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Cardiac Muscle Mechanics 

  
Reference: Physiology (7th Ed.); Berne, Levy, Koeppen & Stanton, Chap. 16. 
 
Learning Objectives: 
The heart is a pump whose primary purpose is to generate cardiac output.  The ability to generate 
and regulate cardiac output depends on the mechanical properties of cardiac muscle and how 
they respond to several external factors. 
  
You should be able to: 
 

1. Define the four determinants of cardiac output, i.e. heart rate, preload, afterload and 
contractility and how each affects cardiac output. 

 
2. Define isometric and isotonic contraction. 

 
3. Define resting (diastolic) and active (systolic) tension and the length-tension relationship  

of cardiac muscle. 
 
4. Define the cellular mechanisms by which preload affects isometric tension development. 
 
5. Define compliance and how it affects the slope of the resting tension curve.  

 
6. Define contractility and how it affects the slope of the active tension curve. 
 
7. Define how contractility affects peak isometric tension development and relaxation. 
 
8. Define how contractility affects the amount of isotonic muscle shortening.  
 
9. Define the force-velocity relationship and how it is affected by changes in preload, 

afterload and contractility and how these changes affect stroke volume.  
 

 
 
 

 



FHB 2023 – Cardiac Physiology  
Seth L. Robia, Ph.D. (CTRE 526) 
 
A. The four factors that determine cardiac output (cardiac performance). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Definitions: 
1) Preload - The load on the muscle BEFORE contraction is initiated. The preload stretches the 

muscle length and therefore generates passive tension on the muscle.  In the heart, preload is 
dependent on ventricular filling (end-diastolic volume).  

 
2) Afterload - The load on the muscle AFTER contraction is initiated.  Afterload is any force 

that resists muscle shortening. Normally, arterial pressure is the force that resists left 
ventricle contraction (muscle shortening). Pathological resistance to flow due to partial 
obstruction of the outflow tract (e.g. aortic stenosis) can also contribute to afterload. 

 
3) Contractility - The inherent ability of actin and myosin to form cross-bridges and generate 

contractile force.  Contractility is INDEPENDENT of preload and afterload. Contractility is 
primarily determined by intracellular [Ca2+].  In cardiac muscle, the active tension curve rises 
steeply in relation to changes in muscle length. 

 
  
B.  Contraction - Process by which muscle generates tension or force.   

Note: muscle contraction is not always associated with muscle shortening.  
 
Two types of muscle contraction: 
1.  Isometric contraction - Contraction without shortening (no change in length).  If a 
muscle is unable to generate enough force to meet the afterload, then the contraction is 
isometric (no muscle shortening). 
2.  Isotonic contraction - Contraction with shortening and constant force (no change in 
force).  If a muscle is able to generate enough force to meet the afterload, then the 
contraction is isotonic (muscle shortens). 
 
During a normal cardiac cycle, cardiac muscle initially generates isometric tension and then 
isotonic-like contractions.   
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C.  Preload:  The Length - Tension Relationship of Cardiac Muscle  
An increase in resting cardiac muscle length will increase contraction strength.   
 
 
Resting (Diastolic) Tension:  amount of tension that 
develops passively by stretching the muscle, i.e. increasing 
preload.  In the heart, the preload is the ventricular filling 
volume, i.e. end-diastolic volume.  The slope of the resting 
tension curve is primarily determined by muscle compliance. 
 
Active (Systolic) Tension:  amount of isometric tension that 
is developed by muscle contraction at a particular muscle 
length (preload). In the heart, the systolic tension curve 
represents stroke volume.  The slope of the active tension 
curve is primarily determined by contractility. 
 
 
 1.  Compliance:  change in volume (length) in relation to a 

change in pressure (tension). Primary determinant of 
resting cardiac tension.  

∆ volume  (V)  =   ∆ length  (L) 
∆ pressure (P)  =   ∆ tension (T) 

 
2.   Cardiac muscle has a significantly lower compliance (it is stiffer) than skeletal muscle. 

Therefore, cardiac muscle develops significant resting tension at much shorter muscle lengths 
compared with skeletal muscle. Compliance primarily determines the slope of the resting 
tension curve.  Therefore, a decrease in cardiac muscle compliance increases the slope of the 
resting tension curve, resulting in a higher pressure for a given filling volume.  Because of its 
relatively low compliance, cardiac muscle works on the ascending limb of the length-tension 
curve. 

 
3.  Contractility:  The inherent ability of actin and myosin to form cross-bridges and generate tension. 

Contractility is primarily determined by intracellular [Ca2+].  More intracellular [Ca2+] leads to more 
cross-bridge formation and thereby stronger contraction. Contractility also is referred to as inotropy, 
i.e. positive and negative inotropic effects.  An increase in contractility (positive inotropic effect) 
will shift the slope of the active tension curve up and to the left.  A decrease in contractility (negative 
inotropic effect) will shift the slope of the active tension curve down and to the right.     
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How does an increase in preload cause an increase in tension development? 
Stretching cardiac muscle: 
a)  creates more optimal overlap between thin and thick filaments. 
b)  increases Ca2+ sensitivity of myofilaments (the mechanism for this is still poorly understood). 
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D.  Effect of Changing Preload on Isotonic Contractions: 
The figure below shows that as the preload is increased (1-2-3) the amount of muscle shortening 
is increased.   
 
 
An increase in preload increases the amount of muscle 
shortening (1-2-3). 
A decrease in preload decreases the amount of muscle 
shortening (3-2-1).  
 
 
 
 
E.   Effect of Changing Afterload on Isotonic Contractions.  
The figure below shows that as afterload is increased (1-2-3-4) the amount of isotonic tension is 
greater but the amount of muscle shortening (length of arrows and graph on right 1-4) decreases.   
 
 
 
Increasing afterload decreases the amount of muscle 
shortening (1-2-3-4). 
 
Decreasing afterload increases the amount of muscle 
shortening (4-3-2-1). 
 
   
 
F.  Contractility 
The inherent ability of actin and myosin to form cross-bridges and generate tension.  Contractility is 
primarily determined by intracellular [Ca2+].  More intracellular [Ca2+] leads to more cross-bridge 
formation and thereby stronger contraction. Contractility is INDEPENDENT of changes in preload or 
afterload.  

 
This figure shows isometric tension with preload held constant.    
NML = normal contractility 
A = increased contractility (positive inotropic effect; i.e. 
sympathetic stimulation) 
B = decreased contractility (negative inotropic effect, i.e. 
congestive heart failure) 
 
 
Note that compared to normal contractility (NML) an increase in contractility achieved by 
sympathetic nerve stimulation (A) not only increases peak isometric tension but also enhances 
the rate of relaxation.  Conversely, a decrease in contractility (B) decreases peak isometric 
tension and also slows the rate of relaxation of the heart. 
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G.  Effect of Changing Contractility on Isotonic Contraction 
 
 
An increase in contractility increases the amount of 
muscle shortening by allowing the muscle to reach 
a shorter length.   
 
A decrease in contractility decreases the amount of 
muscle shortening by not allowing the muscle to 
reach a shorter length.   
 
 
 
 
In the figure, at constant afterload (2 g) and preload (LPL), an increase in contractility increases 
the amount of muscle shortening (LB is a shorter muscle length than LA). 
 
 
 
KEY CONCEPTS: 

• In terms of cardiac function, an increase in contractility:  
1) increases the amount of muscle shortening. 
2) increases velocity of shortening (see next section H). 
3) increases the rate of relaxation (sympathetic stimulation).  

 
• In terms of cardiac function, a decrease in contractility:  

1) decreases the amount of muscle shortening. 
2) decreases the velocity of shortening (see next section H). 
3) decreases the rate of relaxation (inhibit sympathetic stimulation).  
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H.   Force-velocity relationship 
 The force (afterload) generated by the muscle determines the velocity of shortening. 

 
• Fig. 1- increasing afterload decreases the 

velocity of isotonic muscle shortening. Vmax 
represents the maximal velocity of shortening 
with “no load”.  It is used as an index of 
contractility.  Maximal isometric force is when 
the muscle is unable to meet the afterload, i.e. 
zero velocity of shortening (isometric 
contraction).  

 
 

• Fig. 2 - increasing preload (a-c) shifts the force-
velocity curve to the right without changing 
Vmax.  In other words, at any given afterload, 
preload increases the velocity of shortening.  

 
  
 
 
 
 

• Fig. 3 -  increasing contractility (positive 
inotropy) shifts the force-velocity curve to the 
right and increases Vmax.  In other words, at any 
given afterload, contractility increases the 
velocity of shortening.  
 
 
 
 
Note in Fig. 2 & 3, an increase in preload or contractility, respectively, increases the 
maximum isometric force.  This is already described by the length-tension relationship.    

 
KEY CONCEPTS:  
• In terms of cardiac function, an increase in afterload: 
   1) decreases the velocity of muscle shortening. 
   2) decreases the amount of muscle shortening (see Section E above). 
• Conversely, a decrease in afterload: 
  1) increases the velocity of muscle shortening. 
  2) increases the amount of muscle shortening (see Section E above).  
• At any given afterload, an increase in preload will increase the velocity of shortening. 
• At any given afterload, an increase in contractility will increase the velocity of 

shortening.   


