheets of roughly  parallel ,  th in  fibers 
exh ib i t ing  defect ive bundle  format ion .  The mean  osteoid f iber  wid th  of each 
pa t i en t  wi th  osteogenesis imper fec ta  is s ignif icant ly  abnormal .  Re la t ive  to  the  
mean  wid th  of f i f ty  control  fibers expressed as 100 -4-3.50% (SEM), the  mean  
os teoid  f iber  widths  of OI-A, OI-B,  and  OI-C respect ive ly  are 25.8=E1.52% 
(SEM), 4 0 . 4 + 1 . 5 6 %  (SEM), a n d  20 .24-0 .896% (SEM, Fig.  5). I n  addi t ion ,  
the  fibers OI-B (Fig. 3) appea r  loosely a r ranged  wi th in  the  bundle.  Al though  
the  collagen of th is  pa t i en t ' s  bone assumes a roughly  lamel la r  pa t t e rn ,  m a n y  
of the  th in  fibers are  r a n d o m l y  oriented,  resul t ing in large in ter f ibr i l la r  spaces 
and  " p o r o u s "  appea r ing  osteoid.  
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Discussion 

This s t u d y  demons t r a t e s  t h a t  the  a rch i tec ture  of os teoid in osteogenesis im- 
per fec ta  is abnormal .  The collagen fibers in bone fail  to aggregate  or pack  ex t ra -  
cel lular ly  in a no rma l  p a t t e r n  b u t  are  ins tead  organized in the  form of th in  fila- 
men t s  or loosely compac ted  bundles.  These abnormal i t i es  m a y  in p a r t  exp la in  
the  changes in phys ica l  p roper t ies  of bone which resul t  in f requent  f rac tures  
charac ter iz ing  osteogenesis imperfec ta .  

As the  factors  responsible  for the  aggrega t ion  of collagen fibrils in to  fibers 
are v i r t ua l ly  unknown [8], the  biochemical  derangement(s)  responsible  for the  
a b e r r a n t  morpho logy  of bone collagen in osteogenesis imperfec ta  r ema in  to  be 
defined. Since the  fibers, a l though abno rma l ly  aggregated,  m a y  be of considerable  
d iameters ,  the  defect  would appea r  to  be beyond  the  enzymat i c  events  which 
lead to  the  in t ramolecu la r  m a t u r a t i o n  of the  t ropocol lagen molecule [4, 9, 13, 
14, 17). The associa ted extraosseous  clinical mani fes ta t ions  of this  disease suggest  
these collagen aber ra t ions  m a y  no t  be unique  to  bone. Our resul ts  are consis tent  
wi th  the  concept  t h a t  the  defect  in osteogenesis in th is  disease resul ts  p r i m a r i l y  
from an  inher i ted  fai lure of m a t u r a t i o n  or d i f ferent ia t ion  of fetal  collagen which 
no rma l ly  a t t ends  the  aging process [16]. 
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