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Bone mass in women with hip fracture 

Staffan A. V. Eriksson and Torulf L. Widhe 

The bone mineral density was determined by dual-photon absorptiometry on 
the proxima1 femur in 32 women with femoral neck fractures, 30 with 
trochanteric fractures, 39 with a fracture elsewhere than the hip, and 16 
premenopausal healthy women. Single-photon absorptiometry was performed 
at two sites on the radius. The bone mineral density in the neck and 
intcrtrochanteric area was greater in the women with femoral neck fractures 
than in those with trochanteric fractures. The bone mineral distribution in the 
proximal femur was essentially the same for the femoral neck fracture group 
as for the reference group of healthy women. Neither the Singh index, 
determined in radiographs, nor the measurements on the radius by single 
photon absorptiornetry provided a reliable estimate of the bone mineral 
density in the proximal femur 

The incidence of hip fractures increases exponen- 
tially with age after 50, and after the menopause 
the bone mass decreases by at least 1 per cent a 
year (Mazess and Cameron 1974). The reduction 
in bone mass with age seems to be an important 
cause of the increasing frequency of hip fracture 
in the elderly. However, earlier studies provide 
no consistent evidence of a greater degree of 
osteoporosis among women with hip fractures 
than among normal women without such fractures 
(Riggs et al. 1982, Dretakis et al. 1983). 

Dual photon absorptiometry permits measure- 
ments of the bone mineral density (BMD) in 
various parts of the upper femur (Dunn et al. 
1980). We have used this technique in postmeno- 
pausal women either with hip fracture or with 
other types of fragility fracture. Dual photon 
absorptiometry was also used for studies of the 
BMD in the radius, and the Singh index was used 
for estimating the BMD of the proximal femur. 

Patients and methods 

The material for this study included 32 women 
with a femoral neck fracture and 30 with a 
trochanteric fracture. All of them were operated 
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on within 3 days of admission to the hospital. A 
control group consisted of 39 postmenopausal 
women who had sustained a fracture at a site other 
than the proximal femur. The mean age, height, 
and weight of the femoral neck fracture group 
were 69 years, 61 kg, and 163 cm. The correspond- 
ing values for the trochanteric fracture group were 
74 years, 55 kg, and 159 cm, and for the control 
fracture group 70 years, 63 kg, and 164. cm. 
Sixteen healthy premenopausal women aged 35 to 
50 years with no history of fracture and assumed 
to have a normal skeleton served as a reference 
group. The patients were admitted to the study in 
consecutive order. Only patients with a unilateral 
hip fracture and no previous fracture or disease 
of the hip were accepted. Patients with pathologic 
fractures or neurologic disorders were excluded. 
All the patients had sustained their fracture 
through stumbling or slipping. 

Dual photon absorptiomefry. The proximal femur 
of the unfractured hip was measured by dual 
photon absorptiometry using the isotope gado- 
lineum-153, which h q  two energy peaks, namely, 
44 and 100 keV. Two energy levels enable the 
bone mineral density to be calculated with a 
minimum of interference from the surrounding 
soft tissues (Wahner et al. 1985). The apparatus 
used was a Lunar DP3. With the patient supine, 
the hip was positioned with a slight inward ro- 
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Figure 1. The areas in the proximal femur where the bone 
mineral density was measured by dual photon absorptiometry. 
1 neck area, 2 intertrochanteric area, 3 Ward’s triangle and 
4 trochanteric area. 

tation in order to place the femoral neck parallel 
to the measuring table and perpendicular to the 
scanning beam. Rectilinear scanning of the proxi- 
mal femur was performed with the narrow gamma 
beam in 2.5 mm steps. The bone mineral density 
(BMD), which was expressed in grams per square 
centimeter, was determined at the following four 
sites (Figure 1): 1) The neck area: an area 10-rnm 
wide just medial to the trochanteric area and 
perpendicular to the femoral neck. 2) The inter- 
trochanteric area: an area of the same width 
parallel to  the neck area and located between the 
lesser and greater trochanters. 3) Wards triangle: 
an area with the lowest absorption in the neck. 
4) The trochanteric area: an area of the greater 
trochanter. 

The first two sites were delineated individually 
to  include the region where most fractures in the 
proximal femur are located, whereas the third and 
fourth areas were automatically defined by the 
computer software supplied with the apparatus. 

Single photon absorptiometry. The BMD of the 
distal radius a t  a site just proximal to the bifur- 
cation of the radius and ulna and the shaft, 8 cm 
from the tip of the ulna styloid process of the 
nondominant hand, was measured by single 

photon absorptiometry using the isotope io- 
dine-125. The apparatus was a Lunar SP2. The 
bone mineral content was expressed in grams per 
centimeter. 

All the measurements were performed within 
10 days after the accident. 

Singh index. The Singh index (Singh et al. 1970) 
was determined for the patients with hip fractures. 
The investigator, who was one of the authors, was 
unaware of the state of fracture. 

Serum biochemistry. The concentrations of cal- 
cium, phosphate, alkaline phosphatase, calcito- 
nin, and PTH were determined as soon as possible 
after admission to the hospital and before the 
operation. 
As regards the blood chemistry, there were no 
differences between the three groups. The calci- 
tonin and,PTH concentrations were within normal 
limits in all the patients. Alkaline phosphatase 
was moderately increased in a few patients, but 
their serum calcium and phosphate levels were not 
consistent with the presence of osteomalacia. 

Statistics. The linear regression and the corre- 
lation coefficient were calculated for the bone 
mineral content or density in relation to the age 
of the subjects. Student’s t-test of paired obser- 
vations w a s  used for examining the difference in 
BMD between the three groups, which were 
matched for age. Student’s t-test of unpaired 
observations was used for testing the differences 
in BMD between the groups. 

Results 

There was an annual bone mineral loss of about 
1 per cent in the fracture groups (Figure 2). The 
loss was roughly the same for the reference group 
of healthy premenopausal women as for the 
postmenopausal women; this indicates that there 
was no acceleration of bone loss after the men- 
opause. From the small slope of the regression 
line for BMD on age, it is evident that the 
statistical analysis of the whole material and the 
age-matched material yielded similar results. 

The trochanteric fracture group had a lower 
BMD value in both the neck and the intertroch- 
anteric area than either the neck fracture or the 
control groups (Table 1). In neither the neck nor 
the intertrochanteric area did these latter two 
groups differ in respect to the BMD. 
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Intragroup comparisons of the neck and inter- 
trochanteric areas suggested an inverse relation- 
ship between the two types of fracture (Table 2). 
In the femoral neck group, the BMD was lower 
for the neck than for the intertrochanteric area, 
whereas in the trochanteric group the opposite 
relationship was found, though not at the level of 
significance. 

Table 1. Comparison (Pvalues) between the three fracture 
groups with respect to the bone mineral density at the four 
measuring sites in the proximal femur (age-matched). T troch- 
anteric, N neck, C Control 

koa 

Neck W a d s  Troch. kdcnkoch. 
M- 

Nvsl  (19) < O M  4 . 0 1  e0.M e0.01 

CvsT (17) c0.01 c0.01 <O.M CO.01 
CvsN(23) NS NS NS Ns 

0. 0 

0 YEARS 

Figure 2. Regression of bone mineral density for the neck area 
on age. 
A. Trochanteric fracture group; Y = 0.966-0.00607X. 
8. Femoral neck fracture group; Y = 1.038-0.00562X, 
C. Fracture control group (over the age of 55 years): 
Y = 1.081 -0.00620X. Reference group (below the age of 50 
years); Y = 1.156-0.0059OX. 

30 40 50 60 70 00 90 

A BMD value equal to or greater than 0.6 g/cm2 
in the intertrochanteric area was recorded in 27 
of the 32 women with a femoral neck fracture, but 
in only 6 of the 30 women with a trochanteric 
fracture. In the premenopausal group, the BMD 
in the proximal femur was higher than in the other 
groups (Table 2, Figure 2). However, at least 6 
of the 16 healthy women below aged 50 had a 
BMD value in the neck area below the highest 
values recorded for the two hip fracture groups. 
According to the results of single photon absorp- 
tiometry of the radius shaft, the annual decrease 
in bone mass was more than twice as great in the 
trochanteric fracture group (1.3 per cent) than it 
was in the cervical group (0.5 per cent) (Figure 3). 
Moreover, the decrease was greater in the control 
fracture group (1.0 per cent) than in the femoral 
neck fracture patients. 

Table 2. Bone mineral density at the four measuring sites in the 
proximal femur. All patients included. T trochanteric, N neck, C 
control. R reference. Values are mean (SO). 

Alan 
Nack W W a  T&. Intedmch. 

T o.s(o.12) o.n(o.i3) o.u(o.it) o.e(ain 

c om ( o m  0.48 ( a . ~  a s  (0.13) o m  em) 
A o.oi (0.11) o.eo(ati) o.n(ait) a.et(o.ti) 

N 0.64 (0.10) 0.60 (0.10) 0 . 1  @.?a) 0.n (0.H) 
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Figure 3. Regression of the bone mineral content of the radius 
shah on age. 
.--I Trochanteric fracture group, - Femoral neck fracture group, - 

Y = 0.971 -O.O0724X, 

Y = 0.665-0.00230X, 

Y = 0.909-0.00576X. 
Fracture control group (over the age of 55 years). 

Table 3. Correlation between bone mineral density at the four 
measuring sites In the proximal femur and bone mineral 
contenVwidth a1 two measuring sites in the radius. All the 
patients included. ' P  ~ 0 . 0 5 ;  "Pc0.01; "'P<O.OOl. T Troch- 
anteric, N neck, C control 

ShrR of redlus 
ADIl T N C All 
N.ok 0.68" 0.6)' 0.6S' 0.6Q"' 
Wanl o . 6 ~  0.38' o.se*- 0.62"' 
froch. 0.71"' 0.61" 0.59"' U . W '  
Intertmch. 0.62" O A 4 *  0.47' 0.62- 

Distal radius 

Area T N C All 

Neck O.M)*' 0.40' 0.14 NS 0.37- 
Ward 0.55** 0.44' 0.22 NS 0.40'" 
Tmh. 0.66" 0.48- 0.16 NS 03r" 
Interttoch. 0.52" 0.43' 0.16NS 0.30" 

Table 4. Singh index in relation to the mean bone mineral 
density in the neck area for the two hip fracture groups. 
(age-matched). Number of patients in parentheses. T trochan- 
terlc, N neck 

Skwh index 
~~ ~- 

1 2 3 4 5  

Tmchanterk - 0.39 (2) 0.54(12) 0.86(1) - 
Neck 0.47(1) 0.81 (2) 0.61 r7l 0.706) - 

The correlations between the BMD values at 
the various sites of the radius and of the proximal 
femur were weak (Table 3). 

The Singh index was the same for the two hip 
fracture groups, and there was no correlation 
between the index and the BMD for the proximal 
femur (Table 4). 

Dlscusslon 

The trochanteric fracture patients were about 5 
years older than those of the other two fracture 
groups. A similar difference has been reported by 
other workers (Dretakis et al. 1983). This differ- 
ence was taken into account in the analysis of the 
results. The difference in BMD of the proximal 
femur between the two types of hip fractures has 
not been reported in earlier studies in which dual 
photon absorptiometry was used. Riggs et al. 
(1982) found no difference between these two 
types of fracture with respect to bone mineral 
density in the proximal femur, whereas Bohr and 
Schaadt (1983) recorded no such difference in 

neither the neck nor the midshaft femur. This 
discrepancy may be due to the smaller size of 
Riggs' material and that Bohr and Schaadt in their 
analysis used measurements from the femoral 
neck and midshaft femur (mainly cortical bone) 
rather than the trochanteric region, as in our 
study. 
In some studies on bilateral noncontemporary 

fractures of the upper femur, a symmetric location 
of the fractures has been common; when the first 
fracture was trochanteric, the second one was very 
often of the same type (Alffram 1964, Dretakis et 
al. 1981, Finsen et al. 1986). This tendency 
towards symmetry points to an endogenous etio- 
logic factor in the location of fractures of the 
upper femur. 
In most studies of the relationship between 

osteoporosis and fragility fractures, one measur- 
ing site is chosen as being representative of the 
bone mineral content for another part of the 
skeleton or for the whole bone mass (Wahner et 
al. 1977, Wootton et al. 1979). Close correlations 
between skeletal sites have been reported. In an 
analysis of the relationship between the BMD in 
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the radius, ulna, and femur in 24 skeletons by 
single photon absorptiometry, Wilson (1977) 
found the closest correlation to  be that between 
the femoral neck and the midshaft radius 
( r  = 0.86). Moreover, Aitken e t  al. (1974) re- 
ported a much better correlation between sites in 
the radius and the femur in 21 female cadavers 
than the correlation found in our study (Table 3). 
Measurements on patients would presumably be 
less accurate than direct measurements on strip- 
ped skeletons. Probably the most important factor 
accounting for the observed weak correlation is 
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