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INTRODUCTION

THE PATHOGENESIS of hip disorders, such as non-traumatic
osteonecrosis of the femoral head (ONF), rapidly destruc-

tive coxarthrosis (RDC) and subchondral insufficient
fracture of the femoral head, is still not fully understood.
The femoral head is reported to be in a markedly hypoemic
state, compared with other tissues even under normal
conditions,1 and it is therefore necessary to understand its
hemodynamics in order to investigate the pathogenesis of
these disorders. Epidemiological surveys show that these
disorders have different incidences depending on gender
and age. ONF, which occurs due to ischemia of the
femoral head, is most commonly observed in adolescents
and young men,2 while RDC and subchondral insufficient
fracture of the femoral head develop in elderly women.3,4
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Objective: The femoral head is reported to be in a markedly hypoemic state as compared with other
tissues even under normal conditions, and it is therefore necessary to understand its hemodynamics
to investigate the pathogenesis of hip disorders. It is known that aspects of intraosseous hemody-
namics including blood flow and blood pool can be evaluated soon after radioisotope administra-
tion. In this study, hemodynamic changes in the femoral head according to gender and age were
examined by investigating accumulation of radioisotope in the tissue during the early phase of bone
scintigraphy. Methods: The subjects of this study consisted of 58 joints of 31 men and 75 joints of
41 women, whose ages ranged from 15 to 87 years (average age: 67.9 years). Images of bone
scintigraphy were obtained for 15 to 20 minutes at 5 minutes and at 3 hours after radioisotope
administration. The ratio of accumulation in the femoral head to that in the diaphysis (head-to-
diaphysis ratio, HD ratio) was calculated. Results: HD ratios obtained 15–20 minutes later ranged
from 0.01 to 7.35 (1.88 ± 0.91, mean ± SD). HD ratios decreased with age, and a significant inverse
correlation was observed between age and HD ratio, demonstrating a correlation coefficient of
−0.27 (p = 0.001). The HD ratio among men was 0.01–3.57 (1.66 ± 0.71), while that among women
was 0.53–7.35 (2.05 ± 1.01), and a significant difference was observed in HD ratio between men
and women (p = 0.02). There was a significant difference in HD ratios between men and women in
their teens to forties (p = 0.03), while no significant differences was observed in the other age groups.
HD ratios obtained 3 hours later ranged from 0.44 to 6.32 (1.95 ± 0.79, mean ± SD), and no
significant correlation was observed between age and HD ratio, demonstrating a correlation
coefficient of −0.14. Conclusion: The present study demonstrated that blood flow and blood pool
of the femoral head decrease with aging particularly in women. This hemodynamic deterioration
of the femoral head caused by aging may have an effect on the onset and progression of hip disorders
by influencing bone metabolism.
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Consequently, analysis of gender- and age-related changes
in hemodynamics of the femoral head could provide clues
for understanding the pathogenesis of these disorders.
Studies on hemodynamics of the femoral head have been
conducted mainly in animals due to the invasiveness of
the measurement method, and therefore, hardly con-
ducted in humans.5–8 Although it has recently become
possible to measure intraosseous hemodynamics using
positron emission tomography (PET),1,9–11 the complex-
ity of the measurement procedure makes it difficult to
perform it in a large number of cases. On the other hand,
bone scintigraphy is a common testing procedure that is
performed with a comparatively low degree of invasive-
ness. In this method, bone turnover can be assessed only
within a few hours after administration of radioisotope,
and aspects of intraosseous hemodynamics including
blood flow and blood pool can also be evaluated soon after
radioisotope administration.12–15 In this study, hemody-
namic changes in the femoral head depending on gender
and age were investigated by evaluating accumulation of
radioisotope in the tissue in the early phase of bone
scintigraphy.

SUBJECTS AND METHODS

The subjects of this study consisted of 58 joints of 31 men
and 75 joints of 41 women, whose ages ranged from 15 to
87 years (average: 67.9 years). All subjects submitted
informed consent according to the Helsinki declaration,
and this study was approved by the Ethics Committee,
Kohoku General Hospital. These cases were observed to
have healthy hip joints when bone scintigraphy was
performed for neoplastic lesions and trauma. In addition,
they showed no osteoarthritic lesions on simple X-ray
examinations of the hip joint. Thirty-six joints were from
18 patients with breast cancer, 24 from 12 with prostate
cancer, 12 from 7 with multiple trauma, 12 from 6 with
colon cancer, 8 from 4 with gastric cancer, 4 from 4 with
femoral neck fracture, 4 from 2 with renal cell carcinoma,
4 from 2 with lung cancer, 3 from 2 with gallbladder
cancer, 3 from 2 with osteomyelitis, 2 from 2 with os-
teonecrosis of the femoral head, 2 from 1 with bladder
cancer, 2 from 1 with hepatocellular carcinoma, 2 from 1
with bile duct cancer, 2 from 1 with multiple sclerosis, 2
from 1 with tibial bone tumor, 1 from 1 with coxarthrosis,
and 10 joints from 5 healthy subjects. Patients with
neoplastic lesions who exhibited bone metastasis or who
had undergone hormone therapy were excluded from the
study.

GCA901A Gamma Camera (Toshiba, Nasu, Japan)
was used to capture images for bone scintigraphy. Images
of the radioisotope accumulation in the early phase of
bone scintigraphy were gathered for 15 to 20 minutes (5
minutes of acquisition time per frame) using a 128 × 128
matrix following rapid infusion of 740 MBq of 99mTc-
HMDP (Nihon Medi-Physics, Nishinomiya, Japan). Ordi-

nary scintigraphic images were obtained 3 hours later.
Images were anteroposterior views of the pelvis including
the iliac crest and lesser trochanter. Regions of interest
(ROIs) were set bilaterally for the femoral head, diaphy-
sis, and soft tissue of the thigh on the images obtained at
15 to 20 minutes and at 3 hours later according to the
method of Kubota et al.12 In short, we set 5 × 5 pixel ROIs
directly beneath the joint surface for the femoral head, in
the center of diaphysis at the level of the lesser trochanter
for the diaphysis, and at the thigh to the outside of the
ilium for the soft tissue (Fig. 1). Soft tissue ROIs were set
at the lateral side of the ilium as this site is suitable for
relatively large ROIs, and because, within the range of
scintigraphy, the ilium is the area least affected by body
shape. Subsequently, the average counts per pixel were
determined. In order to eliminate the additive effects of

Fig. 1 ROI were set directly beneath the joint surface for the
femoral head (A), in the center of diaphysis at the level of the
lesser trochanter for the diaphysis (B), and at the thigh to the
outside of the ilium for the soft tissue (C).

Fig. 2 The relationship between aging and changes in the HD
ratio obtained 15–20 minutes later: On the y-axis, HD ratio is
shown, and on the x-axis, age is depicted. There was a negative
correlation between HD ratio and age (rs = −0.27, Spearman’s
rank correlation: p = 0.001).
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radioisotope accumulation in the soft tissue, accumula-
tion in the femoral head was determined by subtracting the
average count in the soft tissue from that in the femoral
head, and accumulation in the diaphysis by subtracting
the average count in the soft tissue from that in the
diaphysis. The ratio of accumulation in the femoral head
to that in the diaphysis (head-to-diaphysis ratio, HD ratio)
was calculated.

The relationship between age and the HD ratio was
statistically investigated by using Spearman’s rank corre-
lation coefficient. A comparison of HD ratios between
men and women was made using the Mann-Whitney U-
test. P value of less than 0.05 was considered to be
statistically significant.

RESULTS

Images obtained 15 to 20 minutes later
HD ratios ranged from 0.01 to 7.35 (1.88 ± 0.91, mean ±
SD). HD ratios decreased with age, and a significant
inverse correlation was observed between age and HD
ratio, demonstrating a correlation coefficient of −0.27 (p
= 0.001) (Fig. 2). Concerning gender, in men, a significant

correlation was not observed between age and HD ratio,
demonstrating a correlation coefficient of −0.15 (Fig. 3).
On the other hand, in women, a significant reverse corre-
lation was observed between age and HD ratio, demon-
strating a correlation coefficient of −0.31 (p = 0.003)
(Fig. 4).

The HD ratio in men was 0.01–3.57 (1.66 ± 0.71) and
that in women was 0.53–7.35 (2.05 ± 1.01). A significant
difference was observed in HD ratio between men and
women (p = 0.02). Furthermore, among subjects aged 15
to 49 years, the HD ratio was 1.17–3.57 (2.15 ± 0.97) in
men and 1.69–7.35 (3.52 ± 1.71) in women. Although a
significant difference was observed in HD ratios between
men and women aged 15 to 49 years (p = 0.03), there were
no significant differences in the other age groups (Table
1). A significant difference in the HD ratio was observed
between women aged 15 to 49 years and women in the
other age groups (Table 2).

Images obtained 3 hours later
HD ratios ranged from 0.44 to 6.32 (1.95 ± 0.79, mean ±
SD). No significant correlation was observed between age
and HD ratio, demonstrating a correlation coefficient of

Fig. 3   The relationship between aging and the HD ratio obtained
15–20 minutes later in men: On the y-axis, HD ratio is shown,
and on the x-axis, age is depicted. There was no negative
correlation between HD ratio and age in men (rs = −0.15,
Spearman’s rank correlation: p > 0.05).

Fig. 4    The relationship between aging and the HD ratio
obtained 15–20 minutes later in women: On the y-axis, HD ratio
is shown, and on the x-axis, age is depicted. There was a negative
correlation between HD ratio and age in women (rs = −0.31,
Spearman’s rank correlation: p = 0.003).

Table 1   Differences in HD ratio between men and women

Age
HD ratio in men HD ratio in women

P value
n range (mean ± SD) n range (mean ± SD)

10–89 58 0.01–3.57 (1.66 ± 0.71) 75 0.53–7.35 (2.05 ± 1.01) 0.02

10–49 6 1.17–3.57 (2.15 ± 0.97) 10 1.69–7.35 (3.52 ± 1.71) 0.03
50–59 2 0.76–1.66 (1.21 ± 0.64) 11 1.48–2.48 (1.90 ± 0.35) NS
60–69 10 0.27–2.36 (1.50 ± 0.61) 20 0.80–4.19 (1.88 ± 0.85) NS
70–79 28 0.01–3.56 (1.70 ± 0.75) 22 0.96–2.56 (1.84 ± 0.43) NS
80–89 12 0.40–2.38 (1.54 ± 0.54) 12 0.53–2.52 (1.60 ± 0.66) NS

NS = not statistically significant
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−0.14 (Fig. 5). Concerning gender, no significant cor-
relation was observed between age and HD ratio; correla-
tion coefficient was 0.23 in men and –0.03 in women
(Figs. 6, 7).

DISCUSSION

Over the past few decades, a considerable number of
studies have been conducted from anatomical aspects of
hemodynamics of the femoral head. The main nutrient
arteries of the femoral head are the superior retinacular
and inferior retinacular arteries that originate in the me-
dial femoral circumflex artery.16–18 Since both of them are
terminal arteries that lack anastomoses, the femoral head
is considered to be in a hypoemic state. Kubo et al.1 report
that the blood flow of the femoral head is 1.80 ± 0.74 ml/
min/100 g based on PET study results. The blood flows in
other major organs determined by PET analyses are 50
ml/min/100 g in the brain, 70 ml/min/100 g in the heart, 25
ml/min/100 g in the lungs, 360 ml/min/100 g in the
kidneys and 95 ml/min/100 g in the liver19; which clearly
indicates that the femoral head is in a markedly hypoemic
state compared with other organs. With reference to other
osseous tissues, Kahn et al.11 report that the blood flow in
the ilium is 11.1 ± 2.2 ml/min/100 g, and demonstrate that
the femoral head is hypoemic, even compared with can-
cellous bone in the form of ilium. Consequently, even
slight changes in hemodynamics that would not affect

other sites have the potential to cause diseases in the
femoral head.

The phosphate compound used in bone scintigraphy is
passively transported out of the blood vessels through the
capillary endothelium and adheres to the bone mineral
matrix.14 This explains the fact that early phase accumu-
lation following administration of radioisotope in bone
scintigraphy reflects local hemodynamic change. Thus,
early phase bone scintigraphy can be used to evaluate
intraosseous hemodynamics. The use of characteristics of
early phase bone scintigraphy (i.e., reflecting local blood
flow and blood pooling) is reported to be useful for
identifying and diagnosing osteomyelitis and other in-
flammatory diseases,20 identifying, diagnosing and as-
sessing the therapeutic effects of localized reflex sympa-
thetic dystrophy (RSD),21 assessing the therapeutic effects
of bone and soft tissue tumors,22 determining the levels of
amputation in cases of arteriosclerosis obliterans,23  evalu-

Table 2   Differences in HD ratio between age groups

Age P value in men P value in women

10–49 vs. 50–59 NS 0.0089
60–69 NS 0.0059
70–79 NS 0.0030
80–89 NS 0.0053

NS = not statistically significant

Fig. 5 The relationship between aging and changes in the HD
ratio obtained 3 hours later: On the y-axis, HD ratio is shown, and
on the x-axis, age is depicted. There was no negative correlation
between HD ratio and age (rs = −0.14, Spearman’s rank correla-
tion: p > 0.05).

Fig. 6    The relationship between aging and the HD ratio
obtained 3 hours later in men: On the y-axis, HD ratio is shown,
and on the x-axis, age is depicted. There was no negative
correlation between HD ratio and age in men (rs = 0.23,
Spearman’s rank correlation: p > 0.05).

Fig. 7   The relationship between aging and the HD ratio obtained
3 hours later in women: On the y-axis, HD ratio is shown, and on
the x-axis, age is depicted. There was no negative correlation
between HD ratio and age in women (rs = −0.03, Spearman’s
rank correlation: p > 0.05).
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ating lower extremity elongation,24 and evaluating hemo-
dynamics following vascular pedicle bone graft.25

Kubota et al.12 use the accumulation ratio of the femoral
head to the diaphysis (head-to-diaphysis ratio, HD ratio)
to evaluate hemodynamics of the femoral head after
kidney transplantation. An ischemic event in the femoral
head has been suggested as a cause of idiopathic femoral
head necrosis,2 and Kubota et al. reported that HD ratio
was significantly lower in patients with idiopathic femo-
ral head necrosis than in those without this complication.
This suggests that HD ratio is useful for assessing hemo-
dynamics of the femoral head. However, images obtained
15 to 20 minutes after intravenous administration were
later than the second-phase images in conventional three-
phase bone scintigraphy, and at this time, HD ratio would
have been affected by bone metabolism. Therefore, HD
ratios were calculated using the images obtained 3 hours
after intravenous administration, when the effects of bone
metabolism were present. The correlation coefficient be-
tween age and HD ratio was examined, but no significant
correlation was found. We therefore believe that the
effects of bone metabolism on images obtained 15–20
minutes after intravenous administration were not that
marked.

Factors related to HD ratio include not only hemody-
namics of the femoral head, but also hemodynamics of the
femoral shaft. However, blood flow in the shaft exceeds
that in the head, and as a result, less individual difference
in hemodynamics occurs at the femoral shaft as compared
to the femoral head. Hence, HD ratio is mostly affected by
hemodynamics of the femoral head. Since a significant
inverse correlation was observed between age and the HD
ratios, blood flow and blood pool in the femoral head
could be confirmed to decrease with age. The only report
describing quantitative measurement of changes in hemo-
dynamics in the femoral head caused by aging is by Kubo
et al.,1 who conducted a PET study of 32 joints from 16
men. They reported that blood flow decreased significantly
with age, and that blood volume increased significantly in
the femoral head in men. On the other hand, in the present
study, no significant correlation was observed between
age and HD ratio in men. The reason for this difference
was that early-phase bone scans in three-phase scintigra-
phy reflect not only blood pool, but also blood flow and
bone metabolism.

With respect to gender differences, the HD ratios
tended to decrease with age more markedly in women
than in men. On the basis of this finding, blood flow and
blood pool in the femoral head were clearly determined to
decrease due to aging more in women. A significant
difference in the HD ratio was observed between men and
women in the relatively young group (15–49 years old),
while there were no significant differences between men
and women in other age groups. In other words, although
the blood flow and blood pool levels of the femoral head
were higher in women than in men among young cases,

large differences were no longer observed between men
and women of old cases (50 years old or above). Thus,
abundant blood flow and blood pool of the femoral head
in younger women decreased to the similar levels in men
due to aging, and a greater age-related decrease in blood
flow and blood pool of the femoral head occurs in women
than in men. As the present study only examined 16 hip
joints from 9 individuals aged 15 to 49 years, further
investigations of the same points in a larger subject
population are needed.

The findings of this study clearly indicated that blood
flow and blood pool of the femoral head decreased with
aging particularly in women. On the other hand, hip joint
disorders such as rapidly destructive coxarthrosis (RDC)
and subchondral insufficient fractures of the femoral
head are known to occur with a high frequency in elderly
women.23 Therefore, hemodynamic deterioration of the
femoral head caused by aging might have an effect on the
onset and progression of these disorders since it influenced
bone metabolism.

In this study, the femoral heads in cases of hip joint
disorders were excluded in order to assess the changes in
hemodynamics of the femoral head in healthy subjects
and the differences in hemodynamics of the femoral head
between men and women. Since hemodynamic deteriora-
tion of the femoral head due to aging implied the possibil-
ity of having some effect on the onset and progression of
hip joint disorders, evaluation of intraosseous hemody-
namics in the cases presenting hip joint disorders might
provide an important clue for elucidating the cause of
these disorders.
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