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PART I 

CHAPTER 1: BODY SYSTEMS 
REVIEW 
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1. _The Cardiovascular System 
HEATHER KETCHUM AND ERIC BRIGHT 
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Location of the Heart 
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Shape and Size of the Heart 
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2. _The Nervous System 
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6. _Skeletal Muscle 
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7. _Divisions of the Skeletal 
Muscles 
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8. _Describing Motion and 
Movements 
AMANDA SHELTON 
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9. _Identify Anatomical 
Locations 
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10. _The Basics of 
Biomechanics 
AMANDA SHELTON 

Biomechanics1 

�� ), �_1 �_ ') 0�_#(.)_ '), �_ -*� �#5�_ .)*#�-C_#._#-_#'*), .�( ._ ."� ._1�_

� 2�'#(�_ '), �_ �, )��& 3_ 1"� ._ �, � � .�-C_ #'*�� .-C_ �(�_ �&.�,-_ � +#�$J

#%, �#�$ *B_�/'�(_') 0�'�( ._�-_�_1")&�_#( 0)&0�-_."�_#( .�, �� .#)(-_

�� .1 � �(_ �)(�-C_ '/-�&�-C_ &#!�'�( .-C_ �(�_ $)#(.-_/!, !&  ."�_ �)� 3_ �-_

1 �&&_�-_� 0,�*&�$P$'��+ _-/�"_�-_!, � 0#.3_#(_�_�)), �#(� .� �_�(�_� )'*&� 2_

'�((�,_.)_�, � � .�_'� �(#(!  /&_') 0�'�( .B_�(��,-.�(�#(!_."�_��-#�-_

)  _��%#����$��) _1#&&_ "�&*_ .)_ ��.�,'#(�_ 0 �,#� .#)(-_  , )'_ (),'�&_

') 0�'�( ._*� . .�,(-_.)_� 0�&/� .�_�(�_�(�& 3-#-_0�,#)/-_') 0�'�( .-_�(�_

*, ) 0#��_�  � � .#0�_ � � ����%_�(�_� ),, � � .#)(-B_

Z� �%#����$��) _#-_."�_-./� 3_) _�)( .#(/ /'_'� �"�(#�-_P ."� ._#-C_

."�_ -./� 3_ ) _&)��-C_ ').#)(C_-., �--C_ �(�_ -., �#(_ )  _ -)&#�-_ �(�_

6/#�- Q_) _ �#)&)! #��&_-3-.�'-_ �(�_ ."�_ '� �"�(#� �&_ �  � � .-_ )(_

."�_�)� 3]-_') 0�'�( .C_-#4�C_-"�*�_�(�_-.,/� ./, �B[_P�/(!V� /_

�/C_9789Q_

�"�, �_ �, �_ '�( 3_ 1� 3-_ ."� ._ 1�_ � �(_ � 2*&), �_ �#)'� �"�(#�-_ �(�_ ."�_

�  � � ._ )(_ ."�_"/'�(_ �)� 3B_�"�, �_#- molecular biomechanics _1"#�"_

&))%-_ �._ ") 1_ '� �"�(#� �&_  ),'-_ �  � � ._ ."�_ �#)')&� �/&�-_ -/�"_ �-_

� ��C_���C_�(�_0 �,#)/-_*, ).�#(-_1# ."#(_)/,_�)� 3_ /(� .#)(C_,� �� .C_�(�_

., �(-*), .B_ � �_ "� 0�  cellular biomechanics _."� ._ �2*&), �-_ ") 1_ � �&&-_

� �(_ -�(-�_ '� �"�(#� �&_  ), � �-_ �(�_ �, � � .�_ �#)&)! #��&_ ,�-*)(-�-_  ),_

!, ) 1."C_ �#  �, �( .#� .#)(C_ ') 0�'�( .C_ !�(�_ � 2*, �--#)(C_ � .�B_ �"�, �_ #-_

�&-)  tissue biomechanicsA_1"#�"_-.�, .-_.)_.)/�"_)(_'), �_)  _1"� ._1�_

�"�_��-#�-_)  _�#)'� �"�(#�- __q__8;<



1#&&_�2�'#(�_.", )/! ")/._."#-_� )/,-�C_."� ._�2*&), �_") 1_.#--/�-_!, ) 1_

�(�_, �-*)(�_.)_0 �,#)/-_-.#'/&#_P&#%�_� 2�, �#-�GQB �#--/�_�#)'� �"�(#�-_

� �(_ �&-)_ "�&*_ /-_ .)_ #��( .# 3_ ."�_ �  � � .-_ )  _ �)'')(_ � 2�, �#-�_ &)��_

, �-*)(-�-_ &#% �_ �&� 0� .� �_ �&))�_ *, �--/, �_ ),_ �)(�_ , �')��&#(!B_ � �_

1#&&_�)'�_ ���%_.)_") 1_)/,_ �)� 3_,�-*)(�-_.)_0 �,#)/-_&)��#(!_&� .�,_

1"�(_1 �_�#-�/--_."�_ &(�$��& "�)J%�J1*$�)) _�(�_ �. �( ��)�J���&*� *�%$)

P�"�*.�,_; QB_

� �1P� �# ��/�1+P

�"�_'/-�/&)-% �&� .�&_-3-.�'_#-_�  � � .� �_� 3_#����$���"J

� ��*%( ) _#(_,�!�, �_.)_#.-_ ),'_�(�_ /(� .#)(B_�"#-C_#(_./,(C_

#(6/�(� �-_."�_#(�#0#�/�&] -_)0�, �&&_*�, ),'�(� �B_

� /'�(_') 0�'�( .D_

J_ #-_�)'*&� 2B_

J_ #-_"#!"&3_�)), �#(� .� �B_

J_ #(0)&0�-_."�_#( .�, �� .#)(_�� .1 � �(_'/-�&�-C_

&#!�'�( .-C_$)#(.-C_�(�_�)(�-B_

� /(!V� /_ �/C_ �BV�B_ �B_ P9789C_ ���,/�, 3QB_ �#)'� �"�(#�-_ )  _ "/'�(_

') 0�'�( ._ �(�_ # .-_ �&#(#��&_ �**&#�� .#)(-B_� �P � �' +!-&P 
 '-*&�$P '�P


 ��!��$P ��!�&��+AP 8> P9QC_ �8:V�9<B_ " . .*-DMM�)#B), !M87B878=M

$B%$'-B9788B7?B77;_

 

8;=__q__�"�_��-#�-_)  _�#)'� �"�(#�-

https://doi.org/10.1016/j.kjms.2011.08.004
https://doi.org/10.1016/j.kjms.2011.08.004


11. _Inertia and Momentum 
JULIO GEA-BENACLOCHE 
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12. _Force 
JULIO GEA-BENACLOCHE AND AMANDA SHELTON 

What is Force?2 
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13. _Doing Work 
LAWRENCE DAVIS 
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Leverage 
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Static Equilibrium in Levers 

� ),_�&&_&�0�,-_."�_ ��� %(*_�(�_ ( �)�)*�$�� _P&)��Q_�,�_�� ./�&&3_$/-._ ), � �-_

."� ._�, �_�, � � .#(!_*%('+�) _�� � � /-�_."� 3_�, �_., 3#(!_.)_, ).� .�_."�_&� 0�, B_

 	(_ ), ��,_ .)_ ') 0�_ ),_ ")&�_ �_&)��_ ."�_ .), +/�_ �, � � .� �_ � 3_ ."�_ �  ), ._

'/-._ ��_ &�, ! �_ �()/! "_ .)_ ��&�(� �_ ."�_ .), +/�_ � � /-� �_ � 3_ ."�_ &)��B_

� �'�'��,#(!_."� ._.), +/�_��*�(�-_)(_."�_�#-.�(� �_."� ._."�_ ), � �_#-_

�**&#� �_ , )'_."�_ &�, %*C_."�_�  ), ._(� � �� �_.)_��&�(� �_."�_, �-#-.�(� �_

'/-._��*�(�_)(_."�_�#-.�(� �-_)  _."�_�  ), ._�(�_, �-#-.�(� �_ , )'_."�_

*#0).B_�"�-�_�#-.�(� �-_�, �_%() 1(_�-_."�_ ��� %(*J�(# _�(�_ ( �)�)*�$��J

�(# _I&)��_ �,' JB_ 	(�, � �-#(!_ ."�_ �  ), ._ �,'_ , � �/� �-_ ."�_ -#4 �_ )  _ ."�_

�  ), ._ (� � �� �_ .)_ ��&�(� �_ ."�_ &)��_ .), +/�B_ 	(_  �� .C_ ."�_ ,� .#)_ ) _ ."�_

�  ), ._.)_."�_&)��_#-_� +/�&_.)_."�_, � .#)_) _."�_�  ), ._�,'_.)_."�_&)��_

�,'D_

N��! #(R� +/� .#)( S_

N , ��R&)��SR�  ), .S_d_N , ��R �  ), .NC_�,' SR&)��NC_�,'S_

N�(�R � +/� .#)( S_

�2".5���5��4�*-)"/
��& "-/�� "+/&,+�

�� .]-_� �&�/&� .�_."�_�#� �*-_.�(-#)(_(� � �_#(_)/,_#(#.#�&_�)� 3_

&�0�,_� 2�'*&�_)  _�_")&�#(!_�_<7_"� _��&&_#(_."�_"�(�B_� �_�, �_

() 1_, � �� 3_.)_�� .�,'#(�_."�_�#� �*_.�(-#)(_#(_)/,_ ), � �,'_

*, )�&�'B_�"�_�  ), ._�,'_1 �-_8B< �$  �(�_."�_&)��_�,'_1 �-_

8:B7_�$ C_-)_."�_&)��_�,'_#-_?B==>_.#'�-_&)(! �,_."�(_."�_�  ), ._

�,'B_

N��! #(R� +/� .#)( KS_

N , ��R 8:NCN�)&�RN� �(� �&R#(SSSR8B<NCN�)&�RN� �(� �&R#(SSS_d_

?B==>_

8=9__q__�)� 3_�� 0�,-



N�(�R � +/� .#)( KS_

�"� ._'� �(-_."� ._."�_�  ), ._(� � �-_.)_��_?B ==>_.#'�-_&�, ! �,_

."�(_."�_&)��C_-)_ ),_."�_<7_ "�  &)��_."�_�#� �*_.�(-#)(_1 )/&�_

(� � �_.)_��_;::  "�) G_�"�._'� 3_-� �'_&�, ! �C_�/._1 �_1#&&_5(�_

)/._."� ._-/�"_ ), � �-  _�, �_� )'')(_#(_."�_.#--/�-_)  _."�_

�)� 3G_

� �!'1/0&+$��&$+&9 �+0��&$1."/�

� #(�&&3C_1�_-")/&�_'�% �_-/, �_)/,_�(-1 �,_"�-_."�_� ),, � � ._

)��$�1��$ *J1�+( �) B_�"�_1 �#! " ._) _."�_��&&_#(_."�_�2�'*&�_#-_

()._1,# . .�(_#(_)���$ *�1�J$%*� *�%$C_-)_#.]-_()._, � �&&3_�&��,_# _

."�_4 �, )-_�, �_*&�� �")&��,-_),_# _."� 3_�, �_-#!(#5� �( .B_��.]-_

�--/'�_."�_0 �&/�-_1 �, �_()._'� �-/, � �C_�/._1 �, �_�")-�(_

" 3*)."� .#� �&&3C_#(_1"#�"_��-�_."� 3_�, �_� 2�� ._(/'��,-_&#% �_#(_

�_��5(# .#)(_�(�_�)( ]._�  � � ._."�_-#!(#5� �( ._5!/, �-B_�"�_

 ), � �,'_&�(!."_'� �-/, �'�( ._#(�&/��-_4 �, )-_��"#(�_."�_

�� �#'�&_."� ._1)/&�_��_/((� � �--�, 3_ ),_�_��5(# .#)(C_-)_."� 3_

-/!! �-._�_&�0�&_) _&(���)�%$ _#(_�_'� �-/, �'�( .B_� �_/-� �_

.")-�_0 �&/�-_#(_'/&.#*&#� � .#)(_�(�_�#0#-#)(_-)_1 �_-")/&�_

, )/(�_."�_�(-1 �,_.)_)(& 3_.1 )_-#!(#5� �( ._5!/, �-C_�� � � /-�_

8B<_�$  )(&3_"�-_. 1 )_P8:B7 �$ _"�-_.", � � QB_	(_."� ._� �-�_1 �_, )/(�_

)/,_�#� �*_.�(-#)(_.)_;:7  "�) C_1"#�"_1�_� �(_�&-)_1,# .�_#(_

-�#�( .#5�_().� .#)(D_`;B:_N.#'�-_87h9_NCN�)&�R&�- S`B_

��"$)" 0&+$�0%"�� ,. "�.*�� "&$%0�

� ).�D_� �_#!(), � �_."�_1 �#! " ._) _."�_ ), � �,'_#(_)/,_

�(�& 3-#-B_	 _1�_1 �( .� �_.)_#(�&/��_."�_�  � � ._) _."�_1 �#! " .)  _

�)� 3_�� 0�,- __q__8=:



."�_ ), � �,'_#(_)/,_� 2�'*&�_*, )�&�'_1 �_� )/&�_&))%_/*_�_

.3*#� �&_ ), � �,'_1 �#! " ._�(�_�&-)_&))%_/*_1"�, �_."�_ ��$ *�(J

%�J�( � ,� */ _)  _."�_ ), � �,'_#-_&)� � .� �_�(�_#(�&/��_."� ._&)��_

�(�_, �-#-.�(� �_�,'B  _	(-.� ��_&� .]-_.�%�_."#-_)**), ./(# .3_.)_

*, �� .#� �_'�%#(!  "-+,!3�� _�))+# &*�%$)B_��_%() 1_."� ._

 ), � �,'-_. 3*#� �&&3_1�#! "_)(&3_�_ � 1_*)/(�-C_�/._."�_��&&_

1 �#! " ._#-_<7_"�) C_-)_."�_ ), � �,'_1 �#! " ._#-_��)/._�(_ %(��(J% �J

#��$� *+�� _P872Q_-'�&&�,_."�(_."�_��&&_1�#! " .>B _�&-)C_."�_

� �( .�,_)  _!, � 0#.3_) _."�_ ), � �,'_#-_&)� � .� �_�&)-�,_.)_."�_

*#0)._."�(_."�_1 �#! " .C_-)_#._1)/&�_� � /-�_-#!(#5� �( .&3_&�--_

.), +/�B_�"�, � ), �C_#._1�-_, � �-)(��&�_.)_�--/'�_."�_ ), � �,'_

1 �#! " ._1�-_$�� "�� � � "� _ ),_)/,_*/,*)-�-B_

Mechanical Advantage 

�"�_ , � .#)_ ) _ "%�� _ .)_ ��� %(*_ #-_ %()1(_ �-_ ."�_ #����$���"J

�� , �$ *�� �  I
� JB_�),_ � 2�'*&�_# _3 )/_/-� �_ �_-� � )(�_ �&�--_&� 0�,_P&#%�_

�_1"� �&��,, ) 1 Q_.)_ ') 0�_977_"�)J )  _ �#,. � 3_&# .#(!_1#."_)(& 3_<7_"�)J

)  _�  ), .C_."�_'� �"�(#� �&_�� 0�( .�! �_1 )/&�_��_ )/, B_�"�_#����$���"J

�� , �$ *�� � _#-_�+/�&_.)_."�_, � .#)_) _."�_ ��� %(*J�(# _.)_( �)�)*�$��J�(# B_

N��! #(R� +/� .#)( S_


�_d_N  , ��R&)��SR�  ), .S_d_N , ��R �  ), .NC_�,' SR&)��NC_�,'S_

N�(�R � +/� .#)( S_

>B ̂ � �#! " .C_�)&/'�C_�(�_��( .�,_)  _
�--_)  _��!'�( .-_)  _."�_

� /'�(_�)� 3  ̂� 3 �"�, &�-_�B_�&�/-.�, C_�._�&C � � .#)(�&_

� � �"(#� �&_	( ),'� .#)(_��, 0#�� C � B�B_��*�, .'�( ._) _

�)''�, � �_

8=;__q__�)� 3_�� 0�,-

http://www.dtic.mil/dtic/tr/fulltext/u2/710622.pdf
http://www.dtic.mil/dtic/tr/fulltext/u2/710622.pdf


� "&+#,.  "* "+0�� 0&2&05�

� &P!&,�*��,!.�P�;�P�$�%�&,P �+P���&P� 0�$-���P

�* '%P, !+P.�* +!'&P'�P, �P,� 0,@P�'-P��&P.!�/P!,P

'&$!&�P �* �BP

 ,,(+BHH% ��@(* �++�''#+@(-� H (�7=8 HE(Q;8<G ;(K:P

Range of Motion 

� �_(),'�&& 3_."#(%_) _&�0�,-_�-_"�&*#(!_/-_.)_/-�_&�--_�  ), ._.)_")&�_

),_') 0�_&�,! �_&)��-_C_-) _)/,_, �-/&.-_ ),_."�_ ), � �,'_� 2�'*&�_'#! " ._

-� �'_ )��_ �� � � /-�_ 1 �_ "��_ .)_ /-�_ �_ &�, ! �,_ �  ), ._ ."�(_ ."�_ &)��B_

�"�_ �#� �*_ � . .��"�-_ �&)-�_ .)_ ."�_ �& �) 1_ -)_ ."�  _�  ), ._ �,'_#-_ '/�"_

-"), .�,_."�(_."�_&)��_�,'_�(�_."�_'� �"�(#� �&_�� 0�( .�! �_#-_&�--_."�(_

)(�B_ �"� ._ '� �(-_ ."�_  ), � �_ *, ) 0#�� �_ � 3_ ."�_ �#� �*_ "�-_ .)_ ��_ '/�"_

&�,! �,_ ."�(_ ."�_ 1 �#! " ._ ) _ ."�_ ��&&B_ �"� ._ -� �'-_ &#%�_ �_ '� �"�(#� �&_

�#-�� 0�( .�! �C_-)_")1_#-_."� ._"�&*  /&H_	 _1�_&))%_�._") 1_ �,_."�_1 �#! " ._

') 0� �_� )'*�, � �_.)_") 1_ �,_."�_�#� �*_� )( ., �� .� �_1"�(_&# .#(!_."�_

1 �#! " ._  ,)'_ �_ "),#4 )( .�&_*)-#.#)(_1 �_ -� �_ ."� ._ ."�_ */,*)-�_ )  _ ."�_

 ), � �,'_&� 0�,_#-_.)_#(�, � �-�_ ( �$� �J%�J#%*�%$_, � ."�,_."�(_�� �, � �-�_

�  ), ._,� +/#, � �B_

�)� 3_�� 0�,- __q__8=<

https://mhcc.pressbooks.pub/hpe172/?p=526#h5p-4


�!��* �%P+ '/!&�P, �P�!�� �* �&��P!&P�!+,�&��P�'.�* ��P�1P, �P
�'&,* ��,!&�P�!��(P�&�P, �P/�!� ,P!&P, �P �&�P/ �&P%'.!&�P
, �P� '* ��*%P�* '%P '*!2'&,�$@	 %���P� ��(,��P�* '%  �(�&+,�0P
�&!.�* +!,1P� 1+!�+P

�))%#(!_ � ._ ."�_ -#'#&�,_ .,#�(! &�-_ #(_ �_ -.#�%_ �#�!,�'_ )  _ ."�_  ), � �,'_

1 �_� �(_-� �_."� ._."�_, � .#)_) _."�_�#-.�(� �-_') 0� �_� 3_."�_�  ), ._�(�_

&)��_'/-._��_."�_-�'�_�-_."�_, � .#)_) _�  ), ._�,'_.)_, �-#-.�(� �_�,'B_

�"� ._'� �(-_#(�, � �-#(!_."�_�  ), ._�,'_#(_), ��,_.)_�� �, � �-�_."�_-#4 �_

)  _."�_�  ), ._,� +/#, � �_1#&&_�&-)_���, � �-�_."�_, �(! �_)  _').#)(_)  _."�_

&)��_ �1P, �P+�%�P���,'* B _	.]-_#(.�, �-.#(!_.)_().�_."� ._1"#&�_') 0#(!_."�_

� . .��"'�( ._*)#( ._) _."�_�#� �*_97k_�&)-�,_.)_."�_"�(�_1 )/&�_'�% �_

3)/_97k_-., )(! �, C_3)/_1 )/&�_."�(_��_��&�_.)_') 0�_3)/,_"�(�_) 0�,_�_

97k_-'�&&�,_, �(! �B_

8==__q__�)� 3_�� 0�,-

https://openstax.org/details/books/university-physics-volume-1
https://openstax.org/details/books/university-physics-volume-1


�!��* �%P'�P, �P� '* ��*%P�+P�P$�.�*AP+ '/!&�P, �P+!%!$�*P
,*!�&�$�+P� '*%��P�1P(�*,+P'�P, �P� '* ��*%P�+P!,P%'.�+P
�* '%P?6P���* ��+P,'P<6P���* ��+P�*'%P '*!2'&,�$@P� �P
 1(',�&-+�PI$'&�P+!�� JP'�P, �P+%�$$�*P�$-�P,*!�&�$�P!+P, �P
��� '*,P�*%P�&�P, �P 1(',�&-+�P'�P, �P$�*��*P��+ ��P* ��P
,*!�&�$�P!+P, �P$'��P�*%@P� �P.�*,!��$P+!��+P'�P, �P
,*!�&�$�+P�* �P, �P�!+,�&��+P%'.��P�1P, �P��� '*,PI �$-� JP�&�P
, �P$'��PI ��+ ��P* ��J@P

� "&+#,.  "* "+0��4". &/"/�

�)� 3_�� 0�,- __q__8=>



� &P!&,�*��,!.�P�;�P�$�%�&,P �+P���&P� 0�$-���P

�* '%P, !+P.�* +!'&P'�P, �P,� 0,@P�'-P��&P.!�/P!,P

'&$!&�P �* �BP

 ,,(+BHH% ��@(* �++�''#+@(-� H (�7=8 HE(Q;8<G ;(K;P

� ),_ *��( �J �"�))J"�, �( ) _."�_ "%�� _#-_�&1 � 3-_ �, ."�,_ , )'_."�_ �+"�(+#J

."�(_ ."�_ ��� %(*C_-)_ ."�3_1#&&_ �&1 � 3-_#(�, � �-�_ , �(! �_ )  _ ').#)(C_ �/._

."� ._'� �(-_."� 3_1#&&_�&1 � 3-_#(�, � �-�_."�_�')/( ._) _�  ), ._,� +/#, � �_

� 3_."�_-�'�_ �� .), B_�0�(_1"�(_."�_�  ), ._#-_&�,! �,_."�(_."�_&)��_�-_

 ),_."#, �_�&�--_&�0�,-C_1�_� �(_-.#&&_��&�/&� .�_�_'� �"�(#� �&_�� 0�( .�! �C_

�/._# ._1#&&_�)'�_)/._.)_��_&�--_."�(_)(�B_

���%$�J �"�))J "�, �( ) _�&1 � 3-_ "� 0�_ ."�_ &)��_ �&)-�,_ .)_ ."�_  /&�,/'_

."�(_."�_�  ), .C_-)_."�3_1#&&_�&1 � 3-_�&&)1_�_-'�&&�,_�  ), ._.)_') 0�_�_

&�,! �,_&)��C_! #0#(!_�_#����$���"J�� , �$ *�� � _!, � � .�,_."�(_)(�B_

� �( )*J �"�))J "�, �( ) _� �(_ �# ."�,_ *, ) 0#��_ '� �"�(#� �&_ �� 0�( .�! �_ ),_

#(�, � �-�_, �(! �_)  _').#)(C_��*�(�#(!_)(_# _."�_�  ), ._�,'_),_&)��_�,'_

#-_&)(!�, C_-)_."�3_��(_"� 0�_'� �"�(#� �&_�� 0�( .�! �-_)  _!, � � .�, C_),_&�--C_

."�(_)(�B_

�P$�.�*P��&&',P(* '.!��P%�� �&!��$P��.�&,���P�&�P!&�* ��+�P* �&��P'�P

%',!'&P�,P, �P+�%�P,!%� C_-)_���"_. 3*�_)  _&�0�,_"�-_�� 0�( .�! �-_�(�_

�#-�� 0�( .�! �-D_

8=?__q__�)� 3_�� 0�,-

https://mhcc.pressbooks.pub/hpe172/?p=526#h5p-5


�%# &�(�)%$J%�J� � , �$ *�� �)J�$�J� �)�� , �$ *�� �)J%�J��, �(J�"�))�)J

�� 0�,_�&�--_ �� 0�( .�! �_ �#-�� 0�( .�! �_

:, �_

��$� �J%�J
 %*�%$J

�"�_&)��_') 0�-_ �, ."�,_."�(_
."�_�  ), .B_

P� '*,P�!��(P�'&,* ��,!'&P
%'.�+P, �P �&�P� �* Q_

� �� %(*J��'+�( ��J

� � +/#, �-_&�, ! �,_�  ), ._.)_
")&�_-'�&&�,_&)��B_

P�!��(P,�&+!'&P�* ��,�*P
, �&P/�!� ,P!&P �&� EJ

9(�_

� �� %(*J��'+�( ��J

� '�&&�,_�  ), ._1#&&_')0�_
&�,! �,_&)��B_

P�&�P��$�P%-+�$�P��&P$!�,P
�&,!* �P�'�1P/�!� , Q_

��$� �J%�J
 %*�%$J

�"�_&)��_') 0�-  _�_
-"), .�,_�#-.�(� �_."�(_
."�_�  ), .B_

P��$�P%-+�$�P�'&,* ��,+P
��*, �*P, �&P, �P�!+,�&��P
, �,P, �P ��$P�'%�+P'��P, �P
4''* Q_

8-._

P�  ), ._�&)-�,_
.)_*#0). Q_

��$� �J%�J
 %*�%$J

�"�_&)��_') 0�-_ �, ."�,_."�(_
."�_�  ), .B_

P� ���P%'.�+P� �*, �*P-( H
�'/&P, �&P&��#P%-+�$�+P
�'&,* ��, Q_

� �� %(*J��'+�( ��J

� � +/#, �-_&�, ! �,_�  ), ._.)_
")&�_-'�&&�,_&)��B_

8-._

P&)��_�&)-�,_.)_
*#0). Q_

� �� %(*J��'+�( ��J

� '�&&�,_�  ), ._1#&&_')0�_
&�,! �,_&)��B_

��$� �J%�J
 %*�%$J

�"�_&)��_') 0�-  _-"), .�,_
�#-.�(� �_."�(_."�_�  ), .B_

� "&+#,.  "* "+0�� 0&2&05�

� &P!&,�*��,!.�P�;�P�$�%�&,P �+P���&P� 0�$-���P

�* '%P, !+P.�* +!'&P'�P, �P,� 0,@P�'-P��&P.!�/P!,P

�)� 3_�� 0�,- __q__8=@



'&$!&�P �* �BP

 ,,(+BHH% ��@(* �++�''#+@(-� H (�7=8 HE(Q;8<G ;(K<P

�"� �%_ )/._ ."�_  )&&)1#(!_ &�0�,_ -#'/&� .#)(_ � 2*&), �_ ") 1_  ), � �_ �(�_

�#-.�(� �_ , )'_ /&�,/'_� ��"_�  � � ._."�_� +/#&#�,#/'_)  _."�_&�0�, B_�"#-_

-#'/&� .#)(_ #(�&/��-_ ."�_ �  � � .-_ )  _  ,#�.#)(C_ -)_ 3)/_ � �(_ -� �_ ") 1_

!�$�*��J�(��*�%$ _#(_."�_$)#(._P*#0). Q_1), %-_.)_-.)*_').#)(_�(�_ )*� *��J

�(��*�%$ _� )( .,#�/.�-_.)_'�#( .�#(#(!_ )*� *��J�'+�"� �(�+# _� 3_,�-#-.#(!_�_

-.�, ._) _').#)(B_

�&�P'*P%'* �P!&,�* ��,!.�P�$�%�&,+P �+P���&P� 0�$-���P

�* '%P, !+P.�* +!'&P'�P, �P,� 0,@P�'-P��&P.!�/P, �%P'&$!&�P

 �* �BP

 ,,(+BHH% ��@(* �++�''#+@(-� H (�7=8 HE(Q;8<G!�* �%�K( �,K 7P

8>7__q__�)� 3_�� 0�,-

https://mhcc.pressbooks.pub/hpe172/?p=526#h5p-6


15. _Nervous System Control 
of Muscle Tension 
HEATHER KETCHUM AND ERIC BRIGHT 

Nervous System Control of Muscle 
Tension4 

� )_') 0�_�(_)�$� � .C_,� �,, � �_.)_�-_ loadC_."�_-�, � )'�, �-_#(_."�_'/-�&�_

5��,-_)  _."�_-%�&� .�&_'/-�&�_'/-._-"), .�(B_�"�_ ), � �_! �(�, � .� �_� 3_

."�_� )( ., �� .#)(_)  _."�_'/-�&�_P ),_-"), .�(#(!_)  _."�_-�, � )'�, �- Q_#-_

� �&&��  '/-�&�_ .�(-#)( B_ �) 1 � 0�, C_ '/-�&�_ .�(-#)(_ �&-)_ #-_ ! �(�, � .� �_

1"�(_."�_'/-�&�_#-_� )( ., �� .#(!_�!�#(-._�_&)��_."� ._�)�-_()._') 0�C_

, �-/&.#(!_#(_. 1 )_'�#(_. 3*�-_)  _-%�&� .�&_'/-�&�_� )( ., �� .#)(-D_#-).)(#�_

� )( ., �� .#)(-_�(�_#-)'� .,#�_� )( ., �� .#)(-B_

	(  �)%*%$��J �%$*( ��*�%$ -C_1"�, �_ ."�_ .�(-#)(_#(_ ."�_ '/-�&�_ -.� 3-_

� )(-.�( .C_ �_ &)��_ #-_ ')0� �_ �-_ ."�_ &�(!."_ )  _ ."�_ '/-�&�_ �"�(! �-_

P-"), .�(- QB_�"�,�_�, �_.1 )_.3*�-_)  _#-).)(#�_� )( ., �� .#)(-D_�)(� �( .,#�_

�(�_ � � � �( .,#�B_ � �%$��$ *(��J �%$ *( ��*�%$  #(0)&0�-_ ."�_ '/-�&�_

-"), .�(#(!_.)_') 0�_�_&)��B_�(_� 2�'*&�_)  _."#-_#-_."�_�#��*-_�, ��"##_

'/-�&�_ � )( ., �� .#(!_ 1"�(_ �_ "�(�_ 1 �#! " ._ #-_ �,)/! " ._ /* 1 �, �_ 1#."_

#(�, � �-#(!_'/-�&�_.�(-#)(B_�-_."�_�#� �*-_�, ��"##_� )( ., �� .C_."�_�(! &�_

)  _."�_�&�) 1_$)#(._�� �, � �-�-_�-_."�_ ), � �,'_#-_�, )/! " ._.) 1 �, �_."�_

�)� 3B_��, �C_."�_�#� �*-_�, ��"##_� )( ., �� .-_�-_-�, � )'�, �-_#(_#.-_'/-�&�_

5��,-_�, �_-"), .�(#(!_�(�_�, )--V�,#�! �-_ ),'E_."�_' 3)-#(_"� ��-_*/&&_

."�_ �� .#(B_ �( ����$ *(��J �%$ *( ��*�%$  )� �/,-_ �-_ ."�_ '/-�&�_ .�(-#)(_

�#'#(#-"�-_�(�_."�_'/-�&�_&�(!."�(-B_	 (_."#-_� �-�C_."�_"�(�_1 �#! " ._

#-_&)1 �, � �_#(_�_-&)1_�(�_� )( ., )&&��_'�((�,_�-_."�_�')/( ._) _�, )--V

�,#�! �-_��#(!_�� .#0� .� �_� 3_(�, 0)/-_-3-.�'_-.#'/&� .#)(_�� �, � �-�-B_	 (_

."#-_� �-�C_�-_.�(-#)(_#-_, �&� �-� �_ , )'_."�_�#� �*-_�, ��"##C_."�_�(! &�_) _

� �, 0)/-_� 3-.�'_�)( ., )&_) _
/-�&�
� �(-#)( __q__8>8



."�_�& �) 1_$)#(._#(�, � �-�-B_�� � �( .,#�_� )( ., �� .#)(-_�, �_�&-)_/-� �_ ),_

') 0�'�( ._�(�_��&�(� �_)  _."�_�)� 3B_

�(  �)%#�*(��J�%$ *( ��*�%$  )� �/,-_�-_."�_'/-�&�_*, )�/� �-_.�(-#)(_

1#.")/._ �"�(! #(!_ ."�_ �(! &�_ ) _ �_ -%�&� .�&_ $)#(.B_ 	-)'� .,#�_

� )( ., �� .#)(-_ #( 0)&0�_ -�, � )'�, �_ -"), .�(#(!_ �(�_ #(�, � �-#(!_ '/-�&�_

.�(-#)(C_ �/._ �)_ ()._ ') 0�_ �_ &)��C_ �-_ ."�_  ), � �_ *, )�/� � �_ � �(()._

) 0�, � )'�_."�_, �-#-.�(� �_*, ) 0#�� �_� 3_."�_&)��B_�),_� 2�'*&�C_# _)(�_

� . .�'*.-_ .)_ &# ._ �_ "�(�_ 1 �#! " ._ ."� ._ #-_ .))_ "� � 03C_ ."�,�_ 1#&&_ ��_

-�, � )'�, �_�� .#0� .#)(_�(�_-"), .�(#(!_.)_�_*)#( .C_�(�_� 0�, V#(�, � �-#(!_

'/-�&�_ .�(-#)(C_ �/._ ()_ �"�(! �_ #(_ ."�_ �(! &�_ ) _ ."�_ �&�) 1_ $)#(.B_ 	(_

� 0�, 3�� 3_ &#0#(!C_ #-)'�.,#�_ � )( ., �� .#)(-_ �, �_ �� .#0�_ #(_ '�#( .�#(#(!_

*)-./, �_�(�_'�#( .�#(#(!_�)(�_�(�_$)#( ._-.��#&#.3B_�) 1 � 0�, C_")&�#(!_

3)/,_ "� ��_#(_ �(_ /*,#! " ._ *)-# .#)(_ )� �/,-_ ()._ �� � � /-�_ ."�_ '/-�&�-_

� �(()._') 0�_."�_"� ��C_�/._�� � � /-�_."�_! )�&_#-_.)_,�'�#(_-.� .#)(�, 3_

�(�_()._*, )�/� �_') 0�'�( .B_
)-._�� .#)(-_)  _."�_�)� 3_�, �_."�_, �-/&._

)  _ �_ �)'�#(� .#)(_ )  _ #-).)(#�_ �(�_ #-)'� .,#�_ � )( ., �� .#)(-_ 1 ), %#(!_

.)! � ."�,_.)_*, )�/� �_�_1#��_, �(! �_)  _)/.� )'�-_P � #!/, � QB_

�3*�-_)  _
/-�&�_�)( ., �� .#)(-_

8>9__q__� �, 0)/-_� 3-.�'_�)( ., )&_) _
/-�&�_� �(-#)(

https://cnx.org/contents/5PgE7BA_@1/OU-Human-Physiology-Nervous-System-Control-of-Muscle-Tension#fig-ch10_04_01


�/,#(!_#-).)(#�_� )( ., �� .#)(-C_'/-�&�_&�(!."_�"�(! �-_.)_') 0�_�_

&)��B_�/,#(!_#-)'� .,#�_� )( ., �� .#)(-C_'/-�&�_&�(!."_�)�-_()._

�"�(! �_�� � � /-�_."�_&)��_� 2� � � �-_."�_.�(-#)(_."�_'/-�&�_� �(_

! �(�, � .�B_

�&&_) _."�-�_'/-�&�_�� .#0#.#�-_�, �_/(��,_."�_� 2+/#-#.�_� )( ., )&_) _."�_

� �, 0)/-_� 3-.�'_�)( ., )&_) _
/-�&�_� �(-#)( __q__8>:



(�, 0)/-_-3-.�'B_� �/, �&_�)( ., )&_,�!/&� .�-_� )(� �( .,#�C_�� � �( .,#�_�(�_

#-)'� .,#�_� )( ., �� .#)(-C_'/-�&�_5 ��,_, � �,/# .'�( .C_�(�_'/-�&�_.)(�B_

�_�,/�#�&_�-*� � ._) _(�, 0)/-_-3-.�'_� )( ., )&_) _-%�&� .�&_'/-�&�-_#-_."�_

, )&�_)  _').),_/(# .-B_

Motor Units 

�-_3 )/_"� 0�_&��,(� �C_�0�, 3_-%�&� .�&_'/-�&�_5 ��,_'/-._��_#((�, 0� .� �_

� 3_."�_�2 )(_.�,'#(�&_)  _�_').),_(�/, )(_#(_), ��,_.)_� )( ., �� .B_���"_

'/-�&�_ 5 ��,_ #-_ #((�, 0� .� �_ � 3_ )(&3_ )(�_ ').),_ (�/, )(B_ �"�_ �� ./�&_

!, )/*_ )  _ '/-�&�_ 5 ��,-_ #(_ �_ '/-�&�_ #((�, 0� .� �_ � 3_ �_ -#(!&�_ ').),_

(�/, )(_#-_��&&��_ �  #%*%(J+$�*B_�"�_-#4�_)  _ �_ ').),_ /(# ._#-_0�,#��&�_

��*�(�#(!_)(_."�_(� ./, �_)  _."�_'/-�&�B_� "�(_'), �_."�(_)(�_').),_

/(# ._ #-_ ��.#0� .� �_ #(_ �_ '/-�&�_ ."#-_ #-_ , � �,, � �_ .)_ �-  #%*%(J +$�*J

( ��(+� *#�$ *B_

�_ -'�&&_ ').),_ /(# ._ #-_ �(_ �,, �(! �'�( ._ 1"�, �_ �_ -#(! &�_ ').),_

(�/, )(_-/**&#�-_�_-'�&&_(/'��,_)  _'/-�&�_5 ��,-_#(_�_'/-�&�B_� '�&&_

').),_/(# .-_*�,'# ._0�, 3_5(�_').),_� )( ., )&_) _."�_'/-�&�B_�"�_��-._

� 2�'*&�_#(_"/'�(-_#-_."�_-'�&&_').),_/(# .-_)  _."�_� 2., �)�/&�,_� 3�_

'/-�&�-_ ."� ._ ') 0�_ ."�_ � 3���&&-B_ �"�, �_ �, �_ .")/-�(�-_ )  _ '/-�&�_

5��,-_ #(_ � ��"_ '/-�&�C_ �/._ � 0�, 3_ -#2_ ),_ -)_ 5��,-_ �, �_ -/**&#� �_ � 3_

�_ -#(! &�_ ').),_ (�/, )(C_ �-_ ."�_ �2 )(-_ �, �(�"_ .)_  ),'_ -3(�*.#�_

� )((� � .#)(-_ � ._ ."�#,_ #(�#0#�/�&_ �

 -B_ �"#-_ �&&)1-_  ),_ � 2+/#-#.�_

� )( ., )&_) _ �3�_ ') 0�'�( .-_ -)_ ."� ._ �)."_ � 3�-_ � �(_+/#�%&3_ )�/-_ )(_

."�_ -�'�_ )�$� � .B_ �'�&&_ ').),_ /(# .-_ �, �_ �&-)_ #(0)&0� �_ #(_ ."�_ '�( 3_

5(�_') 0�'�( .-_)  _."�_5(! �,-_�(�_."/'�_)  _."�_"�(�_ ),_!, �-*#(!C_

.� 2.#(!C_�.�B_

�_ &�, ! �_ ').),_ /(# ._ #-_ �(_ �,, �(! �'�( ._ 1"�, �_ �_ -#(! &�_ ').),_

(�/, )(_-/**&#�-_�_&�, ! �_(/'��,_)  _'/-�&�_5 ��,-_#(_�_'/-�&�B_� �, ! �_

').),_/(# .-_�, �_� )(� �,(� �_1#."_-#'*&�C_),_Z!, )--C[_') 0�'�( .-C_-/�"_

�-_*) 1 �, /&&3_�2.�(�#(!_."�_%(� �_$)#(.B_�"�_��-._� 2�'*&�_#-_."�_&�, ! �_

').),_ /(# .-_)  _ ."�_ ."#! "_ '/-�&�-_),_ ���%_'/-�&�-C_1"�, �_ �_-#(! &�_

8>; __q__� �, 0)/-_� 3-.�'_�)( ., )&_) _
/-�&�_� �(-#)(



').),_(�/, )(_1#&&_-/**&3_.")/-�(�-_)  _'/-�&�_5 ��,-_#(_�_'/-�&�C_�-_

#.-_�2 )(_-*&#.-_#(.)_.")/-�(�-_)  _�, �(�"�-B_

�"�, �_ #-_ �_ 1#��_ ,�(! �_ )  _ ').),_ /(# .-_ 1#."#(_ '�( 3_ -%�&� .�&_

'/-�&�-C_1"#�"_ ! #0�-_ ."�_ (�, 0)/-_ -3-.�'_ �_1#��_ , �(! �_ )  _ �)( ., )&_

) 0�,_ ."�_ '/-�&�B_ �"�_ -'�&&_ ').),_ /(# .-_ #(_ ."�_ '/-�&�_ 1#&&_ "� 0�_

-'�&&�, C_ &)1 �, V.", �-")&�_ ').),_ (�/, )(-_ ."� ._ �, �_ '), �_ � 2�#.��&�C_

5,#(!_ 5,-._ .)_ ."�#,_ -% �&� .�&_ '/-�&�_ 5 ��,-C_ 1"#�"_ �&-)_ .�(�_ .)_ ��_

."�_ -'�&&�-.B_ �� .#0� .#)(_ )  _ ."�-�_ -'�&&�,_ ').),_ /(# .-C_ ,�-/&.-_ #(_ �_

, �&� .#0�&3_ -'�&&_ ��!, � �_ )  _ �)( ., �� .#&�_ -.,�(!."_ P .�(-#)( Q_ !�(�, � .� �_

#(_."�_'/-�&�B_�-_'), �_-., �(!."_#-_(� � �� �C_&�,! �,_').),_/(# .-C_1#."_

�#!! �, C_ "#!"�, V.", �-")&�_ ').),_ (�/, )(-_ �, �_ �(&#-.� �_ .)_ �� .#0� .�_

&�,! �,_ '/-�&�_ 5 ��,-B_ �"#-_ #(�, � �-#(!_ �� .#0� .#)(_ )  _ ').),_ /(# .-_

*, )�/� �-_ �(_ #(�, � �-�_ #(_ '/-�&�_ � )( ., �� .#)(_ %() 1(_ �-_ ."�_ )�0�J

&(�$��& "� B_ �-_ '), �_ ').),_ /(# .-_ �, �_ , � �,/# .� �C_ ."�_ '/-�&�_

� )( ., �� .#)(_ !, ) 1-_ *, )!, �--#0 �&3_ -.,)(! �, B_ 	(_ -)'�_ '/-�&�-C_ ."�_

&�,! �-._ ').),_ /(# .-_ '� 3_ !�(�, � .�_ �_ � )( ., �� .#&�_  ), � �_ )  _ <7_ .#'�-_

'), �_ ."�(_ ."�_ -'�&&�-._ ').),_ /(# .-_ #(_ ."�_ '/-�&�B_ �"#-_ �&&) 1-_ �_

 � � ."�,_ .)_ ��_*#�% � �_ /*_ /-#(!_ ."�_ �#� �*-_ �, ��"##_ �,'_ '/-�&�_1# ."_

'#(#'�&_ ), � �C_�(�_�_"� � 03_1�#! " ._.)_��_&# .� �_� 3_."�_-�'�_'/-�&�_

� 3_,� �,/# .#(!_."�_&�, ! �-._').),_/(# .-B_

� "�(_(� � �--�, 3C_."�_'�2#'�&_(/'��,_)  _').),_/(# .-_#(_�_'/-�&�_

� �(_��_, � �,/# .� �_-#'/&.�(� )/-& 3C_*,)�/�#(!_."�_'�2#'/'_ ), � �_)  _

� )( ., �� .#)(_  ),_ ."� ._ '/-�&�C_ �/._ ."#-_ � �(()._ &�-._  ),_ 0�, 3_ &)(!_

�� � � /-�_)  _."�_�(�, ! 3_,� +/#, �'�( .-_.)_-/-.�#(_."�_� )( ., �� .#)(B_�)_

*, � 0�( ._ �)'*&� .�_ '/-�&�_  � .#!/�C_ ').),_ /(# .-_ �, �_ ! �(�, �&&3_ ()._

�&&_-#'/&.�(� )/-& 3_�� .#0�C_�/._#(-.� ��_-)'�_ ').),_ /(# .-_, �-._1"#&�_

)."�,-_�, �_�� .#0�C_1"#�"_�&&)1-_ ),_&)(! �,_'/-�&�_� )( ., �� .#)(-B_�"�_

(�, 0)/-_ -3-.�'_ /-�-_ , � �,/# .'�( ._ �-_ �_ '� �"�(#-'_ .)_ � 5�#�( .&3_

/.#&#4�_�_-%�&� .�&_'/-�&�B_

The Length-Tension Range of a Sarcomere 

� "�(_ �_ -% �&� .�&_ '/-�&�_ 5 ��,_ � )( ., �� .-C_ ' 3)-#(_ "� ��-_ � . .��"_ .)_

� �, 0)/-_� 3-.�'_�)( ., )&_) _
/-�&�_� �(-#)( __q__8><



�� .#(_ .)_  ),'_ �, )--V�,#�! �-_  )&&)1 � �_ � 3_ ."�_ ."#(_ 5&�'�( .-_ -&#�#(!_

) 0�,_."�_."#�%_5&�'�( .-_�-_."�_"� ��-_*/&&_."�_�� .#(C_�(�_."#-_,�-/&.-_

#(_ -�, � )'�, �_ -"), .�(#(!C_ �, � � .#(!_ ."�_ .�(-#)(_ )  _ ."�_ '/-�&�_

� )( ., �� .#)(B_�"�_�, )--V�,#�! �-_� �(_)(& 3_ ),'_1"�, �_."#(_�(�_."#�%_

5&�'�( .-_ �&,� �� 3_)0�, &�*C_-)_."�._."�_&�(!."_)  _."�_-�, � )'�, �_"�-_

�_ �#, � � ._ #(6/�(� �_ )(_ ."�_  ), � �_ ! �(�, � .� �_ 1"�(_ ."�_ -�, � )'�, �_

-"), .�(-B_�"#-_#-_� �&&��_."�_&�(!."V.�(-#)(_, �&� .#)(-"#*B_

�"�_ #�� �&_ &�(!."_ )  _ �_ -�, � )'�, �_ .)_ *, )�/� �_ '�2#'�&_ .�(-#)(_

)� �/,-_� ._?7_*�, � �( ._.)_897_*�, � �( ._) _#.-_, �-.#(!_&�(!."C_1# ."_877_

*�, � �( ._��#(!_."�_-.� .�_1"�, �_."�_'� �#�&_��! �-_)  _."�_."#(_5&�'�( .-_

�, �_ $/-._ � ._ ."�_ ')-.V'� �#�&_ ' 3)-#(_ "� ��-_ )  _ ."�_ ."#�%_ 5&�'�( .-_

P� #!/, � QB_ �"#-_ &�(!."_ '�2#'#4 �-_ ."�_ ) 0�, &�*_ ) _ �� .#(V�#(�#(!_ -# .�-_

�(�_' 3)-#(_"� ��-B_	  _�_-�, � )'�, �_#-_-.,� .�"� �_*�-._."#-_#�� �&_&�(!."_

P�� 3)(�_ 897_ *�, � �( .QC_ ."#�%_ �(�_ ."#(_ 5&�'�( .-_ �)_ ()._ ) 0�, &�*_

-/ 5�#�( .&3C_1"#�"_,�-/&.-_#(_&�--_.�(-#)(_*, )�/� � �B_	 _�_-�, � )'�, �_

#-_ -"), .�(� �_ �� 3)(�_ ?7_ *�, � �( .C_ ."�_ 4)(�_ )  _ )0�, &�*_ #-_ ,� �/� � �_

1#."_."�_."#(_5&�'�( .-_$/..#(!_�� 3)(�_."�_&�-._)  _."�_' 3)-#(_"� ��-_

�(�_ -",#(%-_ ."�_ �_ 4 )(�C_ 1"#�"_ #-_ (),'�&& 3_ �)'*)-� �_ )  _ ' 3)-#(_

.�#&-B_�0�( ./�&&3C_."�,�_#-_()1"�, �_�&-�_ ),_."�_."#(_5&�'�( .-_.)_! )_

�(�_."�_�')/( ._) _.�(-#)(_#-_�#'#(#-"� �B_	 _."�_'/-�&�_#-_-., � .�"� �_

.)_ ."�_ *)#( ._ 1"�, �_ ."#�%_ �(�_ ."#(_ 5&�'�( .-_ �)_ ()._ ) 0�, &�*_ �._ �&&C_

()_ �, )--V�,#�! �-_ � �(_ ��_  ),'� �C_ �(�_ ()_ .�(-#)(_ #-_ *, )�/� � �_ #(_

."� ._-�, � )'�, �B_�"#-_�')/( ._) _-., � .�"#(!_�)�-_()._/-/�&& 3_)� �/, C_

�-_ �� � �--), 3_ *,).�#(-_ �(�_ � )((� � .#0�_ .#--/�_ )**)-�_ � 2., �'�_

-., � .�"#(!B_

�"�_��(!."V� �(-#)(_�/, 0�_#(_�_
/-�&�_� #��,_

8>=__q__� �, 0)/-_� 3-.�'_�)( ., )&_) _
/-�&�_� �(-#)(

https://cnx.org/contents/5PgE7BA_@1/OU-Human-Physiology-Nervous-System-Control-of-Muscle-Tension#fig-ch10_04_02


��, � )'�, �-_*, )�/� �_'�2#'�&_.�(-#)(_1"�(_."#�%_�(�_."#(_

5&�'�( .-_) 0�, &�*_�� .1 � �(_��)/._?7_*�, � �( ._.)_897_*�, � �( .B_

The Frequency of Motor Neuron Stimulation 

�_-#(! &�_�� .#)(_*).�( .#�&_ ,)'_�_').),_(�/, )(_1#&&_*,)�/� �_�_-#(! &�_

� )( ., �� .#)(_ #(_ ."�_ '/-�&�_ 5 ��,-_ )  _ #.-_ ').),_ /(# .B_ �"#-_ #-)&�.� �_

� )( ., �� .#)(_ #-_ ��&&��_ �  .1#.�" B_ �_ .1#.�"_ � �(_ &�-._  ),_ �_  � 1_

'#&&#-�� )(�-_ ),_ 877_ '#&&#-� � )(�-C_ ��*�(�#(!_ )(_ ."�_ '/-�&�_ . 3*�B_

�"�_ .�(-#)(_ *, )�/� � �_ � 3_ �_ -#(!&�_ .1#.�"_ � �(_ ��_ '� �-/, � �_ � 3_

�  # / %�( �# C_ �(_ #(-.,/'�( ._ ."� ._ '� �-/, �-_ ."�_ �')/( ._ ) _ .�(-#)(_

*, )�/� � �_) 0�,_.#'�_P � #!/, � QB_���"_.1#.�"_/(��, ! )�-_.", � �_*"�-�-B_

�"�_ 5,-._ *"�-�_ #-_ ."�  "� *�$ *J &�(�%� C_ �/,#(!_ 1"#�"_ ."�_ �� .#)(_

*).�( .#�&_#-_��#(!_*,)*�!� .� �_ �&)(!_."�_-�, � )&�''�_ �(�_ �� aa #)(-_

�, �_, �&� �-� �_ , )'_."�_��B_�"#-_#-_."�_*"�-�_�/,#(!_1"#�"_� 2�#.� .#)(_

�(�_� )( ., �� .#)(_�, �_��#(!_� )/*&� �_�/._� )( ., �� .#)(_"�-_3 � ._.)_)� �/, B_

�"�  �%$*( ��*�%$J&��)�  )� �/,-_(� 2.B_�"�_�� aa #)(-_#(_."�_-�, � )*&�-'_

"� 0�_�)/(�_.)_., )*)(#(C_., )*)' 3)-#(_"�-_-"# .� �_� 1 � 3_ ,)'_�� .#(V

� �, 0)/-_� 3-.�'_�)( ., )&_) _
/-�&�_� �(-#)( __q__8>>

https://cnx.org/contents/5PgE7BA_@1/OU-Human-Physiology-Nervous-System-Control-of-Muscle-Tension#fig-ch10_04_03


�#(�#(!_ -# .�-C_ �, )--V�,#�! �-_  ),'� �C_ �(�_ -�, � )'�, �-_ �, �_ �� .#0�&3_

-"), .�(#(!_ .)_ ."�_ *)#( ._ ) _ *� �%_ .�(-#)(B_ �"�_ &�-._ *"�-�_ #-_

."�  ( �"�.� *�%$J&��)� C_1"�(_.�(-#)(_�� �, � �-�-_�/�_.)_."�_� �--� .#)(_

)  _."�_-.#'/&/-B_�� aa #)(-_�, �_*/'*� �_)/._)  _."�_-�, � )*&�-'_#( .)_."�_

��C_�(�_ �, )--V�,#�! �_ � 3�&#(!_-.)*-C_,� ./,(#(!_ ."�_ '/-�&�_5 ��,-_ .)_

."�#,_, �-.#(!_-.� .�B_

�_
 3)!, �'_)  _�_
/-�&�_�1# .�"_

�_-#(! &�_'/-�&�_. 1#.�"_"�-_�_&� .�( ._*�,#)�C_�_�%$*( ��*�%$J&��)�J

1"�(_.�(-#)(_#(�, � �-�-C_�(�_�_ ( �"�.� *�%$J&��)�J 1"�(_.�(-#)(_

�� �, � �-�-B_�/,#(!_."�_&� .�( ._*�,#)�C_."�_�� .#)(_*).�( .#�&_#-_��#(!_

*, )*�!� .� �_�&)(!_."�_-�, � )&�''�B_�/,#(!_."�_� )( ., �� .#)(_*"�-�C_

�� aa #)(-_#(_."�_-�, � )*&�-'_�#(�_.)_., )*)(#(C_., )*)' 3)-#(_') 0�-_

 , )'_�� .#(V�#(�#(!_-# .�-C_�, )--V�,#�! �-_ ),'C_�(�_-�, � )'�, �-_

-"), .�(B_�/,#(!_."�_, �&�2� .#)(_*"�-�C_.�(-#)(_�� �, � �-�-_�-_

�� aa #)(-_�, �_*/'*� �_)/._)  _."�_-�, � )*&�-'_�(�_�, )--V�,#�! �_

� 3�&#(!_-.)*-B_

�&.")/! "_�_*�,-)(_� �(_� 2*�,#�(� �_�_'/-�&�_Z. 1#.�"C[_�_-#(! &�_.1#.�"_

�)�-_ ()._ *, )�/� �_ �( 3_ -#!(#5� �( ._ '/-�&�_ �� .#0#.3_ #(_ �_ &#0#(!_ �)�3B_

�_ -�,#�-_ )  _ �� .#)(_ *).�( .#�&-_ .)_ ."�_ '/-�&�_ 5 ��,-_ #-_ (� � �--�, 3_ .)_

*, )�/� �_ �_ '/-�&�_ � )( ., �� .#)(_ ."� ._ � �(_ *, )�/� �_ 1 ), %B_ �),'�&_

8>?__q__� �, 0)/-_� 3-.�'_�)( ., )&_) _
/-�&�_� �(-#)(



'/-�&�_ � )( ., �� .#)(_ #-_ '), �_ -/-.�#(� �C_ �(�_ #._ � �(_ ��_ ')�#5� �_ � 3_

#(*/._ , )'_."�_(�, 0)/-_-3-.�'_.)_*, )�/� �_0�, 3#(!_�')/( .-_)  _ ), � �E_

."#-_ #-_ ��&&��_ �  �( ����J # +)�"�J ( �)&%$)� B_ �"�_  , � +/�(� 3_ ) _ �� .#)(_

*).�( .#�&-_P(�, 0�_#'*/&-�- Q_  ,)'_ �_ ').),_ (�/, )(_ �(�_ ."�_ (/'��,_

)  _ ').),_ (�/, )(-_ ., �(-'# . .#(!_ �� .#)(_ *).�( .#�&-_ �)."_ �  � � ._ ."�_

.�(-#)(_*, )�/� � �_#(_-%�&� .�&_'/-�&�B_

�"�_, � .�_� ._1"#�"_�_').),_(�/, )(_5, �-_�� .#)(_*).�( .#�&-_�  � � .-_

."�_ .�(-#)(_ *, )�/� � �_ #(_ ."�_ -%�&� .�&_ '/-�&�B_ 	  _ ."�_ 5 ��,-_ �, �_

-.#'/&� .� �_ 1"#&�_ �_ *, � 0#)/-_ . 1#.�"_ #-_ -.#&&_ )��/,,#(!C_ ."�_ -� � )(�_

.1#.�"_ 1#&&_ ��_ -.,)(! �, B_ �"#-_ ,�-*)(-�_ #-_ � �&&��  - � , �J )+##� *�%$C_

�� � � /-�_ ."�_ � 2�#.� .#)(V� )( ., �� .#)(_ � )/*&#(!_ �  � � .-_ )  _ -/� � �--#0 �_

').),_(�/, )(_-#!(�&#(!_#-_-/''� �C_),_���� �_.)! � ."�,_P � #!/, � _� QB_�._

."�_')&� �/&�,_&� 0�&C_-/''� .#)(_)� �/,-_�� � � /-�_."�_-� � )(�_-.#'/&/-_

)� �/,-_ �� ), �_ ."�_ , �&�2� .#)(_ *"�-�_ #-_ � )'*&� .�C_ &�� 0#(!_ �_ "#! "�,_

� )(� �( ., � .#)(_ )  _ ��&�#/'_ #(_ ."�_ -�, � )*&�-'B_ �"�_ -� � )(�_ -.#'/&/-_

1#&&_ ."�(_ .,#!!�,_ ."�_ , �&� �-�_ )  _ '), �_ �� aa #)(-C_ 1"#�"_ �� � )'�_

� 0�#&��&�_.)_�� .#0� .�_���# .#)(�&_-�, � )'�, �-_1"#&�_."�_'/-�&�_#-_-.#&&_

� )( ., �� .#(!_  , )'_ ."�_ 5,-._ -.#'/&/-B_ � /''� .#)(_ , �-/&.-_ #(_ !, � � .�,_

� )( ., �� .#)(_)  _."�_').),_/(# .B_

� � 0�_� /''� .#)(_�(�_� � .�(/-_

P� Q_�"�_� 2�#.� .#)(V� )( ., �� .#)(_� )/*&#(!_�  � � .-_)  _-/� � �--#0 �_').),_

(�/, )(_-#!(�&#(!_#-_���� �_.)! � ."�,_1"#�"_#-_, � �,, � �_.)_�-_ - � , �J

)+##� *�%$B_�"�_�). .)'_)  _���"_1 � 0�C_."�_�(�_)  _."�_, �&�2� .#)(_

*"�-�C_, �*, �-�( .-_."�_*)#( ._) _-.#'/&/-B_P�Q_�"�(_."�_-.#'/&/-_

 , � +/�(� 3_#-_-)_"#!"_."� ._."�_, �&�2� .#)(_*"�-�_�#-�**� �,-_

� )'*&� .�&3C_."�_�)( ., �� .#)(-_�� � )'�_� )( .#(/)/-E_."#-_#-_� �&&��_

.� .�(/-B_� � �_�,, ) 1-_� +/�&-_-.#'/&/-_�**&#� �B_

� �, 0)/-_� 3-.�'_�)( ., )&_) _
/-�&�_� �(-#)( __q__8>@

https://cnx.org/contents/5PgE7BA_@1/OU-Human-Physiology-Nervous-System-Control-of-Muscle-Tension#fig-ch10_04_04


	 _ ."�_  , � +/�(� 3_ ) _ ').),_ (�/, )(_ -#!(�&#(!_ #(�, � �-�-C_ -/''� .#)(_

�(�_-/�-� +/�( ._'/-�&�_.�(-#)(_#(_."�_').),_/(# ._�)( .#(/�-_.)_,#-�_

/( .#&_ #._ ,� ��"�-_ �_ *� �%_ *)#(.B_ �"�_ .�(-#)(_ � ._ ."#-_ *)#( ._ #-_ ��)/._

.", � �_ .)_  )/,_ .#'�-_ !, � � .�,_ ."�(_ ."�_ .�(-#)(_ )  _ �_ -#(! &�_ .1#.�"C_ �_

-.� .�_, � �,, � �_.)_�-_#(� )'*&� .�_*�*�$ +) B_�/,#(!_#(� )'*&� .�_.� .�(/-C_

."�_'/-�&�_! )�-_.", )/! "_+/#�%_�3�&�-_)  _�)( ., �� .#)(-_1# ."_�_-"), ._

( �"�.� *�%$J&��)� _ ),_� ��"B_	  _."�_-.#'/&/-_ , � +/�(� 3_#-_-)_"#!"_."� ._

."�_ , �&�2� .#)(_ *"�-�_ �#-�**� �,-_ � )'*&� .�&3C_ �)( ., �� .#)(-_ �� � )'�_

� )( .#(/)/-_#(_�_*, )� �--_� �&&��_� )'*&� .�  .� .�(/-  P� #!/, �_� QB_

�/,#(!_ � )'*&� .�_ .� .�(/-C_ ."�_ � )(� �( ., � .#)(_ )  _ �� aa #)(-_ #(_ ."�_

-�, � )*&�-'_ �&&) 1-_ 0#,./�&&3_ �&&_ ) _ ."�_ -�, � )'�, �-_ .)_  ),'_ �, )--V

�,#�! �-_ �(�_ -"), .�(C_ -)_ ."� ._ �_ �)( ., �� .#)(_ � �(_ � )( .#(/�_

/(#( .�,,/*.� �_P/( .#&_."�_'/-�&�_ � .#!/�-_�(�_� �(_()_&)(! �,_*, )�/� �_

.�(-#)( QB_

Treppe 

� "�(_�_-% �&� .�&_'/-�&�_"�-_�� �(_�),'�( ._ ),_�(_� 2.�(�� �_*�,#)�_

�(�_ ."�(_ �� .#0� .� �_ .)_ � )( ., �� .C_ 1#."_ �&&_ )."�,_ ."#(!-_ ��#(!_ � +/�&C_

."�_ #(#.#�&_ �)( ., �� .#)(-_ ! �(�, � .�_ ��)/._ )(�V"�& _ ."�_  ), � �_ )  _ &�.�,_

� )( ., �� .#)(-B_ �"�_ '/-�&�_ .�(-#)(_ #(�, � �-�-_ #(_ �_ !, ��� �_ '�((�,_

."� ._ .)_ -)'�_ &))%-_ &#%�_ �_ -� ._ ) _ -.�#,-B_ �"#-_ .�(-#)(_ #(�, � �-�_ #-_

� �&&��  *( �&&� C_�_�)(�# .#)(_1"�, �_'/-�&�_� )( ., �� .#)(-_�� � )'�_'), �_

� 5�#�( .B_	.]-_�&-)_%()1(_�-_."�_Z -.�#, � �-�_�  � � .[_P� #!/, � QB_

� , �**�_

8?7__q__� �, 0)/-_� 3-.�'_�)( ., )&_) _
/-�&�_� �(-#)(

https://cnx.org/contents/5PgE7BA_@1/OU-Human-Physiology-Nervous-System-Control-of-Muscle-Tension#fig-ch10_04_04
https://cnx.org/contents/5PgE7BA_@1/OU-Human-Physiology-Nervous-System-Control-of-Muscle-Tension#fig-ch10_04_05


� "�(_'/-�&�_.�(-#)(_#(�, � �-�-_#(_�_!, ��� �_'�((�,_."� ._&))%-_&#%�_

�_-� ._) _-.�#,-C_#._#-_��&&��_., �**�B_�"�_�). .)'_)  _���"_1 � 0�_

, �*, �-�( .-_."�_*)#( ._) _-.#'/&/-B_

	._ #-_ ��&#�0� �_ ."� ._ .,�**�_ , �-/&.-_  , )'_ �_ "#! "�,_ � )(� �( ., � .#)(_ )  _

�� aa #(_."�_-�, � )*&�-'_, �-/&.#(!_ , )'_."�_-.� �� 3_-.,� �'_)  _-#!(�&-_

 , )'_ ."�_ ').),_ (�/, )(B_ 	._ � �(_ )(& 3_ ��_ '�#( .�#(� �_ 1#."_ ��� +/� .�_

� �� B_

Fiber Diameter 

�"�_ ��#&# .3_ ) _ �_ '/-�&�_ 5 ��,_ .)_ ! �(�, � .�_  ), � �_ #-_ ��*�(��( ._ )(_

."�_ (/'��,_ )  _ �, )--_ �,#�! �-_ ."� ._ �_ '/-�&�_ � �(_  ),'B_ 	  _ �_ '/-�&�_

"�-_'), �_-�, � )'�, �-C_'), �_�, )--_�,#�! �-_� �(_ ),'_�(�_."�_'/-�&�_

� �(_! �(�, � .�_'), �_ ), � �_."�(_�_'/-�&�_1# ."_ � 1 �,_-�, � )'�, �-_�(�_

."�, � ), �_&�--_�, )--_�,#�! �_ ),'� .#)(B_

� �, 0)/-_� 3-.�'_�)( ., )&_) _
/-�&�_� �(-#)( __q__8?8



Muscle Tone 

�%�&� .�&_'/-�&�-_�, �_, �, �&3_�)'*&� .�&3_,�&�2 � �C_),_6�� �#�B_�0�(_# _�_

'/-�&�_#-_()._*, )�/�#(!_') 0�'�( .C_#._#-_�)( ., �� .� �_�_-'�&&_�')/( ._

.)_'�#( .�#(_#.-_� )( ., �� .#&�_*,).�#(-_�(�_*, )�/� �  # +)�"�J*%$� B_�"�_

.�(-#)(_ *, )�/� � �_ � 3_ '/-�&�_ .)(�_ �&&) 1-_ '/-�&�-_ .)_ � )( .#(/�&&3_

-.��#&#4�_$)#(.-_�(�_'�#( .�#(_*)-./, �B_


/-�&�_ .)(�_#-_ �� � )'*&#-"� �_ � 3_ �_ �)'*&� 2_#(.�, �� .#)(_ �� .1 � �(_

."�_ (�, 0)/-_ -3-.�'_ �(�_ -% �&� .�&_ '/-�&�-_ ."� ._ ,�-/&.-_ #(_ ."�_

�� .#0� .#)(_ )  _ �_  � 1_ ').),_ /(# .-_ � ._ �_ .#'�C_ ')-._&#%�&3_#(_ �_ �3�&#��&_

'�((�, B_	(_."#-_'�((�, C_'/-�&�-_(� 0�,_ � .#!/�_� )'*&� .�&3C_�-_-)'�_

').),_/(# .-_� �(_, � � ) 0�,_1"#&�_)."�,-_�, �_�� .#0�B_

�"�_ ��-�(� �_ )  _ ."�_ &)1 V&�0�&_ �)( ., �� .#)(-_ ."� ._ &���_ .)_ # +)�"�J

*%$�_#-_ ,� �,, � �_ .)_ �-  " 3*).)(#�  ),_ � ., )*" 3C_ �(�_ � �(_ , �-/&._  , )'_

��'�! �_ .)_*�, .-_)  _ ."�_ � �( ., �&_(�, 0)/-_-3-.�'_P ���QC_-/�"_ �-_ ."�_

� �, ���&&/'C_ ),_  , )'_ &)--_ )  _ #((�, 0� .#)(-_ .)_ �_ -%�&� .�&_ '/-�&�C_ �-_

#(_*)&#)' 3�&#.#-B_�3*).)(#�_'/-�&�-_"� 0�_�_6�� �#�_�**� �, �(� �_�(�_

�#-*&� 3_ /(� .#)(�&_#'*�#,'�( .-C_-/�"_�-_1 � �%_,�6� 2�-B_�)( 0�,-�& 3C_

� 2� �--#0 �_ '/-�&�_ .)(�_ #-_ , � �,, � �_ .)_ �-  " 3*�, .)(#� C_ ��� )'*�(#� �_

� 3_ "3*�,, �6� 2#�_ P� 2� �--#0 �_ , �6� 2_ ,�-*)(-�- QC_ ) .�(_ ."�_ , �-/&._ )  _

��'�! �_.)_/**�,_').),_(�/, )(-_#(_."�_���B_� 3*�, .)(#�_� �(_*, �-�( ._

1#."_'/-�&�_,#! #�#.3_P�-_-� �(_#(_� �, %#(-)( ]-_�#-� �-� Q_),_-*�-.#�#.3C_�_

*"�-#�_ �"�(! �_#(_ '/-�&�_ .)(�C_1"�, �_ �_&#'�_1#&&_Z-(�* [_ ���%_ , )'_

*�--#0 �_-., � .�"#(!_P �-_-� �(_#(_-)'�_-., )%�- QB_

Chapter Review 

�"�_ (/'��,_ )  _ �, )--V�,#�! �-_  ),'� �_ �� . 1 � �(_ �� .#(_ �(�_ ' 3)-#(_

�� .�,'#(�-_."�_�')/( ._) _.�(-#)(_*, )�/� � �_� 3_�_'/-�&�B_�"�_&�(!."_

)  _ �_ -�, � )'�, �_#-_)*.#'�&_1"�(_ ."�_4 )(�_ )  _ )0�, &�*_ �� .1 � �(_ ."#(_

�(�_ ."#�%_ 5&�'�( .-_ #-_ !,� � .�-.B_ 
/-�&�-_ ."� ._ �, �_ -., � .�"� �_ ),_

� )'*, �--� �_.))_!, � � .&3_�)_()._*, )�/� �_'�2#'�&_�')/( .-_)  _*) 1 �, B_

8?9__q__� �, 0)/-_� 3-.�'_�)( ., )&_) _
/-�&�_� �(-#)(



�_ ').),_ /(# ._ #-_  ),'� �_ � 3_ �_ ').),_ (�/, )(_ �(�_ �&&_ )  _ ."�_ '/-�&�_

5��,-_ ."� ._ �, �_ #((�, 0� .� �_ � 3_ ."� ._ -�'�_ ').),_ (�/, )(B_ �_ -#(! &�_

� )( ., �� .#)(_#-_��&&��_�_*-� *�� B_�_'/-�&�_. 1#.�"_"�-_�_&� .�( ._*�,#)�C_

�_ � )( ., �� .#)(_ *"�-�C_ �(�_ �_ , �&�2� .#)(_ *"�-�B_ �_ !, ��� �_ '/-�&�_

, �-*)(-�_�&&) 1-_0�,#� .#)(_#(_'/-�&�_.�(-#)(B_� /''� .#)(_)� �/,-_�-_

-/� � �--#0 �_-.#'/&#_�, �_���� �_.)! � ."�,_.)_*, )�/� �_�_-., )(! �,_'/-�&�_

� )( ., �� .#)(B_ �� .�(/-_ #-_ ."�_  /-#)(_ )  _ �)( ., �� .#)(-_ .)_ *, )�/� �_ �_

� )( .#(/)/-_ � )( ., �� .#)(B_ 	(�, � �-#(!_ ."�_ (/'��,_ )  _ ').),_ (�/, )(-_

#(0)&0� �_#(�, � �-�-_."�_�')/( ._) _').),_/(# .-_�� .#0� .� �_#(_�_'/-�&�C_

1"#�"_#-_� �&&��_, � �,/# .'�( .B_
/-�&�_.)(�_#-_."�_� )(-.�( ._&)1 V&�0�&_

� )( ., �� .#)(-_."� ._�&&)1_ ),_*)-./, �_�(�_-.��#&# .3B_

� � � ."�,_ � � .�"/'_ m_ �,#�_ � ,#! " .C_ ��_ � /'�(_ � " 3-#)&)! 3D_ ��, 0)/-_

� 3-.�'_ �)( ., )&_ ) _ 
/-�&�_ � �(-#)(B_ �*�(� .�2_ ���B_ 
/(_ 8?C_ 978<B_

�) 1(&)��_  ),_  , � �_ � ._ " . .*DMM�(2B), !M� )( .�( .- M

�; ?7;� �V87: V;8<>V@9�8V>8�� �>��?<?;l8_

� �, 0)/-_� 3-.�'_�)( ., )&_) _
/-�&�_� �(-#)( __q__8?:

http://cnx.org/contents/e4f804ec-103f-4157-92e1-71eed7aa8584@1
http://cnx.org/contents/e4f804ec-103f-4157-92e1-71eed7aa8584@1


16. _Muscle Tissue and Motion 
HEATHER KETCHUM AND ERIC BRIGHT 

Muscle Tissue and Motion4 


/-�&�_.#--/�_#-_�"�, �� .�,#4 � �_� 3_*,)*�, .#�-_."� ._�&&)1_') 0�'�( .B_


/-�&�_ � �&&-_ �,�_ � 2�#.��&�E_ ."� 3_ ,�-*)(�_ .)_ �_ -.#'/&/-B_ �"� 3_ �, �_

� )( ., �� .#&�C_'��(#(!_."� 3_��(_-"), .�(_�(�_! �(�, � .�_�_*/&&#(!_ ), � �B_

� "�(_ � . .��"� �_ �� .1 � �(_ . 1 )_ ') 0��&�_ )�$� � .-C_ #(_ )."�,_ 1 ), �-C_

�)(�-C_� )( ., �� .#)(-_)  _."�_'/-�&�-_� � /-�_."�_�)(�-_.)_') 0�B_�)'�_

'/-�&�_') 0�'�( ._#-_0)&/( .�, 3C_1"#�"_'� �(-_# ._#-_/(��,_� )(-�#)/-_

� )( ., )&B_ �),_ � 2�'*&�C_ �_ *�,-)(_ �� �#��-_ .)_ )*�(_ �_ �))%_ �(�_ , � ��_

�_�"�*.�,_)(_�(� .)' 3B_�."�,_') 0�'�( .-_�, �_#(0)&/( .�, 3C_'� �(#(!_

."� 3_ �, �_ ()._ /(��,_ � )(-�#)/-_ � )( ., )&C_ -/�"_ �-_ ."�_ � )( ., �� .#)(_ )  _

3)/,_*/*#&_#(_�,#! " ._&#!" .B_
/-�&�_.#--/�_#-_�&�--#5� �_#(.)_.", � �_.3*�-_

�� � ), �#(!_.)_-.,/� ./, �_�(�_ /(� .#)(D_-%�&� .�&C_��, �#��C_�(�_-'))."_

P� ��&� QB_

8?;__q__
/-�&�_�#--/�_�(�_
 ).#)(

https://cnx.org/contents/SNnPNNz9@1.9:dmLT9qfm@1/OU-Human-Physiology-Muscle-Tissue-and-Motion#tbl-ch04_04_01


�%# &�(�)%$J%�J� *(+�*+( �J�$�J�( %&�(*��)J%�J
 +)�"�J� �))+�J�/&�)J

� �))+�J � �)*%"%�/J � +$�*�%$J �%�� *�%$J

�%�&� .�&_

�)(!_
� 3&#(�,#� �&_
5��, C_-.,#�.� �C_
'�( 3_
*�,#*"�, �&&3_
&)� � .� �_(/�&�#_

� )&/( .�, 3_') 0�'�( .C_
*, )�/� �-_"� � .C_*,).� � .-_
), !�(-_

� . .��"� �_.)_
�)(�-_�(�_
�, )/(�_
�( ., �(� �_
*)#( .-_.)_�)� 3_
P�B!BC_')/."C_
�(/- Q_

��, �#��_

�"), .C_
�, �(�"� �C_
-.,#� .� �C_-#(!&�_
� �( ., �&_(/�&�/-_

�)( ., �� .-_.)_*/'*_�&))�_ � � �, ._

� '))."_

�"), .C_
-*#(�&�V-"�*� �C_
()_� 0#��( ._
-.,#� .#)(C_-#(!&�_
(/�&�/-_#(_� ��"_
5��,_

	( 0)&/( .�, 3_') 0�'�( .C_
') 0�-_ ))�C_#(0)&/( .�, 3_
� )( ., )&_) _,�-*#, � .#)(C_') 0�-_
-� �, � .#)(-C_,�!/&� .�-_6) 1_)  _
�&))�_#(_�, .�,#�-_� 3_
� )( ., �� .#)(_

� �&&-_) _'�$),_
), !�(-_�(�_
*�--�! � 1 � 3-_

� ! �"�*�"J # +)�"�  #-_ �. .��"� �_ .)_ �)(�-_ �(�_ # .-_ � )( ., �� .#)(_ '�% �-_

*)--# �&�_ &)�)').#)(C_  ��#�&_ � 2*, �--#)(-C_ *)-./, �C_ �(�_ )."�,_

0)&/( .�, 3_') 0�'�( .-_)  _."�_�)� 3B_�), .3_*�, � �( ._) _3)/,_�)� 3_'�--_

#-_ '���_ /*_ )  _ -%�&� .�&_ '/-�&�B_ �% �&� .�&_ '/-�&�-_ ! �(�, � .�_ "� � ._ �-_

�_ � 3*, )�/� ._ ) _ ."�#,_ � )( ., �� .#)(_ �(�_ ."/-_ *�, .#�#*� .�_ #(_ ."�,'�&_

")'� )-.�-#-B_ �"#0 �,#(!_ #-_ �(_ #( 0)&/( .�, 3_ �)( ., �� .#)(_ )  _ -%�&� .�&_

'/-�&�-_ #(_ , �-*)(-�_ .)_ *�, � �#0� �_ &)1 �,_ ."�(_ (),'�&_ �)� 3_

.�'*�, � ./, �B_�"�_'/-�&�_� �&&C_), ' 3)� 3.� C_��0�&)*-_ , )'_' 3)�&�-.-_

��,#0 � �_  , )'_ ."�_ '�-)��,'B_ 
 / %�/*�) _�(�_ ."�#,_(/'��,-_ , �'�#(_

, �&� .#0�&3_ �)(-.�( ._ .", )/! ")/._ &# �B_ �%�&� .�&_ '/-�&�_ .#--/�_ #-_

�,, �(! � �_ #(_ �/(�&�-_ -/,, )/(�� �_ � 3_ �)((� � .#0�_ .#--/�B_ �(��,_ ."�_

&#!" ._ '#�, )-� )*�C_ '/-�&�_ � �&&-_ �**� �,_ -.,#� .� �_ 1#."_ '�( 3_ (/�&�#_

-+/� �4 � �_�&)(!_."�_'�'�, �(�-B_�"�  -.,#� .#)(  #-_�/�_.)_."�_, �!/&�,_

�&.�,(� .#)(_)  _."�_� )( ., �� .#&�_*,).�#(-_�� .#(_�(�_' 3)-#(C_�&)(!_1#."_

."�_ -.,/� ./, �&_ *,).�#(-_ ."� ._ �)/*&�_ ."�_ � )( ., �� .#&�_ *,).�#(-_ .)_

� )((� � .#0�_ .#--/�-B_ �"�_ � �&&-_ �,�_ '/&.#(/�&� � .� �_ �-_ �_ , �-/&._ )  _ ."�_

 /-#)(_ )  _ ."�_ '�( 3_ ' 3)�&�-.-_ ."� ._  /-�_ .)_  ),'_ � ��"_&)(!_ '/-�&�_

5��, B_

��( ����J# +)�"�   ),'-_."�_� )( ., �� .#&�_1�&&-_) _."�_"� �, .B_�"�_� �&&-_


/-�&�_�#--/�_�(�_
 ).#)( __q__8?<



)  _ ��, �#��_ '/-�&�C_%() 1(_ �-_ � �, �#)' 3)� 3.�-C_ �&-)_ �**� �,_ -.,#� .� �_

/(��,_ ."�_ '#�, )-� )*�B_ �(&#%�_ -%�&� .�&_ '/-�&�_ 5 ��,-C_

��( ��%# / %�/*�) _�, �_ -#(! &�_ ��&&-_ .3*#� �&&3_ 1#."_ �_ -#(! &�_ ��( ., �&&3_

&)� � .� �_(/�&�/-B_�_*,#(�#*�&_�"�, �� .�,#-.#�_)  _��, �#)' 3)� 3.�-_#-_."� ._

."� 3_�)( ., �� ._)(_."�#,_) 1(_#( .,#(-#�_, " 3."'-_1# .")/._�( 3_�2.�,(�&_

-.#'/&� .#)(B_��, �#)' 3)� 3.�_� . .��"_.)_)(�_�()."�,_1# ."_-*� �#�&#4� �_

� �&&_$/(�.#)(-_� �&&��_#(.�, � �&� .� �_�#-�-B_	( .�, � �&� .� �_�#-�-_"� 0�_�)."_

�(�"),#(!_ $/(� .#)(-_ �(�_ !�*_ $/(� .#)(-B_ � . .��"� �_ � �&&-_  ),'_ &)(!C_

�, �(�"#(!_� �, �#��_ '/-�&�_5 ��,-_."� ._�, �C_�--�( .#�&&3C_�_'� �"�(#� �&_

�(�_ �&� � ., )�"�'#� �&_ -3(� 3.#/'_ �&&) 1#(!_ ."�_ � �&&-_ .)_ -3(�", )(#4 �_

."�#,_ �� .#)(-B_ �"�_ � �, �#��_ '/-�&�_ */'*-_ �&))�_ .", )/! "_ ."�_ �)� 3_

�(�_ #-_ /(��,_ #( 0)&/( .�, 3_ �)( ., )&B_ �"�_ �. .��"'�( ._ $/(� .#)(-_ ")&�_

��$�� �( ._� �&&-_.)!� ."�,_��, )--_."�_� 3(�'#�_*, �--/, �-_�"�(! �-_)  _."�_

� �, �#��_� 3�&�B_

� #%%*�J# +)�"�  .#--/�_� )( ., �� .#)(_#-_,�-*)(-# �&�_ ),_#(0)&/( .�, 3_

') 0�'�( .-_ #(_ ."�_ #(.�,(�&_ ), !�(-B_ 	 ._  ),'-_ ."�_ � )( ., �� .#&�_

� )'*)(�( ._ ) _ ."�_ �#! �-.#0 �C_ /,#(�, 3C_ �(�_ ,�*, )�/� .#0�_ -3-.�'-_ �-_

1 �&&_�-_."�_�#,1 � 3-_�(�_�, .�,#�-B_���"_� �&&_#-_-*#(�&�_-"�*� �_1#."_�_

-#(! &�_(/�&�/-_�(�_()_0#-# �&�_)*(�� *�%$)_P� #!/, � QB_


/-�&�_�#--/�_

8?=__q__
/-�&�_�#--/�_�(�_
 ).#)(

https://cnx.org/contents/SNnPNNz9@1.9:dmLT9qfm@1/OU-Human-Physiology-Muscle-Tissue-and-Motion#fig-ch04_04_01abc


P� Q_�%�&� .�&_'/-�&�_� �&&-_"�0�_*, )'#(�( ._-.,#� .#)(_�(�_(/�&�#_)(_

."�#,_*�,#*"�, 3B_P�Q_�'))."_'/-�&�_� �&&-_"�0�_�_-#(! &�_(/�&�/-_�(�_

()_0#-#�&�_-.,#� .#)(-B_P� Q_��, �#��_'/-�&�_� �&&-_�**� �,_-.,#� .� �_�(�_

"� 0�_�_-#(! &�_(/�&�/-B_� , )'_.)*C_�
_c_8=77 C_�
_c_8=77C_�
_c_8=77B_

P
#�, )!, �*"-_*, ) 0#�� �_� 3_."�_� �! �( .-_)  _�(#0 �,-# .3_) _
#�"#!�(_


 � �#� �&_��"))&_n_9789Q_


/-�&�_�#--/�_�(�_
 ).#)( __q__8?>



� � .�"_ ."#-  0#�� )  .)_ &��,(_ '), �_ ��)/._ '/-�&�_ .#--/�B_ 	 (_ &))%#(!_

.", )/! "_ �_ '#�, )-� )*�_ ") 1_ � )/&�_ 3 )/_ �#-.#(!/#-"_ -% �&� .�&_ '/-�&�_

.#--/�_ , )'_-'))."_'/-�&� H_

Chapter Review 

�"�_ .", � �_ .3*�-_ )  _ '/-�&�_ � �&&-_ �,�_ -%�&� .�&C_ ��, �#��C_ �(�_ -'))."B_

�"�#,_ '),*")&)! #�-_ '� .�"_ ."�#,_ -*� �#5�_  /(� .#)(-_ #(_ ."�_ �)� 3B_

�%�&� .�&_'/-�&�_#-_0 )&/( .�, 3_�(�_, �-*)(�-_.)_� )(-�#)/-_-.#'/&#B_�"�_

� �&&-_�,�_-.,#� .� �_�(�_'/&.#(/�&� � .� �_�**� �,#(!_�-_&)(!C_/(�, �(�"� �_

� 3&#(��,-B_��, �#��_'/-�&�_#-_#( 0)&/( .�, 3_�(�_ )/(�_)(& 3_#(_."�_"� �, .B_

���"_ � �&&_#-_ -.,#�.� �_1#."_ �_ -#(! &�_ (/�&�/-_ �(�_ ."� 3_ �. .��"_ .)_ )(�_

�()."�,_ .)_  ),'_ &)(!_ 5 ��,-B_ ��&&-_ �, �_ � . .��"� �_ .)_ )(�_ �()."�,_ � ._

#(.�, � �&� .� �_ �#-%-B_ �"�_ � �&&-_ �,�_ #(.�, � )((� � .� �_ *" 3-#� �&&3_ �(�_

�&� � ., )�"�'#� �&&3_ .)_ �� ._ �-_ �_ -3(� 3.#/'B_ ��, �#��_ '/-�&�_ � �&&-_

� )( ., �� ._ �/.)()')/-& 3_ �(�_ #( 0)&/( .�,#&3B_ �'))."_ '/-�&�_ #-_

#(0)&/( .�, 3B_���"_� �&&_#-_�_-*#(�&�V-"�*� �_5 ��,_�(�_� )( .�#(-_�_-#(! &�_

(/�&�/-B_ � )_ -.,#� .#)(-_ �, �_ � 0#��( ._ �� � � /-�_ ."�_ �� .#(_ �(�_ ' 3)-#(_

5&�'�( .-_�)_()._�&#!(_#(_."�_� 3.)*&�-'B_

� � � ."�,_ � � .�"/'_ m_ �,#�_ � ,#! " .C_ ��_ � /'�(_ � " 3-#)&)! 3_ �� 2.�))%B_

�*�(� .�2_ ���B_ 
/&_ =C_ 978>B_ �)1(&)��_  ),_  , � �_ � ._" . .*DMM�(2B), !M

� )( .�( .- M;?�@� :;V�� �V;��:V�8@=V� � �:� � �= ;7?l8B@ B_

8??__q__
/-�&�_�#--/�_�(�_
 ).#)(

http://openstaxcollege.org/l/musctissue
http://cnx.org/contents/48d9cf34-dcfd-4dd3-a196-eec3eea6f408@1.9
http://cnx.org/contents/48d9cf34-dcfd-4dd3-a196-eec3eea6f408@1.9


PART III 

CHAPTER 3: EXERCISE 
METABOLISM 

�"�*.�,_:O_�2 �, �#-�_
 � .��)&#-' __q__8?@





17. _Introduction to 
Bioenergetics and Metabolism 
HEATHER KETCHUM AND ERIC BRIGHT 

Metabolism4 


 �*��% "�)#J

� !�-* �P7CP
�,��'$!+%P!+P, �P+-%P'�P�$$P�&�*�1K*�)-!*!&�P�&�P
�&�*�1K�'&+-%!&�P(* '��++�+P'�P, �P�'�1 @P
�&1P���,'* +P�'&,*!�-,�P,'P'.�* �$$P
%�,��'$!+%AP!&�$-�!&�P$��&P%-+�$�P%�++AP, �P�%'-&,P�&�P)-�$!,1P'�P� ''�P
�'&+-%��AP�&�P, �P( 1+!��$P��%�&�+P($����P'&P, �P -%�&P�'�1 @PI�* ��!,BP
M,��$��,&1NH4!�#* @�'% JP

�� .#(!_ #-_ �--�( .#�&_ .)_ &# �B_ 
�( 3_ ) _ /-_ &))%_ .)_ �� .#(!_ �-_ ()._ )(& 3_

�_ (� � �--# .3C_ �/._ �&-)_ �_ *&��-/, �B_ �)/_ '� 3_ "� 0�_ �� �(_ .)&�_ -#(� �_

�"#&�"))�_ .)_ -.�, ._ ."�_ �� 3_ 1#."_ �_ ! ))�_ �, � �% �-._ .)_ ! #0�_ 3)/_ ."�_

	( ., )�/� .#)(_.)_� #)�(�, ! � .#�-_�(�

 � .��)&#-' __q__8@8



�(�, ! 3_.)_!� ._.", )/! "_')-._)  _."�_�� 3B_�)/_')-._&#% �&3_"� 0�_"� �, �_

��)/._."�_#'*), .�(� �_)  _�_��&�(� � �_ �#� .C_1#."_*&�( .3_) _ ,/#.-_�(�_

0�! � .��&�-B_ � /._ 1"� ._ �)�-_ ."#-_ �&&_ '� �(_ .)_ 3 )/,_ �)� 3_ �(�_ ."�_

*" 3-#)&)! #��&_*,)� �--�-_# ._� �,,#�-_)/._� ��"_�� 3H_�)/_(� � �_.)_��-),�_

�_, �(! �_)  _(/.,#�( .-_-)_."� ._3)/,_� �&&-_"�0�_."�_�/#&�#(!_�&)�%-_ ),_

'� .��)&#�_*, )� �--�-_ ."� ._ ,�&� �-�_ ."�_ �(�, ! 3_  ),_ ."�_ � �&&-_ .)_ ��,, 3_

)/._ ."�#,_ ��#& 3_$)�-C_ .)_ '�(/ �� ./, �_ (� 1_ *, ).�#(-C_ � �&&-C_ �(�_ �)� 3_

*�, .-C_�(�_.)_, � � 3�&�_'� .�,#�&-_#(_."�_� �&&B_

�"�, �_�, �_� �, .�#(_�"�'#� �&_,� �� .#)(-_�--�( .#�&_.)_&# �C_."�_-/'_)  _

1"#�"_#-_, � �,, � �_.)_�-_ #�*��% "�)# B_�"�_ )�/-_)  _."�-�_�#-�/--#)(-_

1#&&_��_�$��% "��J( ���*�%$) _�(�_ �� *��% "��J( ���*�%$) B_�)/_1#&&_�2�'#(�_

."�_ 0 �,#)/-_ �"�'#� �&_ ,� �� .#)(-_ ."� ._ �, �_ #'*), .�( ._ .)_ -/-.�#(_ &# �C_

#(�&/�#(!_ 1" 3_ 3)/_ '/-._ "� 0�_ ) 23! �(C_ ") 1_ '# .)�")(�,#�_ ., �(- �,_

�(�, ! 3C_ �(�_ ."�_ #'*), .�(� �_ )  _ ��, .�#(_ Z'� .��)&#� [_ "),')(�-_ �(�_

0#.�'#(-B_


 � .��)&#-'_0 �,#�-C_��*�(�#(!_)(_ �! �C_!�(��, C_��.#0#.3_&�0�&C_ /�&_

� )(-/'*.#)(C_ �(�_ &� �(_ �)� 3_ '�--B_ � )/,_ ) 1(_ '� .��)&#�_ , � .�_

6/� ./� .�-_ .", )/! ")/._ &# �B_ �3_ ')�# 3#(!_ 3)/,_ �#� ._ �(�_ � 2�, �#-�_

, �! #'�(C_3 )/_� �(_#(�, � �-�_�)."_&� �(_�)� 3_'�--_�(�_'� .��)&#�_, � .�B_

� �� .),-_�  � � .#(!_'� .��)&#-'_�&-)_*&� 3_#'*), .�( ._,)&�-_#(_�)( ., )&&#(!_

'/-�&�_'�--B_�! #(!_#-_%()1(_.)_�� �, � �-�_."�_'� .��)&#�_, � .�_� 3_�-_

'/�"_ �-_<_*�, � �( ._ *�,_3 � �, B_ ���#.#)(�&&3C_ ��� � /-�_ '�(_ .�(�_ "� 0�_

'), �_ &��(_ '/-�&�_ '�--_ ."�(_ 1 )'�(C_ ."�#,_ ��-�&_ '� .��)&#�_ , � .�_

P'� .��)&#�_, � .�_� ._,�-. Q_#-_"#!"�,E_."�, � ), �C_'�(_.�(�_.)_�/,(_'), �_

� �&),#�-_ ."�(_1 )'�(_ �)B_� �-.&3C_�(_#(�#0#�/�&]-_#("�, �( ._ '� .��)&#�_

, � .�_#-_ �_  /(� .#)(_ )  _ ."�_*, ).�#(-_ �(�_ �(43'�-_ ��,#0 � �_  , )'_ ."�#,_

! �(� .#�_ ���%!, )/(�B_ �"/-C_ 3 )/,_ ! �(�-_ *&� 3_ �_ �#!_ ,)&�_ #(_ 3)/,_

'� .��)&#-'B_� )(� ."�&�--C_� ��"_*�,-)( ]-_�)� 3_�(!�! �-_#(_."�_-�'�_

) 0�, �&&_'� .��)&#�_*, )� �--�-B_

� � � ."�,_ � � .�"/'_ m_ �,#�_ � ,#! " .C_ ��_ � /'�(_ � " 3-#)&)! 3_ �� 2.�))%B_

�*�(� .�2_���B_
/(_8?C_978<B_�)1(&)��_ ),_ , � �_� ._" . .*DMM�(2B), !M

� )( .�( .- M�; ?7;� �V87: V;8<>V@9�8V>8�� �>��?<?;l8_

8@9__q__	( ., )�/� .#)(_.)_� #)�(�, ! � .#�-_�(�_
 � .��)&#-'

http://cnx.org/contents/e4f804ec-103f-4157-92e1-71eed7aa8584@1
http://cnx.org/contents/e4f804ec-103f-4157-92e1-71eed7aa8584@1


18. _Overview of Metabolic 
Reactions 
HEATHER KETCHUM AND ERIC BRIGHT 

Metabolic Reactions4 


 � .��)&#�_ *, )� �--�-_ �, �_ � )(-.�( .&3_ .�%#(!_ *&���_ #(_ ."�_

�)� 3B 
 �*��% "�)#  #-_."�_-/'_)  _�&&_) _."�_�"�'#� �&_,� �� .#)(-_."� ._�, �_

#(0)&0� �_#(_�� .��)&#-'_�(�_�(��)&#-'B_�"�_, � �� .#)(-_! ) 0�,(#(!_."�_

�, � �%�) 1(_)  _ ))�_.)_)�.�#(_�(�, ! 3_�, �_� �&&��_� � .��)&#�_, � �� .#)(-B_

�)( 0�,-�& 3C_ �(��)&#�_ , � �� .#)(-_ /-�_ ."�_ �(�, ! 3_ *,)�/� � �_ � 3_

� � .��)&#�_ , � �� .#)(-_ .)_ -3( ."�-#4 �_ &�,! �,_ ')&� �/&�-_  , )'_ -'�&&�,_

)(�-C_-/�"_�-_1"�(_."�_�)� 3_ ),'-_*, ).�#(-_� 3_-.,#(! #(!_.)! � ."�,_

�'#()_��#�-B_�)."_-� .-_)  _,� �� .#)(-_�, �_�,# .#� �&_.)_'�#( .�#(#(!_&# �B_

�� � � /-�_ � � .��)&#�_ , � �� .#)(-_ *, )�/� �_ �(�, ! 3_ �(�_ �(��)&#�_

, � �� .#)(-_ /-�_ �(�, ! 3C_ #���&&3C_ �(�, ! 3_ /-�! �_ 1 )/&�_ ��&�(� �_ ."�_

�(�, ! 3_ *,)�/� � �B_ 	 _ ."�_ (� ._ �(�, ! 3_ �"�(! �_ #-_ *)-#.#0�_ P� � .��)&#�_

, � �� .#)(-_, �&� �-�_'), �_�(�, ! 3_."�(_."�_�(��)&#�_, � �� .#)(-_/-� QC_."�(_

."�_ �)� 3_ -.), �-_ ."�_ � 2� �--_ �(�, ! 3_ �3_ �/#&�#(!_  � ._ ')&� �/&�-_  ),_

&)(!V.�,'_ -.), �! �B_ �(_ ."�_ )."�,_ "�(�C_ # _ ."�_ (� ._ �(�, ! 3_ �"�(! �_

#-_ (�!� .#0�_ P� � .��)&#�_ , � �� .#)(-_ , �&� �-�_ &�--_ �(�, ! 3_ ."�(_ �(��)&#�_

, � �� .#)(-_/-� QC_."�_�)�3_/-�-_-.), � �_�(�, ! 3_.)_�)'*�(-� .�_ ),_."�_

��5�#�(� 3_) _�(�, ! 3_,�&� �-� �_� 3_�� .��)&#-'B_

Catabolic Reactions 

�� .��)&#�_ , � �� .#)(-  �, � �%_ �) 1(_ &�, ! �_ ), !�(#�_ ')&� �/&�-_ #( .)_

-'�&&�,_ ')&� �/&�-C_,�&� �-#(!_."�_�(�, ! 3_�)( .�#(� �_#(_."�_�"�'#� �&_

�0 �, 0#�1_)  _
 � .��)&#�
� � �� .#)(- __q__8@:



�)(�-B_ �"�-�_ �(�, ! 3_ ,�&� �-�-_ P� )( 0�,-#)(- Q_ �,�_ ()._ 877_ *�, � �( ._

� 5�#�( .B_ �"�_ �')/( ._ ) _ �(�, ! 3_ ,�&� �-� �_ #-_ &�--_ ."�(_ ."�_ .).�&_

�')/( ._ �)( .�#(� �_ #(_ ."�_ ')&� �/&�B_ �**, ) 2#'� .�&3_ ;7_ *�, � �( ._ ) _

�(�, ! 3_ 3#�&���_  , )'_ � � .��)&#�_ , � �� .#)(-_ #-_ �#,� � .&3_ .,�(- �,, � �_ .)_

."�_ "#! "V�(�, ! 3_ ')&� �/&�_ ���()-#(�_ .,#*")-*"� .�_ P� �� QB_ ��� C_ ."�_

�(�, ! 3_ �/,, �(� 3_ ) _ ��&&-C_ ��(_ ��_ /-� �_ #''� �#� .�&3_ .)_ *) 1 �,_

')&� �/&�,_ '��"#(�-_ ."� ._ -/**), ._ � �&&C_ .#--/�C_ �(�_ ),!�(_  /(� .#)(B_

�"#-_#(�&/��-_�/#&�#(!_(� 1_.#--/�_�(�_, �*�#,#(!_��'�! � �_.#--/�B_� ��_

� �(_�&-)_��_-.), � �_.)_ /&5&&_ /./,�_�(�, ! 3_��'�(�-B_�"�_, �'�#(#(!_

=7_*�, � �( ._) _."�_�(�, ! 3_,�&� �-� �_ , )'_� � .��)&#�_, � �� .#)(-_#-_!#0�(_

)   _�-_"� � .C_1"#�"_.#--/�-_�(�_�)� 3_6/#�-_��-),�B_

� .,/� ./, �&&3C_���_ ')&� �/&�-_ � )(-#-._ )  _ �(_ ���(#(�C_ �_ ,# �)-�C_ �(�_

.", � �_ *")-*"� .�_ !, )/*-_P � #!/, � QB_ �"�_ �"�'#� �&_ �)(�_ �� .1 � �(_ ."�_

-� � )(�_ �(�_ ."#, �_ *")-*"� .�_ !, )/*-C_ .�,'� �_ �_ "#! "V�(�, ! 3_ �)(�C_

, �*, �-�( .-_ ."�_ !, � � .�-._ -)/, � �_ )  _ �(�, ! 3_ #(_ �_ ��&&B_ 	._ #-_ ."�_ 5,-._

�)(�_."� ._� � .��)&#�_�(43'�-_�, � �%_1"�(_� �&&-_,� +/#, �_�(�, ! 3_.)_�)_

1 ), %B_ �"�_ *,)�/� .-_ )  _ ."#-_ ,� �� .#)(_ �, �_ �_ ')&� �/&�_ )  _ ���()-#(�_

�#*")-*"� .�_P�� � Q_�(�_�_&)(�_*")-*"� .�_!, )/*_P� #QB_��� C_�� � C_�(�_

� # �, �_� )(-.�( .&3_��#(!_� 3�&� �_.", )/! "_, � �� .#)(-_."� ._�/#&�_� ��_�(�_

-.), �_ �(�, ! 3C_ �(�_ ,� �� .#)(-_ ."� ._ �, � �%_ �) 1(_ � ��_ �(�_ , �&� �-�_

�(�, ! 3B_

� .,/� ./, �_)  _� ��_
 )&� �/&�_

8@;__q__�0 �, 0#�1_)  _
 � .��)&#�_� � �� .#)(-

https://cnx.org/contents/SNnPNNz9@1.9:-CmCfRYE@1/OU-Human-Physiology-Overview-of-Metabolic-Reactions#fig-ch25_01_01


���()-#(�_.,#*")-*"� .�_P� �� Q_#-_."�_�(�, ! 3_')&� �/&�_)  _."�_� �&&B_

�/,#(!_� � .��)&#�_, � �� .#)(-C_���_#-_�, � � .� �_�(�_�(�, ! 3_#-_-.),� �_

/( .#&_(�� �� �_�/,#(!_�(��)&#�_, � �� .#)(-B_

�"�_�(�, ! 3_ ,)'_� ��_�,#0 �-_�&&_�)�#&3_ /(� .#)(-C_-/�"_�-_� )( ., �� .#(!_

'/-�&�-C_ '�#( .�#(#(!_ ."�_ �&� � .,#� �&_ *).�( .#�&_ ) _ (�, 0�_ � �&&-C_ �(�_

��-),�#(!_ ))�_#(_."�_!�-., )#( .�-.#(�&_., �� .B_�"�_'� .��)&#�_, � �� .#)(-_

."� ._*, )�/� �_� ��_� )'�_ , )'_0 �,#)/-_-)/, � �-_P� #!/, � QB_

� � .�"_."#-  0#�� )  .)_&��,(_'), �_��)/._���()-#(�_.,#*")-*"� .�_P� �� QB_

�)/, � �-_)  _� ��_

�0 �, 0#�1_)  _
 � .��)&#�_� � �� .#)(- __q__8@<

https://cnx.org/contents/SNnPNNz9@1.9:-CmCfRYE@1/OU-Human-Physiology-Overview-of-Metabolic-Reactions#fig-ch25_01_02
https://www.khanacademy.org/science/biology/cellular-respiration/v/ATP


�/,#(!_� � .��)&#�_, � �� .#)(-C_*,).�#(-_�, �_�, )%�(_�) 1(_#( .)_�'#()_

��#�-C_&#*#�-_�,�_�, )%�(_�) 1(_#( .)_ � . .3_��#�-C_�(�_*)& 3-�� �"�,#��-_

�, �_�, )%�(_�) 1(_#( .)_')()-�� �"�,#��-B_�"�-�_�/#&�#(!_�&)�%-_�, �_

."�(_/-� �_ ),_."�_-3( ."�-#-_)  _')&� �/&�-_#(_�(��)&#�_, � �� .#)(-B_

� _ ."�_  )/,_ '�$),_ '��, )')&� �/&�,_ !, )/*-_ P � �,�)" 3�, � .�-C_ &#*#�-C_

*, ).�#(-C_ �(�_ (/�&�#�_ ��#�- Q_ ."�._ �, �_ *, )� �--� �_ � 3_ �#!�-.#)(C_

� �,�)" 3�, � .�-_�, �_� )(-#��, � �_."�_')-._� )'')(_-)/, � �_)  _�(�, ! 3_

.)_  /�&_ ."�_ �)� 3B_ �"� 3_ .�%�_ ."�_  ),'_ )  _ �#."�,_ � )'*&� 2_

� �,�)" 3�, � .�-C_*)&3-�� �"�,#��-_&#%�_-.�, �"_�(�_! &3� )! �(C_),_-#'*&�_

-/!�,-_ P ')()-�� �"�,#��- Q_ &#%�_ ! &/� )-�_ �(�_  ,/� .)-�B_ � /!�,_

� � .��)&#-'_ �, � �%-_ *)&3-�� �"�,#��-_ �) 1(_ #( .)_ ."�#,_ #(�#0#�/�&_

')()-�� �"�,#��-B_�')(!_."�_')()-�� �"�,#��-C_! &/� )-�_#-_."�_')-._

� )'')(_  /�&_  ),_ � ��_ *, )�/� .#)(_ #(_ ��&&-C_ �(�_ �-_ -/�"C_ ."�, �_ �, �_

�_ (/'��,_ )  _ �(�)�,#(�_ � )( ., )&_ '� �"�(#-'-_ .)_ , �!/&� .�_ ! &/� )-�_

� )(� �( ., � .#)(_#(_."�_�&))�-., � �'B_�2 � �--_! &/� )-�_#-_�#."�,_-.), � �_�-_

�(_�(�, ! 3_,�-�, 0�_#(_."�_&#0�,_�(�_-% �&� .�&_'/-�&�-_�-_."�_� )'*&� 2_

8@=__q__�0 �, 0#�1_)  _
 � .��)&#�_� � �� .#)(-



*)&3'�,_! &3� )! �(C_),_#._#-_�)( 0�, .� �_#(.)_ � ._P.,#! &3� �,#�� Q_#(_��#*)-�_

� �&&-_P��#*)� 3.�- QB_

�')(!_ ."�_ &#*#�-_ P  � .- QC_ .,#!&3� �,#��-_ �, �_ ')-._ )  .�(_ /-� �_  ),_

�(�, ! 3_0#�_ �_ '� .��)&#�_*, )� �--_ � �&&��_ � V)2#�� .#)(B_ ��)/._ )(�V"�& _

)  _ �2� �--_  � ._ #-_ -.),� �_ #(_ ��#*)� 3.�-_ ."� ._ �� �/'/&� .�_ #(_ ."�_

-/��/.�(� )/-_ .#--/�_ /(��,_ ."�_ -%#(C_1"�, � �-_ ."�_ , �-._#-_ -.), � �_#(_

��#*)� 3.�-_#(_)."�,_.#--/�-_�(�_), !�(-B_

�, ).�#(-C_ 1"#�"_ �, �_ *)&3'�,-C_ � �(_ ��_ �, )%�(_ �) 1(_ #( .)_ ."�#,_

')()'�,-C_ #(�#0#�/�&_ �'#()_ ��#�-B_ �'#()_ ��#�-_ � �(_ ��_ /-� �_ �-_

�/#&�#(!_ �&)�%-_ )  _ (� 1_ *, ).�#(-_ ),_ �, )%�(_ �) 1(_  /, ."�,_  ),_ ."�_

*, )�/� .#)(_ )  _ � �� B_ �"�(_ )(�_ #-_ �", )(#� �&&3_ -.�, 0#(!C_ ."#-_ /-�_ ) _

�'#()_��#�-_ ),_�(�, ! 3_*,)�/� .#)(_� �(_&� ��_.)_�_1 �-.#(!_� 1 � 3_) _."�_

�)� 3C_�-_'), �_�(�_'), �_*, ).�#(-_�, �_�, )%�(_�) 1(B_

�/�&�#�_ ��#�-_ �, �_ *, �-�( ._ #(_ ')-._ )  _ ."�_  ))�-_ 3 )/_ � � .B_ �/,#(!_

�#! �-.#)(C_(/�&�#�_��#�-_#(�&/�#(!_� ��_�(�_0 �,#)/-_���-_�, �_�, )%�(_

�) 1(_ #( .)_ ."�#,_ � )(-.# ./�( ._ (/�&� ).#��-B_ �"�-�_ (/�&� ).#��-_ �, �_

, � ��#&3_��-),�� �_�(�_., �(-*), .� �_.", )/! ")/._."�_�)� 3_.)_��_/-� �_

� 3_#(�#0#�/�&_��&&-_�/,#(!_(/�&�#�_��#�_'� .��)&#-'B_

Anabolic Reactions 

	(_ � )( ., �-._ .)_ � � .��)&#�_ , � �� .#)(-C �(��)&#�_ , � �� .#)(-  #(0)&0�_ ."�_

$)#(#(!_ )  _ -'�&&�,_ ')&� �/&�-_ #( .)_ &�,! �,_ )(�-B_ �(��)&#�_ , � �� .#)(-_

� )'�#(�_ ')()-�� �"�,#��-_ .)_  ),'_ *)& 3-�� �"�,#��-C_  � . .3_ ��#�-_ .)_

 ),'_.,#! &3� �,#��-C_�'#()_��#�-_.)_ ),'_*, ).�#(-C_�(�_(/�&� ).#��-_.)_

 ),'_(/�&�#�_��#�-B_�"�-�_*, )� �--�-_, � +/#, �_�(�, ! 3_#(_."�_ ),'_)  _

� ��_')&� �/&�-_! �(�, � .� �_� 3_�� .��)&#�_, � �� .#)(-B_�(��)&#�_, � �� .#)(-C_

�&-)_� �&&��  �#)-3( ."�-#-_, � �� .#)(- C_�,� � .�_(� 1_')&� �/&�-_."� ._ ),'_

(� 1_� �&&-_�(�_.#--/�-C_�(�_, � 0#.�&#4�_), !�(-B_

�0 �, 0#�1_)  _
 � .��)&#�_� � �� .#)(- __q__8@>



Hormonal Regulation of Metabolism 
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20. _The Cardiorespiratory 
System and Energy 
Production 
DIANE PETERSON AND DAWN MARKELL 
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21. _ATP in Living Systems 

Energy in Living Systems6 
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�&.")/! "_'/-�&�_� �&&-_��(_�"�(! �_#(_-#4�C_(�1_� �&&-_�,�_()._ ),'� �_

1"�(_ '/-�&�-_ !, ) 1 B_ 	(-.� ��C_ -.,/� ./, �&_ *,).�#(-_ �, �_ ���� �_ .)_

'/-�&�_ 5 ��,-_ #(_ �_ *, )� �--_ � �&&��  " 3*�, ., )*" 3C_ -)_ ��&&_ �#�'� .�,_

#(�, � �-�-B_�"�_, � 0�,-�C_1"�(_-.,/� ./, �&_*,).�#(-_�, �_&)-._�(�_'/-�&�_

'�--_ �� �, � �-�-C_ #-_ ��&&��  � ., )*" 3B_ �!�V, �&� .� �_ '/-�&�_ � ., )*" 3_ #-_

� �&&��  -�, � )*�(#� B_��&&/&�,_�)'*)(�( .-_)  _'/-�&�-_� �(_�&-)_/(��, ! )_

�"�(! �-_#(_,�-*)(-�_.)_�"�(! �-_#(_'/-�&�_/-�B_

Endurance Exercise 

�&) 1_ 5��,-_ �, �_ *, � �)'#(�( .&3_ /-� �_ #(_ �(�/, �(� �_ � 2�, �#-�-_ ."� ._

, � +/#, �_ &#. .&�_  ), � �_ �/._ #( 0)&0�_ (/'�, )/-_ , �*� .#.#)(-B_ �"�_ ��, )�#�_

'� .��)&#-'_ /-� �_ � 3_ -&)1 V.1#.�"_ 5 ��,-_ �&&) 1-_ ."�'_ .)_ '�#( .�#(_

� )( ., �� .#)(-_) 0�,_&)(!_*�,#)�-B_�(�/, �(� �_., �#(#(!_')�#5�-_."�-�_

-&)1_5��,-_ .)_ '�% �_ ."�'_ � 0�(_ '), �_ � 5�#�( ._ � 3_*,)�/�#(!_ '), �_

'# .)�")(�,#�_ .)_ �(��&�_ '), �_ ��, )�#�_ '� .��)&#-'_ �(�_ '), �_ � ��_

*, )�/� .#)(B_ �(�/, �(� �_ � 2�, �#-�_ � �(_ �&-)_ #(�, � �-�_ ."�_ �')/( ._ ) _

' 3)! &)�#(_#(_�_��&&C_�-_#(�,� �-� �_ ��, )�#�_, �-*#, � .#)(_#(�, � �-�-_."�_

�2 �, �#-�_�(�_
/-�&�
� �, ),'�(� � __q__99<



(� � �_ ),_) 23! �(B_
 3)! &)�#(_#-_ )/(�_#(_."�_-�, � )*&�-'_�(�_�� .-_�-_

�(_) 23! �(_-.), �! �_-/**& 3_ ),_."�_'# .)�")(�,#�B_

�"�_., �#(#(!_� �(_.,#!! �,_."�_ ),'� .#)(_)  _'), �_� 2.�(-#0 �_� �*#&&�,3_

(� .1 ), %-_�,)/(�_."�_5 ��, C_�_*,)� �--_� �&&��  �(! #)! �(�-#- C_.)_-/**&3_

) 23! �(_ �(�_ , �') 0�_ '� .��)&#�_ 1 �-.�B_ � )_ �&&)1_ ."�-�_ � �*#&&�,3_

(� .1 ), %-_.)_-/**&3_."�_�� �*_*), .#)(-_)  _."�_ '/-�&�C_'/-�&�_ '�--_

�)�-_()._!, � � .&3_#(�, � �-�_#(_), ��,_.)_'�#( .�#(_�_-'�&&�,_�, � �_ ),_."�_

�#  /-#)(_)  _(/.,#�( .-_�(�_!�-�-B_�&&_)  _."�-�_� �&&/&�,_�"�(! �-_, �-/&._

#(_."�_��#&#.3_.)_-/-.�#(_&) 1_&�0�&-_) _'/-�&�_� )( ., �� .#)(-_ ),_!, � � .�,_

*�,#)�-_1# .")/._ � .#!/#(!B_

�"�_ *, )*), .#)(_ )  _ ��_ '/-�&�_ 5 ��,-_ #(_ '/-�&�_ �� .�,'#(�-_ ."�_

-/# .��#&#.3_ ) _ ."� ._ '/-�&�_  ),_ �(�/, �(� �C_ �(�_ '� 3_ ��(�5 ._ .")-�_

*�, .#�#*� .#(!_#(_�(�/, �(� �_�� .#0#.#�-B_�)-./, �&_'/-�&�-_"� 0�_�_&�,! �_

(/'��,_)  _��_5 ��,-_�(�_, �&� .#0�&3_ � 1_� �_�(�_� �_5 ��,-C_.)_%� �*_."�_

���%_ -., �#! " ._ P� #!/, � QB_ �(�/, �(� �_ � ."&� .�-C_ &#%�_ '�, � .")(V,/((�,-_

�&-)_1 )/&�_ ��(�5 ._  ,)'_ �_&�, ! �,_ *, )*), .#)(_ )  _ ��_5 ��,-C_ �/._# ._#-_

/(�&� �,_# _."�_')-.V-/� � �-- /&_'�, � .")(�,-_�, �_.")-�_1# ."_(� ./, �&&3_

"#! "_ (/'��,-_ )  _ ��_ 5 ��,-C_ ),_ 1"� ."�,_ ."�_ ')-._ -/� � �-- /&_

'�, � .")(_ ,/((�,-_ �� 0�&)*_ "#! "_ (/'��,-_ )  _ ��_ 5 ��,-_ 1# ."_

, �*� .#.#0�_., �#(#(!B_�(�/, �(� �_., �#(#(!_� �(_, �-/&._#(_)0�,/-�_#( $/,#�-_

-/�"_�-_-., �--_ , �� ./, �-_�(�_$)#( ._�(�_.�(�)(_#(6�''� .#)(B_
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��. �0%,+"./�

�)(!V�#-.�(� �_,/((�,-_"� 0�_�_&�,! �_(/'��,_)  _��_

5��,-_�(�_, �&� .#0�&3_ � 1_� �_�(�_� �_5 ��,-B_P�, � �#.D_

Z� -� )9[ M� #%#'� �#�_�)'')(- Q_

Resistance Exercise 

� �-#-.�(� �_ � 2�, �#-�-C_ �-_ )**)-� �_ .)_ �(�/, �(� �_ � 2�, �#-�C_ ,� +/#, �_

&�,! �_�')/( .-_)  _��_5 ��,-_.)_*, )�/� �_-"), .C_*)1 �, /&_') 0�'�( .-_

."� ._ �, �_ ()._ , �*� � .� �_ ) 0�,_ &)(!_ *�,#)�-B_ �"�_ "#! "_ , � .�-_ )  _ � ��_

" 3�, )&3-#-_ �(�_ �, )--V�,#�! �_  ),'� .#)(_ #(_ ��_ 5 ��,-_ , �-/&._ #(_

*) 1 �, /&_ '/-�&�_ � )( ., �� .#)(-B_ 
/-�&�-_ /-� �_  ),_ *) 1 �,_ "� 0�_ �_

�2 �, �#-�_�(�_
/-�&�_� �, ),'�(� � __q__99>



"#! "�,_ , � .#)_ ) _ ��_ .)_ �� M� �_ 5 ��,-C_ �(�_ ., �#(� �_ � ."&� .�-_ *)--�--_

� 0�(_"#! "�,_&� 0�&-_) _��_5 ��,-_#(_."�#,_'/-�&�-B_� �-#-.�(� �_� 2�, �#-�_

�  � � .-_ '/-�&�-_ � 3_#(�, � �-#(!_ ."�_  ),'� .#)(_ )  _ ' 3) 5�,#&-C_."�,�� 3_

#(�, � �-#(!_ ."�_ ."#�%(�--_ )  _ '/-�&�_ 5 ��,-B_ �"#-_ ���� �_ -.,/� ./, �_

� � /-�-_" 3*�, ., )*" 3C_),_."�_�(&�, ! �'�( ._) _'/-�&�-C_� 2�'*&#5� �_� 3_

."�_&�, ! �_-%�&� .�&_'/-�&�-_-� �(_#(_�)� 3_�/#&��,-_�(�_)."�,_� ."&� .�-_

P� #!/, � QB_ ��� � /-�_ ."#-_ '/-�/&�,_ �(&�, ! �'�( ._ #-_ ��"#� 0� �_ � 3_ ."�_

���# .#)(_)  _-.,/� ./, �&_*,).�#(-C_� ."&� .�-_., 3#(!_.)_�/#&�_'/-�&�_'�--_

)  .�(_#(! �-._&�, ! �_�')/( .-_)  _*, ).�#(B_

�5-".0. ,-%5�

�)� 3_�/#&��,-_"� 0�_�_&�,! �_(/'��,_)  _��_5 ��,-_�(�_

, �&� .#0�&3_ � 1_� �_�(�_��_5 ��,-B_P�, � �#.D_�#(_
�#M6#�%,Q_
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�2 � �*._ ),_."�_" 3*�, ., )*" 3_."� ._ )&&)1-_�(_#(�, � �-�_#(_."�_(/'��,_

)  _ -�, � )'�, �-_ �(�_ ' 3) 5�,#&-_ #(_ �_ -%�&� .�&_ '/-�&�C_ ."�_ � �&&/&�,_

�"�(! �-_)�-�, 0� �_ �/,#(!_ �(�/, �(� �_ ., �#(#(!_ �)_()._ /-/�&& 3_)� �/,_

1#."_ , �-#-.�(� �_ ., �#(#(!B_ �"�, �_ #-_ /-/�&&3_ ()_ -#!(#5� �( ._ #(�, � �-�_

#(_ '# .)�")(�,#�_ ),_ � �*#&&�,3_ ��(-# .3B_ �) 1 � 0�, C_ ,�-#-.�(� �_ ., �#(#(!_

�)�-_ #(�, � �-�_ ."�_ �� 0�&)*'�( ._ ) _ �)((� � .#0�_ .#--/�C_ 1"#�"_ ���-_

.)_ ."�_ ) 0�, �&&_ '�--_ )  _ ."�_ '/-�&�_ �(�_ "�&*-_ .)_ � )( .�#(_ '/-�&�-_

�-_ ."� 3_ *,)�/� �_#(�, � �-#(! &3_*)1 �, /&_ � )( ., �� .#)(-B_ � �(�)(-_ �&-)_

�� � )'�_-., )(! �,_.)_*, � 0�( ._.�(�)(_��'�! �C_�-_."�_ ), � �_*, )�/� � �_

� 3_'/-�&�-_#-_., �(- �,, � �_.)_.�(�)(-_."� ._�. .��"_."�_'/-�&�_.)_�)(�B_

� ),_�  � � .#0�_-., �(!."_., �#(#(!C_."�_#( .�(-# .3_) _."�_� 2�, �#-�_'/-._

� )( .#(/�&&3_ ��_ #(�, � �-� �B_ �),_ #(-.�(� �C_ �)( .#(/� �_ 1 �#! " ._ &# .#(!_

1#.")/._#(�, � �-#(!_."�_1 �#! " ._) _."�_&)��_�)�-_()._#(�, � �-�_'/-�&�_

-#4�B_ �)_ *, )�/� �_ � 0�, V!, � � .�,_ , �-/&.-C_ ."�_ 1 �#! " .-_ &# .� �_ '/-._

�� � )'�_ #(�, � �-#(! &3_ "� � 0#�,C_ '�%#(!_ #._ '), �_ �# 5�/&._  ),_ '/-�&�-_

.)_') 0�_."�_&)��B_�"�_'/-�&�_."�(_���*.-_.)_."#-_"� � 0#�,_&)��C_�(�_

�(_ � 0�(_"� � 0#�,_&)��_ '/-._ ��_ /-� �_# _ �0�(_ !, � � .�,_ '/-�&�_ '�--_#-_

��-#, � �B_

	 _�)(�_#'*, )*�, &3C_,�-#-.�(� �_., �#(#(!_� �(_&� ��_.)_) 0�,/-�_#( $/,#�-_

)  _."�_'/-�&�C_.�(�)(C_),_�)(�B_�"�-�_#( $/,#�-_� �(_)� �/,_# _."�_&)��_

#-_.))_"� � 03_),_# _."�_'/-�&�-_�, �_()._! #0�(_-/ 5�#�( ._.#'�_�� .1 � �(_

1 ), %)/.-_ .)_ , � � ) 0�,_ ),_ # _ $)#(.-_ �, �_ ()._ �&#!(� �_ *, )*�, &3_ �/,#(!_

."�_ � 2�, �#-�-B_ ��&&/&�,_ ��'�! �_ .)_ '/-�&�_ 5 ��,-_ ."� ._ )� �/,-_ � .�,_

#(.�(-�_� 2�, �#-�_#(�&/��-_��'�! �_.)_."�_-�, � )&�''�_�(�_' 3) 5�,#&-B_

�"#-_ '/-�&�_ ��'�! �_ � )( .,#�/.�-_ .)_ ."�_  � �&#(!_ )  _ -), �(�--_ � .�,_

-., �(/)/-_ � 2�, �#-�C_ �/._ '/-�&�-_ !�#(_ '�--_ �-_ ."#-_ ��'�! �_ #-_

, �*�#, � �C_ �(�_ ���# .#)(�&_ -.,/� ./, �&_ *,).�#(-_ �, �_ ���� �_ .)_ , �*&�� �_

."�_ ��'�! � �_ )(�-B_ �0 �, 1 ), %#(!_ -%�&� .�&_ '/-�&�-_ � �(_ �&-)_&� ��_ .)_

.�(�)(_��'�! �_�(�_� 0�(_-%�&� .�&_��'�! �_# _."�_&)��_#-_.))_!, � � ._ ),_

."�_'/-�&�-_.)_�� �, B_
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Performance-Enhancing Substances 

�)'�_� ."&� .�-_� . .�'*._.)_�))-._."�#,_*�, ),'�(� �_� 3_/-#(!_0�,#)/-_

�! �( .-_ ."� ._ '� 3_ �("�(� �_ '/-�&�_ *�, ),'�(� �B_ �(��)&#�_ -.�, )#�-_

�, �_ )(�_ )  _ ."�_ '), �_ 1#��& 3_ %()1(_ �! �( .-_ /-� �_ .)_ �))-._ '/-�&�_

'�--_ �(�_ #(�, � �-�_ *) 1 �,_ )/.*/.B_ �(��)&#�_ -.�, )#�-_ �, �_ �_  ),'_ )  _

.�-.)-.�, )(�C_�_'�&�_-� 2_"),')(�_."� ._-.#'/&� .�-_'/-�&�_ ),'� .#)(C_

&���#(!_.)_#(�, � �-� �_'/-�&�_'�--B_

�(�/, �(� �_� ."&� .�-_'� 3_�&-)_.,3_.)_�))-._."�_� 0�#&��#&#.3_) _)23! �(_

.)_'/-�&�-_.)_#(�, � �-�_��, )�#�_, �-*#, � .#)(_� 3_/-#(!_-/�-.�(� �-_-/�"_

�-_ �, 3.", )*)#� .#(_ P��� QC_ �_ "),')(�_ (),'�&& 3_ *,)�/� � �_ #(_ ."�_

%#�(� 3-C_1"#�"_.,#!! �,-_."�_*, )�/� .#)(_)  _,� �_�&))�_� �&&-B_�"�_�2., �_

) 23! �(_ � �,,#� �_ � 3_ ."�-�_ �&))�_ � �&&-_ ��(_ ."�(_ ��_ /-� �_ � 3_ '/-�&�-_

 ),_ ��, )�#�_ , �-*#, � .#)(B_ � /'�(_ !, ) 1."_ "),')(�_P" ��Q_#-_ �()."�,_

-/**&�'�( .C_�(�_�&.")/! "_#._� �(_ ��#&#.� .�_�/#&�#(!_'/-�&�_'�--C_# .-_

'�#(_, )&�_#-_.)_*,)').�_."�_"� �&#(!_) _'/-�&�_�(�_)."�,_.#--/�-_� .�,_

-., �(/)/-_ � 2�, �#-�B_ 	(�, � �-� �_ " ��_ '� 3_ �&&)1_  ),_  �-.�,_ , � � ) 0�, 3_

� .�,_'/-�&�_��'�! �C_,� �/�#(!_."�_, �-._, � +/#, � �_� .�,_� 2�, �#-�C_�(�_

�&&)1#(!_ ),_'), �_-/-.�#(� �_"#! "V&�0�&_*�, ),'�(� �B_

�&.")/! "_ *�, ),'�(� �V�("�(�#(!_ -/�-.�(� �-_ )  .�(_ �)_ #'*, ) 0�_

*�, ),'�(� �C_ ')-._ �, �_ ��((� �_ � 3_ !) 0�,(#(!_ �)�#�-_#(_ -*), .-_ �(�_

�, �_ #&&�!�&_  ),_ ()('� �#� �&_ */,*)-�-B_ �"�#,_ /-�_ .)_ �("�(� �_

*�, ),'�(� �_ , �#-�-_ � ."#� �&_ #--/�-_ )  _ �"� � .#(!_ �� � � /-�_ ."� 3_ !#0�_

/-�,-_ �(_ /( �#,_ �� 0�( .�! �_ ) 0�,_ ()(/-�,-B_ �_ !, � � .�,_ � )(� �,(C_

") 1 � 0�, C_ #-_ ."�._ ."�#,_ /-�_ � �,,#�-_ -�,#)/-_ "� �&."_ ,#-%-B_ �"�_ -#��_

�  � � .-_)  _."�-�_-/�-.�(� �-_�, �_)  .�(_-#!(#5� �( .C_()(, � 0�,-# �&�C_�(�_

#(_ -)'�_ � �-�-_  � .�&B_ �"�_ *" 3-#)&)! #��&_ -.,�#(_ � � /-� �_ � 3_ ."�-�_

-/�-.�(� �-_#-_) .�(_!, � � .�,_."�(_1"� ._."�_�)� 3_��(_"�(�&�C_&� ��#(!_

.)_ �  � � .-_ ."� ._ �, �_ /(*, � �#� .��&�_ �(�_ ��(! �, )/-B_ �(��)&#�_ -.�, )#�_

/-�_"�-_�� �(_&#(%� �_.)_#( �, .#&#.3C_�!!, �--#0 �_��"� 0#),C_��, �#) 0�-�/&�,_

�#-� �-�C_�(�_�, �#(_� �(� �, B_

� #'#&�, &3C_ -)'�_ � ."&� .�-_ "� 0�_ /-� �_ �, � � .#(�_ .)_ #(�, � �-�_ *) 1 �,_

)/.*/.B_�, � � .#(�_*")-*"� .�_*, ) 0#��-_+/#�%_�/,-.-_)  _� ��_.)_'/-�&�-_

#(_ ."�_ #(#.#�&_ -.�! �-_ )  _ �)( ., �� .#)(B_ 	(�, � �-#(!_ ."�_ �')/( ._ ) _
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�, � � .#(�_ � 0�#&��&�_ .)_ � �&&-_ #-_ .")/! " ._ .)_ *, )�/� �_ '), �_ � ��_ �(�_

."�, � ), �_ #(�, � �-�_ � 2*&)-#0�_ *) 1 �,_ )/.*/.C_ �&.")/! "_ #.-_

�  � � .#0�(�--_�-_�_-/**&�'�( ._"�-_�� �(_+/�-.#)(� �B_

EVERYDAY CONNECTION 

�$&+$��+!��1/ )"��&/ /1"�

�&.")/! "_� ., )*" 3_�/�_.)_�#-/-�_� �(_)  .�(_��_, � 0�,-� �_

1#."_� 2�, �#-�C_'/-�&�_� ., )*" 3_1#."_�! �C_,� �,, � �_.)_�-_

-�, � )*�(#�C_#-_#,,� 0�,-# �&�B_�"#-_#-_�_*,#'�, 3_,� �-)(_1" 3_

� 0�(_"#! "&3_.,�#(� �_� ."&� .�-_-/� �/'�_.)_�� �&#(#(!_

*�, ),'�(� �_1#."_�! �B_�"#-_�� �&#(�_#-_().#�� ��&�_#(_

� ."&� .�-_1")-�_-*), .-_, � +/#, �_-., �(!."_�(�_*) 1 �, /&_

') 0�'�( .-C_-/�"_�-_-*,#( .#(!C_1"�, � �-_."�_�  � � .-_)  _

�! �_�, �_&�--_().#� � ��&�_#(_�(�/, �(� �_� ."&� .�-_-/�"_�-_

'�, � .")(_,/((�,-_),_&)(!V�#-.�(� �_� 3�&#-.-B_�-_'/-�&�-_

�! �C_'/-�&�_5 ��,-_�#�C_�(�_."� 3_�, �_, �*&�� � �_� 3_

� )((� � .#0�_.#--/�_�(�_��#*)-�_.#--/�_P � #!/, � QB_��� � /-�_
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24. _Nutrition, Performance, 
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25. _Carbohydrate Metabolism 
HEATHER KETCHUM AND ERIC BRIGHT 
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26. _Protein Metabolism 
HEATHER KETCHUM AND ERIC BRIGHT 
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Catabolic and Anabolic Pathways 
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27. _Lipid Metabolism 
HEATHER KETCHUM AND ERIC BRIGHT 
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31. _Principles of Adaptation 
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32. _FITT Principle 
DAWN MARKELL AND DIANE PETERSON 
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33. _Rest, Recovery, and 
Periodization 
DAWN MARKELL AND DIANE PETERSON 
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34. _Reversibility 
DAWN MARKELL AND DIANE PETERSON 
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35. _Training Volume 
AMANDA SHELTON 
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PART V 

CHAPTER 5: FLEXIBILITY 
TRAINING PRINCIPLES 
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43. _Improving Flexibility 
DAWN MARKELL AND DIANE PETERSON 
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44. _Creating an Effective 
Stretching Program 
DAWN MARKELL AND DIANE PETERSON 
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45. _Assessing Your Flexibility 
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46. _Test Your Knowledge 
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PART VI 

CHAPTER 6: 
CARDIORESPIRATORY 
TRAINING PRINCIPLES 
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Normal and Bronchial Asthma Tissues 
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50. _The Process of Breathing 
and Respiratory Function 
HEATHER KETCHUM AND ERIC BRIGHT 
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51. _Modifications to 
Breathing 
HEATHER KETCHUM AND ERIC BRIGHT 
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PART VII 

CHAPTER 7: CORE AND 
BALANCE TRAINING 
PRINCIPLES 
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Sacrum and Coccyx 
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58. _Abdomen 
MARCOS GRIDI-PAPP 
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59. _The Pelvic Girdle 
MARCOS GRIDI-PAPP 

The Pelvic Girdle9 
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60. _Creating Movement at 
the Hip 
MARCOS GRIDI-PAPP 

Movement at the Hip9 
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61. _Balance 
LAWRENCE DAVIS 
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62. _Center of Gravity 
LAWRENCE DAVIS 

Finding the Center of Gravity 
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63. _Supporting the Body 
LAWRENCE DAVIS 

Support Force (Normal Force) 
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64. _Friction in Joints 
LAWRENCE DAVIS 

Synovial Joint Friction 
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65. _Human Stability 
LAWRENCE DAVIS 
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66. _Guidelines for Core and 
Balance Training 
AMANDA SHELTON 

Progressional Training 
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67. _Plyometric Exercises 
AMANDA SHELTON 

What are Plyometric Exercises? 
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68. _Variables of Plyometric 
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69. _Progressing a Plyometric 
Program 
AMANDA SHELTON 

Beginning Plyometrics 
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4. Isokinetic Training 
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