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ABSTRACT

Using Hologic QDR-2000 DEXA, the BMD determinations of subjects
suffering from osteoporosis and normal persons are in progress in
Shanghai, China. A primary correlation between the kidney disease and
the osteoporosis has been obtained. The studies of roulti elemental
distribution in cancellous bone of femoral head are also performed by
PIXE. According to IAEA Co-ordinated Research Programme (CRP),
a further working arrangement has been planed.

1. SCIENTIFIC BACKGROUND

Recent epidemiologic studies of osteoporosis show that it is a worldwide
disease that causes significant morbidity and mortality(1>. Also osteoporosis is
a predominant bone disease of the elderly specially for women after the
menopause in China. The goverment has payed great attention to this problem
seriously. In Shanghai, my research group in cooperation with Second
Medicine University is earring on a co-ordinated project on Aetiology and
Prevention Studies of Osteoporosis sponsored by Shanghai Scientific
Technology Committee. The purpose of this programme is to 6tudy the
aetiology of the disease, and how to prevent the disease and optimize
diagnosis and therapy. The scope of thi6 programme includes following
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determinations: (a) the age of peak bone mass in each study group and the
differences in bone density as functions of the age and sex of persons in
the study groups, (b) the levels of sex hormone particularly before and
after the menopause woman, (c) trace element compositions of femur and
serum in osteoporosis group and in control group, (d) bone biomechanical
strength test and so on. The programme already started in 1993 and spreads
3-4 years.

2. METHOD

2.1 Bone Densitometry
A complete set of QDR-2000 Dual Energy X-ray Abeorptiometry (DEXA)

was imported from USA Hologic Inc. in 1993. Fan beam DXA densitometers
such as the QDR-2000 overcome the limitation of single beam system and
result in faster scan times and the ability to perform measurement of AP
spine, hip, forearm, whole body, lateral spine, vertebral morphomotry,
and research applications/21

2.2 BMD Reference Database
A set of BMD reference database is provided by Hologic Instrument

Company. It i6 said that the oriental models are from Japanese. We think
there are some differences between Japanese and Chinese in habits,
lifestyles, diets, and so on. We should measure normal human BMD reference
database specially for Shanghai residents, China. The following criteria
are provided as an example of the types of diseases and drug therapies that
are known to interfere with bone and mineral metabolism. Such criteria are
commonly employed to exclude subjects from a BMD reference database.
Fracture assessment by lateral lumbar spine x-rays have also been employed
to exclude subjects with vertebral fracture.

2.2.1 Chronic Diseases
Kidney disease, Hepatic disease, Hyperparathyroidism, Hyperthyroidi6m,

Hyperprolactinemia, Amenorrhea(in young women), Oopherectomy, Rheumatoid
arthritis, Ankylosing spondylitis, Paget's disease, Malabsorption syncromes,
Cancer, and Atraumatic fracture.
2.2.2 Chronic Drug Therapy

Steroid therapy, Anticonvulsant use, Fluoride therapy, Diuretics, and
Estrogen therapy.
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2.2.3 Scan Artifacts
Measurements exhibiting motion artifacts, significant vertebral

deformities, or other technical problems such as poor or irregular image
quality should be repeated. All measurements exhibiting poor technical
quality should be excluded from the reference database.

2.8 FIXE Set-up for Element Analysis
4UH Van de Graaff accelerator was imported from USA NEC Co. and

a set of complete Proton Induced X-ray Emission (PDCE) analysis system is
shown schematically in fig.l. All the targets are irradiated in a vacuum
chamber. A 3.5 MeV proton beam is obtained from the accelerator, diffused
by a tVtin aluminium foil (6.7 mg/cm2) and finally collimated to a 6 mm
diameter beam spot on the target. Typical beam currents of the order of
10-20 nA are used and the average measuring time per sample is 20 min. The
target chamber is designed to house 40 samples mounted in slide frames for
automatic sample changing. Appropriate x-ray absorbers are positioned between
the sample and the detector to reduce the high intensity of proton induced L
x-rays from the high Z targets. The counting rate in the detector with the
beam currents employed is always less than 1 KHz, thus minimising pulse pile-
up. The x-rays are detected by a 32 mma Si(Ii) detector with a resolution
of 180 eV (FWHM) at Mn Ka 6.9 KeV, located at 136° with respect to the
beam direction in the horizontal plane. The associated electronics comprises a
pulsed optical preamplifier and a spectroscopy amplifier. The output from the
amplifier is connected to the ND-76 multichannel analyzer and then stored
in a PC-486 on-line computer for data acquisition and analysis.C8>

13 14 15

Fig 1. Schematic diagram of the experimental set-up

1 - 4 MeV V»n de Gruff accelerator. 2 - proton beam. 3 • aluminium foil.
4 • tantalum collimator. S - ab»orber. 6 - vacuum irradiation chamber. 7 - sample.
5 - automatic tarnple changer with remote portioning ayitem. 9 • Faraday cop.
10 - Si(Li) detector. 11 - preamplifier. 12 . amplifier. 13 - pulte pU*-up rejector.
14 -ND-W multichannel analyzer. 15 - pc - 4H computer.
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3. RESULTS

3.1 BMD Determination
Since Aug.1993, we have already performed the BMD determinants more

thfiP 1200 perpons. 300 of them are normal human between 40-60 years of age
and the rest are osteoporosis patients between 50-70 years of age. A
typical example is shown in table 1. The reports obtained 6how that the
patient's BMD is lower than the reference database, and the bone mineral
contents in femur and lumbar spine have been lost. By understanding the
changes in bone mass throughout life, physicians can use bone densitometry
to help patients make clinical decisions and take available treatment
options.

3.2 Study of the Correletions Between Kidney Disease and Osteoporosis
The primary study of the correletions between kidney disease and

osteoporosis has been performed in Shanghai 6th People's Hospital. The
subjects in this study include 35 patients with kidney disease ( uraemia 17,
chronic nephritis 13, Iupu6 nephritis 5 ) between 25 and 72 years of age.
Using Hologic QDR-2000 bone densitometry, the BMD in femoral neck, AP
spine and lateral spine are determined. Results obtained show that the
incidence of femoral neck osteoporosis has lifted obviously as compared with
L1-L4 spine. The incidence of osteoporosis in women suffering from kidney
disease is higher than that of in men suffering from same disease. The
further studies and results will be reported in the near future.

3.3 Distributions of Multi-element in Bone
Study of metal multi-element distribution in cancellou6 bone of human

femoral head is in progress. PDCE method is used for the determination of
elemental concentrations in cancellous bone of femoral head from five
autopsies and seven patients with femur broken. Using T test, the results
show that the concentrations of P, Ca, Fe, Cu, Sr in control group is higher
than those in patient group, but the concentrations of S, K, Zn, Mn are not
remarkable difference. The specimen preparation and experimental procudure
will be introduced in detail, also the physiological functions of metal elements
in human bone will be discussed00
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4. PLANS FOR FUTURE WORK

4.1 The Core Programme Parts
The studies of bone density in selected populations includs (a)

detaining the age of peak bone mass in each 6tudy group and (b)quantifying
differences in bone density as functions of the age and sex of persons in
the study group. The measurements are carried out in subjects of both sexes
across the age range 15-50. More than 15 subjects are determined in each 5-
year age range. These subjects should be representative Shanghai residents.
The positions of bone density measurement ere : (a) in the lumbar spine
region ( anterior/posterior) and (b) at the femoral neck. Related
information of every subject is recorded for later evaluation such as whole
body measurements, disease history, occupation, habit, diet, wine and
smoking.

The work to be done during the first year is the measurements of bone
density in 90 subjects of both sexes across the age range 15-50 using
Hologic QDR-2000 DEXA.

4.2 The supplementary programme parts
We plan to determine trace elemental contents of suitable specixnents

(head of femur and serum) both of osteoporosis patients and controls by
PDCE or NAA. If possible, we intend to collect autopsy samples of rib bone
from health accident victims for biomechanical strength test.
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Table 1. A typical example of BMD measurement

SHflNGHRI 6th PEOPLE'S HOSPITRL
A Left Hip

Reference Database

B
H
D

28 30 46 58 68 76
Age

BMD(NeckEL])

Region

Neck

Troch

Inter

TOTAL

Ward's

]

8

6

8

8

8

BMD

.481

.358

642

545

313

= 8.

-4

-4

-3

-3

-4

481

T

.14

.04
loo
.61
.58

.39
(28

g/cm2

54x
O \.D )

sax.a/
56x
56x

39x
.0)

-2

-3

-2

-2

-2

Z

.60

.09

.69

.60

.08

65X

56x

63x

64x

58x

• Age and sex matched
T = peak bone mass
Z = age matched TK 10/25/91

Y09099314
Name:
Comment:
I.D.:
S.S.tt:
ZIPCode:
Scan Code:
BirthDate:
Physician:

Thu Sep 9 15:13 1993
LING NIAN

112 Sex: F
- - Ethnic: 0

Height: 158.80 cm
Weight: -44.86 kg

12/01/34 Age: 58

Physician Comment '•

Oopherectomy

A Lumbar Spine
Reference Database •

B
M
D

10 20 30 40 50 66 76 88
Age

BHDCL1-L4) =

Region

LI

L2

L3

L4

L1-L4

BUD

6.522

8.551

8.688

8.672

8.613

8.613 g/cm2

T(30

-3.67

-4.34

-3.67

-4.83

-3.94

.0)

56x

54x

63x

60x

S9x

Z

-2.50

-3.04

-2.31

-2.63

-2.62

65x

62x

73x

70x

68x

* Age and sex matched
T = peak bone mass
Z = age matched

¥89099318
Name".
Comment:
I.D. :
S.S.tt:
ZIPCode:
Scan Code:
BirthDate'
Physician'

Thu Sep 9 14:54 1993
LING NIAN

112 Sex: F
- - Ethnic: 0

Height: 158.88 cm
Ueighf. 44.86 kg

12/01/34 Age: 58

Physician Comment:

Oopherectomy.

TK 11/04/91
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