mouse skeleton anatomy

mouse skeleton anatomy is a fascinating subject that unveils the intricate structure and function of one of
the most commonly studied organisms in biological research. Understanding mouse skeleton anatomy is
crucial not only for the study of mammalian biology but also for insights into human health, genetics, and
disease modeling. The mouse skeleton serves as a model for comparative anatomy, providing valuable
information about vertebrate evolution and the development of skeletal systems. This article will delve
into the components of the mouse skeleton, including the axial and appendicular skeleton, bone types, and
developmental aspects, while also addressing the anatomical variations between mouse and human
skeletons. Additionally, we will explore the significance of studying mouse skeleton anatomy in scientific

research and its implications for future studies.
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Components of the Mouse Skeleton

The mouse skeleton consists of two main parts: the axial skeleton and the appendicular skeleton. Each part

serves specific functions, contributing to the overall structure and mobility of the animal.

Axial Skeleton

The axial skeleton forms the central axis of the mouse's body and comprises the skull, vertebral column,

and rib cage. It plays a crucial role in protecting vital organs and supporting the head and torso.



o Skull: The skull houses the brain and sensory organs. It consists of several bones, including the

frontal, parietal, occipital, and temporal bones, which are fused in adults.

¢ Vertebral Column: The vertebral column is made up of cervical, thoracic, lumbar, sacral, and caudal

vertebrae. It provides structural support and flexibility, protecting the spinal cord along its length.

e Rib Cage: The rib cage consists of ribs that encircle the thoracic cavity, providing protection for the

heart and lungs while also facilitating respiration.

Appendicular Skeleton

The appendicular skeleton includes the limbs and the girdles that attach them to the axial skeleton. This

part of the skeleton is essential for movement and manipulation of the environment.

¢ Forelimbs: The forelimbs consist of the humerus, radius, ulna, carpals, metacarpals, and phalanges.

They facilitate a range of movements, including grasping and climbing.

¢ Hind Limbs: The hind limbs include the femur, tibia, fibula, tarsals, metatarsals, and phalanges. These

bones are adapted for locomotion and support the mouse's weight during movement.

¢ Pelvic and Pectoral Girdles: The pelvic girdle connects the hind limbs to the axial skeleton, while
the pectoral girdle connects the forelimbs. These girdles provide stability and enable a wide range of

motion.

Bone Types in the Mouse Skeleton

Mouse skeleton anatomy features various types of bones, each with distinct characteristics and functions.

Understanding these bone types is essential for comprehending their roles in the skeletal system.

Long Bones

Long bones, such as the femur and humerus, are characterized by their elongated shape. They are



primarily involved in support and movement, serving as levers that facilitate locomotion.

Short Bones

Short bones, such as those in the wrists and ankles, are approximately equal in length and width. They

provide stability and support while allowing for a limited range of motion.

Flat Bones

Flat bones, like the skull bones and scapulae, have a thin, flattened shape. They serve protective functions,

safeguarding vital organs and providing surfaces for muscle attachment.

Irregular Bones

Irregular bones, including vertebrae and some skull bones, have complex shapes that fulfill specific

functions. They often provide support and protection while allowing for flexibility and movement.

Development of the Mouse Skeleton

The development of the mouse skeleton occurs through a process known as ossification, where cartilage is

transformed into bone over time. This process is crucial for the proper formation of the skeletal system.

Embryonic Development

During embryonic development, the mouse skeleton begins as a cartilage model, which gradually ossifies.
This process starts around the sixth week of gestation, with the primary ossification centers appearing in

long bones.

Postnatal Growth

After birth, mice experience rapid skeletal growth, and the growth plates at the ends of long bones remain



open for several weeks to allow for continued lengthening. This growth is regulated by various hormones

and nutritional factors.

Comparative Anatomy: Mouse vs. Human Skeleton

Studying the differences and similarities between mouse and human skeletons provides valuable insights
into evolutionary biology and medicine. While both species share a basic vertebrate structure, significant

differences exist.

Size and Proportions

The most apparent difference between mouse and human skeletons is size. Mice have proportionately

larger skulls relative to their body size, and their limbs are shorter. These proportions affect locomotion and

agility.

Bone Structure

‘While both species have long, short, flat, and irregular bones, the specific structure and density of these
bones can vary significantly. Mice have lighter bones adapted for quick movements, while humans possess

denser bones for support and stability.

Functional Adaptations

Mice exhibit unique adaptations in their skeletons that enhance their survival, such as flexible spines and
elongated limbs for rapid movement. Understanding these adaptations can inform research on biomechanics

and evolutionary physiology.

Significance of Mouse Skeleton Anatomy in Research

The mouse skeleton serves as an invaluable model for scientific investigation, particularly in fields such as
genetics, developmental biology, and medicine. Its anatomical similarities to humans make it an ideal

subject for studying human diseases and conditions.



Model Organism in Research

Mice are widely used as model organisms in research because of their genetic, biological, and behavioral
similarities to humans. Studies of mouse skeleton anatomy can lead to breakthroughs in understanding

skeletal disorders, aging, and regenerative medicine.

Genetic Studies

Mouse models are instrumental in genetic studies, particularly for investigating the genetic basis of skeletal
diseases. Researchers can manipulate specific genes to observe the effects on bone development and health,

providing insights that are often translatable to human conditions.

Conclusion

The exploration of mouse skeleton anatomy reveals a complex and finely-tuned structure that plays a
crucial role in the mouse's survival and adaptability. Understanding the components, types of bones,
developmental processes, and comparative aspects of mouse skeletons not only enriches our knowledge of
mammalian biology but also enhances the application of this knowledge in scientific research. The
significance of the mouse skeleton in research continues to drive advancements in medicine and biology,

making it an essential area of study for the future of health sciences.

Q: What is the main function of the mouse skeleton?

A: The main function of the mouse skeleton is to provide structural support, protect vital organs, facilitate

movement, and serve as a site for blood cell production and mineral storage.

Q How many bones are in a mouse skeleton?

A: An adult mouse typically has around 200 bones in its skeleton, although the exact number can vary

slightly due to individual differences and the presence of certain small bones.

Q: What are the differences between mouse and human skeletons?

A: Key differences include size, proportions, and bone structure. Mice have smaller, lighter bones adapted

for quick movements, while humans have larger, denser bones for stability and weight support.



Q How does the mouse skeleton develop?

A: The mouse skeleton develops through a process called ossification, where cartilage is gradually replaced

by bone, beginning in embryonic development and continuing through postnatal growth.

Q Why are mice used as model organisms in research?

A: Mice are used as model organisms because of their genetic, biological, and behavioral similarities to

humans, which allow researchers to study human diseases and test treatments effectively.

Q What types of bones are found in the mouse skeleton?

A: The mouse skeleton contains long bones, short bones, flat bones, and irregular bones, each serving

different functions related to support, movement, and protection.

Q: Can the anatomical study of mice contribute to human health research?

A: Yes, the anatomical study of mice can significantly contribute to human health research, particularly in

understanding skeletal disorders, genetics, and the biological mechanisms underlying various diseases.

Q: What is the role of the axial skeleton in mice?

A: The axial skeleton in mice provides structural support, protects the central nervous system and vital

organs, and serves as an attachment point for muscles involved in movement.

Q How does the mouse skeleton change as it ages?

A: As mice age, their bones may undergo changes such as decreased density, alterations in structure, and

increased susceptibility to fractures, similar to age-related changes observed in humans.

Q What is the significance of growth plates in mouse bones?

A: Growth plates are crucial for longitudinal bone growth in mice, allowing bones to elongate during
development. They remain open for a certain period postnatally, enabling rapid growth before eventually

closing.
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mouse skeleton anatomy: Micro-Tomographic Atlas of the Mouse Skeleton Itai A. Bab,
Carmit Hajbi-Yonissi, Yankel Gabet, Ralph Miller, 2007-12-27 The Micro-Tomographic Atlas of the
Mouse Skeleton provides a unique systematic description of all calcified components of the mouse. It
includes about 200 high resolution, two and three dimensional m CT images of the exterior and
interiors of all bones and joints. In addition, the spatial relationship of bones within complex skeletal
units is also described. The images are accompanied by detailed explanatory text, thus highlighting
special features and newly reported structures. The Atlas fulfils an emerging need for a
comprehensive reference to assist both trained and in-training researchers.

mouse skeleton anatomy: Neuroanatomy of the Mouse Hannsjorg Schroder, Natasha Moser,
Stefan Huggenberger, 2020-02-28 This textbook describes the basic neuroanatomy of the laboratory
mouse. The reader will be guided through the anatomy of the mouse nervous system with the help of
abundant microphotographs and schemata. Learning objectives and summaries of key facts at the
beginning of each chapter provide the reader with an overview on the most important information.
As transgenic mice are one of the most widely used paradigms when it comes to modeling human
diseases, a basic understanding of the neuroanatomy of the mouse is of considerable value for all
students and researchers in the neurosciences and pharmacy, but also in human and veterinary
medicine. Accordingly, the authors have included, whenever possible, comparisons of the murine
and the human nervous system. The book is intended as a guide for all those who are about to
embark on the structural, histochemical and functional phenotyping of the mouse’s central nervous
system. It can serve as a practical handbook for students and early researchers, and as a reference
book for neuroscience lectures and laboratories.

mouse skeleton anatomy: Skeletal Anatomy of the Newborn Primate Timothy D. Smith, Valerie
B. DeLeon, Christopher J. Vinyard, Jesse W. Young, 2020-05-28 The first clearly-illustrated,
comparative book on developmental primate skeletal anatomy, focused on the highly informative
newborn stage.

mouse skeleton anatomy: The Laboratory Mouse Hans Hedrich, 2012-06-14 The Laboratory
Mouse, Second Edition is a comprehensive book written by international experts. With inclusions of
the newly revised European standards on laboratory animals, this will be the most current, global
authority on the care of mice in laboratory research. This well-illustrated edition offers new and
updated chapters including immunology, viruses and parasites, behavior, enrichment and care
standards of laboratory mice across the life sciences, medical and veterinary fields. - Features
four-color illustrations with complete instruction on mouse surgery, anatomy, behavior and care of
the mouse in laboratory research - Offers additional chapters on new mouse strains, phenotyping of
strains, bacteria and parasites, and immunology - Includes the newly revised EU standards on care,
as well as, comparisons to standards and regulations in the US and other countries

mouse skeleton anatomy: Pathology of the Developing Mouse Brad Bolon, 2015-04-24
Pathology of the Developing Mouse provides, in so far as feasible, one complete reference on the
design, analysis, and interpretation of abnormal findings that may be detected in developing mice
before and shortly after birth. In particular, this book is designed specifically to be not only a how to
do manual for developmental pathology expe

mouse skeleton anatomy: Developmental and Reproductive Toxicology Ronald D Hood,
2016-04-19 Completely revised and updated, Developmental and Reproductive Toxicology: A
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Practical Approach, Second Edition draws together valuable information typically scattered
throughout the literature, plus some not previously published, into one complete resource. In
addition to the traditional aspects of developmental toxicity testing, the book covers e

mouse skeleton anatomy: Mouse Development Janet Rossant, Patrick P. L. Tam, 2002-03
This book represents a classic compilation of current knowledge about mouse development and its
correlates to research in cell biology, molecular biology, genetics, and neuroscience. Emphasis is
placed on the research strategy, experimental design, and critical analysis of the data, disguishing
this from other books that only focus on protocols for mouse developmental research. Selected
chapters are indexed to electronic databases such as GeneBank, GenBank, Electronic Mouse Atlas,
and Transgenic/Knockout, further increasing the utility of this book as a reference. *Broad-based
overview of mouse development from fundamental to specialist levels *Extensive coverage of a wide
range of developmental mutations of the mouse *Excellent benchmark illustrations of brain,
craniofacial, gut and heart development *In-depth experiment-based assessment of concepts in
mammalian development *Focus on models of specific relevance to human development
*Comprehensive reference to key literature and electronic databases related to mouse development
*High-quality full-color production

mouse skeleton anatomy: The Mouse in Biomedical Research , 2006-12-04 History, Wild Mice,
and Genetics, the first volume in the four volume set, The Mouse in Biomedical Research, provides
information about the history, biology and genomics of the laboratory mouse (Mus musculus), as
well as basic information on maintenance and use of mouse stocks. Mouse origins and relationships
are covered in chapters on history, evolutionary taxonomy and wild mice. Genetics and genomics of
the mouse are covered in chapters on genetic nomenclature, gene mapping, cytogenetics and the
molecular organization of the mouse genome. Maintenance of laboratory mice is described in
chapters on breeding systems for various types of strains and stocks and genetic monitoring. Use of
the mouse as a model system for basic biomedical research is described in chapters on chemical
mutagenesis, gene trapping, pharmacogenetics and embryo manipulation. The information in
Volume 1 serves as a primer for scientists new to the field of mouse research.

mouse skeleton anatomy: Mouse World Beatrix Zimmerman, 2024-10-15 Mouse World delves
into the fascinating realm of mice, exploring their biology, behavior, and global impact. This
comprehensive guide illuminates the complex lives of these small mammals, from their evolutionary
history to their crucial role in scientific research. The book argues that mice are far more than pests
or lab subjects; they are intricate organisms vital to both ecosystems and human progress. The
narrative unfolds across three main areas: 1. Mouse biology and behavior 2. Their use in scientific
research 3. Their global distribution and ecological impact Readers are guided through mouse
anatomy and physiology before exploring their significance in fields like genetics and neuroscience.
The book then examines mouse populations worldwide, highlighting their environmental influence.
Throughout, Mouse World balances scientific rigor with accessible language, employing engaging
anecdotes and illustrations to elucidate complex concepts. What sets this book apart is its holistic
approach, integrating knowledge from both laboratory and wild mouse studies. By drawing
connections between mouse research and fields such as ecology and human psychology, it offers a
unique perspective on the broader implications of mouse biology. Whether you're a student,
researcher, or simply curious about nature, Mouse World provides valuable insights into these tiny
but significant creatures that have shaped our understanding of life on Earth.

mouse skeleton anatomy: The Mouse in Biomedical Research Henry L. Foster, J. David
Small, James G. Fox, 2014-05-10 The Mouse in Biomedical Research, Volume III: Normative Biology,
Immunology, and Husbandry focuses on the normative biology, immunology, and husbandry of
laboratory mice. Topics covered range from gnotobiotics and gastrointestinal microflora to animal
health surveillance and health delivery systems, along with environmental monitoring. The
management and design of breeding and research facilities are also discussed. Comprised of 18
chapters, this volume begins with an overview of studies involving gnotobiotic mice, the induction of
gnotobiosis, and microbiological testing of gnotobiotic animals. Maintenance of breeding colonies of



gnotobiotic animals is also considered, together with the shipment of gnotobiotes and laboratory
facilities for using gnotobiotes. The reader is then introduced to management and design of breeding
and research facilities for gnotobiotic mice; practical factors associated with providing adequate
nutrition for laboratory mice; and environmental and equipment monitoring. Subsequent chapters
deal with the basic biology of the mouse, including anatomy, embryology, reproductive physiology,
physiology, endocrinology, hematology, clinical biochemistry, and gastrointestinal microflora. The
book also examines immunoglobulins and immunoglobulin genes; lymphocyte immunogenetics;
immune response disorders; and biomethodology and surgical techniques. This monograph will be
useful to biologists, immunologists, researchers, and others those who use mice in the laboratory or
are concerned with the production and maintenance of colonies of mice.

mouse skeleton anatomy: Kaufman's Atlas of Mouse Development Supplement Gillian
Morriss-Kay, Shankar Srinivas, 2024-11-30 Kaufman's Atlas of Mouse Development Supplement,
Second Edition continues the stellar reputation of the original Atlas by providing updated, in-depth
anatomical content and morphological views of organ systems. The book explores the developmental
origins of the organ systems, following the original atlas as a continuation of the standard in the
field for developmental biologists and researchers across biological and biomedical sciences
studying mouse development. In this new edition, each chapter has been updated to include the
latest research, along with while new chapters on the functional aspects of mouse and human heart
development, the immune system, and the inner ear.These additions ensure an up-to-date resource
for all biomedical scientists who use the mouse as a model species for understanding the normal and
abnormal development of human systems. - Offers in-depth anatomy and morphological views of
organ systems and their developmental origins - Includes the latest techniques for visualizing gene
expression and other functional aspects of tissue and organ development - Explores the links
between mouse and human developmental processes - Features high-quality color images to help
readers visualize key developmental processes and structures

mouse skeleton anatomy: The Juvenile Skeleton Louise Scheuer, Sue Black, 2004-04-02 The
identification of even the smallest human fetal bone can be vital to the success of a criminal
investigation or to the identification of the deceased. This book examines every bone in the human
body from its earliest embryological stage through to maturity and is profusely illustrated with
superb bone drawings at every stage of development. The ability to identify every component of the
developing skeleton is of core relevance not only to the forensic profession but also to clinicians,
skeletal biologists and physical anthropologists. - Identifies every component of the developing
skeleton - Provides detailed analysis of juvenile skeletal remains and the development of bone as a
tissue - Summarizes key morphological stages in the development of every bone

mouse skeleton anatomy: The Genetics of the Skeleton David Roderick Johnson, 1986 The
effects of genetic mutations on the mammalian skeleton are a useful aid in understanding how the
skeleton develops. This book describes these effects, using the mouse as a primary source for
considering the precartilaginous, cartilaginous, and bony skeletons, regional anatomy, and the
interactions between genes and teratogens. The author summarizes the normal development of each
part before discussing its mutations and completes his study by synthesizing the contributions
mutants make to our understanding of the development of each part considered.

mouse skeleton anatomy: Medicine Meets Virtual Reality 19 James D. Westwood, 2012 A
physician who is treating a patient confronts a complex and incompletely understood living system
that is sensitive to pain. An engineer or programmer who develops a new device, on the other hand,
operates within the less emotional domains of materials and mathematics. The Medicine Meets
Virtual Reality (MMVR) conference brings together physicians, scientists, engineers, educators,
students, and others to bridge the gap between clinicians and technologists, and to create
collaborative solutions to healthcare challenges. This book presents the proceedings of the Medicine
Meets Virtual Reality conference (MMVR19), held in Newport Beach, California, USA, in February
2012. It includes papers on modeling and simulation, imaging, data visualization and fusion, haptics,
robotics, telemedicine and medical intelligence networking, virtual and augmented reality,



psychotherapy and physical rehabilitation tools, serious games, and other topics. MMVR stimulates
interaction between developers and end users and promotes unorthodox problem-solving as a
complement to rigorous scientific methodology. This book will interest all who are involved with the
future of medicine.

mouse skeleton anatomy: Genetics of Bone Biology and Skeletal Disease Rajesh V. Thakker,
Michael P. Whyte, John Eisman, Takashi Igarashi, 2017-10-31 Genetics of Bone Biology and Skeletal
Disease, Second Edition, is aimed at students of bone biology and genetics and includes general
introductory chapters on bone biology and genetics. More specific disease orientated chapters
comprehensively summarize the clinical, genetic, molecular, animal model, molecular pathology,
diagnostic, counseling, and treatment aspects of each disorder. The book is organized into five
sections that each emphasize a particular theme, general background to bone biology, general
background to genetics and epigenetics, disorders of bone and joint, parathyroid and related
disorders, and vitamin D and renal disorders. The first section is specifically devoted to providing an
overview of bone biology and structure, joint and cartilage biology, principles of endocrine
regulation of bone, and the role of neuronal regulation and energy homeostasis. The second section
reviews the principles and progress of medical genetics and epigenetics related to bone disease,
including genome-wide association studies (GWAS), genomic profiling, copy number variation,
prospects of gene therapy, pharmacogenomics, genetic testing and counseling, as well as the
generation and utilizing of mouse models. The third section details advances in the genetics and
molecular biology of bone and joint diseases, both monogenic and polygenic, as well as skeletal
dysplasias, and rarer bone disorders. The fourth section highlights the central role of the
parathyroids in calcium and skeletal homeostasis by reviewing the molecular genetics of:
hyperparathyroidism, hypoparathyrodism, endocrine neoplasias, and disorders of the PTH and
calcium-sensing receptors. The fifth section details molecular and cellular advances across
associated renal disorders such as vitamin D and rickets. - Identifies and analyzes the genetic basis
of bone disorders in humans and demonstrates the utility of mouse models in furthering the
knowledge of mechanisms and evaluation of treatments - Demonstrates how the interactions
between bone and joint biology, physiology, and genetics have greatly enhanced the understanding
of normal bone function as well as the molecular pathogenesis of metabolic bone disorders -
Summarizes the clinical, genetic, molecular, animal model, molecular pathology, diagnostic,
counseling, and treatment aspects of each disorder

mouse skeleton anatomy: Anatomy and Dissection of the Rat Warren F. Walker, Dominique G.
Homberger, 1997-12-15 The careful explanation of each step of the dissection, helpful diagrams and
illustrations, and detailed discussion of the structure and function of each system in Anatomy and
Dissection of the Rat, Third Edition, optimize the educational value of the dissection process. These
laboratory exercises are available as a bound set for the first time ever; They're still offered
separately, as well. This popular series, which includes Anatomy and Dissection of the Frog and
Anatomy and Dissection of the Fetal Pig, is geared toward introductory courses in biology,
comparative anatomy, and zoology.

mouse skeleton anatomy: Research Anthology on Game Design, Development, Usage, and
Social Impact Management Association, Information Resources, 2022-10-07 Videogames have risen
in popularity in recent decades and continue to entertain many all over the world. As game design
and development becomes more accessible to those outside of the industry, their uses and impacts
are further expanded. Games have been developed for medical, educational, business, and many
more applications. While games have many beneficial applications, many challenges exist in current
development processes as well as some of their impacts on society. It is essential to investigate the
current trends in the design and development of games as well as the opportunities and challenges
presented in their usage and social impact. The Research Anthology on Game Design, Development,
Usage, and Social Impact discusses the emerging developments, opportunities, and challenges that
are found within the design, development, usage, and impact of gaming. It presents a comprehensive
collection of the recent research, theories, case studies, and more within the area. Covering topics



such as academic game creation, gaming experience, and violence in gaming, this major reference
work is a dynamic resource for game developers, instructional designers, educators and
administrators of both K-12 and higher education, students of higher education, librarians,
government officials, business leaders and executives, researchers, and academicians.

mouse skeleton anatomy: The Mammalian Spinal Cord Charles Watson, Gulgun Sengul,
George Paxinos, 2021-12-22 The Mammalian Spinal Cord provides a comprehensive account of the
anatomy and histology of the spinal cord. The text covers the cytoarchitecture, chemoarchitecture,
motor neuron distribution, long tracts, autonomic outflow, and gene expression in the spinal cord. A
feature of the book is the inclusion of segment-by-segment atlases of the spinal cords of rat, mouse,
newborn mouse, marmoset, rhesus monkey, and human. This book is an essential reference for
researchers studying the spinal cord. - Includes full-color photographic images of Nissl-stained
sections from every spinal cord segment in each of two rodent and three primate species, over 160
Nissl plates - Contains comprehensively labeled diagrams to accompany each Nissl-stained section,
over 160 diagrams - Provides more than 500 photographic images of sections stained for AChE,
ChAT, parvalbumin, NADPH- diaphorase, calretinin, or other markers to supplement the
Nissl-stained images

mouse skeleton anatomy: Cleft Lip and Palate Martyn T. Cobourne, 2012 A valuable source
of up-to-date information Cleft lip and palate is a complex, multifactorial and relatively common
craniofacial disorder, which arises because of disrupted facial development in the embryo. The
manifestations of this condition can be life-long and associated with significant morbidity. In the last
decade, progress has been made in our understanding of how clefts of the lip and palate arise in
human populations, and laboratory studies are beginning to elucidate the molecular mechanisms
that control development of the lip and palate. In addition, advances in surgical and medical care,
and long-term rehabilitation are improving outcome and quality of life for affected individuals.
Written by international experts in their respective fields, this publication covers in detail the
epidemiology and genetic basis of cleft lip and palate, the developmental biology of lip and palate
formation and provides current concepts in the management of patients affected by this condition.
Thus, the book provides a contemporary overview of the epidemiology, aetiology and treatment of
cleft lip and palate, and will be of use to a wide range of individuals, including students, biologists
and clinicians, who have an interest in this subject.

mouse skeleton anatomy: Vertebrate Skeletal Histology and Paleohistology Vivian de
Buffrénil, Armand ]. de Ricqles, Louise Zylberberg, Kevin Padian, 2021-06-24 Vertebrate Skeletal
Histology and Paleohistology summarizes decades of research into the biology and biological
meaning of hard tissues, in both living and extinct vertebrates. In addition to outlining anatomical
diversity, it provides fundamental phylogenetic and evolutionary contexts for interpretation. An
international team of leading authorities review the impact of ontogeny, mechanics, and
environment in relation to bone and dental tissues. Synthesizing current advances in the biological
problems of growth, metabolism, evolution, ecology, and behavior, this comprehensive and
authoritative volume is built upon a foundation of concepts and technology generated over the past
fifty years.
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