Muscle Strength, Power, and Endurance

Maximum muscular strength is the maximum amount of tension or force that a muscle or muscle group can voluntarily exert in one maximal effort, when the type of muscle contraction, limb velocity, and joint angle are specified.  You should be familiar with categories of muscle contractions:  concentric and eccentric.  Types of muscle exercise to learn and to incorporate into the testing of athletes are: isometric, isotonic, and isokinetic.  Isometric contractions occurs when there is tension developed within the muscle but no movement occurs. The two insertion sites do not change positions, and the muscle length does not change.  Concentric contractions develop tension within the muscle, the two insertion sites move closer together, and the muscle shortens.  Some muscles will cross two or more joints.  When those muscles produce simultaneous movement at all of the joints it crosses, the muscle will reach such a shortened position that it no longer has the ability to develop effective tension.  This is called Active Insufficiency.  Three functional classifications of muscles will be used with Manual Muscle Testing: prime mover or agonist, antagonist, and synergist.  The agonist muscle or muscle group makes the major contribution to movement at a joint.  Antagonist muscles have an opposite action to the agonists.  To some degree, the antagoist muscle relaxes as the agonist moves through part of the ROM.  Synergists are muscles that work along with agonists to produce the desired movement.  They can work in three characteristic ways: as neutralizing or counteracting synergists (prevent unwanted movements), conjoint synergists (work together to produce the desired movement), or stabilizing or fixating synergists (stabilize proximal joint movement).

Many factors will affect strength: age, type of contraction, muscle size, speed of contraction, training effect, joint position, and fatigue.  Other factors such as nutrition, level of motivation, pain, body type, sport, and limb dominance will not be considered here.  As age increases through about age 28, strength may increase, but as age increases from there strength usually decreases due to a decrease in fiber size and number, an increase in connective tissue an fat as replacement, a decrease in energy capacity of the muscle.  More tension can be generated through eccentric contractions than isometric, and concentric contraction produce the least tension.  Generally, the larger the cross-sectional area of a muscle the greater the strength.  For concentric contractions, contraction forces decrease as the speed of contraction increases.  The opposite is true for eccentric contractions.  Strength can be seen to increase as the athlete becomes familiar with and learns the test situation.  The turning effect about a joint that is produced by contraction of muscle is called the moment of force or torque.  Torque can be measured as the product of the muscle force and the perpendicular distance between the joint axis of rotation and the muscle force.  The optimal angle for the muscle to produce peak torque is at an angle of 90 degrees to the moving shaft.  At greater or lesser angles, there are greater or lesser stabilizing, compressing, and distracting forces applied at the joint.  Regardless of the type of muscle contraction, a muscle contracts with more force when it is stretched than when it is shortened.  The angle of muscle pull and the length-tension relation interact to produce the muscle force curve.  When testing isometrically at several angles, most muscles will have a decrease in strength the stretch and beginning ranges to the shortened and ending ranges.  As the athlete fatigues, muscle strength decreases.

Muscle Strength & Endurance (Reps, Sets & Frequency) 

Reps & Sets

A repetition is one complete cycle of a movement. The downward/eccentric and the upward/concentric (returning) phases of a squat comprise one repetition (rep).  Consecutive reps (without a break) form a set, i.e. 4 reps, 6 reps, 20 reps. Set numbers can vary along with rep numbers. Variances in both can be used to achieve varying goals. 1-2 sets can be used to develop muscular endurance and toning, whereas 3-5 sets of repetitions can be used to elicit gains in strength and size.  A low number of reps (5-8) with heavy weights are likely to develop strength and size, rest between sets should be approximately 90-120 seconds. A high rep (12-25), light weight set is more likely to develop muscular endurance and tone, rest here should be shorter, 30-60 seconds. Differences in results are due to the body’s response to differing stimuli. The body will ‘match’ its adaptations to the stimuli it experiences.
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It must be noted that one person may see a set as being high rep whereas to another it may seem low rep.   In addition, there is no ‘ideal’ set or rep number for everyone. Only time in the gym and a record of work and progress will help give you an idea of what works best for you. Understand also, that one person’s rep and set numbers can and should change with an alteration in goals. 

Frequency of Training

The frequency of your training is most likely to be dictated by other commitments, i.e. lectures, employment, sleep! However, when considering how often you should be training with free weights or resistance machines give consideration to other factors, including: -

1.     Muscular soreness
2.     Recuperative ability of the body
3.     Days off & Integrating of other activities
 
Muscular soreness after weight training is caused by damage at the cellular level of the muscle. The pain associated with a recent exercise bout is an effective warning against similar activity, too soon. Wait for the pain to go away! Increased soreness is associated with new exercise programs, failure to ‘warm-up’ the muscles and also with eccentric exercise. Eccentric movements lengthen a contracted muscle. Examples include the down motion of a bench press or squat, and lowering of a dumbbell during a bicep curl. Running downhill places an emphasized eccentric burden on the quadriceps. Eccentric movements are practically unavoidable and can actually be used exclusively in an exercise via use of a training partner.
Muscular soreness can be minimized by ensuring muscles are actively warmed and stretched prior to exertion, including adequate protein (varies from user to user- aim for 1g per pound/bodyweight) in post-workout nutrition and possibly large doses of vitamin C (250mg four times a day).
 
Recuperative abilities of the body vary from person to person. Influencing variables include genetics, training history, exercise selection, form, training duration, diet and nutrition and rest. Evidently some factors are adjustable and some are fixed.
Only you will know your recuperative ability. Only you know how you feel. If you don’t physically feel like training, then it’s probable you will not put your all into the session and the time will have been better spent resting and relaxing, eating so you’re ready for the next session, and/or getting university work done.
A whole-body program will not allow consecutive training days. So if you are currently training with a whole-body program, but you are wishing to train more regularly a simple training ‘split’ could be employed. For example, train upper body on day one, lower body on day two and rest on day three.
 

Days off training are essential to allow for repair and regeneration of muscle tissue and mental recovery. You do not ‘get big’ in the gym, in fact as already mentioned training actually causes damage to the muscle tissue. Resistance training in the gym provides a stimulus to the activated muscles to become stronger, in an attempt to make the exertions of the gym ‘feel normal’. The body dislikes external stimuli that alter the internal environment. It attempts to adapt to restore equilibrium, this process is known as homeostasis. However this anabolic stimulus is wasted, if adequate rest and supply of nutrients do not follow it. 
The joint position may be a factor in developing strength.  When the joint surfaces are fully congruent, there is usually maximum tension in the joint capsule.  This is called a close-packed position of the joint.  Close-packed positions should be avoided when testing muscle strength.  However, a loose-packed position is one of low surface congruency and lax capsule.  The least congruent and most lax position of a joint is its resting position.  

The contraindications for strength testing are mostly the following: the presence of an inflammatory process or infection in the involved muscles and joints, painful conditions that might interfere with the severity of the symptoms, a history of cardiovascular problems (use care), abdominal surgery, excessive fatigue, and all of the contraindications for ROM testing.

Muscular Strength

Muscular strength is the maximum force that a muscle group can exert.  This force generation is dependent on several factors: the length of the muscle from the shortening or lengthening process, the velocity or speed with which lengthening or shortening occurs, and the time over which maximum contractions can occur.  In general these characteristics vary with the muscle and are dependent on the joint angle.  Therefore, each muscle must be tested to determine its strength rather than get one general test of muscular strength.  However, general upper extremity and lower extremity tests have been used to describe the upper and lower limb strength.  Typical measurement tool include dynamometers, cable tensiometers, isokinetic machines, or weights.

One-Repetition Maximum (1RM) Leg Strength Test

Objective:  to determine the greatest weight a subject can lift with the legs during one repetition

Validity:  construct validity of leg strength

Equipment:  a universal gym or similar weight machine

Procedure:  Subject warms up with comfortable lifts and uses these to determine effort.  Subject sits in the seated chair, fully extends the legs from a bend knee position and then returns for 1 repetition.  The seat should be adjusted to standardize the knee angle at about 120 degrees.  Start with a weight that can be lifted comfortably, continue to add weight until the subject’s maximum weight can be found.  Allow 1-3 minutes between trials.

Scoring:  the subject’s score is the maximum weight lifted during one repetition

	Body Weight
	Males
	Females

	80
	160
	112

	100
	200
	140

	120
	240
	168

	140
	280
	196

	160
	320
	224

	180
	360
	252

	200
	400
	280

	220
	440
	308

	240
	480
	336


Norms

	Leg Press

	Percentile
	Males
	Females

	95
	649
	410

	75
	556
	358

	50
	517
	316

	25
	429
	283

	5
	275
	215


STRENGTH POWER 
Anaerobic Energy System Tests

Sprint or Speed Test 

· description / procedure: The purpose of this test is to determine maximum running speed. It involves running a single maximum sprint over a set distance, with time recorded. The test is conducted over different distances, such as 10, 20, 40 and/or 50 meters or yards, depending on the sport and what you are trying to measure. The starting position should be standardize, starting from a stationary position, with no rocking movements. If you have the equipment (e.g. timing gates), you can measure the time to run each split distances (e.g. 5, 10, 20m) during the same run, and then acceleration and peak velocity can also be determined. It is usual to give the athletes an adequate warm-up and practice first, and some encouragement to continue running hard past the finish line. 

· equipment required: measuring tape or marked track, stopwatch or timing gates, markers. 

· target population: sprinters, team sport athletes. 

· reliability: Reliability is greatly improved if timing gates are used. Also weather conditions and running surface can affect the results, and these conditions should be recorded with the results. If possible, set up the track with a crosswind to minimize the effect of wind. 

· norms: the rating system below is for a 35 m sprint test, I think for Australian team sport players (reference unknown). 
  

	rating 
	men 
	women 

	very good 
	< 4.80 
	< 5.30 

	good 
	4.80 - 5.09 
	5.30 - 5.59 

	average 
	5.10 - 5.29 
	5.60 - 5.89 

	fair 
	5.30 - 5.60 
	5.90 - 6.20 

	poor 
	> 5.60 
	> 6.20 


· Time to run 35m (in seconds)

STRENGTH POWER 
Anaerobic Energy System Tests

1-RM Tests (Repetition maximum tests) 

· description / procedure: One repetition maximum tests (1-RM) is a popular method of measuring isotonic muscle strength. It is a measure of the maximal force a subject can lift with one repetition. The athletes chooses subsequent weights until they can only repeat one full and correct lift of that weight.  

· equipment required: Free weights (barbells, dumbbells) or other gym equipment. 

· advantages: the required equipment is readily available in most gymnasiums. 

· comments: The test results will be specific to the equipment used and the technique allowed, so is best used for test-retest measures. Also sometimes used is a 3-RM or other numbers. These greater reps would require less weight and may be considered less dangerous. 

· more information: see also weightlifting techniques 

STRENGTH POWER 
Anaerobic Energy System Tests

Vertical Jump Test (Sargeant Jump) 

· description / procedure: the athlete stands side on to a wall and reaches up with the hand closest to the wall. Keeping the feet flat on the ground, the point of the fingertips is marked or recorded. The athlete then stands away from the wall, and jumps vertically as high as possible using both arms and legs to assist in projecting the body upwards. Attempt to touch the wall at the highest point of the jump. The difference in distance between the reach height and the jump height is the score. The best of three attempts is recorded. 

· modifications: Jump height can also be measured using a timing mat which measures the time the feet are off the mat. From the time, jump height can be calculated. To be accurate, you must ensure the feet land back on the mat with legs nearly fully extended. Other test modifications are to perform the test with no arm movement (one hand on hip, the other raised above the head) to isolate the leg muscles and reduce the effect of variations in coordination of the arm movements. The test can also be performed off one leg, with a step into the jump, or with a run-up, depending on the relevance to the sport involved. 

· scoring: The jump height Jump is usually recorded as the score in distance. The table below provides a ranking scale for adult athletes based on my observations, and will give a general idea of what is a good score. 

  

	rating 
	males (cm) 
	females (cm) 

	excellent 
	> 70 
	> 60 

	very good 
	61-70 
	51-60 

	above average 
	51-60 
	41-50 

	average 
	41-50 
	31-40 

	below average 
	31-40 
	21-30 

	poor 
	21-30 
	11-20 

	very poor 
	< 21 
	< 11 


There are also a calculation to convert jump height into a power score. This is a formula I have come across, I am not sure about it's accuracy or how it is derived. Power= 2.21*weight*root of jump distance.

· equipment required: measuring tape or marked wall, chalk for marking wall (or timing mat). 

· advantages: simple and quick to perform. 







