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By the early 1980, research in the field of exercise science had demonstrated that changes in specific variables related to exercise influenced the type of adaptations and performance improvements seen. The concept of acute program variables was put forth to better describe all the components of a workout (18). These acute program variables, which have been well established over the past 25 years, consist of the following:	Comment by PARAND: متغیرهای تمرین
 انتخاب حرکت تمرینی
آرایش حرکات تمرین
میزان مقاومت و وزنه مورد استفاده
تعداد ست ها (نوبت ها)
مقدار استراحت بین ست ها و حرکات تمرین
· Choice of exercise
· Order of exercise
· Resistance used
· Number of sets
· Amount of rest between sets and exercises
It had also been established by that time that an effective training program had to be tailored to the demands placed on athletes by their specific sport (19). The many choices within each of the domains of these acute program variables required a preliminary process in order to gain information about the sport and the athlete. The concept of a needs analysis was introduced, allowing the exercise-prescription process to reflect informed choices for each of the acute program variables and to design an appropriate program for an optimally periodized training program (21). This provided a theoretical paradigm for program design for different sports and, more importantly, for individual athletes.	Comment by PARAND: اصل آنالیز نیازها جهت تجویز تمرین مناسب با رشته ورزشی تخصصی، از طریق انتخاب مناسب متغیرهای تمرین معرفی گردید.
A needs analysis answers three general questions:
1. What are the metabolic demands of the sport?	Comment by PARAND: آنالیز نیازها به سه سوال جواب می دهد:
 نیازهای متابولیکی رشته ورزشی؟
نیازهای بیومکانیکی رشته ورزشی؟
آسیبهای رایج رشته ورزشی؟
2. What are the biomechanical demands of the sport?
3. What are the common injuries observed in the sport profile?
The needs analysis, initial testing data, and evaluations of athletes and the sport allow for intelligent program design (9), This process, along with initial testing data, helps strength and conditioning professionals examine athletes’ general fitness base, sport-specific fitness, and injury history, as well as the physiological and biomechanical demands of the sport and its potential risk for injury. By gathering this preliminary information, they can make informed choices in regard to program design, tests needed to monitor progress, and other evaluations necessary for athletes in a given sport (2). This allows them to better understand the needs of the strength and conditioning program and to develop a set of appropriate training goals (9). Thus, the ultimate goal of needs analysis is to develop a total conditioning program to improve athletic performance and reduce injuries (21).	Comment by PARAND: آنالیز نیازها از طریق ارزیابی ورزشکار و رشته ورزشی از بعد متابولیکی، بیومکانیکی و آسیب شناختی به طراحی برنامه تمرین کمک می کند.	Comment by PARAND: این فرایند همراه با ارزیابی اولیه به مربی در شناخت سطح آمادگی ورزشکار، آمادگی جسمانی ویژه رشته ورزشی و سابقه آسیب و نیازهای بیومکانیکی و متابولیکی رشته ورزشی کمک می کند.
Metabolic Demands of the Sport
Not all sports are performed under the same metabolic conditions. The predominant metabolic pathway varies depending on the demands of the sport; it can also be specific to the muscles being used. When a muscle is activated in the recruitment process to produce force, the amount of energy used and the predominant energy system source vary, yet most sports have an inherent, recognizable metabolic profile that ranges in nature from highly aerobic to highly anaerobic, As table 1,1 demonstrates, aerobic endurance and ultra endurance events (e.g., marathons or triathlons) are at one end of the spectrum, and very short-duration or explosive strength/power events (e.g., shot put, maximal clean and jerk) are at the other end. In between these two extremes are sports that use a combination of these metabolic systems during competition. Metabolism changes rapidly based on external demands, allowing dramatic shifts to the anaerobic system when sprinting and then to the aerobic system during recovery (e.g., a soccer player sprinting down the field and then jogging back to position when the ball goes downfield). Table 1.1 presents the general profile of energy dominance for various sports.	Comment by PARAND: مسیر متابولیکی غالب بستگی به نیازهای رشته ورزشی دارد و همچنین با عضلات درگیر در رشته است.	Comment by PARAND: فعالیت هوازی استقامتی در یک طرف پیوستار و فعالیت انفجاری بی هوازی در طرف دیگر پیوستار قرار دارند. ولی بیشتر رشته ها در بین این پیوستار و ترکیبی از سیستم های متابولیکی را استفاده می کنند.
Although an emphasis on metabolic training appears to exist in the athletic realm, it is important to carefully evaluate the actual metabolic demands of the sport prior to prescribing exercise. The metabolic demands can be estimated as a total metabolic profile of the sport. One can estimate what the predominant metabolism will be for the primary muscles used, based on a time-motion analysis of the sport. For example, baseball's metabolic demands are predominately related to the ATP-CP system; thus, short rest programs that place high demands on the lactic acid system (Glycolysis) are really not needed (9, 21, 26).	Comment by PARAND: ارزیابی دقیق نیازهای متابولیکی واقعی ورزش قبل از تجویز تمرین ضروری است.	Comment by PARAND: مربی می تواند متابولیسم غالب رشته ورزشی را از طریق سیستم انرژی غالب در عضلات اصلی درگیر در رشته را بر اساس آنالیز حرکتی ورزش تعیین کند.
Many training programs related to developing maximal strength and power requires athletes to be rested and recovered when performing the workouts (20). Therefore, a program that places high demands on the lactic acid system and leads to fatigue can compromise other aspects of training. The often-prescribed short rest protocols are only one style of training within the multitude of workouts that can be designed for athletes. Thus, sport- specific conditioning should include attempts to train the same metabolic systems used in the sport. Furthermore, this method allows athletes to express strength and power within the context of metabolism for their sports. Adenosine triphosphate (ATP) is the body’s energy molecule. It is produced by the anaerobic and aerobic energy systems. All muscle fibers use ATP molecules as a source of fuel during exercise to produce chemical and, eventually, mechanical energy. ATP is a crucial requirement in the sliding filament mechanism of muscular contraction that produces force. Primary concerns in sports include the amount of ATP energy required, how rapidly it must be available, and whether the metabolic conditions present can be tolerated. Thus, conditioning programs should place a major emphasis on improving capabilities to produce energy and tolerating the associated metabolic demands of the sports (e.g., compare a 100 m race, an 800 m race, and a marathon).	Comment by PARAND: مربی باید در طراحی تمرین متناسب با سیستم های متابولیکی مورد استفاده در رشته ورزشی تلاش کند.
Generally, the physiology of a sport can be described by the energetic demands of the sport (i.e., aerobic or anaerobic). Although different sports may be classified as aerobic or anaerobic, it is important to remember that no sporting competition will tax a single energetic system alone (see figure 1.1). Additionally, the idea of energetic can be extended further to include sprint, strength, power, and cardiorespiratory (aerobic) endurance sport. As athletes move through this cascade of energy and fuel systems, the level of oxygen required within the system goes from low (none needed to perform a given skill, such as lifting a heavy weight one time) to high, being predominantly dependent on the aerobic system for ATP production in order to sustain the activity (e.g., running a marathon).	Comment by PARAND: هیچ رقابت ورزشی فقط به تنهایی یک سیستم انرژی را مورد استفاده قرار نمی دهد.	Comment by PARAND: ایده انرژیکی می تواند در پیوستار فعالیت انفجاری، قدرتی و توانی و در نهایت استقامتی  و قلبی عروقی پیش رود و متناسب با این پیشرفت، نیاز به اکسیژن در تامین انرژی پررنگ تر می شود.
The energy systems utilized by the body in training or during a sport are as follows:
· Phosphagen (ATP-CP system)
· Glycolysis (lactic acid system)
· Krebs cycle or citric acid cycle (aerobic system)
The ATP-CP system immediately supports muscular contraction, since it uses energy obtained from intramuscular stores of adenosine triphosphate (ATP) and Creatine phosphate (CP). This system is typically utilized during short-duration, high-intensity physical activity. The other anaerobic system, more commonly known as the lactic acid system, is called Glycolysis. Glycolysis results in ATP production from the breakdown of glucose in the sarcoplasm of muscle fibers. The glucose can be obtained from either blood glucose or intramuscular stores of glycogen. Therefore, it is a less rapid source of ATP energy than the ATP-CP system.
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FIGURE 1.1 Contributions of the three energy systems to athletic performance over time. As the duration of a movement increases, the primary energy system at work shifts from the ATP-CP system, to the tactic acid (Glycolysis) system, and. finally, to the aerobic system. 

Most often referred to as the Krebs cycle or the citric acid cycle, the aerobic system is the most robust system for producing ATP energy, yet it is the slowest in getting ATP to the active musculature, The aerobic system is obviously very important for performing cardio respiratory endurance activities, due to its ability to produce large amounts of ATP without generating fatiguing products, It differs from Glycolysis in that carbohydrates, fats, and proteins can all enter into the aerobic cycle for breakdown and the eventual production of ATP through the electron transport system in the mitochondria.	Comment by PARAND: سیستم هوازی قوی ترین سیستم در تولید ATP بوده ولی آهسته ترین سیستم تولید را دارد و چون فراورده زائد تولید نمی کند برای فعالیت های طولانی مدت مهم است 
Generally, the ATP-CP cycle begins to fatigue and exhaust itself roughly 6 seconds after exercise is begun. Once exercise duration extends beyond this time, the glycolytic pathway begins to take over, providing the energy required for the athlete to continue. However, the glycolytic pathway is a short-lived energy system, lasting only a few minutes. This means that if the exercise intensity allows athletes to sustain activity for longer than a minute or two, then they need to shift predominantly into the final energy system (aerobic metabolism) for support, even When exercising intensely.	Comment by PARAND: سیستم فسفاژن در طول 6 ثانیه اول فعالیت شدید تخلیه می شود	Comment by PARAND: سیستم گلیکولتیک نیز در چند دقیقه اول فعالیت به اتمام می رسد.
Regardless of the sport and the position played, athletes must be able to meet, and preferably exceed, the metabolic demands for the sport. This simply means that athletes need to be able to withstand the stresses (metabolic, biomechanical, and physical) of the sport for the duration of competition. A properly designed training program should have metabolic demands that approximate those of the sport. However, because of the timing of individual movements within the event, custom exercises that increase the ability to tolerate metabolic demands may need to be prescribed. For example, consider the large differences in metabolic demand between a midfielder and a goaltender in soccer or between a forward and a goalie in ice hockey. The conditioning program should be specific to the physiological analysis of each position.	Comment by PARAND: برنامه آماده سازی باید متناسب با نیازهای قیزیولوژیکی هر پست در رشته ورزشی باشد
In order to determine the most appropriate training and testing protocols and requirements for individual athletes, the balance between the energy systems and fuels used within a sport must be understood. Some workouts within a periodized training program should mimic the sport metabolism. For example, wrestlers need to develop strength and power, but they also need to perform conditioning activities that utilize short rest periods in order to develop buffering capabilities so that they can express their maximal muscular strength and power under the metabolic conditions of the sport (i.e., high levels of lactic acid and lower blood-pH values) (24). This is why an effective training program must incorporate a variety of workouts and why different athletes require different programs (9).	Comment by PARAND: بعضی جلسات تمرین در زمان بندی برنامه تمرینی باید شبیه متابولیسم ورزش باشد.	Comment by PARAND: به عنوان مثال کشتی گیر علاوه بر توسعه قدرت و توان به توسعه تحمل لاکتات نیز جهت شرایط متابولیکی خود نیاز دارد.	Comment by PARAND: این موضوع باعث شده تا برنامه تمرینی موثر دارای تمرینات متنوع متناسب با نیاز ورزش و ورزشکار باشد.
Biomechanical Demands of the Sport
The next step in the needs analysis is a basic biomechanical assessment, based on the types of generalized body and limb movements that are encountered during an athletic event. This includes the position of the body in space, the timing and coordination of various parts of the body needed to execute the desired movements, the speed of the athlete’s body (or parts of the body) during the desired movement, and the length of time of exertion for the athlete (6). Along with an examination of the primary muscle actions used and the planes of motion in which they take place (i.e., sagittal, frontal, transverse), strength and conditioning coaches can examine the pattern of movement, the joints involved during competition, the pattern of muscle actions, and the planes of movement in which actions take place.
By undertaking this very basic biomechanical analysis of the athletic movements required for the sport, a strength and conditioning professional can determine key aspects of the movement, including the type of movements involved, the range of motion (ROM) of joints during activity, the required speed of movement, the pattern of muscle action during movements, and the metabolic demands of the sport or event based on the length of time of each exertion within the athletic event (34). These factors are important when it comes to choosing exercises to be used in a resistance training program. This analysis of the planes of motion and the type of muscle actions used will help strength and conditioning professionals choose resistance exercises that are biomechanically similar to the demands of the sport. From these generalized patterns of movement, they can focus on the specific movements required to perform various sport skills.	Comment by PARAND: آنالیز بیومکانیکی شامل نوع حرکت درگیر، مفصل حرکتی، صفحه حرکتی، ROM ، سرعت حرکت، زاویه حرکتی و عضلات درگیر و نوع انقباض درگیر است.
Describing Sport Movements
The general pattern of movement will be described as either static or dynamic within a specific plane or planes of movement (34). Within dynamic movement nomenclature, movement can be further described as either open or closed (34). When the movement is open, the hand or foot will be free to move and the body will remain relatively static (see figure 1.2). In a closed movement, the hand or foot is relatively static and the body moves relatively freely (see figure 1.3). 	Comment by PARAND: در زنجیره باز، دست یا پا در فضا حرکت می کند اما در زنجیره بسته بدن حرکت کرده و دست و پا بر روی زمین قرار دارد.
Three primary types of muscle actions are used in sport skills (isometric, concentric, and eccentric). Isometric action results in no change in the length of the muscle (the muscle produces force that is equal to the force being applied to the bony attachment of the muscle). The concentric movement of the muscle decreases the length of the muscle (the muscle produces more force than is being applied to the bony attachment of the muscle). Eccentric movement results in a lengthening of the muscle (the force applied to the bony attachment of the muscle is greater than the force produced by the muscle). An understanding of these three types of action will ensure that exercises are achieving the desired effect.
[image: ]Along with the type of movement, another consideration is the speed of movement, or angular velocity of the involved joint. The description for speed of movement is generally given in reference to limb movement or rotational speed of the body around a central (vertebral) axis (34), Although accurately measuring speed of movement requires sophisticated equipment, strength and conditioning professionals can use their best judgment to estimate the rate of speed that athletes need to utilize in the sport. The important issue with the analysis of speed of movement is to observe joints that are vital to movements within the action. For a majority of athletic movements, this entails observing speed of movement at the hip, knee, or ankle of the leg and at the shoulder, elbow, wrist, or hand of the arm (34). Further, attention should be paid to the positioning of the trunk and the movement of the torso throughout all athletic movements (6, 33, and 34). 
In addition to the type and speed of movement, there must also be consideration for the speed of muscle force development that is required both for performing athletic movement and stabilizing the torso and body throughout (6, 33) (e.g., holding the torso upright during a spiking motion in volleyball). Through careful analysis of the movement patterns, strength and conditioning coaches can determine and distinguish when the muscle action is causing a movement to occur, stabilizing the body in a static position, or controlling the loading of a limb from external force (33, 34). It can be generally understood that the acceleration of the body or limb of the body will be done through a concentric contraction, while the deceleration of the body or limb of the Body will be done through an eccentric contraction (34), when the body or limb is being stabilized without movement; the contraction type is considered to be isometric (34).
Furthermore, by analyzing movements and muscle actions within the athlete's sport, strength and conditioning professionals can also determine the energy system being utilized (27). They can use motion analysis to determine the length of time for each of the individual points of exertion so that the conditioning program can match the energetic demands of the sport (3, 5, and 23). The area of interest for strength and conditioning professionals with this type of analysis is to determine the amount of time that the athlete will be actively engaged in an athletic movement [image: ]during a sporting event. This analysis gives them a guide to follow for establishing the metabolic demands for the conditioning program as it relates to time of exertion, amount of rest time available within a sporting event, and the type of muscular forces the athlete is required to produce (e.g., a shot put versus a wrestling match versus a 10K race). From this time analysis, strength and conditioning professionals can manipulate various training variables to generate regimens that provide both the neurological and metabolic stresses (3-5, 7, 23) that allow adaptations related to the needs of the sport to be made (19, 32).
Biomechanical Analysis in Practice
For the purpose of understanding the movement being analyzed, strength and conditioning professionals should use the following four questions. First, what are the patterns of movement (i.e., concentric, eccentric, or isometric), and in which planes do they take place? Second, what joints are involved during the activity? Third, what muscles are recruited, and what are the muscle actions? Finally, what is the duration of time that the athlete will be actively engaged in the athletic event? With these key questions, strength and conditioning professionals can determine the demands placed on the body during the sport (6, 33, and 34). The ultimate goal of analysis is to manipulate and match the acute variables that govern the program's design to match the metabolism and movements involved in the sport.	Comment by PARAND: در آنالیز حرکتی باید به سوالات زیر جواب داد:
 الگوی حرکتی، انقباض عضلانی و مفاصل درگیر کدامند؟
کدام گروه های عضلانی در حرکت درگیرند؟
مدت زمان حرکت و سرعت حرکت چقدر است؟	Comment by PARAND: هدف نهایی تنظیم متغیرهای تمرین متناسب با نیازهای متابولیکی، بیومکانیکی و آسیبی ورزش است.
Typically, biomechanical evaluations require strength and conditioning professionals to analyze videos of athletes performing their sports. Those without access to advanced video equipment can accomplish this type of analysis by watching simple video of athletes during practices or games. The following are some very basic procedures for video analysis that strength and conditioning professionals can follow (9).	Comment by PARAND: آنالیز ویدئویی:
 مشاهده نوار ویدئویی مهارت و اجرای ورزشی
انتخاب یک حرکت در رشته ورزشی
 تشخیص مفاصل حرکتی اصلی
 تشخیص عضلات حرکت دهنده اصلی و نوع انقباض
 تعیین ROM در ابتدا و انتهای حرکت
 تعیین سرعت اجرای مهارت
انتخاب حرکات تمرینی متناسب با دامنه حرکتی و سرعت زاویه ای حرکت
1. View a video of an athletic performance or activity.
2. Select a specific movement in the sport (e.g., a jump shot in basketball or a takedown in wrestling). To completely analyze the sport, several movements or skills may need to be examined. Look at the entire sequence of competition to get a feel for the demands of the sport.
3. Identify the joints around which the most intense muscular actions occur, Running and jumping, for example, involve intense muscle actions at the knee, hip, and ankle, Intense exertion doesn't necessarily involve movement, Considerable isometric force may have to be applied to keep a joint from flexing or extending under external stress.
4. Determine whether the movement is concentric, isometric, or eccentric,
5. For each joint identified above, determine the range of angular motion, Observe how the joint angle changes throughout the movement and which plane it occurs in.
6. Try to determine where the most intense effort occurs within the range of motion around each particular joint. Sometimes facial grimaces or tense muscles seen on video can help identify points of peak intensity.
7. Estimate the velocity of movement in the early, middle, and late phases in the range of motion. If using video, determine the time between frames to examine the movement over the time of the activity.
8. Select exercises to match the limb's ranges of motion and angular velocities, making sure that the exercises are appropriately concentric, isometric, or eccentric. 
Through this type of biomechanical analysis, strength and conditioning professionals can make sure that training programs reflect these demands (see table 1.2).
It is important to remember that although analyzing sporting movements and matching the proper exercises in the weight room are vital to the sport-specific nature of resistance training programs, many exercises might be considered universal in that all athletes need them. These exercises include squats, pulling motions (e.g., hang cleans), and presses, such as the bench press. Such exercises provide the core around which a program is built, Integration of whole-body, multijoint exercise movements is vital because single-joint exercises alone cannot improve neurological coordination between joints.	Comment by PARAND: یادآوری این موضوع ضروری است که بعضی حرکات تمرینی در بیشتر رشته ها ورزشی اجرا می گردد. این حرکات شامل اسکوات، حرکات یک ضرب و پرس ها است که قدرت مرکزی ورزشکار را افزایش می دهد.
Injury Risks of the Sport
Before discussing injury prevention and how to use a needs analysis to design a program that diminishes the risk of injury, it may be important to step back and review some of the basic concepts of injury and risk for athletes (3, 5, 7, 18, 19, 27). Although it may be defined in many ways, an injury is generally any trauma to the body. In athletics, the majority of injuries affect the musculoskeletal system (bones, ligaments, muscles, and tendons), while additional injuries may include the neurological and cardiopulmonary systems (concussions, asthma, and heart attacks). For the most part, an exercise regimen can be designed by analyzing the biomechanical and metabolic demands of the sport and using this information to reduce the risk of injuries that can occur. Although risk of injury can be diminished through needs analysis, proper programming, and periodization of training programs, it must be remembered that sometimes injury is unavoidable.	Comment by PARAND: آسیبهای رایج در ورزش در سیستم های اسکلتی- عضلانی، قلبی عروقی و عصبی تاثیر می گذارد.
Musculoskeletal injuries can occur due to either mechanical overload or repetitive overuse of a joint, limb, or muscle group. Mechanical overload injuries can be categorized as contact (two athletes hitting each other or an object hitting an athlete) or noncontact (athlete is injured without direct contact with another athlete or object). All types of injuries can be addressed within proper exercise program design, but they will be addressed in different fashions based on the exercises utilized to reduce the risk for that particular type of injury.	Comment by PARAND: آسیب های اسکلتی عضلانی در نتیجه اضافه بار مکانیکی و استفاده بیش از حد و مکرر از عضو رخ می دهد.
Regardless of the type of injury, most injuries seem to coincide with two factors. First, injury occurrence increases when an athlete becomes fatigued. Second, the rate of injury increases when the athlete experiences tissue fatigue (where the joint, bone, ligament, tendon, or muscle cannot respond to the forces placed on it), this phenomenon can be thought of as a fatigue-induced cascade of events, which begins with fatigue of either the central or local tissue and results in injury (1, 2).
In terms of biomechanical demands, injury prevention should be based on how accidents typically occur in the sport. Two primary means exist for athletic injury in sports: contact injuries and noncontact injuries. The difference between the two is not the type of injury that the athlete may suffer; it lies in the mechanism of injury. All contact injuries come from a limb or joint being exposed to an excessive load that is caused by an external force (e.g., a tackle in American football hits a knee). From this excessive load, the tissue around the limb or joint fails to meet the demand and becomes injured (most notable are fractures to bones or ligament ruptures). Most noncontact injuries occur during an acceleration of movement (either speeding up or slowing down). They are more readily seen in the change of direction movements that occur at various points within a competition (e.g., a running back in American football who is changing direction 
[image: ]
plants his leg while moving at full speed). Outside of acceleration, noncontact injuries also occur through overuse of certain muscles, muscle groups, tendons, or ligament structures of the body, based on the demand of the sport.
Needs Analysis for Injury Prevention
Regardless of the sport, a cascade of events often eventually leads to injures (see figure 1.4). For example, for wrestlers, reducing fatigue or learning to better tolerate the fatigue processes during practice and competition is the easiest way to prevent injury (29, 36, and 37). By understanding the means by which athletes encounter risk, strength and conditioning professionals can integrate exercise programs that may offset one of the steps toward injuries (e.g., short rest circuits for Wrestlers help them develop buffering capacities to offset the decreases in pH that are related to fatigue).
[image: ]
When determining how injury prevention fits within the needs analysis of a sport, strength and conditioning professionals must ask the following questions. First, how likely is an injury to occur in the sport? Second, what are the common injury sites and how are these injuries most likely to occur? Third, which athletes are most prone to these risks for injury? Fourth, how can an exercise program be developed that will diminish these risks? This is where strength and conditioning professionals can work with athletic trainers and team physicians to get a handle on each athlete’s injury or medical status and to integrate a training program for injury prevention.	Comment by PARAND: به منظور آنالیز آسیبهای رشته ورزشی مربی باید به سوالات زیر جواب دهد:
 نحوه وقوع آسیب در رشته ورزشی؟
  اندام ها و نواحی رایج آسیب در رشته ورزشی؟
 کدام دسته از ورزشکاران بیشتر در معرض آسیب در رشته ورزشی مشخص قرار دارند؟
 برنامه تمرین به چه صورت باعث کاهش آسیب در رشته ورزشی مشخص می گردد؟
The role of prevention within athletics is to design programs that address the need for reducing the risk of injury during competition. This is truly a team approach; it needs to combine the skills and knowledge of the team physician, the sports medical staff (i.e., athletic trainer and physical therapists), the strength and conditioning professional, and the sport coaching staff. Within this team approach, the overall needs analysis should focus on the general concept of what an injury is and how it occurs for a particular athlete, all the while addressing the following questions as they relate to that specific person:
· How is the athlete predisposed to injury within the sport?
· Is this athlete at greater risk based on a predisposition to injury?
· When will injuries most likely occur during the athletic event?
· Is the athlete recovering from an acute or chronic injury that can affect athletic performance?
Biomechanical observations show where the athlete is most at risk for injury, based on the demands of the sport. They will also demonstrate how to counteract the risk of injury through strength training. Strength and conditioning professionals must keep in mind that although different sports may have similar injury profiles, each sport has different demands that change the required training stimuli athletes need to encounter during training to decrease the risk for injury. Table 1.3 shows some common injuries by sport and position.
This part of the analysis should include a careful examination of the individual athlete’s injury and training history. Does the athlete reflect or deviate from the expectations of the sport in terms of past injuries? Some athletes are more or less prone to injury than others. In addition, evidence-based predictions of injury that use testing or profile parameters (e.g., body fat, exercise performances, core strength) are an emerging trend in athletic training that should he discussed with the athletic trainer and included in a needs analysis.
The strength and conditioning professional and athlete should also use the injury-prevention portion of the needs analysis to develop testing methods for aspects of sports performance that are not normally addressed in other phases. This additional portion should examine passive, static, and dynamic ranges of motion that the athlete is able to attain in many positions. Such analysis can be done by having the athlete perform various exercise-related movements while the strength and conditioning professional notes a deficit in the athlete's ability to attain the desired range of motion. Additionally, the strength and conditioning professional should take time to analyze the athlete’s movements during training in the weight room. This will provide insight on the athletes’ movement patterns, both statically and dynamically. The strength and conditioning professional will then be able to prescribe the exercises that will best address deficits in the desired muscle action, posture, or ROM (2).
When the risk of injury within a sport is combined with its biomechanical analysis, this information allows strength and conditioning professionals to set definable risks of injury based on the athletic position within a sport (2). For example, baseball pitchers are typically at a greater risk for elbow and shoulder injuries (primarily due to overuse) than first basemen. The relationship between gender and the risk of injury has left room for debate (4, 5, and 28). However, trends for gender difference in injury rates within a sport do exist. Using the type of injuries that occur based on gender, sport, and position played, exercise protocols can be implemented to minimize the risk of properly periodized training programs.
With the advent of pretesting and training preparation for athletes, many strength and conditioning professionals have been pushed outside of their realm of expertise. They may need to work with members of a sports medicine team (e.g., team physician, athletic trainers, and physical therapists) to integrate measures that might allow them to better manage the chance of injury for each athlete by using evidence-based medical practices for identifying risk. As previously noted, this is an emerging science within athletic medicine. Strength and conditioning professionals should use this information to enhance the adaptations of each athlete at risk by incorporating exercises into the program to achieve higher adaptations (e.g., improved core strength, improved upper back strength, improved body composition, and so on) (10). This will provide the prehabilitatian effect often referred to in the sports medicine community (30).
By using this information, any strength and conditioning professional can use a needs analysis to establish an injury-prevention program that will ultimately improve the strength and endurance of athletes' musculoskeletal and cardiorespiratory systems. This approach will also prevent fatigue and injury within the body.
Athletes Recovering From Injury
Athletes recovering from an existing injury may require the manipulation of training stimuli in multiple directions within a single program (21, 23). For example, the program may be able to make athletes bigger, faster, and stronger, despite their inability to perform full squats due to a prior knee or ankle injury. Recovery from injury requires making adjustments in the training regimen that will allow healing from the tissue trauma. As previously stated, in this situation, sport coaches need to use the sports medicine team (team physician, athletic trainers, physical therapists, and the strength and conditioning professional) to appropriately recognize and apply the training stimulus that the athlete will need to both recover from the injury and to improve performance (21, 23, 35).
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Strength and conditioning professionals must examine both the training history and the injury profile of each athlete. This examination should involve input from all members of the sports medicine team who are involved with the injury-prevention portion of the program. Furthermore, by knowing the training history and injury profile, the strength and conditioning professional can adjust exercises, as previously mentioned with the squatting example, so that the athlete can still participate in training without causing further stress to the body (25).
Integrating the Needs Analysis
Before designing a training program, strength and conditioning professionals must consider the needs of the athlete based on the demands of the sport, position played on the team, genetic and morphological differences, and any previous injuries or medical conditions (13, 15-17). One key aspect to remember when developing the training program is the athlete's training history. The first aspect of this assessment is to catalogue previous training and the point in the training calendar when the athlete begins training. In completing this assessment, the strength and conditioning professional should talk with athletes to determine what they have been doing in their previous strength training, their athletic history, their injury history, and any other questions that may seem pertinent to forming a comprehensive background profile. Testing is also important to assess sport-fitness status, develop injury-prediction models, motivate athletes to improve or maintain a given fitness parameter, examine the effectiveness of a conditioning program, and to motivate athletes to take responsibility for their physical development in order to prevent injuries and improve their physical potential and performance. The maturity of the athlete and the amount of prior training and competition will affect the comprehensive approach.	Comment by PARAND: قبل از طراحی برنامه تمرین مربی باید نیازهای ورزشکار و رشته ورزشی وی، پست بازی ورزشکار و فاکتورهای ژنتیکی و مورفولیژیکی و سابقه آسیب و پزشکی وی را مورد توجه قرار دهد.	Comment by PARAND: سابقه تمرینی ورزشکار از قبیل برنامه های تمرینی قبلی، تقویم ورزشی وی و ارزیابی های ورزشکار را باید توجه کرد.
The strength and conditioning professional is faced with the realities of the length of time allotted to train, the facilities available, and the training goals of each athlete (9). These goals should always be based in facts and scientific data, not simply in philosophy. The best indicator of how well programming goals have been met is to evaluate how closely the training program matched the demands of the sport. Training variables must be manipulated so that training is specific to the muscle actions, muscle groups, movement group, velocity, and energy system required for the sport. It sounds intuitive to say that a training program should focus on the areas the athlete wants to improve, this concept is generally accepted, and yet it is sometimes ignored. The needs analysis will help determine the needed areas of emphasis.
With a full understanding of the physiological demands of the sport, the strength and conditioning professional can develop a program that will enhance the athletes’ physiological capacity for the sport, yet not push them into a pattern of overuse that can set them up for injury. Again, knowledge of the athletes' personal and competitive schedules and the use of periodized training are vital in this process. This is especially important when sport governing organizations (e.g.,, National Collegiate Athletic Association) limit practice time. Thus, sport coaches may be forced to compete with the strength and conditioning professional for valuable training time.
Too often, sport coaches do not allow appropriate time for rest and recovery, consequently overloading athletes with too much practice (e.g., often soccer [football] coaches scrimmage too much and spend too much time with running conditioning drills, sacrificing time for strength and power training), This behavior may predispose athletes to overuse or noncontact injuries by reducing the body's time to repair and recover from the stresses of exercise and activity, By analyzing the exertion-to-rest intervals, the strength and conditioning professional can determine which types of exercises can help develop both athletic prowess within a competition model and methods for recovery within and between competitions. Identifying the potential recovery problems is part of the process. From that point, solutions must be devised to ensure the athlete can meet the demands of practice, competition, and recovery.
Now that the foundational information concerning metabolic demands of the sport, biomechanics, and injury prevention has been reviewed, this information must be used in each athlete's workouts and conditioning program. Strength and conditioning professionals have a multitude of information to gather and consider. It is their duty to spend time understanding the fundamentals, putting them into practice, and re-evaluating and changing the program to meet the demands of various sports.
Functional and Nonfunctional
Overreaching and Overtraining
Strength and conditioning professionals must manipulate exercise selection and tailor training stimuli to attain the desired adaptations for a particular sport (9, 23). When training variables and exercise selection are manipulated, a stimulus is created that varies based on the goal of training (i.e., hypertrophy, power, strength, local muscular endurance, or capacity for cardiorespiratory endurance of the musculoskeletal system), This forces the athlete to adapt in response to the training program through neurological, structural, and hormonal changes, These changes are only achieved by stressing the athlete beyond comfort levels (typically called overload).	Comment by PARAND: اعمال فشار بر ورزشکار جهت سازگار شدن ورای سطوح راحت و مطلوب و اعمال اضافه بار را اصل اضافه بار می نامند.
By providing overload in the training program, strength and conditioning professionals ensure that the athlete will functionally overreach within the training program and progress as expected (11, 12, 14), Thus, a staircase effect results. The athlete experiences acute fatigue and a temporary reduction in performance, but quickly returns to normal or even slightly increased function (9). With long-term overreaching, the body's functional capabilities may be suppressed for several days. However, they rebound (i.e., increase beyond pretraining values) dramatically when the overreaching stimulus is removed (31). Here, the strength and conditioning professional is in control of this positive adaptation, or the structural and functional differences that occur with training (37).	Comment by PARAND: با اعمال اضافه بار ورزشکار خستگی حاد را تجربه کرده و موقتا عملکردش افت می کند اما به سرعت به سطوح نرمال و حتی مقداری بالاتر و افزایش در عملکرد را مشاهده می کند.
The manipulation of training variables is a delicate balancing act. Close monitoring of both workout logs and testing is required. If manipulation of the training variables is not tailored correctly to the desired adaptations and specific training goals, the athlete will experience symptoms of nonfunctional overreach. In this scenario, the athlete's body will have the same neurological, structural, and hormonal responses to exercise as with functional overreach, but he will be unable to positively adapt without rest, Performance will begin to suffer and some training adaptations may be lost. This means that the total conditioning program is flawed and that the athlete is not successfully adapting or maintaining functional capabilities or body composition (22), If this process continues, the athlete can enter into an overtraining syndrome, and may need months to recover performance capabilities (11) (see figure 15).
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FIGURE 1.5 Functional overreaching results in a temporary drop in performance followed by adaptation and performance gains. If this pattern does not occur, though, it could be a sign of nonfunctional overreaching. Overtime, this could result in overtraining syndrome and a prolonged drop in performance.
Compatibility of Concurrent Training Programs
Once the design of a program is complete, strength and conditioning professionals must consider how to integrate various training goals into the total conditioning program, especially when both resistance training and a high element of cardiorespiratory endurance training are involved.
It has been shown that when athletes perform resistance and cardiorespiratory training simultaneously at high intensity, increases in adaptations to muscle size and power are compromised (8, 25). In addition, some sport coaches use too much aerobic conditioning or think it is necessary to develop an aerobic base. In fact, short-distance sprint-interval programs can be used to accomplish the same goals (9), Soccer (football), basketball, hockey, field hockey, lacrosse, and rugby all have important speed-endurance requirements. However, professionals should not diminish the speed and power components required for many sports by using too much aerobic conditioning training. In contrast, athletes in aerobic endurance sports benefit from heavy resistance training because of the need to strengthen tissues and prevent injury. When done appropriately, it has been shown to positively affect aerobic endurance performance (8, 25).
Another factor that might influence the compatibility of exercise selection is the need to incorporate speed and agility training (S) and sport-specific activities into the training program. Therefore, the judgment on compatibility of training should focus on two issues. First, strength and conditioning professionals should review their analysis on the physiological and biomechanical demands of the sport and the position of the athlete to evaluate the power, strength, and cardiorespiratory endurance demands that must be met. Second, they should determine and monitor with testing what level of detriment, if any, to performance will occur if cardiorespiratory endurance and resistance training are combined within the program. Proper periodization and rest periods are important to recovery and reduce overtraining.
SUMMARY POINTS
Strength and conditioning professionals must carefully evaluate the individual athlete and the sport in order to understand the needs within a resistance training program and the demands of a total conditioning program.
· The essential aspects of a needs analysis for any athlete include the metabolic demands, biomechanical demands, and potential injury risks of the sport.
· Integrating the resistance training program with other conditioning activities is an important aspect for total conditioning. Training goals must be prioritized, training must be periodized, and nonfunctional overreaching and overtraining must be addressed.
· Professionals must be dedicated Io improving the physical development of athletes within the construct of their age, psychological development, physical toleration of training, and proper progression of the program. AS such, a needs analysis is a vital part of the design of any conditioning program, especially the resistance training program (9).
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FIGURE 1.2 Kicking a soccer ball is an
example of an open-chain sport movement.
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FIGURE 1.3 American football linemen pushing
against each other during a block is an example
of a closed-chain sport movement.
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TABLE 1.2 Patterns of Biomechanical Movement

Type of
movement

Descriptive analysis

Type of
movement

Descriptive analysis

Flexion + Movement of the Supination * Turning the hand so that
hand or foot toward the palm faces away from
the torso the torso (toward the sky)

* Movement of the + Turning the foot so that
arm or leg in front the sole of the foot faces
of the body away from the ground

(increasing the arch of the
foot)

Extension * Movement of the Pronation * Turning the hand so that
hand or foot away the palm faces the torso
from the torso (toward the ground)

+ Movement of the + Turning the foot so that
arm or leg behind the sole of the foot faces
the body the ground (decreasing

the arch of the foot)

Abduction | Movement of the arm Inversion Turning the foot so that the

or leg away from the big toe moves inward and
midline of the body toward the nose

Adduction | Movement of the arm Eversion Turning the foot so that the

or leg toward the mid- little toe moves out and
line of the body toward the nose

Internal Inward rotation of the Deviation Gliding the wrist and hand

(medial) humerus or femur (at toward either the thumb side

rotation the shoulder or hip (radial) or pinky-finger side

Jjoint, respectively) (ulnar)

External Outward rotation of Circumduction | Movement of the shoulder

(lateral) the humerus or femur joint in all directions, making

rotation (at the shoulder or hip a circular action around the

joint, respectively)

arm

Protraction | Rounding the shoul- Rotation « Circular movement of the
ders (allowing the limb or part of the limb
shoulder blades to + Movement of the torso
move away from each around the vertebral
other) column (vertebral rotation)

Retraction | Bringing the shoulder Horizontal Movement of the arm or leg:
blades in close prox- abduction/ + Toward the midline (adduc-
imity to each other adduction tion)

+ Away from midline (abduc-
tion) while holding it in a
flexed position

Elevation Raising the joint Depression Lowering the joint
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FIGURE 1.4 Sport injuries are often the result of several interconnected factors. Fatigue
can lead to poor technique or body positioning, which, combined with an overload result-
ing from contact or poor positioning, leads to injury.
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TABLE 1.3 Common Injuries by Sport and Position

Baseball and
softball

Po:

Pitcher

Type of injury*
Rotator cuff tendinitis
Medial elbow strain/sprain
Trunk rotator strain

Knee sprain (ACL/MCL)

Infielder/outfielder

Knee sprain (ACL/MCL)
Ankle inversion sprain
Trunk rotator strain

Medial elbow strain/sprain

Catcher

Knee sprain, patella-femoral pain
Knee meniscus injury

Rotator cuff tendinitis

Muscle strain (especially lower body)

Basketball

All

Knee sprain (ACL/MCL)

Patella tendinitis

Ankle inversion sprain

Muscle strain (especially lower body)

American football
and rugby

Quarterback
(American football)

Rotator cuff tendinitis

Medial elbow sprain/strain
Knee sprain (ACL/MCL)
Shoulder dislocation/separation
Ankle inversion injury

All other positions*

Knee sprain (PCL)

Vertebrae compression
Shoulder dislocation/separation
Hand and wrist sprain/strain

Football (soccer) All Ankle inversion sprain
| Knee sprain (ACL/MCL)
Patella-femoral injury
Gymnastics N/A Muscle strain

Knee sprain

Shoulder tendinitis
Ankle inversion
Vertebrae compression
Hip strain

Shoulder separation
Elbow sprain/strain
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Sport

Hockey (field or ice)
and lacrosse

Po:

Goalie

Type of injury®
Groin strain
Knee sprain (ACL/MCL, PCL/LCL)
Trunk rotator strain
Hip flexor strain
Hand and wrist sprain

All other positions*

Vertebrae compression
Foot and ankle sprains/strains
Shoulder dislocation/separation

Running (cross-
country and distance)

N/A

Plantar fasciitis
lliotibal band tendinitis
Patella tendinitis

Knee bursitis

Swimming

N/A

Shoulder tendinitis

Tennis

N/A

Ankle sprain

Muscle strain

Knee sprain

Hip bursitis

Elbow tendinitis

Inflammation of elbow ligaments

Track (sprinting or
mid-distance)

N/A

Ankle sprain
Muscle strain
Knee sprain
Hip bursitis

Water polo

All

Shoulder tendinitis
Muscle strain

Wrestling

N/A

Muscle strain
Shoulder sprain
Shoulder dislocation
Vertebrae compression
Hand and wrist sprain
Knee sprain
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Typical progressive
overload

Recovery results

in improvement.

Functional
overreaching

Program design
intentionally reduces
performance, but recovery
occurs in 3 to 17 days with
return to normal training
and rest.

Nonfunctional
overreaching

If ignored,
can lead to
Overtraining
syndrome
Poor program design
causes performance to Serious
be suppressed for longer performance
periods of time without reductions for
predictable recovery. several months

to a year
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TABLE 1.1 Approximate Energy Demands for Various Sports

Sport i ATP-CP system | Lactic acid system | * Aerobic system

American football 70 25

Archery 100 - -
Auto racing 30 10 60
Basketball 20 20 60
Baseball 95 5 -
Bicycle racing (road) 10 10 80
Bowling 100 - -
Boxing 30 45 28]
Fencing 85 10 5}
Field events 100 - -
Field hockey 20 25 55
Gymnastics 90 5 5
Ice hockey 30 30 40
Lacrosse 20 25 55
Marathon - & 100
Rowing 10 40 50
Rugby 25 25 50
Skiing (downhill) 35 25 40
Soccer 15 25 60
Swimming (sprints) 15 25 -
Swimming (distances) 10 10 80
Skateboarding 80 10 10
Tennis 50 5 45
Track (long distance) 5 5 90
Track (middle distance) als 50 35
Track (short sprints) 90 b

Volleyball 80 15

Wrestling 30 45 25





image2.png
% of contribution to ATP production for
each energy system
g

===~ ATP-CP
Lactic acid glycolysis
~ Aerobic

0k f——
35210 120 150 240
Time of exertion within athletic event
<3 sec
ATP_CP ™ >3 minutes
examples: 3-10 sec [ Aerobic + lactic acid examples:
i ZOWef“ﬁing (" ATP-PC + lactic | | ::ggg m ‘s’;f:\ events
*Gymnastics | acid examples: | i ; o
« Jumping oo dashpes | +120880 [ ° g;-;ﬁf‘-;oumry and distance running
NoNing! + Football play (" Lactic acid + aerobic | .
* Shot put «50 m swim examples: Ice skating

* Gymnastics | «200 and 400 m dashes |
+>100 m swim |
* Soccer play

Ay Hockey play




