
 

HUMAN BODY SYSTEMS AND ADAPTATION 
Resistance training has been identified as a form of training where muscles contract against an opposing resistance. The intended 
outcome is an improvement in muscular performance. To fully understand the mechanisms related to muscular performance, we 
must investigate the primary body systems associated with human movement and the specific adaptations that can be elicited with 
the application of a targeted training regime. Adaptation is simply the physiological changes that occur to our body systems when a 
stress or stimulus is applied. Chronic adaptation refers to the ability of the body systems to adapt to prolonged (8 weeks or more) 
resistance training. For the purpose of this section, we will focus on relevant aspects of the Muscular, Nervous, Skeletal, and Energy 
Systems along with possible chronic adaptations associated with resistance training. 
 
Muscular System 
Muscles are essential to our movement, so it is imperative to understand what they are composed of, how they function, and how 
they adapt. The muscular system is comprised of more than 600 muscles of the human body and its accessory structures. It is further 
broken up into three types of muscle - skeletal, cardiac, and smooth muscles. For our purposes, we will be concentrating on skeletal 
muscle. 
 

• Function 
One of the main functions of skeletal muscle is to generate movement by the lengthening and shortening of opposing 
muscles. A muscle that initiates movement (shortening) is referred to as an agonist. A muscle that is being stretched during 
movement (lengthening) is referred to as the antagonist. Additional functions of the skeletal system include:  
 
» Posture 
» Stabilization 
» Heat production 
 

• Types 
Skeletal muscle fibers are classified as slow twitch or fast twitch 
depending on their metabolic and contractile characteristics. The 
proportion of these fiber types in skeletal muscle is largely 
determined by genetics. 
 
» Slow Twitch Fibers 

• Type I – Slow Twitch Oxidative (STO) 
 

» Fast Twitch Fibers 

• Type IIA – Fast Twitch Oxidative-Glycolytic (FOG) 

• Type IIB – Fast Twitch Glycolytic (FG) 
 
 

 
 
 
 

CHARACTERISTICS TYPE I (STO) TYPE IIA (FOG) TYPE IIB (FG) 

Fiber Size (Diameter) Small Medium Large 

Speed of Contraction Slow Fast Fast 

Strength of Contraction Low High High 

Aerobic Capacity High Medium Low 

Anaerobic Capacity Low Medium High 

Resistance to Fatigue High Medium Low 

Predominant Energy System Aerobic Combination Anaerobic 



 
Chronic Adaptations 
 
» Hypertrophy - The most significant adaptation observed through resistance training is an increase in the cross-sectional 

area (CSA) of a muscle. This increase in size is referred to as hypertrophy. Most research suggests that type II fast 
twitch fibers have superior growth potential in comparison to type I slow twitch fibers. These are the muscle fiber types 
that should be targeted for hypertrophy training. 
 

» Muscle Growth - Researchers have identified three primary mechanisms that might stimulate muscle growth. 

• Mechanical Tension – Mechanical tension is related to the force that stresses a muscle fiber to change length, 
width, or thickness. Muscular force is maximized close to or near 1RM. 

• Metabolic Stress – Metabolic stress is the accumulation of metabolites (lactate, inorganic phosphates, and H+). It 
increases when utilizing the glycolytic system with loads under 80% 1RM. 

• Muscle Damage – Muscle damage is increased under the following conditions: 
– Increasing volume 
– Increasing loads 
– Utilizing a constant load 
– Eccentric contraction 
– Utilizing larger ranges of motion 

 
Nervous System 
The nervous system consists of the brain, spinal cord, and all of the peripheral nerves of the human body.  
The neuromuscular system is the interaction between the nervous system and muscular function. Every 
movement made by the human body must be initiated by the nervous system. The nervous system can be 
broken down into two main parts: 
 

• Central Nervous System (CNS) 
The central nervous system (CNS) consists of the brain and spinal cord. The major functions 
of the CNS are to collect, process, interpret, and respond to sensory input between the body 
and external environment. 
 

•   Peripheral Nervous System (PNS)                        
The peripheral nervous system (PNS) consists of 12 pairs of cranial nerves, 31 pairs of spinal 
nerves, and includes all of the nerves outside the brain and spinal cord. The PNS has two 
pathways that function to carry messages from the body periphery and external environment 
back to the CNS.  

 
Chronic Adaptations 
A substantial amount of evidence supports the notion that resistance training leads to a number 
of neural adaptations, which promote an increased capacity to generate force, power, and 
velocity. These adaptations affect intramuscular and intermuscular coordination of trained 
movement patterns. An increase in force during the first 8 weeks of training can be contributed 
almost entirely to neural adaptations. The 3 most relevant adaptations of the nervous system 
that specifically target force production regardless of velocity are: 

 
» Coordination – Ability of a muscle or group of muscles to synchronize themselves in a more efficient manner. These 

adaptations occur at loads between 40 and 100% in relation to a 1RM. 
» Motor Unit Recruitment (Activation) – In order for a muscle to exhibit its maximum force and/or size capability, 100% 

of the motor units within a given muscle must be activated. In order to maximize motor unit activation, resistance 
training must occur utilizing high intensities, maximized at loads between 70-100% in relation to a 1RM. 

» Rate Coding (Frequency) – Rate coding is the ability of a neuron to increase its firing frequency. Speed and power 
related training activities seem to have a positive effect on rate coding capabilities. Adaptations to rate coding 
improvement seem to be maximized at loads between 40-60% and 85-100% in relation to a 1 RM. 

 
 
 



 
Skeletal System 
The skeletal system is composed of the more than 200 bones in the body along with its accessory structures. The skeletal system 
works in conjunction with the muscular system to form the Musculoskeletal System, which allows for human movement and plays a 
vital role in human performance. The musculoskeletal system contains the physical structure and levers that are moved in response 
to muscle fiber activation. 

 
Chronic Adaptations 
There has been overwhelming evidence over the last 30 years to support a positive correlation between the effects of 
resistance training and bone density. Bone Mineral Density (BMD) has been shown to increase after prolonged bouts (>12 
months) of resistance training. These adaptations are linked to the increased force exerted on bones as participants gain 
strength through resistance training. Bones increase in size and strength to support the increases in force production, but 
only to the bones that are placed under an increased mechanical load. Current research suggests that the load must be 
greater than 70% of a 1RM for 2-3 times per week over consecutive months. 

 

 
 
 

  



 
Energy System 
Human movement and function require energy. Energy is also needed for thermoregulation and fueling all of the metabolic activities 
of the body. The transfer of chemical energy that we ingest (carbohydrates, protein, and fat) is broken down into usable energy that 
fuels our body systems. There are 3 main energy systems that provide valuable ATP. It is important to note that all 3 energy systems 
are working in some capacity, however the extent of participation in the process is dependent on the characteristics of the activity. 
 

• Phosphagen System (Anaerobic Alactic System) 
The phosphagen system, also commonly known as the alactic energy system, fuels movements that typically last up to 
around 10 seconds and is intensity specific. Activities that are both high in intensity and short in duration, such as 
strength and power movements, typically use this system as the predominate energy source. 

 

• Glycolytic System (Anaerobic Lactic System) 
The glycolytic system fuels movements that typically last from 30 seconds to 2 minutes in highly trained athletes. 
Circuit Training and HIIT use this energy system as its primary energy source.   
 

• Oxidative System (Aerobic System)  
Aerobic metabolism has the ability to produce almost unlimited amounts of energy and is the main source of energy 
for activities that last more than 2 minutes. For this reason, the aerobic energy system is the primary system that fuels 
most endurance events such as jogging, hiking, and walking. 

 

ENERGY SYSTEMS PHOSPHAGEN SYSTEM GLYCOLYTIC SYSTEM OXIDATIVE SYSTEM 

Metabolism Type Anaerobic Metabolism Anaerobic Metabolism Aerobic Metabolism 

Intensity Requirements Very High High Low to Moderate 

Duration Very Short (up to 10 sec) Short (up to 2 min) Long Duration (over 2 min) 

Lactate Production No Yes No 

By-Products 
Inorganic Phosphate (Pi) 
ADP 

Lactate  
Hydrogen Ions (H+) 
ADP 

CO2 

H20 
Heat 

Speed of Energy Productions Instantaneous Fast Medium 

Chemical Process Simple Longer Complex 

 
Chronic Adaptations 

» Creatine Kinase 
Resistance training can increase the amount and activity of the enzyme Creatine Kinase, which facilitates the 
separation of Phosphate from Creatine Phosphate to phosphorylate ADP and form ATP. 

» Improved Alactic Energy System Function 
Research suggests that with specific training of this energy system, its relatively brief energy contributions might be 
extended. 

» Neuromuscular Adaptations 
Training of the neuromuscular system and the alactic energy system go hand and hand, and it is impossible to 
differentiate between the two. Training this energy system results in all of the speed, strength, and coordination gains 
expected with neuromuscular training. 

 
 


