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PREFACE

Metabolic Bone Diseases ( MBDs) are special diseases arising from disturbances in the metabo-
lism of bone. Clinically, bone remodeling disturbances cause abnormal bone turnover manifested by
bone pain, deformation and fracture. There are numerous causes of MBDs; based on their pathologi-
cal features, MBDs can be classified into four categories; osteoporosis, osteomalacia, osteopetrosis,
or mixed bone disease. On the other hand, constitutional bone diseases, the inherited disorders of
bone growth and development, are characterized by bone deformation caused mainly by bone modeling
disturbances which may or may not be accompanied by mild metabolic bone problems.

As in the realm of endocrinology, progresses in modern medicine have prompted the rapid devel-
opment of our knowledge of MBDs, and many important achievements have been made in the diagno-
sis and treatment of MBDs. The discovery of PTH in 1961, the introduction of the hormone/receptor
theory in 1962, and the development in the study of metabolism of bone and cartilage on cellular and
molecular levels have greatly strengthened our overall knowledge and understanding of MBDs. There
are many milestones in this realm. First, the mechanism of coupling between osteoblastic and oste-
oclastic lineage cells was confirmed; this mechanism involved the coupling among cytokines, growth
factors and endocrine/paracrine hormones (e. g. the OPG/RANK/RANKL system). Second, various
hormone functions in regulating bone metabolism have been clarified. The study of osteotrophic hor-
mones (e.g. PTH/PTHrP, CT and lalpha,25-(OH),D,) , estrogen receptors and its subtypes ( ER-
alpha and ERbeta) has increased our understanding of their roles in regulation of bone metabolism
and pathogenesis and phenotypes of MBDs at the genetic and molecular levels. Third, the mecha-
nisms and molecular etiology of some MBDs have been elucidated (e. g. McCune-Albright syndrome
and pseudohypoparathyroidism type la are caused by Gsalpha subunit mutations, and vitamin D
resistant rickets is caused by vitamin D receptor gene mutations, postmenopausal osteoporosis is
caused by a lack of estrogen, chondrodysplasia is caused by FGFR gene mutations, etc. ). Also, mo-
lecular biology techniques have been used to detect the molecular etiology of MBDs. Fourth, due to
the wide applications of dual X-ray absorptiometry ( DXA) and quantitative testing of bone mineral
density ( BMD) and bone mineral content ( BMC), diagnosis of MBDs has been significantly im-
proved. DXA provides greater sensitivity and specificity of BMD measurement while many other diag-
nostic techniques such as bone ultrasonography, quantitative CT (QCT) , quantitative MR (QMR) ,
micro CT ( uCT), etc. have also emerged. Furthermore, with the discovery and application of large
numbers of bone metabolic biochemical markers ( e. g. bone-specific ALP, BGP, OPG, TRAP5b,
NTX, CTX, etc. ), evaluation of MBDs has become more reliable. Besides BMD measurement,
some instruments( e. g. bone ultrasonography, QMR, QCT, CT, etc. ) can be used to indirectly ob-
serve the biological quality of bone (e. g. fragility, biomechanical features, bone microstructure,

etc. ). By applying laser scanning confocal microscopic and MRI microscopic techniques to the bone
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ultrastructure and 3D-reconstruction of bone ultrastructure, researchers have developed a new way to
evaluate bone ultrastructure and function. Fifth, in the treatment of MBDs, new pharmaceuticals as
SERM, bisphosphonates and calcitonin are widely used. As a result, the efficacy of prevention and
treatment of MBDs has improved remarkably. For example, bisphosphonates have developed to the
third generation and their anti-absorptive effects have increased a thousand times while side effects
have been minimized. International randomized and controlled clinical trials (RCTs) are solving per-
sistent vexing questions about effects of major drugs. For instance, in the United States, the study of
the Women’ s Health Initiative (WHI) has repudiated the use of long-term replacement therapy with
combined CEE 0. 625mg/d plus MPA 2. 5mg/d. Thus, a new round of research and tide of discus-
sion have been triggered in regard to ERT ( estrogen replacement therapy) and HRT ( hormone
replacement therapy) in patients with postmenopausal osteoporosis. The course and dosage of estro-
gen and progestin need to be further established. Moreover, the major concern about breast cancer as
the result of ERT or HRT will continue to receive a great deal of attention and scrutiny.

Professors Liu Shihao and Zhu Xianyi, the founders and precursors of modern medicine and the
study of MBDs in China, have eminently contributed to national research on MBDs in China. In this
new century, it is our responsibility to continue this work and we are confident that advancements will
be made. In recent years, studies of MBDs with primary osteoporosis as a focus have made great pro-
gress in China. Countrywide, many research institutes have contributed studies on a census of the
prevalence of osteoporosis. DXA applications and tests of bone markers have been widely used. Many
institutes have made significant achievements in evaluating new drugs and developing new Chinese
medicines for MBDs.

MBD research is one of the most active areas of study in endocrinology ; there are several reasons
why researchers spend large amounts of time and money in pursuit. Along with the rapid development
of our society and economy, the morbidity of osteoporosis has continued to grow year after year. It is
estimated that osteoporosis will reach epidemic proportions in China by the end of the first half of this
century. On the other hand, because of the imbalance of economic development, enduring ethnic
customs and numerous changes in the chronic disease spectrum, lack of vitamin D and low calcium
intake are and will continue to be principal issues of MBDs in our country for an extending period of
time. While new medical techniques ( such as hemodialysis, organ transplantation, tumor chemother-
apy, etc. ) will undoubtedly improve the quality and prolongation of life for patients, the risk for oste-
oporosis will continue to increase; therefore, the work of prevention and treatment of MBDs continues
to be in high demand. It is evident that the current status quo of MBD research, prevention and ther-
apy does not adequately meet the requirements of this situation. Our works on MBD research, clinical
prevention, and treatment must not only become more extensive and superior in quality, but also im-
prove at a faster rate.

At the end of 1980s, Professor Zhu Xianyi was the chief editor of the first book on this topic
the Metabolic Bone Diseases ( Tian Jin Technology Publisher, 1989). Many others followed, such as
Osteoporosis - Fundamental and Clinical, edited by Professor Guo Shifu ( Tian Jin Technology Pub-
lisher, 2001) and Osteoporosis, edited by Professor Liu Zhonghou ( Scientific Publisher, 1998). At

the same time, chapters on MBDs were added to textbooks and reference books of endocrinology and

internal medicine. All these efforts have decisively driven the development of our knowledge of MBD
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in this country.

Xiang-Ya Medical School of Central South University was one of the earliest schools to launch re-
search work on MBDs in China. As early as 1956, Professor Wu Hanwen began clinical research in
heavy metal toxicosis in relationship to MBDs. Since the 1970s, Xiangya Medical School has focused
on osteoporosis in topics of bone metabolism study. First, under the leadership of Professors Wu Han-
wen, Chao Chusheng and Liao Eryuan, etc. , the school spent over ten years doing extensive research
on the metabolism of calcium, phosphorus, magnesium, iron, copper, zinc, nitrogen, etc. in endo-
crine diseases such as diabetes mellitus, Graves disease, hypothyroidism, Cushing syndrome, etc.
This research led to many modified experimental methods and numerous new discoveries. Qur work on
the relationship between the imbalanced metabolism of calcium and phosphorus and diabetic chronic
complications gained the nation’ s third highest ranking award for technology development. Then,
beginning in 1992, we conducted a great deal of research work on the pathogenesis, epidemiology,
diagnosis, prevention and treatment of postmenopausal osteoporosis. In 2002, our series studies in
diagnosis, prevention and treatment of primary osteoporosis gained the Chinese 1st-Rank Award for
Technology Development from the National Education Department. Additionally, we have earned
many other national and international awards in recognition of our research achievements. In ten years
of research, we have achieved many accomplishments: First, from 1995 to 2002, using the Hologic
QDR 4500A DXA, we examined BMD of over 3000 subjects at 38 sites, and developed the most
extensive BMD Reference Database for the population, and established BMD normal ranges, divided
into 18 age-segments from 5 to 90 years old. Second, we investigated the relationships between BMD
and osteoporotic fractures, etc. and determined the prevalence of primary osteoporosis in Hunan.
Third, we established small animal models for measuring and analyzing BMD and used the so-called
“regions of interest” of bone loss to improve the sensitivity of BMD tests. Fourth, we applied estab-
lished methods in epidemiological investigations, clinical diagnosis, fracture risk evaluation, antios-
teoporotic effects, appraisal of animal models and so on. These applications have also been extended
to other areas, including orthopedics, gynecology and obstetrics, geriatrics, rheumatology, pharma-
cology, biochemistry, food hygieiology, public hygieiology, new drug studies, etc. Fifth, we used
molecular biological techniques in extensive and in-depth study of the mechanisms of estrogen/proges-
tin action in bone. We used gene microarrays, cDNA representative difference analysis, techniques
of fast cDNA microarray screening, etc. to study the regulation of estradiol-related genes and target
the gene spectrum of osteoblasts up-and down-regulated by estradiol, nylestriol and levonorgestrel.
We used Bacillus E Coli to successfully express bone matrix Gla protein (MGP). In the meantime,
we have lead in research of the relationship between osteoporosis and bone matrix metalloproteinases
(MMP) as well as tissue inhibitors of MMP ( TIMPs) , discovering the importance of MMPs/TIMPs
in regulation of bone remodeling. All this work has not only increased our knowledge of osteoporosis
but also gained the highest regard by national and international experts. As a result, we earned the
National Excellent Doctoral Dissertations award in 2002. Sixth, we set up guidelines for evaluating
bone microdamage, bone histomorphometry, bone biomechanics and bone fatigue injury by using laser
scanning confocal microscopic techniques and inventing new techniques to study osteoporosis, inclu-
ding early diagnosis, evaluation of drug effects and the characteristics of histomorphology of osteoporo-

sis. Seventh, we completed a comparison study on bone metabolic biomarkers; in the meantime, we
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also identified and applied some new markers (e. g. OPG) to assist in clinical diagnosis, differenti-
al diagnosis and evaluation of treatment effects. Eighth, we established network organizations in a
community population of 60,000 and a three-level osteoporosis prevention and treatment system. Con-
sidering the work and living customs of southern inhabitants in China, we searched for and developed
a plan of osteoporosis prevention and therapy which would be suitable and appropriate for this region
of the country. Ninth, considering the critical deficiency in estrogen and progestin in postmenopausal
osteoporosis and based upon long-term ERT clinical experience, we developed the nation’ s third
class new drug-Compound Nylestriol Tablet ( CNT). Clinical testing has basically confirmed the
favorable effects of CNT in the prevention and treatment of postmenopausal osteoporosis.

Based on all the aforementioned work, almost seventy experts and professors in Xiangya Medical
School, concluding the accomplishments achieved within a hundred years by the school, in associa-
tion with some notable international scholars, refering to relevant national and international treatises
and documents, produced this book “ Metabolic Osteology”. Its purpose is to promote an exchange
of academic ideas and foster improvement of the clinical practice, teaching and research in the
advance of our nation’ s work on MBD. Taking this opportunity, we would like to express our appreci-
ation to all the experts and friends who have cared for and supported our work over the years and con-
tinue to do so.

This book, Metabolic Osteology, is divided into 74 chapters in 7 parts totaling 2, 800, 000
words. Included are more than 278 tables and 550 figures and more than 7200 references. The first
part introduces the basic knowledge and most recent progress in bone molecular biology and bone
physiology. The second part describes the histopathology and molecular pathology of MBD. The third
part introduces the techniques used for clinical diagnosis of BMD (such as X-ray, MRI, microMRI,
CT, microCT imaging, ultrasound, metabolic biomarkers of bone, etc. ) and the techniques of labo-
ratory research (such as bone histomorphometry, microdamage biomechanics, cell culture, molecular
biology, animal models, gene mutation analysis, etc. ). The fourth and fifth parts discuss the etiolo-
gy, mechanism, diagnosis, differential diagnosis, prevention and treatment of each MBD and consti-
tutional bone disorders in great detail. The sixth and seventh parts explore the relationship between
bone metabolism and endocrine diseases as well as with other systemic diseases. Additional informa-
tion is presented including the diagnosis, prevention and treatment for these secondary MBDs.

The book rather completely presents our accomplishments regarding clinical practice, teaching
and research of MBD over the past decades. A great deal of information, pictures, and data have
been obtained from Xiang-Ya Medical School. At the same time, to make the book more comprehen-
sive, we referred extensively to worldwide study results. This book has the following features: (DThe
collected data are comprehensive. This book not only includes a century of the Xiang-Ya Medical
School’ s clinical, academic and research experience, but also consolidates the most up-to-date inter-
national accomplishments pertaining to MBD. (2)Theoretical and clinical skills are presented in com-
bination. To understand the clinical manifestations of MBD, laboratory findings, key diagnostic
points, the methods of treatment, we must thoroughly understand the fundamentals of MBD. There-
fore, we have used both clinical and theoretical aspects as cores in presenting related research work
and testing techniques. Most of the recent and advanced techniques and ideas are presented. (3)Com-

mon MBDs and numerous uncommon MBDs are jointly presented. We specifically introduce the etiol-
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ogy, pathogenesis, clinical manifestations, diagnosis, differential diagnosis, prevention and treat-
ment of common diseases in detail. Additionally, we have endeavored to include rare types of MBDs,
including some recently discovered , such as G-protein diseases, ion channelopathies, diseases relat-
ed to receptor gene mutations, transplantation bone diseases, tumor-related bone diseases, etc.
(@Progress in understanding and treating MBDs has lagged behind other clinical subjects. Questions
regarding MBDs that demand answers or solutions continue to exist in theory and clinical practice;
therefore, in this book, we have used a variety of methods to introduce these questions for evaluation
by our readers, to stimulate further thought and to propose new research topics and directions. The
book is distinguished in its edited format and written style. We have endeavored to adhere to the prin-
ciples of evidence-based medicine. All national and international references have been screened and
sources of data are identified for the convenience of our readers’ further study.

During the editing and publishing this book, we have received a great deal of support and
encouragement from medical professionals, fellows, experts and friends at home and abroad. Taking
this opportunity, we would like to express our gratitude to Professors Wu Hanwen and Chao Chusheng
for their devoted attention and coaching. We especially appreciate the guidance of Professor Men
Xunwu, director of the Chinese Society of Osteoporosis and Bone Mineral Research ( CSOBMR) , and
other senior experts. We especially appreciate those Chinese and foreign experts and friends whose
data and references have been quoted in this book.

Knowledge updates fast. Although we have gone to painstaking efforts in writing this book, it is
impossible to produce a flawless work. Our intentions and our efforts have been, according to the
ancient Chinese saying, to throw away bricks to find jade. We hope that this book will encourage more
work in the future to drive the development of our knowledge of MBDs in China. Thus, we enthusiasti-

cally look for your criticism and comments; please inform us of any mistakes and/or omissions.

Eryuan Liao, MD

Professor and Director
Institute of Endocrinology and Metabolism
The Second Xiangya Hospital
Central South University
Changsha, Hunan, China
Yebin Jiang, MD, PhD
Associate Professor

OARG, Box 0628, UCSF
Department of Radiology
University of California

San Francisco, USA

Harry K. Genant, MD

Professor of Radiology, Medicine, Orthopedic Surgeon, and Epidemiology
University of California

San Francisco, USA
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