
STRENGTH
CONDITIONING

A Biomechanical Approach

9781284022124_FMxx_00i_xxii.indd   1 12/02/15   12:45 AM



STRENGTH
CONDITIONING

A Biomechanical Approach

9781284022124_FMxx_00i_xxii.indd   2 12/02/15   12:46 AM



STRENGTH
CONDITIONING

A Biomechanical Approach

Gavin L. Moir, PhD
Associate Professor

Exercise Science Department
East Stroudsburg University

STRENGTH
CONDITIONING

A Biomechanical Approach

Gavin L. Moir, PhD
Associate Professor

Exercise Science Department
East Stroudsburg University

9781284022124_FMxx_00i_xxii.indd   3 12/02/15   12:46 AM



World Headquarters
Jones & Bartlett Learning
5 Wall Street
Burlington, MA 01803
978-443-5000
info@jblearning.com
www.jblearning.com

Jones & Bartlett Learning books and products are available through most bookstores and online booksellers. To contact Jones & Bartlett 
Learning directly, call 800-832-0034, fax 978-443-8000, or visit our website, www.jblearning.com.

Substantial discounts on bulk quantities of Jones & Bartlett Learning publications are available to corporations, professional 
 associations, and other qualifi ed organizations. For details and specifi c discount information, contact the special sales department 
at Jones & Bartlett Learning via the above contact information or send an email to specialsales@jblearning.com.

Copyright © 2016 by Jones & Bartlett Learning, LLC, an Ascend Learning Company

All rights reserved. No part of the material protected by this copyright may be reproduced or utilized in any form, electronic or 
mechanical, including photocopying, recording, or by any information storage and retrieval system, without written permission from 
the copyright owner.

Th e content, statements, views, and opinions herein are the sole expression of the respective authors and not that of Jones & Bartlett 
Learning, LLC. Reference herein to any specifi c commercial product, process, or service by trade name, trademark, manufacturer, or 
otherwise does not constitute or imply its endorsement or recommendation by Jones & Bartlett Learning, LLC and such reference shall 
not be used for advertising or product endorsement purposes. All trademarks displayed are the trademarks of the parties noted herein. 
Strength and Conditioning: A Biomechanical Approach is an independent publication and has not been authorized, sponsored, or other-
wise approved by the owners of the trademarks or service marks referenced in this product.

Th ere may be images in this book that feature models; these models do not necessarily endorse, represent, or participate in the  activities 
represented in the images. Any screenshots in this product are for educational and instructive purposes only. Any individuals and 
scenarios featured in the case studies throughout this product may be real or fi ctitious, but are used for instructional purposes  only.

02212-4

Production Credits
Chief Executive Offi  cer: Ty Field
President: James Homer
Chief Product Offi  cer: Eduardo Moura
VP, Executive Publisher: David D. Cella
Publisher: Cathy L. Esperti
Associate Acquisitions Editor: Kayla Dos Santos
Editorial Assistant: Sara J. Peterson
Associate Director of Production: Julie C. Bolduc
Production Assistant: Brooke Appe
Senior Marketing Manager: Andrea DeFronzo

VP, Manufacturing and Inventory Control: Th erese Connell
Composition: Cenveo Publisher Services
Cover Design: Kristin Parker
 Rights and Media Manager: Joanna Lundeen 
Media Development Assistant: Shannon Sheehan
Photo Research and Permissions Coordinator: Amy Rathburn
Cover Image: © Jupiterimages/Stockbyte/Th inkstock
Printing and Binding: Courier Companies
Cover Printing: Courier Companies

Library of Congress Cataloging-in-Publication Data

Moir, Gavin, author.
  Strength and conditioning: a biomechanical approach / by Gavin Moir.
       p. ; cm.
  Includes bibliographical references and index.
  ISBN 978-1-284-03484-4 (pbk. : alk. paper)
  I. Title.
   [DNLM: 1.  Biomechanical Phenomena. 2.  Physical Conditioning, Human–physiology. 3.  Athletic Performance–physiology. 
4.  Movement–physiology. 5.  Muscle Strength–physiology.  QT 256]

  QP303
  612.7’6–dc23
 2014037491
6048

Printed in the United States of America
19  18  17  16  15     10  9  8  7  6  5  4  3  2  1

9781284022124_FMxx_00i_xxii.indd   4 12/02/15   12:46 AM



 1. Basic Mechanics: Kinematic Variables 1

 2. Basic Mechanics: Kinetic Variables 29

 3. Structure and Mechanical Function of Skeletal  
Muscle and Tendon 83

 4. Bioenergetics of Exercise 153

 5. Muscular Strength and Power 193

 6. Training Methods to Develop Muscular Strength  
and Power 235

 7. Training Methods to Develop Flexibility 287

 8. Warm-up Methods 323

 9. Performance Analysis in Sport 351

 10. Skill Acquisition 387

 11. Biomechanics of Fundamental Movements:  
Jumping 431

Brief Contents©
 Jupiterim

ages/Stockbyte/� inkstock

9781284022124_FMxx_00i_xxii.indd   5 12/02/15   12:46 AM



 12. Biomechanics of Fundamental Movements:  
Landing 467

 13. Biomechanics of Fundamental Movements:  
Sprint Running 523

  Appendix 1. Système Internationale d’Unités 575

  Appendix 2. Scalars and Vectors 579

  Appendix 3. Vector Analysis 581

  Appendix 4. Calculus 589

  Appendix 5. Anatomic Terminology 603

  Appendix 6. Resources for Practitioners:  
Academic Journals 609

  Appendix 7. Resources for the Practitioner:  
Useful Websites 615

vi Brief Contents

9781284022124_FMxx_00i_xxii.indd   6 12/02/15   12:46 AM



Preface xvii

Reviewers xxi

1. Basic Mechanics: Kinematic Variables 1
Chapter Objectives 1
Chapter Overview 3
The Mechanical Reference Frame 3
The Center of Mass 4
Describing Motion with Kinematic Variables 5

Position 5
Velocity 7

Technology to Record Kinematic Variables 14
Timing gates 15
Global Positioning System-based technology 17
Position transducers 20
Accelerometers 21
Motion-analysis systems 22

Chapter Summary 26
Review Questions and Projects 26
References 27

Table of Contents©
 Jupiterim

ages/Stockbyte/� inkstock

9781284022124_FMxx_00i_xxii.indd   7 12/02/15   12:46 AM



2.	 Basic Mechanics: Kinetic Variables	 29
Chapter Objectives	 29
Chapter Overview	 31
Forces	 31
Newton’s Laws of Motion	 31

Newton’s law of inertia	 32
Newton’s law of acceleration	 35
Newton’s law of reaction	 37

The Impulse of a Force and Momentum	 42
The Work Done by a Force and Mechanical Energy	 49
Forms of Mechanical Energy	 54
Power	 60
Friction and the Coefficient of Friction	 65
The Moment of a Force	 68
Technology to Record Kinetic Variables	 73

Position transducers	 73
Accelerometers	 74
Pressure insoles	 74
Force plates	 75

Chapter Summary	 79
Review Questions and Projects	 80
References	 81

3.	 Structure and Mechanical Function of Skeletal 	  
Muscle and Tendon	 83
Chapter Objectives	 83
Chapter Overview	 85
Skeletal Muscle	 85
Muscular and Skeletal Couplings to Produce Movement	 88
Macrostructure of Skeletal Muscle	 92
Microstructure of Skeletal Muscle	 96

Composition of thin and thick myofilaments	 98
Crossbridge cycling	 100

Excitation–Contraction Coupling	 103
Propagation of action potentials	 107

viii	 Table of Contents

9781284022124_FMxx_00i_xxii.indd   8 12/02/15   12:46 AM



Factors Affecting the Mechanical Output of 	  
Skeletal Muscle	 108

Length of the muscle	 109
Velocity of dynamic muscle actions	 111
Fiber type	 113
Cross-sectional area	 114
Specific tension	 117
Architecture	 118
Activation dynamics	 120
Spinal reflexes	 123
Contractile history	 125

Energetics of Muscular Actions	 129
Tendon	 134

Macro- and microstructure of tendon	 137
Mechanical characteristics of tendon	 138

Muscle–Tendon Integration During Movements	 142
Chapter Summary	 145
Review Questions and Projects	 145
References	 146

4.	 Bioenergetics of Exercise	 153
Chapter Objectives	 153
Chapter Overview	 155
Bioenergetics and Exercise Intensity	 155
Resynthesizing ATP	 158

Phosphagen system	 162
Glycolysis	 165
Oxidative phosphorylation	 171

Matching ATP Supply with Demand	 177
Energy System Contributions During Exercise	 177

Energy system contributions during the transition from 	  
rest to exercise	 179

Energy system contributions to continuous exercise	 180
Energy system contributions to repeated-sprint activities	 183

Bioenergetics and Fatigue	 185
Chapter Summary	 187

	 Table of Contents� ix

9781284022124_FMxx_00i_xxii.indd   9 12/02/15   12:46 AM



Review Questions and Projects	 188
References	 189

5.	 Muscular Strength and Power	 193
Chapter Objectives	 193
Chapter Overview	 195
Defining Muscular Strength	 195
The Importance of Muscular Strength in Sport	 208
Defining Muscular Power 	 210
The Importance of Muscular Power in Sport	 214
Determinants of Muscular Strength and Power	 214

Factors Determining Muscle Tension	 214
Transforming Muscle Tension to Joint Moments	 217
Transforming Joint Moments to an External Force	 220

Specificity of Muscular Strength and Power	 229
Chapter Summary	 229
Review Questions and Projects	 230
References	 231

6.	 Training Methods to Develop Muscular 	  
Strength and Power	 235
Chapter Objectives	 235
Chapter Overview	 237
The Adaptation Process	 237
Resistance Training Methods	 241

Activation Dynamics	 241
Timing and Coordination of Activation	 241
Spinal Reflexes	 242
Fiber Hypertrophy	 242
Fiber Type Transformation	 242
Architectural Adaptations	 243

Resistance Training Program Design	 243
Exercise Selection	 243
Exercise Intensity	 246
Exercise Volume	 252
Rest Intervals	 253
Repetition Velocity	 253

x	 Table of Contents

9781284022124_FMxx_00i_xxii.indd   10 12/02/15   12:46 AM



Exercise Order and Workout Structure	 255
Frequency of Workouts	 256

Modifications to Traditional Resistance 	  
Training Methods	 259

Variable Resistance Training Methods	 261
Ballistic Resistance Training Methods	 264
Pneumatic/Hydraulic Resistance Training Methods	 265
Eccentric Resistance Training Methods	 265
Assisted Resistance Training Methods	 266
Unstable Surface and Unstable Load Resistance 	  

Training Methods	 268

Plyometric Training Methods	 269
Plyometric Training Program Design	 270

Periodization of Resistance Training	 274
Chapter Summary	 279
Review Questions and Projects	 280
References	 281

7.	 Training Methods to Develop Flexibility	 287
Chapter Objectives	 287
Chapter Overview	 289
Defining and Measuring Flexibility	 289
Factors Affecting Flexibility	 298

Extensibility of the MTU	 299
Neuromuscular Relaxation	 299
Stretch Tolerance	 300

Flexibility and Athletic Performance	 301
Flexibility and Injury Risk	 302
Methods to Develop Flexibility	 304

Endurance Training	 304
Resistance Training	 304
Stretching Techniques	 304
Recommendations for Stretching Routines	 307
Combining Training Modes	 315

Chapter Summary	 316
Review Questions and Projects	 317
References	 318

	 Table of Contents� xi

9781284022124_FMxx_00i_xxii.indd   11 12/02/15   12:46 AM



8.	 Warm-up Methods	 323
Chapter Objectives	 323
Chapter Overview	 325
Warm-up Methods	 325

Thermal Effects of Warm-up Activities	 328
Nonthermal Effects of Warm-up Activities	 334

Designing a Warm-up Routine	 342
Chapter Summary	 345
Review Questions and Projects	 345
References	 346

9.	 Performance Analysis in Sport	 351
Chapter Objectives	 351
Chapter Overview	 353
Methods of Performance Analysis	 353
Notational and Time–Motion Analysis Methods	 354

Manual Video-Based Analysis Methods	 354
Automatic Video-Based Analysis Methods	 357
Global Positioning System-Based Methods	 358

Technique Analysis Methods	 365
Approaches to Technique Analysis	 368
An Integrated Model of Qualitative Technique Analysis	 370

Chapter Summary	 382
Review Questions and Projects	 383
References	 383

10.	Skill Acquisition	 387
Chapter Objectives	 387
Chapter Overview	 389
Defining Skill Acquisition	 389
Different Approaches to the Coordination and 	  

Control of Movement	 395
Information Processing Approach	 396
Constraints-Led Approach	 398
Dynamical Systems Theory	 400
Ecological Psychology	 407

xii	 Table of Contents

9781284022124_FMxx_00i_xxii.indd   12 12/02/15   12:46 AM



Stages of Learning	 409
Implications for Practice Design	 410

Practice Structure	 411
Attentional Focus	 414
Instructions	 415

Chapter Summary	 422
Review Questions and Projects	 423
References	 424

11.	 Biomechanics of Fundamental 	  
Movements: Jumping	 431
Chapter Objectives	 431
Chapter Overview	 433
Mechanics of Jumping	 433
Biomechanics of Jumping	 439

Standing Jumps	 439
Enhancement of Standing Jumps	 441
Running Jumps	 445

Predictive Analysis of Jumping	 448
Qualitative Analysis of Jumping Performance	 449

Preparation Stage	 449
Observation Stage	 449
Evaluation/Diagnosis Stage	 451
Intervention Stage	 452

Interventions to Improve Jumping Performance	 452
Resistance Training Methods	 452
Representative Learning Practices for Jumping	 458

Chapter Summary	 460
Review Questions and Projects	 462
References	 463

12.	Biomechanics of Fundamental 	  
Movements: Landing	 467
Chapter Objectives	 467
Chapter Overview	 469
Mechanics of Landing	 469

	 Table of Contents� xiii

9781284022124_FMxx_00i_xxii.indd   13 12/02/15   12:46 AM



Biomechanics of Landing	 474
Dynamics of Ground Reaction Force During Landing	 474
Dissipating Kinetic Energy During Landing	 478
Controlling Momentum During Landing	 485
Gender Differences in the Biomechanics of Landing	 486
Enhancement of Landing	 492

Qualitative Analysis of Landing Performance	 495
Preparation Stage	 496
Observation Stage	 498
Evaluation/Diagnosis Stage	 499
Intervention Stage	 500

Interventions to Reduce the Risk of Injury During 	  
Landing Tasks	 503

Resistance Training	 504
Balance Training	 504
Integrated Training Programs	 504
Warm-up-Based Interventions	 507
Representative Learning Practices for Landing	 510

Chapter Summary	 515
Review Questions and Projects	 515
References	 516

13.	 Biomechanics of Fundamental 	  
Movements: Sprint Running	 523
Chapter Objectives	 523
Chapter Overview	 525
Sprint Running as a Multidimensional Skill	 526
Mechanics of Sprint Running	 528
Biomechanics of Sprint Running	 528

Biomechanics of Accelerative Sprint Running	 532
Biomechanics of Maximal-Speed Sprint Running	 536
Arm Action During Sprint Running	 545
The Relationships Between Measures of Muscular 	  

Strength and Sprint Running	 545

Qualitative Analysis of Sprint Running Performance	 548
Preparation Stage	 548
Observation Stage	 549

xiv	 Table of Contents

9781284022124_FMxx_00i_xxii.indd   14 12/02/15   12:46 AM



Evaluation/Diagnosis Stage	 549
Intervention Stage	 550

Interventions to Improve Sprint Running Performance	 553
Resistance Training Methods	 553
Resisted and Assisted Sprint Training Methods	 555
Representative Learning Practices for Sprinting	 558

Agility Performance	 559
Chapter Summary	 566
Review Questions and Projects	 566
References	 567

Appendix 1. � Système Internationale 	  
d’Unités	 575

References	 578

Appendix 2.  Scalars and Vectors	 579
References	 580

Appendix 3.  Vector Analysis	 581
Addition of Vectors	 582
Multiplication of Vectors	 586

Appendix 4.  Calculus	 589
Limits	 590
Differential Calculus	 592
Integrative Calculus	 597

Appendix 5.  Anatomic Terminology	 603

Appendix 6. � Resources for Practitioners: 	  
Academic Journals	 609

The Journal Impact Factor	 609
Critiquing a Research Article	 611
References	 614

	 Table of Contents� xv

9781284022124_FMxx_00i_xxii.indd   15 12/02/15   12:46 AM



Appendix 7  Resources for the Practitioner:  
Useful Websites 615

Glossary of Terms 619

Index 643

xvi Table of Contents

9781284022124_FMxx_00i_xxii.indd   16 12/02/15   12:46 AM



Preface

Physical training is a process through which genetic potential is realized (Tucker & 
Collins, 2012), and strength and conditioning practitioners are tasked with imple-
menting physical training to optimize the performance of their athletes. It is diffi  cult 
to quantify the importance of strength and conditioning in the preparation of 
athletes, but the strength and conditioning coach is now a common element in the 
training process. Th e fi eld of strength and conditioning is becoming more profes-
sionalized, as highlighted by the founding of organizations such as the Australian 
Strength and Conditioning Association, the National Strength and Conditioning 
Association, and the U.K. Strength and Conditioning Association. Th e academic 
preparation of strength and conditioning professionals is a high priority of each of 
these organizations.

Biomechanics is formally defi ned as the application of mechanics to biological 
organisms, where the action of forces on the organism is studied within a frame-
work of Newtonian mechanics. Th e application of biomechanics to strength and 
conditioning is not well represented in existing texts, yet biomechanics informs our 
understanding of both the adaptations to exercise and the principles underlying 
sporting movements. Beyond the formal defi nition of the subject, Bartlett (2007) 
defi nes the focus of biomechanics as being the assessment of movement patterns of 
athletes, a description that holds great signifi cance for a practitioner. Th e regret-
table lack of emphasis on biomechanics in the study of strength and conditioning 
may stem from the diffi  culties associated with the counterintuitive concepts with 
which the student must grapple (Heishe & Knudson, 2008). Eschewing this subject, 
however, is unfortunate given the insight the practitioner can gain from an under-
standing of biomechanical principles.

While biomechanics is underrepresented in strength and conditioning texts, 
skill acquisition is rarely mentioned at all. Th is is an enormous oversight for a 
fi eld in which the practitioners are implicitly concerned with how athletes are able 
to coordinate their movements in a given situation. When reading the coverage 
aff orded to skill acquisition in extant literature related to strength and conditioning, 
one may easily infer that the role of the practitioner is to specify which movements 
the athlete should employ in their given sports. Th ese movements can then be 
trained for, it would seem, through the administration of specifi c drills that are 
repeated until the coach deems that the movement has been learned. Th is repeti-
tious, drill-based approach to motor skill acquisition is necessarily predicated on 
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the assumption there is a single, optimal model for a given movement task. An obvious 
corollary to such an approach is that the strength and conditioning coach is aware 
of such optimal models. This scenario would require the practitioner to demonstrate 
a clear understanding of biomechanical principles, something that is unlikely to be 
garnered from existing strength and conditioning texts. Moreover, the “cookie-cutter” 
approach to skill acquisition contained within the literature ignores the individual 
constraints that act upon each athlete that must preclude the existence of “optimal” 
models for specific movements. Indeed, some authors refer to this optimal model 
approach to coaching simply as lazy (Bartlett, 2007). This texts applies a constraints-led 
approach to skill acquisition (Davids, 2010). Within this framework, strength and 
conditioning practitioners are encouraged to develop training sessions and practices 
that allow athletes to explore the movements that are appropriate for them to achieve 
the goals of a specific task rather than prescribe specific movement patterns. 

Another premise of this text is that the practices adopted by strength and con-
ditioning practitioners should be guided by evidence. Evidence-based practice was 
developed in the medical fields in response to the perceived need to base practice 
upon evidence accrued from a number of often disparate sources. The call for an 
evidence-based approach to practice has been proposed in strength and conditioning 
specifically (English, Amonette, Graham, & Spiering, 2012) due to the misleading and 
often bogus information that abounds in this field. Before practitioners change their 
training practices to incorporate new devices or methods, they should have sufficient 
evidence of their efficacy. This text presents the latest evidence to support the claims 
made within each chapter. 

Content Overview
Chapters 1 through 5 cover aspects of biomechanics pertinent to strength and 
conditioning. Topics discussed include Newtonian mechanics; the mechanics of 
biologic tissue, including muscle and tendon; bioenergetics; and the different indices 
of muscular strength and their importance for specific sports. Chapters 6 through 8 
focus on some programming aspects of strength and conditioning, covering training 
methods to develop muscular strength and power, flexibility, and the development of 
effective warm-up regimens. Chapter 9 introduces performance analysis techniques 
in sport that enable the determination of the physiological, mechanical, and technical 
demands of specific sports in addition to the assessment of the techniques used in the 
execution of sport-specific skills. The constraints-led approach to skill acquisition is 
introduced in Chapter 10. Chapters 11 through 13 apply the concepts introduced in 
the previous chapters to the fundamental movements involved in jumping, landing, 
and sprint running.

Audience
This text is aimed at higher-level undergraduate students and graduate students 
studying strength and conditioning. However, it also provides a valuable resource for 
professionals in the strength and conditioning field. Due to the nature of the material 
contained within the text, it is expected that the reader has an understanding of basic 
anatomy and physiology and has completed an introductory class in biomechanics.

xviii	 Preface
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Pedagogy
The text contains the following pedagogical elements:

77 Objectives are presented at the beginning of each chapter.

77 Worked Example boxes employ real-world scenarios to give sample 
calculations of the mathematic principles discussed in the chapter.  

77 Applied Research boxes emphasize the research related to the chapter’s 
topic.

77 Concept boxes within each chapter highlight issues relevant to the chapter’s 
topic.

77 Each chapter closes with a Chapter Summary and Review Questions and 
Projects.

77 An extensive glossary covers terms important to understanding the 
biomechanics of strength and conditioning. 

77 Appendices expand on some of the more complex mathematical techniques 
required to perform biomechanical analyses and offer useful resources to 
aid the student in locating and evaluating scientific evidence.

About the Author
Gavin Moir works in the Exercise Science Department at East Stroudsburg University 
where he teaches undergraduate and graduate classes in biomechanics, skill acquisition, 
and strength and conditioning. Dr. Moir is the Program Director for the MS Exercise 
Science degree at East Stroudsburg University and has published over 30 research 
articles and book chapters in the fields of biomechanics and strength and conditioning. 
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