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VITAMIN D METABOLISM AND OSTEOMALACIA IN PATIENTS 
WITH FRACTURES OF THE PROXIMAL FEMUR 

BJARNE LUND, OLE HELMER SGRENSEN, BIRGER LUND, FLEMMING MELSEN & LEIF MOSEKILDE 

Department of Orthopedic Surgery, Frederiksborg County Hospital, Hillered; Department of Medicine, 
Sundby Hospital; Department of Medicine E, Frederiksberg University Hospital; and University Institute of 
Pathology and Department of Medicine 111, Arhus County Hospital, Arhus, Denmark 

A high frequency of histological osteqmalacia (25 per cent) was seen in patients 
with fractures of the proximal femur. No correlation was found between the levels 
of circulating 25-hydroxyvitamin D (25-OHD) or 1,25-dihydroxyvitamin D 
(1,25-(OH),D) and the bone histomorphometric changes. 
The serum 25-OHD levels were normal, which excludes a dietary vitamin D defi- 
ciency or a reduced hepatic hydroxylation of the vitamin. The mean serum 
1,25-(OH),D concentration was significantly reduced in the whole patient group, 
but surprisingly the levels were normal in those with histological osteomalacia, 
indicating that an impaired conversion of 25-OHD to 1,25-(OH)2D was not the 
primary cause of the bone disease. A reduced sensitivity to 1,25-(OH),D might be 
a possible explanation for the osteomalacia. 

Kqy words: bone histomorphometry; 1,25-dihydroxyvitamin D; osteomalacia; 
proximal femoral fractures; vitamin D metabolites 
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A high frequency of osteomalacia has been re- 
ported in patients with femoral neck fractures 
(Aaron et al. 1974). This has been explained by a 
low dietary intake of vitamin D, low exposure to 
sunlight and perhaps an impaired conversion of 
25-hydroxyvitamin-D (25-OHD) to 1,25-dihy- 
droxyvitamin-D (1,25-(OH),D). We have previ- 
ously found normal serum 25-OHD concentra- 
tions in Danish patients with proximal femoral 
fractures (Lund et al. 1975), but slightly reduced 
levels of circulating 1,25-(OH),D (Lund et al. 
1979b). The present study deals with the re- 
lationships between the histomorphometric bone 
changes and the serum levels of 25-OHD and 
1,25-(OH),D in 20 patients with fractures of the 
proximal femur. 

PATIENTS AND METHODS 
The study comprises 20 patients with fractures of the 
proximal femur: a man aged 42 and 16 women and 3 
men aged 54-90 (mean 74). They all had normal serum 
creatinine and no signs or symptoms of malabsorption. 
Orthopaedic !surgery was performed within the first 24 
hours of admission and transcortical iliac crest biopsies 
were obtained with a Bordier trepine during the 
anaesthesia. The control values for bone histomor- 
phometry were selected from our normal series so as to 
be age- and sex-matched (Melsen et al. 1978). The fol- 
lowing parameters were measured on the undecalcified 
preparations: 

Fractional trabecular bone volume [Vfract (b)], the 
fraction of a given volume of total trabecular bone 
(bone + marrow) which is occupied by mineralized and 
unmineralized bone; fractional bone formation sur- 
faces, [Sfract ( f ) ] ,  the extent of osteoid covered surfaces 
as a decimal fraction of the total trabecular bone sur- 
face; fractional trabecular osteoid volume ['Vfract (O)], 
the fraction of a given volume of trabecular bone which 
is occupied of osteoid; mean osteoid seam width ("Wf), 
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Figure I .  Histomorphometric values in patients with fractures of the proximal femur and controls. 
'Vfract (b): fractional trabecular bone volume. 
Sfract (J: fractional bone formation surfaces. 
'Vfract (0): fractional trabecular osteoid volume. 
"Wf: mean osteoid seam width. 
Sfract (r): fractional trabecular resorption surfaces. 
Patients with osteomalacia are indicated by closed circles. 
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the mean of four extreme, almost equally spaced, 
measurements on all surfaces covered with osteoid, un- 
corrected for obliquity of the plane of section; and frac- 
tional trabecular resorption surfaces [Sfract (r)], the 
extent of Howship's lacunae as a decimal fraction of the 
total trabecular bone surface (Melsen et  al. 1978, 
Melsen & Mosekilde 1978). 

Blood samples were taken preoperatively. Serum 
25-OHD was measured by a competitive pro- 
tein-binding assay (Lund & Ssrensen 1979). Reference 
values for the same time of the year (May-June) were 
obtained from age-matched normal persons. Serum 
1,25-(OH),D was measured by a radioassay using 
rachitic chick intestinal cytosol as a source of the bind- 
ing protein (Lund et al. 1979a). 

The statistical significance of difference was assessed 
by the Wilcoxon test for unpaired data. The Spearman 
rank sum test was used for correlation. 

RESULTS 

The histornorphornetric values for trabecular 
bone in 20 patients and in 19 age-matched nor- 
mal controls are given in Figure 1. 

The diagnosis of osteomalacia was defined in 
this study, in which double labelling with tet- 
racycline was impossible, as an increased osteoid 
seam width (exceeding the upper range for the 
control group). By this definition 5 patients or 25 
per cent (95 per cent confidence limits: 9-49 per 

cent) of the material showed osteomalacia. The 
mean age of the patients with osteomalacia was 
77 (range 65-90). 

The serum 25-OHD concentrations in the pa- 
tients were not different from those measured in 
the controls, whereas the 1,25-(OH),D levels 
were reduced (P < 0.05) (Figure 2). 

The mean values of serum 25-OHD and 
1,25-(OH),D in the 5 patients with osteomalacia 
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Figure 2. Serum levels of 25-OHD and 1,25-(0H) 2D in 
patients with fractures of the proximal femur and con- 
trols. Patients with osteomalacia are indicated by closed 
circles. 
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were 48.7 k 30.2 nmol/l and 73.4 k 30.4 pmol/l, 
respectively, and not statistically different from 
the values of 43.0 k 21.7 nmol/l and 55.1-33.1 
pmol/l found in the other 15 patients. Further- 
more the 1,25-(OH),D values in the 5 patients 
with osteomalacia were not different from the 
concentrations measured in the control group. No 
correlation was found between the serum levels 
of 25-OHD and 1,25-(OH),D. 

DISCUSSION 

It is a well-known fact that osteomalacia will de- 
velop in the absence of Vitamin D. Vitamin D is, 
however, a collective term comprising a group of 
compounds with antirachitic activity. Reduced 
serum levels of 25-OHD, 1,25-(OH),D and 
24,25-dihydroxyvitamin D have been reported in 
a variety of conditions associated with 
osteomalacia, but it has not been possible so far 
to ascribe a specific static or dynamic histological 
feature in osteomalacia to a specific aetiologic 
factor (Frame & Parfitt 1978). We have earlier 
reported a lack of correlation between serum 
25-OHD levels and bone histomorphometric 
changes in anticonvulsant osteomalacia, although 
the mean serum 25-OHD was reduced in the 
epileptic patients (Mosekilde et al. 1977). 
Likewise reduced serum concentrations of both 
25-OHD and 1,25-(OH),D were found in pa- 
tients who had undergone a jejuno-ileal bypass 
for obesity (Mosekilde et al. 1980), but the pres- 
ence of osteomalacia was unrelated to the levels 
of circulating vitamin D metabolites, which is in 
agreement with the results of Compston et al. 
(1978). Osteomalacia and osteoporosis fre- 
quently coexist but also in this condition we did 
not find any correlation between the serum con- 
centrations of 25-OHD or 1,25-(OH)2D and the 
degree of osteomalacia (Srarensen et al. 1979). 
Attempts to correlate the serum 25-OHD and 
1,25-(OH),D concentrations to bone histology in 
uraemic bone disease have also been negative 
(Eastwood et al. 1979). 

Baker et al. (1979) recently reported reduced 
plasma 25-OHD concentrations in patients with 
fractures of the femoral neck and suggested that a 
vitamin D deficiency contributes to the high inci- 
dence of these fractures in Britain. 

We have, however, found normal serum 
25-OHD levels in Danish patients (Lund et al. 
1975), which is probably due to a high 
supplementary vitamin D intake in our country 
(Lester et al. 1980). This shows that factors other 
than a simple vitamin D deficiency contribute to 
the development of osteomalacia in patients with 
proximal femoral fractures. The serum 
1,25-(OH),D levels were not reduced in the pa- 
tients with osteomalacia, indicating a normal re- 
nal conversion of 25-OHD to this hormone. A 
reduced sensitivity to 1,25-(OH),D in the target 
organs might offer an explanation. 
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