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Summary. We examined femoral head bone from 
50 cadavers and from 21 patients who had suffered 
pathologic fracture of the femoral neck. We used a 
histochemical technique for lactate dehydrogenase 
(LDH) activity to demonstrate osteocyte viability. 
The femoral heads were removed within 36 hours of 
death or fracture, as LDH activity persists in the 
cytoplasm of viable cells for this time at 37 ~ after 
interruption of the blood supply. In the controls, 
there was an age-related reduction in mean osteo- 
cyte viability, from 88 -+ 7% (mean -+ SD) at age 
10-29 years to 58 - 12% at age 70-89 years. In the 
hip fracture patients, mean osteocyte viability was 
58 - 21% but there was much variability in both 
osteocyte viability and bone mass. In 5 fracture pa- 
tients, there was extensive osteocyte death, sug- 
gesting that most of the femoral head bone was non- 
viable; these patients had little microfracture callus. 
Others had predominantly viable bone which was 
usually osteoporotic, and their bone frequently 
showed microfracture callus. Osteomalacia was not 
seen in any patient. It is suggested that bone death, 
in addition to osteoporosis, may sometimes contrib- 
ute to hip fracture in the elderly. 

Key words: Femoral  neck f r a c t u r e -  Osteo- 
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Hip fracture is an injury of major importance, oc- 
curring most frequently in elderly people; its mor- 
tality is about 10% [1]. Its victims suffer pain and 
prolonged hospitalization, and may subsequently be 
unable to maintain an independent existence. Hip 
fractures impose a heavy financial burden on the 
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community; the acute care cost in the USA in 1986 
was about 2 billion United States dollars [2]. 

An early histologic study of iliac crest bone from 
hip fracture patients concluded that the fracture 
was primarily a result of osteoporosis and osteoma- 
lacia [3]. More recently, a study of bone mass in the 
femoral neck, measured by dual photon absorpti- 
ometry, also found that hip fracture patients were 
more osteoporotic than were controls [4]. How- 
ever, in a study of transiliac bone biopsies [5], we 
noted that, though hip fracture patients as a group 
were more osteoporotic than young controls, they 
were less so than were vertebral fracture patients, 
and that osteomalacia was rare. This lack of meta- 
bolic bone disease was confirmed by another Aus- 
tralian study [6]. 

We [5] also noted that the hip fracture patients 
were, as a group, considerably older than those pre- 
senting with vertebral fractures, and so considered 
the possibility that aging affected bone strength by a 
mechanism additional to that of osteoporosis. This 
has been shown to occur in vertebral bodies, though 
the mechanism was not identified [7]. One possible 
mechanism was bone death, and so, making the as- 
sumption that osteocyte death is synonymous with 
bone death [8], we established a method to demon- 
strate lactate dehydrogenase (LDH) activity in os- 
teocytes [9]. The absence of LDH activity was con- 
sidered to reflect osteocyte death, and its presence 
indicated that the cell had been viable at the time of 
hip fracture or death. In cadaver controls we noted 
that nearly all osteocytes were viable in young 
adults, and that osteocyte viability progressively 
decreased with age [10]. 

In the present study, we examined femoral head 
bone from patients with hip fractures to investigate 
the role of osteocyte death and other factors in the 
etiology of hip fractures. 
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Materials and Methods 

Subjects 

We studied 21 patients (16 women, 5 men) who had suffered a 
subcapital fracture of the femoral neck. They were aged 82 -+ 6 
(mean -+ SD) years, range 72-94 years. The fracture had oc- 
curred in each patient with little or no trauma. The femoral head 
w a s  only accepted if it was removed within 36 hours of the frac- 
ture, as we have shown that LDH activity persists in osteocytes 
for 36--48 hours at 37 ~ after removal from the blood supply [9]. 
After this interval, the fracture itself could lead to death of bone 
and bone marrow. The sample was also rejected if there was 
death of bone marrow, identified as a loss of LDH activity, or if 
viable osteocytes stained only faintly. These changes were al- 
ways present in samples removed more than 3 days after a frac- 
ture, and were considered to indicate incorrect timing of the 
interval between the fracture and the removal of the femoral 
head. 

The controls were 50 cadavers (16 women, 34 men) aged 11-89 
years. Three were known to be chronic alcoholics but their full 
medical history was not available. All had died suddenly, and the 
femoral heads were removed within 24 hours of death. They 
have been previously reported in detail [10], but measurements 
of osteocyte viability were repeated by the same observer who 
studied the fracture sections (C. Dunstan) to avoid interobserver 
error. Bone area measurements were also repeated, as the mea- 
surement technique had been altered. 

Methods 

The femoral head was immersed in normal saline at 0--4~ im- 
mediately after removal and maintained at this temperature until 
processed (within 2 days). Coronal sections were cut through the 
entire face of the bone, at the level of the ligamentum teres, using 
a Microslice 2 precision saw (Metals Research Limited, Cam- 
bridge, England) fitted with a diamond sintered annular blade. 
The section included (1) two 200 wm thick sections for demon- 
stration of LDH activity; (2) a 3 mm thick section from which an 
8 • 10 mm block was cut for calcified bone histology; (3) a 2 mm 
thick slice for identification of microfractures. 

Osteocyte Viability. Of the two sections used to demonstrate 
LDH activity, the one used to show osteocyte viability was 
rinsed in a jet of cold saline to remove most of the marrow, and 
was decalcified by immersion for 48 hours in 10% EDTA in 0.1 
mmoFliter Tris buffer, pH 7.0 at 0-4~ The second section was 
not decalcified and was used to show marrow viability. LDH 
activity in osteocytes and marrow was demonstrated by the tet- 
razolium-formazan reaction. 9 The sections were then fixed in 
buffered formalin, dehydrated in ethanol, and mounted in a xy- 
lene-based medium (Eukitt). Viable osteocytes were identified 
by the presence of blue formazan granules in the cytoplasm, and 
nonviable osteocytes were identified by their lacunar wails. For 
each section, at least 500 osteocytes were counted over 12 or 
more systematic random fields at an objective magnification fac- 
tor of 40. Bone viability was defined as the percentage of lacunae 
containing viable osteocytes. 

Calcified Bone Histology. The blocks of bone were fixed in for- 

Fig. 1. Bone (b) from 20-year-old man, with nearly all lacunae 
containing viable osteocytes (small arrows) and with viable mar- 
row (m) and cartilage (c). • 150. 

malin, dehydrated in ethanol, and embedded in a methyl- 
methacrylate-glycolmethacrylate medium [11, 12]. Two 5 v,m 
consecutive sections were cut on a Jung K microtome (A. G. 
Jung, Heidelberg). One section was stained with toluidine blue to 
show bone, osteoid, and cell detail, and the other was stained 
with alizarin red to demonstrate calcified bone. Bone a r e a  w a s  

measured on the alizarin stained section with a Kontron IBAS 
2000 image analyzer. It was expressed as a percentage of section 
area. 

Microfracture Callus. Marrow was removed from the bone by a 
pulsatile jet of water and the bone was allowed to air dry. A 
stereoscopic dissecting microscope with a magnification factor 
of 10 was used to identify and count areas of microfracture callus 
[10, 13]. 

Statistical Analysis 

This was carried out using the "Minitab" statistics package 
(Pennsylvania State University). Linear regression was used to 
test the significance of correlations between variables. 

Results 

In the bone of control subjects, the osteocytes were 
nearly all viable at the age of 20 years (Fig. 1) 
whereas in older subjects there were scattered areas 
containing few or no viable osteocytes. In the frac- 
ture patients, there was more variation in bone vi- 
ability, and in some there were large areas of bone 
with no viable osteocytes (Fig. 2). 

Figure 3 shows the relationship between bone vi- 
ability and age in both control subjects and hip frac- 
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Table 1. Relationships between measured variables 

Micro fracture 
Viability Bone area callus 

Controls 
Age - 0.68 e - 0.46 e 0.33 a 
Viability 0.04 - 0.24 
Bone area -0 .28  a 

Hip fracture patients 
Age -0 .18  -0 .17  -0 .20  
Viability 0.12 0.636 
Bone area 0.07 

a p  < 0.05; 6p < 0.01; ep < 0.001 

Fig. 2. Bone (b) from femoral fracture patient showing few la- 
cunae containing viable osteocytes (small arrows) and large ar- 
eas of bone with no viable osteocytes (large arrows), surrounded 
by viable marrow (m) and cartilage (c). • 150. 
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Pig. 3. Relationship between bone viability and age in controls 
and hip fracture patients. Male controls ([]), female controls (�9 
male hip fracture patients (11), female hip fracture patients (0) .  

ture patients. In controls, bone viability was 88 - 
7% at age 10-29 years, and decreased to 58 - 12% 
by age 70-90 years; there was a significant negative 
correlation with age (Table 1). The interobserver 
difference between C. Dunstan and S. Wong [10] 
was about 10%, so the values for controls are lower 
here than previously reported. In the fracture pa- 
tients, the bone viability was 58 -+- 21%. The values 

were widely distributed and, in 5 fracture patients, 
the osteocyte viability was more than 2 standard 
deviations below the mean for the patient's age. 

Figure 4 and Table 1 show the relationship be- 
tween bone area and age in controls and hip fracture 
patients. In the controls, there was a significant 
negative correlation between age and bone area. 
Bone area in the hip fracture patients (17 - 6%) was 
lower than in the 70 to 89-year-old controls (22 --- 
6%) (P < 0.01). A valid measurement of bone area 
could not be made in 1 hip fracture patient with 
severe osteoporosis, as the bone sections contained 
many microfractures. The values for this patient 
were, therefore, excluded from Figures 5, 6, and 7. 

Figure 5 shows the relationship between bone 
area and bone viability, expressed as mean +-- SEM, 
and with the controls divided into four age groups. 
It shows the considerable reduction in viability by 
age 30--49 years, with the decrease in bone area 
being more marked in later decades. The low bone 
viability in the hip fracture patients and in the 70 to 
89-year-old controls is also apparent. The heteroge- 
neity of the data is clearer when individual values 
for bone area and viability from hip fracture pa- 
tients and 70 to 89-year-old controls are examined 
(Fig. 6). It shows, in the hip fracture patients, the 
five very low values for viability and the six very 
low values for bone area, the latter all occurring in 
women. 

In the hip fracture patients but not the controls, 
the number of areas of microfracture callus was 
positively correlated with bone viability (Fig. 7 and 
Table 1). Microfracture callus was uncommonly 
present when bone viability was very low. Micro- 
fracture callus was not significantly related to bone 
area in the hip fracture patients or in controls aged 
70-89 or in controls aged 70-89 years (r = -0.08, 
NS). 

Examination of the calcified embedded sections 
showed no evidence of osteomalacia in any patient 
or control. 
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Fig. 4. Relationship between bone area and age in controls and 
hip fracture patients. The symbols are the same as in Figure 3. 
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Fig. 5. Relationship between bot~e area and viability in controls 
of differing age groups (O) and in hip fracture patients (O). The 
data are shown as mean -+ SEM. 

Discussion 

Bone viability in the femoral head decreased with 
age, and in some hip fracture patients there were 
large areas of bone containing no viable osteocytes. 
The precautions described in the methods section 
make it very unlikely that osteocyte death occurred 
as a result of the fracture. This interpretation is sup- 
ported by the positive correlation between bone vi- 
ability and microfracture callus. Bone area also de- 
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Fig. 6. Relationship between bone area and viability in fracture 
patients and controls aged 70-89 years. Individual data points are 
shown. The symbols are the same as in Figure 3. 
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Fig. 7. Relationship between bone viability and microfractures 
in fracture patients and controls aged 70-89 years. The symbols 
are the same as in Figure 3. 

creased with age, and was lower in the fracture pa- 
tients than in controls, probably reflecting the larger 
number of women in the hip fracture group. When 
the values for bone viability and area were related 
to each other, it was apparent that the lowest values 
for both viability and bone area were seen in the hip 
fracture patients though there was considerable 
overlap between the hip fracture patients and age- 
matched controls. 

Osteoporosis is cleady a major cause of hip frac- 
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ture. Bone death also, when sufficiently extensive, 
may contribute in some patients by weakening the 
bone as it does in avascular necrosis of the femoral 
head [14]. The concept that bone death is some- 
times one of the factors contributing to hip fracture 
is not negated by the similar mean viability of the 
patients and age-matched controls, as the patholog- 
ic findings are heterogeneous, with a wide range of 
values. 

The cause of the osteocyte death is uncertain, but 
the findings in the controls indicate that age is one 
major factor. It could partly result from increasing 
age of the osteocytes, with failure to replace those 
that have died. This is consistent with the observa- 
tion that, in both control and hip fracture subjects, 
dead osteocytes are frequently located in the deeper 
parts of the trabeculae. They are thus at the greatest 
distance from surface remodeling activity with its 
attendant renewal of osteocytes. Deep osteocyte re- 
newal is dependent on the less active haversian re- 
modeling systems. Vascular insufficiency, which 
affects many other regions with advancing age, is 
another possible cause of osteocyte death [15]. The 
femoral head is particularly susceptible to osteone- 
crosis, due largely to its vascular anatomy [14]. 
However, vascular injury to the femoral head char- 
acteristically produces osteonecrosis with distinc- 
tive reparative processes. The dead bone, contain- 
ing no living osteocytes, is enveloped by new bone 
containing viable osteocytes. This pattern has been 
observed in rabbits with surgically induced osteone- 
crosis [16] and in the femoral heads of humans with 
osteonecrosis [17], with primary osteoarthritis [18] 
and with late osteonecrosis after hip fracture [19]. 
This pattern was not seen in any hip fracture patient 
in the present study. Therefore, the large reduction 
in viable osteocytes, whether due to diffuse isch- 
emia, simple aging of cells, or some other patholog- 
ic process, does not result in the usual revascular- 
ization or repair. 

Microfracture callus formation is another repara- 
tive process. In the present study, it occurred pre- 
dominantly in living osteoporotic bone, and was un- 
commonly present when there was much osteocyte 
death. This callus formation is doubtless a response 
to recognized structural weakness and is perhaps 
not always associated with a microfracture. It pre- 
sumably did not occur in the bone with much os- 
teocyte death because, in the predominantly dead 
bone, the weakness was either not recognized, or 
the reparative process could not respond to it. 

Osteocytes and their network of canaliculi may 
maintain the integrity of both the collagen matrix of 
bone, which provides its tensile strength, and of the 
bone mineral, which provides the compressive 
strength. Severe osteonecrosis of the femoral head 

frequently causes collapse of the bone [14], though 
the mechanism is not understood. It is not known 
whether the diffuse, moderate reduction in osteo- 
cyte viability in the fourth and fifth decades affects 
the strength of bone. However,  there can be little 
doubt that, in some of the hip fracture patients, with 
a mean osteocyte viability below 25%, and with 
whole trabeculae devoid of viable osteocytes, bone 
strength would be reduced. The failure to repair 
areas of weakness by microfracture callus was also 
striking when many of the osteocytes were dead, 
and must also have contributed to weakness of the 
bone. 

We have presented evidence suggesting that the 
osteocyte death occurring in the femoral heads of 
elderly people is not followed by the normal repar- 
ative processes and may contribute to hip fracture. 
Further studies are needed to relate bone viability 
to bone strength, and to determine the cause of the 
osteocyte death, so that prophylactic measures can 
be considered. 

This study does not explain why hip fracture 
sometimes occurred when both the bone area and 
osteocyte viability were not low. No patient had 
osteomalacia. Cortical bone loss has been sug- 
gested as a cause of hip fracture, [20] but there is 
little cortical bone in the subcapital region where 
the fractures occurred in our patients. The associ- 
ated fall would have contributed, but would not 
have been likely to cause a fracture in a young per- 
son. Finally, we cannot exclude structural deficien- 
cies in trabecular orientation, or focal decreases in 
bone or viability not detected by our sampling pro- 
cedures. 

Acknowledgment. This work was supported by the Department 
of Veterans' Affairs, National Health & Medical Research Coun- 
cil. 

References 

1. Jensen JS, Tondevold E (1979) Mortality after hip fractures. 
Acta Orthop Scand 50:161-167 

2. Lindsay R (1987) Prevention of osteoporosis. Clin Orthop 
222:44-59 

3. Aaron JE, Gallagher JC, Anderson J, Stasiak L, Longton 
EB, Nordin BEC, Nicholson M (1974) Frequency of osteo- 
malacia and osteoporosis in fractures of the proximal femur. 
Lancet 1:229-233 

4. Mazess RB, Barden H, Ettinger M, Schultz E (1988) Bone 
density of the radius, spine and proximal femur in osteopo- 
rosis. J Bone Min Res 3:13-18 

5. Evans RA, Ashwell JR, Dunstan CR (1981) Lack of meta- 
bolic bone disease in patients with fracture of the femoral 
neck. Aust NZ J Med 11:158-161 

6. Wicks M, Garrett R, Vernon-Roberts B, Fazzalari N (1982) 



C. R. Dunstan et al.: Bone Death in Hip Fracture 275 

Absence of metabolic bone disease in the proximal femur in 
patients with fracture of the femoral neck. J Bone Joint Surg 
64B:319-322 

7. Mosekilde L, Mosekilde L (1988) Iliac crest trabecular bone 
volume as predictor for vertebral compressive strength, ash 
density and trabecular bone volume in normal individuals. 
Bone 9:195-199 

8. Pritchard JJ (1956) General anatomy and histology of bone. 
In: Bourne GH (ed) The biochemistry and physiology of 
bone, 1st ed. Academic Press, New York, pp 1-23 

9. Wong SYP, Dunstan CR, Evans RA, Hills E (1982) The 
determination of bone viability: a histochemical method for 
identification of lactate dehydrogenase activity in osteocytes 
in fresh calcified and decalcified sections of human bone. 
Pathology 14:439--442 

10. Wong SYP, Kariks J, Evans RA, Dunstan CR, Hills E (1985) 
The effect of age on bone composition and viability in the 
femoral head. J Bone Joint Surg 67A:274-283 

11. Evans RA, Dunstan CR, Baylink DJ (1979) Histochemical 
identification of osteoclasts in undecalcified sections of hu- 
man bone. Miner Electrolyte Metab 2:179-185 

12. Dunstan CR, Evans RA (1980) Quantitative bone histology: 
a new method. Pathology 12:255-264 

13. Todd RC, Freeman MAR, Pirie CJ (1972) Isolated trabecular 
fatigue fractures in the femoral head. J Bone Joint Surg 
54B:723-728 

14. Resnick D, Niwayama G (1981) Osteonecrosis: diagnostic 
techniques, specific situations, and complications. In: 
Resnick D, Niwayama G (eds) Diagnosis of bone and joint 
disorders, vol 3. WB Saunders, Philadelphia, pp 2832-2873 

15. Sweet DE, Madewell JE (1981) Pathogenesis of osteonecro- 
sis. In: Resnick D, Niwayama G (eds) Diagnosis of bone and 
joint disorders, vol 3. WB Sannders, Philadelphia, pp 2780- 
2831 

16. Kenzora JE, Steele RE, Yosipovitch ZH, Glimcher MJ 
(1978) Experimental osteonecrosis of the femoral head in 
adult rabbits. Clin Orthop 130:8--46 

17. Glimcher MJ, Kenzora JE (1979) The biology of osteonecro- 
sis of the human femoral head and its clinical implications. I. 
Tissue biology. Clin Orthop 138:284-309 

18. Wong SYP, Evans RA, Needs C, Dunstan CR, Hills E, Gar- 
van J (1987) The pathogenesis of osteoarthritis of the hip: 
evidence for primary osteocyte death. Clin Orthop 214:305- 
312 

19. Catto M (1965) The histological appearances of late segmen- 
tal collapse of the femoral head after transcervical fracture. 
J Bone Joint Surg 47B:777-791 

20. Riggs BL, Melton J (1983) Evidence for two distinct syn- 
dromes of involutional osteoporosis. Am J Med 75:899-901 

Received December 4, 1989, and in revised form January 22, 
1990 


