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Foreword

Although research on the cerebellum has a long history of over two centuries, its

advancement during the past five decades has been particularly rapid. An enormous

amount of knowledge has been accumulated, forming a rich wealth of technological

innovations, diverse refined data, novel concepts, and challenging hypotheses.

Clearly, it is a timely endeavor to broadly review and reorganize the accumulated

knowledge on a commonly understandable basis. This should be a very necessary

step toward the full utilization of available outcomes of rigorous research thus far

performed on the cerebellum and toward the effective focusing of our future

research. It is my pleasure to welcome this great Handbook of the Cerebellum
and Cerebellar Disorders as a compilation with such an overall aim. I am certain

that it will play a pivotal role in promoting the entire research fields on the

cerebellum.

This handbook provides an authoritative survey of the experimental and theo-

retical studies performed in two core areas of cerebellar research. One core covers

fundamental knowledge of the cerebellum at the molecular, cellular, neuronal

circuit, developmental, and behavioral levels. It includes not only biological and

experimental approaches but also modeling and computational approaches to the

study of the cerebellum. The other core covers knowledge of disorders involving

the cerebellum. This area will be applied in the near future to the development of

breakthroughs in the so-far-difficult medical treatment of cerebellar diseases. The

handbook embodies the current situation in which significant disparities between

these two core areas of research on the cerebellum, which hampered their merging,

have been diminished considerably. This handbook will no doubt facilitate the

further merging of fundamental and medical knowledge of the cerebellum.

The five editors (Mario Manto, Donna L. Gruol, Jeremy D. Schmahmann,

Ferdinando Rossi, and Noriyuki Koibuchi) have masterly identified major phenom-

ena, issues, and concepts of central importance in normal and diseased cerebella.

They have chosen 106 topics to fill four volumes. Two thirds of these topics are on

the fundamental knowledge and the other one third on knowledge of cerebellar

disorders. Each of these topics is assigned to a qualified author(s) and is explained

in terms of basic components such as genes, messengers, electrical/chemical

signals, cellular processes, neuronal circuits, systems functions, theoretical models,

mutations, animal models, and evolution.

v



Among such diverse topics, the degree of establishment and the depth of

refinement of concepts could vary, and some might be debated among contempo-

raries. I take such a variety as a feature of a rapidly expanding research field, in

which new research technologies are developed to enable novel observations and in

which hypothesis-guided approaches play leading roles. Hence, in this handbook,

the readers will find not only an impressive array of new knowledge but also

dynamic perspectives of ever-advancing research fields on the cerebellum.

Masao Ito

Riken Institute

Japan
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Preface

The cerebellum has long attracted a core group of scientists intrigued by the

sophistication of its circuitry, its unique geometric arrangement and developmental

biology, and its characteristic clinical manifestations. With the advances in genetic

studies, the rising awareness of the roles of the cerebellum in the nonmotor domain,

and the profusion of brain imaging techniques that have generated a vast amount of

new knowledge revealing novel aspects of cerebellar function, the field of cerebel-

lar neurobiology has expanded rapidly. Large communities of scholars now setting

out on their own paths of scientific enquiry are keenly interested in the cerebellum

and its multiple roles in nervous system function. The evolution, and in some

instances revolution, in knowledge of the cerebellum has sparked new fields of

enquiry and attracted new schools of thought and legions of new investigators. The

motivating goal of this comprehensive text therefore was to assemble an interna-

tional panel of experts who could summarize the state of the art of the many facets

of cerebellar clinical and basic neuroscience, and incorporate the most recent

developments in the field. There are several excellent books on the neurobiology

and clinical neurology of the cerebellum, but until the present volume there has

been no single comprehensive work that can serve as an in-depth authoritative

resource for the international community of scientists, clinicians, and other pro-

fessionals interested in the science of the cerebellum.

The Handbook of the Cerebellum and Cerebellar Disorders has been in prepa-

ration for over 2 years. This detailed work required the contributions of an inter-

national panel of renowned scientists and clinicians with experience in a diverse

array of fields of neuroscience who were invited to write chapters that provide

synthesis, analysis, and interpretation of both the historical and contemporary

literature. This handbook could not have been completed without their considerable

efforts, and we gratefully acknowledge their commitment to the project.

We would like to recognize the staff at Springer who provided excellent service

throughout this project. We particularly wish to acknowledge Ann Avouris, Martijn

Roelandse, Somodatta Roy, Namita Mathur, Mansi Seth, and Vasuki Ravichandran

for their input, assistance, constant support, and high degree of professionalism.

They have been invaluable in helping to bring this work to completion. In addition

to the printed version, we have arranged with Springer that the handbook be made

available electronically on the Springer website. The reader may find that the ebook

format is more accessible and that it facilitates searches more readily.
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The editors have attempted to cover what we regard as essential material, while

striving to avoid redundancy. In the belief that this volume may be useful to the

scientific and clinical communities, we plan to produce future editions of this work,

and we therefore invite suggestions and critique in order to further strengthen this

compilation, and perhaps include other authors and material that could serve to

enhance the handbook and draw attention to the increasingly vibrant field of the

basic science and clinical neurology of the cerebellum.

Mario Manto, Brussels, Belgium

Donna L. Gruol, La Jolla, USA

Jeremy D. Schmahmann, Boston, USA

Noriyuki Koibuchi, Gunma, Japan

Ferdinando Rossi, Turin, Italy
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Marco Sassoè-Pognetto and Annarita Patrizi

13 Synaptic Remodeling and Neosynaptogenesis . . . . . . . . . . . . . . . 257

Ann M. Lohof, Mathieu Letellier, Jean Mariani, and

Rachel M. Sherrard

14 Synaptogenesis and Synapse Elimination . . . . . . . . . . . . . . . . . . . 281

Masanobu Kano and Masahiko Watanabe

15 Genes and Cell Type Specification in Cerebellar

Development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 301

Matt Larouche and Daniel Goldowitz

16 Hormones and Cerebellar Development . . . . . . . . . . . . . . . . . . . 319

Noriyuki Koibuchi and Yayoi Ikeda

Section 2 Anatomy, Connections and Neuroimaging of
the Cerebellum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 341

17 Vascular Supply and Territories of the Cerebellum . . . . . . . . . . 343

Louis Caplan

18 Vestibulocerebellar Connections . . . . . . . . . . . . . . . . . . . . . . . . . 357

Neal H. Barmack and Vadim Yakhnitsa

19 Cerebellar Nuclei and the Inferior Olivary Nuclei:

Organization and Connections . . . . . . . . . . . . . . . . . . . . . . . . . . . 377

Jan Voogd, Yoshikazu Shinoda, Tom J. H. Ruigrok, and

Izumi Sugihara

20 Axonal Trajectories of Single Climbing and Mossy Fiber

Neurons in the Cerebellar Cortex and Nucleus . . . . . . . . . . . . . . 437

Yoshikazu Shinoda and Izumi Sugihara

21 Visual Circuits from Cerebral Cortex to Cerebellum;

The Link Through Pons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 469

Mitchell Glickstein

22 Cerebellar Connections with Limbic Circuits: Anatomy

and Functional Implications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 479

Gene J. Blatt, Adrian L. Oblak, and Jeremy D. Schmahmann

23 Cerebellar Influences on Descending Spinal Motor Systems . . . . 497

Tom J. H. Ruigrok

xii Contents



24 Cerebellar Thalamic and Thalamocortical Projections . . . . . . . . 529

Sharleen T. Sakai

25 Cerebellar Outputs in Non-human Primates: An Anatomical

Perspective Using Transsynaptic Tracers . . . . . . . . . . . . . . . . . . 549

Andreea C. Bostan and Peter L. Strick

26 Delineation of Cerebrocerebellar Networks with MRI Measures

of Functional and Structural Connectivity . . . . . . . . . . . . . . . . . . 571

Christophe Habas, William R. Shirer, and Michael D. Greicius

27 Radiographic Features of Cerebellar Disease: Imaging Approach

to Differential Diagnosis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 587

O. Rapalino, Robert Chen, and R. G. Gonzalez

28 Imaging Vascular Anatomy and Pathology of

The Posterior Fossa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 679

Zeshan A. Chaudhry, Ronil V. Chandra, R. Gilberto González, and
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de Bruxeles (ULB), Bruxelles, Belgium

Matthias Maschke Department of Neurology, Krankenhaus der Barmherzigen

Br€uder, Trier, Germany

Luca Massimino Division of Neuroscience, San Raffaele Scientific Institute,

Milan, Italy

Alexandre Mathy Wolfson Institute for Biomedical Research, University College

London, London, UK
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