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Summary 

Iliac crest bone biopsies from nine children (6-15 yrs old) with 
osteogenesis imperfecta tarda (01)  have been studied by bone 
histomorphometry after double fluorescent labeling with tetracy- 
cline and compared to five unlabeled biopsies from normal children 
in the same age group. The results indicate that children with 0 1  
have a low trabecular bone volume associated with an increased 
bone turnover rate. Bone formation is increased at the tissue level 
despite a decrease in the activity of individual osteoblasts. The 
original defects in 0 1  seems, therefore, to  be in the rate of matrix 
synthesis by osteoblasts. It is, however, compensated by an in- 
crease in the number of these cells. These results suggest that 
these children were not losing bone at the time of the biopsy, 
which fits with the clinical stability of 0 1  with age. Our study 
therefore suggests that the osteopenia observed in 0 1  is most 
likely due to an inability to accumulate bone during growth, as  
normal children do, rather than to  a progressive net loss of bone. 

and positive family history. There were seven females and two 
males of an average age of 10 years, ranging from 6-15. Clinical 
details are given in Table 1. Each patient was given oral oxytet- 
racycline (Terramycin) at 10 mg/kg of body weight in three doses 
per day on days 16 and 15 and days 4, 3, and 2 before biopsy. A 
transcortical iliac crest biopsy was then performed under local 
anesthesia 2 cm inferior and 2 cm posterior to the anterosuperior 
iliac spine. The biopsies were fixed in 40% ethanol at 4OC, 
dehydrated through graded alcohols and embedded without de- 
calcification in methyl-methacrylate (3). Sections, 4 microns thick, 
were obtained with a Jung K sliding microtome and stained with 
Toluidine blue (pH 3), Von Kossa or Goldner Trichrome. Sections 
8- 10 microns thick were kept unstained for fluorescence micros- 
copy. Biopsy material from the same anatomical area was obtained 
from five normal children in the same age range (two acute 
accident victims and three during surgery for congenital hip 
displacement) and processed the same way with the exception that 
they were not labeled with tetracycline. Histomor~hometric meas- 
urements were made using a (MOP 3, ieiss, Germany), 

Abbreviations as previously described (6). Calculations were made according to 

01 ,  osteogenesis imperfecta tarda Frost (18) and corrected for obliqueness of sections when appro- 

MWT, mean wall thickness priate (x 0.73). Statistical comparison between the two groups 

TBV, trabecular bone volume were made by using nonparametric tests for small samples (Mann- 
Whitney, Median test) and family regression. The differences were 
considered as significant for a P value lower than or equal to 0.05. 

The high fracture rates in children with osteogenesis imperfecta Biochemical studies. After 3 days on a low (400 mg) calcium 
tarda is associated with both a decreased amount of bone (7, 29, and hydroxyproline restricted diet, a fasting blood sample was 
30) and an abnormal bone matrix (4, 11, 13,33), The pathogenesis obtained and a 24-h urine collected while the patients were fully 
of the classically observed osteopenia is not well understood. It ambulant. Blood urea nitrogen, serum creatinine, electrolytes, 
has been alternatively attributed either to decreased bone forma- calcium, magnesium, phosphorus, and alkaline phosphatase, as 
tion (15, 27, 29), with or without decreased resorption (28), or to well as urine creatinine, calcium and phosphorus, were measured 
increased bone resorption, with or without decreased formation by routine methods. Serum parathyroid hormone was measured 
(7, 14, 26). The purpose of this study was therefore to measure by radioimmunoassay by the Nichols Institute, Sari Pedro, CA 
bone remodeling by dynamic histomorphometry of iliac crest using a guinea pig antibody (20). 25-Hydroxyvitamin D was 
biopsies in children with osteogenesis imperfecta tar& and corn- measured by direct ultraviolet absorbance after high pressure 
pare it to normal controls. The results indicate the presence of an liquid chromatography on plasma extracts that had previously 
increased rate of bone turnover with a decreased rate of bone been run over Sephadex I 3 2 0  and Lipidex columns (32). Urinary 
matrix synthesis by the osteoblasts. Because both the coupling and h~droxyproline was measured by the method of Parekh and 
the balance between resorption and formation appear to be main- Jung (25). 
tained, the pathogenesis of the osteopenia in osteogenesis imper- 
fecta tarda (01) is therefore probably due to an uncompensated RESULTS 
transient bone loss or, more likely, an inability to accumulate 
bone with age in childhood rather than to a permanent negative Bone morphometr~, Static Parameters (Table 2). The overall 
balance that would lead to a total loss of trabecular bone over the trabecular bone volume (TBV) was significantly lower in the 0 1  
course of this hereditary disease. We define coupling as the qual- group than in the control group; however one female, 9 Years old, 
itative succession of bone formation and resorption at the same had a normal value for TBV (27.3%) and three others had only a 
bone remodeling site and balance as the quantitative equilibrium moderately decreased TBV (19-22%). In parallel, mean trabecular 
between these two activities at the tissue level (2). width was significantly decreased in the 0 1  group. Static param- 

eters of bone formation showed a normal absolute volume of 

MATERIALS AND METHODS osteoid but, because of the low TBV, an increase in the volume of 
osteoid relative to trabecular bone. This relative increase was 

Nine children with 0 1  were selected for this study by the associated with a marked and significant increase in osteoid 
presence of three clinical criteria: history of fractures, blue sclerae, surface extent and a proportional increase in the osteoblastic 
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Table 4. Biochemical values obtained from individualpatientsl 

I 2 3 4 5 6 7 8 9 

Serum 
Calcium (mg/dl) 
Phosphorus (mg/dl) 
Magnesium (mg/dl) 
Alkaline Phosphatase (1.U.) 
Creatinine (mg/dl) 
iPTH"ulEq/ml)* 
25 OHD (ng/ml) 

Urine 
Volume (ml) 
Calcium (mg) 
~ h o s ~ h o r u s  (mg) 
Hydroxyproline (mg) 
Creatinine (ma) 

' Normal range (adults), 20-100 plEq/ml; normal range for alkaline phosphatase is age dependent; other parameters are standard. 
2 '  IPTH, immunoreactive parathyroid hormone. 

and between serum alkaline phosphatase and the osteoblastic 
surface (r = 0.76, P < 0.01). No significant correlation could be 
found between hydroxyproline excretion and bone resorption, 
alkaline phosphatase or bone turnover rates. 

DISCUSSION 

Our results show that children with 0 1  have a decreased TBV 
associated with an increased bone turnover rate, with increased 
resorption and formation activities at the tissue level, and a 
decreased bone formation rate at the level of individual osteo- 
blasts. In other words, a decreased amount of bone matrix is 
formed by individual osteoblasts and this is compensated by an 
increase in the number of these cells so that overall, the total 
amount of bone formed per unit of bone tissue is increased. We 
interpret these data as indicating the presence of an osteoblastic 
defect leading to a negative bone balance during a limited period 
of time, perhaps until the rate of activation of new remodeling 
units increases and stops this loss of bone. The osteopenia can 
therefore be explained either as a failure to accumulate bone 
normally with age in childhood or as the consequence of a 
temporary negative bone balance that occurred at one time during 
the course of the disease. The first hypothesis is, however, more 
likely because no changes have been noticed as a function of age, 
clinically or morphometrically, here and in other studies (14, 26). 
This osteopenia, associated with possible qualitative defects of the 
bone matrix (4, 11, 13, 15,27,28, 33), is very likely responsible for 
the high fracture rates observed in such children. No quantitative 
defects in the mineralization process have been observed in our 
patients. 

The lack of double fluorescent labeled normal children, in this 
study as well as in others (5, 19, 22, 23) certainly constitutes a 
main difficulty in the interpretation of the data. It seems, however, 
essential to point out the following observations, all of which 
strongly support the fact that bone formation is decreased at the 
osteoblastic level in our patients. First, double label measurements 
made in a group of children with chronic renal failure, in the same 
age range, and which have been shown to be "normalized" by all 
other criterions at the level of bone after 2 years of treatment with 
25(OH)D3 (1) showed a corrected mineralization rate of 0.85 
microns per day (+ 0. lo), a value significantly higher than this 
group of children. Second, we obtained a similar value in one 
child, age 15, with pycnodysostosis (6). Third, other values found 
in the literature for cortical bone (17, 22) suggest that children 
have a much higher mineralization rate than adults. Finally, 
values obtained recently in a few double labeled normal children 
by another group seem to confirm that they normally show a 
mineralization rate of about one micron per day (24). It therefore 
seems justified to consider that the mineralization rate in these 
children with 0 1  is decreased. In addition, the fact that these 
children also show a decreased osteoid seam thickness further 

demonstrates that the rate at which bone matrix is formed by the 
osteoblasts is also decreased. Interestingly, the decrease in min- 
eralization rate is quantitatively very similar to the decrease in 
osteoid seam thickness (about 25%), confirming a proportional 
decrease in bone matrix formation. Finally, the significant de- 
crease in the mean wall thickness of each remodeling unit is a 
strong additional evidence that bone formation rates are decreased 
at the cellular and remodeling unit levels. In terms of balance 
however, this is overcompensated by a 100% increase in the bone 
forming surfaces, a value strictly parallel to the increase in bone 
resorbing surfaces. 

Ramser et al. (26) reached almost exactly the same conclusions 
after studying bone dynamics in three women with osteogenesis 
imperfecta. They used tetracycline labels on rib biopsies and 
measured bone remodeling activity in the cortical bone. Their 
results showed an increased turnover rate with high resorption 
and formation rates at the tissue level but a low formation rate at 
the bone remodeling unit level and cellular level. We reached the 
same conclusions here in the trabecular bone of eight children 
with the same disease. Their interpretation, however, differs from 
ours in that they suggest that the more time is given to the bone 
to correct for osteopenia, with increasing age, the lower the 
fracture rate. It is, however, striking that their patients were age 
30, 5 1, and 70, respectively and still showed the same changes in 
bone remodeling, at another site of the skeleton and in cortical 
instead of trabecular bone, than our group of young children. This 
might indicate that instead of "catching up," the skeleton is only 
able to stabilize the amount of bone present in both cortical and 
trabecular bone, never really correcting for the bone loss that 
previously occurred. As suggested by Falvo and Bullough (14) this 
bone loss might only be relative to normal controls and not 
absolute: normal children seem to increase their bone volume with 
age (14, 24) and children with 0 1  might lack the ability to 
accumulate bone rather than actually loosing bone. It is not 
possible, from our study or the above mentioned ones to know 
which of these two hypotheses is true, i.e., a transient negative 
bone balance corrected by an increase in the number of osteoblasts 
or a lack of positive balance at a time when normal children 
increase their bone volume. In both cases our observations would 
explain why, despite an equilibrium between bone resorption and 
formation, both at increased rates, patients with 0 1  are osteopenic. 
This concept is very important in that it suggests that no negative 
balance is occurring in these patients at the time of the biopsy, 
therefore explaining the constant, although low, bone volume 
throughout the life of these patients. 

Altogether, our results point toward an abnormal osteoblastic 
function at the cellular level, a conclusion previously reached by 
Ramser et a/. (26) and Falvo and Bullough (14) from morpho- 
metric studies of bone biopsies and by Doty and Mathews (12) at 
the electron microscopic level. These latter authors have shown 
that the osteoblasts of patients with 0 1  had large accumulations 
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of glycogen in their cytoplasm and a decreased amount of alkaline 
phosphatase and adenosine monophosphaiase in their membrane, 
as demonstrated by enzyme histochemistry. Both observations 
suggest a decreased synthetic activity. The ultrastructure and 
enzymatic activity of osteoclasts and osteocytes was found to be 
normal. It also seems clear from other studies that not only is the 
amount of bone matrix formed by each osteoblast decreased, but 
both its collagenous and noncollagenous components are abnor- 
mal ( 1  1,28,30). The part played by these qualitative abnormalities 
versus the quantitative lack of bone in the incidence of fractures 
is not yet established. 

Finally, the observation of a high bone turnover rate fits very 
well with the increased hydroxyproline excretion, an observation 
frequently made in these patienis (9, 12). 

In conclusion, although children with 0 1  are osteopenic, it 
seems unlikely that they are in an ongoing negative bone balance. 
The primary defect, which seems to be that the osteoblasts are 
unable to synthesize a normal amount of bone matrix, is compen- 
sated by an increase in the number of these cells, leading to a high 
turnover rate. It is suggested that their osteopenia most likely 
results from an inability to accumulate bone during the growth 
period, as normal children do (10, 17) or from a transient negative 
bone balance occurring at one time during the course of the 
disease but this has never been observed clinically. 
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