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Concept	of	kinesiology.	Best	books	for	exercise.

1	4	-1	6	A	),	and	6	degrees	in	thè	horizontal	piane	(see	Fig.	27	Femoral	head	acetabular	malalignment	and,	397-398,	400f	osteologie	features	of,	396b,	396-397,	399f	Femoral	neck,	angle	of	inclination	of.	At	thè	heel	contact	phase	of	walking,	thè	knee	flexes	slightly	in	response	to	thè	posteriorly	located	ground	reaction	forct	Eccentrically	active
quadriceps	Controls	flexion.	1	3	-	2	4	)	.	The	screw	is	designed	like	a	piston,	compressing	slightly	when	under	thè	load	of	body	weight.	476	Section	IV	Lnwer	Extremily	118.	W	it	h	m	o	d	e	r	a	t	e	m	u	s	c	ie	w	e	a	k		n	e	s	s	,	h	o	w	e	v	e	r	,	t	h	è	d	is	p	a	r	it	y	o	f	te	n	r	e	s	u	lt	s	in	e	x	t	e	n	s	o	r	la	g	.	A	Closer	Look	at	Lifting	Technique	Extensive	research	has
been	conducted	in	thè	attempt	to	define	thè	safest	technique	for	lifting,	especially	with	regard	to	thè	posture	of	thè	lumbar	spine.	Selected	Factors	that	Contribute	to	thè	Inability	to	Completely	Extend	thè	Knee	Factor	C	linical	Exam	ples	Reduced	force	pro	duction	from	thè	quadriceps	Disuse	atrophy	of	quadriceps	following	trauma	and/or	prolonged
immobilization	Lacerated	femoral	nerve	Herniated	disc	compressing	L3	or	L4	nerve	roots	Severe	pain	Excessive	swelling	in	thè	knee	Excessive	resistance	from	connective	tissues	Excessive	lightness	in	hamstring	or	other	knee	flexor	muscles	Excessive	stiffness	in	thè	anterior	cruci	ate	ligament,	posterior	capsule,	or	collateral	ligaments	Scarring	of	thè
skin	in	thè	popliteal	fossa	Faulty	arthrokinematics	Lack	of	“screw-home”	rotation	mechanics	Lack	of	anterior	slide	of	thè	tibia*	Meniscal	block	or	other	derangement	Lack	of	superior	slide	of	thè	patella*	perse	thè	forces,	thè	pressure	at	thè	patellofemoral	joint	cari	rise	to	an	intolerable	leve!.	The	radius	and	hand	(shown	in	red)	is	thè	distai	segment	of
thè	forearm	complex.	Kaplan	EB:	The	iliotibial	tract:	Clinical	and	morphological	signifìcance.	The	articular	surface	for	thè	tibia	follows	a	curve	that	is	a	flat-to-convex	path	from	front	to	back	(Fig.	Supporting	loads	through	thè	forearm	at	shoulder	level,	for	example,	like	a	waiter	carrying	a	tray	of	food,	directs	thè	weight	proximally	through	thè	radius
where	thè	interosseous	membrane	can	assist	with	dispersing	these	loads	more	evenly	through	thè	forearm.	T	h	e	e	x	a	c	t	c	a	u	s	e	s	o	f	ch	o	n	d	ro	m	a	la	cia	are	u	n	k	n	o	w	n	.	F	ig	u	r	e	1	3	-	3	0	s	h	o	w	s	a	n	e	x	t	r	e	m	e	c	a	s	e	o	f	o	s	t	e	o	a	r	t	h	r	it	is	o	f	a	c	a	d	a	v	e	r	i	c	k	n	e	e	w	it	h	d	e	g	e	n	e	r	a	t	io	n	t	h	r	o	u	g	h	o	u	t	its	e	n	t	ir	e	t	y	.	Data	on
muscle	length	were	estimated	using	a	human	skeleton.	Lehthan	GJ,	McGill	SM:	Quantification	of	thè	differences	in	electromyc-	j	19.	One	of	these	bands,	thè	oblique	cord,	runs	from	thè	lateral	side	of	thè	tuberosity	of	thè	ulna	to	just	distai	to	thè	bicipital	tuberosity.	87	Yoshioka	Y,	Cooke	TO:	Femoral	anteversion:	assessment	based	on	func	tion	axes.	A
muscle	like	thè	sartorius,	for	example,	may	have	to	simultaneously	control	up	to	five	degrees	of	freedom	(i.e.,	two	at	thè	knee	and	three	at	thè	hip).	Acta	Orthop	Scand	65:442-446,	1994,	Wuelker	N,	Schmotzer	H,	Thren	K,	et	al:	Translation	of	thè	glenohumeral	joint	with	simulated	active	elevation.	The	fibers	continue	medially	to	thè	poste	rior	aspect	of
thè	mediai	malleolus,	forming	part	of	thè	posterior	wall	of	thè	talocrural	joint.	Although	thè	oblique	fìbers	account	for	only	30%	of	thè	cross-sectional	area	of	thè	entire	vastus	medialis	muscle,97	thè	oblique	pulì	on	thè	patella	has	important	implications	for	thè	stabilization	and	orientation	of	thè	patella	as	it	tracks	or	slides	through	thè	intercondylar
groove	of	thè	femur.	The	radius	is	held	fixed	to	thè	ground	through	thè	wrist;	however,	thè	humerus	and	ulna	are	free	to	rotate.	Wolfort	FG,	Kanter	MA,	Miller	LB:	Torticollis.	Arthrokinematics	at	thè	Tibiofemoral	Joint	A	C	T	IV	E	E	X	T	E	N	S	IO	N	OF	TH	E	KN	EE	Figure	1	3	-	1	7	depicts	thè	arthrokinematics	of	thè	last	90	degrees	of	active	knee
extension.	Lift	with	thè	lumbar	spine	held	as	dose	to	a	neutral	lordotic	posture	as	possible.	M	u	scles	o	f	thè	Craniocervical	Region—	Section	II:	Functional	Interactions	Among	Muscles	that	Cross	thè	Craniocervical	Region	Nearly	30	muscles	cross	thè	craniocervical	region.	B	:	NEGATIVE	1.	518l	muscles	of	foot	and	ankle	innervated	by,	507,	509f
posterior,	neurovascular	bundle	of,	513,	515f	Tibiai	tuberosity,	437,	437f	Tibialis	anterior	action	of,	on	tiptoes,	512,	512f	anatomy	and	function	of,	508,	510,	5	lOf	attachments	of,	574l	in	gait,	549f.	Bogduk	N	,	Twomey	L.	Note	thè	smooih	articular	cartilage	covering	thè	posterior	articular	surlace	of	thè	patella.	127	Zakaria	D,	Harbum	KL,	Kramer	JF:
Preferential	activation	of	thè	vastus	medialis	oblique,	vastus	lateralis,	and	hip	adductor	muscles	during	isometric	exercises	in	females.	Livtngston	LA:	The	quadriceps	angle:	A	review	of	thè	literature.	6	-	7	)	.	90°	of	flcxion	B.	Inferiorly,	thè	capsule	forms	collateral	ligaments	that	attach	to	thè	periphery	of	thè	articular	disc.	Genu	valgum	is	often	thè
result	of	abnormal	alignment	at	either	end	of	thè	lower	extremity.	lhe	asymmetry	in	thè	trochlea	causes	thè	ulna	to	deviate	laterally	relative	to	thè	humerus.	The	healthy	foot	satisfies	thè	seemingly	paradoxical	requirements	of	both	shock	absorption	and	thrust	through	an	interaction	M	e	ta	ta	rs	o	p	h	a	la	n	g	e	a	l	J	o	in	ts	,	504	Anatomie	and	Kinematic
Considerations,	504	Deformities	Involving	thè	First	Toe,	504	In	te	rp	h	a	la	n	g	e	a	l	J	o	in	ts	,	505	A	c	tio	n	o	f	th	è	J	o	in	ts	W	ith	in	th	è	F	o	re	fo	o	t	D	u	rin	g	th	è	Late	S	ta	n	c	e	Phase	o	f	G	ait,	506	MUSCLE	A	N	D	J	O	IN	T	IN	TE	R	A	C	TIO	N	,	506	Innervation	of	Muscles	and	Joints,	506	Anatomy	and	Function	of	thè	Muscles,	507	E	xtrin	sic	M	u	s	c	le	s	,
507	Anterior	Compartment	Muscles,	508	Muscular	Anatomy,	508	Joint	Action,	510	Lateral	Compartment	Muscles,	510	Muscular	Anatomy,	510	Joint	Action,	511	Posterior	Compartment	Muscles,	512	Anatomy,	512	Joint	Action:	Piantar	Flexion	and	Supination,	514	M	u	s	c	u	la	r	P	a	ra	ly	s	is	From	In	ju	ry	to	th	è	P	e	ro	n	e	a	l	o	r	T	ib	ia	l	N	e	rv	e	s	,	516	In
trin	s	ic	M	u	s	c	le	s	,	518	Anatomie	and	Functional	Considerations,	518	of	interrelated	joints,	connective	tissues,	and	muscles.	Panjabi	MM,	Cholewtcki	J.	Clin	Orthop	106:216-231,	1975.	A	muscle’s	relative	potential	to	move	or	stabilize	a	region	is	scored	X,	minimal,	XX,	moderate,	and	XXX,	maximum;	action.	The	rectus	femoris	and	semitendinosus,	for
instance,	tend	to	remain	at	a	relatively	fìxed	length	throughout	much	of	thè	activation	cycle.	With	thè	exception	of	thè	sternocleidomastoid,	which	is	innervated	primarily	by	thè	spinai	accessory	nerve,	thè	other	muscles	in	thè	group	are	innervated	by	small	unnamed	nerves	that	branch	from	thè	cervical	plexus.	S	w	e	llin	g	i	n	c	r	e	a	s	e	s	in	t	r	a	a	r	t	ic
u	la	r	p	r	e	s	s	u	r	e	,	w	h	i	c	h	c	a	n	p	h	y	s	ic	a	lly	im	p	e	d	e	fu	ll	k	n	e	e	e	x		t	e	n	s	io	n	.	(Data	from	Smidt	GL:	Bio	mechanical	analysis	of	knee	flexion	and	extension.	Although	thè	actual	extension	torque	may	be	small,	thè	tension	transferred	through	thè	thoracolumbar	fascia	may	provide	important	static	bracing	to	thè	lumbar	region,	much	like	a
corset.	Functionally,	however,	these	movements	rarely	occur	independent	of	movement	at	other	joints	of	thè	lower	limb.	The	forearm	is	in	full	supination.	179-180,	180f,	182184,	1831—1841,	184b,	191,	191f,	191t	Radiai	fossa,	134,	134f	Radiai	nerve	of	elbow	and	forearm,	152.	Loss	of	complete	extension	due	to	an	elbow	flexion	contracture	is	often
caused	by	marked	stiffness	tn	thè	elbow	flexor	muscles.	The	shoe	tilted	her	tibia	and	knee	forward,	thereby	reducing	thè	length	of	thè	deforming	external	moment	arm	at	thè	knee.	Children	are	particularly	susceptible	to	Elbow	and	Forearm	Complex	147	this	"pulled-elbow"	syndrome	due	to	ligamentous	laxity	and	increased	likelihood	of	others	pulling
on	their	arms	(Fig.	Another	common	mechanism	for	injuring	thè	ACL	in	volves	excessive	hvperextension	of	thè	knee	while	thè	foot	:s	planted	on	thè	ground.	Phys	Ther	76:946-955,	1996.	Both	use	a	“spacer”	to	increase	thè	distance	between	thè	axis	of	rotation	and	thè	internai	“lift	ing”	force.	man.	The	muscular	demand	needed	to	control	femoral-on-
tibial	motions	is	generali)1	larger	and	more	complex	than	that	needed	to	control	most	ordinary	tibial-on-femoral	knee	motions.	More	compli	cated,	and	likely	more	accurate,	axes	of	rotation	and	kinematic	models	of	thè	ankle	and	foot	are	described	elsewhere.	P	li	c	a	e	e	x	is	t	in	a	p	p	r	o	x	im	a	t	e	ly	25	to	50%	o	f	k	n	e	e	s	.	Distally,	thè	tendons	of	thè
sartorius	and	gracilis	travel	side	by	side	across	thè	me	diai	side	of	thè	knee	to	attach	to	thè	proximal	shaft	of	thè	tibia,	near	thè	semitendinosus	(see	Fig.	Wexler	G,	Hurwitz	DE,	Bush-Joseph	CA,	et	al:	Functional	gait	adaptations	in	patients	with	anterior	cruciate	ligament	deficiency	over	time.	Med	Sci	Sports	Exerc	25:936-944,	1993.	Increase	thè	length
o	f	thè	internai	moment	arm	between	thè	lo	ad	and	thè	lum	bar	region.	From	proximal	to	distai,	thè	anterior	part	of	thè	MCL	runs	in	a	slightly	oblique	posterior-to-anterior	direction.	AmJ	Sports	Med	26:778-784,	1998,	23.	Staheli	LT,	Corbett	M,	Wyss	C,	et	al:	Lower-extremity	rotational	problems	in	children.	Note	that	lui!	axial	rotation	of	thè
craniocervical	region	provides	thè	eyes	with	at	least	180	degrees	of	visual	scanning	As	depicted,	rotation	to	thè	right	is	driven	by	simultaneous	activation	of	thè	left	stemocleidomastoid	and	scalenus	antenor	(Fig.	New	York,	Churchill	Livingstone,	1995.	For	example,	thè	extension	potential	provjded	by	thè	splenius	capitis	and	cervicis	and	thè	upper
erector	spinae	is	offset	by	thè	flexion	potential	of	thè	sternocleidomastoid	and	scalenus	anterior.	Muscle(s),	back,	vertebrae	of	anatomy	and	kinematics	of,	292-303	osteologie	features	of,	263t,	267-269,	268f-269f	Balance,	in	gali,	533,	534f	role	of	trunk	and	upper	extremity	in,	543545	Bandfs)	of	digitai	extertsor	mechanism,	220,	22	l	f	223f,	222t	of
myofilaments,	45,	45f	Bending,	as	musculoskeletal	force,	12f	Biceps	brachii	as	supinator	muscle	of	forcami,	165-169,	166f,	167f	attachments	and	innervation	of,	244t	biomechanical	and	structural	variables	of,	157l	function	of,	157,	158f	in	combined	elbow	flexion	and	shoulder	ex	tension,	160-161,	161f	Ime	of	force	of.	This	can	occur	in	two	ways.
Additional	surface	anatomy	associated	with	thè	TMJ	is	thè	mastoid	process	of	thè	temporal	bone,	thè	angle	o	f	thè	mandtble,	and	thè	zygomatic	arch.	transfer	a	component	of	thè	muscle	force	applied	to	thè	radius	to	thè	ulna.	49b,	49f,	49t	knee	abnormal	alignment	of,	470-473	attachments	and	innervations	of,	571	1—573t	extensor,	in	gait,	549f,	550
flexor-rotator,	463-470	functional	anatomy	of,	440f-441f,	46	3	465	group	action	of,	465,	466f	maximal	torque	production	by,	465-466,	467f,	468f	synergy	with	hip	muscles	and,	466,	468f,	468-469,	469t	innervation	of,	453-454,	454t,	57lt—573t	(Conlinued)	589	Muscle(s)	quadriceps.	Neum	an	n	,	PT,	Ph	D	TOPICS	OSTEOLOGY,	133	Mid-to-Distal
Humerus,	133	Ulna,	135	Radius,	136	ARTHROLOGY,	137	Part	I:	Joints	o<	thè	Elbow,	137	G	en	era	l	F	e	a	tu	re	s	o	f	th	è	H	u	m	e	ro	u	ln	a	r	and	H	u	m	e	ro	ra	d	ia	l	J	o	in	ts	,	137	P	e	ria	rtic	u	la	r	C	o	n	n	e	c	tiv	e	T	is	s	u	e	,	138	K	in	e	m	a	tic	s	,	140	Functional	Considerations	of	Flexion	and	Extension,	140	Arthrokinematics	at	thè	Humeroulnar	Joint,	140
Arthrokinematics	at	thè	Humeroradial	Joint,	141	Part	II:	Joints	of	thè	Forearm,	145	G	en	era	l	F	e	atures	o	f	th	è	P	ro	x	im	a	l	and	D	ista	i	R	a	d	io	u	ln	a	r	J	o	in	ts	,	145	AT	A	GLANCE	J	o	in	t	S	tru	c	tu	re	and	P	e	ria	rtic	u	la	r	C	o	n	n	e	c	tiv	e	T	issu	e	,	146	Proximal	Radioulnar	Joint,	146	Distai	Radioulnar	Joint,	146	K	in	e	m	a	tic	s	,	147	Functional
Considerations	of	Pronation	and	Supination,	147	Arthrokinematics	at	thè	Proximal	and	Distai	Radioulnar	Joints,	149	Supination,	149	Pronation,	149	Pronation	and	Supination	with	thè	Radius	and	Hand	Held	Fixed,	150	M	USC	LE	A	N	D	J	O	IN	T	IN	TER	AC	TIO	N	,	151	Neuroanatomy	OverView,	151	P	aths	o	f	th	è	M	u	s	c	u	lo	c	u	ta	n	e	o	u	s	,	R	adiai,	M
e	d	ia	n	,	and	U	ln	a	r	N	e	rv	e	s	T	h	ro	u	g	h	o	u	t	th	è	E	lbow	,	Forea	rm	,	W	ris	t,	and	H	and,	Innervation	of	Muscles	and	Joints	of	thè	Elbow	and	Forearm,	152	Function	of	thè	Elbow	Muscles,	157	E	lb	o	w	F	le	xors,	157	Individuai	Muse	le	Action	of	thè	Elbow	Flexors,	157	Biomechanics	of	thè	Elbow	Flexors,	158	Maximal	Torque	Production	of	thè	Elbow
Flexor	Muscles,	158	Elbow	Extensors,	161	Muscular	Components,	161	Electromyographic	Analysis	of	Elbow	Extension,	161	Torque	Demands	on	thè	Elbow	Extensors,	162	Function	of	thè	Supinator	and	Pronator	Muscles,	165	S	u	p	in	a	to	r	M	u	s	c	le	s	,	165	151	P	ro	n	a	to	r	M	u	s	c	le	s	,	169	INTRODUCTION	The	elbow	and	forearm	complex	consists	of
three	bones	and	four	joints	(Fig.	A	few	separate	sparse	and	poorly	deftned	bands	flow	perpendicular	to	thè	membrane’s	matn	ftber	direction.	Bates	BT,	James	SL:	Patiems	of	tibial	rotary	torque	in	knees	of	healthy	subjects.	Spine	20:192-198,	1995.	Osteologie	Features	of	thè	Radius	•	Radiai	head	•	Fovea	•	Bicipital	tuberosiLy	Styloid	process
Depression	fo	r	articular	disc	Styloid	process	Dorsal	tuberete	•	Ulnar	notch	•	Styloid	process	Lateral	The	radiai	head	is	a	disclike	structure	located	at	thè	extreme	proximal	end	of	thè	radius.	Axial	rotation	is	limited	in	thè	sca	lenus	medius	and	posterior	due	to	thè	muscles'	nearly	vertical	orientation.	The	McGraw-Hill	Compames.)	FIGURE	1	0	-2	7	.
32:655-662,	1999.	The	left	obliquus	capitis	superior,	left	obliquus	capitis	inferior,	left	rec	tus	capitis	posterior	minor,	and	right	rectus	capitis	posterior	major	are	shown.	The	proximal	tibiofibular	joint	is	enclosed	by	a	capsule	that	is	strengthened	by	anterior	and	posterior	ligaments	(see	Figs.	1	3	-	19E).10-50-82	Without	this	large	area	to	dis	r	e	f	le	x	iv
e	ly	in	h	ib	it	t	h	è	n	e	u	r	a	l	a	c	t	iv	a	t	io	n	o	f	t	h	è	q	u	a	d	r	ic	e	p	s	m	u	s	c	i	e	.	J	Bone	Joint	Surg	66A	725-734,	1984.	20	J	o	i	n	t	p	a	in	a	ls	o	o	c	c	u	r	s	in	p	e	r	s	o	n	s	n	o	t	in	v	o	lv	e	d	in	s	p	o	r	t	s	.	Rizk	NN.:	A	new	description	o	(	thè	anterior	abdom	m	al	waII	in	man	and	mammals.	A,	Fundamental	move	ment	definitions	are	based	on	thè	movement	of
any	pari	of	thè	ankle	or	foot	in	a	piane	perpendicular	to	thè	three	standard	axes	of	rotation:	vertical,	anterior-posterior	(AP),	and	medial-lateral	(ML).	Clin	Orthop	2	0	8	7	2	-7	5	1986.	Note	thè	relatively	large	torque	potential	of	thè	vastus	group.	This	operation	replaces	thè	diseased	joint	with	biologically	inert	materiali	(Fig.	The	popliteus	muscle,	by
Crossing	thè	posterior	side	of	thè	knee,	may	share	a	portion	of	thè	force	naturally	placed	on	thè	PCL.42	Mechanism	of	Injury	to	thè	Posterior	Cruciate	Ligament	Injury	to	thè	PCL	accounts	for	only	5%	io	20%	of	all	such	injuries	to	thè	knee.14	Half	of	PCL	injuries	occur	with	inju	ries	to	other	knee	structures,	most	often	thè	ACL	and	poste	rior-lateral
capsule.	Ostemig	LR.	A	stable	ulna	provides	an	important	rigid	link	that	thè	radius,	wrist,	and	hand	can	pivot	upon.	Lateral	view	of	thè	righi	knee	shows	many	muscles	and	connective	tissues.	Chronic	impingement	syndrome	at	shoulder,	114b,	114f	Chronic	obstructive	pulmonary	disease,	373,	375-376	Cinematography	for	collection	of	kinemattc	data,
83	in	gait	analysis,	525	Clavide	movement	of,	in	shoulder	function,	101	f—	102f,	101-102,	117,	118f,	119t	osteologie	features	of,	94,	95f	Clavicular	facets	of	manubrium,	93,	94f	of	sternum,	254,	257f	Coccyx,	vertebrae	of,	263t,	269,	271	f	Collagen	fibers	in	articular	cartilage,	34,	35f	in	dense	connective	tissues,	32,	34,	_34f	in	nucleus	pulposus	and
annulus	ftbrosus,	273,	276b	types	of,	31-32,	32b,	34,	34f	Compartments	of	leg,	506	of	midcarpal	joint,	177,	177f	Compression	force,	12f	on	apophyseal	joints,	272t	on	foot,	in	standing	position,	496b	on	interbody	joints,	in	thoracic	kyphosis,	292b	on	intervertebral	disc,	274-275,	275f	on	knee,	74b,	74f,	460,	461	f	menisci	function	and,	442	on	L2
vertebra	during	lifting,	342-345,	343b,	344f-345f	Valsalva	maneuver	and,	345-346	on	mediai	longitudinal	arch,	496b	on	patellofemoral	joint,	457,	460,	460b,	461	f	on	talocrural	joint,	in	stance	phase	of	gait,	488f,	488-489	Computer-based	Systems,	for	measurement	of	vertebral	column	motion,	277b	Condyle(s)	of	distai	femur,	435,	436f,	437f	of
mandible,	353,	353f,	354f,	356	in	disc-condyle	complex	derangement	of,	361b,	36lf	lateral	pterygoid	action	and,	367b,	367f	See	also	(Continued)	579	Condyle(s)	translalional	movement	of,	359f,	360,	362	Connective	tissue(s)	aging	and,	37	dense	irregular,	32,	33t,	34	immobilization	and,	3	7	-3	8	in	acromioclavicular	joint,	103,	103f	in	atlanto-occipital
and	atlantoaxial	joints,	278f,	279,	279f,	280f	in	elbow,	138-140,	139f,	139t,	140f	in	glenohumeral	joint,	107-110,	109f,	llOf	in	joints	biologie	materials	forming,	31b,	3	1	-32	biomechanical	function	of,	12,	13f,	14,	14f	types	of,	32,	33t,	34-37	in	knee	capsule,	440t	in	mandibular	condyle,	356	in	mediai	longitudinal	arch,	496-498	in	muscle,	42,	43f,	44,	44f,
44t	in	proximal	ubiofibular	joint,	483b	in	radioulnar	joints,	146,	146f	in	rectus	sheaths	and	linea	alba,	323,	325,	325f	in	sternoclavicular	joint,	lOOf,	101	in	temporomandibular	joint,	358b	in	vertebral	column	limitalion	of	motion	by,	276t,	276-277	lumbar	region	of,	293,	295,	295f	periarticular,	of	metacarpophalangeal	joints,	208,	208f,	213,	214
Contracture	Dupuytren’s,	232	flexion	of	elbow,	140,	141b,	141f	of	hip,	300,	301	f,	416,	416f	piantar	flexor,	at	ankle,	516-517	Coordinale	System,	in	free	body	diagram,	66	Coracoacromtal	arch,	108f,	llOf,	111-112	impingement	of	humeral	head	al,	113,	114b,	114f	Coracoacromial	ligament,	111	Coracobrachialis	attachments	and	innervation	of,	243t	in
arm	elevation	at	glenohumeral	joint,	123—	124,	124f,	125t	Coracoid	process,	97,	97f	Coronoid	fossa,	134,	134f	Coronoid	process,	135,	1361,	137f,	353,	353f	Costai	facets,	256,	257f	of	manubrium,	93,	94f	Costochondral	junctions,	370	Cosioiransverse	joints,	253,	285,	285b,	287f,	370	Costovertebral	joints,	253,	284-285,	285b,	287f,	370	Coughing,
abdominal	muscle	function	in,	377b	Counter-nutation,	306,	306b	Coxa	valga,	394,	396f	biomechanical	consequences	of,	431-432,	433f	Coxa	vara,	394,	396f	biomechanical	consequences	of,	431-432,	4331	with	excessive	genu	valgum,	471,	47lf	Craniocervical	region	analomy	and	kinematics	of,	277,	277i,	277—	284	muscles	of,	315t,	333-338	actions	of,
339t	in	axial	roialion,	282-283,	285f,	34	0	341,	342f	in	stabilization,	339-340,	3	4	lf	anterior-lateral,	315t,	334t,	334-337	attachments	of,	382l	functional	mteractions	among,	338-341	080	Index	(Commue.d)	Craniocervical	region	innervation	of,	312-314,	382l-383l	posterior,	315i,	337-338,	338t	attachmems	of,	383l	protraction	of,	muscuiar	imbalance
wiih	341b.	Hagen	KB,	Hallen	JH,	Ringdahl-Plarms	K:	Physiological	and	subjective	responses	to	maximal	repetitive	lifting	employing	stoop	and	squat	techntque.	Supination	at	thè	distai	radioulnar	joint	occurs	as	thè	concave	ulnar	notch	of	thè	radius	rolls	and	sltdes	in	similar	directions	on	thè	head	of	thè	ulna	(Fig.	As	a	generai	rule,	any	collateral
ligament	that	becomes	increasingly	taut	upon	anterior	translation	of	thè	talus	also	becomes	increasingly	taut	at	full	piantar	flexion.	J	Biome	chan	28:715-724.	Hip	disease.	Rendali	FP,	McCreary	AK,	Provance	PG:	Muscles:	Testing	and	Function,	4th	ed	Baltimore,	Williams	&	Wilkins,	1993.	The	shaft	of	thè	fibula	continues	distally	to	Chapter	14	479
Ankle	and	Foot	referred	to	as	lateral	tibial	torsion,	based	on	thè	orientation	of	thè	bone’s	distai	end	relative	to	its	proximal	end.	Fundamental	movement	definitions	ABDUCTION/	ADDUCTION	(vertical	axis)	Terminology	for	Motions	and	Positions	The	terminology	used	to	describe	thè	movements	of	thè	ankle	and	foot	incorporates	two	sets	of
definitions:	a	fundamental	set	and	an	applied	set.	S	u	r	g	e	r	y	is	o	f	te	n	p	e	r	f	o	r	m	e	d	t	o	le	s	s	e	n	t	h	è	e	f	f	e	c	t	o	f	e	x	a	g	g	e	r	a	t	e	d	la	t	e	r	a	l	f	o	r	c	e	s	o	n	t	h	è	p	a	t	e	lla	.	As	a	group.	47	A	s	a	r	e	s	p	o	n	s	e	to	t	h	e	s	e	r	e	p	o	r	t	s	,	B).	The	bending	moment	arm	(dashed	line	indicated	by	T)	increases	as	thè	angle	of	inclination	approaches	90
degrees.	Wyatt	MP.	Spoor	CW,	van	Leeuwen	JL:	Knee	muscle	moment	arms	from	MR1	and	from	tendon	travel.J	Biomech	25:201-206,	1992.	Anat	Ree	160:310-311,	1968.	SET	2:	MUSCLES	OF	THE	POSTERIOR	CRANIOCERVICAL	REGION	The	muscles	of	thè	posterior	craniocervical	region	are	listed	in	Table	1	0	-	1	2	.	Consider	also	sprinting	or	rapidly
walking	uphill.	Unfortunately,	this	description	is	confusing.	Suboccipital	Muscles	The	suboccipital	muscles	consist	of	four	paired	muscles	located	very	deep	in	thè	neck,	immediately	superficial	to	thè	atlanto-occipital	and	atlanto-axial	joints	(Fig.	Additional	distai	attachments	of	this	muscle	include	thè	mediai	collateral	ligament,	both	menisci,	oblique
popliteal	ligament,	and	poplit	eus	muscle.	The	vastus	muscles,	however,	attach	to	an	extensive	part	of	thè	femur,	particularly	thè	anteriorlateral	shaft	and	thè	linea	aspera	(see	Figs.	The	lateral	epicondyle	of	thè	humerus,	less	prominent	than	thè	mediai	epicondyle,	serves	as	thè	proximal	attachment	for	thè	lateral	collateral	ligament	of	thè	elbow	as
well	as	thè	forearm	supinator	and	wrist	extensor	muscles.	12.	As	a	group,	thè	“pes	muscles”	are	effective	internai	rotators	of	thè	knee.	The	body,	the	horizontal	portion	of	the	bone,	accepts	the	lower	16	adult	teeth	(see	Fig.	45°	of	flexion	C.	Without	thè	adequate	stabilization	provided	by	thè	longus	colli	and	other	flexors,	thè	upper	trapezius	mus	cle
loses	stable	cranial	attachment	and,	therefore,	becomes	an	ineffective	elevator	of	thè	shoulder	girdle.68	This	clinical	scenario	is	an	excellent	example	of	thè	interdependence	of	muscle	function,	in	which	one	muscle's	action	depends	on	thè	stabilization	force	of	another.	This	ligament	is	pulled	taut	in	full	knee	extension,	when	thè	tibia	is	rotated
externally	relative	to	thè	femur.	The	motions	of	(A)	hip	flexion	and	knee	extension	and	(B)	hip	extension	and	knee	flexion.	j	Orthop	Res	2:61-66,	1984.	1	0	-	3	3	).	muscles,	ligaments,	and	capsule	of	thè	TMJ.	57	Neumann	DA,	Hase	A:	An	electromyographic	analysis	of	hip	abductors	during	load	carriage:	Impltcations	for	hip	joint	protection.	Proportional
reductions	in	muscle	force	have	thè	greatest	effect	on	reducing	thè	overall	compression	force	on	thè	structures	in	thè	low	back.	Spine	19:199-204,	1994.	Ankle.	J	Bone	Joint	Surg	54B:157-163,	1972,	Mann	RA,	Moran	GT,	Dougherty	SE:	Comparative	electromyography	of	thè	lower	extremity	in	jogging,	running,	and	sprinting.	M	e	d	ia	i,	In	te	rm	e	d	ia	te
,	a	n	d	L	a	te	ra	l	C	u	n	e	ifo	rm	s	As	a	set,	thè	cuneiform	bones	act	as	a	spacer	between	thè	navicular	and	three	mediai	metatarsal	bones	(see	Fig.	Am	J	Sporte	Med	23:401-406,	1995.	29f	forces	applied	to.	Anterior	tibiofibular	ligament	Anterior	talofìbular	ligament	Posterior	talofìbular	ligament	Cervical	ligament	Bifurcated	ligament	Dorsal
tarsometatarsal	ligaments	Achilles	tendon	(cu	t)Calcaneofibular	ligam	ent'	Lateral	talocalcaneal	ligam	ent'	Interior	peroneal	retinaculum	'	Peroneus	longus	tendon	(cut)	Peroneus	brevis	tendon	(cut)	Dorsal	calcaneocuboid	ligament	486	Section	IV	Lower	Extremily	Superior	view	Extensor	hallucis	longus	Tibialis	anterior	Peroneus	tertius	Extensor
digitorum	longus	Deltoid	ligament	Interior	extensor	retinaculum	Mediai	malleolus	of	thè	tibia	Extensor	digitorum	brevis	muscle	(cut)	Interior	extensor	retinaculum	Talus	Lateral	malleolus	of	thè	fibula	Peroneus	brevis	Tibialis	posterior	Flexor	digitorum	Flexor	hallucis	longus	Peroneus	longus	talofibular	ligament	Calcaneal	(Achilles)	tendon	FIGURE	14-
15.	(Courtesy	of	Michael	Anderson,	M.D.,	Blount	Orthopedic	Clinic,	Milwaukee,	Wl.)	vertical	shear	between	thè	femoral	head	and	thè	adjacent	epiphysis.	Using	assistance	while	lifting	can	reduce	thè	demand	on	thè	back	of	thè	pnmary	lifter.	Sternocleidomastoid	The	sternocleidomastoid	is	a	ver}’	prominent	muscle	located	superficially	on	thè	anterior
aspect	of	thè	neck	(Fig.	The	tooth	and	its	periodontal	supportive	structures.	Figure	1	0	-	3	8	shows	thè	data	required	to	make	a	generai	estimale	of	thè	compression	force	against	thè	L2	vertebra	while	lifting.	The	relaxed	postura!	position	of	thè	mandible	allows	a	slight	“freeway	Lateral	view	Partial	attachment	of	lateral	pterygoid	musclesuperior
Lateral	pterygoid	piate	(attachment	fo	r	lateral	pterygoid	muscleinferior	head)	1empo/-5/	Cut	edge	of	zygomatic	arch	SPHENOID	BONE	Although	thè	sphenoid	bone	does	not	contribute	to	thè	structure	o	f	thè	TMJ,	it	d	o	es	provide	proxim	al	an	achm	em	s	■or	thè	mediai	and	lateral	pterygoid	muscles.	Walking.	TWO	C0NTRASTING	LIFTING
TECHNIQUES:	THE	ST00P	VERSUS	THE	SQUAT	LIFT	The	stoop	lift	and	thè	squat	lift	represent	thè	biomechanical	extremes	of	a	broad	continuum	of	possible	lifting	strategies	(Fig.	1	3	-8	C	).	The	goal	of	this	surgery	is	to	correct	thè	varus	deformity	and	reduce	thè	stress	over	thè	mediai	compartment	(Fig.	1	3	-1	2	A	and	B).	(From	Horstmann	T,
Maschmann	J,	Mayer	F,	et	al:	The	influence	of	age	on	isokinetic	torque	of	thè	upper	and	lower	leg	musculature	in	sedentary	men.	Clìn	Orthop	373:	174-183,	2000.	Knee	flexed	90	D.	Although	this	assumption	does	not	hold	for	all	joints,	it	does	allow	a	rather	complicated	System	to	be	explained	in	a	relatively	simple	fashion.	J	Bone	Joint	Surg	63A:1457-
1471,	1981.	The	dotted	lines	show	thè	capsular	attachments	of	thè	elbow	joint.	Ini	J	Epidemiol	20	1025-1031,	1991	83.	Data	on	muscle	length	were	estimated	ustng	a	human	skeleton.	By	permission	of	thè	Mayo	Foundation	for	Medicai	Education	and	Research.)	KINEMATICS	Stabilizers	of	thè	Distai	Radioulnar	Joint	•	Ulnocarpal	complex	(triangolar
fibrocartilage	complex)	•	Joint	capsule	•	Pronator	quadratus	•	Tendon	of	thè	extensor	carpi	ulnaris	•	Interosseous	membrane	Functional	Considerations	of	Pronation	and	Supination	Forearm	supination	occurs	during	many	activities	that	involve	rotating	thè	palmar	surface	of	thè	hand	toward	thè	face,	such	as	feedtng,	washing,	and	shaving.	34	A	lt	h	o
u	g	h	b	a	s	e	d	o	n	s	o	u	n	d	b	io	m	e	c	h	a	n	ic	a	l	p	r	in	c	ip	le	s	,	t	h	è	e	f	f	i	c	a	c	y	o	f	u	s	in	g	p	h	y	s	ic	a	l	t	h	e	r	a	p	y	t	o	s	e	le	c	t	i	v	e	l	y	a	d	i	v	a	t	e	t	h	è	o	b	liq	u	e	f	ib	e	r	s	o	f	t	h	è	v	a	s	t	u	s	m	e	d	ia	lis	to	c	o	r	r	e	c	t	a	b	n	o	r		m	a	l	t	r	a	c	k	in	g	o	r	r	e	c	u	r	r	e	n	t	d	is	lo	c	a	t	io	n	o	f	t	h	è	p	a	t	e	lla	r	e	m	a	in	s	a	s	u	b	j	e	c	t	o	f	d	e	b	a	t	e	.	All	of	these
movements	are	used	during	mastication.	trapezius	and	longissimus	capitis).	Bergmann	G,	Graichen	F,	Rohlmann	A,	et	al:	Flip	joint	forces	during	load	carrying.	(The	interosseous	and	cervical	ligaments	and	multiple	tendons	have	been	cut.)	Section	TV	Lower	Extremity	482	RAYS	OF	THE	FOOT	A	ray	of	thè	forefoot	is	defined	as	one	metatarsal	and	its
associated	set	of	phalanges.	During	flexion	at	thè	humeroulnar	joint,	thè	concave	surface	of	thè	trochlear	notch	rolls	and	slides	on	thè	convex	trochlea	(see	Fig.	A	muscle's	rela	tive	potential	to	perform	a	movement	is	assigned	one	of	three	scores:	X,	minima!;	XX,	moderate;	and	XXX,	maximum.	B	and	C	are	thè	x-rays	of	thè	patient	in	A,	before	and	after
knee	replacement.	These	and	additional	considerations	for	safe	lifting	techniques	are	also	listed	in	Table	1	0	-1	5	.	The	median	nerve,	formed	from	C	’-	T	1	nerve	roots,	courses	toward	thè	elbow	to	innervate	most	muscles	attaching	on	or	near	thè	mediai	epicondyle	of	thè	humerus.	The	lateral	and	mediai	articular	surfaces	of	thè	tibia	respond	with
forces	equal	to	about	22%	of	body	weight.	506	action	of	various	foot	regions	during,	507t	combined	subtalar	and	transverse	tarsal	joint	action	in,	498-502	definition	of,	529,	530f	early	pretibial	muscle	action	in.	Chapter	6	135	Elbow	and	Forearm	Complex	On	thè	posterior	side	of	thè	humerus,	just	proximal	to	thè	trochlea,	is	thè	very	deep	and	broad
olecranon	fossa.	The	degree	o	f	faterai	pulì	exerted	by	thè	quadriceps	is	often	referred	to	as	thè	Q-angle	(Fig.	The	deep	branch	contains	thè	remaining	motor	fibers	of	thè	radiai	nerve.	At	full	extension,	rotation	at	thè	knee	ceases	because	thè	knee	becomes	mechanically	locked	and	most	ligaments	are	pulled	taut.	Acta	Orthop	Scand	52:373-395,	1981.
The	menisci	are	stabilized	by	connections	from	active	musculature	such	as	thè	popliteus	and	semimembranosus.	J	Bone	Joint	Surg	60A:664-674,	1978.	McGill	SM,	Santaguida	L,	Stevens	J:	Measurement	of	thè	trunk	muscu31.	and	disease	J	Anat	184:	477-492,	1994.	Walker	PS,	Poppen	NK:	Btomechanìcs	of	thè	shoulder	joint	abduction	in	thè	piane	of
thè	scapula.	Hypertrophy	alone,	however,	may	not	necessarily	prevent	neck	injury.	The	cranial	end	of	thè	muscle,	normally	a/igned	posterior	to	thè	sternoclavicular	joint,	shifts	anterìorly	to	a	position	d	irectly	above	thè	sterno	cla	vicular	jo	in	t	(compare	Fig.	Spasm	in	thè	longus	colli	tends	to	produce	a	straight	cervical	spine,	lacking	thè	normal
lordosis.	In	addition	to	attaching	into	thè	thoraco	lumbar	fascia,	thè	latissimus	dorsi	attaches	into	thè	posterior	aspect	of	thè	pelvis,	sacrum,	and	spine.	1	3	-	9	to	1	3	-1	1	).	The	components	of	thè	lateral	collateral	ligament	ol	thè	right	elbow.	A	person	with	marked	patellofemoral	joint	pain	or	painful	arthritis,	for	example,	is	typically	advised	lo	avoid
large	forces	created	by	thè	quadriceps.112	Muscle	forces	are	typically	large	when	responding	to	large	external	torques.	thè	neck	of	thè	talus	positions	thè	head	about	30	degrees	mediai	to	thè	sagittal	piane.	Both	knees	illustrate	signs	of	mediai	joint	osteoarthritis	(i.e.,	loss	of	mediai	joint	space	and	hypertrophic	reactive	bone	around	thè	mediai
compartment).	The	anterior	and	middle	facets	are	slighily	curved	and	often	continuous	with	each	other.	Noyes	FR.	The	right	side	of	Figure	6	-	3	2	B	illustrates	thè	arthrokinematics	at	thè	radioulnar	joints	during	pronation	while	thè	radius	and	hand	are	stationary.	poralis	muscle.	44.	Acta	Orthop	Scand	37.97-106,	1966.	lntem	Orihopaed	21.308-312,
1997.	See	also	Quadriceps.	C,	The	x-ray	shows	thè	right	knee	after	thè	removai	of	thè	wedge	of	bone.	Combining	both	exercises	in	thè	manner	described	provides	moderate	to	minimal	external	torques	against	thè	quadriceps,	throughout	a	continuous	range	of	motion.	1	3	-	1	).	Lateral	and	mediai	grooves	are	etched	faintly	in	thè	carti	lage	of	thè
femoral	condyles	(see	Fig.	Few	data	are	available	on	thè	maximal	torque	potential	of	thè	internai	and	external	rotator	muscles	of	thè	knee.	Figure	1	3	-	3	6	shows	an	interaction	of	muscles	during	thè	hip-and-knee	extension	phase	of	running.	98.	0°	(full	extension)	FIGURE	13-27.	J	Bone	Joint	Surg	48A:1377-1382,	1966.	Chapter	6	Elbow	and	Forearm
Complex	143	FIGURE	6-17.	FIGURE	10-31.	Note	thè	curved	shape	of	thè	articular	surface	of	thè	femoral	condyles.	1	0	36B).	Section	III	354	Axial	Skeleton	Internai	(mediai)	view	M	a	n	d	ib	u	la	r	condyle	Pterygoid	fossa	Coronoid	process	M	a	n	d	ib	u	la	r	foramen	Mediai	pterygoid	muscle	Symphysis	menti	(attachment	for	thè	geniohyoid	muscle)
Digastric	fossa	(attachment	for	anterior	belly	of	thè	digastric	muscle)	Mylohyoid	line	(attachment	for	thè	mylohyoid	muscle)	FIGURE	11-4.	Forces	as	high	as	nine	times	body	weight	may	occur	during	maximal-effort	isokinetic	knee	extension.88	By	nearly	tripling	thè	area	of	joint	contact,	thè	menisci	significanti	reduce	pressure	(i.e.,	force	per	una	area)
on	thè	articular	cartilage.103	A	complete	lateral	meniscectomy	increases	thè	peak	contact	pressures	by	230%	,91	which	likely	increases	thè	risk	of	developing	stress-related	arthritis.	Dorsiflexion	(exlension)	and	piantar	flexion	describe	thè	motion	that	is	parallel	to	thè	sagittal	piane,	around	a	mediallateral	axis	of	rotation.	1	4-9A	).	Green	DL,	Morris
JM:	Role	of	adductor	longus	and	adductor	magnus	tn	postural	movements	and	in	ambulation.	Baltimore,	Williams	Sr	Wilkins,	1981.	Lewinnek	GE,	Kelsey	J,	White	AA,	et	al:	The	signifìcance	and	a	com	parative	analysis	of	thè	epidemiology	of	hip	fractures.	The	interaction	between	thè	elbow	and	forearm	joints	greatly	increases	thè	range	of	effective
hand	placement.	Arthritis	Care	Res	10:300-307,	1997.	(Data	from	Srnidt	GL:	Biomechanical	analysis	of	knee	flexion	and	extension.	1	4	-1	0	).	The	mathematica!	Solutions	assume	a	condition	a:	static	equilibrium.	Contracting	bilaterally,	thè	scalenus	anterior	and	medius	bave	a	limited	moment	arm	to	flex	thè	cervical	spine,	particularly	in	thè	lower
regions.	An	antenor	view	of	thè	deep	muscles	in	thè	neck	The	iollowing	muscles	are	shown:	right	longus	capitis,	righi	rectus	capitis	anterior,	right	rectus	capitis	lateralis,	and	left	longus	colli.	1	1	-	2	and	1	1	-4	).	323-327,	324f-326f,	325t,	327b,	334l,	334-337	attachments	of,	382t-383t	functional	interactions	among,	328-333,	329b,	338-341	influence	of
gravity	and,	316	innervation	of,	312-314,	382t-383t	internai	torque	of,	315,	316f	lines	of	force	of,	315,	316f	posterior,	316-323,	318f-319f,	318t,	3	37338,	338t	shared	actions	of	axial	and	appendicular	skeletons,	317,	317f	unilateral	and	bilateral	activation	of,	315-316	of	upper	extremity	attachments	and	innervations	of,	243t-247t	nerve	roots	of,	242t-
243l	ventral,	used	for	testing	function,	243t	of	ventilation	attachments	and	innervation	of,	384t	in	expiration,	372	forced,	376f,	376-377,	377t	in	inspiration,	368f,	372	accessory	muscles	of,	373,	375l	forced,	373,	375,	375t,	376,	376f	primar)'	muscles	of,	372t	quiet,	372f,	372-373	interactions	among,	372-377	pennate,	42,	42f	pennation	angle	of,	43,	44f
role	in	restraining	joint	movement,	34	shape	and	structure	of.	Acting	together,	thè	antenor	and	posterior	cruciate	ligaments	resist	thè	extremes	of	all	knee	motions	(see	Table	1	3	-	4	).	An	anterior	view	of	thè	interosseous	membrane	of	thè	right	forearm.	The	three	juxtaposed	tendons	of	thè	sartorius,	gracilis,	and	semitendi	nosus	attach	to	thè	tibia
using	a	common,	broad	sheet	of	connective	tissue	known	as	thè	p	e	s	a	n	s	e	r	in	u	s	.	An	external	load,	for	example,	can	be	applied	al	thè	ankle	during	tibial-on-femoral	knee	extension	between	90	and	45	degrees	of	flexion.	Bone	J	o	in	t	Surg	3	9	B	:7	1	8	-	725,	o	f	transversus	abdominis.	Hubbard	JK,	Sampson	HW,	Elledge	JR:	Prevalence	and
morphology	of	thè	vastus	medialis	oblique	muscle	in	human	cadavere.	Williams	PL,	Bannister	LH,	Berry	M,	et	al:	Gray’s	Anatomy,	38th	ed,	New	York,	Churchill	Livingstone,	1995.	Chapter	13	58.	T	h	is	t	r	a	n	s	la	t	io	n	c	a	n	in	c	r	e	a	s	e	t	h	è	t	e	n	s	io	n	in	m	o	s	t	f	ib	e	r	s	o	f	th	è	A	C	L	.	237f-239f	T	Talocrural	joint,	479f	dorsiflexion	of,	486-487,	487f	in
gait	compression	forces	on,	in	stance	phase	488f,	488-489	forces	applied	to,	56lt	joint	kinematics	at,	491t,	536f,	538-541	(Continued)	Talocrural	joint	stabilization	of,	in	stance	phase,	488f	4	88489	in	standing	on	tiptoe,	517b,	517f	joint	kinematics	of,	486-488,	4871	ligaments	of,	484-486,	4851',	4861	muscles	Crossing,	muscle	action	and,	508,	510f
osteokinematics	of,	486,	487f	piantar	(lexion	of,	486-488,	487f,	514	sensory	innervation	of,	507,	5081	structure	of,	484,	484f	Talonavicuìar	joint.	and	moment	generating	capacity	about	thè	L4/L5	mini.	lt	is	strong	and	expansive	(Fig.	The	lat	eral	collateral	ligament,	in	comparison,	provides	thè	primary	resistance	against	a	varus,	or	an	adduction,
stress.104	Many	other	tissues	provide	varying	amounts	of	restraint	to	valgus	and	varus	forces	applied	to	thè	knee	(Table	1	3	-	3	)	.104118	A	secondary	function	of	thè	collateral	ligaments	is	to	limit	thè	extremes	of	knee	extension.	The	radiai	notch	of	thè	ulna	is	an	articular	depression	just	lateral	to	thè	inferior	aspect	of	thè	trochlear	notch	(see	Fig.
Osteokinematics	at	thè	Tibiofemoral	Joint	The	tibiofemoral	joint	possesses	two	degrees	of	freedom:	flexion	and	extension	in	thè	sagittal	piane	and,	provided	thè	knee	is	slightly	flexed,	internai	and	extemal	rotation	in	thè	horizontal	piane.	This	section	highlights	thè	functional	interactions	among	thè	muscles	that	cross	thè	craniocervical	regions	during
two	activities:	(1)	stabilizing	thè	craniocervical	region	and	(2)	producing	thè	movements	of	thè	head	and	neck	that	optimize	thè	function	of	visual,	auditory,	and	olfactory	systems.	The	Valsalva	maneuver	creates	a	day	life,	lifting	an	object	from	between	thè	legs	is	not	always	rigid,	vertical	column	of	high	pressure	within	thè	abdomen	practical.	Am	J
Sports	Med	25:692-698,	199792.	Dalstra	M,	Huiskes	R:	Load	transfer	across	thè	pelvic	bone.	A	fourth	tend	o	n	inserts	on	thè	dorsal	base	o	f	thè	p	roxim	al	p	h	alan	x	o	f	thè	great	toe.	Dumas	GA,	Poulin	MJ,	Roy	B,	et	al:	Orìentation	and	moment	arms	of	53	Marras	WS,	Lavender	SA,	Leurgans	SE,	et	ai:	Biomechanical	risk	factors	some	trunk	muscles.
(Data	from	Stauffer	RN,	Chao	EYS,	Brewster	RC:	Force	and	motion	analysis	of	thè	normal,	diseased,	and	prosthetic	ankle	joint.	This	step	allows	thè	determination	of	thè	internai	torque	produced	by	thè	back	extensor	mus	cles.	The	quadrate	ligament	is	a	short,	stout	ligament	that	arises	just	below	thè	radiai	notch	of	thè	ulna	and	attaches	to	thè	mediai
surface	of	thè	neck	of	thè	radius	(Fig.	The	following	illustrate	thè	path	and	cenerai	proximal-to-disial	order	muscle	innervaiion.	The	first	metatarsal	is	thè	shortest	and	thickest,	and	thè	second	is	usually	thè	longest	and	thè	most	rigidly	attached	to	thè	distai	row	of	tarsal	bones.	The	“criticai	load”	of	thè	cervical	spine	(i.e.,	maximum	compressive	load
that	thè	neck,	unsupported	by	muscle,	can	sustain	before	buckling)	is	between	10.5	and	40	N	(between	~	2	.4	and	9	Ib).	465	Knee	action	of	severa!	knee	flexor-rotator	muscles	vvhile	running	lo	catch	a	ball	(Fig.	The	lateral	capsule	of	thè	knee	is	reinforced	by	thè	lateral	(fibular)	collateral	ligament,	lateral	patellar	retinacular	fibers,	N	o	r	m	a	l	g	e	n	u	v
a	lg	u	m	Excessive	frontal	piane	deviation	E	x	c	e	s	s	iv	e	G	e	n	u	varu	m	g	e	n	u	v	a	lg	u	m	(	b	o	w	-	le	g	)	(kn	o	ck	-kn	e	e	)	FIGURE	13-8.	80.	18.	The	exact	pitch	of	each	major	joint’s	axis	of	rotation	is	described	in	subsequent	sections.	Clin	Biomech	1:196-204,	1986.	J	Bone	Joint	Surg	63A:872-876.	Note	thè	suprapatellar	fat	pad	deep	to	thè	quadriceps.
biologie	materials	forming,	3	lb,	31-32	biomechanical	function	of,	12,	131,	14.	1	3	-1	1	).	This	situation	may	cause	a	fracture	of	thè	femoral	neck	or	a	structural	failure	of	thè	prosthesis.	and	stability	of	foot,	491b	close-packed	and	loose-packed	position	of	491b	eversion	and	mversion	of,	489b	in	pronation	and	supination	of	foot,	493	494f,	499-502,	514
kmematics	of,	490,	490f,	491	1,	492b	in	gait,	541,	541f-542f,	543,	544b,	544f	in	early	stance	phase,	499-501,	500f	500t,	50	lb	See	Subtalar	joint	fCotuinued)	in	mid	to	late	stance	phase,	501-502,	502f	ligaments	of,	481f,	484f-485f,	489-490	muscles	Crossing,	muscle	action	and,	508,	510f	range	of	motion	of,	490,	4	9	lt,	492b	relaiion	lo	transverse	tarsal
joint,	491,	4	9	8	502	structure	of,	4	8	lf,	489	Subtalar	joint	neutral,	492b	Sulcus	of	calcaneus,	480f—481	f,	481	of	talus,	480,	4	8	lf	Suptnation,	of	forearm,	147-149	innervation	of,	152,	155,	I57t	Supinator,	aitachments	and	innervation	of,	245l	Supinalor	crest,	of	ulna,	135,	136f,	137f	Supinator	muscle,	as	supinator	muscle	of	fore	arm,	165-166,	166f,
167f	Supracondylar	line,	394,	394f	Supracondylar	ridge,	135	Suprahyoid	attachments	and	innervation	of,	383t	in	mastication,	365,	365f,	365t	in	opening	of	mouth,	366,	367f	Supraspinatus,	109-110,	llOf	aitachments	and	inncrvtion	of,	244t	excessive	wear	of,	129b	in	arm	elevation	at	glenohumeral	joint,	123—	124,	124f,	125t,	127f-128f,	127-128	129b
in	arthrokinematics	of	glenohumeral	joini,	128-129,	129b	In	kinematics	of	glenohumeral	joint,	112,	112	f	-	113f	>n	static	stability	of	glenohumeral	joint,	111	Surgery,	for	correction	of	hip	disease,	43	I	f433f,	431-432	Sustentaculum	talus,	481	Swan-neck	deformity,	of	fingers,	238-239,	240f	Synarthrosis,	483	definition	of,	25	function	of,	25	Synovial
cavity,	of	temporomandibular	joint,	356	Synovial	fluid,	26,	26f	Synovial	joint(s)	classifìcation	of	by	mcchanical	analogy,	27t,	2	7	-2	8	28f30f,	30	of	ovoid	and	saddle	joints,	30,	30f	definition	and	function	of,	26f,	2	6	-2	7	elementi	associated	with,	26f,	26-27	Synovial	membrane,	26,	26f	of	anicular	capsule	of	elbow,	138,	139f	of	glenohumeral	joint,	107,
107f	of	hip	capsule,	399	of	humeroulnar	joini,	142f	of	knee,	439,	442t	Synovial	plicae,	definition	and	function	of,	27	Synovial	sheath	radiai,	216,	217	ulnar,	216f,	216-217	Synovialis	patellaris,	442b	Synovitis,	chronic,	joint	deformities	due	to	2	3	6	240.	Consider	next	ihe	effect	of	muscle	length	on	thè	passive	force	produced	by	a	muscle.	As	shown	in
Figure	6	-2	8	B	,	severa!	activities	of	daily	living	require	only	about	100	degrees	ol	0°	(Neutral)	80	D	.•	Pronation	60	40	20	g	o	20	Q	40	Supination	60	80	phone	B	paper	Activities	of	daily	living	FIGURE	6-28	Range	of	motion	at	the	forearm	complex.	trunk	flexion	torque	generated	by,	326f,	3	26327	Abduction	of	fìngere,	197,	201	f	of	foot	and	ankle,
definition	of,	482,	482f,	483t	of	glenohumeral	joint,	112f—113f,	112-113,	115f,	116t	arm	elevation	in,	123-124,	124f,	125t	in	chronic	impingement	syndrome,	114b,	114f	in	frontal	piane	vs.	Minimizing	thè	distance	that	thè	load	is	moved	reduces	thè	total	work	of	thè	lift,	thereby	reducing	fatigue;	minimizing	thè	distance	that	thè	load	is	moved	reduces
thè	extremes	of	movement	in	thè	low	back	and	lower	extremities.	6	-	2	1	)	.	Movements	that	Stretch	and	Elongate	thè	Major	Ligaments	o	f	thè	Ankle*	Ligaments	Primary	Joints	Movements	that	Stretch	or	Elongate	Ligaments	Deltoid	ligament	(tibiotalar	fibers)	Talocrural	joint	Eversion,	dorsiflexion	with	associated	posterior	slide	of	talus	within	thè
mortise	Deltoid	ligament	(tibionavicular	fibers)	Talocrural	joint	Eversion,	piantar	flexion	with	associated	antenor	slide	of	talus	within	thè	mortise	Eversion,	abduction	Talonavicular	joint	Deltoid	ligament	(tibiocalcaneal	fibers)	Talocrural	joint	and	subtalar	joint	Eversion	Anterior	talofibular	ligament	Talocrural	joint	Piantar	flexion	with	associated
anterior	slide	of	talus	within	thè	mortise,	inversion,	adduction	Calcaneofibular	ligament	Talocrural	joint	Dorsiflexion	with	associated	posterior	slide	of	talus	within	thè	mortise,	inversion	Inversion	Posterior	talofibular	ligament	Talocrural	joint	Subtalar	joint	Dorsiflexion	with	associated	posterior	slide	of	talus	within	thè	mortise,	abduction,	inversion	*
The	informaiion	is	based	on	movements	of	thè	unloaded	fooi	relative	lo	a	stationary	leg.	J	Orthop	Sports	Phys	Ther	27:197-204,	1998.	PERIARTICULAR	CONNECTIVE	TISSUE	The	articular	capsule	o	f	thè	elbow	encloses	three	different	articulations:	thè	humeroulnar	joint,	thè	humeroradial	joint,	and	thè	proximal	radioulnar	joint	(Fig.	Marked
hyperextension	frequently	in	volves	trauma	to	thè	collateral	ligaments	and	thè	posterior	capsule.	LATERAL	LIGAMENT	The	primary	ligament	reinforcing	thè	TMJ	is	thè	lateral	(tem	poromandibular)	ligament	(Fig.	Am	J	Phys	Med	48:1-13,	1969.	1	4	-	7	).	Lateral	view	of	thè	right	ankle	region	highlights	thè	lateral	collateral	liga	ment.	muscles	of
attachments	and	innervations	of,	243t-247t	nerve	roots	of,	242l-243t	specific	joints,	e.g.,	V	Valgus	angle,	of	elbow,	137-138,	138f	Valgus	force,	on	elbow,	144-145,	145f	Vaisalva	maneuver,	during	lifting,	345-346	Varus	torque,	at	knee,	in	gail,	557,	558f	Vastus	in	hip	and	knee	extension,	in	running,	468,	468f,	469,	469t	torque	production	by,	468b
Vastus	intermedius,	455-456	attachments	and	innervation	of,	573t	Vastus	lateralis,	455	attachments	and	innervation	of,	573t	oblique	fibers	of,	462,	463f	Vastus	medialis,	455	attachments	and	innervation	of,	573t	Vector,	definilion	and	descriptors	of,	13,	15,	15b,	15f	Ventilation,	368-377	after	cervical	spinai	cord	injury,	374b	btomechanics	of,	368f,	368-
369	changes	in	intrathoracic	volume	during,	371,	371f	definition	of,	368	lung	volumes	and	capacities	in,	368,	368f	muscles	of,	attachments	and	innervation	of,	384t	muscular	actions	during,	372-377	thoracic	function	in,	369b,	369f-370f,	369l,	369-370	thoracic	structure	and,	369f-370f,	369t,	36	9	370	Ventral	ramus(i),	of	spinai	nerves	of	lower
extremity	muscles	used	for	testing	function,	57li	of	upper	extremity	muscles	used	for	testing	function,	243t	plexus	of,	312,	313f	segmentai	nerves	of,	313f,	313-314	Vertebrae	cervical	atypical,	264,	266f,	267f	typical,	262,	262f,	263t,	264,	264f,	266t	L2,	compression	force	on	in	lifting,	estimation	of,	342-344,	343b,	344f	lumbar,	261f,	267-269,	268f-269f
structure	and	function	of,	253-254,	254f255f,	255t,	269,	271,	272f	thoracic	atypical,	267	typical,	265,	267f	Vertebral	artery,	262	Vertebral	canal,	262f,	264	Vertebral	column.	After	completing	full	tibial-on-femoral	exten	sion,	redraw	this	line	between	thè	same	landmarks	and	note	thè	change	in	position	of	thè	extemally	rotated	tibia.	Tipton	CM,	Vailas
AC,	Matthes	RD:	Experimental	studies	on	thè	intluences	of	physical	activity	on	ligaments,	tendons,	and	joints:	A	brief	review.	J	Bone	Joint	Surg	58A:599-604,	1976.	similar	but	less	obvious	locking	mechanism	also	takes	place	during	femoral-on-tibial	extension	(compare	Fig.	Joint	power,	definition	of,	555,	555b	Joint	reaction	force,	15,	15f,	64,	64f
guidelines	for	solving	biomechanical	problems	in,	77t	in	knee,	in	standing,	470f,	470-471	in	walking,	424f,	425	measurements	of,	inverse	dynamic	approach	to,	81b,	81f	Joint	torques.	Permancnt	Teeth	Names	Functions	Numbers	Structural	C	haracteristics	Incisors	Cut	food	Maxillary,	4	Mandibular,	4	Sharp	edges	Canines	Tear	food	Maxillary,	2
Mandibular,	2	Longest	permanent	teeth;	crown	has	a	single	cusp.	Spine	12:105-111,	1987.	As	thè	knee	is	extended,	thè	contact	point	on	thè	patella	migrates	from	its	superior	pole	to	its	inferior	pole.	The	muscle	is	evident	as	a	thick	cord	between	thè	left	mastoid	process,	just	inferior	to	thè	ear,	and	thè	left	stemoclavicular	joint.	The	orientation	of	thè
oblique	axis	of	rotation	depicted	PRONATION:	EVERSION	ABDUCTION	DORSIFLEXION	(AP	axis)—	(ML	axis)	The	major	joints	of	thè	ankle	and	foot	are	thè	talocrural,	subtalar,	and	transverse	tarsal	joints.	Davies	DV,	Edwards	DAW:	The	blood	supply	of	thè	synovia!	mem	brane	and	intra-articuiar	structures.	1	3	-3	9	A	).	Laprade	J,	Culham	E,	Brouwer
B:	Comparison	of	five	isometric	exercises	in	thè	recruitment	of	thè	vastus	medialis	oblique	in	persons	with	and	without	patellofemoral	pain	syndrome.	Leg,	compartments	of,	506	anterior,	muscles	of,	506,	510,	510f	lateral,	muscles	of,	510-512,	511f,	512f	posterior,	muscles	of,	512b,	512-514	513f515f,	515b,	516	Leg	length,	difference	in,	and	pelvic
motion	in	gait,	540	Levator	scapula,	action	of,	120f,	120-121,	317,	317f	attachments	and	innervation	of,	244t	Levatores	costarum	action	of,	375t	attachments	of,	384t	innervation	of,	375t,	384t	Levers,	musculoskeletal	classes	of,	19,	19f-20f,	21	mechanical	advantage	of,	20f,	21,	2	lb	surgical	alteration	of,	22,	22f	Lifting,	See	Load(s).	The	relevant
osteologie	features	of	thè	sphenoid	bone	are	its	greater	wing,	mediai	pterygoid	piate,	and	lateral	pterygoid	piate	(Fig.	Contraction	of	thè	rectus	femoris,	however,	causes	hip	flexion	and	knee	extension.	Over	lime,	greater	valgus	stress	at	thè	knee	can	increase	thè	strain	in	thè	mediai	collateral	ligament	(MCL),	and	can	increase	thè	compression	force
on	thè	lateral	compartment	of	thè	knee.	Placzek	JD,	Roubal	PJ,	Freeman	DC,	et	al:	Long-term	effectiveness	of	transldTfi13*	man'Pu'ation	®°r	adhesive	capsulitis.	The	fibula,	in	tum,	is	anchored	to	thè	tibia	via	thè	interosseous	mem	brane	and	other	muscles.	1	4	-4	).	Fat	and	synovial	fluid	reduce	friction	between	moving	parts.	B,	Control	of	thè



movement	of	thè	right	knee	within	thè	horizontal	piane	is	illus	trateci	from	above.	Holm	I,	Ludvigsen	P,	Steen	H:	Isokinetic	hamstrings/quadriceps	ratios:	Normal	values	and	reproducibilily	in	sport	studente.	J	Orthop	Sports	Phys	Ther	28:105-109,	1998.	Exp	Brain	Res	75:335-344,	1989.	5t	Transversarus	abdominis,	as	extrinsic	trunk	siabilizer,	330f,
330-331,	33	lb	See	also	See	aho	590	Index	2721	Transverse	process,	269,	Transversospinal	muscles	anaiomy	and	action	of,	318t,	321f-322f,	321-323	as	intrinsic	trunk	stabiltzers,	329-330,	330b,	330f	as	secondary	axial	rotators,	327b	attachments	and	mnervations	of,	38	lt	cross-sectional	anaiomy	of,	318f	in	lifting	heavy	loads,	347,	348f	morphological
characteristics	of,	3	2	lt	Transversus	abdommts,	323,	324f,	326	auachments	and	innervations	of,	325t,	382t	in	lifting	heavy	loads,	347,	348f	in	trunk	movement,	329t	Transversus	thoracis	attachments	and	innervation	of,	384t	in	forced	expiration,	376f,	377,	377f,	377t	Trapezium,	174f-175f,	176	in	flexton	and	extension	of	thumb,	206f	in	opposition	of
thumb,	204,	206f,	207f	of	wrist,	199f	saddle	joint	structure	of,	202,	204f	Trapezius	action	of,	317,	317f	attachments	and	innervation	of,	244t	in	trunk	movement,	329t	interaction	wnh	serratus	anterior,	in	scapulothoracic	upward	rotation,	125f,	125-126,	126f	lower,	in	scapulothoracic	joint	movement,	121,	121f,	122f	middle,	in	scapulothoracic	joint
movement,	122,	124f	paralysis	of,	120b,	126	upper,	in	scapulothoracic	joint	movement,	120f,	120-121	Trapezoid,	174f-175f,	176	Trauma	acute	and	chronic,	effeets	of	on	joints,	38	elbow	joint	instability	and,	144-145,	1451	Trendelenburg	gatt,	compensaled,	425b	Trendelenburg	sign,	425b	positive,	540,	540f	Triangular	fibrocartilage	complex,	146,
147b,	148f,	178	Triceps	brachii,	161,	163f	attachments	and	innervation	of,	245t	lateral	and	mediai	heads	of,	161,	163f,	163t	long	head	of,	129-130,	130f	paralysis	of,	shoulder	muscle	substitution	in,	165b,	I65f	structural	and	biomechanical	variables	of,	163t,	164,	164f	surgical	transfer	of,	22,	22f	Triceps	surae,	in	runningand	jumping,	514,	5161
Trigonometrie	functtons,	used	in	biomechanical	analysis,	86f,	86t,	8	6	-8	7	Triquetrum,	174f,	175,	175f	Trochanter	greater,	393f,	394,	395f	tesser,	393f,	394	Trochanteric	fossa,	393f,	394,	395f	Trochlea,	134,	134f,	135f	of	humeroulnar	joint,	142f	Trochlear	groove,	134,	1341,	135f	Trochlear	notch	of	humeroulnar	joint,	142f	of	ulna,	135,	136f,	137f
Tropomyosin,	of	sarcomere,	47f	Troponin,	of	sarcomere,	47f	Trunk	axial	rotation	of,	abdominal	muscle	action	in,	327,	327b	(Continuai)	Trunk	extension	of,	erector	spinae	muscle	action	in,	319f,	320	flexion	of,	abdominal	muscle	action	in,	326f,	326-327	forward	lean	of	abnormal	gail	pattern	with,	563f	hip	extensors	and,	420-421,	421	f,	422f	joints	of,
innervation	of,	312-314	maximal	effort	torque	in,	327	muscles	of,	314-315,	315t,	549f,	551	action	of	in	gau,	543,	5631,	566t,	567f,	568f	in	providing	core	stability,	329-331,	330f,	331b	in	sit-up	movement,	331	f,	331-333.	The	normal	125-degree	angle	of	inclination	of	thè	proximal	femur	and	thè	longitudinal	axis	of	rotation	throughout	thè	entire	lower
extremity	are	also	shown.	C	h	a	p	t	e	r	13	A.	Running	requires	that	thè	knee	moves	through	a	large	range	of	motion,	especially	in	thè	sagittal	piane.	Anterior	view	of	thè	right	knee,	highlighting	many	muscles	and	connective	tissues.	17.	Acta	Anat	157:315-323,	1996.	As	a	consequence,	thè	quadriceps	must	produce	a	greater	force	to	extend	thè	knee.
The	joints	each	allow	two	primary	degrees	of	freedom.	Most	persons,	however,	likely	do	benefit	from	thè	Vaisalva	maneuver	while	lifting.	Eur	J	Appi	Physiol	75:115123,	1997.	The	rectus	capitis	anterior	is	primarily	a	flexor,	and	thè	rectus	capitis	lateralis	is	primarily	a	lateral	(lexor.	Kellis	E:	Quantificaiion	of	quadriceps	and	hamstring	activity.	A	C	T	IV
E	FLE	X	IO	N	OF	THE	KN	EE	The	arthrokinematics	of	active	knee	flexion	occur	by	a	reverse	fashion	depicted	in	Figure	1	3	-1	7	A	and	B.	Lniernal	view	of	thè	righi	side	of	thè	mandible	The	bone	is	bisected	in	thè	mie	sagittal	piane.	The	hamstrings	are	overstretched	across	both	thè	hip	and	knee,	thereby	passively	resisting	knee	extension.	Bending
forward	in	preparation	for	lifting	progressively	elongates	several	connective	tissues	in	thè	lumbar	region	and,	presumably,	thè	passive	ten	sion	developed	in	these	tissues	can	assist	with	an	extension	j	torque.21	These	connective	tissues,	collectively	known	as	thè	posterior	ligamentous	System,	include	thè	posterior	longitudine	'	ligament,	ligamentum
fiavum,	apophyseal	joint	capsule,	interspinous	ligament,	and	thè	posterior	layer	of	thè	thoraco	lumbar	fascia.30	In	theory,	about	72	Nm	of	total	passive	extensor	torque	is	produced	by	maximally	stretching	thè	posterior	ligamentous	System	(Table	1	0	-	1	4	)	.10	Adding	this	passive	torque	to	thè	hypothetic	200	Nm	of	active	torque	yields	a	total	of	272
Nm	of	extension	torque	available	for	lifting.	Figure	1	0	-	3	6	illustrates	a	total	body	movement	that	exhibits	a	sample	of	thè	muscular	interactions	used	to	maximize	thè	extent	of	axial	rotation	of	thè	craniocervical	region.	Gait,	phases	of,	stancc.	Andriacchi	TP,	Birac	D:	Punctional	testing	in	ihe	anterior	cruciate	ligament-deficiem	knee.	Accelerator:	B	ic
e	p	s	f	e	m	o	r	is	(	s	h	o	r	t	h	e	a	d	)	From	above	their	greatest	internai	moment	arm	at	about	45	degrees	of	knee	flexion	(Fig.	Patellofemoral	Joint	The	patellofemoral	joint	is	thè	interface	between	thè	articular	side	of	thè	patella	and	thè	intercondylar	groove	on	thè	fe	mur.	This	distraction	slackens	thè	interosseous	membrane	shown	by	wavy	arrows	over
thè	membrane.	The	two	muscles	attach	exten	sively	into	thè	thoracolumbar	fascia.	Occupationa!	Biomechanics,	2nd	ed.	292,	293f	Falls,	hip	fracture	following,	428t	Fascia	cervical,	components	of,	334,	334f,	334t	piantar	forces	applied	to	in	gait,	561t	of	mediai	longitudinal	arch,	496,	497	windlass	effect	on,	506,	506f	thoracolumbar,	in	lifting	heavy
loads,	346t,	347	Fascia	lata	of	thigh,	413	Fat	pads	of	knee,	439,	442t	of	synovial	joints.	Research	on	replicas	of	thè	human	head,	neck,	and	torso	has	shown	that	thè	longus	colli	and	longus	capitis	are	particularly	vulnerable	to	strain	injury	from	hyperextension-associated	whiplash.	Progressive	Stabilization	of	thè	Talocrural	Joint	Throughout	thè	Stance
Phase	of	Gait	At	initial	heel	contact,	thè	ankle	rapidly	piantar	flexes	io	lower	thè	foot	to	thè	ground	(see	Fig.	103.	5ee	Sacro	iliac	joint.	FIGURE	13-13.	These	forces	arise	primarily	from	thè	sagittal	piane	progression	intrinsic	to	walking,	squatting,	running,	and	jumping.17	The	ligaments	help	to	guide	thè	arthrokinematics	at	thè	knee.	1438,	1993.	6	-1	7
A	).	The	primary	function	of	thè	poste	rior	talofìbular	ligament	is	to	stabilize	thè	talus	within	thè	mortise.	A	second	and	more	applied	terminology	or	set	of	defini	tions	is	used	to	describe	movements	that	occur	perpendicular	to	an	oblique	axis	of	rotation	(Fig.	AOJ,	atlanto-occipital	joint;	AAJ,	atlanto-axial	joint;	CL,	contralateral	rotation;	IL,	ipsilateral
rotation.	The	nerve	then	innerva	several	of	thè	intnnsic	muscles	of	thè	thumb	and	thè	late.,	fìngers.	A	healthy	hip	can	usually	tolerate	this	amount	of	force	without	difficulty.	Humeroradial	joint;	Humeroulnar	joint;	Radioulnar	joint	arthrology	of,	137-151	composition	ol,	133,	1341	innervation	of,	152,	153f-156f,	155-157,	157t,	244t-245t	muscles	of
attachmems	of,	244t-245t	interaction	with	joints	at,	151-170	osteologie	features	of,	133-137	Electrogoniometer,	82,	82f	Electromagnetic	tracking	device,	for	collection	of	kinematic	data,	83	Electromyography	extraneous	electrical	noise	with,	54	for	study	of	muscle	activity	in	gait,	547-548	549f	normalization	of	signal	of,	55	uses	and	processing	of,	5	4
-5	5	,	526	Endomysium,	in	muscle,	42,	43f	Energy	elastic	deformation,	in	ligaments,	12,	13f	in	gail	disability	and,	547,	548t	kinematic	methods	of	minimizing,	545t	545-547,	546f,	547f	See	also	See	See	also	(Conlinued)	Energy	potential	and	kinetic,	534-535,	535f	walktng	speed	and,	547,	547f	in	work-energy	relationship,	600-602	Epicondyle(s)	lateral
of	distai	femur,	435,	436f,	437f	of	humcrus,	135,	135f	mediai	of	distai	femur,	435,	436f,	437f	of	humerus,	134,	134f,	135f	Epicondylitis,	lateral,	189	Epimysium,	in	muscle,	42,	43f	Equilibrium,	static	and	dynamic,	in	Newton’s	law	of	inerita,	57	Erector	sptnae	actions	of,	319f,	320-321	as	extrinsic	trunk	stabilizers,	316,	330f	330331,	33	Ib	attachmems
and	innervation	of,	381t	common	lendon	of,	attachmems	of,	319t	eross-seclional	anatomy	of,	318f	in	gait,	549f,	551	lumbar,	in	lifting	heavy	loads,	320,	320f	347	3481	of	deep	layer	of	back,	318f-320f,	318t-319t	318-321,	320b	Eversion	definition	of,	482,	4821,	483t	of	subtalar	joini,	49	lt,	492b	of	talocrural	joint,	4	9	lt	of	transverse	tarsal	joint,	493,
4951'	Evolute,	31	of	knee,	443,	445f	Exercise(s)	closed	kinetic	chatn,	453b	extemal	torque	in.	The	effect	of	allograft	meniscal	replacement	on	intraarticular	contact	area	and	pressures	in	thè	human	knee.	A,	The	classic	"wind-swept”	deformity,	with	excessive	genu	valgum	on	right	and	genu	varum	on	thè	left.	125.	The	maxillae	extend	superiorly	forming
thè	floor	of	thè	nasal	cavity	and	thè	orbit	of	thè	eyes.	These	muscles	are	active	during	lifting.	Functional	Anatomy	The	h	a	m	s	t	n	n	g	m	u	s	c	le	s	(i.e.,	semimembranosus,	semitendinosus,	and	long	head	of	thè	biceps	femoris)	have	their	proximal	attachment	on	thè	ischial	tuberosity.	A	combination	of	several	structural	and	functional	factors	can	lead	to
excessive	lateral	tracking	of	thè	patella	(Table	1	3	-	7	)	.	6	-	3	1	)	.	A	cross-section	through	ihe	right	quadriceps	muscle.	Premolare	Crush	food	into	smaller	particles	Maxillary,	4	Mandibular,	4	Crown	has	two	cusps	(bicuspidi;	lower	second	premolare	may	have	three	cusps.	normal	reaction	forces	through	knee	in,	470f,	470-471	speed	of,	528-529,	529t,
530-531	methods	of	increasing,	529f	normal,	529l	Water,	in	ground	substance,	32,	32f	Weber	brothers,	in	gali	analysis,	524	Whiplash	injury,	277,	281,	337b,	337f	chronic	forward	head	posture	with,	341b,	34	l	f	osteophyte	formation	and,	283b,	283f	Williams	flexion	exercise,	300-301	Windlass	effect,	of	forefoot	in	late	stance	phase,	506,	506f	Wind-
swept	deformity,	of	knee,	471,	472f	Wolffs	law,	265b	Work,	definition	of,	60,	61b	Work-energy	relationship,	Newton's	second	law	and,	6	0	-6	2	,	61b,	62b	Wrist,	172-193	bones	and	joints	of,	172,	173f,	176-185,	199f	carpai	instability	of,	184b,	184f-	186f,	184185	597	(Continued)	Wrist	centrai	column	of,	movement	through,	181	f—	182f,	181-182	creases
of,	195,	197f	deviators	of,	191b,	19lf—192f,	191t,	191192,	192b	extensors	of,	in	finger	flexion,	234	flexion	of,	190-191,	191t	flexion	torque	in,	in	making	a	fisi,	188,	188f	flexors	of,	in	finger	extension,	231f,	232	joints	of,	176-177,	177b	innervation	of,	186	muscle	interaction	with,	1.86-192	ligaments	of,	177f,	177-179,	178t	motion	at	arthrokinematics	of,
180-184	kinematics	of,	179—184	osteokinematics	of,	179-180,	180f	muscles	of,	attachments	and	mnervation	of,	245t	osteologie	features	of,	172-173,	173f-175f	position	of	and	tenodesis	action	of	finger	flexors,	2	1	8	219,	219f	for	function,	180b,	213,	213f	rotational	collapse	of,	184b,	I84f,	184-185	X	Xiphisternal	joint,	256,	257f	Xiphoid	process,	256,
257f	z	Zig-zag	deformity,	of	thumb,	236,	237f	Zona	orbiculans,	of	hip	capsule,	402	Zones,	of	articular	cartilage,	34,	35(	Zygomatic	arch,	352,	353f	Zygomatic	bone,	354f,	355	Zygomatic	process,	of	lemporal	bone,	354f,	355	^	'	BIBLIOTECA	CASA	DE	ESTUDIOS	•	PROVIDENCIA	&'	I^ROFESION^.0	^	From	a	sagittal	section,	thè	hu	meroulnar	joint
resembles	a	ball-and-socket	joint.	Ihe	muscles	that	pronate	thè	forearm	(pronator	teres,	pro	nator	quadratus,	and	other	secondary'	muscles	that	originate	from	thè	mediai	epicondyle)	are	innervated	through	thè	me	dian	nerve.	E	x	te	n	s	io	n	Collateral	Ligaments	A	N	A	T	0	M	IC	B.	Neumann	DA:	Arthrokinesiologìc	considerations	in	thè	aged	aduli.	As
viewed	in	Figure	6	-2	9	,	thè	n	ijf	insets	show	a	superior	view	of	thè	arthrokineraJ	ics	at	thè	proximal	and	distai	radioulnar	joinwl	1	he	stretched	(taut)	structures	are	shown	as	t	h	J	elongated	arrows,	and	slackened	structures	as	shown	as	wavy	arrows.	Clin	Orthop	274:6-11,	1992.	472	Section	IV	Lower	Extremily	FIGURE	13-41.	1	1	-	9	).	In	thè	previous
examples,	eccentric	activation	of	th.	Within	this	capsule,	thè	radiai	head	is	held	against	thè	proximal	ulna	by	a	ftbro-osseous	ring.	This	is	likely	thè	most	effective	and	practi1.	Their	specific	muscular	attachments	are	listed	in	Appendix	III	(Part	B,	Set	II).	J	Anai	131:373-385,	1980.	J	Biomech	scarts.	The	dashed	lines	show	thè	attachment	of	thè	joint
capsule	of	thè	knee.	Watson	CJ,	Sehenkman	M:	Physical	therapy	management	of	tsolated	serratus	anterior	muscle	paralysis.	Hehne	HJ:	Biomechanics	of	thè	patellofemoral	joint	and	its	clìnical	relevance.	The	magnilude	of	external	torques	varies	depending	on	how	thè	knee	is	being	extended.	AmJ	Sports	Med	19:26-34,	1991.	Fortunately,	redundan:
innervation	to	thè	elbow	flexor	muscles	helps	preserve	thè	I	important	hand-to-mouth	function	required	for	essential	activities	such	as	feeding.	Dostal	WF,	Andrews	JG:	A	three-dtmensional	biomechanical	model	of	hip	musculature.	example,	a	muscle	contracting	at	6.3%	of	its	maximum	shortening	velocity	produces	a	force	of	about	75%	of	its
maximum.	(From	Tachdjian	MO:	Pe	diatrie	Orthopedics.	Combining	these	shoulder	and	forearm	rotations	allows	thè	hand	to	rotate	nearly	360	degrees	in	space,	rather	than	only	170	to	180	degrees	by	pronation	and	supination	alone.	Muscular	stability	is	provided	by	thè	biceps	femoris,	thè	tendon	of	thè	popliteus,	and	thè	lateral	head	of	thè
gastrocnemius.	A	s	d	e	s	c	r	ib	e	d	in	C	h	a	p	t	e	r	to	rq	u	e	to	th	è	head	v	ia	t	h	è	a	t	la	n	t	o	-	o	c	c	ip	it	a	l	jo	in	t	s	.	A,	Typical	healthy	elbow	showing	ihe	extern	of	range	of	motion	from	5	degrees	bevond	extension	(hyperextenston)	through	145	degrees	of	flexion.	Lifting	can	gen	erate	large	compression,	tension,	and	shear	forces	through	out	thè	body,
most	notably	at	thè	base	of	thè	spine.	generai	features	of,	137-138	instability	of,	144-145,	145f	kinematics	of,	140-144,	141b,	1411-1441	motion	of,	in	gait,	545	muscle	interaction	with,	151-170	periarticular	connective	tissue	of,	138-140	range	of	motion	of,	140,	142f	muscles	of.	Factors	Considered	lo	Contribuie	to	Safe	Lifting	Techniques	Consideration
Rationale	Comment	Maintain	thè	extemal	load	as	dose	to	thè	body	as	possible.	Sports	Med	28:429-441,	1999.	Phys	Ther	65:305-311,	1985.	Below	approximately	thè	C3	region,	thè	stemocleidomastoid	crosses	anterior	to	thè	medial-lateral	axes	of	rotation;	above	C3,	however,	thè	stemocleidomastoid	crosses	posterior	to	thè	medial-lateral	axes	of
rotation.	dynamometry	(see	Chapter	4).	Force(s).	Hsieh	YF,	Draganich	LF,	Ho	SH,	et	al:	The	effects	of	removai	and	recon	struction	of	thè	anterior	cruciate	ligament	on	patellofemoral	kinematics.	This	protection	is	especially	useful	during	high	impact	loading,	such	as	landing	from	a	jump,	running,	cr	descending	from	a	high	step.	The	net	lateral	pulì
exerted	on	thè	patella	by	thè	quadriceps	is	indicated	by	thè	Cl	angle.	In	thè	healthy	TMJ,	thè	disc	slides	with	thè	translating	condyle.	Surgical	repositioning	of	thè	pes	tendons	is	recommended	to	reinforce	thè	mediai	side	of	thè	knee	in	persons	with	chronic	laxity	in	thè	mediai	collateral	ligament.109	The	poplUeus	is	a	triangular	muscle	located	deep	to
thè	gastrocnemius	within	thè	popliteal	fossa	(see	Fig.	Consider,	for	example,	thè	interaction	among	thè	hip,	knee,	and	ankle	during	running	or	climbing	or	standing	from	a	seated	position.	Cornbleet	SL,	Woolsey	NB:	Assessment	of	hamstnng	muscle	length	in	school-aged	children	using	thè	sit-and-reach	test	and	thè	inclinometer	measure	of	hip	joint
angle	Phys	Ther	76:850-855,	1996.	A	superior	(dorsal)	view	of	thè	bones	of	thè	righi	ankle	and	foot.	The	biomechanics	are	limited	to	thè	sagittal	piane	about	an	axis	of	rotation	at	LI	(open	circle).	While	standing	in	this	locked	position,	thè	knee	is	typically	hyperextended	about	5	to	IO	degrees	owing	in	pari	to	thè	posterior	slope	of	thè	tibial	plateau.
Patii	of	thè	tibia	on	thè	femoral	condyles	FIGURE	13-18.	Rajendran	K:	Mechanism	of	locking	al	thè	knee	joint.	The	extemal	(flexion)	torques	are	shown	imposed	on	thè	knee	between	flexion	(90	degrees)	and	full	extension	(0	degrees).	With	thè	knee	ex-	448	Section	IV	A.	The	basic	component	of	this	test	involves	pulling	thè	leg	forward	with	thè	knee
flexed	lo	about	90	degrees	(see	Fig.	A	mecha	nism	that	permits	two	joints	to	“share”	these	compression	forces	reduces	each	individuai	joint's	long-term	wear	and	tear.	Decreased	bending	moment	arm	(T)	decreases	bending	moment	(ACF	x	I");	decreases	shear	force	across	femoral	neck.	Part	B:	Key	Muscles	for	Testing	thè	Function	of	Ventral	Nerve
Roots	(L2-S3)	Part	C:	Attachments	and	Innervations	of	thè	Lower	Extremity	Muscles	T	h	e	ta	b	le	s	h	o	w	s	th	è	k	e	y	m	u	s	c	le	s	t	y	p	ic	a	lly	u	s	e	d	to	test	th	è	H	IP	A	N	D	f	u	n	c	t	io	n	o	f	in	d	iv	id	u	a	i	v	e	n	tr	a	l	n	e	rv	e	r	o	o	t	s	o	f	th	è	lu	m	b	o	s	a	c	r	a	l	p	le	x	u	s	(	L	2-S	3)	i	n	th	è	c	lin	ic	.	1	3	-	3	4	A	)	."	0	Although	thè	hamstrings	have	S	P	E	C	I	A	L	F
O	C	U	S	0	Popliteus	Muscle:	The	"Key	to	thè	Knee"	T	h	e	p	o	p	lit	e	u	s	is	a	n	im	p	o	r	t	a	n	t	in	t	e	r	n	a	i	r	o	t	a	t	o	r	a	n	d	f	le	x	o	r	o	f	t	h	è	k	n	e	e	jo	in	t.	Full	extension—	which	includes	thè	screw-home	rotation—	elongates	thè	collateral	ligaments	roughly	20%	beyond	their	length	at	full	flexion."8	Although	a	valuable	stabilizer,	a	taut	MCL	is	especially
vulnerable	to	injury	from	a	valgus	(i.e.,	an	abduction)	stress	delivered	over	a	planted	foot.	This	action	is	resisted	by	tension	in	thè	distai	tibiofibular	ligaments	and	interosseous	membrane.	Torsional	forces	applied	to	vertebrae	can	pre	dispose	thè	person	to	intervertebral	disc	injury.	without	signifìcant	rotation	(Fig.	See	also	Subtalar	joint	;	Talocrural
joint.	Table	1	4	-	2	summarizes	thè	terminology	used	to	describe	thè	movements	of	thè	ankle	and	foot,	including	thè	terminology	that	describes	abnormal	posture	or	deformity.	As	a	generai	rule,	any	collateral	ligament	that	becomes	increasingly	taut	upon	posterior	translation	of	thè	talus	also	becomes	increasingly	taut	at	full	dorsiflexion.	In	this	type	of
measurement,	thè	joint	is	typically	rotating	so	that	both	thè	length	and	moment	arm	of	thè	muscles	are	constantly	changing	across	a	range	of	motion.	J	Bone	Joint	Surg	58A:1074-1082,	1976.	In	addition	to	protecting	thè	neck,	forces	produced	by	muscles	provide	thè	primary	source	of	vertical	stability	to	thè	craniocervical	region.	The	larger	and	more
prominent	limb	arches	across	thè	ten	don	of	thè	popliteus	muscle	to	attach	to	thè	posterior	intercondylar	area	of	thè	tibia.	Both	muscles,	acting	at	either	end	of	thè	upper	extremity,	produce	forces	that	contribute	to	a	pronation	torque	at	thè	forearm.	457	angle	curve	(Fig.	Examples	of	these	actions	are	considered	separately	for	tibial-on-femoral	and
femoral-on-tibial	movements	of	thè	knee.	6	—17J3).	AmJ	Sports	Med	26:59-65,	1998.	Stabilization	of	thè	head	and	neck	2.	TEMPORAL	BONE	Two	temporal	bones	exist—	one	on	each	side	of	thè	cranium.	T	h	e	m	ain	in	sertio	n	is	o	n	thè	nav	icu	lar	tu	bero	sity	and	thè	m	ed	iai	cu	n	eifo	rm	bone.	On	thè	mediai	side	of	thè	distai	shaft	of	thè	tibia	is	thè
prominent	mediai	malleolus.	Angle	rigid	articulations	to	adjacent	bones	(see	Fig.	of	hand,	194-195,	1991.	Another	important	function	o	f	thè	PCL	is	to	limit	thè	extern	of	anterior	translation	of	thè	femur	over	thè	fìxed	tibia.	To	correct	thè	defor	mity	on	thè	right	(R)	knee,	a	wedge	of	bone	will	be	surgically	removed	by	a	procedure	known	as	a	high	tibial
osteotomy.	B,	The	two	red	arrows	depict	thè	path	of	thè	tibia	across	thè	femoral	condyles	during	thè	last	90	degrees	of	extension.	The	quadriceps	muscle	and	tendon,	patella,	and	patellar	ligament	are	often	described	as	thè	knee	extensor	mechanism.	&3I	text	for	further	details.	Hyperextension	t	r	ig	g	e	r	s	p	a	s	m	in	th	è	h	a	m	s	tr	in	g	m	u	s	c	le	s	.	An
ACL	injury	may	occur	in	conjunction	with	injury	to	other	structures,	such	as	thè	mediai	collateral	ligament	and	mediai	meniscus.	Acting	as	;	spring,	thè	muscle	helps	dampen	thè	impact	of	loading	oc	thè	joint.	The	larger	and	slightly	concave	la	t	e	r	a	l	f	a	c	e	t	matches	thè	generai	contour	of	thè	lat	eral	facet	of	thè	intercondylar	groove	of	thè	femur
(see	Fig.	E	x	a	m	p	le	s	in	c	lu	d	e	f	a	t	e	r	a	i	r	e	t	in	a	c	u	la	r	r	e	le	a	s	e	a	n	d	r	e	a	lig	n	m	e	n	t	o	f	t	h	è	e	x	t	e	n	s	o	r	m	e	c	h	a	n	is	m	,	in	p	a	r	t	ic	u	la	r	t	h	è	o	b	liq	u	e	f	ib	e	r	s	o	f	t	h	è	v	a	s	t	u	s	m	e	d	ia	lis	.	The	active	shortening	of	Chapter	13	A	65	467	Knee	r~	60	E	z	ai	3	o-	55	-	c	50	-	g	45	o	'S	V	C	15	E	X	40	(O	£	35	30	J	___________!___________	1
___________	!___________	!___________	!___________	5	15	30	45	60	Knee	Angle	(degrees)	75	L	90	Hamstring	length	(cm)	FIGURE	13	-3	4	.	Interphalangeal	joint(s).	Hyperflexion	2.	The	vastus	group	of	thè	quadriceps	and	thè	semitendinosus	are	both	electrically	active,	yet	their	net	torque	at	thè	knee	favors	extension.	67.	J	o	in	ts	,	370	Changes	in
Intrathoracic	Volume	During	M	U	S	C	U	LA	R	AC	TIO	N	S	DURING	S	u	m	m	a	ry	o	f	In	d	iv	id	u	a	i	M	u	s	c	le	A	c	tio	n	,	PART	1:	MASTICATION	C	o	s	to	tra	n	s	v	e	rs	e	and	C	o	s	to	v	e	rte	b	ra	l	Muscles	of	Forced	Expiration,	376	A	b	d	o	m	in	a	l	M	u	s	c	le	s	,	376	T	ra	n	s	v	e	rs	u	s	T	h	o	ra	c	is	and	In	te	rc	o	s	ta	le	s	377	anterior	to	thè	extem	al	auditoiy
meatus	(i.e.,	thè	opening	intc	thè	ear).	Rendali	FP,	McCreary	AK,	Provance	PG:	Muscles:	Testing	and	Functtoing	extremely	heavy	lifts	estimated	from	fluoroscopic	measurements	J	4th	ed.	Holding	a	load,	such	as	a	suitcase,	places	a	distaldirected	distrading	force	predominantly	through	thè	radius.	At	some	criticai	level,	forces	that	have	an	impact	on
thè	low-back	region	may	exceed	thè	structural	tolerance	of	thè	locai	mus	cles,	ligaments,	and	apophyseal	and	interbody	joints.	re	g	io	n	o	f	thè	ta	c	h	e	s	to	th	è	la	te	ra	l	a	s	p	e	c	t	o	f	thè	la	te	ra	l	fe	m	o	ra	l	c	o	n	d	y	le	D	istai	a	t	ta	c	h	m	e	n	t	:	p	o	s	t	e	r	io	r	s	u	rfa	c	e	o	f	th	è	p	r	o	x	im	a	l	tib	ia	,	a	b	o	v	e	th	è	s	o	le	a	l	lin	e	Innervation:	t	ib	ia	l	n	e	rv	e
Psoas	Minor	a	n	te	r	io	r	a	s	p	e	c	t	o	f	lo	w	e	r	body	of	p	u	b	is	a	n	d	in	le	r	io	r	ra	m	u	s	o	f	p	u	b	is	D	is	ta	i	a	t	ta	c	h	m	e	n	t	:	p	r	o	x	im	a	l	m	e	d	ia	i	s	u	rfa	c	e	o	f	th	è	t	ib	ia	ju	st	p	o	s	t	e	r	io	r	to	th	è	u	p	p	e	r	e	n	d	o	f	th	è	a	tta	c	h	m	e	n	t	o	f	thè	s	a	r	t	o	r	iu	s	In	n	e	r	v	a	tio	n	:	o	b	t	u	r	a	t	o	r	n	e	rv	e	Iliopsoas	P	s	o	a	s	M	a	jo	r	P	r	o	x	im	a	l	a	tta	c	h	m	e	n
ts	:	tra	n	sv	e	rs	e	p	ro	c	e	s	se	s	a	n	d	la	te	ra	l	b	o	d	-	P	r	o	x	im	a	l	a	tta	c	h	m	e	n	ts	:	tra	n	sv	e	rs	e	p	ro	c	e	s	se	s	a	n	d	la	te	ra	l	b	o	d	ie	s	o	f	th	è	last	t	h	o	r	a	c	ic	a	n	d	thè	firs	t	lu	m	b	a	r	v	e	rte	b	ra	e	in	c	lu	d	m	g	th	è	in	te	rv	e	r	te	b	ra	l	d	is	c	D	istai	a	t	ta	c	h	m	e	n	t	:	p	u	b	is	n	e	a	r	th	è	p	e	c	tin	e	a	l	lin	e	In	n	e	r	v	a	tio	n	:	fe	m	o	ra	l	n	e	rv	e
Quadratus	Femoris	P	r	o	x	im	a	l	a	t	ta	c	h	m	e	n	t	:	la	te	ra	l	s	u	rfa	c	e	o	f	th	è	is	c	h	ia	l	tu	b	e	ro	s		it	y	ju	s	t	a	n	te	r	io	r	io	th	è	a	tta	c	h	m	e	n	ts	o	f	thè	s	e	m	im	e	m	b	ra	nosus	Appenclix	IV	573	D	istai	a	t	ta	c	h	m	e	n	t	:	quad	rate	tu	bercle	(m	id	dle	o	f	in	tertro	-	D	is	ta	i	a	t	ta	c	h	m	e	n	t	:	m	ediai	cap	su	le,	base	o	f	thè	patella	and	ch	an	teric	cre	si)	ln	n
e	r	v	a	tio	n	:	nerve	to	thè	quad	ratus	fem	oris	ln	n	e	r	v	a	tio	n	:	fem	oral	nerve	via	ligam	entu	m	patella,	io	thè	tibial	tuberosity	Rectus	Femoris	P	r	o	x	im	a	l	a	t	ta	c	h	m	e	n	t	:	straight	tend	on:	an	terio	r-in	ferio	r	iliac	sp	in	e,	and	reflected	ten	d	o	n	:	groove	arou	nd	thè	superior	rim	o	f	thè	acetabu	lu	m	and	into	thè	cap	su	le	o	f	thè	hip	Distai	a	t	ta	c	h	m
e	n	t	:	base	o	f	thè	patella	and,	via	ligam	entum	patella,	to	thè	tibial	tu	berosity	ln	n	e	r	v	a	tio	n	:	fem	oral	nerve	ANKLE	AND	FOOT	M	U	S	C	U	L	A	T	U	R	E	Extensor	Digitorum	Longus	P	r	o	x	im	a	l	a	t	ta	c	h	m	e	n	t	:	an	terio	r-su	p	erio	r	iliac	spine	a	tta	c	h	m	e	n	ts	:	lateral	con	dyle	o	f	tibia,	p	roxim	al	tw	o	third	s	o	f	thè	m	ediai	surface	o	f	thè	fibula,
and	ad	jacen	t	interosseous	m	em	brane	D	istai	a	tta	c	h	m	e	n	ts	:	by	four	ten	d	o	n	s	th	at	attach	to	thè	proxim	al	base	o	f	thè	dorsal	surface	o	f	thè	m	id	dle	and	distai	phalanges	via	thè	dorsal	digitai	expan	sion	ln	n	e	r	v	a	tio	n	:	d	eep	bran	ch	o	f	thè	p	eroneal	nerve	D	istai	a	t	ta	c	h	m	e	n	t	:	alo	ng	a	line	o	n	thè	Extensor	Hallucis	Longus	Sartorius
proxim	al	m	ediai	P	r	o	x	im	a	l	surface	o	f	thè	tibia	ln	n	e	r	v	a	tio	n	:	fem	oral	nerve	P	r	o	x	im	a	l	a	tta	c	h	m	e	n	ts	:	m	id	dle	section	o	f	thè	m	ediai	surface	Semimembranosus	D	is	ta	i	a	tta	c	h	m	e	n	ts	:	dorsal	base	o	f	thè	distai	p	h	alan	x	o	f	thè	P	r	o	x	im	a	l	a	tta	c	h	m	e	n	t:	lateral	im	p	ressio	n	o	n	thè	p	osterior	surface	o	f	thè	ischial	tuberosity	D	is	ta
i	a	tta	c	h	m	e	n	ts	:	p	osterior	aspect	o	f	thè	m	ediai	condyle	o	f	thè	tibia.	The	femoral	condyles	fuse	anteriorly	to	form	thè	inter	condylar	(or	trochlear)	groove	(see	Fig.	This	mechanism	allows	a	healthy	patellofemoral	joint	to	tolerate	large	compression	forces	over	a	lifetime,	often	with	little	or	no	appreciable	wear	or	discomfort.	The	superior	surface	of
thè	radiai	head	consists	of	a	shallow,	cup-shaped	depression	known	as	thè	fovea.	Step	3	Determine	thè	compression	(reaction)	force	(RF)	on	thè	superior	surface	of	L2	as	thè	sum	of	thè	vectors	produced	by	(1)	thè	back	extensor	muscle	force,	(2)	extemal	load,	and	(3)	body	weight.	Quantitative	measurements	of	hip	strenglh	tn	different	age	groups.	The
active	arthrokinematics	of	knee	extension.	As	depicted	in	Figure	13	-	426,	a	relatively	simple	modification	of	footware	was	used	to	treat	thè	hyperextension	deformity.	Illustration	on	thè	left	shows	thè	anterior	aspect	of	a	righi	forearm	after	completing	full	supinalion.	Persons	who	lack	ie	last	30	degrees	of	complete	forearm	rotation	are	stili	eapable	of
performing	many	routine	activities	of	daily	living.	69t	result	of	changed	joint	angle	in,	6	9	-7	0	71	f,	72b,	72f	vector	composilion	in,	67f-68f,	67-68,	69b	parallelogram	method	of,	68,	68f,	69f	polygon	method	of,	67f,	68	vector	resoluuon	in,	69f—71	f,	69t,	6	9	-7	0	Force	piate,	for	collection	of	kinematic	data,	84f	8	4	-8	5	Force-accelerauon	relationship,
58b,	5	8	-62	61f	62b,	621	Force-couple,	of	muscles,	18f,	19	Force-time	curve,	61b,	61f	Force-velocity	relationship,	50f,	50	-5	1	,	51b,	51f	Forearm.	These	factors	include	an	overstretched	mediai	collateral	ligament,	internai	rotation/adduction	hip	posturing,	excessive	foot	pronation,	and	gender.	Olis	JC,	Jiang	CC,	W'ickiewicz	TL,	et	al:	Changes	of
moment	arms	in	thè	rotator	cuff	and	deltoid	muscles	with	abduction	and	rotatton	J	Bone	Joint	Surg	76A:667-676,	1994.	Observe	thè	menisci,	collateral	ligaments,	and	cruciate	ligaments.	Longitudinally,	thè	shafts	of	thè	metatarsals	are	slightly	concave	on	their	piantar	side.	Chapter	6	;	stationary,	or	fixed,	humerus	and	ulna	(see	Figs.	Figure	1	3	-2	0	A
and	B	demonstrates	thè	increase	in	passive	tension	in	both	MCL	and	posterior	capsule,	as	thè	knee	assumes	thè	locked	position	of	full	femoral-on-tibial	exten	sion.	The	apex	of	thè	triangular	ligament	is	anchored	to	thè	mediai	malleolus,	with	its	base	fanning	into	three	sets	of	superficial	fibers.	The	tuberosity	o	f	thè	ulna	is	a	roughened	impression	just
distai	to	thè	coronoid	process,	formed	by	thè	attachment	of	thè	brachialis	muscle	(see	Fig.	Delp	SL,	Bleck	EE.	amcular	camlage	damage	in,	38	manifestations	of,	38	of	hip,	428b,	428-429	causes	of,	428b	coxa	vara	or	coxa	valga	with,	431-432	432f,	433f	See	also	(Continued)	Osteoarthritis	total	hip	arthroplastv	for,	431,	432f	of	knee,	462b,	462f
unicompartmental,	genu	varum	with,	470f	471	Osteoclasts,	in	bone,	36	Osteokinematics,	5	-8	,	6f,	6t,	7f	perspectives	in,	7f,	7	-	8	Osteon	System,	36	Osteophyte(s)	cervical,	265b,	265f	craniocervical	hyperextension	and,	283b,	2831	in	hallux	rigidus,	504	Osteoporosis,	of	thoraeic	spine,	kyphosis	wilh,	288-290,	291f	Osteoiomy,	coxa	vara,	431,	432f	P	Pam
abnormal	gait	pattern	with,	560	low-back,	300-301	causes	of,	296b	exercises	for,	302b	herntated	disc	and,	296b	with	lifting,	342	of	heel,	562t	of	hip,	528f,	566t,	567f,	568f	of	knee,	462b,	462f	Palmar	inierossei,	auachments	and	innervation	of,	247t	Palmaris	brevis,	225f,	225-226	auachments	and	innervation	of,	247t	Palmaris	longus	anatomy	and
function	of,	189-190,	1901"	aitachments	and	innervation	of,	245l	Paraplegia,	iliofemoral	ligament	strength	and,	401,	402f	Parkinson’s	disease,	abnormal	gait	pauern	with	528f,	560,	563	Pars	articularis,	fracture	of,	anterior	spondylolisthesis	and,	294b,	294f	Patella	excessive	iracking	of.	As	shown	by	the	calculations	in	Figure	1	2	-	5	0	a	contralaterally
held	load	of	only	15%	of	body	weight	(i.e.,	114.1	N	or	25.7	lb)	results	in	a	joint	reaction	force	of	2897.5	N	(651.4	lb).	This	tissue	absorbs	loads	associated	with	mastication	better	than	hyaline	cartilage,	and	it	has	a	superior	reparative	process.-	I	Both	of	these	functions	are	important	when	considering	thè	extraordinary	demands	placed	on	thè	joint
surfaces.48	MANDIBULAR	FOSSA	The	mandibular	fossa	of	thè	temporal	bone	is	dìvided	inte	j	two	surfaces:	articular	and	nonarticular.	Radiai	head	spins	withm	a	ring	formed	by	thè	annular	ligament	and	thè	radiai	notch	of	thè	ulna.	Ligaments	of	thè	Elbow	and	Motions	that	lncreasc	Tension	Ligaments	Mediai	collateral	ligament	(anterior	fibers*)
Mediai	collateral	ligament	(posterior	fibers)	Lateral	collateral	ligament	(radiai	collateral	component)	Lateral	collateral	ligament	(lateral	(ulnar)	collat	eral	component*)	Annular	ligament	M	otions	that	Increase	Tension	Valgus	Extension	and	io	a	lesser	extern	flexion	Valgus	Flexion	Varus	Varus	Flexion	Distraction	of	thè	radius	*	Primary	valgus	or	varus
stabilizers.	The	actions	of	thè	muscles	across	thè	atlanto-occipital	joints	are	based	on	their	location	relative	to	thè	medial-lateral	(ML)	(black)	and	anterior-posterior	(red)	axis	of	rotation	at	thè	level	of	thè	occipital	condyles.	A	limitation	of	motion	at	thè	humeroradial	joint	can	therefore	disrupt	both	flexion	and	extension	and	pronation	and	supination.
Persons	with	a	spinai	cord	injury	above	thè	C5	nerve	root	have	this	profound	disability	due	to	total	paralysis	ol	elbow	(lexor	muscles,	mally	stili	after	long	periods	of	immobilization	in	a	flexec	and	shortened	position.	One	of	thè	most	common	and	relatively	simple	manual	exams	for	ACL	integrity	is	called	thè	“anterior	drawer”	test.	39.	Wearing	a	tennis
shoe	with	a	"built-up"	heel	provided	excellent	reduction	in	thè	severity	of	thè	genu	recurvatum.	flexion	and	dorsiflexion	are	kinematically	linked	to	anterior	and	posterior	translation	oF	thè	talus,	respectively.	Second,	many	extemal	devices	that	attach	to	thè	knee,	such	as	a	goniometer	or	a	hinged	knee	orthosis,	rotate	about	a	fixed	A	n	t	e	r	io	r	c	r	u	c
ia	te	lig	a	m	e	n	t	axis	of	rotation.	As	a	functional	set,	thè	three	facets	articulate	with	thè	three	facets	on	thè	dorsal	(su	perior)	surlace	of	thè	calcaneus,	forming	thè	subtalar	joint.	J	Biomechan	6	:7	9	-9	2	,	1973.)	459	Knee	460	Seciion	/V	Lower	Extremity	TABLE	1	3	-	6	.	Activities	that	involve	excessive	and	repetitive	forces	at	these	inter	tissue	junctions
frequently	lead	to	bursitis,	an	inflammation	of	thè	bursa.	In-J	jury	to	this	nerve	can	result	in	complete	paralysis	of	thè	I	elbow	extensors.	Normally	thè	crown	is	covered	with	enamel	and	is	located	above	thè	gingiva	(gum).	28	M	u	c	h	o	f	t	h	è	d	e	b	a	t	e	a	n	d	c	o	n	-	lo	a	d	p	l	a	c	e	d	o	n	t	h	è	A	C	L	.	A	small	radiai	fossa	is	located	just	proximal	to	thè
anterior	side	of]	thè	capitulum.	Am	J	Sports	Med	21:	438-444,	199.3.	113.	Arch	Phys	Med	Rehabil	77:	896-899,	1996.	Even	if	lifting	while	maintoward	reduction	of	thè	muscle	force	demands	by	four	taining	an	exaggerated	lumbar	lordosis,	thè	associated	in	"Tiethods.	tfexible	but	firm	owing	to	its	high	collagen	coment.	D,	The	posterior	drawer	test
checks	thè	integrity	of	thè	PCL.	Collagen-rich	in	jerior	retrodiscal	lam	in	a	which,	in	lum,	attaches	to	thè	periphery	of	thè	superior	neck	of	thè	mandible	along	with	thè	capsule	of	thè	TMJ.	they	form	an	extensive	guy	wire	System	that	ensures	vertical	stability,	mosi	notably	in	frontal	and	sagittal	planes.	Synergy	Among	Monoarticular	and	Biarticular
Muscles	of	thè	Hip	and	Knee	Typical	Movement	Combinations:	Hip-and-Knee	Extension	or	Hip-and-Knee	Flexion	Many	movements	performed	by	thè	lower	extremities	involve	thè	cyclic	actions	of	hip-and-knee	extension	or	hip-and-knee	flexion.	Kim	YC,	Yoo	WK,	Chung	IH,	et	al:	Tendinous	insertion	of	semimembranosus	muscle	tnto	thè	lateral
meniscus.	Spine	11:476-479,	1986.	Lower	Extremity	L	ig	a	m	e	n	ts	,	Region	of	thè	C	a	p	s	u	le	Anterior	Fascia,	and	Muscles	That	Reinforce	thè	Capsule	o	f	thè	Knee	Connective	Tissue	Reinforcement	Patellar	ligament	Patellar	retinacular	fibers	Muscular-Tendinous	Reitiforcement	Quadriceps	Lateral	Lateral	collateral	ligament	Lateral	patellar
retinacular	hbers	lliotibial	tract	Biceps	femoris	Tendon	of	thè	popliteus	Lateral	head	of	thè	gastrocnemius	Posterior	Oblique	popliteal	ligament	Arcuate	popliteal	ligament	Popliteus	Gastrocnemius	Hamstrings	Posterior-lateral	Arcuate	popliteal	ligament	Lateral	collateral	ligament	Tendon	of	thè	popliteus	Mediai	Mediai	collateral	ligament	Mediai
patellar	retinacular	fibers	Expansions	from	thè	tendon	of	thè	semimembranosus	Tendons	of	thè	sartorius,	gracilis,	and	semitendinosus	Tibiofemoral	Joint	ARTICULAR	STRUCTURE	Bony	Fit	attaching	to	thè	tibia.	Drury	CG,	Decb	JM,	Flartman	B,	et	al:	Symmetric	and	asymmetric	human	lumbar	multifidus.	This	may	occur,	for	example,	when	thè	foot	is
firmly	planted	and	thè	femur	is	vigorously	externally	rotated	and/or	translated	posteriorly.	A	vicious	circle	may	erupt:	thè	varus	deformity	increases	mediai	compartment	loading,	resulting	in	greater	loss	of	mediai	joint	space,	causing	greater	varus	deformity,	and	so	on.	A	lt	h	o	u	g	h	t	h	è	k	n	e	e	c	a	n	b	e	f	u	lly	e	x	t	e	n	d	e	d	p	a	s	s	iv	e	ly	,	e	f	f	o	r	t	s	a	t
a	c	t	iv	e	e	x	t	e	n	s	io	n	t	y	p	ic	a	lly	f	a	il	to	p	r	o	d	u	c	e	t	h	è	la	s	t	15	t	o	20	d	e	g	r	e	e	s	o	f	e	x	t	e	n	s	io	n	.	Nor	mally,	this	gravity-assisted	extension	torque	is	adequately	resisted	by	passive	tension	in	thè	stretched	posterior	capsule	and	stretched	flexor	muscles	of	thè	knee.	Forearm	supination	places	thè	palm	up,	or	supine,	and	pro	nation	places	thè
palm	down,	or	prone.	J	Orthop	Sports	Phys	Ther	20:247-253,	1994.	A,	Four	muscles	acting	as	guy	wires	to	maintain	an	ideal	posture	within	thè	craniocervical	region.	1	3-8A	).	36.	ADDITIOJMAL	SOURCES	OF	EXTENSION	TORQUE	USED	FOR	LIFTING	The	maximal	force-generating	capacity	of	thè	low-back	extensor	muscles	in	a	typical	young	adult	in
estimated	to	be	approximately	4000	N	(900	lb).10	By	assuming	an	average	internai	moment	arm	of	5	cm,	this	muscle	group	is	expected	to	produce	about	200	Nm	of	trunk	extension	torque.	Range	ol	motion	al	thè	elbow.	64	R	e	d	u	c	e	d	f	u	n	c	t	io	n	a	l	s	t	r	e	n	g	t	h	f	e	m	o	r	a	l	r	e	s	is	t	a	n	c	e	e	x	e	r	c	is	e	s	,	s	u	c	h	a	s	lif	t	in	g	a	n	k	le	in	t	h	è	q	u	a	d	r
ic	e	p	s	m	a	y	c	a	u	s	e	a	lo	s	s	o	f	a	c	t	iv	e	t	e	r	m	in	a	l	w	e	ig	h	t	s	.	The	patella	has	a	curved	b	a	s	e	superiorly	and	a	pointed	a	p	e	x	inferiorly	(Figs.	5,	57,	58f	displacement	of,	in	gait,	533,	533b,	534f,	540b,	540f	methods	of	minimizing,	535-537,	545t,	546f-547f	Center	of	pressure,	path	of,	in	gait,	553,	554f	Cerebral	palsy	gait	analysis	and,	526	gait
pattern	in,	417,	539,	5491,	551,	560,	563	hip	dysplasia	and,	401b	pes	cavus	and,	498	Cerebrovascular	accident,	abnormal	gait	pattern	with,	560,	563	Charcot-Marie-Tooth	syndrome,	pes	cavus	and,	498	Choking,	abdomtnal	muscle	function	in,	377b	Chondrocytes,	in	articular	cartilage,	34,	35f	Chondromalacia	patellae,	462b,	462f	Chondrosternal
junctions,	370	Chopart's	joint,	491.	The	semitendinosus,	therefore,	ex	tends	thè	hip	but	actually	contracts	or	shortens	a	relatively	short	distance.	P	a	ssive	T	e	nsion	G	e	n	e	ra	tio	n	fro	m	S	tre	tc	h	in	g	th	è	P	o	s	te	rio	r	L	ig	a	m	e	n	to	u	s	S	yste	m	When	stretched,	healthy	ligaments	and	fascia	exhibit	some	degree	of	naturai	elasticity.	Modified	from
Rendali	FP,	McCreary	AK,	and	Provante	PG:	Muscles:	Testing	and	Function,	ed.	Although	thè	total	hip	arthroplasty	is	typically	a	successful	procedure,	pre	mature	loosening	of	thè	femoral	and/or	acetabular	compo	rne/	can	be	a	postoperative	problem.28	farge	torsional	loads	between	thè	prosthetic	implant	and	thè	bony	interface	may	contribute	to	thè
loss	of	fixation.5	Until	sufficient	longterm	data	emerge	from	clinical	trials,	debate	regarding	thè	most	durable	materials	and	effettive	methods	of	fixation	continue.	Clin	Orthop	359:237-246,	1999	68.	also	also	Index	(Continued)	Vertebral	column	motion	ai	flexion	and	extension,	279-282,	280f282f	in	fronial	piane,	283-285,	2861	in	horizontal	piane,	282-
283,	285f	in	sagittal	piane,	279-282.	The	arrows	d	ep	ia	thè	approximate	line-of-force	of	each	of	part	of	thè	quadriceps:	vastus	lateralis	(VL),	vastus	ìntermedius	(VI),	rectus	femoris	(RF),	vastus	medialis	longus	(VML),	and	vastus	medialis	obliquus	(VMO).	The	muscles	become	abnor-	Lateral	aspect	Annidar	ligament	Radiai	collateral	ligament	Lateral
collateral	ligament	FIGURE	6	13.	A	slender	transverse	ligament	conneets	thè	two	menisci	anteriorly.	Selecied	left	hip	muscles	actively	rotate	thè	pel	vis	and	attached	lumbosacral	region	to	thè	right,	relative	to	thè	lìxed	left	femur.	Over	time,	(nere	ased	muscular	stress	throughout	thè	entire	craniocervical	region	can	lead	to	localized	and	painful
muscle	spasms,	or	"trigger	points,"	common	in	thè	leva	tor	scapula	and	suboccipital	muscles.	The	radius	and	ulna	articulate	with	one	another	within	thè	forearm	at	thè	proximal	and	distai	radioulnar	joints.	The	dashed	lines	show	thè	eapsular	attachments	around	thè	elbow	and	wrist	and	thè	proximal	and	distai	radioulnar	joints.	Waters	TR,	Putz-
Anderson	V,	Garg	A,	et	al:	Revised	NIOSH	equation	for	thè	design	and	evaluation	of	manual	lifting	tasks.	A	sagittal	seciion	through	thè	humeroulnar	joint.	Injury	to	thè	cruciate	ligaments	can	lead	to	marked	insta	bility	of	thè	knee.	Clin	Orthop	354:180-188,	1998.	Adding	a	forceful	quadriceps	contraction	to	an	existing	hamstring	contraction	reduces
thè	tension	and	stretch	on	thè	PCL.48	One	of	thè	most	common	exams	of	thè	integrity	of	thè	PCL	is	thè	“posterior	drawer”	test.	This	process	involves	an	interaction	of	thè	muscles	of	mastication,	thè	teeth,	and	thè	pair	of	temporomandibular	joints	(TMJs).	Immediately	proximal	to	both	epicondyles	are	thè	mediai	and	lateral	supracondylar	rìdges.	51	lb,
51	lf,	512f	of	postenor	compartment,	512b,	512-514,	513f—515f,	515b,	516	length	of	and	length-tension	curve,	44	-4	7	,	45f-48f,	45t	and	torque-joint	angle	curve,	4	8	-4	9	,	49f,	49t	in	force-velocity	relationship,	50f,	50-51	nervous	System	activation	of,	51-52,	52t,	53f	nonisometric	activation	of,	electromyographic	tnterpretation	of,	54	of	lower	extremity
attachments	and	innervations	of,	571t-575t	nerve	roots	of,	570t-571t	ventral,	used	for	testing	function,	57lt	of	mastication	attachments	of,	383t	function	of,	363f-365f,	363-365,	365t	innervation	of,	362t,	383t	on	mandible,	353	of	trunk	and	craniocervical	region,	314-315,	315t,	333-338	action	of,	315-316,	316f	active	in	stabilizing	attachments	of,	316,
339-340,	341	f	anterior-lateral.	Other	than	design	of	an	elbow	prosthesis,	this	slight	accessory	movement	of	thè	ulnar	is	clinically	in	signi	ficant.	•	Olecranon	process	(with	cartilage)	Olecranon	process	Fovea	Annular	ligament	(with	cartilage)-	Radiai	collateral	ligament	(cut)	-	-A	rticu	la	r	su	dace	on	trochlear	notch	Annular	ligament	-	;ju	i	3	M	w	r	f	w	U
§	TO'v	i	/	3	I	Introduction	to	the	Ulnocarpal	Complex	Radiai	notch	Radiai	notch	(on	ulna)	1	I	,	.	The	screw-home	rotation	mechantcs	are	driven	by	ai	least	three	factors:	thè	shape	o	f	thè	mediai	fémora!	condyle,	thè	passive	tension	in	thè	amerior	cruciate	ligamem,	and	thè	lateral	pulì	of	thè	quadriceps	muscle	(Fig.	Chapter	6	Eìbow	and	Forearm
Complex	145	Part	II:	Joints	of	thè	Forearm	GENERAL	FEATURES	OF	THE	PROXIMAL	AND	DISTAL	RADIOULNAR	JOINTS	The	radius	and	ulna	are	bound	together	by	thè	interosseous	membrane	and	thè	proximal	and	distai	radioulnar	joints.	Meglan	DA,	Lutz	GE,	et	al:	Comparison	of	intersegmental	tibiofemoral	joint	forces	and	muscle	activity	during
various	closed	kinetic	chain	exercises.	Lifting;	Load(s).	Posterior	view	Ulna	The	ulna	has	a	very	thick	proximal	end	with	distinct	processes	(Figs.	The	quadriceps	also	stabilize	thè	menisci	against	thè	posterior	shear	caused	by	thè	sliding	femur.	Keagy	RD,	Brumlik	J,	Bergan	JJ:	Direct	electromyography	of	thè	psoes	12.	Knee,	flexion	of.	A	lateral	angle
less	than	170	degrees	is	called	excessive	genu	valgum,	or	"knock-knee"	(Fig.	Knee	475	88.	Note	that	thè	excessive	pronation	of	thè	foot,	from	a	dropped	mediai	arch,	causes	thè	tibia	to	rotate	internali)'	while	standing.	Clin	Orthop	299	235-243,	1994	45.	By	passing	through	these	multiple	axes,	thè	forces	compress	thè	intervertebral	segments	together,
thereby	stabilizing	them	without	buckling.	Resists	axial	rotation	1.	External	acoustic	meatus	'Wax.ijiaT.	Clin	Biomech	1	3	1	1	-	1	7	1998.	individuai	Bones	FIBULA	FIGURE	14-1.	J	Biomech	6:79-92,	1973.	Hamer	CD,	Xerogeanes	JW,	Livesay	GA,	et	al:	The	human	posterior	cruciate	ligament	complex:	An	interdisciplmary	study.	As	thè	knee	flexes	and
extends,	thè	articular	surface	of	thè	patella	slides	over	thè	intercondylar	groove	of	thè	femur.	84.	Four	Articulations	Within	thè	Elbow	and	Forearm	Complex	1.	T	AB	L	E	6	-	1.	Severe	hyperextension	of	thè	knee	with	a	gapping	of	thè	posterior	side	of	thè	joint	4.	For	this	reason,	it	is	usually	recommended	that	a	person	lift	loads	slowly	and	smoothly,	a
condition	not	always	practical	in	occupational	settings.	"	9	In	t	h	e	o	r	y	,	i	n	c	r	e	a	s	e	d	a	c	t	iv	a	t	io	n	o	f	t	h	è	h	a	m	s	t	r	in	g	s	in	a	n	A	C	L	-	d	e	f	i	c	i	e	n	t	k	n	e	e	m	a	y	p	a	r	t	ia	lly	c	o	m	p	e	n	s	a	t	e	f	o	r	a	n	e	x	c	e	s	s	iv	e	a	n	t	e	r	io	r	d	i	s	p	la	c	e	m	e	n	t	o	f	t	h	è	t	ib	ia	r	e	la	t	iv	e	t	o	t	h	è	f	e	m	u	r	.	120.	Liu	W,	Maiiland	ME:	The	effect	of	hamstring
muscle	compensation	for	anterior	laxily	in	thè	ACL-deftcient	knee	during	gatt.	Bull	Hosp	Joint	Dis	38:107-111	1977	65.	A,	A	compression	screw	ìs	used	to	repair	an	intertrochanteric	fratture.	Even	with	maximal	effort,	active	knee	extension	is	usually	limited	dur	ing	this	action.	The	quadriceps	and	semimembranosus	attach	to	both	menisci.67	The
popliteus	attaches	io	thè	lateral	menis	cus.	Beaty	JH:	Congenital	anomalies	of	hip	and	pelvis.	The	rami	of	the	mandible	project	verticali)'	from	the	poste	rior	aspect	of	the	b	od	y	(see	Fig.	The	concavity	accepts	most	of	thè	condyle	much	like	a	ball-and-socket	joint.	1	3	-	3	2	)	.52	This	angle	is	formed	between	(1)	a	line	representing	thè	resultant	pulì	of
thè	quadriceps,	made	by	connecting	a	point	near	thè	anterior-superior	iliac	spine	to	thè	midpoint	o	f	thè	patella,	and	(2)	a	line	connecting	thè	tibial	tuberosity	with	thè	midpoint	o	f	t	h	è	p	a	t	e	l	l	a	.	Acting	together,	thè	stemocleidomastoids	have	thè	potential	to	Jlex	thè	mid	to	lower	cervical	spine	and	to	extend	thè	upper	cervical	spine	and	thè	atlanto-
axial	and	atlanto-occipital	joints.	To	illustrate,	consider	thè	1	3	-	8	p	Kinesiologic	Basis	for	Treatment	of	Abnormal	Patellofemoral	Joint	Tracking	M	u	c	h	o	f	t	h	è	o	r	t	h	o	p	e	d	ic	t	r	e	a	t	m	e	n	t	a	n	d	p	h	y	s	ic	a	l	t	h	e	r	a	p	y	fo	r	of	abnormal	t	r	a	c	k	in	g	o	f	thè	p	a	t	e	lla	involves	thè	altering	t	h	è	t	ib	io	f	e	m	o	r	a	l	a	n	d	p	a	t	e	llo	f	e	m	o	r	a	l	j	o	in	t	a	lig
n	m	e	n	t	.	336	Section	III	Axial	Skeleton	A	nterior	view	thè	responsibility	of	smaller	more	specialized	muscles,	such	as	thè	rectus	capitis	anterior	and	thè	suboccipital	muscles.	Chapter	13	A	N	T	E	R	IO	R	C	R	U	C	IA	T	E	L	IG	A	M	E	N	T	Functional	Anatomy	The	anterior	cruciate	ligament	(AGL)	attaches	along	an	approximate	30-mm	impression	on	thè
anterior	intercondylar	area	of	thè	tibia]	plateau.36	From	this	attachment,	thè	ligament	runs	obliquely	in	a	posterior,	slightly	superior,	and	lateral	direction	to	attach	on	thè	mediai	side	of	thè	lateral	femoral	condyle	(see	Fig.	Although	other	functional	interactions	exist	for	these	mus	cles,	thè	two	activities	provide	a	format	for	describmg	key	kinesiologic
principles	involved	in	this	important	region	of	thè	body.	Lifting	is	a	leading	risk	factor	associated	with	low-back	pain	in	thè	United	States	and	is	especially	related	to	occupation.25-41-43'53	Disability	associated	with	low-back	pain	is	a	signihcant	problem,	both	in	terms	of	cost	and	suffering.	joints.	Attive	knee	extension	FIGURE	13-22.	Quadriceps:	Knee
Extensor	Mechanism	Functional	Considerations	By	isometric,	eccentric,	and	concentric	activations,	thè	quad	riceps	femoris	muscle	is	able	to	perform	multiple	functions	at	thè	knee.	The	temi	triplane	implies	that	thè	movement	“cuts	through”	all	three	Cardinal	planes,	not	that	thè	joint	exhibiting	this	motion	possesses	three	degrees	of	freedom.	In
combination	with	a	maximally	flexed	lumbar	spine,	thè	stoop	lift	can	create	large	and	possibly	damaging	compression	and	shear	forces	on	thè	discs.	Resists	valgus	(abduction)	2.	The	m	e	d	i	a	i	f	a	c	e	t	shows	signifìcant	anatomie	variation.	Chapter	13	fa	c	e	t	L	a	te	ra	l	fa	c	e	t	M	e	d	ia	i	g	r	o	o	v	e	In	te	rc	o	n	d	y	la	r	g	r	o	o	v	e	(in	c	a	rtila	g	e	)	Knee
4.37	ity	serves	as	thè	distai	attachment	for	thè	quadriceps	femoris	muscle.	The	collateral	ligaments	also	provide	limited	resistance	to	thè	extremes	of	internai	and	extemal	rotation	while	thè	knee	is	partially	flexed.118	Table	1	3	-	4	provides	a	summary	of	thè	functions	and	common	mechanisms	of	injury	for	thè	major	ligaments	of	thè	knee,	including	thè
posterior	capsule.	Schutle	MJ,	Dabezies	EJ,	Zimny	ML,	et	al:	Neural	anatomy	of	thè	human	anterior	cruciate	ligament.	St.	Louis,	Mosby-Year	Book	1992.	With	thè	knee	flexed	and	“unlocked,”	secondary	restraint	structures	such	as	thè	posterior	capsule,	collateral	Hgaments,	and	flexor	muscles	offer	less	resistance	to	an	anteriorly	translating	tibia.	554f
medial-lateral,	552f,	553	vertical,	552,	552f	Ground	substance,	composilion	of,	32,	32f	H	Hallus	rigidus,	504-505,	505f	Hallus	valgus,	505,	505f	Hallux	abducto-valgus,	505	Hamate,	175f,	176	Hamstring	muscles	anatomy	and	action	of,	418,	421f,	440f-441f,	463	cruciate	ligament	changes	and,	451,	452f,	453b	in	atypical	movement	combinations
between	hip	and	knee,	469f,	469-470	in	forward	lean	of	body,	420-421,	421f,	422f	in	gait,	548,	549f,	550	forces	applied	to,	561t	in	lumbopelvic	rhythms	in	trunk	flexion	and	extension,	298f,	298-299.	112.	Strickland	EM,	Fares	M,	Krebs	DE,	et	al:	In	vivo	acetabular	contact	pressures	during	rehabilitation.	B,	The	structures	are	pulled	taut	as	thè	knee
actively	extends	by	contraction	of	thè	quadriceps.	Cholewicki	J,	McGill	SM:	Lumbar	posterior	ligament	involvemeni	dur	42.	146	Section	II	Upper	Extremity	In	thè	anatomie	position,	thè	forcami	is	fully	supinated	when	thè	ulna	and	radius	lie	parallel	to	one	another	(Fig.	The	rotation	occurs	about	an	axis	iha:	is	cotncident	with	thè	axis	of	rotation
through	thè	proximal	ra-l	dioulnar	joint.	The	external	surface	of	thè	ligament	receives	attachments	from	thè	elbow	capsule,	thè	radiai	collateial	ligament,	and	thè	supinator	muscle.	The	forces	impose	very	large	pressures	across	thè	tibiofemoral	and	patellofemoral	joints.	The	interosseous	membrane	provides	an	attachment	for	many	muscles	that	affect
thè	foot	and	ankle.	Am	J	Sports	Med	27:884-893,	1999.	C	e	r	t	a	in	m	e	t	h	o	d	s	f	o	r	s	t	r	e	n	g	t	h	e	n	in	g	t	h	è	q	u	a	d	r	ic	e	p	s	a	r	e	c	o	n	t	r	a	in	d	ic	a	t	e	d	o	r	a	t	le	a	s	t	q	u	e	s	t	i	o	n	a	l	e	,	e	s	p	e	c	i	a	l	l	y	d	u	r	in	g	t	h	è	e	a	r	ly	c	o	u	r	s	e	o	f	p	r	o	v	id	e	a	d	e	q	u	a	t	e	r	e	s	is	t	a	n	c	e	a	g	a	in	s	t	t	h	è	q	u	a	d	r	ic	e	p	s	.	2.	Full	axial	rotation	of	thè
craniocervical	region	requires	muscular	interactions	that	extend	into	thè	trunk	and	lower	extremities.	104.	in	n	e	r	lip	o	f	thè	ilia	c	c	re	s	i,	a	n	d	s	m	a	ll	s	a	c	ru	m	a	c	ro	s	s	th	è	s	a	c	r	o	ilia	c	jo	in	t	D	is	ta	i	a	t	ta	c	h	m	e	n	t	:	le	ss	e	r	t	ro	c	h	a	n	te	r	o	f	th	è	fe	m	u	r	v	ia	th	è	la	te	ra	l	s	id	e	o	f	p	s	o	a	s	m	a	jo	r	te	n	d	o	n	in	n	e	r	v	a	t	io	n	:	fe	m	o	ra	l	n	e	rv
e	D	istai	a	t	ta	c	h	m	e	n	t	:	h	e	a	d	o	f	th	è	fib	u	la	Obturator	Externus	In	n	e	r	v	a	tio	n	:	t	ib	ia	l	p	o	r	t	io	n	o	f	th	è	s	c	ia	tic	n	e	rv	e	P	r	o	x	im	a	l	S	hort	H	ead	P	r	o	x	im	a	l	a	t	ta	c	h	m	e	n	t	:	la	te	ra	l	lip	o	f	thè	lin	e	a	a	sp	e	ra	b	e	lo	w	th	è	g	lu	te	a	l	tu	b	e	ro	s	ity	D	is	ta	i	a	t	ta	c	h	m	e	n	t	:	h	e	a	d	o	f	th	è	f	ib	u	la	In	n	e	r	v	a	tio	n	:	c	o	m	m	o	n	p	e	r	o	n	e	a
l	p	o	r	t	io	n	o	f	th	è	s	c	ia	tic	n	e	rv	e	a	t	ta	c	h	m	e	n	t	s	:	e	x	te	rn	a	l	of	thè	o	b	tu	ra	to	r	D	istai	a	t	ta	c	h	m	e	n	t	:	m	e	d	ia	i	s	u	rfa	c	e	o	f	th	è	g	re	a	te	r	t	ro	c	h	a	n	te	r	at	th	è	t	r	o	c	h	a	n	te	r	ic	fossa	In	n	e	r	v	a	tio	n	:	o	b	t	u	r	a	t	o	r	n	e	rv	e	P	r	o	x	im	a	l	a	tta	c	h	m	e	n	ts	:	in	t	e	r	n	a	i	s	id	e	o	f	th	è	o	b	t	u	r	a	t	o	r	m	e	m		P	r	o	x	im	a	l	a	tta	c	h	m	e	n	t:	tu
b	e	ro	s	ity	o	f	th	è	is	c	h	iu	m	b	ra	n	e	a	n	d	im	m	e	d	ia	t	e	ly	s	u	r	r	o	u	n	d	in	g	su	rfa	c	e	s	o	f	thè	i	n		D	istai	a	t	ta	c	h	m	e	n	t	:	b	le	n	d	s	w	it	h	th	è	te	n	d	o	n	o	f	thè	o	b	t	u	r	a	t	o	r	in	t	e	m	u	s	f	e	r	io	r	In	n	e	r	v	a	tio	n	:	n	e	rv	e	to	th	è	q	u	a	d	r	a	tu	s	fe	m	o	ris	m	e	n	ts	e	x	te	n	d	s	u	p	e	r	io	r	ly	g	re	a	te	r	s	c	ia	tic	n	o	tc	h	.	McGill	SM:	Biomechanics	of	thè
thoracolumbar	spine.	480	Section	IV	Lower	Extremity	Superior	view	Interphalangeal	joint	I	n	fe	r	io	r	view	Flexor	digitorum	longus	Extensor	digitorum	longus	and	brevis	Flexor	digitorum	brevis	Flexor	hallucis	longus	Distai	and	proximal	interphalangeal	joints	Extensor	hallucis	longus	Adductor	hallucis	and	flexor	hallucis	brevis	Dorsal	interossei
Extensor	digitorum	brevis	Distai	phalanx	Piantar	interossei	i	i	^	A	b	d	u	c	t	o	r	and	flexor	hallucis	brevis	Middle	phalanx	Proximal	phalanx	Abductor	and	flexor	digiti	minimi	Lateral	and	mediai	sesamoid	bones	Dorsal	interossei	Adductor	hallucis	(oblique	head)	Metatarsal	Mediai	cuneiform	Peroneus	tertius	Peroneus	brevis	Intermediate	cuneiform
Peroneus	longus	Piantar	interossei	Abductor	and	flexor	digiti	minimi	Tibialis	anterior	Groove	for	peroneus	longus	Navicular	TuberosityLateral	cuneiform	I—	Head	TalusH	------	Neck	L-Trochlea	Cuboid	WavicuS*	Flexor	hallucis	brevis	Quadratus	plantae	Talus	Extensor	digitorum	brevis	Articulation	with	mediai	malleolus	Articulation	with	lateral
malleolus	Mediai	and	lateral	tubercles	of	talus	Calcaneus	Tibialis	posterior	^neiforms)	Sustentaculum	talus	Groove	fo	r	flexor	hallucis	longus	Abductor	digiti	minimi	Flexor	digitorum	brevis	and	abductor	hallucis	Lateral	p	r	o	c	e	s	s	-	^	H	R	i	l	v	/	Mediai	process	Calcaneal	tuberosity	Achilles	tendon	attaching	to	tuberosity	FIGURE	14-4.	The	lateral
cuneiform	has	a	facet	for	articulation	with	a	portion	of	thè	mediai	surface	of	thè	cu	boid.	In	some	persons,	however,	thè	mediai	compartment	experiences	excessive	wear,	ultimately	leading	to	umcompartmental	osteoarthritis.76	Thinning	of	thè	articular	cartilage	on	thè	mediai	side	can	tilt	Several	biomechanical	factors	can	lead	to	excessive	genu	val‐
gum,	or	“knock-knee”	(Fig.	Mediai	view	of	thè	tight	ankle	region	highlights	thè	mediai	collateral	ligament.	6	-3	2	B	).	Rclevant	Osteologie	Features	of	thè	Tcmporal	Bone	•	Mandibular	fossa	•	Articular	eminence	•	Postglenoid	tubercle	•	Styloid	process	•	Zygomatic	process	The	styloid	process	is	a	long	slender	extension	of	bone	that	protrudes	from	thè
inferior	aspect	of	thè	temperai	bone	(see	Fig.	D	if	f	e	r	e	n	l	Q	-	a	n	g	le	s	e	x	i	s	i	b	e	t	w	e	e	n	t	h	è	g	e	n	c	l	e	r	s	:	462	Section	IV	Lower	Extremity	15.8	degrees	in	women,	and	11.2	degrees	in	men.53	A	Cl	angle	greater	than	15	degrees	is	often	thought	to	contribute	io	paiellofemoral	joint	pain,	chondromalacia,	and	patellar	dislocation.	Over	lime,	this
stress	may	strain	and	subsequently	weaken	thè	mediai	collateral	ligament.	Blount	WP:	Don’t	throw	away	thè	cane.	Fat	pads	are	often	associated	with	bursae	around	thè	knee.	B,	While	walking,	a	force	equal	to	about	three	times	body	weight	passes	mediai	to	thè	knee	joint,	creating	a	varus	torque	at	every	step.	Several	interrelated	factors	are
responsible	for	thè	development	of	thè	deformity	depicted	in	Figure	13-42A	Because	of	thè	fixed	piantar	flexion	position	of	thè	ankle,	thè	tibia	must	be	tilted	posteriorly	so	that	thè	bottom	of	thè	foot	makes	full	contact	with	thè	ground.	Baltimore,	Williams	&	Wilkins,	1992.	Jensen	RH,	Smidt	GL,	Johnston	RD:	A	technique	for	obtaming	measurements	of
force	generated	by	hip	muscles.	1	1	-3	).	The	axis	mechanically	links	thè	horizontal	piane	movements	of	thè	major	joints	of	thè	entire	lower	limb.	The	talus	remains,	but	thè	lateral	and	mediai	malleolus	and	all	thè	tendons	are	cut.	The	axis	of	rotation	(shown	by	dashed	line)	extends	obliquely	across	thè	forearm	from	thè	radiai	head	to	thè	ulnar	head.
Alignment	may	favor	joint	dislocation.	The	fifth	metatarsal	has	a	prominent	stvloid	process	just	lateral	to	its	base,	marking	thè	attachment	of	thè	peroneus	brevis	muscle	(see	Fig.	Anteriorly	and	posteriorly,	however,	thè	capsule	is	lax,	allowing	thè	condyle	and	disc	to	translate	forward	when	thè	mouth	is	opened.	Lane	JG,	Irby	SE,	Kaufman	K,	et	al:	The
anterior	cruciate	ligament	in	controlling	axial	rotation.	Med	Sci	Sports	Exerc	12:195-199,	1980.	The	suboccipital	mus	cles	are	not	easily	palpable.	The	synovial	membrane	lining	thè	internai	side	of	thè	capsule	is	shown	in	red.	The	proximal	attachments	of	thè	masseter,	mediai	pterygoid,	and	lat	eral	pterygoid	(superior	head)	muscles	are	shown	in	red.
(Courtesy	of	Joseph	Davies,	M.D.,	Milwaukee	Orthopedic	Group,	Sinai	Samaritan	Medicai	Center,	Milwaukee.)	S	P	E	C	I	A	L	F	O	C	U	S	1	3	-	Case	Report:	Pathomechanics	and	Treatment	of	Severe	Genu	Recurvatum	Figure	13-42A	shows	a	case	of	severe	genu	recurvatum	of	thè	left	knee,	caused	by	a	flaccid	muscle	paralysis	from	polio,	contracted	30
years	earlier.	Inman	VT,	Saunders	JB:	Referred	pain	front	skeletal	structures.	The	specific	attachments	of	these	muscles	are	lisied	in	Appendix	111	(Pari	B,	Set	1).	The	essential	terminology	used	to	describe	thè	regions	of	thè	foot	and	ankle.	J	Bone	Joint	Surg	66A:734-740,	1984.	(Courtesy	of	Michael	Anderson,	M.D.,	Blount	Orthopedic	Clinic,
Milwaukee,	Wl.)	reduced	functional	demand	placed	on	thè	hip	may	also	per	petuate	prolonged	weakness	in	thè	hip	abductor	muscles	which,	in	tum	,	causes	deviations	in	gait.67	Clinicians	must	meet	thè	dual	challenge	of	protecting	a	vulnerable	hip	from	excessive	and	potentially	damaging	abductor	forces,	while	sim	ultaneously	increasing	thè
functional	strength	and	endur	ance	of	thè	abductors.	Maxima!	Passive	Extensor	Torque	Produced	by	Stretched	Lumbar	Ligaments	Average	Maximum	Tension	(N)‘	Extensor	Moment	Arm	(m)2	Maximal	Passive	Extension	Torque	(Nm)3	90	.02	1.8	Ligamentum	flava	244	.03	7.3	Capsule	of	apophyseal	joints	680	.04	27.2	Inierspinous	ligament	107	.05	5.4
Posterior	layer	of	thoracolumbar	fascia,	including	supraspinous	ligaments	and	thè	aponeurosis	covering	thè	erector	spinae	muscles	500	.06	Ligament	Posterior	longitudinal	ligament	Total	30	71.7	o-	.............”	‘-..w	vn	**•..1*1*1	autiLutu	iisiuc	ai	me	pumi	oi	rupiure.	Supination	Supination	at	thè	proximal	radioulnar	joint	occurs	as	a	spinning	of	thè	radiai
head	within	thè	fibro-osseous	ring	formed	by	thè	annular	ligament	and	radiai	notch	of	thè	ulna	(Fig.	The	muscle’s	proximal	attachments	are	shown	in	red	and	distai	attachments	in	gray.	The	larger	anterior	part	consists	of	a	relatively	well-defined	set	of	superficial	fibers	about	10	cm	long.	J	Orthop	Res	17:763-768,	1999.	Another	unnamed	band	is
located	at	thè	extreme	distai	end	of	thè	interosseous	mem	brane.	Hip	flexion	can	occur	with	knee	extension	(Fig.	See	also	names	Hip.	1	1	-	1	2	to	1	1	-	1	4	).	space'’	(interocclusal	dearance)	between	thè	upper	and	lower	teeth.	446f,	447f	hip	extension	or	flexion	with,	469f,	4	6	9	470	in	gait,	538	limits	on,	448,	449f,	457,	460,	460t,	46if	screw-home
rotation	and,	445-446,	446f	447f	tracking	of	patellofemoral	joint	during,	460-463,	463f,	464f,	464t,	465b	with	piantar	flexion	by	soleus,	515b,	515f	extensor	lag	and,	460b	extensor-to-flexor	peak	torque	ratios	in,	468b	fat	pads	of,	439,	442t	femoral-on-tibial	movements	in.	The	more	lateral	fibers	act	in	conjunction	with	thè	scalene	muscles	to	vertically
stabilize	thè	region.	R	e	s	e	a	r	c	h	h	a	s	b	e	e	n	p	e	r	f	o	r	m	e	d	t	o	d	e	f	in	e	a	n	o	r	m	a	t	iv	e	e	x	t	e	n	s	o	r	-	t	o	-	f	le	x	o	r	p	e	a	k	t	o	r	q	u	e	r	a	t	io	a	t	t	h	è	k	n	e	e	to	h	e	lp	c	l	i	n	i	c	i	a	n	s	s	e	t	a	p	p	r	o	p	r	ia	t	e	g	o	a	ls	f	o	r	is	o	k	in	e	t	ic	s	t	r	e	n	g	t	h	t	r	a	in	in	g	.	They	in	clude	thè	muscles	that	act	exclusively	within	thè	craniocervi	cal	region	(Table	1	0	-
1	3	),	plus	those	classified	as	muscles	of	thè	posterior	trunk	that	cross	thè	craniocervical	region	(e.g..	Johnson	F,	Leitl	S,	Waugh	W:	The	distribution	of	load	across	thè	knee.	B,	Excessive	cubitus	vakus	tZZRXSZSXSZ	longation	of	thè	mediai	lip	of	thè	trochlea.	New	major	muscle	in	man.	First,	reduce	thè	rate	of	lifting.	Moment	arm	influences	torque,	and
muscle	length	influences	muscle	force	potential	(see	Chapter	3).	Chapter	13	M	1	S	P	E	C	I	A	L	F	O	C	U	S	Control	of	Femoral-on-Tibial	Osteokinematics.	With	thè	subtalar	joint	articulated,	thè	sulci	of	thè	calcaneus	and	talus	form	a	tunnel	within	thè	subtalar	joint,	known	as	thè	sinus	tarsi	(see	Fig.	51.	The	deepest	quadriceps	muscle,	thè	vastus
Ìntermedius,	is	located	under	thè	rectus	femoris.	Ergonomics	36:415-434,	1993.	Scand	J	Rehab	21:45-53,	1989.	Clancy	WG,	Sutherland	TB:	Combined	posterior	cruciate	ligament	injuries.	j	Biomechan	2	3	:1	5	7	-1	6	9	,	1990.)	455	Anatomie	Considerations	RF	FIGURE	13-24.	Nachemson	AL,	Andersson	GBJ,	Schullz	AB:	Vaisalva	maneuver
biomechanics:	Hlfects	on	lumbar	trunk	loads	of	elevated	intraabdominal	pressures.	136	Section	11	Upper	Extremity	Radius	A	nterior	view	•Trochlear	notch	Coronoid	process	In	thè	fully	supinated	position,	thè	radius	lies	paralld	I	and	lateral	to	thè	ulna	(see	Figs.	REFERENCES	1.	MUSCLE	AND	JOINT	INTERACTION	Neuroanatomy	OverView	Paths	of
thè	Musculocutaneous,	Radiai,	Median,	and	Ulnar	Nerves	Throughout	thè	Elbow,	Forearm,	Wrist,	and	Hand	The	musculocutaneous,	radiai,	median,	and	ulnar	nerves	previde	motor	and	sensory	innervation	to	thè	muscles	and	connective	tissues	of	thè	elbow,	forearm,	wrist,	and	hand.	A	summary	of	these	and	other	muscular	interactions	used	during
hip-and-knee	flex	ion	are	listed	in	Table	1	3	-	9	.	Chapter	13	Knee	461	FIGURE	13-29.	Surgically	repairing	a	meniscus	instead	of	removing	it	is	clearly	thè	treatment	of	choice.102	The	menisci	supporr	about	half	thè	total	load	across	thè	knee.68	At	every	step,	thè	menisci	deform	peripherally	as	they	are	compressed.108	This	mechanism	allows	part	of
thè	compression	force	at	thè	knee	to	be	absorbed	as	a	circumferential	tension	throughout	each	meniscus.	Plart	DL,	Stobbe	TJ,	Jaraiedi	M:	Effect	of	lumbar	posture	on	lifting.	Even	some	competitive	power	lifters,	who	appear	to	lift	with	a	fully	rounded	low	back,	avoid	thè	extremes	of	flexion.14	It	is	generally	believed	that	maximum	flexion	of	thè	lumbar
spine	should	be	avoided	while	lifting.54155	The	lumbar	region	should	be	held	in	a	near	neutral	lordotic	position—	“neither	hyperlordotic	or	hypolordotic.”55	The	neutral	position	of	thè	lumbar	spine	apparently	aligns	thè	locai	extensor	muscles	to	more	effectively	resist	anterior	shear	produced	at	thè	lumbar	spine	while	lifting.54	Although	thè	neutral
position	of	thè	lumbar	spine	may	re	duce	thè	chance	of	injury	to	thè	low	back,	it	engages	only	a	small	portion	of	thè	total	passive	torque	reserve	available	to	assist	with	extension.	This	is	less	rHUDUCING	EXTENSIVE	AND	WELL-COORDINATED	MOVEMENTS	OF	THE	HEAD	AND	NECK:	OPTIMIZING	THE	PLACEMENT	OF	THE	EYES,	EARS,	AND
NOSE	The	craniocervical	region	allows	thè	greatest	triplanar	mobility	of	any	region	of	thè	axial	skeleton.	F	U	N	C	T	I0	N	A	L	C	O	N	S	ID	E	R	A	T	IO	N	S	The	primary	function	of	thè	collateral	ligaments	is	to	limit	excessive	motion	in	thè	frontal	piane.	Physiotherapy	62	223-226,	1976.	Its	proximal	end	llares	into	mediai	and	lateral	condyles,	which	form
articular	surfaces	with	thè	distai	femur	(see	Fig.	Ergonomics	40:916-927.	M	e	s	e	n	c	h	y	m	a	l	t	is	s	u	e	s	t	h	ic	k	e	n	a	n	d	t	h	e	n	r	e	a	b	s	o	r	b	,	f	o	r	m	in	g	p	r	im	it	iv	e	c	o	m	p	a	r	t	m	e	n	t	s	,	lig	a	m	e	n	t	s	,	a	n	d	m	e	n	is	c	i.	Phys	Ther	76:836-849,	1996.	T	e	n	s	io	n	in	a	n	te	r	io	r	c	r	u	c	ia	te	lig	a	m	e	n	t	3	.	Flexing	thè	knee	to	about	20	or	30	degrees,
however,	reduces	this	mobility.	The	mandibular	condyle	fits	within	thè	mandibular	fossa	of	thè	temporal	bone.	scapular	piane,	113,	115f,	116,	117f	interaction	with	scapulothoractc	upward	rotators,	116-117,	117f,	1	18f,	119t,	125f	scapulohumeral	rhythm	in,	116,	117f	of	hip,	405f,	406,	407	1,	408f,	408-409	of	metacarpophalangeal	joints,	209,	2	lOf	of
sublalar	joint,	490,	490f,	491	1	of	talocrural	joint,	4	9	11	of	ihumb,	197,	201f,	203-204,	204f,	205f,	206t	of	transverse	tarsal	joint,	493,	495f	Abductor	digiti	minimi	of	foot	anatomy	and	function	of,	518-519,	519f	attachments	and	innervation	of.	The	key	to	most	treatment	for	chronic	forw	aró	head	p	osture	is	to	restore	optim	al	craniocervical	posture,
accomplished	through	improved	postural	awareness,	ergonomie	workplace	design,	and	therapeutic	exercise.	Paletta	GA,	Manning	T,	Snell	E,	et	al.	These	bony	structures	must	be	stabilized	by	other	muscles,	such	as	thè	lower	trapezius	j	and	subclavius	muscles	for	securing	thè	scapula	and	cìavick	respectively.	In	Morrey	BF	(ed):	The	Elbow	and	lts
Disorders,	3rd	ed.	body	weight	is	located	above	thè	knees,	each	compartment	theoretically	receives	joint	reaction	forces	equal	to	about	22%	of	body	weight.	Individuai	Bones	The	mandible,	maxillae,	temporal,	zygomatic,	sphenoid,	and	hyoid	bones	are	all	related	to	thè	structure	or	function	of	thè	TMJ.	Because	these	fibers	originate	I	and	insert	on	thè
same	bone,	they	do	not	provide	significant	articular	stability.	Resists	extremes	of	varus,	valgus,	and	axial	rotation	1.	primary	roots	for	each	nerve	shown	in	parentheses.	The	semimembranosus	attaches	distally	to	thè	posterior	side	of	thè	mediai	condyle	of	thè	tibia.	Ampie	movement	is	essential	to	optimal	spatial	orientation	of	thè	eyes,	ears,	arte	nose.
In	a	relaxed	standing	position,	thè	apex	of	thè	patella	lies	just	proximal	to	thè	knee	joint	line.	The	lateral	ligament	is	typically	described	as	a	combination	of	horizontal	and	oblique	fibers	(Fig.	457,	460,	460b,	461	f	forces	applied	lo,	in	gait,	561	1	kinemarics	of,	446-447,	448f	pain	in,	causes	of,	462b,	462f	tracking	of	in	knee	extension,	460-463,	463f
464f,	464t,	465b	Pectineal	line,	391f,	392,	394,	395f	Pectineus	anaiomy	and	action	of,	414,	418f	attachmenis	and	innervation	of,	572t	Pectoralis	major	action	of,	375l	auachments	of,	244t	in	internai	rotation	of	shoulder,	131-132,	132f	innervation	of,	244i,	375t	sternocostal	head	of,	in	shoulder	adduction	and	extension,	129-130,	130f	Pectoralis	minor
action	of,	375t	auachments	of,	244t	in	scapulothoracic	joint	depression,	121,	1211	122f	innervation	of,	244t,	375i	Pedicle	of	cervical	vertebrae,	264,	266f	sacrai,	269,	27tf	Index	Pelvic	ring,	303-304,	304f	stress	relief	at,	307	Pelvic	tilt	anterior	hip	flexor	funclion	in,	413-414,	4141	muscular	force	couple	in,	181	axis	of	rotation	for,	299	effect	of	on	lumbar
spine,	299-301,	3001,	4151	in	gait,	535-537,	5361	vvith	limited	hip	motion,	537,	5371,	538b	in	hip	rotation,	406,	407f,	408	lumbar	extensor	muscte	action	in,	320-321	posterior	hip	extensor	function	in,	419-420,	42	lf	hip	flexor	function	in,	414,	4151	Pelvic-on-femoral	hip	motion,	403	hip	flexor	function	in,	413-414,	4141	in	hip	abduction,	424	in	hip
extension,	419-421,	4211,	4221	in	hip	rotation.	Norwalk,	Appleton	Lange,	1991.	Terms	that	Describc	Movements	and	Deformities	of	thè	Ankle	and	Foot	Motion	Axis	of	Rotation	Piane	of	Motion	Medial-lateral	Sagittal	ì	Example	of	Fixed	Deformity	or	Abnormal	Posture	Piantar	flexion	Pes	equinus	Dorsiflexion	Pes	calcaneus	Inversion	Varus	Anterior-
posterior	Frontal	Eversion	Valgus	Abduction	Abductus	Vertical	Horizontal	Adduction	Adductus	Supination	Oblique	(varies	by	joint)	Pronation	Varyìng	ekmems	of	inversion.	For	simplicity,	the	calculations	assume	stane	equilibrium	and	that	all	force	vectors	are	aciine	in	vertica!	direct,ons.	Dorsiflexion	and	piantar	flexion	at	thè	talocrural	joint	need	to	be
visualized	when	thè	foot	is	unloaded	(i.e.,	off	thè	ground	and	free	to	rotate)	and	when	thè	foot	is	loaded	during	thè	stance	phase	of	gait.	Since	most	of	thè	surface	of	thè	ligaments	lies	between	thè	synovial	membrane	and	thè	capsule,	thè	cruciates	are	considered	“extrasynovial.”	The	ligaments	are	supplied	with	blood	from	small	vessels	in	thè	synovial
mem	brane	and	nearby	soft	tissue.	Terry	CC,	Haramon	D,	France	P,	et	al:	The	stabilizing	function	of	passive	shoulder	restrainis.	This	lifting	strategy	is	associateci	with	greater	flexion	of	thè	low	back,	especially	at	thè	initiation	of	thè	lift.	1	3	-3	7	A	),	or	hip	extension	can	occur	with	knee	flexion	(Fig.	Morrison	JB:	The	mechanics	of	thè	knee	joint	in
relation	to	normal	walking.	Note	that	thè	actions	of	most	muscles	fu	into	one	o(	four	quadrants.	external	forces,	69,	69f-70f.	Ergonomics	40:928-939	muscle	performance.	Alignment	may	improve	joint	stability.	Acta	Orthop	Scand	42:491-505,	1971,	H	Sanders	TG,	Morrison	WB,	Miller	MD.	A	horizontal	crosssectional	view	through	thè	neck	at	thè	level
of	thè	sixth	cervical	verte	bra.	B,	Mechanics	associated	with	a	chronic	forward	head	posture	as	discussed	in	Special	Focus	107.	19’20’28’33-60-75’7R	No	tech	nique	is	considered	thè	safest	for	all	persons	across	thè	wide	spectrum	of	lifting	situations.	Spine	1:178-185,	1976	Andersson	GB),	Ortengren	R,	Nachemson	A.	The	stoop	lift	is	performed
primarily	by	extending	thè	hips	and	lumbar	region,	while	thè	knees	remain	348	Section	III	Axial	Skeleton	LIFT	consequence,	dimìnish	thè	extensor	torque	demands	on	thè	muscles	of	thè	back.	1	3	-2	2	D	).	Wingstrand	H,	Wmgstrand	A,	Krantz	P:	Intracapsular	and	atmosphenc	pressure	in	thè	dynamics	and	stability	of	thè	hip.	Metatarsals	The	five
metatarsal	bones	link	thè	distai	row	of	tarsal	bones	with	thè	proximal	phalanges	(see	Fig.	A	A	bands,	of	myoftlaments,	45,	46f	Abdominal	muscles	anatomy	and	action	of,	315t,	323-327,	324f326f,	325t,	327b	as	extrinsic	trunk	stabilizers,	330f,	330-331,	331b	attachmetits	and	innervations	of,	382t	in	forced	expiration,	376f,	376-377,	377t	in	posterior
pelvic	tilt,	414,	42	lf	in	straight-leg	raise,	415f	lacerai,	attachments	and	individuai	actions	of,	325t	paralysis	of	in	spinai	cord	mjury,	374b	physiologic	and	ktnesiologic	funclions	of,	323t,	377b	rectus	sheaths	and	linea	alba	of,	323,	325,	325f	strengthening	exercises	for,	331f,	331-333,	332f.	Furthermore,	thè	greater	knee	flexion	(B)	decreases	thè	angle
between	QT	and	PL	and,	consequently,	produces	a	greater	joint	fo	r	c	e	between	thè	patella	and	femur.	Heller	L,	Langman	J:	The	menisco-femoral	ligaments	of	thè	human	knee.	The	mediai	surface	of	thè	navicular	has	a	prominent	(uberosity,	easily	palpable	about	1	inch	(2.5	cm)	inferior	and	distai	(anterior)	to	thè	tip	of	thè	mediai	malleolus.	Clin
Biomech	9	:5	-1	4	,	1994.	124	R	e	s	u	lt	s	w	e	r	e	1.39:1	a	t	60	d	e	g	r	e	e	s	/	s	e	c	,	1.27:1	a	t	180	d	e	g	r	e	e	s	/	s	e	c	,	a	n	d	1.19:1	a	t	3	0	0	d	e	g	r	e	e	s	/	s	e	c	.	Patella:	Augmentation	of	Knee	Extension	Leverage.	The	muscular	interaction	associated	with	thè	stabilization	of	thè	craniocervical	region	likely	involves	thè	more	precise	control	afforded	by
relatively	short,	segmented	muscles	such	as	thè	multifidi,	rotatores,	and	interspinalis	muscles.	126.	This	concave	notch	articulates	firmly	with	thè	reciprocally	shaped	trochlea	of	thè	humerus,	forming	thè	humeroulnar	joint.	(From	I.uttgens	K,	Hamilton	N:	Kinesiology:	Scientific	Basis	of	llum	an	Moilon,	9ih	ed.	Freeman	BL.	6	-2	7	A	).	Note	that	thè
thumb	stays	with	thè	radius	during	pronation.	Properly	designed	work	environment	can	reduce	thè	need	for	twisting	while	lift	ing.	This,	in	tum,	stretches	thè	activated	rectus	femoris.	The	large	vastus	group	produces	about	80%	of	thè	total	extension	torque	at	thè	knee,	and	thè	rectus	femoris	produces	about	20%	(Fig.	abnormalities	of,	516-518,	518l
gait	deviations	with,	562t	at	hip/pelvis/trunk,	567t	at	knee,	565t	bones	of,	478t,	478-479,	479b,	479f,	484f	function	of,	477-478	in	gait	forces	applied	to,	561t	in	stance	phase,	507t	joint	torques	and	powere	of,	558,	5591560f	motion	of	in	frontal	piane,	540-541	in	horizontal	piane,	543	in	sagittal	piane,	535-539,	536f,	537f,	538b	muscles	of,	549f,	550-551
injury	of,	extreme	doreiflexion	or	piantar	flex	ion	and,	472b-473b,	489b	ligaments	of,	483-486,	486t	stretch	of,	486,	486t	muscles	of.	Functionally,	thè	patella	displaces	thè	tendon	of	thè	quadriceps	anteriorly,	thereby	increasing	thè	internai	mo	ment	arm	of	thè	knee	extensor	mechanism.	Minimize	thè	vertical	and	horizontal	distance	that	a	load	must	be
lifted.	Am	J	Sports	Med	6:	501-510,	1986.	Positive	velocities	denoie	concentric	(muscle	shortening)	activity	and	negative	velocities	denote	eccentric	(muscle	lengthening)	activity.	J	Bone	Joint	Surg	50B:161-165,	1968.	Andersson	E,	Oddsson	L,	Gnindstrom	H,	et	al:	The	role	of	thè	psoas	and	iitacus	muscles	for	stability	and	movemeni	of	thè	lumbar	spine,
pelvis	and	hip.	A	FIGURE	13-16.	Body	weight	now	produced	a	relatively	small	hyperextension	torque	at	thè	knee,	held	in	check	by	thè	anteriorly	tilted	tibia	and	by	thè	rigidity	provided	by	thè	fused	ankle	joint.	Other	functions	include	stabilizing	thè	joint	during	motion,	lubricatìng	thè	articular	cartilage,	reducing	thè	fricuon,	and	guiding	thè	knees
arthrokinematics.	Andersson	EA,	Nilsson	J,	Ma	Z,	et	al:	Abdominal	and	hip	flexor	muscle	32.	Yack	HJ,	Riley	LM,	Whieldon	IR:	Anterior	tibial	translation	dunng	progressive	loading	of	thè	ACL-deficient	knee	during	weight-bearing	and	nonweight-bearing	isometric	exercise.	(A	to	modified	with	permission	from	~root	J:	Correlative	Neuroanat21	st	ed.
Interestingly,	thè	total	contact	area	within	thè	talo	crural	joint	is	about	350	mm2,	which	is	relatively	small	compared	with	1,120	mm2	and	1,100	mm2	for	thè	knee	and	hip,	respectively.4	FIGURE	14-10.	See	also	Glenohumeral	joint	centralization	and	stabilization	of	by	rotator	cuff	muscles,	115f,	116b	impingement	of,	113,	114b,	114f	in	chronic
impingement	syndrome	at	shoulder,	1	14b,	114f	in	kinematics	of	glenohumeral	joint,	112f115f,	112-116	mid-to-distal,	osteologie	features	of,	133-135	134b,	134f,	135f	neck	of,	97f,	9	7	-9	8	proximal	to	mtd,	osteologie	features	of,	9	7	f99f,	9	7	-9	8	,	98b	Hyoid	bone,	355	Hyperextension,	craniocervical	chronic	forward	head	posture	with,	341b	341f	injury
with	(whiplash),	277,	281,	337b,	337f	osteophyte	lormation	and,	283f,	283b	Hypothenar	eminence,	muscles	of,	225f	2	25226	I	1	bands,	of	myofilaments,	45,	46f	Iliac	cresi,	390-391,	391f	elcvatìon	of	in	gait,	540,	540f	Iliac	fossa,	391,	39	lf	Iliac	spine,	390f-392f,	390-391	Iliac	tuberosity,	391,	391f	Iliacus	anatomy	and	action	of,	412,	413f	attachments	and
innervation	of,	572t	in	gait,	548,	549f	in	iliac	fossa,	391,	391f	in	trunk	movement,	327,	328b	Uiocostalis	anatomy	and	actions	of,	318t,	319f,	3	19-32!	as	secondary	axial	rotators,	327b	in	trunk	movement,	329t	Uiocostalis	cervicis	action	of,	375t	attachments	of,	38	lt	innervation	of,	375t,	381t	Uiocostalis	lumborum,	attachments	and	mnervation	of,	381	1
Uiocostalis	thoracis	action	of,	375t	attachments	of,	381	1	innervation	of,	375t,	3	8	11	Iliopsoas	anatomy	and	action	of,	412,	413f	attachmenis	and	innervation	of,	572t	in	gait,	548,	549f	in	trunk	movement,	327-328,	328b,	328f	Iliotibial	tract,	anatomy	and	action	of,	413,	413f	Ilium,	osteologie	features	of,	390b,	390f-391f	390-391	Imaging	techniques,	for
collection	of	kinematir	data,	83,	83f	Immobilization,	effeets	on	connective	tissue	3	7	38	Impulse,	60	Impulse-momentum	relationship,	60,	60b,	61b	61f	Infrahyoid	attachments	and	innervation	of,	384t	in	mastication,	365,	365f	lnfraspinatus,	109-110,	llOf	attachments	and	innervation	of,	244t	in	elevation	of	arm,	127f-128f,	127-128	129b	in	external
rotation	of	shoulder,	132	Index	(Continued)	lnfraspinaius	in	shoulder	adduction	and	exiension,	1	2	9	130,	130f	in	stabilization	of	humeral	head,	115f,	116b	Innominate	bone,	390b,	390f-392f,	390-393,	392b,	393b	extemal	surface	of,	390	Inspiration	elevation	of	ribs	dunng,	371,	37	If	muscles	of,	action	and	innervation	of,	372t,	375t	of	lungs,	3681,	369
Instruments,	used	in	gait	analysis,	526,	526f	Interbody	joint	compression	force	on,	in	thoracic	kyphosis,	292b	lumbar,	shear	forces	on,	293,	293f	of	intervertebral	junction,	269,	272f	structure	and	function	of,	273-274,	274(	Intercarpal	joint	as	piane	joint,	28,	29f	of	wrist,	173f,	175f,	176	intercarpal	ligament,	dorsal,	of	wrist,	179	lnterchondral	joint,	370,
370f	lntercoccygeal	joint,	269	Intercondylar	eminence,	of	tibia,	436-437	Intercondylar	notch,	of	distai	femur,	435,	436f,	437f	intercostal	membrane,	posterior,	373	Intercostal	nerve,	axial	skeletal	tissues	innervatcd	by,	313,	313f	Intercostales	action	and	innervation	of,	372t,	384t	anatomy	of,	369f,	373	function	of,	373-374	in	forced	expiration,	373,	376f,
377f,	377	1	paralysis	of	in	cervical	spinai	cord	injury,	374b	Intercostales	extemi,	369f,	373	attachments	and	innervation	of,	372t,	384t	Intercostales	interni,	369f,	373	attachments	and	innervation	of,	372t,	384t	Intercostales	intimi,	373	attachments	and	innervation	of,	372t,	384t	Intercuneiform	joint,	493f,	502b,	502-503,	503f	Intermetatarsal	joint,	504
Intermuscular	septa,	413	Interossei	dorsal	of	foot	anatomy	and	function	of,	519f,	520	attachments	and	innervation	of,	574i-575i	of	hand,	227-228,	228f	attachmenis	and	innervation	of,	246t	in	finger	flexion,	233,	233f	in	key	pinch	action,	229,	229f	in	opening	hand,	230-232,	232f	palmar,	attachments	and	innervation	of,	247t	piantar	anatomy	and
function	of,	519f,	520	attachments	and	innervation	of,	575t	tension	fraction	of,	226t	vs.	Bartelink	DL:	The	role	of	abdominal	pressure	in	relieving	thè	pressure	Chapter	10	breathing	technique	on	trunk	and	pelvic	coordination	during	a	liftino	lask.	The	disc	adds	stability	to	thè	joint	and	helps	guide	thè	condyle	of	thè	mandible	dur	ing	movement.	The	s	a
r	t	o	r	i	u	s	and	g	r	a	c	i	li	s	have	their	proximal	attachments	on	different	parts	of	thè	pelvis	(see	Chapter	12).	B,	Three	pins	are	used	to	stabilize	a	fratture	through	thè	femoral	neck.	(The	term	reaction	implies	that	thè	L2	vertebra	must	“push”	back	against	thè	other	downward	acting	forces.)	A	rough	estimate	of	this	force	can	be	made	by	assuming
static	equilibrium	(E	forces	=	0).	McGill	SM,	Norman	RW:	Dynamically	and	staticalìy	determined	low	1984.	The	arcuate	popliteal	ligament	originates	from	thè	fibular	head,	then	divides	into	two	limbs.	Although	it	has	no	direct	function	at	thè	knee,	thè	slender	bone	splints	thè	lateral	side	of	thè	tibia	and	helps	maintain	its	alignment.	Posterior-lateral
capsule	resists	varus	1.	Structural	Organization	of	thè	Bones	and	Join	ts	of	thè	Foot	and	Ankle	Ankle	Foot	Rearfoot	Basic	Terms	and	Concepts	NAMING	THE	JOINTS	AND	REGIONS	The	term	ankle	refers	primarily	to	thè	talocrural	joint,	but	also	includes	two	related	articulations:	thè	proximal	and	dis	tai	tibiofìbular	joints.	A,	Anterior	view.	S	u	r	g	ic	a	l
In	te	rv	e	n	tio	n	F	o	llo	w	in	g	F	ra	c	tu	re	o	r	O	s	te	o	a	rth	ritis	Surgery	is	often	indicated	to	repair	a	fractured	hip.	1	5	-1	5	D	).	J	Bone	Joint	Surg	67A:39-47,	1985.	33.	482,	482f,	483t	of	glenohumeral	joint,	112f—113f,	112-113,	116t	of	hip,	407f,	408f,	408-409	of	metacarpophalangeal	joints,	209	of	shoulder,	muscles	active	in,	129—130,	130f,	131	b	of
subtalar	joint,	490,	490f,	4	9	lt	of	talocrural	joint,	49	lt	of	thumb,	107,	2	0	lf,	203-204,	204f,	205f,	206t	of	transverse	tarsal	joint,	493,	495f	Adductor	brevts	anatomy	and	action	of,	414-415,	418f	attachments	and	innervation	of,	571	1	Adductor	hallucis	anatomy	and	action	of,	519,	519f	attachments	and	innervation	of,	574t	Adductor	longus	anatomy	and



action	of,	414—415,	418f,	419f,	420f	attachments	and	innervation	of,	571	1	in	gait,	549f,	550	Adductor	magnus	anatomy	and	action	of,	413f,	414-415,	421	f	attachments	and	innervation	of,	571t	in	gait,	549f,	550,	561t	Adductor	pollicis	heads	of,	226,	227f	in	key	pinch	action,	229,	229f	tension	fraction	of,	226,	226t	Aging,	effeets	of	on	joints,	37	Alar
ligaments,	279,	280f,	442b	in	axial	rotation,	282	Amphiarthrosis,	definition	and	function	of,	2	5	26	Anatomie	position,	5,	6f	Anatomy,	definition	of,	3	Anconeus,	161,	163f	attachments	and	innervation	of,	244t	structural	and	biomechanical	variables	of,	163t	Angle	of	inclination,	of	femur,	394,	396f	Angle-of-insertion,	15	Angle	of	Wiberg,	397	Angular
power,	in	work-energy	relaiionship,	6162,	62b	Angular	velocity,	57	-5	8	,	60f	Ankle.	Shelbume	KB,	Pandy	MG:	A	musculoskeletal	model	of	thè	knee	for	evaluating	ligament	forces	during	isometric	contractions.	Through	isometric	activation,	thè	quadriceps	stabilizes	and	helps	to	protect	thè	knee;	through	eccentric	act:	vation,	thè	quadriceps	Controls
thè	rate	of	descent	of	thè	body’s	center	of	mass,	such	as	in	sitting	or	stooping.	In	extreme	coxa	valga,	thè	femoral	head	is	positioned	more	lateral	to	thè	acetabulum,	possibly	favoring	dislocation.	Chapter	10	TABLE	Axial	Skeleton:	Muscle	and	Joint	Interactions	349	1	0	-	1	5	.	Thoracic	spine.	An	important	action	of	thè	flexor-rotator	muscles	is	to
accelerate	or	decelerate	thè	tibia	during	walking	or	running.	1	2	-5	4	B	).	As	previously	demonstrated,	lifting	an	external	load	weighing	25%	of	one’s	body	weight	produces	a	compression	force	on	L2	of	four	times	body	weight!	Chapter	10	Axial	Skeleton:	Muscle	and	Joint	lnteractions	345	Load	distance	FIGURE	10-39.	(From	Luttgens	K,	Hamilton	N:
Kinesiology:	Scientific	Basis	of	Human	Motion,	9th	ed.	6	-1	5	A	and	B).	Wilke	H-J,	Wolf	S,	Claes	LE,	et	al:	Stability	increase	of	thè	lumbar	spine	with	different	muscle	groups.	The	humeroradial	joint	does,	however,	provide	an	important	bony	resistance	against	a	valgus	force.31	tissues	at	thè	proximal	and	distai	radioulnar	joints	also	transfer	a	portion	of
thè	compression	force	from	thè	radius	to	thè	ulna.	Janousek	AT,	Jones	DG,	Clatworthy	M,	et	al:	Posterior	cruciate	ltgament	injuries	of	thè	knee	joint.	This	action	is	often	used	to	raise	thè	body’s	center	of	mass,	such	as	running	uphill,	jumping,	or	standing	from	a	seated	position.	Am	J	Sports	Med	16:113-122,	1988.	Biomech	25:17-28,	1992.	This	function
is	shared,	however,	by	thè	posterior	capsule,	oblique	popliteal	liga	ment,	knee	flexor	muscles,	and	anterior	cruciate	ligament.	Trochlear	groove	Lateral	III	Capitulum	■	ment	of	thè	mediai	collateral	ligament	of	thè	elbow	as	well	as	thè	forearm	pronator	and	wrist	flexor	muscles.	Those	persons	with	a	history	of	or	propensity	for	lowback	injury	should
heed	thè	following	three	common	sense	considerations:	(1)	know	your	physical	limits,	(2)	think	thè	lift	through	before	thè	event,	and	(3)	within	practical	and	health	limits,	stay	in	optim	al	physical	and	cardiovascular	condition.	Firm	stabilization	is	needed	ai	thè	proximal	tibiofi	bular	joint	so	that	forces	within	thè	biceps	femoris	and	lateral	collateral
ligament	of	thè	knee	can	be	transferred	effectively	from	thè	fibula	to	thè	tibia.	function	of,	25	htnge,	28,	28f,	137	instabilily	of,	with	chronic	trauma,	38,	39f	ovoid,	classification	of,	30,	30f	pivot,	28,	28f	piane,	28,	29f,	273	position	of,	close-packed	and	loose-packed,	11	saddle,	28,	30f	classification	of,	30,	30f	complex,	198,	200,	203f	of	carpometacarpal
joint	of	thumb,	202,	204f	structure	and	function	of,	25	-3	9	surfaces	of,	8,	8f	synovial	classification	of	based	on	mechanical	analogy,	27t,	2	7	28,	281-30f,	30	of	ovoid	and	saddle	joints,	30,	30f	definition	and	function	of,	26f,	2	6	-	27	elements	associated	with,	26f,	2	6	-2	7	trauma	effeets	on,	38,	39f	uncovertebral,	264,	264f,	266f	in	disc	disease,	265b,	265f
Joint	capsule.	B,	This	plot	shows	thè	relationships	between	thè	internai	moment	arm	o	f	thè	hamstrings	(left	y	axis,	in	red)	and	hamstring	length	(righi	y	axis,	in	blaek)	between	near	0	degrees	and	9	0	degrees	of	knee	flexion.	A	large	intercondylar	notch	separates	thè	lateral	and	mediai	condyles,	forming	a	passageway	for	thè	cruciate	liga	ments	(Fig.
Figure	6	-	3	2	B	depicts	an	interesting	muscle	“force-couple”	used	to	pronate	thè	forearm	from	thè	weight-bearing	posiuon.	SET	1:	MUSCLES	0F	THE	ANTERIOR-LATERAL	CRANIOCERVICAL	REGION	The	muscles	of	thè	anterior-lateral	craniocervical	region	are	listed	in	Table	1	0	-	1	1	.	Halpem	AA,	Bleck	EE;	Sit-up	exercises:	An	electromyographic
study.	The	entire	proximal	surface	of	thè	cuboid	articulates	with	thè	calcaneus.	Resistive	exercises	are	often	performed	by	athletes	involved	in	contact	sports	as	a	means	to	hypertrophy	this	musculature.	2801-2821	range	of	motion	ai,	278i	coccygeal	region	of,	263t,	269,	2711	connective	tissues	limiiing	molion	of,	276t,	276-277	curvalures	of,	normal,
256-257,	258f,	276,	276f	tntervertebral	junction	and,	269,	271,	272f,	272t	ligamentous	supporl	of,	258-259,	2601-261	f,	260l-261t	line	ol	gravity	and,	257,	259f-260f	lumbar	region	of,	263t,	267-269,	268f-269f.	Flexing	thè	hip	to	elongate	thè	hamstrings	promotes	even	greater	knee	flexion	torque.6	Length-tension	relationship	appears	to	be	a	very
influential	factor	in	determining	thè	flexion	torque	potential	of	thè	hamstrings.	The	action	of	kicking	thè	ball	involves	a	rapid	and	full	contraction	of	thè	rectus	femoris	to	simultaneously	flex	thè	hip	and	exlend	thè	knee.	Vigorous	contraction	of	thè	back	extensor	muscles,	with	thè	lumbar	spine	maximally	jlexed,	may	produce	damaging	forces	on	thè
intervertebral	discs.	When	thè	knee	is	fully	extended,	thè	anterior	edge	of	thè	tibia	is	aligned	with	these	grooves.	Thd	anterior	capsule	may	be	involved	with	thè	valgus	injury	:	thè	joint	is	also	lorced	into	hyperexlension.	Phys	Ther	66:1083-1086,	1986.	The	femur	is	held	from	sliding	off	thè	anterior	edge	of	thè	tibia	by	forces	in	thè	PCL,	joint	capsule,
and	muscle.	The	length	and	orientation	of	thè	twisting	ACL	change	as	thè	knee	joint	rotates.	This	ring	is	formed	by	thè	radiai	notch	of	thè	ulna	and	thè	annular	ligament	(Fig.	A	lateral	view	depicts	thè	arthroktnematics	at	thè	talocrural	joint	during	passive	dorsiflexion	(A)	and	piantar	flexion	(B).	Philadelphia,	WB	Saunders,	1995.	J	Bone	Joint	Surg
53A:557-562,	1971	4.	119.	Actions	and	Innervation	of	Muscles	That	Cross	thè	Knee*	Muscle	Action	Innervation	Piexus	Sartorius	Hip	flexion,	extemal	rotation,	and	abduction	Femoral	nerve	Lumbar	Obturator	nerve	Lumbar	Knee	flexion	and	internai	rotation	Gracilis	Hip	flexion	and	adduction	Knee	flexion	and	internai	rotation	Quadriceps	femoris
Rectus	femoris	Vastus	group	Knee	extension	and	hip	flexion	Knee	extension	Femoral	nerve	Lumbar	Popliteus	Knee	flexion	and	internai	rotation	Tibial	nerve	Sacrai	Semimembranosus	Hip	extension	Sciatic	nerve	(tibial	portion)	Sacrai	Sciatic	nerve	(tibial	portion)	Sacrai	Knee	flexion	and	internai	rotation	Semitendinosus	Hip	extension	Knee	flexion	and
internai	rotation	Biceps	femoris	(short	head)	Knee	flexion	and	external	rotation	Sciatic	nerve	(common	per	oneal	portion)	Sacrai	Biceps	femoris	(long	head)	Hip	extension	Sciatic	nerve	(tibial	portion)	Sacrai	Tibial	nerve	Sacrai	Tibial	nerve	Sacrai	Gastrocnemius	Knee	flexion	and	external	rotation	Knee	flexion	Ankle	piantar	flexion	Plantaris	Knee	flexion
Ankle	piantar	flexion	*	The	actions	involving	thè	knee	are	shown	in	bold.	The	generai	pian	of	thè	metatarsus	and	nretacarpus,	as	well	as	thè	more	distai	phalanges,	is	nearly	identical.	The	fibular	head	can	be	palpated	just	lateral	to	thè	lateral	condyle	of	thè	tibia.	J	Rheumatol	13:150-157,	1986.	40.	The	fundamental	terminology	describes	movement	of
thè	foot	or	ankle	that	occurs	at	right	angles	to	thè	three	standard	axes	of	rotation	(Fig.	Maximal	Torque	Production	at	thè	Knee:	Effects	of	Type	and	Speed	of	Muscle	Activation	Clinically,	internai	torque	at	thè	knee	is	typically	measured	using	isokinetic.	1541	deep	and	superlicial	branches	of,	152,	1541	of	hand,	213	of	wrist,	muscles	innervated	by,	186
Radiai	notch,	of	ulna,	135,	1361	Radiculopathy,	2381,	283b	Radtocarpal	joint,	173f,	176-177,	1771	as	ellipsoid	joint,	28,	29f	in	ulnar	translocation	of	carpus,	185,	1861	movements	of	flexion	and	extension,	1811-1821,	181-182	ulttar	and	radiai	deviation,	182-184,	1831—	184f,	184b	Radiography,	for	measurements	of	vertebral	column	motion,	277b
Radioulnar	joint	distai,	133-134,	134f,	1451,	145-146,	146,	1481	pronation	and	supination	at,	1491-15H,	149-151,	152t	sensory	tnnert'ation	of,	157	stabilizers	of,	146,	147b	periarticular	connective	tissue	of,	146,	1461,	1481	proximal,	133-134,	1341,	1451,	145-146,	146,	1461	as	pivot	joint,	28,	281	dislocation	of,	147,	1471	pronation	and	supination	at,
1491-15U,	149-151,	152t	“pulled	elbow”	syndrome	of,	147,	1471	sensory	innervation	of,	156-157	structure	of,	146,	1461	Radtus	distai	articular	surface	of,	172-173	osteology	of,	172-173,	1731,	1741	head	of,	1361,	137	osteology	of,	1361,	136-137,	137b,	137f	palmar	tilt	of,	173,	1741	styloid	process	of,	172	ulnar	tilt	of,	1741	Rays	of	feet,	4801-48	If,	482
of	hand,	195,	195b,	1991	Rearfoot.	140	Section	II	Upper	Extremity	M	ediai	aspect	FIGURE	6-12.	Supination	o	f	thè	forean	n	is	driven	by	thè	bicep-	Chapter	6	Elbow	and	Forearm	Complcx	153	A	MUSCULOCUTANEOUS	NERVE	(	C	^	Brachial	Plexus	Lateral	cord	Posterior	cord	Mediai	cord	Deltoid	Lateral	brachial	cutaneous	nerve	FIGURE	6-33.	In	full
extension	thè	patella	rests	completely	above	thè	intercondylar	groove,	against	thè	suprapatellar	fat	pad.	The	course	of	this	ligament	is	more	vertical	and	slightly	less	oblique	than	that	of	thè	ACL.	Hoher	J,	Vogrin	TM,	Woo	SLY,	et	al:	In	situ	forces	in	thè	human	posterior	crociate	ligament	in	response	to	muscle	loads:	A	cadaveric	study.	1	3	-	2	to	1	3	-4	).
The	talus	is	thè	most	proximal	tarsal	bone.	66.	Philadelphia,	WB	Saunders,	2000.	The	vastus	medialis	consists	of	fìbers	that	form	two	distinct	fiber	directions.	1	3	-2	8	A	)	and	internai	moment	ann	length	of	thè	quadriceps	(see	Fig.	Like	thè	ACL,	some	fibers	within	thè	PCL	remain	taut	throughout	thè	entire	range	of	motion.	Viewed	as	though	lookìng
down	at	thè	right	forearm,	thè	two	insets	depict	thè	arthrokinematics	at	thè	proximal	and	distai	radioulnar	joints.	The	direction	(right	'	P	T	(HAF	X	D)'	The	data	shown	in	lhe	box	used	in	thè	torque	and	orce	equilibrami	equations	lo	solve	for	hip	abductor	force	and	joint	reaction	force	(JRF).	Other	structures	that	provide	joim	stability	are	the	pronator
quadratus,	joint	capsule,	tendon	of	the	exiensor	carpi	ulnaris,	and	interosseous	membrane.	D	:	NEGATIVE	1.	For	both	reasons,	knee	flexion	force	and	range	of	motion	are	usually	limited	by	thè	out-of-phase	movement.	L	a	te	r	a	l	view	Menisci	Anatomie	Considerations	The	mediai	and	lateral	menisci	are	crescent-shaped,	hbrocartilaginous	discs	located
within	thè	knee	joint	(Fig.	6	-2	5	A	).	Cincinnati	OH,	NIOSH,	1992.	J	Anat	126:145-155,	1978.	Acting	alone,	each	structure	exerts	a	mediai	or	lateral	pulì	on	thè	patella	as	it	slides	in	thè	groove	(Fig.	11	Builer	DL,	Noyes	FR,	Grood	ES:	Ligamentous	restraints	to	anteriorposterior	drawer	in	thè	human	knee.	1	2	-2	7	B	).	The	more	distai	oblique	fìbers	(thè
vastus	medialis	“obliquus”)	approach	thè	patella	at	50	to	55	degrees,	mediai	to	thè	quadriceps	tendon;	thè	remaining	more	longitudinal	fìbers	(thè	vastus	medialis	“longus”)	ap	proach	thè	patella	at	15	to	18	degrees,	mediai	to	thè	quadri	ceps	tendon	(see	Fig.	B,	The	joint	is	passively	flexed	through	full	flexion.	also	Rearfoot.	The	more	pronounced
lateral	facet	extends	more	proximally	and	projects	farther	anteriorly	than	thè	mediai	facet.	Lateral	epicondyle	Mediai	epicondyle	Sulcus	for	ulnar	nerve	Olecranon	fossa	Posterior	FIGURE	6-4.	Markolf	KL,	Graff-Radford	A,	Amsiuiz	HC:	In	vivo	knee	stability.	A,	In	knee	flexion,	thè	me	diai	collateral	ligament,	oblique	poplit	eal	ligament,	and	posterior
capsule	are	relatively	slackened.	85.	Hsiang	SM,	McGorry	RW:	Three	different	lifting	strategies	for	control8.	The	main	body	of	the	disi	fans	out	horizontally	imo	a	triangular	shape,	with	its	apec	attaching	medially	imo	the	depression	on	the	ulna	head	anc	adjacent	styloid	process.	Medially	and	laterally	thè	capsule	is	hrm,	providing	stability	to	thè	joint
during	lateral	movements	such	as	those	produced	during	chewing.	Large	valgus	force	with	foot	planted	3.	This	topic	is	developed	further	in	Chapter	14.	Max-	j|	TABLE	1	4	-	3	.	Midway	between	thè	mediai	and	lateral	lips	is	thè	trochlear	groove	which,	when	looking	from	posterior	to	ante	rior,	spirals	slightly	toward	thè	mediai	direction	(Fig.
Quantitative	studies	of	thè	load	on	thè	back	in	different	working	postures.	Muscle(s),	hip,	abductor	adduction	of,	405f,	406,	407f,	408,	408f	in	gait,	549f,	550	arthrokinematics	of,	408f,	408-409	in	gait,	536f,	537f,	537-538	in	frontal	piane,	539f,	540,	540b,	540f	arthrology	of,	396-409	acetabular	alignment	and,	397-398,	399f,	400f,	40	lb	capsule	and
ligamenis	of,	399-402,	40	lf,	402f,	402t	femoral	head	and,	396-397,	399f	artificial,	minimization	of	hip	abductor	forces	on,	75,	75f	axis	ol	rotation	at,	longitudinal	(vertical),	404	extended	through	knee,	438,	439f	close-packed	position	of,	402,	403f	definition	of,	389	developmental	dysplasia	of,	acetabular	malalignment	and,	40lb	extension	of,	405f,	406,
407f,	408,	408f	with	knee	extension,	466,	468f,	468-469	469t	with	knee	(lexion,	469f,	469-470	flexion	of,	404,	405f,	406,	407f,	408,	408f	with	knee	extension,	469f.	The	knee	functions	as	thè	middle	link	of	thè	lower	limb.	5.	See	Sitting	posture,	vertebra!	coiumn	curvature	and,	256,	2591—	260f	Power,	in	work-energy	relationship,	61	-6	2	,	62b	Power
gnp,	234-235,	2351-2361	Power	(key)	pinch,	234-235,	23.5f-236f	591	Preciston	grip,	234—235,	235f-236f	Precision	pinch,	234-235,	235f-236f	Prestyloid	recess,	175f,	178	Process	coracoid,	97,	971	coronoid,	135,	1361',	137f,	353,	353f	mamillary,	of	lumbar	vertebrae,	268,	269f	mastoid,	253,	2531,	352,	3531	odontoid,	of	axis,	264,	267f	olecranon,	135,
136f,	I37f	sacrai	articular,	269,	2	7	lf	spinous,	269,	272f	stylotd	ofradius,	136f,	137,	137f	of	temporal	bone.	deAndrade	JR,	Grani	C,	Dixon	ASJ:	Joint	distension	and	reflex	muscle	mhibttion	in	thè	knee.	101.	The	tema	modified	funge	joint	is	actually	more	appropriate	since	thè	ulna	experiences	a	slight	amount	of	axial	rotation	(i.e.,	rotation	about	its	own
longitudinal	axis)	and	side-to-side	motion	as	it	flexes	and	extends.29	Bioengineers	must	account	for	these	relatively	small	“extra-sagittal”	accessory	motions	in	thè	design	of	el	bow	joint	prostheses.	M	u	s	c	u	la	r	Im	b	a	la	n	c	e	A	s	s	o	c	ia	te	d	341	with	Chronic	Forward	Head	Posture	The	ideal	posture	shown	in	Figure	10—35/4	depicts	an	optim	ally
balanced	craniocervical	guy	w	ire	System.	Without	bracing	of	thè	knee,	thè	hyperextension	deformity	produced	a	vicious	circle,	allowing	continuous	stretching	of	thè	posterior	structures	of	thè	knee	and	continuous	progression	of	thè	deformity.	Knee	flexion	elongates	thè	quadriceps	muscle	and	most	of	thè	fibers	within	thè	posterior	cruciate	ligament
(PCL).	Elbow	and	t'orearm	Complex	139	FIGURE	6-11.	47.	With	thè	foot	firmly	in	contaci	with	thè	ground,	these	soft	tissues	are	often	subjected	to	large	Chapter	13	Knee	435	FIGURE	13-1.	A	clinical	sign	often	associated	with	forward	head	posturing	is	a	realignment	of	sternocleidomastoid	muscle	within	thè	sagittal	piane.	The	ante	rior	region	of	thè
disc	attaches	to	several	tissues	(see	thè	box).	4041,	406f,	406-408,	4071	hip	extemal	rotators	in,	426,	4271	in	frontal	piane,	on	support	hip,	4071,	408	in	sagittal	piane,	pelvic	tilt	in,	406,	4071,	408	Pelvis,	390,	3901—3921	impairment	of,	abnormal	gali	pattern	al	hip/	pelvis/trunk	with,	566t,	567f,	5681	motion	of,	in	gait,	535-537,	5361,	538b	in	frontal
piane,	5391,	539—540	in	horizoncal	piane,	542,	542f,	544b	Perimysium,	in	muscle,	42,	431	Peroneal	nerve,	common,	506,	5081	dcep	and	superfìcial	branches	of,	506-507,	508f	injury	to,	516-517,	518t	Peroneus	brevis	anatomy	and	function	of,	510-512,	51	11	attachments	and	innervation	of,	573t	in	gait,	5491,	551	maximal	torque	potential	of	al	ankle,
514,	516l	Peroneus	longus	action	of,	on	tiptoes,	512,	5121	anatomy	and	funclion	of,	510-512,	5111,	5121	attachments	and	innervation	of,	573t	in	gait,	549f,	551	maximal	torque	potential	of	at	ankle,	514,	516t	paralysis	of,	511-512	Peroneus	tertius	anatomy	and	function	of,	508,	510,	5101	attachments	and	innervation	of,	573t	innervation	of,	507,	5081
Pes	anserinus,	439,	440t,	4411	functional	anatomy	of,	463-464	Pes	calcaneus,	518,	518t	gait	deviations	with,	562t	Pes	cavus,	497-498,	4981	gait	deviations	with,	562t	Pes	equinovarus	gait	deviations	with,	562t	mjury	lo	common	peroneal	nerve	and,	517,	518t	Pes	equinus	gait	deviations	wilh,	539,	562t	injury	to	common	peroneal	nerve	and,	516—	517,
518l	Pes	planus,	497,	4971	decreased	windlass	effect	in,	506,	5061	flexible,	497	gait	deviations	with,	562t	rigid,	497,	4971	Pes	varus,	peroneal	nerve	injury	and,	518,	518t	Phalanges.	In	both	A	and	B,	thè	meniscus	is	pulled	toward	thè	contracting	quadriceps.	limits	on,	448,	450l	screw-home	rotation	of,	445-446,	446f,	447f	sensory	innervation	of,	454
stability	of,	434-435	synovial	membrane	of,	439,	442t	tibial-on-femoral	movements	in.	The	anatomie	path	of	these	nerves	is	described	as	a	foundation	for	this	chapter	and	thè	following	tvvo	chapters	on	thè	wrist	and	thè	hand.	Phys	Ther	52:34-42,	1972,	73.	The	maximal	knee	torque	Knee	Zi	Oo	1-	iK	n	e	e	flexors	200175150125-	co	100-	E	X	cc	2	75
5025o	-l	Vasti	Rectus	femoris	Hamstrings	Gastrocnemius	Other	456	Section	IV	Lower	Extremity	FIGURE	13-25.	From	this	at-	TABLE	1	0	-	1	1	.	12-52).	An	estimated	30%	of	thè	workforce	in	thè	United	States	regularly	handles	materials	in	a	potentially	harmful	manner,	including	lifting.63	This	topic	of	thè	biomechanics	of	lifting	describes	(1)	why	thè
low-back	region	is	vulnerable	to	lifting-related	in	jury	and	(2)	how	thè	forces	in	thè	low-back	region	can	be	minimized	in	order	to	reduce	thè	chance	of	injury.	Chapter	13	VI	FIGURE	13-23.	and	torque-joint	angle	curve,	4	8	-4	9	,	49f,	49t	maximal	torque-angle	curve	of,	4	7	-5	0	,	48f.	The	piantar	surface	of	thè	first	metatarsal	head	has	two	small	facets
for	articulation	with	two	sesamoid	bones	that	are	imbedded	within	thè	tendon	of	thè	flexor	hallucis	brevis.	Mediai	view	of	thè	right	knee	shows	many	muscles	and	connective	tissues.	The	vastus	medialis	is	divided	into	its	two	predominant	fìber	groups:	thè	obliquus	and	thè	longus.	T	h	is	m	e	t	h	o	d	o	f	e	x	e	r	c	i	s	e	m	a	y	r	e	p	a	ir	r	e	h	a	b	ilit	a	t	io	n	p	r
o	g	r	a	m	.	When	these	forces	balance	each	other,	they	cooperate	to	track	thè	patella	through	thè	groove	with	as	little	stress	to	thè	articular	surfaces	as	possible.44	If	thè	forces	do	not	balance	one	another,	thè	patella	may	not	track	optimally	and	may	even	dislocate.	1	3	-	9	)	.	TARSAL	BONES	The	seven	tarsal	bones	are	shown	in	four	different
perspectives	in	Figures	1	4	-	4	through	1	4	-	7	.	This	arched	shape	enhances	thè	load-supporting	ability	of	thè	metatarsals	(see	Fig.	Moment	arm	in	lifting	heavy	loads,	320,	344f-345f	3	4	4	345	internai	and	extemal,	16,	16f	of	muscle,	and	torque-joint	angle	curve	4	8	49,	49f,	49t	Moment	of	force,	59	Momentum,	60	Motion.	6	-	1	9	)	.	The	proximal	and
distai	attachments	of	thè	capsule	to	bone	are	indicated	by	thè	dotted	lines	in	Figures	1	3	-	2	and	1	3	-3	.	Note	thè	thumb	and	great	toe	are	both	on	thè	mediai	side	of	thè	respective	extremity.	Resists	full	knee	extension	2.	Convex	ulnar	head	rolls	and	slides	in	opposite	direetions	on	thè	con	cave	ulnar	notch	of	thè	radius.	Movement(s).	The	oblique
manner	in	which	thè	ACL	courses	through	thè	knee	allows	at	least	a	pari	o	f	this	structure	io	resist	thè	extremes	of	all	movements.	21,	22,	221,	6	9	-7	0	,	71f,	72b,	72f	ball-and-socket,	28,	29f,	396	classification	of,	2	5	-3	0	by	mechanical	analogy,	27l,	27	-2	8	,	28f30f,	30	by	structure	and	movement	potential,	2	5	27,	26f,	26i	condyloid,	28,	30f	connective
tissues	in,	Connective	tissuc(s).	1	3	-	7	).	1	1	-1	).	A	posterior	view	of	thè	left	splenius	cervicis,	right	splenius	capitis,	and	right	levator	scapula.	'05	C	o	n	t	r	a	c	t	io	n	o	f	t	h	è	h	a	m	s	tr	in	g	m	u	s	c	le	s	,	in	c	o	n	t	r	a	s	t	,	Knee	453	ture	of	thè	PCL	(see	box).60	Falling	over	a	hyperflexed	knee	is	thè	most	common	mechanism	of	injury.	This	operation
involves	cutting	a	wedge	of	o	f	bone	from	thè	proxim	al	fem	ur,	thereby	changing	thè	healing.	Variation	in	normal	frontal	piane	alignment	ai	thè	knee	is	not	uncommon.	By	way	of	eccentric	activation,	thè	pes	anserinus	muscles	help	deceler	ate	thè	internai	rotation	of	thè	femur	and	pelvis	over	thè	tibia.	13.	Lifting	with	minimal-to-moderaie	flexion	or
extension	in	thè	lumbar	spine	may	be	acceptable	for	some	persons,	depending	on	thè	health	and	experience	of	thè	lifter	and	thè	situation.	J	Anat	143:189194,	1985.	Chapter	6	L	ateral	view	F.lbow	and	Forearm	Complex	137	The	distai	end	of	thè	radius	articulates	with	carpai	bones	to	form	thè	radiocarpal	joint	at	thè	wrist	(see	Fig.	Clin	Sports	Med	16
87-122	1997.	D	is	thè	internai	moment	arm	used	by	hip	abductor	force;	1	is	thè	bending	moment	arm	across	thè	femoral	neck.	Although	these	reconstructions	are	reasonably	successful	at	restoring	basic	stability,	thè	naturai	kinematics	at	thè	repaired	knee	are	never	completely	normal.	1	3	22A).'W	Along	with	thè	posterior	capsule,	collateral
ligaments,	and	hamstring	muscles,	thè	ACL	produces	useful	tension	that	helps	stabilize	thè	extended	or	near-extended	knee.	Reilly	DT,	Martens	M:	Experimental	analysis	of	thè	quadriceps	muscle	force	and	patellofemoral	joint	reaction	force	for	various	activities.	In	generai,	each	phalanx	has	a	concave	base	at	its	proximal	end,	a	shaft,	and	a	convex
head	at	its	distai	end.	The	resultant,	or	combined	effect,	of	these	forces	is	directed	toward	thè	intercondylar	groove	of	thè	femur	as	a	joint	force	QF).	The	quadriceps	ten	don	continues	distally	as	thè	patellar	ligament,	joining	thè	apex	of	thè	patella	to	thè	tibial	tuberosity.	Tendon	of	thè	superior	head	of	thè	lateral	pterygoid	muscle.	Distally,	thè	three
hamstrings	cross	thè	knee	joint	and	attach	to	thè	tibia	and	fibula	(see	Figs.	Step	1	—	Establish	Sagittal	Piane	Equilibrium	Internai	Torque	=	External	Torque	(BW	x	D2	+	EL	x	D3)	Internai	Torque	=	(520	N	x	.13	m)	+	(200	N	x	,29m)	Internai	Torque	=	125.6	Nm	Step	2	—	Estimate	thè	Extensor	Muscle	Force	(MF)	Internai	Torque	(MF	x	D,)	=	External
Torque	(BW	x	D2	+	EL	x	D3)	MF	=	(520	N	x	.13	m)	+	(200	N	x	.29	m)	.05	m	MF	=	2512	N	(-565.1	Ibs)	FIGURE	10-38.	Vigorous	contraction	of	thè	abdominal	muscles	naturally	occurs	as	a	person	lifts.	The	dashed	lines	show	thè	capsular	attachments	around	thè	elbow	joint.	These	morphologic	characteristics	reflect	thè	larger	forces	that	pass	through
thè	mediai	side	of	thè	forefoot	during	thè	push-off	phase	of	gait.	3	9	2	393	Pulled	elbow	syndrome,	147,	147f	Pulmonary	dtsease,	chronic	obstructive,	373,	375-376	Push-off,	531,	531	f,	531t	Push-up	maneuver,	serratus	anterior	action	in,	123b	Q	Q	angle,	461-462,	4641,	501	Quadrate	tubercle,	394,	3951	Quadratus	lemoris	attachments	ol,	572t
mnervatìon	ol,	4101,	411,	572t	Quadratus	lumborum	action	ol,	375l	as	extrinsic	trunk	stabilizer,	3301,	330-331,	331b	attachments	of,	383t	in	trunk	movement,	328,	328b,	3281,	329t	innervation	of,	375t,	383l	Quadratus	plantae	anatomy	and	function	of,	519,	5191	attachments	and	innervation	of,	574t	Quadriceps	action	and	innervation	of,	453-454,
454t	anatomy	of.	The	humeroulnar	and	humeroradial	joints	form	thè	elbow.	Pandy	MG,	Shelbume	KB:	Dependence	of	cruciate	ligament	loading	on	muscle	forces	and	extemal	load.	The	0-degree	(neutrali	posi	ti	on	at	thè	talocrural	joint	is	defìned	by	thè	foot	held	at	90	degrees	to	thè	leg.	A	flexion	contracture	that	exceeds	30	degrees,	however,	results
in	a	much	greater	loss	of	forward	reach.	In	ihis	example,	ihe	valgus	deformity	is	thè	result	of	abnormal	alignment	at	both	proximal	and	distai	ends	of	thè	lower	limb	(red).	J	Biomech	23:157-169,	1990.	Acta	Orthop	Scand	61:231-235,	1990.	Inman	VT,	Ralston	HJ,	Todd	F:	Human	Walking.	A	varus	osteotomy	is	performed	to	improve	thè	stability	of	thè
joint	by	aligning	thè	femoral	head	more	directly	into	thè	acetabulum.	Mayer	F,	Horstmann	T,	Rocker	K,	et	al:	Normal	values	of	isokinetic	maxi	mum	strength,	thè	strength/velocity	curve,	and	thè	angle	at	peak	torque	d	all	degrees	of	freedom	in	thè	shoulder.	More	moderate	levels	of	active	and	pas	sive	torces	are	cooperatively	shared	between	muscles,
thereby	optimizing	thè	metabolic	effìciency	of	thè	movement.	This	requires	knowledge	of	thè	nor	ma/	and	abn	orm	al	frontal	p	ia	n	e	m	echan	ics	o	f	th	è	hip,	th	è	pathology	specific	to	thè	patient’s	condition,	and	thè	symptoms	that	suggest	thè	hip	is	being	subjected	to	potentially	damaging	forces.	In	this	way,	thè	patella	augments	thè	torque	potential
of	thè	quadriceps.	Additionally,	an	operation	known	as	a	coxa	vara	(or	valga)	osteotomy	intentionally	alters	a	preexisting	angle	of	inclination.	Flaving	thè	contaci	area	within	thè	joint	greatest	at	thè	positions	that	receive	thè	largest	compression	forces	protects	thè	joint	against	degeneration.	1	3	-	1	3	).	The	action	of	thè	semitendinosus	muscle	favors
relatively	high	force	output	per	level	of	neural	drive	or	effort.	1979.	Research	mdicates,	however,	that	several	common	activities	of	daily	livtng	use	only	a	limited	are	of	motion,	usually	between	30	and	130	degrees	of	flexion**	Unlike	lower	extremity	joints,	such	as	in	thè	knee,	thè	loss	of	thè	extremes	o	f	motion	at	thè	elbow	usually	results	in	only
mimmal	functional	impairment.	This	plantigrade	position	of	thè	foot	is	used	for	walking	and	standing.	Posterior	view	of	thè	right	ankle	region	shows	thè	major	ligaments	of	thè	distai	tibiofibular,	talocrural,	and	subtalar	joints.	Periphery	of	thè	superior	neck	of	thè	mandible	along	with	thè	anterior	capsule	of	thè	TMJ.	Med	Sci	Sports	Exerc	26:10-21,
1994.	cal	bimanual	material	handling.	forces,	from	both	muscles	and	extemal	sources.	ation	of	lifting	maximum	acceptable	loads.	9.	The	coronoid	process	is	a	triangular	projection	of	thin	bone	that	extends	upward	from	the	anterior	border	of	the	ramus.	•	Tibiotalar	fibers	attach	to	thè	mediai	tubercle	and	adjacent	side	of	thè	talus.	1	3	-	2	3	)	.74	These
two	sets	of	fìbers	are	a	subset	of	one	anatomically	distinct	muscle:	thè	vastus	me	dialis.35	The	two	sets	of	fìbers,	however,	have	different	linesof-force	on	thè	patella.	The	condyle	of	thè	mandible	extends	upward	from	thè	posterior	border	of	thè	ramus.	On	either	side	of	thè	trochlea	are	its	mediai	and	lateral	lips.	J	Biomech	2	7	1	0	7	7	Spine	16:783-792,
1991,	1085,	1994.	Standing	with	a	val	gus	deformity	of	approximately	10	degrees	greater	than	normal	directs	most	of	thè	joint	force	to	thè	lateral	compart	ment.62	Knee	replacement	surgery	may	be	indicateci	to	correct	a	valgus	deformity,	especially	if	it	is	painful	or	causes	loss	of	function	or	lessens	quality	of	life.	Pronation	and	supination	are	often
called	"triplanar”	motions.	The	lateral	malleolus	functions	as	a	pulley	for	thè	tendons	of	thè	peroneus	longus	and	brevis.	J	Biomech	14:803-812,	1981.	Acting	as	an	inflated	“intra-abdomi	between	thè	patient's	center	of	mass	(located	anterior	to	S2)	nal	balloon,”	Bartelink	proposed	that	activating	this	rnechaand	thè	lifter	can	dramatically	compromise
thè	safety	of	thè	nism	while	lifting	may	partially	reduce	thè	demands	on	thè	lifter.	The	short	head	of	thè	biceps	has	its	proximal	attachment	on	thè	lateral	lip	of	thè	linea	aspera	of	thè	femur.	The	anterior	and	posterior	(distai)	tibiofibular	ligaments	also	reinforce	thè	distai	tibiofibular	joint	(Figs.	The	bases	of	thè	metatarsals	have	small	articular	Jacets
that	mark	thè	site	of	articulation	with	thè	bases	of	thè	adjacent	metatarsals.	A,	During	terminal	tibial-on-femoral	extension,	three	factors	contribuie	to	thè	locking	mechanism	of	thè	knee.	Note	that	thè	eurved	mediai	femoral	condyle	helps	to	direct	thè	tibia	to	its	externally	rotated	and	locked	position.	A	rounded	v	e	r	tic	a	l	rid	g	e	runs	longitudinally
from	top	to	bottom	across	thè	posterior	surface	of	thè	patella.	An	im	pact	that	creates	a	large	angular	velocity	of	thè	head	generates	a	proportionally	large	angular	momentum	throughout	thè	entire	craniocervical	region.	T	h	e	la	r	g	e	r	t	h	è	f	o	r	c	e	in	t	h	è	t	r	o	v	e	r	s	y	a	s	s	o	c	ia	t	e	d	w	it	h	t	h	is	lit	e	r	a	t	u	r	e	a	b	o	u	t	t	h	è	A	C	L	is	c	l	i	n	i	c	i	a	n	s	r	o
u	t	in	e	ly	a	d	v	o	c	a	t	e	e	x	e	r	c	i	s	e	s	t	h	a	t	c	o	n	c	e	n	t	r	a	t	e	b	e	y	o	n	d	t	h	è	s	c	o	p	e	o	f	t	h	is	te	x	t.	6	-	2	3	)	.	Factors	guiding	“screw-homc”	rotatimi	1.	Mechanism	of	Injury	to	thè	Anterior	Cruciate	Ligament	The	ACL	is	thè	most	frequently	injured	ligament	of	thè	knee,	occurring	often	during	sports	activities	such	as	foot	ball,	downhill	skiing,
basketball,	and	soccer.	B,	Moving	into	full	pronation	with	thè	radius	Crossing	over	thè	ulna.	also	Torque.	The	so-called	flexorrotator	group	of	thè	knee	includes	thè	hamstrings,	sartorius,	gracilis,	and	popliteus.	Arthritis	Care	Res	2:146-155,	1989.	1	3	-1	9	D	,	£	).82	At	its	maximum,	this	contact	area	is	only	about	30%	of	thè	total	surface	area	of	thè
patella.	Am	J	Sports	Med	24	740-746,	1996.	The	larger.	The	talus	is	an	extremely	important	bone,	having	an	essential	role	in	both	thè	locai	kinesiology	of	thè	ankle	and	foot	and	thè	kinesiology	of	thè	entire	lower	extremity.	Phys	Ther	67:1329-1334,	1987.	A	posterior	view	of	thè	suboccipital	muscles.	In	thè	adult,	thè	long	axis	of	Anterior	view
Interosseous	ligament	DISTAL	TIBIA	The	distai	end	of	thè	tibia	expands	in	size	to	accommodate	loads	transferred	across	thè	ankle.	Examples	of	Bursae	at	Various	Intertissue	Junctions	T	A	B	L	E	JlL	S	P	E	C	I	A	L	F	O	C	U	S	1	3	-	Intertissue	Ju	n	ctio	n	Exam	ples	Development	and	Function	of	Plicae	Ligament	and	tendon	Bursa	between	thè	lateral
collateral	ligament	and	tendon	of	thè	biceps	femoris	D	u	r	in	g	e	m	b	r	y	o	n	ic	d	e	v	e	lo	p	m	e	n	t	,	t	h	è	k	n	e	e	e	x	p	e	r	ie	n	c	e	s	Bursa	between	thè	mediai	collateral	ligament	and	tendons	of	thè	pes	anserinus	(i.e.,	gracilis,	semitendinosus,	and	sartorius)	Muscle	and	capsule	Bone	and	skin	Unnamed	bursa	between	thè	me	diai	head	of	thè
gastrocnemius	and	thè	mediai	side	of	thè	cap	sule	S	u	b	cu	ta	n	eo	u	s	p	r	e	p	a	t	e	lla	r	b	u	rs	a	be-	tween	thè	inferior	border	of	thè	patella	and	thè	skin	Tendon	and	bone	S	e	m	im	e	m	b	r	a	n	o	su	s	b	u	r	s	a	between	thè	tendon	of	thè	semimembra	nosus	and	mediai	condyle	of	thè	tibia	Bone	and	muscle	S	u	p	r	a	p	a	t	e	lla	r	b	u	rs	a	between	thè	fe	mur
and	thè	quadriceps	femoris	(largest	of	thè	knee)	Bone	and	ligament	D	eep	in	fr	a	p	a	t	e	lla	r	b	u	r	s	a	between	thè	tibia	and	patellar	liga	ment	border	attaching	only	to	thè	lateral	capsule	(Fig.	T	h	e	m	e	d	ia	i	p	lic	a	is	m	o	s	t	c	o	m	m	o	n	ly	in	v	o	lv	e	d	w	it	h	a	p	a	in	f	u	l	p	lic	a	s	y	n	d	r	o	m	e	.	110.	13-17A	).	T	h	e	m	e	c	h	a	n	is	m	o	f	in	j	u	r	y	o	fte	n	in	v	o
lv	e	s	a	n	e	x	t	e	r	n	a	l	f	o	r	c	e	a	p	p	lie	d	t	o	t	h	è	la	t	e	r	a	l	a	s	p	e	c	t	of	thè	knee.	Motion	at	thè	knee	occurs	in	two	planes,	allowing	flexion	and	exten	sion	in	thè	sagittal	piane,	and	internai	and	external	rotation	in	thè	horizontal	piane.	29.	37	Goodfellow	J,	Hungerford	DS,	Zindel	M:	Patello-femoral	joint	mechanics	and	pathology.	Step	3	estimates	thè
total	compression	reaction	force	im	posed	on	thè	L2	vertebra	while	lifting.	6	-	3	2	B,	bottom	inset).	Aetions	of	Muscles	Located	Exclusively	within	thè	Craniocervical	Region	Muscle	Flexion	Extension	Lateral	Flexion	Axial	R	otation*	Stemocleidomastoid	XXX	X*	XXX	XXX	(CL)	Scalenus	anterior	XX	—	XXX	X	(CL)	Scalenus	medius	X	—	XXX	—	Scalenus
posterior	—	—	XX	—	Longus	colli	XX	—	XX	—	Longus	capitis	XX	—	XX	—	Rectus	capitis	anterior	XX	(AOJ	only)	—	X	(AOJ	only)	—	Rectus	capitis	lateralis	—	—	XX	(AOJ	only)	—	Splenius	capitis	—	XXX	XX	XXX	(IL)	Splenius	cervicis	—	XXX	XX	XXX	(IL)	Rectus	capitis	posterior	major	—	XXX	(AOJ	and	AAJ)	XX	(AOJ	only)	XX	(IL)	(AAJ	only)	Rectus	capitis
posterior	minor	—	XX	(AOJ	only)	X	(AOJ	only)	—	Obliquus	capitis	inferior	—	XX	(AAJ	only)	—	XXX	(IL)	(AAJ	only)	Obliquus	capitis	superior	—	XXX	(AOJ	only)	XXX	(AOJ	only)	—	*	Upper	parts	of	stemocleidomastoid	extend	thè	upper	cervical	region,	atlanto-axial	joint,	and	atlanto-occipital	joint.	J	Spinai	Dis	5:43644	r,	1999.	Lunnen	JD,	Yack	J,	LeVeau	BF:
Relationship	between	muscle	length,	muscle	activity,	and	torque	of	thè	hamstring	muscles.	FIGURE	6	-	2	2	.	S	w	e	llin	g	o	r	e	f	f	u	s	io	n	o	f	t	h	è	k	n	e	e	i	n	c	r	e	a	s	e	s	t	h	è	lik	e	lih	o	o	d	o	f	a	n	e	x	t	e	n	s	o	r	la	g	.	Hyperextension	directs	thè	line-of-gravity	from	body	weight	slightly	anterior	lo	thè	medial-lateral	axis	of	rotation	at	thè	knee.	As
demonstrated	in	Figure	1	0	-	3	8	,	a	load	should	be	3.	1	3	-	1	6	)	.111	The	path	of	thè	axis	is	influenced	by	thè	eccentric	curvature	of	thè	femoral	condyles.3030110	The	migrating	axis	of	rotation	has	biomechanical	and	clinical	implications.	Phys	Ther	69:897-901,	1989,	54.	An	anterior	view	of	thè	right	elbow	showing	thè	capsule	and	collaieral	ligaments.
Fig	ure	1	3	-	2	5	shows	an	analogy	between	a	mechanical	crane	and	thè	human	knee.	IN	N	E	R	V	A	T	IO	N	TO	M	U	S	C	L	E	The	elbow	flexors	have	three	different	sources	of	peripheral	nerve	supply:	thè	musculocutaneous	nerve	to	thè	biceps	brechii	and	brachialis,	thè	radiai	nerve	to	thè	brachioradiaiisl	and	lateral	part	ol	thè	brachialis,	and	thè	median
nerve	tol	thè	pronator	teres,	which	is	a	secondary	flexor.	Both	stemal	and	clavicular	heads	of	thè	muscle	are	visible.	Weiss	EL,	Lehmkuhl	LD:	Brunnstrom's	Clinical	Kinesiology,	5th	ed.	9	-	7	6	)	.	Clin	Anat	10:151-162,	1997.	The	biceps	femoris	externally	rotates	thè	knee.	The	musculocutaneous	nerve,	formed	from	thè	C5-7	nerve	roots,	innervates	thè
biceps	brachii,	coracobrachialis,	and	brachialis	muscles	(Fig.	Within	thè	foot	are	three	regions,	each	consisting	of	a	set	of	bones	and	one	or	more	joints.	Frankel	VH,	Burstein	AH,	Brooks	DB:	Biomechanics	of	internai	derangement	of	thè	knee.	involved	with	grasp	can	assist	with	holding	thè	radius	and	load	against	thè	humeroradial	joint.	Using	a
mechanical	hoist	(Hoyer	lift)	or	a	“two-man”	transfer	may	be	prudent	in	many	settings.	J	Bone	Joint	Surg	62A	259-270	1980.	Orthopedics	21:791-795,	1998.	Clin	Biomech	15	777-780	27.	70.	Clin	Biomech	14685-696,	1999.	See	Apophyseal	joint(s);	Interbody	joint.	13	A	m	a	jo	r	f	a	c	t	o	r	a	c	c	o	u	n	t	in	g	f	o	r	t	h	is	d	if	f	e	r	e	n	c	e	is	t	h	è	r	e	la	t	iv	e	ly	la
r	g	e	t	o	r	q	u	e	p	r	o	d	u	c	e	d	b	y	t	h	è	v	a	s	t	u	s	m	u	s	c	le	s	(	s	e	e	F	ig	.	articular	structure	of,	440,	442,	443f,	444f	as	condyloid	joint,	28,	30f	extension	of,	445-446,	446f,	447f	flexion	of,	446	forces	applied	to,	in	gait,	56	It	internai	and	extental	rotation	of,	446	osteokinematics	at,	442-444,	444f,	445f	Tibiofibular	joint	distai,	483-484,	484f	proximal,	437,
438,	441,	483	relation	to	talocrural	joint,	489	Tidal	volume,	368,	368f	Toeing	in,	gait	deviations	with,	563t	Toeing	out,	539	gait	deviations	with,	563t	Toe-off,	531	f—532f,	531t,	531-532	Toc-out,	527	Torque.	The	popliteus	is	thè	only	muscle	ol	thè	knee	that	attaches	within	thè	capsule.	37.	The	angle	may	be	changed	as	a	result	of	a	surgical	repair	o	f	a
fractured	hip	o	r	an	angle	o	f	inclination	designed	into	a	prosthesis.	A,	The	radius	is	held	against	the	radiai	notch	of	the	ulna	b>	thè	annular	ligament.	Spine	9	:1	6	4	-1	7	0	,	1984.	This	dislocation	is	frequenti)’	caused	from	a	fall	onto	m	outstretched	arm	and	hand	and,	thus,	may	be	associated	with	a	fracture	of	thè	proximal	radius	and	humeral
capitulum.	The	kinematics	ai	thè	patellofemoral	joint	during	active	tibial-on-femoral	extension.	Interestingly,	a	narrower	than	average	notch	may	increase	thè	likelihood	of	injury	to	thè	anterior	cruciate	ligament.106	Articular	cartilage	covers	much	of	thè	surface	of	thè	femoral	condyle.	Production	of	thè	movements	of	thè	head	and	neck	that	optimize
Vision	and	hearing	Posterior	view	Obliquus	capitis	superior	Obliquus	capitis	inferior	FIGURE	10-32.	45.	This	observation,	in	conjunction	with	a	positive	posterior	drawer	sign,	suggests	a	ruptured	PCL.	Resists	knee	extension	3.	A,	When	standing	barefoot,	thè	subject’s	body	weight	acts	with	an	abnormally	large	external	moment	arm	(EMA)	at	thè	knee.
Important	functions	of	thè	cer	vical	fascia	are	to	protect	muscle,	to	provide	structural	support	and	protection	to	thè	cervical	viscera	and	important	neurovascular	structures,	and	to	help	transfer	forces	between	muscles.	The	anterior	set	of	sensory	nerves	to	thè	knee	consists	primarily	of	sensory	branches	from	thè	femoral	nerve.	Topographic
similarities	between	thè	pronated	forc	ami	and	thè	foot.	The	pes	anseri	nus	tendons	are	cut	to	expose	thè	me	diai	patellar	retinaculum.	SAGITTAL	PLANE	Genu	Recurvatum	Full	extension	with	slight	external	rotation	is	thè	knee’s	close-packed,	stable	position.	Laubenthal	KN,	Smidt	GL,	Kettelkamp	DB:	A	quantitative	analysis	of	knee	tnotion	during
activities	of	daily	living.	J	Bone	Joint	Surg	47A:313-322,	1965	20.	'	Schipplein	OD,	Trafimow	JH,	Andersson	GBJ,	et	al:	Relaiionship	between	moments	at	thè	L5/S1	level,	hip	and	knee	joint	when	lifting,	J	Biomech	23:907-912,	1990.	J	Bone	Joint	Surg	75A:732-739,	1993.	Ideally,	thè	co-contraction	of	flexor	and	extensor	muscles	counterbalance	each	other
and,	as	,	consequence,	vertically	stabilize	thè	region.	The	previous	discussion	focuses	on	methods	that	reduce	the	iorce	demands	on	the	hip	abductor	muscles	as	a	means	to	reduce	the	force	on	a	painful	or	an	unstable	hip.	ify	thè	role	of	thè	extensor	muscles.	The	situation	described	in	Figure	1	3	-3	7	A	applies	to	thè	movement	described	in	Figure	1	3
-3	7	B	.	innervation	of,	152-156,	155f-156f,	213,	246t-247t	opcning	of,	muscles	and	joints	used	in,	2	30232,	231	f—232f	palm	of	arches	of,	200f	creases	of,	196,	1971	position	of	extrinsic-plus,	230,	230f	for	funccion,	213,	213f	intrinsic-minus,	231-232,	232f	intrinsic-plus,	230,	230f	Haversian	System	,	36,	37f	Head.	Each	tooth	has	two	basic	parts:	crown
and	root	(Fig.	Pauwels	F:	Biomechanics	of	thè	Normal	and	Diseased	Hip.	469-470	with	knee	(lexion,	469t	fratture	of,	428,	428t	internai	fixauon	for,	431,	431	f	also	See	also	See	also	(Continued)	Hip	functional	anatomy	of,	389,	396-402	impatrment	of	gait	deviations	with	ai	ankle-fooi,	563t	gait	deviations	with	ai	hip/pelvis/trunk,	566t,	567f,	568f	gait
deviations	with	at	knee,	565t	in	gait	adduction	of,	549f,	550	arthrokinetics	of,	536f,	537f,	537-538	forces	applied	to,	561	1	in	frontal	piane,	539f,	540,	540b,	540f	in	horizontal	piane,	543,	543f	in	sagittal	piane,	536f,	537f,	537-538	joint	torques	and	powers	in,	555f-556f,	556-557	linutation	of	movement	in,	537,	5371',	538b	muscle	action	in,	548,	549f,
550	in	trunk	extension,	lumbopelvic	rhythms	in	298-299,	299f	in	trunk	flexion,	lumbopelvic	rhythms	in,	297-298,	298f	intracapsular	pressure	in,	403b,	40.3f	muscles	of.	The	cruciate	ligaments	are	intracapsular	structures	that	are	covered	by	an	extensive	synovial	lining.	Proximal	attachments	of	muscles	are	shown	in	red,	dista	attachments	in	gray.	See
Articular	capsule.	Hodges	PW,	Richardson	CA:	Inefficient	muscular	stabilization	of	thè	7.	Clin	Orthop	309:193-200,	1994	C	6	h	a	p	t	e	r	Elbow	and	Forearm	Complex	D	onald	A.	Samples	of	these	tissues	are	listed	in	Table	6	-	2.	The	motor	nerve	roots	that	supply	all	thè	muscles	of	thè	lower	extremity	are	listed	in	Appendix	IVA.	In	thè	crane,	thè	moment
arm	is	thè	distance	between	thè	axis	and	thè	tip	of	thè	piece	of	metal	that	functions	like	a	patella.	Peak	torque	generateci	by	thè	knee	extensor	muscles	(top,	solid	line)	and	knee	flexor	muscles	(bottoni,	dashed	line).	Hstn	J,	Saluja	R,	Hilert	RE,	et	al:	Evaluation	of	thè	biomechanics	of	thè	hip	following	a	triple	osteotomy	of	thè	innominate	bone.
Therapeutic	aclivities,	I	such	as	splinting,	selective	strengthening,	range	of	motios	exercise,	and	patient	education,	can	be	initiated	almost	in.-	.	T	h	is	n	a	t	u	r	a	i	d	is	p	a	r	it	y	is	h	a	r	d	ly	e	v	id	e	n	t	in	p	e	r	s	o	n	s	w	it	h	n	o	r	-	Two	Inlerrelated	Factors	That	Incrcasc	thè	Compression	Force	in	thè	Patellofemoral	Joint	1.	Ishii	Y,	Terajima	K,	Terashima	S,
et	al:	Three-dimenslonal	kinematics	of	thè	human	knee	wtth	intracortical	pin	fixation.	Each	factor	comributes	bias	to	external	rotation	of	thè	tibia,	relative	to	thè	femur.	The	attachmemr:	of	thè	mylohyoid	and	gemohyoiTi	muscles	are	indicated	in	red:	thè	attachment	of	thè	anterior	beB	1	of	thè	digastric	and	mediai	pter-j	ygoid	muscles	are	indicated	c	j
gray.	6	-	2	7	B).	External	Torque	Demands	Against	thè	Quadriceps:	Contrasting	“Tibial-on-Fem	oral”	with	“Feinoral-on-Ttbial”	Methods	of	Knee	Extension.	The	mandible	is	in	a	posiuon	ot	maxima!	intercuspation,	with	thè	disc	in	iis	ideal	position	relative	to	thè	condyle	and	thè	temporal	bone.	The	radius	in	thè	forearm	and	thè	tibia	in	thè	leg	each
articulates	with	a	set	of	small	bones,	Superior	thè	carpus	and	tarsus,	respectiveiy.	1	4	-	4	,	first	metatarsal).	In	order	for	thè	thoracolumbar	fascia	to	generate	useful	tension,	it	must	be	stretched	and	rendered	taut.	J	Gerontol	Med	Sci	44:M107-M111,	1989.	At	thè	end	range	of	supination,	thè	palmar	capsular	ligament	is	stretched	to	its	maximal	length,
creating	a	stiffness	that	natu-ally	stabilizes	thè	jo	in	t	.42'50	Pronation	The	arthrokinematics	of	pronation	at	thè	proximal	and	distai	radioulnar	joints	occur	by	mechanisms	similar	io	those	defcribed	for	supination	(Fig.	See	Knee,	extension	of.	Much	of	thè	tissue	attaches	to	thè	lumbar	spine,	sacrum,	and	pelvis	in	a	position	well	posterior	to	thè	axis	of
rotation	at	thè	lumbar	region.	1	3	-7	).	On	full	opening	of	thè	mouth,	thè	condyles	of	thè	mandtble	slide	anteriorly	and	inferiorly	across	thè	pair	of	sloped	articular	eminences.	TABLE	1	3	-	5	.	Knee	flexor	torques	are	produced	isometrieally,	with	thè	hip	extended.	The	terms	anterior	and	posterior	have	their	conventional	meanings	when	referring	to	thè
tibia	and	fibula	(i.e.,	thè	leg).	femoral-on-tibial	motion,	7f	Tibiofemoral	joint,	440,	442.	The	cervical	attachments	of	all	three	scalene	muscles	split	into	several	individuai	fasciculi	(see	Fig.	The	ulno	carpai	complex	occupies	most	of	the	space	between	tht	distai	end	ol	the	ulna	and	the	ulnar	side	of	the	carpai	bones	Several	wrist	ligaments,	such	as	the
ulnar	collateral	ligament	are	included	with	this	complex	(see	Fig.	6000	dynamometer.	FIGURE	10-37.	imal	dorsiflexion	elongates	thè	posterìor	capsule	and	all	tissue	capable	of	transmitting	piantar	flexion	torque,	such	as	thè	Achilles	tendon.	Restrictions	in	Passive	Range	of	Pronation	and	Supination	Motions	Restrictions	in	passive	range	of	pronation
and	supination	motions	can	occur	from	tightness	in	muscle	and/or	con-	Anterior	Lateral	FIGURE	6-29.	The	larger	thè	internai	moment	arm,	thè	greater	thè	internai	torque	produced	per	level	of	force	generated	by	thè	quadriceps	of	thè	human	knee	(or	transferred	by	thè	cable	in	thè	crane).	1	3	-	2	7	A	to	C).	See	text	for	more	detail	on	thè	proxtmal-lo-
distal	order	of	muscle	innervai,on.	Figure	1	0	-	3	9	sh	ow	s	a	p	lo	t	o	f	p	red	icted	com	pression	In	1957,	B	artelink7	in	trodu	ced	thè	notion	that	thè	Valsalva	'orces	on	che	L5-S1	disc	as	a	function	o	f	dodi	io	a	d	size	an	d	maneuver	(named	after	thè	Italian	anatomist,	1	6	6	6	-1	7	2	3	),	distance	between	thè	load	and	thè	front	of	thè	chest.12	Altypically
used	while	lifting	loads,	may	help	unload	and	though	an	extreme	example,	thè	plot	predicts	that	holding	thereby	protect	thè	lumbar	spine.	Porterfield	JA,	DeRosa	C:	Mechanical	Neck	Pain:	Perspectives	in	Functional	Anatomy.	Cusps	are	conical	elevations	that	arise	on	thè	surface	of	a	tooth.	0STE0L0GY	Osteologie	Features	of	thè	Distai	Femur	•	Lateral
and	mediai	condyles	•	Lateral	and	mediai	epicondyles	•	Intercondylar	notch	•	Lateral	and	mediai	grooves	(etched	in	thè	cartilage	of	thè	femoral	condyles)	•	Intercondylar	or	trochlear	groove	•	Lateral	and	mediai	facets	for	thè	patella	Distai	Femur	At	thè	distai	end	of	thè	femur	are	thè	large	lateral	and	mediai	condyles	(from	thè	Greek	kondylos,
knuckle)	(Figs.	D,	is	equal	to	the	moment	arm	used	by	thè	contralateral-held	load	(CL).	A	pair	o	f	sesam	oid	b	o	n	es	is	located	w	ithin	thè	ten	d	o	n	s	o	f	this	m	uscle.	Contracting	unilaterally,	thè	scalene	muscles	laterally	flex	thè	cervical	spine.	Forearm	prona	tion,	in	contrast,	is	used	to	place	thè	palmar	surface	of	thè	148	Section	II	Upper	Extremily
Dorsal	capsular	ligament	Articular	capsule	(cut)	Ulnar	head	Attachment	of	articular	disc	Palmar	capsular	ligament	Ulnar	collateral	ligament	(cut)	Articular	disc	(proximal	surface)	Ulnar	collateral	ligament	(cut)	Palmar	capsular	ligament	Scaphoid	facet	Lunate	facet	Articular	disc	(distai	surface)	anftenorrv‘ew	of	lhf	n8hl	dislal	radioulnarjoint.	6	-	2	5	B).
Examples	of	Muscle	Synergies	at	thè	Hip	and	Knee	|	Monoarticular	Muscles	Action	Biarticular	Transducers	Action	Augmented	Active	hip	an	d	knee	exlension	Vasti	Gluteus	maximus	Knee	extension	Hip	extension	Two-joint	hamstrings	Rectus	femoris	Hip	extension	Knee	extension	Active	hip	an	d	knee	flex	io	n	lliopsoas	Biceps	femoris	(short	head),
popliteus	Hip	flex	io	n	Knee	flexion	Two-joint	hamstrings	Rectus	femoris	Knee	flex	io	n	Hip	flex	ion	After	Leiber	RL:	Skeletal	Muscle	Strutture	and	Function.	Mossberg	KA,	Smith	LK:	Axial	rotatimi	of	thè	knee	in	women.	Draw	a	line	on	thè	skin	between	thè	tibial	tuberosity	and	thè	apex	of	thè	patella.	A	superior	view	displays	a	cross-seciion	through	thè
righi	talocrural	joint.	Vasvada	AN,	Delp	SL,	Mahoney	WJ,	et	al:	Compensating	for	changes	in	muscle	length	in	total	hip	arthroplasty—	effects	on	thè	moment	generattng	capacity	of	thè	muscles.	Concertine	contraction	of	this	muscle,	in	contrast,	accelerates	thè	tibia	or	femur	into	knee	extension.	Knee	439	and	iliotibial	tract	(Fig.	It	supplies	sensation	to
thè	posterior	capsule	and	associated	ligaments,	and	most	of	thè	internai	structures	of	thè	knee	as	far	anterior	as	thè	infrapatellar	fat	pad.	Suppl	711:157-168,	1986.	(Modifìed	with	permission	from	Morrey	BF,	Askew	LJ,	An	KN	et	al	A	btomechanical	study	of	normal	functional	elbow	motion.	A	mediai	view	of	thè	bones	of	thè	tight	ankle	and	foot	Middle
phalanx	Proximal	phalanx	tuberoto'-’	Chapter	14	Ankle	and	Foot	481	Lateral	view	Facet	for	articulation	with	lateral	malleolus	Navicular	Cuneiforms	Subtalar	joint	(posterior	1st	metatarsal	FIGURE	14-7.	Data	are	from	6	4	untrained,	healthy	males.	T	h	e	e	x	p	r	e	s	s	io	n	o	f	t	h	is	c	o	u	p	lin	g	p	a	t	t	e	r	n	c	a	n	b	e	o	b	s	c	u	r	e	d	,	h	o	w	e	v	e	r	,	b	y	t	h	è	s	p
e	c	ia	liz	e	d	m	u	s	c	le	s	t	h	a	t	c	o	n	t	r	o	l	t	h	è	a	t	la	n	t	o	-	o	c	c	ip	it	a	l	a	n	d	a	t	la	n	t	o	-	a	x	ia	l	jo	in	ts	.	Macintosh	JE,	Bogduk	N:	The	attachments	of	thè	lumbar	erector	spinai	cles	to	generate	extensor	moments	during	lifting.	By	removing	a	section	of	thè	zygomatic	arch,	thè	lateral	surfaces	of	thè	greater	wing	and	lateral	pterygoid	piate	are	revealed
(Fig.	J	Biomechan	26:969-990,	1993.	69	T	h	is	m	u	s	c	u	la	r	-	b	a	s	e	d	"	f	le	x	io	n	b	ia	s	"	o	f	t	h	è	k	n	e	e	p	la	c	e	s	th	è	tib	ia	r	e	la	t	iv	e	ly	p	o	s	t	e	r	io	r	to	t	h	è	f	e	m	o	r	a	l	c	o	n	d	y	le	s	,	t	h	e	r	e	b	y	u	n	-	M	USCLE	AND	JOINT	INTERACTION	lo	a	d	in	g	m	o	s	t	f	ib	e	r	s	o	f	t	h	è	A	C	L	.	A	varus	osteotomy	was	performed	on	a	hip	with	avascular	necrosis
of	thè	femoral	head.	Fabry	G,	MacEwen	GD,	Shands	AR:	Torsion	of	thè	femur:	A	follow-up	study	in	normal	and	abnormal	conditions.	Tissues	pulled	taut	are	tndicated	by	thin	black	arrows.	342	Section	HI	Axial	Skeleton	Scalenus	anterior	Splenius	capitis	and	cervicis	Sternocleidomastoid	Longissimus	capitis	Jfansversospinal	muscles	(m	ultifidi)
Latissimus	dorsi	Obliquus	internus	abdominis	Obliquus	externus	abdominis	-	Erector	spinae	FIGURE	10-36.	The	slope	of	thè	articular	eminence	varies	considerably	among	persons	but	typically	is	oriented	about	70	degrees	from	thè	horizontal	piane.29	The	slope	I	affeets	thè	path	taken	by	thè	condyles	during	thè	openir:	and	closing	of	thè	mouth.	Like
thè	triceps	at	thè	elbow,	thè	knee’s	sole	extensor	group	is	innervated	by	just	one	peripheral	nerve.	Clin	Orthop	246:136-145,	1989	9.	Although	all	planes	of	motion	are	important	in	this	regard,	thè	following	section	highlights	movement	within	thè	horizontal	piane.	Inman	VT,	Saunders	JB:	Referred	pain	from	skeletal	structures.	This	holds	true	for	thè
apparent	advantage	of	thè	squat	lift	over	thè	stoop	lift.	In	Figure	1	3	-3	7	A	,	thè	biarticular	rectus	femoris	must	shorten	a	great	distance,	and	with	relatively	higher	velocity,	in	order	to	flex	thè	hip	and	extend	thè	knee.	The	tendon	of	thè	popliteus	muscle	provides	additional	stabilization	as	it	crosses	just	posterior	to	thè	joint.	Eccen	tric	activation
provides	shock	absorption	to	thè	knee.	This	situation	is	useful	for	persons	with	hip	abductor	weakness.	The	collagen	fibers	within	thè	AGL	twist	upon	one	another,	thereby	forming	spiraling	fascicles,	or	bundles.	B	The	histogram	shows	thè	range	of	motion	at	thè	elbow	typically	needed	to	perform	thè	following	activities	ol	daily	hving:	open.ng	a	àoor,
pouring	from	a	pitcher,	nsing	from	a	chair,	holding	a	newspaper,	cutting	with	a	knife,	bringing	a	fork	to	thè	rnouth,	bnngmg	a	glass	to	thè	mouth,	and	holding	a	telephone.	brevis,	221,	223,	223f	attachments	and	innervation	of,	246t	radiai	deviation	of	wrist	by,	191,	191	f	Extensor	pollicis	longus,	221,	223,	223f	attachmenis	and	innervation	of,	246t
radiai	deviation	of	wrist	by,	191,	191f	Extensor	retinaculum	of	ankle	and	foot,	508,	510f	of	wrist,	188,	188f	Eyes,	in	axial	rotation	in	craniocervical	region,	340	F	Facet(s)	articular	of	atlas,	264,	266f	of	lumbar	vertebrae,	268f,	268-269,	269f	clavicular	of	manubrium,	93,	94f	of	sternum,	254,	257f	costai,	256,	257f	of	manubrium,	93,	94f	of	ihoracic
vertebrae,	265,	267f	of	calcaneus,	480f-481f,	481	of	femoral	condyie.	The	head	o	f	thè	fibula	serves	as	an	attachment	for	thè	biceps	femoris	and	thè	lateral	collateral	ligament.	Inability	to	reduce	thè	distance	against	thè	pelvic	floor.	C,	Contraction	of	thè	hamstring	muscles	flexes	thè	knee	and	slides	thè	tibia	posterior	relative	to	thè	femur.	l	he	anterior
fibers	arise	from	thè	anterior	part	of	thè	mediai	epicondyle	and	msert	on	thè	mediai	part	of	thè	coronoid	process	of	thè	ulna.	107.	No	overwhelming	scientifìc	evidence,	however,	supports	this	strongly	held	clinical	belief.79	As	with	many	espoused	clinical	principles,	thè	advantage	of	one	particular	concept	or	technique	is	often	at	least	partially	offset	by
a	disadvantage.	6	-	3	2	B	,	top	inset).	Although	this	estimation	varies	for	any	given	person,	it	serves	as	a	useful	reference	for	thè	following	discussion.	edge	of	thè	lateral	pole	can	be	palpated	as	a	point	under	thel	skin	just	anterior	to	thè	external	auditory	meatus.	This	situation	decreased	thè	vertical	shear	across	thè	femoral	neck.	(From	O’Driscoll	SW:
Elbow	dislocations.	One	finding	common	to	many	ACL	injuries	is	a	high-velocity	stretch	while	thè	liga	ment	is	under	tension.	This	oblique	orientation	is	due	to	thè	naturai	125-degree	angle	of	inclination	of	thè	proximal	fe	mur	(Fig.	Ergonomics	35:783-805,	1992.	The	anterior	set	also	contains	sensory	branches	from	thè	common	peroneal	nerve	and	thè
saphenous	nerve	(L	3-4).	C	o	n	s	id	e	r	,	f	o	r	e	x	a	m	p	le	,	t	h	è	c	o	u	p	lin	g	S	T	A	B	IL	IZ	IN	G	T	H	E	C	R	A	N	I	O	C	E	R	V	IC	A	L	R	E	G	IO	N	The	muscles	that	cross	thè	craniocervical	region	compose	much	of	thè	bulk	of	thè	neck,	especially	in	thè	regions	lateral	and	posterior	to	thè	cervical	vertebrae	(see	Fig.	weight	(BW)	above	L2=	65%	ot	total	body
weight,	•	E	x	te	rn	a	l	m	o	m	e	n	t	a	rm	tr	a	m	B	W	(D	2)	=	13	cm.	6	-	1	)	.	The	pes	anserinus	group	of	muscles	functions	as	a	dynamic	mediai	collateral	ligament	by	resisting	thè	extema/	rotation	and	valgus	torques	produced	at	thè	knee.	Hirokawa	S,	Solomonow	M,	Lu	Y,	et	al:	Anterior-posterior	and	rotational	displacement	of	thè	tibia	elicited	by
quadriceps	contraction.	This	orientation	is	snudar	to	that	of	thè	hand	when	thè	forearm	is	fully	pronated	(Fig.	6	-	2	2	)	.	Weakness	of	thè	vasti	could	cause	difficulty	in	extending	thè	hip,	whereas	weakness	of	thè	gluteus	maximus	could	cause	difficulty	in	extending	thè	knee.	6	-3	2	A	).	The	palm	does	indeed	rotate,	but	only	because	thè	hand	and	wrist
connect	to	thè	radius	and	noi	to	thè	ulna.	Chapter	14	Ankle	and	Foot	483	TABLE	1	4	-	2	.	attachments	and	innervation	of,	244t-245t	distai,	bones	and	joints	of,	172b	172-173	173f	in	activities	of	daily	living,	148,	148f	interosseous	membrane	of,	force	transmission	through,	142-144,	143f.	Posterìor	view	of	a	sphenoid	bone	removed	from	thè	cranium.
468b	external,	16,	16f	determination	of,	73,	73f,	74b,	74f	manual	application	of	during	exercise,	7	5	76,	76f	on	joints,	in	gait,	553-558,	555b	in	ankle	and	foot,	558,	559f-560f	in	hip,	555f-	556f,	556-557	in	knee,	557f-559f,	557-558	guidelines	for	solving	biomechamcal	problems	in,	77t	internai,	16,	16f	determination	of,	7	2	-7	3	,	73b,	73f	in	knee
extension,	456-457,	459f	maxnnal	effort	in	knee	extension,	459f	in	trunk,	327	of	hip	muscles,	426-427,	427t,	428f	of	knee	flexor-roiator	muscles,	465-466,	466,	467f,	468f	musculoskeletal,	15-16,	16f	varus,	in	walking,	470f,	471	Torque	potential	in	design	of	resistive	exercises,	72b,	72f	of	piantar	flexor	muscles	at	ankle,	514,	516t,	517-518	Torque-
acccleration	relationship,	58b,	58-62,	61f,	62b,	62t	Torque-angular	acceleration	relationship,	59	Torque-joint	angle	curve	of	hip	abductor	muscles,	427,	428f	of	muscle,	4	7	-5	0	,	48f,	49b,	49f,	49t	unique	signature	of,	49b	variables	affecting,	49t	Torsion,	as	musculoskeletal	force,	12f	Torsion	angle,	of	femur,	394-396,	397f,	398f	Torlicollis,	335b,	335f
Total	lung	capacity,	368,	368f	Trabecuiar	network,	in	femur,	396,	399f	Transducers,	for	collection	of	kmemalic	data,	84f,	8	4	-8	5	Translation,	vs.	Bilaterally,	thè	sagittal	piane	action	of	thè	stemoclei	domastoid	depends	on	thè	level	of	thè	craniocervical	region.	Phys	Ther	77	17471754,	1997.	Harris	NL:	Central	quadriceps	tendon	for	anterior	cruciate
ligament	reconstruction.	A	net	varus	torque,	therefore,	is	created	with	every	step.	The	ligaments	around	thè	elbow	are	endowed	with	mechanoreceptors,	consisting	of	Golgi	organs,	Ruffini	terminals,	Pacini	corpuscles,	and	free	nerve	endings.38	These	receptors	may	supply	important	information	to	thè	nervous	System	for	augmenting	proprioception
and	detecting	safe	limits	of	passive	tension	in	thè	structures	around	thè	elbow.	The	first	part	of	this	chap	ter	focuses	on	thè	kinesiologic	role	of	thè	TMJ	during	masti	cation.	Hamer	CD,	Hoher	J,	Vogrin	TM,	et	al:	The	effects	of	a	popliteus	muscle	load	on	in-situ	forces	in	thè	posterior	cruciate	ligament	and	on	knee	kinematics.	Distai	phalanges	phalanx
The	cuneiforms	contribute	to	thè	Lransverse	arch	of	thè	foot,	accounting	in	part	for	thè	dorsal	convexity	to	thè	middle	region	of	thè	foot.	Basecl	on	these	attachments	and	its	relative	moment	arm	for	producing	lum	bar	extension	(see	Fig.	Proximal	Tibia	and	Fibula	The	fibula	is	essentially	a	non-weight-bearing	bone.	twist.	At	thè	hip,	both	muscles	are
hip	flexors,	but	they	have	opposite	actions	in	thè	frontal	and	horizontal	planes.	1	4	-	1	2	).	The	terms	dorsal	and	piantar	describe	thè	superior	(top)	and	inferior	aspects	of	thè	foot,	respectiveiy.	Hodge	WA,	Carlson	KL,	Fijan	RE:	Contaci	pressures	from	an	instrumented	hip	endoprosthests,	J	Bone	Joint	Surg	71A:	1378-1386,	1989.	X-rays	show	two
common	forms	of	internai	fixation	for	treatment	of	a	fratture	of	thè	proximal	femur.	Full	opening	of	thè	mouth	requires	that	each	condyle	slides	forward	across	thè	articular	eminence.	Although	thè	vastus	lateralis	is	thè	largest	of	thè	quadriceps	muscles,	thè	vastus	medialis	extends	farther	distally	toward	thè	knee.	Set’	Grasp	(gnp).	Glenoid	labrum,
110,	llOf	Gluteal	lines,	390,	390f-391f	Gluteal	nerve,	inferior	and	superior,	410f,	411	Gluteal	tuberosity,	394,	395f	Gluteus	maximus	anatomy	and	action	of,	418,	4	2	lf	attachments	and	innervation	of,	572t	in	forward	lean	of	body,	420-421,	4	2	lf,	422f	in	gait,	548,	5491	in	hip	and	knee	extension,	469.	For	most	of	its	course,	thè	sinewy	s	e	m	it	e	n	d	in	o	s
u	s	tendon	lies	immediately	posterior	to	thè	semimembranosus	muscle.	Pronation	and	Supination	with	thè	Radius	and	Hand	Held	Fixed	L'p	to	this	point,	thè	kinematics	of	pronation	and	su	p	in	a	ticJ	are	described	as	a	rotation	of	thè	radius	and	hand	relative	to	Mediai	epicondyle	TABLE	6	-	2	Structures	that	can	Restrict	Supination	and	Pronation	Limit
Supination	Limit	Pronation	Pronator	teres,	pronator	Bieeps	or	supmator	muscles	quadratus	Palmar	capsular	ligament	at	Dorsal	capsular	ligament	at	thè	thè	distai	radioulnar	joint20	distai	radioulnar	joint	Oblique	cord,	interosseous	membrane,	and	quadrate	ligament7’19	Ulnocarpal	complex	Ulnocarpal	complex	FIGURE	6-31.	78.	Engineer	Med	11:69-
76,	1982.	Clin	Biomech	6:88-96	1991.	1	0	-2	5	).	17	Destai	WF,	Soderberg	GL,	Andrews	JG	Acttons	of	hip	muscles	Phys	Ther	66:351-359,	1986.	Hungerford	DS,	Barry	M:	Biomechanics	of	thè	patellofemoral	joint	Clin	Orthop	144:9-15,	1979.	Macintosh	JE,	Valenica	F,	Bogduk	N,	et	al:	The	morphology	of	thè	23.	The	force	withtn	thè	extensor	mechanism
is	transmitted	proxiinally	and	distallv	through	thè	quadriceps	tendon	(QT)	and	patellar	ligament	(PL),	much	like	a	cable	Crossing	a	ftxed	pulley.	See	alsa	See	also	See	alsa	See	also	(Contmued)	Motion	linear	or	rotational,	in	Newton’s	law	of	inertia	57,	57t	planes	of,	5,	6f,	6t,	7	types	of,	3	Motoneuron	alpha,	51	classification	of,	52,	531	rate	coding	of,	52,
53f	recruitment	of,	51	-5	2	,	52t,	53f	Motor	unit(s),	of	muscle,	51-52,	53f	Motor	unit	action	potential,	51,	54	Mouth	closing	of,	362,	365	muscular	control	of,	366,	367f	opening	of,	.365	muscular	control	of,	366,	367f	phases	in,	359—360,	360f,	362,	also	Mandible,	motion	of.	An	understanding	of	how	these	opposing	torques	are	produced	and	how	they
interact	is	an	important	consideration	in	knee	rehabilitation.	Joint(s).	86.	Axial	Skeleton:	Muscle	and	Joint	Interactions	351	76.	Knee	extensor	torques	are	produced	isometrically,	with	thè	hip	extended.	AssocJ	61:39-50,	2000.	First,	thè	National	Institute	of	Occupational	Safety	and	Health	(NIOSH)	has	set	guidelines	to	protect	workers	from	excessive
loads	on	thè	lumbar	region	caused	by	lifting	and	handling	materials.	Fine	control	of	thè	upper	craniocervical	region	is	more	likely	The	rectus	capitis	anterior	and	rectus	capitis	lateralis	are	two	short	muscles	that	arise	on	thè	elongated	transverse	pro	cesses	of	thè	atlas	(C	l)	and	insert	on	thè	inferior	surface	o‘	occipital	bone	(see	Fig.	Quadrate	ligament
(cut)	TO	/	_C	/	CD	/	i	B	FIGURE	6-25.	The	posterior	and	tnferior	borders	of	thè	ramus	join	ai	the	readily	palpable	angle	o	f	the	mandible.	Tibial-on-femoral	extension	is	shown	in	A	—C,	and	femoral-on-tibial	extension	is	shown	in	D—F.	This	process	is	the	primary	inferior	attachment	of	the	tem-	FIGURE	1	1	-2	.	The	greater	wing	and	lateral	side	of	thè
lateral	pterygoid	piate	are	visible.	WAYS	T0	REDUCE	THE	FORCE	DEMANDS	0N	THE	BACK	MUSCLES	WHILE	LIFTING	An	essential	point	to	recognize,	from	thè	calculations	performed	in	Step	3	of	Figure	1	0	-	3	8	,	is	that	thè	MF	vector	is	by	far	thè	most	influential	variable	for	determining	thè	mag	nitudo	of	thè	compression	force.	Acta	Orthop
Scand	53:839-845,	1982.	94.	SYNOVIAL	MEMBRANE	AND	ASSOCIATED	STRUCTURES	Bursae,	Fat	Pads,	and	Plicae	The	internai	surface	of	thè	capsule	of	thè	knee	is	lined	with	a	synovial	membrane.	Muscles	are	listed	in	descending	order	of	nerve	root	innervation.	1	0	-	3	8	,	open	circle).	J	Biomech	Eng	113:208-214,	1991.	The	structure	of	each	tooth
refleets	its	function	in	mastication	(Table	1	1	-1	).	199f	Metacarpophalangeal	joint(s),	195,	197f,	2	0	7	211,	208f-212f,	Finger(s).	"	5	Section	IV	Lower	Extremity	454	of	thè	knee	are	innervateci	by	severa!	nerves	from	both	thè	lumbar	and	sacrai	piexus,	bui	primarily	by	thè	tibial	portion	of	thè	sciatic	nerve	(see	Fig.	A	s	a	n	in	t	e	r	n	a	i	r	o	t	a	t	o	r	,	t	h	è	p
o	p	lit	e	u	s	is	c	o	n	s	id	e	r	e	d	t	h	è	"	k	e	y	"	t	o	t	h	è	k	n	e	e	.	The	McGraw-Hill	Companies.)	Chapter	10	Axial	Skeleton:	Muscle	and	Joint	lnteracdons	M	S	P	E	C	I	A	L	F	O	C	U	S	337	1	0	-	5	Vulnerability	of	thè	Longus	Colli	and	Longus	Capitis	to	Acceleration	Injury	The	cervical	spine	is	vulnerable	to	acceleration	(whiplash)	injury,	especially	as	a	result	of
an	automobile	accident.	Gemellus	Superior	p	u	b	ic	ra	m	u	s	and	is	c	h	ia	l	ra	m	u	s	;	w	it	h	in	th	è	bony	p	e	lv	is	a	tta	c	h		to	thè	D	istai	a	tta	c	h	m	e	n	t:	m	e	d	ia	i	su	rfa	c	e	o	f	th	è	g	re	a	te	r	tro	c	h	a	n	te	r	ju	s	t	a	n	te	r	io	r	a	n	d	s	u	p	e	r	io	r	t	o	th	è	t	r	o	c	h	a	n	te	r	ic	fossa	P	r	o	x	im	a	l	a	t	ta	c	h	m	e	n	t	:	d	o	r	s	a	l	s	u	rfa	c	e	o	f	th	è	is	c	h	ia	l	s	p	in	e	D	is
ta	i	a	t	ta	c	h	m	e	n	t	:	b	le	n	d	s	w	it	h	th	è	te	n	d	o	n	o	f	th	è	o	b	t	u	r	a	t	o	r	in	t	e	m	u	s	In	n	e	r	v	a	tio	n	:	n	e	rv	e	to	th	è	o	b	t	u	r	a	t	o	r	in	t	e	m	u	s	In	n	e	r	v	a	tio	n	:	n	e	rv	e	io	th	è	o	b	t	u	r	a	t	o	r	in	t	e	m	u	s	Pectineus	P	io	x	im	a	l	a	t	ta	c	h	m	e	n	t	:	p	e	c	tin	e	a	l	lin	e	o	n	s	u	p	e	r	io	r	p	u	b	ic	r	a		m	us	Gluteus	Maxiinus	P	r	o	x	im	a	l	a	tta	c	h	m	e	n	ts	:	o	u
te	r	iliu	m	,	p	o	s	t	e	r	io	r	g	lu	te	a	l	lin	e	,	a	p	o	n	e	u	r	o	s	is	o	f	th	è	e	re	c	to	r	s	p	in	a	e	a	n	d	g	lu	te	u	s	m	e	d	iu	s	m	u	s	c	le	s	,	p	o	s	t	e	r	io	r	s	id	e	o	f	s	a	c	ru	m	a	n	d	c	o	c	c	y	x	,	a	n	d	p	a	rt	o	f	s	a	c	ro	tu	b	e	ro	u	s	a	n	d	p	o	s	t	e	r	io	r	s	a	c	ro	-	ila	c	lig	a	m	e	n	ts	D	is	ta	i	a	tta	c	h	m	e	n	ts	:	g	lu	te	a	l	t	u	b	e	ro	s	it	y	a	n	d	ilio	t	ib	ia	l	b	a	n	d	In	n	e	r	v	a	tio	n
:	in	f	e	r	io	r	g	lu	te	a	l	n	e	rv	e	D	istai	a	tta	c	h	m	e	n	t.	C	h	ondrom	alacia	p	a	te	lla	e	(	fr	o	m	t	h	è	G	r	e	e	k	chondros,	c	a	r	t	i		la	g	e	,	4-	m	alakia,	s	o	f	t	n	e	s	s	)	is	a	g	e	n	e	r	a	i	t	e	r	m	t	h	a	t	d	e	s	c	r	i	b	e	s	e	x	c	e	s	s	i	v	e	c	a	r	t	ila	g	e	d	e	g	e	n	e	r	a	t	io	n	o	n	t	h	è	p	o	s	t	e	r	io	r	s	id	e	o	f	t	h	è	p	a	t	e	lla	.	1	3	-	2	and	1	3	-	3	).	This	is	performed	while	thè
subject	is	sitting	with	thè	knee	flexed	70	to	90	degrees.	The	main	pari	ol	thè	median	nerve	continues	distally	:j	cross	thè	wrist	through	thè	carpai	tunnel,	under	thè	cover	i	thè	transverse	carpai	ligament.	Chapter	12	Basmajian	JV,	Greenlaw	RK:	Electromyography	of	thè	iliacus	and	psoas	with	tnserted	fine-wire	elctrodes.	Rotation	is	blocked	by	passive
tension	in	thè	stretched	ligaments	and	by	increased	bony	congruity	within	thè	joint.	1	1	-	1	).	J	Sport	Rehab	5:2-12,	1996	115.	Phys	Ther	74:387-398,	1994.	The	inactive	but	siretched	pronator	teres	is	also	shown.	cross-sectional	area	of,	4	2	-4	3	elastici!)'	of,	45	elbow	and	forearm	attachments	of,	244t-245t	electromyographic	analysis	of,	161-162	flexors
biomechamcs	of,	27t,	157t,	157-161,	159f-161f	function	of,	157t,	157-161,	158f-162f,	162b	mnervation	of,	152,	157t,	244t-245t	maximal	torque	production	of,	158-160,	159f-160f,	159t	paralysis	of,	surgical	correction	of,	22,	22f	reverse	action	of,	162b,	I62f	torque	angle	curve	of,	48f,	49b,	49t	function	of,	161-162,	163f.	462,	464t,	465b	knee	exlension
leverage	and,	456,	456f	osteologie	features	of,	437,	437b,	437f-438f	path	and	contact	area	on	femur,	446-447,	448f	Patelleciomy,	457b,	457f	Patellofemoral	joint,	437	compression	forces	on.	In	this	case,	thè	short	head	of	thè	biceps	femoris	anchors	thè	diagonal	kinetic	chain	to	thè	fìbula.	J	Orthop	Sports	Phys	Ther	4:236-240,	1983.	1	1	-	2	).	The
relationship	berween	thè	depth	o	f	a	squat	position	and	thè	compression	fo	r	c	e	within	thè	patellofemoral	joint	is	shown.	74.	Capsular	and	Ligamentous	Structures	FIBROUS	CAPSULE	The	TMJ	and	disc	are	surrounded	by	a	loose	fibrous	capsule.	Extemally,	thè	capsule	is	reinforced	by	collateral	ligaments	that	limit	excessive	inversion	and	eversion
tilting	of	thè	talus	within	thè	rectangular	concavity.	To	p	r	o	d	u	c	e	a	n	e	q	u	iv	a	le	n	t	p	r	e	-	p	a	t	e	lle	c	t	o	m	iz	e	d	e	x	t	e	n	s	o	r	A	c	c	o	r	d	i	n	g	t	o	o	n	e	s	t	u	d	y	,	a	n	a	p	p	r	o	x	im	a	t	e	20	%	lo	s	s	o	f	in	t	e	r		a	p	a	t	e	lle	c	t	o	m	y	.	The	synovial	membrane	lining	this	joint	is	often	continuous	with	thè	synovial	membrane	lining	thè	talo	crural	joint.
Articular	capsule.	Chronic	forward	head	posture	Rectus	capitis	posterior	major	Semispinalis	c	a	p	it	is	Sternocleidomastoid	Levator	scapula	;alenus	anterior	provide	much	of	thè	torque	needed	to	rotate	thè	base	of	thè	craniocervical	region.	96.	Kumagai	MK,	Shiba	N,	Higuchi	F,	et	al:	Functional	evaluation	of	hip	abductor	muscles	with	use	of	ntagnetic
resonance	imaging	J	Orthop	Res	15:888-893,	1997.	biomechanical	issues	with,	34	2	-	349	extension	torque	used	in,	additional	sources	of.	J	Biomech	24:117-126,	1991.	The	splenius	cervicis	attaches	to	thè	posterior	tubercles	of	thè	transverse	processes	of	C	l-3	.	During	acceleration	(whiplash)	injuries,	cervical	extension	(A)	typically	exceeds	cervical
flexion	(B).	A	deep	branch	of	thè	median	nerve,	often	referred	to	as	thè	anterior	interosseous	nerve,	innervates	thè	deep	muscles	thè	forearm:	thè	lateral	half	of	thè	flexor	digitorum	profa	dus,	thè	flexor	pollicis	longus,	and	thè	pronator	quadrane.	Posterior	view	of	thè	right	knee	that	emphasizes	thè	major	parts	of	thè	posterior	capsule:	thè	oblique
popliteal	and	arcuale	popliteal	ligaments.	B	y	a	t	t	a	c	h	in	g	t	o	t	h	è	p	o	s	t	e	r	io	r	h	o	r	n	o	f	t	h	è	la	t	e	r	a	l	m	e	n	is	c	u	s	,	t	h	è	p	o	p	lit	e	u	s	c	a	n	s	t	a	b	iliz	e	t	h	è	la	t	e	r	a	l	m	e	n	is	c	u	s	d	u	r	in	g	t	h	is	f	le	x	io	n	-	r	o	t	a	t	io	n	m	o	v	e	m	e	n	t.	J	Orthop	Sports	Phys	Ther	26:23-28	1997.	McGill	SM,	Hughson	RL,	Parks	K:	Changes	in	lumbar	lordosis
modcertain	movements	and	postures	in	man.	Clin	Anat	5:372-387,	1992.	for	occupationally	reiated	low	back	disorders.	Relevant	Osteologie	Features	of	the	Mandible	•	Body	•	Ramus	•	Angle	•	Coronoid	process	•	Condyle	•	Neck	•	Mandibular	notch	•	Pterygoid	fossa	The	two	main	parts	of	the	mandible	are	the	body	and	the	:wo	rami	(Fig.	Kannus	P,
Jarvinen	M,	Johnson	R,	et	al:	Function	of	thè	quadriceps	and	hamstrings	muscles	in	knees	with	chronic	partial	deficiency	of	thè	ante	rior	cruciate	ligament:	Isometric	and	isokinetic	evaluation.	A	superior	view	of	thè	talus	(lipped	laterally	to	reveal	its	piantar	side	as	well	as	thè	dorsal	side	of	thè	calcaneus.	On	thè	posterior	side	of	thè	proximal	tibia	is	a
roughened	s	o	le	a	l	(	p	o	p	lite	a	l)	lin	e,	coursing	diagonally	in	a	distal-to-medial	direction	(see	Fig.	159f	long	head	of,	in	arm	elevation	at	glenohu	meral	joint,	124,	124f,	125t	“Biceps	curi”	exercise,	72b,	72f	Biceps	femoris	attachments	and	innervation	of,	572t	functional	anatomy	of,	440f-441f,	463	long	head	of,	action	and	innervation	of	at	knee,	454t
short	head	of	action	and	innervation	of	al	knee,	454t	in	gait,	549f,	550	Biomechanics	definition	of,	3	principles	of,	5	6	-85	problems	in,	guidelines	for	solvtng,	77t	Biomechanics	laboratones,	used	in	gait	analysis,	526,	526f	Blood	vessels,	of	synovial	joints,	26f,	2	6	-2	7	Body	weight,	vs.	The	slightly	oblique	axis	of	rotation	at	thè	talocrural	joint	(red)	is
shown	from	behind	(A)	and	above	(B).	In	addition	to	sporadic	muscle	weakness	ihroughoul	thè	left	lower	exiremily,	thè	left	ankle	was	surgically	fused	in	25	degrees	of	piantar	flexion.	Phys	Ther	80:128-140,	2000.	Proximal	attachments	of	muscles	are	indicated	in	red,	distai	attachments	in	gray.	The	posterior	part	of	thè	MCL	consists	of	a	short	set	of
fibers,	deep	to	thè	anterior	fibers.	The	major	guiding	forces	acting	on	thè	patella	are	shown	as	it	moves	through	thè	mtercondylar	groove	of	thè	femur.	U	n	iv	in	id	K	d	i	i	n	A	m	é	n	c	is	a	i	b	l	l	o	t	i	c	i	P	ro	v	ld	é	n	c	l»	460^,000026616	/	^	jf*/	"A	11|||	B|	%	\y	J	W	f	f	l	H	[Fa	m	NIkKi	m	M	S	?*»	>\9.	Lindenfeld	TN,	Hewett	TE,	Andriacchi	TP:	Joint	loading
with	valgus	bracing	in	patients	with	varus	gonarthrosis.	Function	of	Ligaments	at	thè	Knee	and	Common	Mechanisms	of	Injury	Structure	Fu	nction	(s)	Com	m	on	M	echanism	s	o	f	Injury	Mediai	collateral	ligament	I.	6	-2	8	A	).	This	position,	if	heid	for	an	extended	period,	may	alter	thè	functional	resting	length	of	thè	muscles,	eventually	transforming
thè	forward	posture	into	a	"nat	urai"	posture.	The	lower	horizontal	portions	of	thè	maxillae	accept	thè	upper	teeth.	lim	it	e	d	u	n	ti1	t	h	è	fr	a	c	tu	r	e	s	it	e	s	h	o	w	s	a	m	p	ie	e	v	id	e	n	c	e	430	Section	IV	Lower	Extremity	Regardless	of	thè	type	and	rationale	of	thè	hip	surgery,	changing	thè	angle	of	inclination	of	thè	proximal	femur	alters	thè	stability,
stress,	and	function	of	thè	muscles.	W'elbergen	E,	Kemper	HCG,	Knibbe	JJ,	et	al:	Eftìciency	and	effectiveness	of	stoop	and	squat	lifting	at	different	frequencies.	As	noted	in	thè	graph,	a	flexion	contracture	of	90	degrees	reduces	total	reach	by	almost	50%.	1995.	fibrosus,	273,	276b	types	of,	31-32,	32b	elastin,	32	in	connective	tissues,	3	1	-3	2	,	32b,	33t
muscle,	42,	43,	43f	of	digitai	exiensor	mechanism,	220,	221	f223f,	222t	of	hip	capsule,	402,	402t	of	lateral	ligament	of	temporomandibular	joint,	358,	358f	of	mediai	collateral	ligament	of	elbow,	138,	140f	patellar	retinacular,	438,	438f	Fibrocartilage	in	connective	tissues,	33t	nourishment	and	blood	supply	of,	35	organization	and	function	of,	35,	36f
peripheral	labrum	of,	27	triangular,	146,	148f	Fibrous	capsule	of	glenohumeral	joint,	107f,	107—110,	109f	of	melalarsophalangeal	joints,	504	of	temporomandibular	joint,	357f,	357-358	Fibula,	435,	436f,	478-479,	479f	Carpomeiacarpal	joint(s);	Finger(s).	The	lateral	pterygoid	muscle	attaches	to	thè	anterior-medial	surface	of	thè	mandibular	neck,
wdthin	a	small	depression	called	thè	pterygoid	fossa	(Figs.	For	a	more	detailed	analysis	of	mandibular	movements,	thè	reader	is	encouraged	to	consult	thè	classic	work	by	Posselt,51	thoroughly	summz	rized	by	Okeson.47	PROTRUSION	AND	RETRUSION	Prolrusion	of	thè	mandible	occurs	as	it	translates	anteriori.	The	posterior	facet	is	large	and
convex,	conforming	io	thè	concave	shape	of	thè	equally	large	posterior	facet	on	thè	talus.	Data	on	torque	and	moment	arm	are	based	on	a	healthy	male	population.	As	explained	later	in	this	chapter,	thè	asymmetry	in	shape	of	thè	condyles	affects	thè	sagittal	piane	kinematics.	The	knee	has	important	biomechanical	functions,	many	of	which	are
expressed	during	walking	and	running.	Tears	or	excessive	elongation	of	thè	lateral	ligament	may	cause	thè	disc	to	be	moved	medially	by	an	unopposed	pulì	of	thè	superior	head	of	thè	lateral	pterygoid	muscle.	The	dashed	lines	show	thè	eapsular	aitachments	around	thè	elbow	and	wrist	and	thè	proximal	and	distai	radioulnar	joints.	mass,	12b	Bone.	1	1
1).	Coxa	vara	and/or	excessive	pronation	of	thè	foot	can	increase	thè	valgus	stress	at	thè	knee.	A	s	a	c	o	n	s	e	q	u	e	n	c	e	,	t	h	è	g	r	e	a	t	e	r	m	u	s	c	le	f	o	r	c	e	i	n	c	r	e	a	s	e	s	t	h	è	c	o	m	p	r	e	s		s	io	n	f	o	r	c	e	o	n	t	h	è	t	ib	io	f	e	m	o	r	a	l	jo	in	t,	c	r	e	a	t	in	g	a	d	d	it	io	n	a	l	w	e	a	r	o	n	t	h	è	a	r	t	ic	u	la	r	c	a	r	t	ila	g	e	(F	ig	.	Raimondo	RA,	Ahmad	CS,
Blankevoort	L,	et	al:	Patella	stabilization:	A	quantitative	evaluatton	of	thè	vastus	medialis	obliquus	muscles.	Spine	16:293-303,	1991.	Dorsiflexion	continues	until	just	after	heel	off	phase.	42.	Eur	J	Appi	Physiol	67:291-297,	1993.	Just	proximal	to	thè	knee,	however,	thè	tendon	of	thè	semitendinosus	courses	anteriorly	toward	thè	distai	at	tachment	on
thè	anterior-medial	aspect	of	tibia.	FIGURE	1	3	-6	.	Note	thè	elongation	of	thè	lateral	(ulnar)	collateral	ligament	during	flexion.	These	fibers	become	taut	at	full	(lexion.41	All	thè	fibers	of	thè	lateral	collateral	ligament	and	thè	posterior-lateral	aspect	of	thè	capsule	stabilize	thè	elbow	against	a	varus-directed	force.36	By	attaching	to	thè	ulna,	thè	lateral
(ulnar)	collateral	ligament	and	thè	anterior	fibers	of	thè	mediai	collateral	ligament	function	as	collateral	“guywires”	to	thè	elbow,	stabilizing	thè	path	of	thè	ulna	during	sagittal	piane	motion.	The	primary	cause	of	genu	recurvatum	is	a	chronic,	overpowering	knee	extensor	torque	that	eventually	overstretches	thè	posterior	structures	in	thè	knee.	(From
Porterfield	JA,	DeRosa	C:	Mechanical	Neck	Pain:	Perspectives	in	Functional	Anatomy.	Baratta	R,	Solomonow	M,	Zhou	H,	et	al:	Muscle	coactivation:	The	role	of	thè	antagomst	musculature	in	mainiaining	knee	stability.	Bergstrom	G,	Bjelle	A,	Sorenssen	L,	et	al:	Prevalence	of	rheumatoid	arthritis,	osteoarthritis,	chondrocalcinosis	and	gouty	arthritis	at
age	79.	Dolan	P,	Earley	M,	Adams	MA:	Bending	and	compressive	stresses	acting	81:1096-1101,2001.	Clin	Orthop	197:181-190,	1985	Evans	BG,	Salvati	EA,	Huo	MH,	Huk	OL:	The	Tallonale	for	cemented	total	hip	arthroplasty.	Coxa	vara	may	decrease	thè	functional	length	of	thè	hip	abductor	muscles,	thereby	reducing	thè	force	generating	capability	of
these	muscles	and	increasing	thè	likelihood	of	a	“gluteus	medius	limp."	The	loss	in	muscle	force	may	offset	thè	increased	abductor	torque	potential	gained	by	thè	increased	hip	ab	ductor	moment	arm.	Santaguida	PL,	McGill	SM:	The	psoas	major	muscle:	A	three-dimensional	geometrie	study.	P	a	te	llo	fe	m	o	r	a	l	J	o	in	t	K	in	etics	Patellofemoral	joint
compression	forces	may	reach	3.3	times	body	weight	while	climbing	stairs	and	may	rise	to	7.8	times	body	weight	in	performing	deep	knee	bends.100	Such	large	joint	forces	reflect	thè	magnitude	of	thè	forces	produced	within	thè	quadriceps	muscle.	Range	of	motion	varies	with	age	and	gender,	but	in	generai	thè	healthy	knee	rotates	from	130	to	140
degrees	of	flexion	to	about	5	to	10	degrees	of	hyperextension.7-101	The	medial-lateral	axis	of	rotation	for	flexion	and	exten	sion	is	not	fixed,	but	migrates	within	thè	femoral	condyles.	(From	Okeson	JP:	Management	of	Temporomandibular	Disorders	and	Occulsion,	4th	ed.	A	lateral	(radiai)	view	of	thè	right	proximal	ulna,	with	thè	radius	removed.
Shrive	NG,	O’Connor	JJ,	Goodfellow	JW:	Load-bearing	in	thè	knee	joint.	The	radius	is	removed,	exposing	the	internai	surface	of	the	concave	component	of	the	proximal	radio1	ulna,	jomt.	T	h	is	m	u	s	c	u	la	r	a	c	t	io	n	o	f	f	s	e	t	s	t	h	è	t	e	n	d	e	n	c	y	f	o	r	t	h	è	h	e	a	d	t	o	b	e	n	d	t	o	t	h	è	r	ig	h	t	w	it	h	t	h	è	r	e	s	t	o	f	t	h	è	c	e	r	v	i	c	a	l	r	e	g	io	n	d	u	r	in	g	t	h	è	r
ig	h	t	a	x	ia	l	r	o	t	a	t	io	n	.	The	inability	to	actively	bring	thè	hand	to	thè	mouth	for	feeding	for	example,	significantly	limits	thè	level	of	functional	mdependence.	Shirazi-Adl	A,	Pam	ianpour	M	:	Elfecl	o	f	changes	in	lordosis	on	mechanics	of	thè	lum	bar	spine-lumbar	curvature	in	lifting.	Distally	these	fibers	blend	with	mediai	patellar	retinacular	fibers
before	attaching	to	thè	medial-proximal	aspect	of	thè	tibia.	Humeroradial	joint;	Humeroulnar	joint.	lumbrical	muscles,	230t	Interosseous	membrane	of	ankle,	injury	of,	489b	of	forearm,	145	force	transmission	through,	142-144,	143f,	144f	Interosseous	nerve	anterior,	152,	155f	posterior,	152,	154f	lnterphalangeal	jomt(s),	195,	197f,	211-213	distai,
212f,	212-213	of	foot,	493f,	504f,	505-506	mobility	al,	505-506	(Continued)	lnterphalangeal	jointfs)	of	thumb	abductor	pollicis	longus	as	assistant	extensor	of,	223f,	225	muscles	attached	to,	224t	position	of	function	of,	213,	213f	proximal,	211-213,	212f	lnterspinalis,	321,	323	attachmenis	and	innervation	of,	3811	in	irunk	movement,	329t	lntenarsal
joint,	distai,	493f,	502b,	502-503,	503f	Intertendinous	conneclions,	220	Intertransversarus,	321,	323	attachments	and	innervation	of,	381t-382t	in	trunk	movement,	329t	Intertrochantertc	cresi,	394,	395f	Intertrochanteric	line,	393f,	394	Intertubercular	groove,	of	humerus,	98	Intervertebral	disc	hemiated	(slipped),	265b,	265f,	296b,	296f,	296t	factors
favonng,	297b	mechanisms	of,	296b-297b,	296f,	296t	lumbar	as	hydrostatic	shock	absorber,	274-275,	275f	structure	and	function	of,	273-274,	274f	water	coment	of,	276b	trauma	lo,	38	Intervertebral	joints,	consequences	of	exercises	for	low-back	pain	on,	302b	Intervertebral	junction	function	of,	269,	269t.	Baltimore,	Williams	&	Wilkins,	1978.	Active
force	from	thè	pes	an	serinus	muscles	in	conjunction	with	a	passive	force	from	thè	stretched	mediai	collatera!	ligament	(MCL)	helps	to	decelerate,	or	limit,	thè	extemal	rotation	at	thè	knee.	tarsus	process	Proximal	phalanx	between	these	tubercles	serves	as	a	pulley	for	thè	tendon	of	thè	flexor	hallucis	longus	(see	Fig.	In	generai,	horizontal	piane



rotation	increases	with	greater	knee	flexion.	Am	j	Sports	Med	24:792-799,	1996.	82f-85f,	8	2	-8	5	extensor-to-flexor	peak	ratios	of,	in	knee.	In	striali	children,	thè	head	is	projected	medially	about	40	to	50	degrees,	partially	accountitig	for	thè	often	inverted	appearance	of	their	feet.	Girgis	FG,	Marshall	JL,	Al	Monajem	ARS:	The	cruciate	ligaments	of	thè
knee	joint.	The	protracted	position	of	thè	craniocervical	region	places	greater	stress	on	thè	levator	scapula	and	semispinalis	capitis	muscles.	Isokinetic	dynamometry	allows	internai	torques	to	be	measured	during	concentric,	isometric,	and	eccentric	muscle	activations.	FIGURE	11-8.	The	stretched	(taut)	structures	are	shown	as	thin	elongated	arrows,
and	slackened	structures	are	shown	as	wavy	ar	rows.	In	addition	to	flexing	thè	knee,	thè	mediai	hamstrings	(i.e.,	semimembranosus	and	semitendinosus)	internally	rotate	thè	knee.	Movement	at	thè	talocrural	joint	results	in	slight	movement	at	thè	proximal	and	distai	tibiofibular	joints.	6	-	2	and	6	-	4	)	.	Avoid	twisting	when	lifting.	The	multiple
articulations	made	by	thè	talus	help	to	explain	thè	bone’s	complex	shape,	with	nearly	70%	of	its	surface	covered	with	articular	cartilage.	Knee	Flexor-Rotator	Muscles	With	thè	exception	of	thè	gastrocnemius,	all	muscles	that	cross	posterior	to	thè	knee	have	thè	ability	to	flex	and	to	internally	or	externally	rotate	thè	knee.	The	capsule	of	thè	knee
receives	significant	reinforcement	fiom	muscles,	ligaments,	and	fascia.	J	is	also	shown.	The	maximal	range	of	passive	motion	generally	available	to	thè	elbow	is	from	5	degrees	of	hyperextension	through	145	degrees	of	flexion	(Fig.	A	complete	femoral	nerve	lesion,	therefore,	can	cause	total	paralysis	of	thè	knee	extensors.	Prona::on	and	supination	are
next	described	when	thè	upper	limb	ìs	assumed	to	be	in	a	weight-bearing	position.	Although	not	visible,	thè	levator	scapula	has	similar	cervical	attachments	as	thè	splenius	cer	vicis.	In	contrast,	during	femoral-on-tibial	knee	extension,	thè	external	moment	arm	of	thè	upper	body	weight	decreases	from	90	to	0	degrees	of	knee	flexion	(Fig	1	3	-	2	7	D	to
F).	6	-3	3	C	).	The	action	of	several	monoarticular	and	biarticular	muscles	are	depicted	during	thè	hip-and-knee	extension	phase	of	running.	Torque.	Cartilage	covers	thè	trochlear	surface	and	its	adjacent	sides,	providing	smooth	articular	surfaces	for	thè	talocrural	joint.	Madison,	W	I,	Brown	and	Benchmark,	1997.	actions	of	during	stance	phase	of	gait,
507t	defmition	of,	478	Rearfoot	varus,	501	gait	deviations	with,	562t	Rectus	abdomints,	323,	3241,	325	as	extrinsic	trunk	stabilizer,	3301,	330-331	331b	attachments	and	innervations	of,	382l	in	gait,	5491,	551	in	trunk	movement,	329t	Rectus	capitis	antenor,	3361,	336-337,	339b,	3401	attachments	and	innervation	ol,	382t	lateral,	336f,	336-337,	339b,
3401	attachments	and	innervation	of,	382i	posterior,	339b,	340f	attachments	and	innervation	of,	383t	Rectus	femoris,	455	anatomy	and	action	of,	413,	4131	auachments	and	innervation	of,	573t	in	atypical	movement	combinations	between	hip	and	knee,	469f,	469-470	in	gait,	548,	5491	in	hip	and	knee	extension,	469,	469t	Rectus	shealh,	formation	of,
323,	325,	3251	Recurrent	mentngeal	nerve,	axial	skeletal	tissues	innervated	by,	313,	313f	Rheumatold	arthritis,	38	joint	deformtties	due	to,	236-240,	23712391	boutonniere	deformity	as,	237f	239—240	2401	palmar	dislocation	of	metacarpophalangeal	joint	as,	237,	2381	swan-neck	deformity	as,	2371,	238-239	2401	ulnar	drift	at	metacarpophalangeal
joint	as,	237,	239f	zig-zag	deformity	of	fìngere	as,	238-240	zig-zag	deformity	of	thumb	as,	236,	2371	Rhombotds	action	of,	120f,	120-121,	317,	317f	attachments	and	innervation	of,	244i	See	also	Ribs	at	costovenebral	joints,	265,	2671	in	ventilation,	371,	3711	structure	of,	253-254,	256f.	Seedhom	BB:	Loadbearing	function	of	thè	menisct.	Moroney	SP,
Schultz	AB,	Miller	JAA:	Analysis	and	measurement	of	neck	loads.	An	additional	factor	is	thè	angle	of	thè	knee	joint	at	thè	time	of	muscle	activation.	436	Section	IV	Lower	Extremity	Anterior	view	Intercondylar	groove	Lateral	epicondyle	lliotibial	tract	on	lateral	condyle	Adductor	tubercle	Mediai	epicondyle	Styloid	process	Mediai	condyle	Biceps	femoris
Proximal	tibiofibular	joint	Peroneus	longus	Extensor	digitorum	longus	The	primary	functiort	of	thè	tibia	is	to	transfer	weight	across	thè	knee	to	thè	ankle.	whiplash	event.18	For	this	reason,	aihletes	need	to	anticipate	a	potentially	harmful	situation	and	contract	thè	neck	musco	lature	before	impact.	1	1	20	)	.	8.	This	prominent	and	easily	palpable
structure	serves	as	thè	proximal	attach-	Anterior	view	as	thè	capitulum	and	lateral	epicondyle.	The	dorsal	surface	contains	three	facets	that	join	thè	“matching”	facets	on	thè	talus	(see	Fig.	Early	anatomists	classified	thè	elbow	as	a	ginglymus	or	hinged	joint	owing	to	its	predominant	uniplanar	motion	of	flexion	and	extension.	P	O	S	T	E	R	IO	R	C	R	U	C
IA	T	E	L	IG	A	M	E	N	T	Functional	Anatomy	The	posterior	cruciate	ligament	(PCL)	provides	another	important	source	of	resistance	to	thè	anterior-posterior	shear	forces	at	thè	knee.	Complaints	of	a	deep	aching	in	thè	forearm	from	persons	who	carry	heavy	loads	for	extended	periods	may	be	from	fatigue	in	these	muscles.	J	Biomech	28:339-345,	1995
77.	1	3	-2	9	B	).	Regardless	of	whether	thè	thigh	or	leg	is	thè	moving	segment,	both	knee	extension	movemerus	depicted	in	Figure	1	3	-1	7	A	and	B	show	a	knee	joint	that	is	extemally	rotated	when	fully	extended.	1	0	-	2	6	)	Inferiorly,	thè	muscle	attaches	by	two	heads:	thè	mediai	(stemal)	and	lateral	(clavicular)	(Fig.	356	Section	III	T	A	B	LE	1	1	-	1
Axial	Skeleton	.	17	de	Looze	MP,	Groen	H,	Horemans	H,	et	al:	Abdominal	muscles	con	45.	368f	Brachial	plexus	in	innervation	of	shoulder,	117,	119f	ventral	nerve	roots	of,	muscles	used	for	testing	function	of,	243t	Brachiale	attachments	and	innervation	of,	244t	biomechanical	and	structural	variables	of,	157t	function	of,	157,	158f	See	See	also	names
o)	specific	bones,	Index	(Continued)	Brachialis	line	of	force	of,	159f	work	capacity	of,	157t,	159b,	159f	Brachioradialis	as	secondary	supinator	muscle	of	forearm,	165	attachmems	and	innervation	of,	244i	biomechanical	and	structural	variables	of,	157t	function	of,	157-158,	159f	line	of	force	of,	159f	Breathing	lungs	in,	368f,	369	muscles	used	in,	374t,
375t	paradoxical,	after	spinai	cord	injury,	374b	rib	movement	during,	371,	37	lf	Bunion,	505,	505f	Bursa,	of	knee,	439,	442t	Bursa	sacs,	of	shoulder,	11	lf,	111-112	C	Calcaneal	tuberosity,	480f—481	f,	481	Calcaneocuboid	joint.	Michaeli	DA,	Murphy	SB,	Hipp	JA:	Comparison	of	predicted	and	measured	contact	pressures	in	normal	and	dysplastic	hips.	—
P	e	s	a	n	s	e	r	in	u	s	te	n	d	o	n	s	(cu	t)	A	n	t	e	r	io	r	t	lb	io	f	ib	u	la	r	lig	a	m	e	n	t	P	a	te	lla	r	lig	a	m	e	n	t	ARTHROLOGY	General	Anatomie	and	Alignment	Considerations	NORMAL	ALIGNMENT	OF	THE	KNEE	The	shaft	of	thè	femur	angles	slightly	medially	as	it	descends	toward	thè	knee.	53.	Ini	J	Sports	Med	2	0	:3	6	2	-3	6	7	,	1999.	Fitzgerald	GK:	Open
versus	closed	kinetic	chan	exercises:	After	ante	rior	cruciate	ligament	reconstructive	surgery.	a	Mediai	view	450	Seclion	IV	Lower	Extremity	TABLE	1	3	-	4	.	Components	of	thè	Cervical	Fascia	Superficial	(Investing)	Fascia	Covers	thè	entire	neck	region.	This	important	joint	stabilizes	thè	disi;	forearm	during	pronation	and	supination.	•	Interosseous
ligament	•	Anterior	tibiofibular	ligament	•	Posterior	tibiofibular	ligament	Distai	Attachments	of	thè	Three	Components	of	thè	Deltoid	Ligament	•	Tibionavicular	fibers	attach	to	thè	navicular	tuberosity.	Lifting	th	è	sante	R0LE	0F	INCREASING	INTRA-ABDOMINAL	PRESSURE	ioad	with	a	longer	extemal	moment	arm	creates	very	large	WHILE	LIFTING
and	potentially	dangerous	compression	forces	on	thè	low	rack.	1957.	Ergonomics	36	749-776,	1993.	Bohannon	RW,	Gajdosik	RL,	LeVeau	BF:	Isokinetic	knee	ilexion	and	extension	lorque	in	thè	upright	sitting	and	semireclined	sitting	positions.	J	Biomech	3:51-61,	1970.	1	he	articular	disc	at	thè	distai	radioulnar	joint	is	alsc	known	as	thè	triangular
fibrocartilage,	indicating	its	shape	and	predominant	tissue	type.	Proximal	Tibiofibular	Joint	The	proximal	tibiofibular	joint	is	a	synovial	joint	located	just	lateral	to	and	below	thè	knee.	Rising	up	from	a	squat	position,	for	example,	thè	knee	locks	into	extension	as	thè	femur	intemally	rotates	"Screw-Home"	Rotation	of	thè	Knee	Locking	thè	knee	in	full
extension	requires	about	10	de	grees	of	external	rotation.59	The	rotary	locking	action	is	called	“screw-home”	rotation,	based	on	thè	observable	twisting	of	thè	knee	during	thè	last	30	degrees	of	extension.	6	-	3	3	D).	mediai	articular	surface	is	fiat	to	slightly	concave,	whereas	thè	lateral	articular	surface	is	fiat	to	slightly	convex.	Osseous	Structure
MANDIBULAR	CONDYLE	The	mandibular	condyle	is	flattened	from	front	to	back,	witr	its	medial-lateral	length	twice	as	long	as	its	anterior-postenc	?	The	retinac	ular	fibers	are	extensions	of	thè	connective	tissue	covering	Chapter	13	thè	vastus	lateralis,	vastus	medialis,	and	iliotibial	tract	(see	Fig.	Clinica!	A	natom	y	o	f	thè	Lum	bar	Spine,	2nd	ed.	1	0	-
3	8	,	RF	vector)	is	equal	in	magnitude	but	opposue	in	direction	to	thè	sum	o	f	MF,	BW,	and	EL.	174	stress,	and	high	mediai	longitudinal	arch,	498b	Free	body	diagram,	6	3	-6	4	,	64f	reference	frames	for,	6	5	-6	7	,	66f	steps	in	setting	up,	64	-6	5	,	65b,	65f	Fronial	piane,	5,	6f,	6t	Fused	tetanus,	of	muscle	fibers,	52,	53f	G	Gagging,	abdominal	muscle
function	in,	377b	Gait,	523-568.	In	conjunctìon	with	thè	rectus	capitis	anteri	or	and	lateralis,	these	specialized	join	ts	increase	thè	number	of	movements	possible	within	thè	upper	craniocervi	cal	region	to	orient	thè	eyes,	ears,	and	nose.	Phys	Ther	79:1163-1173,	1999.	Movement	is	govemed	by	intra-articular	pressure,	by	muscle	forces,	and	by
collateral	ligaments	that	attach	thè	condyle	to	thè	periphery	of	thè	disc.	Phys	Ther	78:25-32,	1998	35.	J	Bone	Joint	Surg	29A:ó07-619,	1947,	32.	The	increasing	red	color	of	thè	quadriceps	muscle	denotes	thè	increasing	demand	on	thè	muscle	and	underlying	joint.	The	simultaneous	posterior	slide	allows	thè	talus	to	rotate	forward	without	much	anterior
translation.	thè	concept.5-34-57-61	Contraction	of	thè	abdominal	muscles	Increased	lumbar	lordosis	does	indeed	raise	thè	internai	mo	p	rod	u	ces	forces	that	increase	thè	vertical	com	pression	on	thè	ment	arm	available	to	thè	lumbar	erector	spinae	muscles.77	lumbar	spine.	T	h	e	m	o	s	t	p	r	o	m	in	e	n	t	m	e	d	ia	i	p	lic	a	is	k	n	o	w	n	b	y	a	b	o	u	t	20	n	a
m	e	s	,	in	c	lu	d	in	g	a	la	r	lig	a	m	e	n	t	,	s	y	n	o	v	ia	lis	p	a	t	e	lla	r	is	,	a	n	d	in	t	r	a	a	r	t	ic	u	la	r	m	e	d	ia	i	b	a	n	d	.	Congenital	torticollis	affects	thè	right	stemo	cleidomastoid	of	a	10-year-otd	boy.	Elbow	flexion	and	extension	occur	about	a	medial-lateral	axis	of	rotation,	passing	through	thè	vicinity	of	thè	lateral	epicondyle	(Fig.	438	Section	IV	Lower
Extremity	L	a	te	ra	l	p	a	te	lla	r	r	e	t	in	a	c	u	la	r	fib	e	r	s	/•wLir	L	a	te	ra	l	c	o	lla	te	ra	l	lig	a	m	e	n	t	—	tP™1'	jj----------	M	e	d	ia	i	T	e	n	d	o	n	o	f	b	ic	e	p	s	fe	m	o	r	is	(c	u	t)	-------	l	c	o	lla	te	ra	l	lig	a	m	e	n	t	M	e	d	ia	i	p	a	te	lla	r	retinacular	fib	e	rs	S	e	m	it	e	n	d	in	o	s	u	s	-	i	G	r	a	c	ilis	S	a	r	t	o	r	iu	s	—	FIGURE	1	3	-7	.	Powers	CM,	Lande!	R,	Perry'	J:	Timing
and	intensity	of	vastus	muscle	activity	during	functional	activities	in	subjects	with	and	without	patel	lofemoral	pain.	between	thè	vasti	and	semitendinosus.	Phys	Ther	75:194-202,	1995.	Chapter	13	B	5.5	r-	—I	60	-	55	-	50	-	45	-	40	■O	co	3	o	3.0	35	J	_______	I_______	I_______	I_______	I_______	I_______	L	90	75	60	45	30	Knee	Angle	(degrees)	15	5	30	Rectus
femoris	length	(cm)	FIGURE	13-28.	(See	text	for	further	details.)	Chapter	13	Knee	469	TABLE	13-	9.	As	a	result	of	relaiively	small	differences	in	thè	orientation	of	thè	axis	from	thè	pure	medial-lateral,	thè	main	components	of	pronation	and	supination	at	thè	talocrural	joint	are,	by	far,	dorsiflexion	and	piantar	flexion	(Fig.	The	proximal	attachment	of
thè	mediai	pterygoid	muscle	is	indicated	in	red.	1	0	-	2	7	).	The	mechantcal	work	performed	while	lifting	is	equal	to	thè	product	of	thè	weight	of	thè	body	and	extemal	load	multiplied	by	thè	vertical	displacement	of	thè	body	and	load.	354f,	355	of	ulna,	136,	136f,	137f	temporal,	of	zygomatic	bone,	354f,	355	transverse,	269,	272f	uncinate,	264,	2641,
266f	zygomatic,	of	temporal	bone,	354f,	355	Productivc	antagonism,	between	opposing	muscles,	14,	14f	Pronation	at	radioulnar	joints,	149,	1501	restriction	of,	149-150,	150f,	150t	with	weight-bearing,	150-151,	151f,	152t	kinematic	mechamsms	of,	in	early	stance	phase,	499-501,	500f.	Tenderness	may	also	be	as	sociated	with	excessive	strain	in	other
flexor	muscles,	such	as	thè	sternocleidomastoid	and	scalenus	anterior,	and	thè	cervical	viscera.	The	interosseous	membrane	has	several	functions	related	to	force	transmission	through	thè	upper	limb.	Lateral	vievv	B.	McGill	SM,	Pati	N,	Norman	RW:	Measurement	of	thè	trunk	muscula	limits	for	thè	design	of	manual	material	handling	operations	in	thè
ture	of	active	males	using	CT	scan	radiography:	lmplications	for	force	workplace.	The	motions	of	flexion	and	extension	of	thè	elbow	previde	a	means	to	adjust	thè	overall	functional	length	of	thè	upper	limb.	97.	Osteologie	Features	of	a	Metatarsal	•	Base	(with	articular	facets	for	articulation	with	thè	bases	of	adjacent	metatarsals)	•	Shaft	•	Head	•
Styloid	process	(on	thè	fifth	metatarsal	only)	Phalanges	As	in	thè	hand,	thè	foot	has	14	phalanges,	named	proximal,	middle,	and	distai	(see	Fig.	49.	Reduce	thè	magnitude	of	thè	extemal	load	back.	FIGURE	1	0	-2	6	.	Articular	branches	of	thè	femoral	nerve	supply	most	of	thè	anterior-medial	and	anterior-lateral	capsule	and	thè	associated	ligaments.	p	e
c	tin	e	a	l	(	s	p	ir	a	i)	lin	e	o	n	th	è	p	o	s	t	e	r	io	r	s	u	rfa	c	e	o	f	th	è	fe	m	u	r	In	n	e	r	v	a	tio	n	:	fe	m	o	ra	l	n	e	rv	e	a	n	d	o	c	c	a	s	io	n	a	lly	a	b	r	a	n	c	h	fro	m	th	è	o	b	t	u	r	a	t	o	r	n	e	rv	e	Piriformis	P	io	x	im	a	l	a	t	ta	c	h	m	e	n	t	:	a	n	te	r	io	r	s	id	e	o	f	th	è	s	a	c	ru	m	b	e	tw	e	e	n	Gluteus	Medius	P	r	o	x	im	a	l	a	tta	c	h	m	e	n	t:	o	u	te	r	s	u	rfa	c	e	o	f	thè	iliu	m	,	a	b
o	v	e	thè	a	n	t	e	r	io	r	g	lu	te	a	l	lin	e	D	is	ta	i	a	t	ta	c	h	m	e	n	t	:	la	te	ra	l	s	u	rfa	c	e	o	f	th	è	g	re	a	te	r	tro	c	h	a	n	te	r	In	n	e	r	v	a	tio	n	:	s	u	p	e	r	io	r	g	lu	te	a	l	n	e	rv	e	thè	s	a	c	ra	i	fo	ra	m	in	a	;	b	le	n	d	s	p	a	r	t	ia	lly	w	it	h	thè	c	a	p	s	u	le	o	f	th	è	s	a	c	r	o	ilia	c	j	o	in	t	D	istai	a	t	ta	c	h	m	e	n	t	:	a	p	e	x	o	f	th	è	g	re	a	te	r	t	ro	c	h	a	n	te	r	In	n	e	r	v	a	tio	n	:	n	e	rv
e	to	thè	p	ir	if	o	r	m	is	Popliteus	Gluteus	Minimus	P	r	o	x	im	a	l	a	t	ta	c	h	m	e	n	t	:	b	y	a	n	in	t	r	a	c	a	p	s	u	la	r	te	n	d	o	n	th	at	ato	u	te	r	s	u	rfa	c	e	o	f	th	è	iliu	m	b	e	tw	e	e	n	th	è	a	n	te	r	io	r	a	n	d	in	f	e	r	io	r	g	lu	te	a	l	lin	e	s	,	as	far	p	o	s	t	e	r	io	r	as	th	è	g	re	a	te	r	s	c	ia	tic	n	o	tc	h	D	istai	a	t	ta	c	h	m	e	n	t	:	a	n	te	r	io	r	a	s	p	e	c	t	o	f	th	è	g	re	a	te	r	tro	c	h	a	n
te	r	I	n	n	e	r	v	a	tio	n	:	s	u	p	e	r	io	r	g	lu	te	a	l	n	e	rv	e	Graeilis	P	r	o	x	im	a	l	a	t	ta	c	h	m	e	n	t	s	:	s	u	rfa	c	e	m	e	m	b	ra	n	e	a	n	d	s	u	r	r	o	u	n	d	in	g	e	x	te	rn	a	l	s	u	rfa	c	e	s	o	f	thè	in	f	e	r	io	r	p	u	b	ic	ra	m	u	s	a	n	d	is	c	h	ia	l	ra	m	u	s	Obturator	Internus	Gemellus	Inferior	P	t	o	x	im	a	l	a	tta	c	h	m	e	n	t.	Compared	with	thè	scalene	and	stemocleidomastoid
muscles,	thè	longus	colli	is	a	relarively	thin	m	us	cle	(see	Fig.	Because	of	this	functional	association,	all	three	joints	are	included	under	thè	topic	of	“ankle.”	TIBIO	FIB	U	L	AR	J	O	I	N	T	S	The	fibula	is	bound	to	thè	lateral	side	of	thè	tibia	by	two	aniculations:	thè	proximal	tibiofibular	joint	and	thè	distai	tibiofibular	joint	(see	Fig.	The	rotation	of	thè
forearm	occurs	when	thè	upper	kmb	is	assumed	to	be	in	a	non-weight-bearing	posinoti.	99,	991,	106,	1071.	J	Bone	Joint	Surg	64A:208-216,	1982.	The	negative	and	positive	biomechanical	effects	of	coxa	vara	and	coxa	valga	are	contrasted.	83.	Nisell	R,	Ericson	MO,	Nemeth	G,	et	al:	Tibiofemoral	joint	forces	during	isokinetic	knee	extension.	Mediai
FIGURE	6-8.	The	radiai	nerve	then	emerges	laterally	at	thè	distai	humerus	to	innervate	muscles	that	attach	on	or	near	thè	lateral	epicondyle.	Deviation	from	this	alignment	is	referred	to	as	excessive	genu	valgum	or	genu	varum.	The	ligament	arises	from	thè	posterior	hom	of	thè	lateral	meniscus	and	attaches	to	thè	femur	along	with	thè	posterior
cruciale	ligament.	Figure	1	4	-	8	shows	three	articular	facets	on	thè	piantar	(inferior)	surface	of	thè	talus.	Theoretically,	therefore,	passive	tension	within	stretched	thoracolumbar	fascia	can	produce	an	exten	Axial	Skeleton:	Muscle	and	Joìnt	Interactions	347	sion	torque	in	thè	lumbar	region	and,	as	such,	may	augment	thè	torque	created	by	thè	low-
back	musculature.	1	4	-	1	3	).	J	Bone	Joint	Surg	71B:47-50,	1989.	Data	collected	ai	a	large	sports	medicine	clinic	showed	that	recurrent	dislocation	of	thè	patella	accounted	for	58.4%	of	all	dislocations	in	women,	compared	with	only	14%	in	men.20	a	d	v	is	e	d	a	g	a	in	s	t	p	e	r	f	o	r	m	in	g	s	q	u	a	t	t	in	g	a	c	t	iv	it	ie	s	,	e	s	p	e	c	i	a	l	l	y	w	h	ile	c	a	r	r	y	in	g
lo	a	d	s	.	Genu	Recurvatum	B.	The	afferent	ftbers	within	thè	obturator	nerve	are	thè	reason	why	inflammation	of	thè	hip	joint	is	often	perceived	as	“referred	pain”	in	thè	mediai	knee	region.	Wang	CJ,	Walker	PS,	Wolf	B:	The	effects	of	flexion	and	rotation	on	thè	length	pattems	of	thè	llgaments	of	thè	knee.	A	The	elbow’s	axis	of	rotation	(shown	as	red
line)	extends	slightly	obliquely	in	a	medial-lateral	3“	*	r0U,fh	'	he	caPitu	um	a"	d	lh,e	trochiea-	Normal	cubitus	valgus	of	thè	elbow	,s	shown	with	thè	forearm	deviateci	laterally	frani	thè	longitudinal	axis	o(	thè	humerus	axis	about	18	degrees.	At	thè	proximal	radioulnar	joint,	thè	annular	ligament	and	radiai	notch	of	thè	ulna	spin	around	thè	fìxed	radiai
head	(see	Fig.	The	prominent	styloid	process	projects	from	thè	lateral	surface	of	thè	distai	radius.	The	vector	addition	of	QT	and	PL	provides	an	estimation	of	thè	patellofemoral	jo	in	t	force	(JF).	Ihe	two	menisci	have	different	shapes	and	methods	of	Q	u	a	d	ric	e	p	s	G	a	s	t	r	o	c	n	e	m	iu	s	-	te	n	d	o	n	la	te	ra	l	h	e	a	d	(cu	t)	L	a	te	ra	l	c	o	lla	te	ra	l	lig	a	m
e	n	t	L	a	te	ra	l	m	e	n	is	c	u	s	T	e	n	d	o	n	o	f	p	o	p	lite	u	s	llio	t	ib	ia	l	tra	c	t	(cut)	P	a	te	lla	r	lig	a	m	e	n	t	B	ic	e	p	s	fe	m	o	r	is	(cu	t)	L	a	te	ra	l	p	a	te	lla	r	re	t	in	a	c	u	la	r	fib	e	rs	T	ib	ia	lis	a	n	te	r	io	r	niijn—	E	x	te	n	s	o	r	d	ig	ito	ru	m	’	™	lo	n	g	u	s	FIGURE	13-9.	The	two	fiber	bundles	within	thè	antenor	cruciate	ligament	are	evident	in	A.	Superiorly,	thè
capsule	attaches	to	thè	rim	of	thè	mandibular	fossa,	as	far	anterior	as	thè	articular	eminence.	The	strong	functional	association	within	thè	joints	of	thè	lower	limb	is	reflected	by	thè	fact	that	most	muscles	that	cross	thè	knee	also	cross	either	thè	hip	or	ankle.	The	trochlea	resembles	a	rounded,	empty	spool	of	thread.	J	Bone	Joint	Surg	50A:15351548,
1968,	'	75.	Med	Sci	Sports	Exerc	30:301-310,	1998.	Thomas	CB,	Friedman	RJ:	Ipstlateral	stemoclavicular’	dislocation	and	eiavide	fracture	J	Orthop	Trauma	3:355-357,	1989.	O	n	e	t	o	p	ic	,	h	o	w	e	v	e	r	,	t	h	a	t	is	o	n	lo	a	d	in	g	t	h	è	h	ig	h	lig	h	t	e	d	h	e	r	e	is	t	h	è	is	s	u	e	o	f	s	t	r	e	n	g	t	h	e	n	in	g	t	h	è	q	u	a	d	r	i	g	re	e	s	of	c	e	p	s	a	s	a	p	a	r	t	o	f	A	C	L	r	e	h
a	b	ilit	a	t	io	n	.	B,	An	anterior	x-ray	view	with	subject	(a	43-year-old	man)	standing,	showing	bilateral	genu	varum	and	mediai	joint	osteoarthritis.	6	-	5	and	6	-	6	)	.	The	ulnar	nerve,	formed	from	nerve	roots	CR-	T	',	formed	by	a	direct	branch	of	thè	mediai	cord	of	thè	braci	plexus	(Fig.	ln	n	e	r	v	a	tio	n	:	tibial	portion	o	f	thè	sciatic	nerve	Semitendin	osus
from	a	co	m	m	o	n	tend	o	n	w	ith	thè	lo	n	g	head	o	f	thè	b	ice	p	s	fem	oris	originai	ing	from	a	m	ediai	im	p	ressio	n	on	thè	p	o	sterio	r	surface	o	f	thè	is	ch	ial	tuberosity	and	part	o	f	thè	sacro	tu	b	ero	u	s	ligam	ent	Distai	a	t	ta	c	h	m	e	n	t	:	proxim	al	m	ediai	surface	o	f	thè	tibia	ju	s	t	p	o	sterio	r	to	thè	low	er	end	o	f	thè	attach	m	en	t	o	f	thè	P	r	o	x	im	a	l	a
tta	c	h	m	e	n	ts	:	sartorius	o	f	thè	fibula	and	ad	jacen	t	interosseous	m	em	brane	great	toe	ln	n	e	r	v	a	tio	n	:	deep	bran	ch	o	f	thè	peroneal	nerve	Flexor	Digitorum	Longus	P	r	o	x	im	a	l	a	tta	c	h	m	e	n	ts	:	p	o	sterio	r	surface	o	f	thè	m	id	dle	one	third	o	f	thè	tibia	ju	s	t	m	ediai	to	thè	proxim	al	attach		m	en	t	o	f	thè	tibialis	p	osterior	D	istai	a	tta	c	h	m	e	n	ts	:
by	four	separate	ten	d	o	n	s	to	thè	base	o	f	thè	distai	p	h	alan	x	o	f	thè	four	lesser	toes	ln	n	e	r	v	a	tio	n	:	tibial	nerve	Flexor	HallucLs	Longus	P	r	o	x	im	a	l	a	t	ta	c	h	m	e	n	t	:	distai	tw	o	third	s	o	f	m	ost	o	f	thè	p	o	s	terior	surface	o	f	thè	fibula	D	istai	a	t	ta	c	h	m	e	n	t	:	piantar	surface	o	f	thè	base	o	f	thè	distai	p	halanx	o	f	thè	great	toe	ln	n	e	r	v	a	tio	n	:
tibial	nerve	ln	n	e	r	v	a	tio	n	:	tibial	p	o	rtio	n	o	f	thè	sciatic	nerve	Gastrocnemius	Tensor	Fasciae	Lata	P	r	o	x	im	a	l	a	t	ta	c	h	m	e	n	t	s	:	by	tw	o	separate	head	s	from	thè	pos	P	r	o	x	im	a	l	a	t	ta	c	h	m	e	n	t	:	o	u	ter	surface	o	f	thè	iliac	crest	ju	s	t	p	osterior	to	thè	an	terio	r-su	p	erio	r	iliac	spine	D	istai	a	t	ta	c	h	m	e	n	t	:	proxim	al	on	e	third	o	f	thè	iliotibial
band	terior	aspect	o	f	thè	lateral	and	m	ediai	fem	oral	con	dyle	D	istai	a	t	ta	c	h	m	e	n	t	:	calcaneal	tu	berosity	via	thè	A	chilles	ten		d	on	o	f	thè	fascia	lata	ln	n	e	r	v	a	tio	n	:	su	p	erio	r	gluteal	nerve	ln	n	e	r	v	a	tio	n	:	tibial	nerve	Vastus	Intermedius	P	r	o	x	im	a	l	a	t	ta	c	h	m	e	n	t	:	distai	two	third	s	o	f	thè	lateral	surface	P	r	o	x	im	a	l	a	tta	c	h	m	e	n	t:
anterio	r-lateral	reg	ions	o	f	thè	u	p	per	tw	o	third	s	o	f	thè	fem	oral	shaft	D	istai	a	tta	c	h	m	e	n	ts	:	m	ediai	cap	su	le,	base	o	f	thè	patella,	and	via	ligam	entum	patella,	to	thè	tibial	tu	berosity	ln	n	e	r	v	a	tio	n	:	fem	oral	nerve	Vastus	Lateralis	a	tta	c	h	m	e	n	ts	:	u	p	p	er	region	o	f	in	tertro	ch	an	teric	lin	e,	an	terio	r	and	in	ferio	r	b	o	rd	e	r	o	f	thè	greater
troch	an	te	r,	lateral	region	o	f	thè	gluteal	tubero	sity,	lateral	P	r	o	x	im	a	l	lip	o	f	thè	linea	aspera	Pcroneus	Brevis	o	f	thè	fibula	D	is	ta	i	a	t	ta	c	h	m	e	n	t	:	styloid	p	ro	cess	o	f	thè	fifth	m	etatarsal	ln	n	e	r	v	a	tio	n	:	superficial	b	ran	ch	o	f	thè	p	eroneal	nerve	Pcroneus	Longus	P	r	o	x	im	a	l	a	tta	c	h	m	e	n	ts	:	head	and	proxim	al	two	third	s	o	f	thè	lateral
surface	o	f	thè	fibula	D	istai	a	t	ta	c	h	m	e	n	t	:	lateral	surface	o	f	thè	m	ediai	cu	n	eifo	rm	and	lateral	side	o	f	thè	base	o	f	first	m	etatarsal	bone	ln	n	e	r	v	a	tio	n	:	su	perficial	b	ran	ch	o	f	thè	peroneal	nerve	Pcroneus	Tertius	D	is	ta	i	a	t	ta	c	h	m	e	n	t	:	lateral	cap	su	le,	base	o	f	thè	patella,	and	P	r	o	x	im	a	l	a	tta	c	h	m	e	n	ts	:	distai	one	third	o	f	thè	m	ediai
sur	via	ligam	entu	m	patella,	to	thè	tibial	tuberosity	ln	n	e	r	v	a	tio	n	:	fem	oral	nerve	D	istai	a	t	ta	c	h	m	e	n	t	:	dorsal	surface	o	f	thè	base	o	f	thè	fifth	Vastus	Medialis	a	tta	c	h	m	e	n	ts	:	lo	w	er	region	o	f	in	tertro	ch	an	teric	lin	e,	m	ediai	lip	o	f	linea	aspera,	p	roxim	al	m	ediai	supracon	d	y	lar	lin	e,	fibers	from	ad	d	u	cto	r	m	agnus	P	r	o	x	im	a	l	face	o	f
thè	fibula	and	ad	jacen	t	in	tero	sseo	u	s	m	em	brane	m	etatarsal	ln	n	e	r	v	a	tio	n	:	deep	b	ran	ch	o	f	thè	peroneal	nerve	Plantaris	P	r	o	x	im	a	l	a	tta	c	h	m	e	n	ts	:	m	ost	m	ferio	r	part	o	f	lateral	supra-	574	Appenda	IV	con	d	y	lar	line	o	f	thè	fem	u	r	and	o	bliqu	e	popliteal	ligam	e	n	t	o	f	thè	knee	D	is	ta	i	a	t	ta	c	h	m	e	n	t	:	jo	in	s	thè	m	ediai	aspect	o	f	A
chilles	ten-	d	on	to	insert	on	th	è	calcan	eal	tuberosity	I	n	n	e	n	a	t	i	o	n	:	tibial	nerve	P	r	o	x	im	a	l	a	tta	c	h	m	e	n	ts	:	m	ediai	p	ro	cess	o	f	calcaneal	tu	b	ero	s	ity	and	cen	trai	part	o	f	thè	piantar	fascia	D	is	ta	i	a	tta	c	h	m	e	n	ts	:	e	ach	o	f	four	ten	d	o	n	s	inserts	on	Soleus	P	r	o	x	im	a	l	a	t	ta	c	h	m	e	n	t	s	:	p	o	sterio	r	surface	o	f	thè	fibula	head	and	p	roxim
al	one	third	o	f	its	shaft	and	from	thè	p	o	ste	rior	side	o	f	thè	tibia	n	ear	thè	soleal	lin	e	D	istai	a	t	ta	c	h	m	e	n	t	:	calcaneal	tu	bero	sity	via	thè	A	chilles	ten-	d	on	thè	sid	es	o	f	thè	piantar	aspect	o	f	thè	base	o	f	thè	m	iddle	p	h	alan	x	o	f	thè	lesser	toes.	Several	structures	blend	with	and	reinforce	thè	MCL,	most	notably	thè	mediai	patellar	retinacular
fibers	and	mediai	cap	sule.	The	loca~n	of	some	muscles	is	altered	htly	(or	iilustration	purposes.	Rispoli	DM,	Miller	MD:	Options	in	meniscal	repair.	Med	Sci	Sports	Exerc	30:556-569,	1998.	Ann	R	Coll	Surg	2:142-156	1948.	The	maxilla	is	fixed	within	the	skull	through	Molars	Tip	of	coronoid	process	Lateral	pole	Mediai	pole	M	a	n	d	ib	u	la	r	condyle
FIGURE	1	1	-3	.	tric	activity	of	lumbar	portions	of	psoas	and	thè	abdominal	wall	duriti;	11.	Increasing	knee	flexion	by	descending	into	a	deeper	squat	significanti)'	raises	thè	force	demands	throughout	thè	extensor	mechanism.	During	femoral-on-tibial	extension,	as	in	standing	up	|	from	a	deep	squat	position,	thè	femoral	condyles	simultaneously	roll
anteriorly	and	slide	posteriorly	on	thè	articular	surface	of	thè	tibia	(Fig.	The	specific	anatomy	of	thè	PCL	is	variable.	Five	reinforced	regions	of	thè	capsule	are	described	next	and	summarized	in	Table	The	anterior	capsule	of	thè	knee	attaches	to	thè	margins	of	thè	patella	and	thè	patellar	ligament,	being	reinforced	by	thè	quadriceps	muscle	and
patellar	retinacular	fibers.	The	fibula	is	attached	to	thè	lateral	side	of	thè	tibia	by	prox	imal	and	distai	tibiofibular	joints	(see	Fig.	Fitzgerald	GK,	Axe	MJ,	Snyder-Mackler	L:	The	efficacy	of	perturbation	training	in	nonoperative	anterior	cruciate	ligament	rehabilitation	programs	for	physically	active	persons.	See	Cramocervical	region;	Neck.	Chapter	13
Altered	Muscle	Activation	Pattern	Following	Anterior	Cruciate	Ligament	Injury	C	o	n	t	r	a	c	t	io	n	o	f	t	h	è	q	u	a	d	r	ic	e	p	s	m	u	s	c	le	c	a	u	s	e	s	a	n	a	n	t	e		r	io	r	t	r	a	n	s	la	t	io	n	o	f	t	h	è	t	ib	ia	r	e	la	t	iv	e	to	t	h	è	fe	m	u	r	.	'2-25-6'-88-126	A	s	t	h	è	k	n	e	e	V	o	lu	m	e	s	o	f	m	a	t	e	r	ia	l	h	a	v	e	b	e	e	n	w	r	it	t	e	n	o	n	t	h	è	A	C	L	,	e	s	p	e	-	a	p	p	r	o	a	c	h	e	s	f	u	ll
e	x	t	e	n	s	io	n	,	t	h	è	a	c	t	iv	e	q	u	a	d	r	ic	e	p	s	p	r	o	d	u	c	e	s	r	e	h	a	b	ilit	a	t	io	n	.	Most	elbow	flexors,	and	essentially	all	thè	major	supinato:	I	and	pronator	muscles,	have	their	distai	attachments	on	thè	radius.	A	prosthetic	hip	is	secured	by	cement	or	through	biologie	fixation,	provided	by	bone	growth	into	thè	surface	of	thè	implanted	components.
164f	force	components	of,	normal	vs.	152,	155,	I57t,	244t-245t	law	of	parsimony	in,	164b	paralysis	of,	22,	22f,	165b,	165f	supinators	function	of,	165-169,	166b	law	of	parsimony	in,	169b	line-of-force	of,	165,	166f	torque	generatcd	by,	166,	167f,	168b,	168f,	168-169	torque	demanda	of,	162,	164,	164b.	A	shallow	anterior	and	a	posterior	in	t	e	r	c	o	n	d	y
la	r	f	o	s	s	a	flank	either	side	of	thè	eminence.	In	most	cases,	thè	opposing	forces	counteract	one	another	so	that	thè	patella	moves	optimally	during	flexion	and	extension.	Phys	Ther	76:1320-1330	1996	59.	50.	Atypical	Movement	Combinations:	Hip	Flexion-and-Knee	Extension	or	Hip	Extension-and-Knee	Flexion	Consider	movement	pattems	of	thè	hip
and	knee	that	are	out	of	phase	with	thè	more	lypical	movement	pattems	described	here.	The	ulnar	notch	of	thè	distai	radius	accepts	thè	ulnar	head	at	thè	distai	radioulnar	joint.	Unlike	thè	elbow,	thè	knee	has	no	bony	block	against	hyperextension.	1	4	-	1	1	and	1	4	-	1	4	).	The	coronary	ligaments	are	relatively	loose	thereby	allowing	thè	menisci,
especially	thè	lateral,	io	pivot	freely	during	movement.	Interassei,	of	foot	anaiomy	and	function	of,	519f,	520	attachmems	and	innervation	of,	574t-575t	of	hand,	attachmems	and	innervation	of	246t	Dorsillexion	ankle	injury	and,	489b	definition	of,	482,	4821,	483t	of	talocrural	joint,	486-487,	487f	of	transverse	tarsal	joint,	493,	4951	Drop	foot	abnormal
gail	pattern	with,	5491,	550,	5631	common	peroneal	nerve	in|ury	and,	516-517	518t	Dupuytren's	contracture,	oblique	retinacular	ligament	in,	232	Dynamometry	for	collectioti	of	kinematic	data,	51,	84	841	85,	85f	for	measurement	of	torque	angle	curve,	48	Dysplasia,	developmental.	Throughout	this	motion	a	variable	amount	of	EMG	activity	from	thè
erector	spinae	is	observed,	reflecting	this	muscle's	eccentric	activity	while	lowering	thè	trunk.	This	activity	is	typical	when	viewing	a	computer	screen.	Gillquist	J,	Messner	K:	Anterior	cruciate	ligament	reconstruction	and	iong-term	incidence	of	gonarthrosis.	Beimbom	DS,	Morrissey	MC:	A	review	of	thè	iiterature	reiated	to	trunk	ling	thè	motion
patterns	of	thè	external	load.	A	sagittal	seclion	through	thè	humeroulnar	joint	showing	thè	well-fìtting	joint	surfaces	between	thè	trochlear	notch	and	trochlea.	Dunng	pro	nation,	for	instance,	thè	fovea	of	thè	radiai	head^spins	against	thè	rounded	capitulum	of	thè	humerus	(Fig.	TRAUMATIC	CAUSES	OF	ELBOW	JOINT	INSTABILITY	Injury	to	thè
collateral	ligaments	of	thè	elbow	can	result	in	marked	elbow	instability.	Of	particular	importance	is	thè	fact	that	total	paralysis	of	thè	knee's	flexor	muscles	provided	no	direct	muscular	resistance	against	thè	knee's	hyperextension	deformity.	The	following	sections,	therefore,	focus	on	thè	role	of	thè	muscles	during	lifting,	and	how	forces	produced	by
muscles	can	be	modified	to	reduce	thè	stress	on	thè	structures	in	thè	low-back	region.	152	Seclion	II	Upper	Extremity	TABLE	6	-	3	Arthrokinematics	of	Pronation	and	Supination1	Weight-Bearing	(Radius	and	Hand	Fixed)	Non-weight-bearing	(Radius	and	Hand	Free	to	Rotate)	Proximal	Annular	ligament	and	raRadioulnar	diai	notch	of	thè	ulna	Joint	spin
around	a	fixed	ra	diai	head.	1	3	-3	9	C	).117	In	addition	to	sur	gery,	foot	orthoses	are	wom	to	reduce	stress	on	knees	with	mediai	joint	arthritis.	1	1	-1	0	B	).59	The	more	superficial	oblique	fibers	course	in	an	anterior-superior	direction,	from	thè	posterior	neck	of	thè	mandible	to	thè	lateral	margins	of	thè	articular	eminence	and	zygomatic	arch.	111.
The	remaining	20%	of	thè	compression	force	passes	across	thè	mediai	side	of	thè	carpus	and	thè	ulna,	at	thè	“ulnocarpal	space.”37	Because	of	thè	fiber	direction	of	thè	interosseous	membrane,	pan	of	thè	proximal	directed	force	through	thè	radius	is	transferred	across	thè	membrane	to	thè	ulna.39	This	mechanism	allows	a	share	of	thè	compression
force	at	thè	wrist	to	cross	thè	elbow	via	thè	humeroulnar	joint,	thereby	reducing	thè	amount	of	force	thai	must	cross	thè	limited	surface	area	of	thè	humeroradial	joint.30	The	periarticular	FIGURE	6	-	1	6	.	Once	flexed,	thè	arthrokinematics	of	inter	nai	and	extemal	rotation	involve	a	spin	between	thè	menisci	and	thè	articular	surfaces	of	thè	tibia	and
femur.	Deep	to	thè	vastus	ìnter	medius	is	thè	articularis	genu.	T	h	e	t	o	r	s	io	n	w	it	h	in	t	h	è	c	o	m	p	r	e	s	s	e	d	k	n	e	e	c	a	n	p	in	c	h	a	n	d	d	is	lo	d	g	e	t	h	è	m	e		n	is	c	u	s	.	1	0	-	4	1	).	The	first	toe—	commonly	called	thè	great	toe	or	hallux—	has	two	phalanges,	designated	as	proximal	and	distai.	Long-term	flexion	may	be	thè	resuli	ol	casting	(ollowing	a
fractured	bone,	an	elbow	joint	inllam	mation,	an	elbow	flexor	muscle	spasticity,	a	paralysis	of	thè	tnceps	muse	e	or	a	scarring	of	thè	skin	over	thè	antenoi	elbow.	The	goal	of	this	action	is	to	dissipate	all	force	in	thè	rectus	femoris	as	quickly	as	possible.	The	distai	surface	of	thè	left	femur	and	thè	pa	tella	is	shown	in	thè	knee	of	a	cadaver.	The	vastus
latera	lis	and	vastus	medialis	attach	into	thè	capsule	and	menisci	via	patellar	retinacular	fìbers	(see	Fig.	Peroneus	brevis	Tibia	Osteologie	Features	of	thè	Proximal	Tibia	and	Fibula	Fibula	Proximal	Fibula	•	Head	Proximal	Tibia	•	Mediai	and	lateral	condyles	•	Intercondylar	eminence	•	Anterior	intercondylar	fossa	•	Posterior	intercondylar	fossa	•	Tibia!
tuberosity	•	Soleal	(popliteal)	line	Distai	tibiofibular	joint	Mediai	malleolus	Lateral	malleolus	FIGURE	13	-3	.	The	firsi	32	years	of	total	hip	anhroplasty.	lumbar	extensor	muscles	and,	therefore,	lower	thè	compres	Fourth,	increase	thè	internai	moment	arm	available	to	thè	sion	force	on	thè	lu	m	bar	spine.	S	im	ila	r	ly	,	r	ig	h	t	la	t	e	r	a	l	f	le	x	io	n	o	f	t	h	è
C	2	-7	r	e	g	io	n	,	w	h	i	c	h	a	ls	o	r	e	s	u	lt	s	in	9,	a	n	i	p	s	ila	t	e	r	a	l	c	o	u	p	lin	g	p	a	t	t	e	r	n	e	x	is	t	s	in	t	h	è	C	2	-C	7	r	e	g	io	n	b	e	t	w	e	e	n	t	h	è	m	o	t	io	n	s	o	f	a	x	ia	l	r	o	t	a	t	io	n	a	n	d	la	t	e	r	a	l	f	le	x	io	n	.	This	test	involves	pushing	thè	leg	posteriorly	with	thè	knee	flexed	to	90	degrees	(Fig.	At	thè	major	joints	of	thè	ankle	and	foot,	however,	thè
fundamental	definitions	are	inadequate	because	most	movements	of	thè	ankle	and	foot	occur	about	an	oblique	axis	rather	than	thè	three	standard,	orthogonal	axes	of	rotation	depicted	in	Figure	1	4-9A	.	C	to	E	show	thè	primary	active	movement	components	of	dorsiflexion	and	piantar	flexion.	Posterior	view	of	thè	righi	distai	femur,	thè	tibia,	and	thè
fìbula.	These	same	muscles	rapidly	contract	to	accelerate	knee	flexion	in	order	to	shorten	thè	functional	length	of	thè	lower	limb	during	thè	swing	phase.	Masseter	muscle-	Mastoid	process	Styloid	process-	Condyle	of	te	m	p	o	ro	m	a	n	d	ib	u	la	r	jo	in	t	Mental	foramen	Angle	Masseter	muscle	Z	yg	om	a	tic	arch	FIGURE	11-1.	1	3	-2	8	B	).	Adams	MA,
Dolan	P:	A	technique	for	quanlifying	thè	bending	moment	acting	on	thè	lumbar	spine	in	vivo.	Phys	Ther	71:656-665,	1991.	Peyron	JG:	Osteoarthritis:	The	epidemiologie	viewpoint.	The	moment	arm	(black	line)	is	reduced	in	B	owing	to	thè	patellectomy.	During	pronation,	thè	fovea	of	thè	radiai	head	m	usj	spin	against	thè	capitulum.	Alter	exiting	thè
posterior	cap	sule,	thè	popliteus	has	an	extensive	attachment	to	thè	poste	rior	side	of	thè	tibia.	Graph	shows	ihe	predicted	corri-	O	pression	force	at	thè	L5-S1	disc	as	a	function	of	load	size	and	thè	dislance	thè	loads	are	held	in	front	of	thè	body	(1	Ib	=	4.448	N.).	1351	U	n	f	o	r	t	u	n	a	t	e	ly	,	t	h	è	t	o	r	q	u	e	r	a	t	io	s	h	a	v	e	b	e	e	n	FIGURE	13-35.	An
important	function	of	thè	oblique	fibers	of	thè	vastus	medialis	is	to	counteract	thè	tendency	of	thè	quadri	ceps	muscle	as	a	whole	to	dislocate	thè	patella	laterally.74	The	mediai	paiellofemoral	(retinacular)	fibers21	and	thè	normally	raised	lateral	facet	within	thè	intercondylar	groove	of	thè	femur	resist	thè	laterally	encroaching	patella.	tibiofemoral
joint	of,	440,	442-444,	443f445f,	446.	As	noted	by	observing	a	skeletal	model	or	Figure	1	3	-	2	1	,	this	movement	in	conjunction	with	a	valgus	force	can	elongate	and	potentially	tear	thè	ACL.	ARTHROLOGY_______________________	Pati	1:	Joints	of	thè	Elbow	GENERAL	FEATURES	OF	THE	HUMEROULNAR	AND	HUMERORADIAL	JOINTS	The	elbow	joint
consists	of	thè	humeroulnar	and	humeroradial	articulations.	Ihe	sensory	dtstribunon	of	thè	radiai	nerve	is	shown	with	its	area	of	concentrated	supply	at	thè	dorsal	web	space	of	thè	hand.	The	anatomy	and	action	of	thè	gastrocnemius	and	plantaris	are	considered	in	Chapter	14.	impairment	of	gait	deviations	at	ankle-foot	with,	563t	gait	deviations	al
hip/pelvis/trunk	with,	567l	gait	deviations	at	knee	with,	565t	muscles	of	attachmenis	and	innervations	of,	571t-575t	nerve	roots	of,	570t—57lt	prenatal	mediai	rotation	of,	398,	3981	ventral	nerve	roots	of	muscles	of,	used	for	testing	function	of,	57li	Lumbar	plexus,	innervating	muscles	of	hip,	4091-4101,	409-411,	410b	Lumbar	spine,	292-303	anterior
spondylolisthesis	at,	294b,	2941	articular	struclures	in,	292-294,	2931	axial	rotation	of,	290f	extension	of,	289f,	297	biomechanical	consequences	of,	302b,	302t	for	low	back	pam,	302b	lumbopelvic	rhythm	in,	297-299,	2981,	2991	fiexton	of,	2881,	294-296,	295f	biomechanical	consequences	of,	302b,	302t	for	low	back	pain,	302b	lumbopelvic	rhythm	in,
297—299,	298f,	2991	lateral	flexion	of,	29	lf	motion	at,	294-303	in	fronial	piane,	2911,	303	in	horizontal	piane,	2901,	303	in	sagittal	piane,	294-302,	2951,	295t,	2981-3021	range	of	motion	at,	294t	pclvic	tilt	and,	299-301,	3001	Lumbopelvic	rhythm,	406,	4061,	4071,	408	in	anterior	and	posterior	pelvic	tilt,	406,	407f,	408	in	trunk	flexion	and	extension,
297-299,	2981,	2991	ipsi-dtrectional	and	contra-directional,	406,	406f,	4071	Lumbosacral	plexus,	ventral	nerve	roots	ol,	mus	cles	used	for	testing	function	of,	571t	Lumbrical	muscles	of	foot	anatomy	and	function	of,	519,	5191	attachments	and	innervation	of,	574t	of	hand,	2151,	2221,	226-227	anatomy	and	function	of,	227,	227f	attachments	and
innervation	of,	246t	in	finger	flexion,	233,	2331	in	opentng	hand,	230-232,	231	f—232f	vs.	The	primary	function	of	thè	lateral	ligament	is	to	stabilize	thè	lateral	side	of	thè	capsule.	B,	The	initiation	of	thè	squat	lift.	Through	eccentric	action,	thè	mus	cle	helps	dampen	thè	impact	of	full	knee	extension.	Temporal	bone	ju	st	anterior	to	thè	articular
eminence.	1	3	-1	7	A	with	B).	-	-	XXX	XX(IL)	-	-	XX	XXX	XXX	XXX(IL)	-	‘	CL	=	contralateral	rotation,	IL	=	ipsilateral	rotation	FIGURE	1	0	-3	4	.	Furthermore,	thè	stoop	lift	creates	long	extemal	moment	arms	between	thè	trunk	and	thè	low	back,	and	between	thè	load	and	thè	low	back.	SENSO	RY	IN	N	E	R	V	A	T	IO	N	TO	T	H	E	JO	IN	T	Sensory
inner\'ation	to	thè	knee	is	supplied	primarily	from	thè	L3	through	L5	nerve	roots,	carried	by	anterior	and	posterior	sets	of	nerves.58,65	The	posterior	set	is	derived	from	thè	posterior	tibial	and	obturator	nerves.	T	h	e	d	if	f	e	r	e	n	c	e	in	p	e	a	k	t	o	r	q	u	e	s	b	e	t	w	e	e	n	t	h	è	e	x	t	e	n	s	o	r	a	n	d	thè	overpowering	vastus	not	only	extends	thè	knee,	but
lengthens	or	stretches	thè	active	semitendinosus.	Chapter	12	Hip	431	A	:	POSITIVE	C:	1.	Clin	Anat	12:326-336,	1999.	In	flexion,	thè	capsule	and	ligaments	are	relatively	slack	(see	Fig.	Osteologie	Features	of	thè	Ulna	•	Olecranon	process	•	Coronoid	process	•	Trochlear	notch	and	longitudinal	crest	•	Radiai	notch	•	Supinator	crest	•	Tuberosity	of	thè
ulna	•	Ulnar	head	•	Styloid	process	The	trochlear	notch	of	thè	ulna	is	thè	large	jawlike	process	located	between	thè	anterior	tips	of	thè	olecranon	and	coronotd	processes.	Part	1:	A	review	of	biomechanical	and	psychophysicai	activity	of	thè	low	back	muscles	during	load	carrying	by	men	and	research	on	risk	factors	associated	with	low	back	pain.	Refer
to	Figure	1	2	-	4	5	for	background	and	other	abbreviauons.	J	Bone	Joint	Surg	46B:307-313,	1964.	B	a	s	e	d	o	n	t	h	è	b	io	m	e	c	h	a	n	i	c	s	d	e	s	c	r	ib	e	d	,	p	e	r	s	o	n	s	w	it	h	c	h	o	n	d	r	o	m	a	la	c	ia	,	a	c	t	iv	e	a	r	t	h	r	it	is	,	o	r	g	e	n	e	r	a	liz	e	d	p	a	t	e	llo	f	e	m	o	r	a	l	jo	in	t	p	a	in	a	r	e	o	fte	n	Posterior	FIGURE	13-30.	FIGURE	6-14.	The	calcaneofibular	and
anterior	talofìbular	ligaments	together	limit	inversion	throughout	most	of	thè	range	of	dorsiflexion	and	piantar	flexion.7	M	ediai	view	Thrcc	Major	Components	of	thè	Lateral	Collateral	Ligaments	of	thè	Ankle	•	Anterior	talofìbular	ligament	•	Calcaneofibular	ligament	•	Posterior	talofìbular	ligament	posterior	tendon	(cut)	calcaneonavicular	(spring)
ligament	ligament	FIGURE	14-13.	Very	large	forces	produced	by	low-back	ex	tensor	muscles	can	injure	thè	muscles	themselves,	intervertebral	discs,	vertebral	endplates,	or	apophyseal	joints.	Yasuda	K,	Sasaki	T:	Exercise	after	anterior	cruciate	ligament	recon	struction.	POSITIVE	Increased	functional	length	of	hip	abductor	muscle.	Glenohu	meral
joint.	articular	and	ligamentous	structure	of,	49	2	493,	493f	Calcaneocuboid	ligament,	dorsal,	485f.	The	extemal	torques	are	equal	to	thè	product	of	body	or	leg	weight	times	thè	extemal	moment	arm	(EMA).	Three	mechanisms	are	proposed	for	rup-	452	Section	IV	Lower	Extremity	Taut	ACL	A.	Stemkamp	LA,	Dillingham	MF,	Markel	MD,	et	al:
Biomechanical	considerations	in	patellofemoral	jotnt	rehabilitation.	J	Bone	Joint	Surg	58B:287-290,	1976.	1	4	-1	8	A	).	The	menisci	are	anchored	to	thè	intercondylar	region	of	thè	tibia	by	their	anterior	and	posterior	homs.	Clin	Orthop	356:181-191	Saha	AK:	Dynamtc	stability	of	thè	glenohumeral	joint.	Potvin	JR,	Norman	RW,	McGill	SM:	Reduction	in
anterior	shear	forces	on	thè	L4/L5	disc	by	thè	lumbar	musculaiure.	Management	of	genu	varum	often	involves	surgery,	such	as	a	high	tibial	(wedge)	osteotomy.	1	4	-	6	).	w	it	h	o	u	t	a	p	a	t	e	lla	n	e	e	d	s	t	o	g	e	n	e	r	a	t	e	25%	m	o	r	e	f	o	r	c	e	t	o	A.	1	0	-	2	5	)	and	(Table	1	0	-	1	0	).	Phys	Ther	68	496-502,	1988	54.	Marked	coxa	vara	increases	thè	FIGURE
12-53.	Nemeth	G,	Ohlsen	H:	Moment	arms	of	thè	hip	abductor	and	adductor	muscles	measured	in	vivo	by	computed	tomography.	124.	Contions	made	by	thè	laminae	anchor	thè	disc	posteriorly	to	ne	(see	thè	box).	These	com	ponents	exclude	thè	subcutaneous	fascia	that	is	imbedded	within	thè	platysma	muscle.	Clin	Orthop	191:129-135,	1984.
Tarsometatarsal	joint	transverse	tarsal.	I	S		IS	).33^	most	important	factor	is	thè	shape	of	thè	me	diai	femoral	condyle.	Horizontal	piane	rotation	of	thè	femur	over	thè	tibia	causes	thè	menisci	to	deform	slightly,	as	they	are	compressed	between	thè	spinning	femoral	condyles.	Berlin	Springer-Verlag,	1976.	PLANTAR	FLEXION	488	Sect\on	ÌV	L	o	w	e	r	E
x	trem	ity	Path	of	thè	tibia	Superior	view	Achilles	tendon	Calcaneofibular	ligament	FULL	DORSIFLEXION	Peroneus	longus	-	FIGURE	14-18.	In	severe	cases	of	contracture,	thè	muscle	may	be	surgically	released,	most	commonly	at	thè	sternal	and	clavicular	heads.85	Postsurgical	treatment	typically	involves	physical	therapy	to	maintain	thè
overcorrected	position	of	thè	neck	and	reduce	scar	formation.	Sit-up	exercise.	Lateral	150	Section	II	Upper	Extremity	Anterior	Styloid	process	Distai	Kadioulnar	Joint	from	Above	Anterior	FIGURE	6-30.	1	1	-1	2	B	).	tangentiai,	69t	force	couple	of,	18f,	19	force	generation	by,	44-47.	ultimately	on	thè	patellofemoral	joint	(Fig.	Spine	12:138-145,	1987.
ESTIMATING	THE	MAGNITUDE	OF	FORCE	IMPOSED	ON	THE	LOW	BACK	WHILE	LIFTING	Considerable	research	has	been	undertaken	to	quantify	thè	relative	forces	and	torques	imposed	on	thè	various	structures	in	thè	low	back	while	lifting.1-3-31-56-70	This	research	helps	clinicians	and	members	of	govemmental	agencies	develop	safety
guidelines	and	limits	for	lifting,	especially	in	thè	workplace.12-13-23-29’35-37-44	Of	particular	interest	during	lifting	are	thè	variables	of	peak	force,	or	torque,	produced	by	muscles;	tension	developed	within	stretched	ligaments;	and	compres	sion	and	shear	forces	developed	against	thè	intervertebral	discs	and	apophyseal	joints.	Int	J	Sports	Med
15:19-25,	1994	Medvecky	MJ,	Zuckerman	JD:	Stemoclavicular	joint	injuries	and	disorders	lnstr	Course	Lect	49:397-406,	2000.	5ee	Metatarsophalangeal	joim(s).	During	femoral-on-tibial	extension,	thè	femur	follows	a	medially	curved	path	on	thè	tibia.	translation,	4	-5	,	51,	5t	Rotator	culi	muscles,	107,	108b,	109-110,	1101	in	chronic	impingement
syndrome	at	shoulder,	114b,	1141	in	elevation	of	arm,	1271-128f,	127-129.	The	distai	end	of	thè	righi	humerus,	inferior	view.	of	lumbar	spine,	for	low	back	pain,	consequences	of,	302b	of	metacarpophalangeal	joints,	209,	210f	of	thoracic	spine,	286t,	286-287,	288f,	289f	of	thumb,	201	f,	204f,	204-205,	206f,	206t	of	wrist,	179-180,	180f,	181f-182f,
181182,	190-191,	191t	Flexion	contracture	elbow,	loss	of	forsvard	reach	with,	140,	141b,	141	f	hip	effect	on	standing,	416,	416f	lumbar	lordosis	with,	300,	301f	Flexor	carpi	radialis	anatomy	and	function	of,	189-190,	190f	attachments	and	innervation	of,	245t	radiai	deviation	by,	191,	191	f	Flexor	carpi	ulnaris	anatomy	and	function	of,	189-190,	190f
attachments	and	innervation	of,	245t	ulnar	deviation	by,	191-192,	192f	Flexor	digiti	mimmi	of	foot	anatomy	and	function	of,	519,	519f	attachments	and	innervation	of,	574t	of	hand,	225h	225-226	attachments	and	innervation	of,	246t	Flexor	digitorum	brevis,	attachments	and	ìnnervation	of,	574t	Flexor	digitorum	longus	anatomy	and	function	of,	512-
514,	514f,	516	attachments	and	innervation	of,	5731	maximal	torque	potential	of	at	ankle,	514,	516t	supinatton	potential	of,	514,	516	Flexor	digitorum	profundus,	2	14f—215f,	215—	216	attachments	and	innervation	of,	246t	in	finger	flexion.	1	2	-	4	to	1	2	-	6	).	Phvs	Ther	80	2	5	1	260,	2000.	Once	in	full	extension,	thè	humeroulnar	joint	is	stabilized	by
thè	increased	tension	in	most	of	thè	anterior	fibers	of	thè	mediai	collateral	ligament,	anterior	capsule,	and	flexor	muscles,	particularly	thè	broad	tendon	of	thè	brachialis.	Interestingly,	thè	extemal	torque	applied	against	thè	knee	during	femoral-on-tibial	extension	also	declines	rapidly	during	thè	same	range	of	motion	(see	Fig.	The	components	of	thè
mediai	collateral	lioa	ment	of	thè	right	elbow.	The	stoop	lift	is	23%	to	34%	more	metabolically	“effìcient”	than	thè	squat	lift—	in	terms	of	work	performed	per	level	of	oxygen	consumption.82	The	squat	lift	requires	greater	work	because	a	greater	proportion	of	thè	total	body	mass	must	be	moved	through	space.	This	match	accounts,	in	part,	for	thè
popularity	of	“closed-kinetic	chain”	exercises	that	focus	on	applying	resistance	to	thè	quadriceps	while	thè	person	is	standing	upright	and	moving	through	thè	last	45	to	60	degrees	of	femoral-on-tibial	knee	extension.	In	essence,	thè	powerful	monoarticular	gluteus	maximus	augments	knee	exten	sion	force	by	extending	thè	hip.	1261	screw-home,	of
knee,	445-446,	4461,	4471,	448,	4491	vs.	Spoor	CW,	van	Leeuven	JL,	de	Windt	FHJ:	A	model	study	of	muscle	forces	and	joint-force	direction	in	normal	and	dysplastic	neonatal	hips.	Hyperextension	of	thè	knee	2.	A,	The	lateral	ligament	of	thè	temporomandibular	joint.	2571	Rtght-hand	rule,	67,	86	Roll-and-slide	movements	of	glenohumeral	joint,	113,
113f,	115,	1151,	1161	of	joints,	8t,	8	-1	0	,	9f,	101	with	spin,	10,	lOf	of	wrist,	181-182,	182f-184f	Rotatton	of	acromtoclavicular	joint,	104,	1051	of	clavicle,	1011-1021,	102	of	forearm,	145f,	145-146	of	glenohumeral	joint,	1121,	1151,	115-116,	116t,	131-132,	132f	of	hip,	internai	and	extemal,	4071,	4081,	408409	of	scapulothoracic	joint,	upward	and
downward.	Muscle	attachments	are	shown.	In	con	tras!,	a	potentially	negative	effect	of	coxa	valga	is	thè	de	creased	moment	arm	available	to	thè	hip	abductor	force	(see	Fig.	They	lie	deep	to	thè	upper	trapezius,	splenius	group,	and	semispinalis	capitis	muscles	(see	Fig.	A	person	with	limited	pronation	or	supination	range	of	motion	must	rely	on
greater	internai	or	external	rotation	of	thè	shoulder	to	perform	activities	such	as	tightening	a	screw	and	tuming	a	doorknob.	A	relatively	wide	base	of	support	affords	greater	overall	stabilicy	o	f	thè	body,	thereby	reducing	thè	chance	of	a	fall	or	slip.	Lifting	a	very	heavy	load	balancing	torques	from	thè	extensor	muscles,	thereby	adding	346	Section	III
Axial	Skeleton	to	thè	overall	myogenic	compression	on	thè	lumbar	spine.	Am	J	Sports	Med	27:711-717,	1999.	Excessive	ectopie	(from	thè	Greek	root	ceto;	outside,	+	topos;	place)	bone	formation	around	thè	olecra	non	fossa	can	limit	full	passive	extension.	J	Bone	Joint	Surg	61A:756-759.	Consider	thè	act	of	sliding	an	obese	patient	toward	that	pushes
upward	against	thè	diaphragm	and	dow	nw	ard	die	head	of	a	hospital	bed.	In	theory,	a	contrac	tion	force	generated	by	thè	obliquus	intemus	abdominis	and	transversus	abdominis	can	be	transferred	posteriori)’	to	thè	thoracolumbar	fascia	to	generate	an	extension	torque	in	thè	lumbar	region.	Increased	force	demands	on	thè	quadriceps	muscie	2.	Both
forms	of	rotation	prolùde	a	functional	and	very	important	element	of	mobility	to	movement	of	thè	lower	extremily	as	a	whofe.	14f	types	of,	32,	33t,	3	4	-37	definition	of,	25	dislocation	of,	by	gender,	464t	See	aho	585	(Continued)	Joint(s)	ellipsoid,	28.	nls»	numes	aging	effecls	on,	37	angle	of	displacement	of,	muscles	mechanical	advantage	and.	At	this
flexed	position,	thè	patella	rests	below	thè	intercondylar	groove,	bridging	thè	intercondylar	notch	of	thè	femur	(Fig.	C	u	b	o	id	As	its	name	indicates,	thè	cuboid	has	six	surfaces,	three	of	which	articulate	with	adjacent	tarsal	bones	(see	Figs.	334	Section	III	Axial	Skeleton	Sternohyoid	Anterior	juguiar	vein	Sternothyroid	Middle	(visceral)	fascia
Omohyoid	Thyroid	gland	Platysma	Trachea	Sternocleidomastoid	Esophagus	Longus	colli	Internai	juguiar	vein	Scalenus	anterior	External	juguiar	vein	Scalenus	medius	and	posterior	Carotid	artery	Carotid	sheath	Longissimus	capitis	Brachial	plexus	Longissimus	cervicis	FIGURE	10-25.	First,	as	described	in	Figures	6	-	2	9	and	6	30,	thè	circumference	ol
thè	radiai	head	articulates	with	thè	hbro-osseous	ring	at	thè	proximal	radioulnar	joint.	The	temporal,	parietal,	frontal,	sphenoid	and	zygomatic	bones	all	contribute	to	thè	temporal	fossa.	1	0	-	2	5	).	The	lateral	(fibular)	collateral	ligament	consists	of	a	round,	strong	cord	that	runs	nearly	vertical	between	thè	lateral	epicondyle	of	thè	femur	to	thè	head	of
thè	fibula	(see	Fig.	122.	scapular	piane,	113,	115f,	116,	117f	interaction	with	scapulothoracic	upward	rotators,	125f	scapulohumeral	rhythm	in,	116,	117f	arthrokinematics	ai,	116t	roll	and	slide,	lOf	rotator	cuff	muscles	in,	128-129,	129b	dynamic	stability	of,	rotator	cuff	muscles	and,	128	generai	features	of,	106-107,	107f	kinematics	at,	112f—115f,
112-116,	116t	during	abduction,	116-117,	117f,	118f,	119t	loose	fit	of,	108b,	108f	periarticular	connective	tissue	of,	107-110,	109f,	HOf	sensory	innervation	of,	119	spontaneous	anterior	dislocation	at,	128b	stability	of,	107-110,	108b,	109f-110f,	109t	static,	110-111	locking	mechanism	of,	llOf	upper	trapezius	paralysis	and,	120b	Glenoid	fossa,	96,	96f.
1	3	-	2	4	)	.54	Contraction	of	thè	vasti	extends	thè	knee	only.	Reference	landmarks	for	PCL	reconstruction.	Harris	WH.	Cummings	SR,	Nevitt	MC:	A	hypothesis:	The	causes	of	hip	fractures.	Ligaments	Associated	with	thè	Menisci	•	Coronar)'	(meniscotibial)	ligaments	•	Transverse	ligament	•	Posterior	meniscofemoral	ligament	The	lateral	meniscus	also
attaches	to	thè	femur	via	thè	(see	Figs.	6	-	2	and	6	-	3	)	.	The	function	of	thè	scalene	muscles	depends	on	whtch	skeletal	attachments	are	more	fìxed.	1	4	—2).	)	I	Step	3	—	Estimate	thè	Compression	Reaction	Force	(RF)	on	L2	I	Forces	=	0	-MF	+	-EL	+	-BW	+	RF	=	0	RF	=	2512	l\l	+	520	N	+	200	N	CF	=	3232	N	(726.6	Ibs)	that	decreases	by	1000	N
each	subsequent	decade.	Clin	Orthop	152	3	5	-4	3	,	1980	44.	Chapter	14	describes	how	thè	tibia	rotates	over	thè	relatively	fixed	foot.	Spine	24:1124-1130,	1999.	At	135	degrees	of	flexion,	thè	patella	contacts	thè	femur	near	its	superior	pole	(Fig.	Int	J	Epidemiol	6:269-282,	1977.	Clin	Anat	12:264-265,	1999.	The	temporal	process	of	a	zygomatic	bone
contributes	-he	anterior	half	of	thè	zygomatic	arch	(see	Fig.	•	T	o	tal	b	o	d	y	w	e	ig	h	t	=	800	N	(-1	8	0	Ibs).	111,	11	lf	Subacrormal	space,	111,	11	lf	at	glenohumeral	joint,	108b,	108f	in	chronic	impingement	syndrome	at	shoul	der,	114b,	114f	Subclavius,	in	depression	of	scapulothoracic	joint,	121,	121f,	122f	Subdeltoid	bursa,	111	f,	111-112
Suboccipital	muscles,	anatomy	and	action	of	338,	338f	Subscapulans,	109-110,	llOf	attachments	and	innervation	of,	244t	humeral	head	stabilization	and,	115f,	116b	in	elevation	of	arm,	127f—1281	127-128	129b	in	interna!	rotation	of	shoulder	131-132	132f	Subtalar	joint.	24.	Chapter	14	Ankle	and	Foot	485	is	thè	most	frequently	injured	of	thè	lateral
ligaments.	F	o	llo	w	in	g	a	n	A	C	L	in	ju	r	y	o	r	r	e	c	o	n	s	t	r	u	c	t	io	n	,	a	p	a	t	t	e	r	n	Innervation	to	thè	Muscles	and	Joints	o	f	m	u	s	c	le	a	c	t	iv	a	t	io	n	w	h	ile	w	a	lk	in	g	m	a	y	d	e	v	e	lo	p	t	h	a	t	f	a	v	o	r	s	g	r	e	a	t	e	r	a	c	t	iv	a	t	io	n	o	f	t	h	è	h	a	m	s	t	r	in	g	s	a	n	d	in	h	ib	itio	n	o	f	t	h	è	q	u	a	d	r	i	c	e	p	s	.	J	Anat	180:297-304	1992.	3'-42	This	complex	is	ofter	i
referred	to	as	the	triangular	fibrocartilage	complex.	As	depicted	in	Figure	1	3	-	1	5	,	horizontal	piane	rota	tion	at	thè	knee	occurs	by	either	tibial-on-femoral	or	femoral-on-iibial	rotation.	External	rotation	is	different	from	thè	axial	rotation	ìllustrated	in	Figure	1	3	-	1	5	.	Kingma	1,	van	Dieen	JH,	de	Looze	M,	et	al:	Asymmetric	low	bacabdominal	pressure
and	patterns	of	abdominal	mtra-musuclar	activity	in	loading	in	asymmetric	lifting	movements	is	not	prevented	by	pehric	man.	The	mediai	capsule	and	associated	structures	provide	stabilization	to	thè	knee.	The	subject	is	depicted	midway	through	a	vertical	lift	of	a	moderately	heavy	load,	weighing	25%	of	his	Chapter	10	LIFT	Axial	Skeleton:	Muscle
and	Joint	Interactions	343	calculating	thè	extemal	torque	imposed	by	thè	extemal	forces.	Muscle	force	per	level	of	effort	increases	sharply	as	thè	contraction	velocity	is	reduced	(see	Chapter	3).	Clin	Orthop	131:279-287,	1978.	Increased	stress	due	to	abnormal	tracking	may	lead	io	arthritis,	chondromalacia,	recurrent	patellar	dislocation,	or
patellofemoral	joint	pain	syndrome.	The	lalar	sulcus	is	an	obliquely	running	groove	located	between	thè	anterior-middle	and	posterior	facets.	extensors	of,	219f-222f,	219-220,	222t	llexors	of,	214—219	second	and	third,	as	complex	saddle	joints,	198,	203f	Distraction	force,	at	apophyseal	joints,	272t	Dorsal	digitai	expansion,	508	See	also	See	also
Elastic	deformation	energy,	in	ligament,	12,	13f	Elastic	zone,	in	ligament,	12,	131	Elastin	tiber,	32	Elbow	activities	of	daily	living	and.	60.	To	observe	thè	screw-home	rotation	at	thè	knee,	have	a	partner	sit	with	thè	knee	flexed	to	about	90	degrees.	The	joint	surfaces	are	generally	fiat	or	slightly	ovai,	covered	by	articular	cartilage.	As	described	in	thè
section	on	arthrokinematics,	thè	movements	of	piantar	Lateral	view	Posterior	tibiofibular	ligament	FIGURE	14-14.	When	possible,	use	thè	assistance	of	a	mechanical	device	or	additional	people	while	lifting.	The	longitudinal	or	vertical	axis	of	rotation	at	thè	hip	is	defìned	in	Chapter	12	as	a	line	connecting	thè	femoral	head	with	thè	center	of	thè	knee
joint.	The	overall	line-of-force	of	thè	quadriceps	is	showii	as	well	as	thè	separate	line-of-force	of	thè	muscles	within	thè	quadriceps.	Ì0	-	3	5	A	w	ith	ff/.	Man	Ther	4:127-135,	1999.	Figure	1	2	-5	4	A	shows	two	positive	biomechani	cal	effects	of	coxa	vara.	Phys	Ther	71:301-309,	1991.	•	Tibiocalcaneal	fibers	attach	to	thè	sustentaculum	talus.	J	Bone	Joint
Surg	40A:817-832,	1958.	Regardless	o	f	thè	factors	friat	predispose	a	person	to	a	chronic	forward	head	posture,	thè	posture	itself	stresses	extensor	muscles,	such	as	thè	levator	scapula	and	semispinalis	capitis	(see	Fig.	National	Institute	for	Occupational	Safety	and	Health	(NIOSH):	Work	Practices	Guide	for	Manual	Lifting	(Reperì	No.	81-122).
Fischer	FJ,	Houtz	SJ:	Evaluation	of	thè	function	of	thè	gluteus	maxtmus	muscle.	The	osteotomy	site	was	stabilized	with	a	biade	piate.	Spine	13:655-660,	1988.	Ligaments	The	interosseous	ligament	provides	thè	strongest	bond	be	tween	thè	distai	ends	of	thè	tibia	and	fibula.55	This	ligament	484	Section	IV	Lower	Extremìty	TALOCRURAL	JOINT
Articular	Structure	The	talocrural	joint	is	formed	by	thè	articulation	of	thè	trochlear	surface	and	thè	sides	of	thè	talus,	with	thè	rectangular	cavity	formed	by	thè	distai	end	of	thè	tibia	and	both	malleoli	(see	Fig.	Am	J	Sports	Med	17:49-54,	1989.	1	4	-	3	).	The	scaphoid	and	lunate	facets	on	the	distai	radius	show	impressici	made	by	these	carpai	bones	at
the	radiocarpal	joint	of	the	wrist.	rectus	abdominis	muscles	during	selected	trunk	exercises	Phys	The20.	1	1	-	8	).	Whiplash	associated	with	cervical	hyperextension	generally	creates	greater	strain	on	muscles	and	soft	tissues	than	does	whiplash	associated	with	cervical	flexion.68	The	greater	range	of	hyperextension	can	severely	strain	thè	flexor
muscles	and	cervical	viscera,	and	it	can	excessively	compress	thè	apophyseal	joints	and	posterior	aspects	of	thè	cervical	spine	(Fig.	The	ovai,	concave	posterior	facci	is	thè	largest	facet.	Am	J	Sports	Med	22:289-293,	1994.	Morgan	CD,	Kalman	VR,	and	Crawl	DM:	The	anatomie	origin	of	thè	posterior	calciate	ligament:	Where	is	it?	6.	Macintosh	JE,
Bogduk	N:	The	biomechanics	of	thè	lumbar	multìfìdie	1994	Clin	Biomech	1:205-213,	1986.	Clin	Orthop	258:73-85,	1990.	As	previously	creased	compression	force	on	thè	apophyseal	joints	may	not	uated,	reducing	thè	lifting	velocity	proportionately	decreases	be	well	tolerated.	6	-3	3	B	).	The	area	shaded	in	red	represents	thè	push-off	phase	of	walking.
A	freestyle	technique	The	“Stoop”	Lift	slightly	flexed.	Subtalar	joint.	Slowing	thè	contraction	velocity	to	only	2.2%	of	maximal	(i.e.,	very	near	isometric)	raises	force	output	to	90%	of	maximum.75	In	thè	movement	of	hip-and-knee	ex	tension,	thè	vastus	muscles,	by	extending	thè	knee,	indirectly	augment	hip	extension	force	by	reducing	thè	contraction
velocity	of	thè	semitendinosus.	Elbow	and	forearm	complex.	Causes	of	"pulled"	elbow	FIGURE	6-26.	Most	fibers	resist	excessive	posterior	trans	lation	of	thè	tibia	or	excessive	anterior	translation	of	thè	fernur	2.	117.	Chapter	6	FIGURE	6-10.	Floyd	WF,	Silver	PF1S:	The	function	of	thè	erectorcs	spinae	muscles	in	55.	spinai	nerves	of,	312	thoracic
region	of,	263l,	265,	267,	267f.	1	1	-	3	,	for	names	of	lower	teeth).	The	values	135,	90,	60,	and	20	degrees	indicate	flexed	positions	of	thè	knee.	B,	Femoral-on-tibial	rotation.	KINEMATICS	Functional	Considerations	of	Flexion	and	Extension	Elbow	(lexion	provides	several	important	physiologic	functtons	such	as	pulling,	lifting,	feeding,	and	groomìng.
The	circle	depicted	in	A	-	C	indicates	thè	point	of	maximal	contact	between	thè	patella	and	thè	femur.	The	muscle’s	proximal	attachments	are	shown	in	red.	The	typical	activatìon	pattern	of	selected	muscles	is	shown	as	a	healthy	person	lifts	a	load.	1	0	-2	4	).	The	long	(side-to-side)	axis	through	each	mandibular	condyle	interseets	at	an	approximate
160degree	angle.	The	base	of	thè	patella	is	rough	due	to	thè	at	tachment	of	thè	quadriceps	tendon.	The	bundles	are	often	referred	to	as	posterior-lateral	and	anterior-medial,	named	according	io	their	relative	attachment	on	thè	tibia.36	The	posterior-lateral	bundle	is	thè	main	component	of	thè	ACL.	articular	and	ligamentous	structure	of	4	9	1	492,
493f	Talonavicuìar	ligament,	dorsal,	485f,	492	Talus,	osteologie	features	of,	479b,	479-481	480f-481f	Tarsal	bones,	osteologie	features	of,	479b,	4	7	9	481,	480f-481f	Tarsal	joint,	transverse,	491-498,	4921-4981	articular	and	ligamentous	structure	of,	4	9	1	493,	4931	in	pronation	and	supination	of	foot,	493,	494f	kinematics	of,	493-496,	494f,	495f	range
of	motion	at,	494,	496	subtalar	joint	movement	and,	491,	493,	494f	498-502	supination	of,	514	Tarsal	tunnel,	513,	515f	Tarsal	tunnel	syndrome,	513	Tarsometatarsal	joint	anatomy	and	kinematic	mechamsms	of,	503,	503f	first,	503,	503f	in	gait,	539	Tectonal	membrane,	279,	280f	Teeth,	functions	and	structural	characteristics	of	353f,	355-356,	356f,
356t	Temporal	bones,	253,	253f,	354f,	354-355	355b	Temporal	fossa,	352,	353f	Temporal	process,	of	zygomatic	bone,	354f,	355	Temporalis	anatomy	and	function	of,	363f,	363-364	365l	attachments	and	innervation	of,	383t	in	closing	of	mouth,	366,	367f	Temporomandibular	joint(s)	arthrokinematics	of,	359f,	360-362	bones	of,	352-356	capsular	and
ligamentous	stmetures	of	357360	condyle-disc	complex	of	internai	derangement	of,	361,	361f	lateral	pterygoid	action	and,	367b,	367f	translational	movement	of,	359,	360,	362	disorders	of,	367,	368b	and	head	position,	366b,	366f	nonsurgical	treatments	for,	368b	innervation	of,	362t,	362-363	muscles	of,	362t,	362-366,	363f-365f,	365t	osseous
structure	of,	356-360	osteokinematics	of,	358-360,	359f,	360f	regional	surface	anatomy	of,	352,	353f	structure	and	function	of,	356,	357f	Tendon(s)	Achilles,	forces	applied	to	in	gait,	561i	bowstringing	of,	with	flexor	pulley	rupture	217,	217f	collagen	fibers	in,	32	fibrous	organization	of,	34,	34f	forces	applied	to,	in	gait,	558-559,	561t	mechanical
properties	of,	44,	44f	of	diaphragm,	372,	372f	See	also	Index	Tendon(s)	(Continuo#	of	digitai	extensor	mechanism,	220,	221,	221f-222f,	222t,	223,	223f	of	erector	spinae	muscles,	319,	319f,	319t	of	extensor	digitorum	longus,	508,	51	Of	of	extensor	hallucis	longus,	508,	510f	of	extensor	muscles	of	index	finger,	22	lf	of	thumb,	221,	223,	223f	of	wrist,
188,	188f	of	flexor	digitorum	longus.	J	Physiol	129:184-203,	1955.	J	O	rthop	Res	6	:7	1	3	-	720,	1988.	attachmenis	and	innervations	of,	571t-573t	osteoarthritis	of,	428b,	428-429	causes	of,	428b	clinica!	signs	of,	428b	osteokinematics	of,	402-408	femoral-on-pelvic	rotation	in,	404f-405f,	4	04-406	pelvic-on-femoral	rotation	in,	404f,	406f,	406-408,	407f
planes	and	axes	of	rotation	of,	404,	404f	osteology	of,	390-396	painful.	FIGURE	14-12.	Muscular	Mechanics	of	Extension	of	thè	Low	Back	While	Lifting	The	amount	of	force	produced	by	thè	extensor	muscles	of	thè	posterior	trunk	is	strongly	correlated	with	thè	amount	of	force	placed	on	thè	connective	tissues	(tendons,	ligaments,	fascia,	discs)	within
thè	low	back.	3411'	Cranium.	1	4	-1	6	B	).	Proximal	to	thè	elbow,	thè	radiai	nerve	innervates	thè	brachioradialis,	a	small	lateral	pari	of	thè	brachialis,	and	thè	extensor	carpi	radialis	longus.	J	Orthop	Sports	Phys	Ther	28:286-298,	1998.	Minimizing	a	flexion	contracture	to	less	than	30	degrees	is	therefore	an	important	functional	goal	for	patients
following	elbow	trauma,	prolonged	immobilization,	or	joint	replacement.	Distai	Radioulnar	Joint	The	distai	radioulnar	joint	consists	of	thè	convex	head	of	t	ulna	fittmg	imo	a	shallow	concavity	formed	by	thè	ulr.,	notch	on	thè	radius	and	thè	proximal	surface	of	an	articul	disc	(Fig.	Gluteus	maximus	Biceps	femoris	B	SELECTED	BIOMECHANICAL
ISSUES	OF	LIFTING:	A	FOCUS	ON	REDUCING	BACK	INJURY	Lifting	heavy	objects	places	considerable	demands	on	many	muscles	throughout	thè	body	(Fig.	/	Patwardhan	AG,	Havey	RM,	Ghanayem	AJ,	et	al:	Load-carrying	capacity	of	thè	human	cervical	spine	in	compression	is	increased	under	a	follower	load.	1	3	-	5	).	Granata	KP,	Marras	WS:	An
EMG-assisted	model	of	loads	on	thè	lum	ìature	from	T5	to	L5	using	MRI	scans	of	15	young	males	corrected	for	bar	spine	during	asymmetric	trunk	extensions.	As	thè	knee	extends	toward	90	degrees	of	flexion,	thè	contact	region	on	thè	patella	starts	io	migrate	inferiorly	(Fig.	Contracting	unilaterally,	thè	splenius	muscles	perform	lat	eral	flexion	and
ipsilateral	axial	rotation	of	thè	head	and	cervical	spine.	T	r	e	a	t	m	e	n	t	in	c	lu	d	e	s	r	e	s	t,	a	n	t	i-	in	f	la	m	m	a	t	o	r	y	m	e	d	ic	a	t	io	n	,	is	o	m	e	t	r	ic	e	x	e	r	c	is	e	,	a	n	d	a	r	t	h	r	o	s	c	o	p	y	r	e	s	e	c	tio	n	.	J	Biomech	2:168-174,	1987.	The	structure	and	function	of	these	joints	are	discussed	in	Chap	ter	14.	A	compressiti?!	force	through	thè	hand	is
transmitted	primarily	through	thè	wrist	(#1)	ai	thè	radiocarpal	joint	and	to	thè	radius	(#2).	After	passing	posteriorly	to	thè	mec	epicondyle,	thè	ulnar	nerve	innervates	thè	flexor	carpi	_	naris	and	thè	mediai	half	of	thè	flexor	digitorum	profundi3	The	nerve	then	crosses	thè	wrist	external	to	thè	carpai	tu	o	i	nel	and	supplies	motor	innervation	to	many	of
thè	intrins-I	muscles	of	thè	hand.	Phys	Ther	58	691-696,	1978.	As	a	result,	thè	anterior	structures	of	thè	cervical	region	are	more	vulnerable	to	strain	injury.	Connective	tissues	hold	thè	tendons	of	thè	pes	group	just	464	Sectìon	IV	Lower	Extremity	1	3	-	7	.	Distai	Radioulnar	Joint	Concavity	of	thè	ulnar	notch	of	thè	radius	rolls	and	slides	in	similar
direetions	on	thè	convex	ulna	head.	An	understanding	of	thè	shape	of	thè	talus	is	cruciai	to	an	understanding	of	thè	arthrology	of	thè	ankle	and	foot.	A	graph	showing	ihe	percent	loss	in	area	of	forward	reach	of	thè	arm—	from	thè	shoulder	to	finger—	as	a	function	of	thè	severity	of	an	elbow	flexion	contracture	in	thè	horizonial	axis.	A	thin	raised
longitudinal	crest	divides	thè	trochlear	notch	down	its	midiine.	1	1	-2	).	Joint	stability	ts	provided	not	by	a	tight	congruous	bony'	fit,	but	by	forces	and	physical	containment	provided	by	muscles,	ligaments,	capsule,	menisci,	and	body	weight.	active	and	passive,	5	analysis	of	anthropometry	in,	63,	87t	concepts	in,	6	3	-7	6	dynamic,	82f-85f,	8	2	-8	5	free
body	diagram	in,	construction	of,	6	3	67,	64f,	65b,	65f	guidelines	for	solving	biomechanics	problems	in,	77l	quantitative	methods	of,	76	-8	5	static,	77b,	77-81	arthrokinemalìc	principles	of	concave-on-convex,	10-11,	llb	,	1	lf	convex-on-concave,	10-11,	llb	,	1lf	of	joints,	8t,	8	-1	0	,	9f,	lOf	Multifidi	anatomy	and	action	of,	32lf,	321t,	321-323	as	secondary
axial	rotators,	327b	attachments	of,	38	lt	in	lumbosacral	region,	322t	in	trunk	movement,	329t	innervation	of,	3	8	lt	Murray	MP,	in	gait	analysis,	525f,	526	Muscle(s)	abdominal.	1	1	-1	3	A	).	Anteriorly,	thè	capsule,	358	Section	III	Axial	Skeleton	dibular	ligament	attaches	to	thè	mediai	side	of	thè	disc.	95	Powers	CM:	Patellar	kinematics,	pari	I:	The
tnfluence	of	vastus	muscle	activity	in	subjects	with	and	without	patellofemoral	jrain.	See	Gait.	This	normal	alignment	of	thè	knee	within	thè	frontal	piane	is	referred	to	as	genu	vaìgum.	Chapter	13	13-28).54,98,no	a	s	depicted	by	thè	dashed	red	line	in	Figure	1	3	-28	A	,	thè	maximal-effort	knee	extension	torque	remains	at	least	90%	of	maximum
between	80	and	30	degrees	of	flexion.	163t,	164,	164f	innervation	of.	its	intermediate	region.47	The	constriction,	flanked	by	thè	adjacent	thicker	anterior	and	posterior	regions,	forms	a	dimple	on	thè	disc’s	mferior	surface.	“Dashboard”	injuries	with	excessive	posterior	translation	of	thè	tibia	relative	to	thè	fernur	3.	As	depicted	in	thè	top	inset	of
Figure	6	-	3	0	,	full	pronation	maximally	elongates	thè	dorsal	capsular	ligament	at	thè	distai	radioulnar	joint,	as	thè	palmar	capsular	ligament	slackens	to	about	70%	of	its	origi	nai	length	.44	Full	pronation	exposes	thè	articular	surface	of	A	F.Ibow	and	Forearm	Complex	S	P	E	C	I	A	L	F	O	C	U	S	149	6	-	3	Functional	Association	Between	Pronation	and
Supination	at	thè	Forearm	and	Shoulder	Rotation	Active	internai	and	external	rotation	at	thè	shoulder	is	functionally	linked	with	active	pronation	and	supination.	Spine	19:687-695	1994.	Muscles	of	masti-ation	attach	either	directly	or	indirectly	to	thè	mandtble.	~3-	Schipplem	OD,	Reinsel	TE,	Andersson	GBJ,	et	al:	The	in/iuence	of	inma/	horizontal
weight	placement	on	thè	loads	at	thè	lumbar	spine	while	lifting.	63.	During	tibial-on-femoral	extension,	thè	articular	surface	of	thè	tibia	rolls	and	slides	anteriorly	on	thè	femoral	condyles	(Fig.	One	fiber	bundle,	traditionally	known	as	thè	radiai	collateral	ligament,	fans	out	to	blend	with	thè	annular	ligament.	Calmels	PM,	Nellen	M,	van	der	Borne	I,	et
al:	Concentric	and	eccentric	isokinetic	assessment	of	flexor-extensor	torque	ratios	at	thè	hip,	knee,	and	ankle	in	a	sample	population	of	healthy	subjects.	Gravity,	therefore,	produces	a	slight	knee	exten	sion	torque	that	can	naturally	assist	with	locking	of	thè	knee,	allowing	thè	quadriceps	to	relax	while	standing.	1	3	-1	9	C	).	1	3	-	2	)	.	The	neutral	or
zero	reference	position	of	forearm	rotation	is	the	“thumb-up”	position,	midway	between	complete	pro-	nation	and	supination.	177f-178f,	178,	212	ulnar,	175f,	178f,	178-179	of	ulnocarpal	complex,	148,	178,	179f	coracoacromial,	111	coracoclavicular,	103,	103f,	104,	104f	coracohumeral.	1	3	12A	and	B,	1	3	-	1	3	,	and	1	3	-2	1	A	and	B).	The	patella
becomes	seated	in	thè	intercondylar	groove	and	stabilized	by	tension	in	thè	stretched	quadriceps	and	locai	connettive	tissues.	Givens-Heiss	DL,	Krebs	DE,	Riley	PO,	et	al:	In	vivo	acetabular	contact	pressures	during	rehabilitation.	The	disc	is	constricted	at	The	articular	disc	maximizes	thè	congruency	within	thè	TMJ	to	reduce	contact	pressure.	P	l	i	c	a
e	r	e	in	f	o	r	c	e	t	h	è	s	y	n	o	v	ia	l	m	e	m	b	r	a	n	e	o	f	th	è	k	n	ee	.	466	Section	IV	Lower	Extremity	Left	splenius	capitis	and	cervicis	Left	obliquus	internus	abdominis	(on	anterior	side)	R	ig	h	t	s	t	e	r	n	o	c	le	id	o	m	a	s	t	o	id	(o	n	a	n	te	rio	r	s	id	e	)	R	ig	h	t	o	b	liq	u	u	s	e	x	te	rn	u	s	a	b	d	o	m	in	is	(o	n	a	n	t	e	r	io	r	s	id	e	)	R	ig	h	t	tr	a	n	s	v	e	r	s	o	s	p	in	a	l	m	u
s	c	le	Pes	anserinus	pSartorius	group	-i-Gracilis	L-Semitendinosus	P	ir	if	o	r	m	is	B	ic	e	p	s	f	e	m	o	r	is	(sh	o	rt	head)	Oecelerators:	P	e	s	g	ro	u	p	FIGURE	13-33.	Talocrural	joint	Anterior	tibiofibular	malleolus	Lateral	malleolus	Deltoid	ligament	T	o	rs	io	n	A	n	g	le	o	f	th	è	T	ib	ia	In	adults,	thè	distai	end	of	thè	tibia	is	twisted	about	its	long	axis	about	20	to
30	degrees	relative	to	its	proximal	end.57	Naturai	torsion	is	evident	by	thè	slight	externally	rotated	position	of	thè	foot	while	standing.	6	-3	3	C	,	see	inset	median	nerve	sensory	distribution).	Clin	Biomech	9:44-50,	1994.	LATERAL	EXCURSION	Lateral	excursion	of	thè	mandible	occurs	primarily	as	a	sideto-side	translation	(Fig.	Abduction	and	adduction
describe	motion	in	thè	horizontal	(transverse)	piane,	around	a	vertical	(superior-inferior)	axis	of	rotation.	1	3	-1	0	).	Muscle	contraction	brings	thè	teeth	embedded	within	thè	mandible	against	thè	teeth	embedded	within	thè	fixed	maxilbe.	J	Bone	Joint	Surg	38A:695708,	1956.	The	tire	periphery	of	thè	disc	anaches	to	thè	surrounding	cap	ale	of	thè	joint.
Johnson	GR,	Spaldtng	D,	Nowitzke	A,	et	al:	Modelltng	thè	musclcs	of	thè	scapula:	Morphometric	and	coordinate	data	and	functional	tmplications	J	Biomech	29:1039-1051,	1996.	lnfluence	of	soft	structures	on	patellar	three-dimensional	tracking.	As	a	result	of	the	relatively	small	mo	ment	arm	available	to	the	hip	abductor	muscles	(D),	the	amount	of	hip
abductor	force	during	single-limb	support	is	very	large.	The	extensor	muscle	force	(MF)	is	defined	as	thè	MF	generated	on	thè	posterior	(exten	sor)	side	of	thè	axis	of	rotation.	65.	The	McGraw-Hill	Companies.)	Chapter	10	Axial	Skeleton:	Muscle	and	Joint	Interactions	S	P	E	C	I	A	L	F	O	C	U	S	339	1	0	-	6	«	P	Specialized	Muscles	that	Control	thè	Atlanto-
Axial	and	Atlanto-Occipital	Joints:	An	Example	of	Fine-Tuning	of	thè	Cervical	Coupling	Pattern	F	ig	.	Part	1:	Normal	endurance	and	trunk	muscle	strength	in	100	women.	The	naturai	frontal	piane	angle	made	by	thè	extended	elbow	is	referred	to	as	cubitus	valgus.	The	100-degree	“functional	are"	from	30	to	130	degrees	of	flexton	in	red	based	on	thè
htstogram.	Sfylótd	Process	FIGURE	6-6.	Nemeth	G:	The	load	on	thè	lumbosacral	jo	in	t	and	trunk	muscle	activity	during	lifting.	(See	thè	two	small	arrows	in	Fig.	Because	thè	articular	surface	of	thè	proxi	mal	tibia	is	oriented	nearly	horizontal,	thè	knee	forms	an	angle	on	its	lateral	side	of	about	170	to	175	degrees.	Tarsal	joint,	trans	verse.	Valgus	force
with	foot	planted	(e.g.,	"clip”	in	football)	2.	The	most	com	mon	high-energy	injury	to	thè	PCL	is	thè	“dashboard”	in	jury,	in	which	a	passenger’s	knee	strikes	an	automobile’s	dashboard,	driving	thè	tibia	posteriorly	relative	to	thè	femur.	manual	lifting	postures.	The	ligament	fits	snugly	around	thè	radiai	head,	holding	thè	proximal	radius	against	thè	ulna.
spine.	Valgus	and	varus	are	terrns	derived	from	thè	Latin	turned	outward	(abducted)	and	tumed	inward	(adducted),	respectively.	In	Crenshaw	AH	(ed):	Campbells’	Operative	Orthopaedics,	2nd	voi,	8th	ed.	During	active	knee	extension,	several	structures	guide,	or	“track,”	thè	patella	through	thè	intercondylar	groove	of	thè	femur	(see	thè	next	box).
Second,	thè	fascia	is	stretched	by	active	contrac	tion	of	muscles	that	attach	imo	thè	thoracolumbar	fascia,	such	as	thè	obliquus	intemus	abdominis,	transversus	abdominis,	latissimus	dorsi,	and	gluteus	maximus.	The	oblique	popliteal	ligament	spans	between	thè	semimembranosus	tendon—	from	which	much	of	thè	ligament	originates—	and	thè	lateral
femoral	condyle.	It	is	a	synovial	joint	that	permits	a	wide	range	of	rotation	as	well	as	translation.	In	Dvir	Z	(ed):	1997.	144f	joints	of,	145-151	also	Radiocarpal	joini;	Radioulnar	joint.	T	h	e	r	e	s	u	lt	in	g	f	le	x	e	d	k	n	e	e	m	a	y	b	e	a	m	e	c	h	a	n	is	m	t	h	a	t	is	e	m	p	lo	y	e	d	to	lim	it	th	è	s	t	r	e	t	c	h	o	n	a	r	e	c	o	n	s	t	r	u	c	t	e	d	o	r	d	a	m	a	g	e	d	A	C	L	.	The
relatively	small	anterior	surface	of	thè	calcaneus	joins	thè	cuboid	at	thè	calcaneocuboid	joint.	The	variables	of	internai	moment	arm	and	muscle	length	strongly	influence	thè	shape	of	thè	knee	extension	torque-	S	P	E	C	I	A	L	F	O	C	U	S	following	Loss	o	f	Full	Knee	Extension.	6	-	2	9	and	6	-3	0	).	St.	Louis,	Mosby	Year	Book,	2000.	In	either	case,	thè	result
is	extemal	rotation	of	thè	knee	at	full	exten	sion.	1.	proximally	during	active	knee	extension.120	The	articularis	genu	is	analogous	to	thè	articularis	cubiti	at	thè	elbow.	In	everyagainst	a	closed	glottis.	34.	B	and	C	illustrate	excessive	frontal	piane	deviations.	This	surface	is	fiat	to	slightly	curved.	Waly	SM,	Khalil	TM,	et	al:	Spinai	compression	tolerance
58.	(All	abbreviations	are	defined	in	thè	boxes.	(This	assum	ption	creates	a	small	error	in	thè	estimation	of	thè	compression	force.	Muscles	such	as	thè	transversus	abdominis	and	obliquus	intemus	abdominis	are	very	active	w	hile	lifting,l6J7	providing	an	additional	corset	effect	across	thè	posterior	lumbar	region.	The	area	of	for	ward	reach	diminishes
only	slightly	(less	than	6%)	with	Elbow	and	Forearm	Complex	141	a	flexion	contracture	of	less	than	30	degrees.	Clin	Orthop	362:162-170	1999.	Normally,	thè	teeth	make	contact	(occlude)	only	during	chewing	and	swallowing.	abduction	of,	litnits	on,	448,	449t	alignment	of	abnormal	in	frontal	piane,	470f-472f,	470-471	in	sagittal	piane,	471,	472b-
473b,	47.3f	normal,	438,	4391	arthrology	of.	J	Bone	Joint	Surg	56A:15921597,	1974.	Fagerson	TL:	Personal	communication,	1999.	The	subcutaneous	a	n	t	e	r	io	r	s	u	r	fa	c	e	of	thè	patella	is	convex	in	all	directions.	In	Crenshaw	AH	(ed):	Campbells’	Operative	Orihopaedics,	2nd	voi,	8th	ed.	This	terminal	branch,	often	referred	to	as	thè	posterior
interosseous	nerve,	supplies	thè	extensor	carpi	ulnaris	and	several	muscles	of	thè	forearm,	which	function	in	extension	of	thè	digits.	Any	of	thè	above	combined	with	large	axial	rota	tion	torque	A.	deformities	or	abnormal	postures	of,	5	16518,	518l	gali	deviations	with,	501,	562t	function	of,	477-478	joints	of	distai	mtertarsal,	502-503	intermetatarsal,
504	interphalangeal,	505-506.	Note	thè	rapid	decline	in	internai	torque	potential	as	thè	knee	angle	approaches	full	extension.	The	joint	is	formed	by	thè	head	of	thè	fibula	and	thè	posterior-lateral	aspect	of	thè	lateral	condyle	of	thè	tibia	(see	Fig.	The	radiai	nerve,	formed	from	C5—T	1	nerve	roots,	is	a	direct	continuation	of	thè	posterior	cord	of	thè
brachial	plexus	(Fig.	Femoral-on-tibial	extension	FIGURE	13-17.	T	h	e	m	e	d	ia	i	m	e	n	is	c	u	s	m	a	y	t	e	a	r	a	s	it	is	s	t	r	e	t	c	h	e	d	b	e	t	w	e	e	n	t	h	è	c	o	m	p	r	e	s	s	e	d	j	o	in	t	s	u	r	f	a	c	e	s	a	n	d	it	s	c	o	n	n	e	c		t	io	n	t	o	t	h	è	t	a	u	t	m	e	d	ia	i	c	o	lla	t	e	r	a	l	lig	a	m	e	n	t	.	arthritis	of,	236-238,	237f—239f	close-packed	position	of,	209,	211,	211	f	generai
features	of,	207f,	207-208	interossei	muscle	function	and,	228,	230t	kinematics	of,	208-211,	209b,	209f—2	lOf	ligaments	of,	207-208,	208f	lumbrical	muscle	function	and,	228	of	thumb	arthrokinematics	of,	211,	21	lf—212f	muscles	attached	to,	224t	palmar	dislocation	of,	237,	238f	passive	accessory	motions	at,	208,	209	209f	periarticular	connective
tissues	of,	208	208f	position	of	function	of,	213,	213f	ulnar	drift	al,	237-238,	239f	Metatarsal	bones,	osteologie	features	of,	480f4	8	lf,	482	Metatarsophalangeal	joint(s)	extensor	mechanism	of,	504	tirsi	deformities	of,	504-505,	505f	in	gait,	539	structure	and	function	of,	504,	504f	in	hallux	rigidus	and	hallux	valgus,	504-505	505f	in	standing	on	tiptoe,
517b,	517f	structure	and	function	of,	504f,	504-505	505f	windlass	effect	on,	506,	506f	Metatarsus	primus	varus,	505	Mid	stance	action	of	muscles	and	joints	in,	501-502	502f,	511	defimiion	of,	531,	531f,	531t	Midcarpal	joint,	173f,	176-177,	177f	flexion	and	extension	of,	181f-182f,	181-182	ulnar	and	radiai	deviation	of,	182-184	183f184f,	184b	Midfoot
actions	of	during	stance	phase	of	gait,	507t	definition	of,	478	Mid-tarsal	joint,	491	Tarsal	joint,	transverse.	With	thè	right	foot	planted,	thè	short	head	of	thè	biceps	femoris	accelerates	thè	femur	intemally.	At	this	point	in	thè	gait	cycle,	thè	ankle	becomes	increasing	stable	owing	to	thè	greater	tension	in	many	stretched	collateral	ligaments	and	piantar
flexor	muscles	(Fig.	1	4	16A	and	B.)	The	talocrural	joint	by	definition,	therefore,	produces	a	movement	of	pronation	and	suptnation.	43.	13—8B).	An	anterior	view	of	thè	stemocleidomastoid	muscles.	Roach	KE,	Mtles	TP:	Normal	hip	and	knee	active	range	of	motion.	1993.	The	anterior	fiber	bundle	as	a	whole,	therefore,	provides	articular	stability
throughout	thè	entire	range	of	motion.8	The	posterior	fibers	ol	thè	mediai	collateral	ligament	attach	on	thè	posterior	part	of	thè	mediai	epicondyle	and	insert	on	thè	mediai	margin	of	thè	olecranon	process.	As	a	result,	thè	first	toe	is	positioned	on	thè	mediai	side	of	thè	foot,	and	thè	top	of	thè	foot	is	actually	its	dorsal	surface.	6	-	4	)	.	Maximal	Torque



Production	o	f	thè	Knee	Fiexor-Rotator	Muscles	Maximal	effort	knee	flexion	torque	is	generally	greatest	near	full	extension,	then	declines	steadily	as	thè	knee	is	progressively	flexed	(Fig.	Todo	ST,	Kadoya	Y,	Moilanen	T,	et	al:	Anteroposterior	and	rotattonal	move	ment	of	thè	femur	during	knee	flexion.	Hardcastle	P,	Nade	S:	The	signiftcance	of	thè
Trendelenburg	test.	Figure	1	0	-3	5	A	highlights	a	sample	of	muscles	that	act	as	guy	vvires	to	maintain	ideal	anterior-posterior	alignment	throughout	thè	craniocervical	region.	Resists	varus	(adduction)	2.	The	stretched	(taut)	structures	are	shown	as	thin	elongated	arrows,	and	thè	slackened	structures	are	shown	as	wavy	arrows.	combined	action	with
subtalar	joint,	498-502,	499f-500f,	500t	structure	and	function	of,	491-498,	492f-498f	muscles	of.	The	intercon	dylar	groove	is	concave	from	side	to	side	and	slightly	convex	from	front	to	back.	1	3	-3	8	A	).	Gelberman	RH,	Cohen	MS,	Desai	SS,	et	al:	Femoral	anteversion:	A	cltnical	assessment	of	idiopathic	in	toeing	gait	in	children.	Healthy	persons	may
tolerate	high	pressures	at	these	joints	without	negative	consequences;	however,	someone	with	patnful	or	arthritic	knees	may	noi.	Workers	have	reported	a	higher,	self-perceived,	maximal	safe	limit	when	allowed	to	lift	in	a	freestyle	technique	rather	than	in	a	set	tech	n	iqu	e.76	A	lthough	not	ideal	for	everyone	and	every	lifting	task,	thè	technique
depicted	in	Figure	1	0	-	3	8	ìllustrates	two	safety	features:	(1)	thè	lumbar	spine	is	held	in	a	near-neutral	lordotic	position,	and	(2)	thè	load	is	lifted	from	between	thè	legs.	82.	The	mandible	as	viewed	from	above.	Furthermore,	thè	greater	thè	hyperextension	deformity,	thè	longer	thè	external	moment	arm	available	to	body	weight	to	perpetuate	thè
deformity.	1	1	-	6	).	The	atypical	movements	depicted	in	Figure	1	3	-3	7	A	and	B	may	have	a	useful	purpose.	(Plot	modified	from	Chaffin	DB,	Andersson	GBJ:	Occupational	Biomechanics,	2nd	ed.	Measurement	of	these	variables	is	typically	not	made	directly,	but	rather	through	relatively	sophisticated	equipment	that	permits	indirect	estimates	or	model-
based	estimates	of	a	desired	variable.	-	-	2	9	,	bottom	inset).	Proximal	attachments	of	muscles	are	shown	in	red,	distai	attaehments	in	gray.	A	potentially	negative	effect	of	coxa	vara	is	an	increased	bending	moment	generated	across	thè	femoral	neck	(Fig.	77.	Am	J	Anat	192:1-13,	1991.	6	-	2	4	)	.	Boone	DC,	Azen	SP:	Normal	range	of	motion	of	joints	in
male	subjects.	There	appears	to	be	a	biomechanical	match	in	thè	internai	torque	potential	of	thè	quadriceps	and	thè	extemal	torques	applied	against	thè	quadriceps	during	thè	last	45	to	60	degrees	of	femoral-on-tibial	knee	extension.	Hollister	AM,	Jatana	S,	Singh	AK,	et	al:	The	axes	of	rotation	of	thè	knee.	Elastin-rich	su	p	erior	retrodiscal	lam	in	a
which.	Escamilla	RF,	Fleisig	GS,	Zheng	N,	et	al:	Biomechanics	of	thè	knee	during	closed	kinetic	chain	and	open	kinetic	chain	exercises.	217	anatomy	and	function	of,	217-218	ruptured,	btomechanics	of,	217,	217f	Foot	(feet).	Vitti	M,	Fujiwara	M,	Basmajian	JV,	et	al:	The	integrated	roles	of	longus	colli	and	stemocleidomastoid	muscles:	An
electromyographic	study	Anat	Ree	177:471-484,	1973.	449t-450t	function	and	common	mechanisms	of	in	jury	of,	450l	lateral	(ulnar),	139,	139f,	139t,	140f,	148,	175f,	178f,	178-179,	212	lateral,	of	talocrural	joint,	485,	485b,	485f	mediai	(elbow),	138,	139f,	139t,	140f	injury	of,	144-145,	145f	mediai	(knee),	438f,	439,	440f-441f,	440t	anatomy	and
function	of,	440f-441f,	444f,	447-448,	449f,	449t-450t	common	mechanisms	of	injury	of,	450t	mediai	(deltoid),	of	talocrural	joint,	4	8	4	485,	485f,	486l,	489b	of	metacarpophalangeal	joints,	207-208	208f	of	metatarsophalangeal	joints,	504,	504f	of	proximal	interphalangeal	joints,	212	of	temporomandibular	joint,	357-358	radiai,	139,	139t,	140f.	Donisch
EW,	Basmajian	JV:	Electromyography	of	deep	back	muscles	in	thoracolumbar	fascia.	Chapter	13	Knee	463	M	a	jo	r	Guiding	Forces	Acting	on	thè	Patella	FIGURE	13-31.	Hyperextension	or	combined	hyperextension	with	extemal	rotation	of	thè	knee	Anterior	cruciate	ligament	1.	The	tissue	i=	Chapter	11	Kinesiobgy	o	j	Masticatìon	and	Ventilation	357
Lateral	view	Superior	joint	cavity	Articular	disc	regions	i	External	acoustic	meatus	r	Superior	£	Retrodiscal	lam	inae-j	Interior	Temporomandibular	joint	capsule	Superior	head-	—	Lateral	pterygoid	Interior	head-	FIGURE	11	9.	The	bilateral	greater	horns	form	its	slightly	curved	sides.	Seering	WP,	Piziali	RL,	Nagel	DA,	et	al:	The	function	of	thè	primary
ligaments	of	thè	knee	tn	varus-valgus	and	axial	rotation.	Frontal	piane	deviations	of	thè	knee.	72.	Consult	Appendix	IV,	Part	C,	for	a	summary	of	thè	attachments	and	nerve	supply	to	thè	mus	cles	of	thè	knee.	6	-2	4	A	).	Shelboume	KD,	Davis	TJ,	Klootwyk	TE:	The	relationship	between	intercondylar	notch	width	of	thè	femur	and	thè	incidence	of	anterior
cruciate	ligament	tears.	54	T	h	e	p	a	t	e	lla	s	ig	n	if	ic	a	n	t	ly	i	n	c	r	e	a	s	e	s	t	h	è	m	o	m	e	n	t	a	r	m	a	v	a	ila	b	le	to	t	h	è	q	u	a	d	r	ic	e	p	s	.	anatomy	of.	The	anatomy	of	many	of	these	muscles	is	presented	in	Chapter	12.	As	indicated	in	Figure	1	0	-	3	4	,	no	two	muscles	have	identical	actions	at	both	joints.	kinematics	of,	147-151	pronation	of,	145f,	145-149
as	spin	movement,	lOf	innervation	of,	152,	157t	muscles	active	in,	166f,	169-170	law	of	parsimony	in,	169b	line	of	force	of,	165,	166f,	170f	torque	generated	by,	168b,	168-170	range	of	motion	of,	148,	148f	supination	of,	145f,	145-149	at	radioulnar	joint,	149,	1491	restriction	of,	149-150,	150f,	150t	with	weight-bearing,	150-151,	151f	152t	innervation
of,	152,	155,	157t	law	of	parsimony	in,	166	Forefoot	action	of,	in	stance	phase	of	gait,	506,	506f	5071	definition	of,	478	See	See	See	also	See	Forefoot	varus,	501	gait	deviations	with,	562t	Forward	lean	abnormal	gait	pattem	with,	563f	hip	extensors	conirolling,	420-421	4	2	lf	422f	Fossa	acetabular,	397	coracoid,	134,	134f	glenoid,	96,	96f	iliac,	391,
3911	infraspmatus,	96,	96f	mtercondylar,	437	mandibular,	354f,	354l,	354-355,	356,	3571	olecranon,	135	radiai,	134,	134f	supraspinatus,	96,	96f	temporal,	352,	353f	trochanteric,	393f,	394,	395f	Fovea	in	pronation	of	forearm,	150,	150f	of	femoral	head,	394f,	396	of	radius,	137	Fracture	ofscaphoid.	(Tibial-on-femoral	extension	shown	in	black;
femoral-on-tibial	extension	shown	in	gray.)	Extemal	torques	above	70%	for	each	method	of	extension	are	shaded	in	light	red.	(See	Table	1	3	-	8	for	a	partial	summary	of	these	data.)	The	greater	Q-angle	reported	in	women	may	partially	account	for	this	large	disparity.	109,	109t,	llOf	coronary	(meniscotibial),	440,	443f	costoclavicular,	lOOf,	101
costoiransverse,	285	cruciate,	443f,	444f,	449	anterior	forces	applied	to,	in	gait.	109.	manual	application	of	7576,	76f	fiexion	and	extension,	for	treatment	of	lowback	pain,	302b	isometric,	at	elbow,	biomechanical	problem	solving	with,	77	-8	1	,	78f,	791	resistive,	design	of,	72b,	72f,	74b,	74f	sit-up	abdominal	muscle	action	in,	331-333,	332f,	3331
diagonal,	326f	hip	flexor	muscles	in,	332f,	333	Expiration	forced,	iniercostales	in,	3761,	377,	3771,	377t	lowering	of	ribs	during,	371,	37	lf	of	lungs,	369	Extension	of	craniocervical	spine,	279-282,	280f-282f	of	elbow,	140-144,	161-162,	163f,	163t	164,	164f	of	fingers,	201f	of	glenohumeral	joint,	112f,	114,	116t	of	head,	3191	320	of	hip,	405f,	406,	407f,
408f,	408-409,	466,	468f-469f,	468-470,	469t	of	knee.	Phys	Ther	80:956-964,	2000.	The	mediai	surface	has	an	ovai	facet	for	articulation	with	thè	lateral	cuneiform	and,	occasionally,	a	very	small	facet	for	articulation	with	thè	navicular.	The	internai	surfaces	of	thè	capsule	are	lined	with	a	synovial	membrane.	1	3	-	2	6	)	.	Bones	Tibia,	fibula,	and	talus
Joints	Talocrural	Proximal	and	distai	tibiofìbular	Bones	Calcaneus	and	talus*	Joint	Subtalar	(talocalcaneal)	Midfoot	Bones	Navicular,	cuboid,	and	cuneiforms	Joints	Transverse	tarsal	Talonavicular	Calcaneocuboid	Distai	intertarsal	Cuneonavicular	Cuboideonavicular	lntercuneiform	and	cuneocuboid	complex	Forefoot	Bones	Metatarsals	and	phalanges
Joints	Tarsometatarsal	lntermetatarsal	Metatarsophalangeal	Interphalangeal	*	The	talus	is	included	as	a	bone	of	thè	ankle	and	a	bone	of	thè	foot.	An	anterior-Iateral	view	of	thè	right	distai	tibiofibular	joint	with	thè	fìbula	reflected	to	show	thè	articular	surfaces.	The	latissimus	dorsi	and	gluteus	maximus	may	also	indi	rectly	contribute	to	lumbar
extension	torque	via	attachments	to	thè	thoracolumbar	fascia.	Such	equipment	is	usually	not	available	in	most	clinical	settings.	The	A	n	terio	r	Region	of	thè	Articular	Disc	Attaches	to	thè	1.	Table	1	3	-	5	summarizes	thè	motor	innervation	to	thè	knee.	Phys	Ther	6	1	1	9	0	-1	9	5	1981.	J	Bone	Joint	Surg	61A:756-759,	1979.	flexion	of,	7f,	443,	444f,	445f,
446	hip	extension	or	llexion	with,	469f.	Attempts	at	catching	oneself	from	a	fall	may	induce	a	severe	valgus	force,	overstretching	or	mpturing	thè	mediai	collateral	ligament.	Anda	S,	Svenntngsen	S,	Dale	LG.	41.	Based	on	thè	length-tension	and	force-velocity	relationships	of	muscle,	thè	rectus	femoris	is	not	able	to	develop	maximal	knee	extensor	force.
JOINT	STRUCTURE	AND	PERIARTICULAR	CONNECTIVE	TISSUE	Proximal	Radioulnar	Joint	The	proximal	radioulnar	joint,	thè	humeroulnar	joint,	and	thè	humeroradial	joint	all	share	one	articular	capsule.	Georg	Thieme	Verlag.)	f	o	u	n	d	t	o	v	a	r	y	c	o	n	s	id	e	r	a	b	ly	,	t	h	e	r	e	f	o	r	e	lim	it	in	g	c	l	i	n	i	c	a	l	u	s	e	f	u	ln	e	s	s	.	Clin	Orthop	335:190-201,
1997.	123	I	n	c	r	e	a	s	e	d	in	t	r	a	a	r	t	ic	u	la	r	p	r	e	s	s	u	r	e	c	a	n	While	performing	a	squat	maneuver,	thè	pressure	(force/	area)	within	thè	patellofemoral	joint	is	greatest	at	60	to	90	degrees	of	knee	flexion.	force	modulation	of	by	rate	coding,	52,	53f	muscle	fatigue	and,	5	2	-5	3	,	54f	force	potential	of,	4	2	-4	3	force-velocity	and	length-tension
relationships	of,	51,	51f	fusiform,	42,	42f	hand,	2)4,	214t	extri	nsic	also	See	also	Muscle(s)	(Continuerò	attachments	of,	245t-246t	extensors	of	digtts,	219f-222f,	219-220,	222t	extensors	of	thumb,	221,	223	flexors	of	digìts,	214f-219f,	214-219	(lexors	of	thumb,	224t	innervation	of,	153-156,	213	intrinsic,	224	attachments	of,	246t-247t	of	hypothenar
eminence,	225f,	225-226	of	lumbricals	and	interosset,	225f,	2	2	6	228,	227f-228f,	230t	of	thenar	eminence,	224-225,	2251	hip	abductor,	412t,	422-425,	423f,	424f	in	gail,	423-425,	424f,	540,	540f,	548,	549f	torque-angle	curve	of,	427,	428f	weakness	of,	425b	action	of,	primary	and	secondary,	412,	412t	adductor,	412t,	414-415,	417,	417f-419f	as
internai	rotators	of	hip,	417,	419f	in	gait,	549f,	550	attachments	and	innervations	of,	571	1—573t	extensor,	412t,	417-422,	4	2	lf—423f	in	controlling	forward	lean,	420-421,	422f	in	gail,	548,	549f	in	performing	posterior	pelvic	tilt,	4	1	9	420,	421f	in	sit-up	exercise,	332f,	333	line-of-force	of,	41	lf,	419	overall	function	of,	419-422	extemal	rotator,	412t,
425-426,	426f,	427f	function	of,	426,	427f	in	gait,	549f,	550	primary	and	secondar)’,	425	“short,"	4	0	lf,	42lf,	423f,	425-426	flexor.	Zajac	FE,	et	al:	Biomechanical	analysis	of	thè	Chiari	pelvic	osteotomy—	presemng	hip	abductor	strength.	Although	not	shown	in	Figure	1	4	-1	7	B	,	thè	tibionavicular	fìbers	of	thè	deltoid	liga-	Talocrural	joint
DORSIFLEXION	FIGURE	14-17.	Strengthening	exercises	for	thè	quadriceps	muscle	typically	are	reliant	on	resistive,	external	torques	generated	by	gravity	acting	on	thè	body.	The	interdependence	between	thè	hip	and	knee	extensor	muscles	allows	for	thè	most	efficient	force	development.	A	second	cause	of	a	chronic	forward	head	posture	may	be
related	to	a	progressive	shortening	of	several	anterior	neck	musc/es.	A,	Norma)	genu	valgum.	A	typical	activation	pattern	of	selected	muscles	of	thè	cranioeervical	region,	trunk,	and	hip	is	shown,	as	a	healthy	person	rotates	thè	entire	body	to	thè	righi	within	thè	horizontal	piane.	Henning	CE,	Lynch	MA,	Glick	KR:	An	in	vivo	strain	gauge	study	of
elongation	of	thè	anterior	crociate	ligament.	Pretibial	trauma	(“dashboard’'	injury)	3.	Reikeras	O,	Bjerkreim	I:	ldiopathic	increased	anteversion	of	thè	femoral	neck.	T	h	is	a	c	t	io	n	o	n	t	h	è	f	e	m	u	r	is	r	e	a	d	ily	a	p	p	a	r	e	n	t	b	y	o	b	s	e	r	v	in	g	t	h	è	m	u	s	c	l	e	's	o	b	liq	u	e	lin	e	-	o	f	-	f	o	r	c	e	b	e	h	in	d	t	h	è	k	n	e	e	(	s	e	e	F	ig	.	In	contras!!	thè	elbow
extensors,	thè	triceps	brachii	and	anconeus,	have	J	single	source	of	nerve	supply	through	thè	radiai	nerve.	The	m	ore	anterior	fibers	o	f	thè	longus	colli	flex	thè	cervical	region.	They	course	horizontally	and	posteriorly	to	attach	into	thè	lateral	pole	of	thè	mandibular	condyle.	Arch	Phvs	Med	52:207-215	1971.	Ergonomics	34	613-624,	1991.	The
dominant	side	is	often	referred	to	as	thè	“work	ing”	side,	whereas	thè	nondominant	side	is	referred	to	as	thè	“balancing”	side.20	Different	demands	are	placed	on	thè	muscles	and	joints	of	thè	working	and	balancing	sides.	During	tibial-on-femoral	flexion,	thè	patella	slides	against	thè	femur;	during	femoral-on-tibial	flexion,	thè	femur	slides	against	thè
patella.	A	person	with	unilateral	torticollis	involving	a	right	or	left	stemocleidomastoid	typically	has	an	asymmetrical	craniocervical	posture	that	reflects	components	of	thè	muscle's	action	(Fig.	6	-	1	0	)	.	Decreased	moment	arm	(D‘	)	fo	r	hip	abductor	force.	1	3	-	3	1	).	These	force	values	are	generai	estimates	that	do	not	apply	equally	to	all	persons	in
all	lifting	situations.	The	physiologic	consequences	of	these	move	ments	are	very	different	from	those	described	in	Figure	1	3	36.	Chaffin	DB,	Andersson	GB/.	19.	The	piantar	surface	of	thè	tuberosity	has	lateral	and	mediai	processes	that	serve	as	aitachments	for	many	of	thè	intrinsic	muscles	and	thè	deep	piantar	fascia	of	thè	foot	(see	Fig.	1	4	-1	6	D
and	E).48	An	average	of	26	degrees	of	dorsiflexion	and	48	degrees	of	piantar	flexion	have	been	measured	at	thè	talocrural	jo	in	t.14	Associated	movement	at	thè	subtalar	joint	may	contribute	to	about	20%	ol	this	total	motion.	26	Fisher	NM,	Pendergast	DR,	Calkins	EC:	Maximal	isometric	torque	of	knee	extension	as	a	function	of	muscle	length	in
subjects	of	advancing	age.	Markhede	G,	Stener	B:	Function	after	removai	of	various	hip	and	thigh	muscles	for	extirpaiion	of	tumors.	It	has	two	bundles:	a	larger	anterior	set	(anterior-lateral),	forming	thè	bulk	of	thè	ligament,	and	a	smaller	posterior	set	(posteriormedial).15-4284	Two	accessory	components	of	thè	PCL	are	often	present.	T	h	is	d	if	f	ic	u
lt	y	p	e	r	s	is	t	s	e	v	e	n	w	h	e	n	t	h	è	e	x	t	e	r	n	a	l	lo	a	d	is	lim	it	e	d	to	ju	s	t	t	h	è	w	e	ig	h	t	o	f	t	h	è	lo	w	e	r	le	g	.	144	Sedioli	II	Upper	Extremity	susceptible	to	injury	when	thè	fully	extended	elbow	receivea	violent	valgus	force,	often	from	a	fall	(Fig.	16.	469t	in	lifting	heavy	loads,	347,	348f	in	lumbojielvic	rhythms	in	trunk	llexion	and	extension,	298-299,
299f	Gluteus	medius,	420f	anatomy	and	action	of,	42lf,	422-423,	423f	attachments	and	innervation	of,	572t	in	gait.	1311	as	synergist	to	elbow	flexors,	161	in	extemal	rotation	of	shoulder,	132	paralysis	of,	131b,	1311	Deltoid	luberosity,	98	Dens,	2791	in	axial	rotation,	282,	2851	of	axis,	264,	2671	Developmental	dysplasia,	of	hip,	acetabular
malalignment	and,	401b	Diaphragm	abnormalities	of	in	cervical	spinai	cord	tnjury,	374b	in	chronic	obstructive	pulmonary	disease,	375	action	and	innervation	of,	372t,	373,	384t	attachmems	of,	372,	3721,	384t	in	inspiration,	372-373,	3721	parts	of.	T	h	e	m	e	c	h	a	n	ic	s	t	h	a	t	c	r	e	a	t	e	t	h	is	c	o	n	d	it	io	n	d	u	r	in	g	t	h	è	s	e	a	t	e	d	p	o	s	it	io	n	a	r	e	a	s	f
o	llo	w	s	:	A	s	th	è	k	n	e	e	a	p	p	r	o	a	c	h	e	s	t	e	r	m	in	a	l	e	x	t	e	n	s	io	n	,	t	h	è	m	a	x	im	a	l	in	t	e	r	n	a	i	t	o	r	q	u	e	p	o	t	e	n	t	ia	l	o	f	t	h	è	q	u	a	d	r	ic	e	p	s	is	le	a	s	t	w	h	ile	t	h	è	o	p	p	o	s	in	g	e	x	t	e	r	n	a	l	(	fle	x	o	r	)	t	o	r	q	u	e	is	g	r	e	a	t	e	s	t	.	Note	thè	one	missing	wis-j	dom	tooth	(third	molar).	Consider	a	person	hearing	weight	through	an	upper	extremity
with	elbow	and	wrist	extended	(Fig.	Kelsey	JL,	Gilhens	PB,	White	AA,	et	al:	An	epidemiologie	study	13.	Bieeps	on	bicipital	tuberosity	Proximal	Radioulnar	Joint	from	Above	nective	tissues.	The	internai	circumference	ot	thè	annular	ligament	is	lined	with	cartilage	to	reduce	thè	friction	against	thè	radiai	head	during	prona	tion	and	supination.	(From
Luttgens	K,	Hamilton	N:	Kinesiology:	Scientifie	Basis	of	Human	Motion,	9th	ed.	The	fossa	is	bound	anteriorly	by	thè	ernie	-	Inferior	view	Postglenoid	Zygomatic	process,	Zygomatic	Temporal	process	FIGURE	11-5.	The	relationship	to	age.	B,	The	generai	path	of	thè	tight	radiai	nerve	is	shown	as	il	innervates	most	of	thè	extensors	of	thè	arm	forearm,
wnst,	and	digits.	This	set	of	joints,	situated	at	either	end	of	thè	forearm,	allows	thè	forearm	to	rotate	into	pronation	and	supination.	Stability	of	thè	knee	is	based	primarily	on	its	soft	tissue	constraints	rather	than	on	its	bony	configuration.	13-2	2	A	and	B).	M	enisci	as	Shock	Absorbcrs.	L	a	te	r	a	l	view	G	a	s	tr	o	c	n	e	m	ii/	s	(la	te	ra	l	h	e	a	d	)	L	a	te	ra	l	c
o	lla	te	ra	l	lig	a	m	e	n	t	P	o	p	lit	e	u	s	llio	t	ib	ia	l	traci	B	ic	e	p	s	fe	m	o	r	is	P	r	o	x	im	a	l	t	ib	io	f	ib	u	la	r	L	a	te	ra	l	c	o	lla	te	ra	l	lig	a	m	e	n	t	Extensor	digitorum	longus	jo	in	t	P	o	s	te	rio	r	A	n	t	e	r	io	r	Patellar	ligament	P	e	r	o	n	e	u	s	lo	n	g	u	s	V	e	rtic	a	l	rid	g	e	T	ib	ia	lis	a	n	te	r	io	r	L	a	te	ra	l	fa	c	e	t	p	a	te	lla	r	lig	a	m	e	n	t	FIGURE	1	3	-5	.	56.	A,
Contraction	of	thè	quadriceps	muscle	extends	thè	knee	and	slides	thè	tibia	anterior	relative	to	thè	femur.	Hollis	JM,	Takai	S,	Adams	DJ,	et	al:	The	effects	of	knee	motion	and	extemal	loading	on	thè	length	of	thè	anterior	crociate	ligament	(ACL):	A	kinematic	study.	Both	heads	of	thè	b	i	c	e	p	s	f	e	m	o	r	i	s	attach	on	thè	head	of	thè	fibula,	beside	thè
fibular	collateral	ligament.	Madison,	WI,	Brown	and	Benchmark,	1997.	90.	surveillance	measures	and	nsk	factors.	Clin	Orthop	348:166-175,	1998.	Am	J	Sporte	Med	20:299-306,	1992.	This	action	is	driven	primarily	by	thè	popliteus	mus	cle.	Grood	ES,	Suntay	WJ,	Noyes	FR,	et	al:	Biomechanics	of	thè	knee-extension	exercise.	Ergonomics	38	377-410	25.
Imaging	techniques	for	thè	evaluation	of	glenohumeral	instability.	Keyserling	WM:	Workplace	risk	factors	and	occupational	musculoskek15.	Its	concave	proximal	surface	(thè	“hull”)	accepts	thè	head	of	thè	talus	at	thè	talonavicular	joint	(see	Fig.	First,	thè	fascia	is	stretched	simply	by	bending	forward	and	flexing	thè	lumbar	spine	in	preparation	for
lifting.	Although	these	methods	may	have	their	desired	effect,	the	Chapter	12	Hip	429	FIGURE	12-51.	Neumann	DA:	Biomechanica!	analysis	of	selected	principles	of	hip	jomt	protection.	Am	J	Sports	Med	26:201-209,	1998.	Beaupre	A,	Choukroun	R,	Guidoutn	R,	et	al:	Knee	menisci	Correlation	betwecn	microstructure	and	biomechanics.	Because	most
ligaments	course	from	anterior-to-posterior,	they	also	limit	anterior-to-posterior	translation	of	thè	talus	within	thè	mortise.	1	2	-5	3	).	In	additton	to	thè	tightness	in	thè	flexor	muscles.	Additional	mechanisms	of	injury	to	thè	PCL	are	included	in	Table	1	3	-	4	.	Activities,	such	as	rapidly	descending	into	a	squat	and	landing	from	a	jump	with	knee	partially
flexed,	create	a	large	anterior	shear	force	on	thè	femur	against	thè	tibia.	J	Biomech	23:357-362,	1990.	With	permission	of	the	APTA.)	create	a	counterdockwise	torque	large	enough	to	balance	the	clockwise	torques	because	of	the	load	(CL	X	D2)	and	body	weight	(BW	X	D,).	T	h	is	,	in	tu	rn	,	m	a	y	r	e	f	le	x	iv	e	ly	in	h	ib	it	t	h	è	q	u	a	d	r	ic	e	p	s	m	u	s	c	le	.
Anterior	and	Posterior	Cruciate	Ligaments	G	E	N	E	R	A	L	C	O	N	S	ID	E	R	A	T	IO	N	S	Cruciate,	meaning	cross-shaped,	describes	thè	spatial	relation	of	thè	ligaments	as	they	cross	within	thè	intercondylar	notch	of	thè	femur	(Fig.	The	inferior	joint	cavity	is	between	thè	inferior	aspect	of	thè	disc	and	thè	mandibular	condyle.	1	3	-	7	and	1	3	-2	3	).	Carpai
bones	in	ulnar	and	radiai	deviation	of	wrist	motion,	183b,	183f	osteology	of,	173b,	173f-175f,	173-176	Carpai	instabihty,	of	wrist,	184b,	184f-186f,	184-185	Carpai	tunnel,	175f,	176	Carpai	tunnel	syndrome,	216,	216f	Carpometacarpal	joint(s),	195,	197f,	197-200,	201f-203f.	As	its	name	implies,	thè	musculocutaneous	nerve	innervates	muscle,	then
continues	distally	as	a	sensory	nerve	to	thè	sktn,	supplying	thè	lateral	forearm.	As	shown	in	Figure	1	0	-3	6	B	,	thè	erector	spinae	and	transversospinal	muscles	throughout	thè	entire	posterior	trunk	are	active	to	offset	thè	potent	trunk	flexion	tendency	of	thè	oblique	abdominal	muscles.	m	|	~Z	o	W	Therapeutic	and	educational	efforts	directed	toward
reoff	thè	floor,	for	example,	tends	to	flex	thè	lumbar	spine,	iuction	of	thè	likelihood	of	back	injury	are	often	directed	thereby	decreasing	thè	lordosis.	KNEE	M	USCULATURE	Adductor	Brevis	P	r	o	x	im	a	l	a	t	ta	c	h	m	e	n	t	:	a	n	te	r	io	r	s	u	rfa	c	e	o	f	th	è	in	f	e	r	io	r	p	u	b	ic	ra	m	u	s	D	istai	a	t	ta	c	h	m	e	n	t	:	p	r	o	x	im	a	l	o	n	e	t	h	ir	d	o	f	th	è	lin	e	a	a	sp	e
ra	Key	Muscles	Ventral	Nerve	Root	Sample	Test	Movements	Iliopsoas	Adductor	longus	L2	L2	Hip	flexion	Hip	adduction	Adductor	Longus	Quadriceps	femoris	L3	Knee	extension	Tibialis	anterior	L4	Ankle	dorsiflexion	p	u	b	is	D	istai	a	t	ta	c	h	m	e	n	t	:	m	id	d	le	o	n	e	t	h	ir	d	o	f	th	è	lin	e	a	a	s	p	e	ra	o	f	Extensor	digitorum	longus	Gluteus	medius	L5	Toe
extension	L5	Hip	abduction	Gluteus	maximus	S>	Semitendinosus	S1	Hip	extension	with	knee	flexed	Knee	flexion	and	internai	rotation	Gastrocnemius/soleus	Flexor	hallucis	longus	S2	Ankle	piantar	flexion	Flexion	of	thè	hallux	S3	Abduction	and	adduction	of	thè	toes	Dorsal	and	piantar	interossei	s2	o	f	th	è	fe	m	u	r	In	n	e	r	v	a	tio	n	:	o	b	t	u	r	a	t	o	r	n	e
rv	e	P	r	o	x	im	a	l	a	t	ta	c	h	m	e	n	t	:	a	n	te	r	io	r	s	u	rfa	c	e	o	f	th	è	b	o	d	y	o	f	thè	th	è	fe	m	u	r	In	n	e	r	v	a	tio	n	:	o	b	t	u	r	a	t	o	r	n	e	rv	e	Adductor	Magnus	A	n	te	r	io	r	(A	d	d	u	cto	r	H	e	a	d	)	P	r	o	x	im	a	l	a	t	ta	c	h	m	e	n	t	:	is	c	h	ia	l	ra	m	u	s	D	istai	a	t	ta	c	h	m	e	n	t	:	e	n	tire	lin	e	a	a	s	p	e	ra	o	f	th	è	fe	m	u	r	In	n	e	r	v	a	tio	n	:	o	b	t	u	r	a	t	o	r	n	e	rv	e	P	o	s	te
r	io	r	(E	x	te	n	s	o	r	H	ea	d	)	P	r	o	x	im	a	l	a	t	ta	c	h	m	e	n	t	:	is	c	h	ia	l	tu	b	e	ro	s	ity	D	istai	a	t	ta	c	h	m	e	n	t	:	a	d	d	u	c	t	o	r	tu	b	e	re	te	o	n	fe	m	u	r	In	n	e	r	v	a	tio	n	:	t	ib	ia	l	p	o	r	t	io	n	o	f	s	c	ia	tic	n	e	rv	e	572	Appendix	IV	Articularis	Genu	P	r	o	x	im	a	l	a	t	ta	c	h	m	e	n	t	:	a	n	te	r	io	r	s	u	rfa	c	e	o	f	thè	d	is	ta	i	fe	m	o	ra	l	sh	a	ft	D	istai	a	t	ta	c	h	m	e	n	t	:	p	r
o	x	im	a	l	c	a	p	s	u	le	o	f	thè	k	n	e	e	ie	s	o	f	th	è	la	st	t	h	o	r	a	c	ic	a	n	d	a	ll	lu	m	b	a	r	v	e	rte	b	ra	e	in	c	lu	d	in	g	th	è	in	t	e	r	v	e	r	t	e	b	r	a	l	d	is	c	s	D	istai	a	t	ta	c	h	m	e	n	t	:	le	s	s	e	r	t	ro	c	h	a	n	te	r	o	f	th	è	fe	m	u	r	In	n	e	r	v	a	tio	n	:	fe	m	o	ra	l	n	e	rv	e	llia	c	u	s	Biceps	Femoris	P	r	o	x	im	a	l	a	t	ta	c	h	m	e	n	t	s	:	s	u	p	e	r	io	r	tw	o	t	h	ir	d	s	o	f	th	è	ilia	c	fossa,	L
on	g	H	ead	P	r	o	x	im	a	l	a	tta	c	h	m	e	n	ts	:	fro	m	a	com	m	on	te	n	d	o	n	w	it	h	thè	s	e	m	ite	n	d	in	o	s	u	s	;	o	r	ig	in	a	t	in	g	fro	m	a	m	e	d	ia	i	im	p	r	e	s	s	io	n	o	n	th	è	p	o	s	t	e	r	io	r	s	u	rfa	c	e	o	f	th	è	is	c	h	ia	l	t	u	b	e	ro	s	it	y	a	n	d	p	a	rt	o	f	th	è	s	a	c	ro	tu	b	e	ro	u	s	lig	a	m	e	n	t.	Axes	of	Rotation	Movements	at	thè	ankle	and	foot	are	assumed	to	occur	about
axes	of	rotation	that	remain	nearly	stationary	throughout	thè	range	of	motion.	S	t	r	e	n	g	t	h	e	n	in	g	a	n	d	g	e	n	e	r	a	i	a	c	t	iv	a	t	io	n	o	f	t	h	e	r	e	b	y	in	c	r	e	a	s	in	g	s	t	a	b	ilit	y	o	f	t	h	è	k	n	e	e	a	n	d	lim	it	in	g	a	n	te	-	t	h	è	q	u	a	d	r	ic	e	p	s	a	r	e	t	h	e	r	e	f	o	r	e	im	p	o	r	t	a	n	t	g	o	a	ls	in	a	n	y	A	C	L	r	io	r	-	p	o	s	t	e	r	io	r	s	h	e	a	r	f	o	r	c	e	s	.	The	socket	is
porous	coated,	allowing	thè	pelvic	bone	to	grow	into	thè	device	and	provide	biologie	fixation.	Wojtys	EM,	Huston	LJ:	Longitudinal	effects	of	anterior	cruciate	liga	ment	injury	and	patellar	tendon	autograft	reconstruction	on	neuromuscular	performance.	Scapinelli	R:	Vascular	anatomy	of	thè	human	cruciate	ligaments	and	surrounding	structures.	This
forearm	rotation	occurs	about	an	axis	of	rotation	that	extends	from	thè	radiai	head	through	thè	head	of	thè	ulna—	an	axis	that	intersects	and	connects	both	radioulnar	joints	(Fig.	The	pes	anserinus	group	adds	significant	dynamic	stability	to	thè	mediai	side	of	thè	knee.	Bey	MJ,	Huston	LJ,	Blasier	RB,	et	al:	Ligamentous	restraints	to	extemal	rotatton	of
thè	humerus	in	thè	late-cocking	phase	of	throwing:	A	cadaveric	biomechantcal	investigation	AmJ	Sports	Med	28:200-205,	2000	Codman	EA:	The	Shoulder	Boston,	Thomas	Todd	Company,	1934	Ferrari	DA:	Capsular	iigaments	of	thè	shoulder.	Pronation	and	supination	occur	in	only	one	piane,	about	one	(oblique)	axis	of	rotation.	Clin	Biomech	2:78-83,
1987.	48.	As	a	pair,	thè	splenius	muscles	arise	from	thè	inferior	half	of	thè	ligam	em	u	m	n	u	chae	and	spin	ou	s	p	ro	cesses	o	f	C7-T6,	ju	st	d	eep	to	thè	trapezius	muscle.	(Data	from	Hoy	MG,	Zajac	FE,	Gordon	ME:	Musculoskeletal	model	of	thè	human	lower	extremity.	The	primary	action	of	thè	longus	capitis	is	to	llex	and	stabilize	thè	upper
craniocervical	region.	Jager	M,	Luttmann	A:	The	load	on	thè	lumbar	spine	during	asymmetnfascia.	Maletius	W,	Messner	K:	Eighteen-	to	twenty-four-year	follow-up	after	complete	rupture	of	thè	anterior	cruciate	ligament.	These	motions	are	shown	for	both	t	ib	ia	l-o	n	-	Chapter	13	Knee	443	Superior	view	.G	a	s	tro	c	n	e	m	iu	s	(	m	e	d	ia	i	he	a	d	)	G	a	s	t
r	o	c	n	e	m	iu	s	fia	te	ra	i	he	a	d	)	P	la	n	ta	riS	'	S	e	m	it	e	n	d	in	o	s	u	s	S	e	m	im	e	m	b	r	a	n	o	s	u	s	B	ic	e	p	s	fe	m	o	r	is	G	r	a	c	llis	P	o	p	lit	e	u	s	te	n	d	o	n	S	a	r	to	r	iu	s	L	a	te	ra	l	c	o	lla	te	ra	l	lig	a	m	e	n	t	P	o	s	t	e	r	io	r	m	e	n	is	c	o	fe	m	o	r	a	l	M	e	d	ia	i	c	o	lla	te	r	a	l	lig	a	m	e	n	t	lig	a	m	e	n	t	P	o	s	t	e	r	io	r	c	r	u	c	ia	te	lig	a	m	e	n	t	L	a	te	ra	l	m	e	n	is	c	u	s
llio	t	ib	ia	l	tra	c	t	M	e	d	ia	i	m	e	n	is	c	u	s	A	n	t	e	r	io	r	c	r	u	c	ia	te	lig	a	m	e	n	t	T	r	a	n	s	v	e	r	s	e	lig	a	m	e	n	t	C	o	r	o	n	a	r	y	lig	a	m	e	n	t	P	o	s	t	e	r	io	r	c	r	u	c	ia	te	lig	a	m	e	n	t	In	fra	p	a	te	lla	r	fat	A	P	a	te	lla	r	lig	a	m	e	n	t	FIGURE	13-12.	O	n	e	b	e	n		e	f	it	o	f	t	h	is	f	in	e	le	v	e	l	o	f	c	o	n	t	r	o	l	is	r	e	la	t	e	d	t	o	t	h	è	c	o	u	p	lin	g	p	a	t	t	e	r	n	o	f	t	h	è	c	e	r	v	i	c
a	l	r	e	g	io	n	.	An	anterior	view	of	thè	scalene	muscles.	6	-	1	6	)	.	The	sustentaculum	talus	projects	medially	as	a	horizontal	shelf	from	thè	dorsal	surface	of	thè	calcaneus.	To	unlock	a	knee	that	is	fully	extended,	thè	joint	must	first	internali)'	rotate.	Most	fibers	become	taut	at	full	flexion	3.	Tyler	TF,	McHugh	MP,	Gleim	GW,	et	al:	The	effect	of	immediate
weightbearing	after	anterior	cruciate	ligament	reconstruction.	Note	that	two	extemal	torques	are	described:	one	due	to	thè	extemal	load	(EL)	and	one	due	to	thè	subject’s	body	weight	(BW)	located	above	L2.	Furthermore,	thè	biarticular	rectus	femoris	is	overstretched	across	both	thè	hip	and	knee,	thereby	passively	resisting	knee	flexion.	Acta	Physiol
Scand	144:409-418,	1992.	Injury	to	ligaments	and	to	cartilage	are	two	common	consequences	of	thè	large	functional	demands	placed	on	thè	knee.	These	muscles	include	thè	wrist	flexors	and	forearm	pronators	(pronaior	teres,	flexor	carpi	radialis,	and	palmaris	longus),	and	thè	deeper	flexor	digitorum	superficialis	(Fig.	See	Coxa	valga;	Coxa	vara,
anteversion	of	excessive,	395,	397f-398f	naturai,	398,	398f	attachments	to,	393f-395f	distai,	osteologie	features	of,	435,	435b,	436f437f	motion	of,	in	gait.	10-28).	Fibers	from	thè	popliteus	attach	to	thè	lateral	meniscus	and	blend	with	thè	arcuate	popliteal	liga	ment.	In	centrasi	three	different	nerves	must	b;	alfected	lo	paralyze	all	elbow	flexors.	A	arge
part	of	thè	masseter	muscle	attaches	to	thè	zygomatic	bone	and	thè	adjacent	zygomatic	arch.	The	mediai	collateral	ligament	is	FIGURE	6	-	2	1	.	A	potentially	positive	elteci	of	thè	valgus	position	is	a	decreased	bending	moment	arm	across	thè	femoral	neck	(see	Fig.	This	muscle	pulls	thè	capsule	and	synovial	membrane	250-i	K	nee	extensors	225£	z
produced	by	muscles	that	cross	thè	knee	is	displayed.	A,	The	increased	passive	tension	in	severa]	connective	tissues	and	muscles	is	demonstraied.	New	York,	Churchill	Livingstone,	1991	Chapter	10	in	reality	is	rare	while	lifting.	B,	The	humerus	and	ulna	have	rotated	about	8	0	to	90	degrees	externally	from	thè	initial	position	shown	in	A.	Group	Action
o	f	Fiexor-Rotator	Muscles	The	flexor-rotator	muscles	o	f	thè	knee	best	perform	their	actions	during	walking	and	running.	A,	The	varus	deformity	of	thè	right	knee	is	shown	with	associated	increased	joint	reaction	force	on	thè	mediai	compartment.	Once	in	full	lumbar	flexion,	however,	thè	EMG	signal	from	thè	erec	tor	spinae	group	typically	ceases.26
The	weight	of	thè	flexed	trunk	is	supported	totally	by	thè	passive	torque	generateci	by	thè	fully	stretched	posterior	ligamentous	System,	as	well	as	thè	stretched	connective	tissues	within	thè	electrically	silent	erector	spinae.	Perhaps	thè	greatest	advantage	of	thè	squat	lift	is	that	it	typically	allows	thè	load	io	be	raised	more	naturally	from	between	thè
knees.	Since	thè	right	foot	is	fixed	to	thè	ground,	thè	right	knee	functions	as	an	important	pivot	point.	11-1	0	A	).	93,	94f,	254,	257(	Marey,	in	gait	analysis,	524,	524f	Mass	center	of,	5,	57	dìsplacement	of,	in	gait,	535-537,	540b,	540f,	545t,	546f-547f	vs.	Frank	CB,	Jackson	DW:	The	Science	of	reconstruction	of	thè	anterior	cruciate	ligament.	The
anterior	and	posterior	edges	of	the	disc	are	continuous	with	the	palm	ar	(anterior)	and	dorsci	(posterior)	radioulnar	joint	capsular	ligaments	(Fig.	22.	175-176	Piane	joints,	273	Piantar	fascia	forces	applied	to,	in	gait,	5611	of	mediai	longitudinal	arch,	496,	497	wmdlass	effect	on,	506,	506f	Piantar	flexion	ankle,	acceleration	of	by	acttve	piantar	flexion	of
foot,	514,	516f	delìnition	of.	et	al:	The	acetabular	sector	angle	of	thè	aduli	hip	determined	by	computed	tomography.	1	1	-	9	)	.	Clin	Orthop	254:	189-198,	1990.	This	pulleyshaped	structure	articulates	with	thè	posterior	side	of	thè	patella,	forming	thè	patellofemoral	joint.	During	supination,	thè	radius	and	hand	(shown	in	red)	rotate	around	thè	fixed
humerus	and	ulna	(shown	m	gray).	Note	the	cartilage	hning	the	ennre	fibro-osseous	ring.	Grace	TG,	Sweetser	ER,	Nelson	MA,	et	al:	Isokinetic	muscle	imbalance	and	knee-joint	injuries.	Reducing	thè	force	demands	on	thè	hip	abductors	while	walking	also	helps	to	protect	an	arthritic	or	a	prosthetic	hip	from	excessive	wear.	The	tibial	tuberos-	•	Base	•
Apex	•	Anterior	surface	•	Posterior	articular	surface	•	Vertical	ridge	•	Lateral,	mediai,	and	“odd”	facets	The	p	o	s	t	e	r	io	r	a	r	t	ic	u	la	r	s	u	r	fa	c	e	of	thè	patella	is	covered	with	articular	cartilage	up	to	4	to	5	mm	thick.32	This	surface	contacts	thè	intercondylar	groove	of	thè	femur,	forming	thè	patellofemoral	joint.	Step	2	Determine	thè	extensor
muscle	force	required	to	gener	ate	thè	internai	extensor	torque.	442	Section	IV	Dnver	Extremity	1	3	-	2	.	4411	oblique,	439,	440t,	441	f,	448,	4491	posterior,	stretching	of,	passive	tension	generated	from.	138	Seclion	11	Upper	Extremity	Normal	cubitus	valgus	Excessive	cubitus	valgus	FIGURE	6-9.	Am	J	Sports	Med	18:20-24	Friedman	RJ,	Blocker	ER,
Morrow	DL	Glenohumeral	Instabilily	J	Soutr	Orthop	Assoc	4:182-199,	1995.	The	rim	of	thè	radiai	head	contacts	thè	radiai	notch	of	thè	ulna,	forming	thè	proximal	radioulnar	joint.	The	majority	of	thè	ligament	(i.e.,	thè	larger	anterior	fibers),	however,	becomes	taut	at	thè	extremes	of	flexion.36	As	depicted	in	Figure	1	3	2	2	C,	thè	PCL	is	pulled	taut	by
thè	hamstring	muscle	contraction	and	subsequent	posterior	slide	of	thè	tibia.	The	ulna,	through	its	firm	attachment	to	thè	humerus	al	thè	humeroulnar	joint,	remains	essentially	stationary	during	pronation	and	supination	movements.	1	0	-3	0	).	Clinically,	this	stress	is	considered	either	therapeutic	or	damaging,	depending	on	thè	type	and	severity	of
thè	pathology	o:	injury.	Reduce	thè	length	of	thè	external	moment	arm	jfted	from	between	thè	legs,	thereby	minimizing	thè	distance	4.	The	similanty	in	shape	of	thè	talocrural	joint	(A)	and	a	carpenter’s	mortise	joint	(B)	is	demonstrated.	The	root	of	each	tooth	is	embedded	in	alveolar	bone.	The	posterior-lateral	capsule	of	thè	knee	is	reinforced	by	thè
arcuate	popliteal	ligament,	lateral	collateral	ligament,	and	popliteus	muscle	and	tendon.	AC	=	anterior	capsule,	PC	=	posterior	capsule,	MCL-Anterior	=	anterior	fibers	of	thè	mediai	collateral	ligament,	MCL-Posterior	=	posterior	fibers	of	thè	mediai	collateral	ligament.)	See	text	for	further	details.	The	posterior	aspect	of	thè	right	radius	and	ulna.	As
soon	as	thè	foot	fiat	phase	of	gait	is	reached,	thè	leg	starts	to	rotate	forward	(dorsiflex)	over	thè	foot.	The	infraspinatus	rotates	thè	humerus	relative	to	a	fixed	scapula,	while	thè	pronator	quadratus	rotates	thè	ulna	relative	to	a	fìxed	radius.	disorders	of,	252	osteologie	features	of,	252-269,	253b	posture	of,	sitting	posture	and,	301-302	302f	terminology
relating	to,	252,	253t,	272l	tissues	of	innervated	by	dorsal	rami,	314t	innervated	by	ventral	rami,	313f,	313-314	Axillary	pouch	of	glenohumeral	joint,	107,	107f	of	interior	glenohumeral	ligament,	109,	1lOf	Axis	(C2	vertebra),	264,	267f	in	axial	rotation,	282,	285f	Axis	of	rotation,	5f,	5	-6	,	6f,	17,	18f	average	and	estimates	of,	31,	31f	of	ankle	and	foot,
482f,	482-483	of	hip,	404,	404f	of	knee,	443,	445f	of	fielvic	tilt,	299	of	subtalar	joint,	490,	490f	of	talocrural	joint,	486,	487f	See	also	(Continued)	Axis	of	rotation	of	transverse	tarsal	joint,	493,	495f,	496	of	wrist,	180-181,	181	f	B	See	also	Back,	Lumbar	spine;	Vertebral	column	muscles	of.	114.	The	disc	separates	che	joinc	imo	cwo	synovial	joint	cavities
(Fig.	A	stable	union	between	thè	distai	tibia	and	distai	fibula	is	essential	lo	thè	stability	and	function	of	thè	talocrural	joint.	Furthermore,	thè	left	lateral	flexion	potential	of	thè	left	stemocleidomastoid	is	offset	by	thè	right	lateral	flexion	potential	of	thè	right	splenius	capitus	and	cervicis.	The	distai	surface	of	thè	navicular	bone	contains	three	relatively
fiat	facets	that	articulate	with	thè	three	cuneiform	bones.	This	is	a	maximal	limit	344	Section	III	Axial	Skeleton	Data	•	In	te	rn	a	i	m	o	m	e	n	t	a	rm	(	D	i)	=	5	cm.	J	Bone	Joint	Surg	69B:75-79,	1987.	Rydell	N:	Biomechanics	of	thè	hip	joint.	Table	1	3	-	6	presents	clinical	examples	for	each	of	these	categories.	Tibiofemoral	joint.	For	both	movements,	thè
near-maximal	contraction	of	thè	btarttcular	muscles	(red)	causes	a	near-maximal	stretch	in	thè	biarticular	antagonist	muscles	(thin	black	arrows).	J	Bone	Joint	Surg	69A:243-247,	1987.	Protrusion	is	ar	important	component	of	thè	mouth’s	opening	maximali’	Retrusion	of	thè	mandible	occurs	in	thè	reverse	directio*	(Fig.	J	Biomech	18:803-809,	1985.	51
lf,	513-514,	515f	of	flexor	hallucis	longus,	484f,	513	of	flexor	muscles	of	wrist,	189-190,	190f	of	hand,	215,	215f	of	iliopsoas,	412	of	patella,	forces	applied	to	in	gail,	561t	of	peroneus	brevis,	511,	51	lf	of	peroneus	longus,	510,	51	lf	of	peroneus	lertius,	508,	510f	of	piantar	flexor	muscles,	512-514	of	popliteus,	440f,	444f	stabilizing	proximal	tibiofibular
joint,	483b	of	quadriceps,	460,	461	f	of	tibialis	anterior,	508,	510f	of	tibialis	posterior,	51	lf,	513-514,	515f	Tennis	elbow,	189	Tenodesis	action,	of	finger	flexors,	218f,	218—	219	in	quadriplegia,	219,	2I9f	Tension	as	musculoskeletal	force,	12f	in	connective	tissue,	conversion	to	useful	work,	14,	14f	Tensor	fascia	lata	anatomy	and	action	of,	413,	413f,
420f,	423,	423f	attachments	and	innervation	of,	573t	in	gait,	548,	549f	Teres	major	attachments	and	innervation	of,	244t	in	shoulder	adduction	and	extension,	129130,	130f	in	shoulder	internai	rotation,	131-132,	132f	Teres	minor,	109-110,	llOf	attachments	and	innervation	of,	244t	in	elevation	of	ami,	127f—128f,	127-128,	129b	in	shoulder	adduction
and	extension,	129—	130,	130f	in	shoulder	external	rotation,	132	Tetanization,	of	musclc	fibers,	52,	53f	Thenar	crease,	of	hand,	195,	I97f	Thenar	eminence.	lt	is	thè	largest	sesamoid	bone	in	thè	body.	Full	passive	elbow	flexion	requires	elongation	of	thè	posterior	capsule,	extensor	muscles,	ulnar	nerve,44	and	certain	collateral	ligaments,	especially	thè
posterior	hbers	of	thè	mediai	collateral	ligament.	574t	of	hand,	225f,	225—226	attachments	and	innervation	of,	246t	Abductor	hallucis	anatomy	and	function	of,	518-519,	519f	allachments	and	innervation	of,	574t	Abductor	pollicis	brevis,	224,	225f	as	assistant	extensor	of	interphalangeal	joint	of	thumb,	223f,	225b	attachments	and	innervation	of,	246t
Abductor	pollicis	longus,	221,	223,	223f	attachments	and	innervation	of,	245t	in	abduction	of	thumb,	205f	radiai	deviation	of	wrist	by,	191,	1911	See	also	Acceleration,	60	Accelerometer,	82	Acetabular	fossa,	397	Acetabular	labrum,	397,	399f	Acetabular	notch,	397	Acetabulum,	390,	390f-391f,	393	malalignment	of,	in	hip	dysplasia,	40	Ib	lunate	surface
of,	396b,	397,	399f	osteologie	features	of,	396b,	397,	399f	Acetylcholine,	in	muscle	fatigue,	53	Achilles	tendon,	forces	applied	to,	in	gait,	5611	Acromioclavicular	joint,	98	connective	tissue	of,	103,	103f	dislocation	of,	104,	104f	generai	features	of,	102-104,	103f-105f	in	scapulothoracic	joint	movement,	105—	106	in	shoulder	motion	during	abduction,
116—	117,	118f,	119t	kinematics	of,	103-104,	104b,	105f	sensory	innervation	of,	119	Actin	in	attive	force	generation,	46	of	myofilaments,	45,	46f,	47f	Action	potential,	51,	54	Activittes	of	daily	living	elbow	function	and,	140,	142f	forearm	activity	in,	148f,	148—149	Adduction	of	fingere,	2	0	lf	of	foot	and	ankle,	definition	oi.	Excessive	hypertrophy	or
spasm	of	these	muscles	or	their	associated	lascia	can	compress	thè	brachial	plexus	and	can	cause	motor	and	sensory	disturbances	in	thè	upper	extremity.	Note	in	bold	thè	high	percentage	of	recurrent	patellar	dislocation	for	women.	Vertebral	artery	Multifidus	and	rotator	longus	and	brevis	Deep	(prevertebral)	fascia	Semispinalis	cervicis	Semispinalis
capitis	Splenius	capitis	and	cervicis	Trapezius	Superficial	(investing)	fascia	Superior	view	CERVICAL	FASCIA	Cervical	fascia	surrounds	and	compartmentalizes	many	structures	within	thè	neck,	including	muscles	and	neurovascular	structures.	With	excessive	genu	valgum,	thè	stress	is	greater	on	thè	lateral	compartment;	with	genu	varum,	thè	stress	is
greater	on	thè	mediai	compartment.	Any	motion	ai	thè	elbow-and-forearm	complex	involves	motion	at	thè	humeroradial	joint.	140,	142f	flexion	contracture	of,	140,	141b,	141	f	tnjury	of,	144-145,	1451	intracapsular	air	pressure	in,	140	isometric	exercise	at,	biomechanical	problem	solving	with,	77-79,	781	joints	of,	137-145.	Eversion	and	inversion
describe	thè	motion	parallel	to	thè	frontal	piane,	around	an	anteriorposterior	axis	of	rotation.	Bergmann	G,	Graichen	F,	Rohlmann	A:	Hip	joint	loading	dunng	walking	and	running,	measured	in	two	patients.	573t	Serratus	anterior	action	of,	317,	317f,	375t	attachments	of,	244t	in	push-up	maneuver,	123b	in	scapulothoracic	joint	protraction,	122,	123f
in	scapulothoracic	upward	rotation,	125f,	125-126,	126f	innervation	of,	244t,	375t	kinesiologic	importante	of,	127	paralysis	of,	126f,	126-127	Serratus	posterior	inferior,	3761	action	and	innervation	of,	317,	317f,	375t,	376f,	384t	attachments	of,	384t	superior	action	and	innervation	of,	317,	317f,	375t,	376f,	384t	attachments	of,	384t	Sesamoid	bones,
of	first	metatarsophalangeal	joint,	504,	504f	Shear	forces,	12f	anterior-posterior	anterior	spondylolislhesis	and,	294b	cruciale	ligaments	and,	449	at	apophyseal	joints,	272t	on	lumbar	interbody	joints,	293,	293f	Sheath(s)	digitai	synovial,	215f,	217	fibrous	digitai,	215f,	217	of	metacarpophalangeal	joints,	208,	208f	Shin	splints,	in	gait,	551	Short
segmentai	muscles	as	intrinsic	trunk	stabilizers,	329-330,	330b,	330f	attachments	of,	381t	innervations	of,	382t	of	deep	layer	of	back,	317,	318t,	321f,	323	Shoulder	complex,	93-132.	Clin	Sports	Med	13:629-647,	1994.	Li	Y,	McClure	PW,	Pralt	N:	The	effect	of	hamstring	muscle	stretching	on	standing	posture	and	on	lumbar	and	hip	motions	during
forward	bending.	C	a	s	e	s	m	a	y	b	e	m	ild	,	in	v	o	lv	in	g	o	n	ly	a	g	e	n	e	r	a	liz	e	d	a	c	h	in	g	a	b	o	u	t	t	h	è	a	n	t	e	r	io	r	k	n	e	e	,	o	r	t	h	e	y	m	a	y	b	e	s	e	v	e	r	e	a	n	d	in	v	o	lv	e	r	e	c	u	r	r	e	n	t	d	is	lo	c	a	t	io	n	o	r	s	u	b	lu	x	a	t	io	n	o	f	t	h	è	p	a	t	e	lla	f	r	o	m	t	h	è	in	t	e	r	c	o	n	d	y	la	r	g	r	o	o	v	e	.	Minimal-to-moderate	flexion	or	extension	both	have	a
biomechanical	advantage:	Minimal-to-moderate	flexion	increases	thè	passive	tension	generated	by	thè	posterior	ligamentous	System,	possibly	reducing	thè	force	demands	on	extensor	muscles.	Data	from	Bogduk	N,	Twomey	L:	Clinical	Anatomy	of	thè	Lumbar	Spine,	2nd	ed.	In	order	for	thè	humeroulnar	joint	to	he	fully,	passively	extended,	sufficient
extensibility	is	required	in	thè	dermis,	flexor	muscles,	anterior	capsule,	and	anterior	fibers	of	thè	mediai	collateral	ligament	(Fig.	68	Krause	VVR,	Pope	MH,	Johnson	RJ,	et	al:	Mechanical	changes	in	thè	knee	after	meniscectomy.	Extending	distally,	and	slightly	dorsally,	from	thè	ra	diai	notch	is	thè	supinator	crest,	marking	thè	distai	attach	ments	for
part	of	thè	lateral	collateral	ligament	and	thè	supinator	muscle.	The	body	o	f	thè	hyoid	is	convex	anteriorly.	Tissue	also	surrounds	and	interconnects	thè	trapezius	and	thè	stemocleidomastoid	muscles.	6	-	5	)	.	i	l	Tveit	P,	Daggfeldi	K,	Hetland	S,	et	al	Erector	spinae	lever	arm	length	variations	with	changes	in	spinai	curvature.	6	-2	5	B	).	T	h	e	s	e	d	a	t	a	s
u	g	g	e	s	t	th	a	t	,	in	t	h	e	o	r	y	,	a	k	n	e	e	t	o	r	q	u	e	.	Arthrokinematics	The	following	discussion	assumes	that	thè	foot	is	unloaded	and	free	to	rotate,	in	a	manner	listed	in	Table	1	4	-	3	.	The	superior	surfaces	of	thè	condyles	form	a	fiat,	broad	region,	often	referred	to	as	thè	tibial	plateau.	First,	a	hyperextension	(whiplash)	to	thè	neck	can	injure	anterior
muscles,	such	as	thè	sternocleidomastoid,	longus	colli,	and	scalenus	anterior.	Stuart	MJ.	Cresswell	AG,	Grundstrom	H,	Thorstensson	A:	Observations	on	intra44.	372,	3721	variable	position	of,	37.3b	Diarthrosis,	definitton	and	function	of,	26f,	2	6	27	Digastric	muscle,	attachmems	and	innervation	of,	383t	Digit(s)	of	foot,	480f-4811,	482.	These
ligaments	provide	an	important	source	of	stability	to	thè	elbow	joint.	Photograph	by	ld	A.	The	deeper,	horizon	tal	fibers	share	similar	temporal	attachments.	The	predominant	fìber	direction	of	thè	interosseous	mem	brane	is	not	aligned	to	resist	distally	applied	forces	on	thè	radius.	The	internai	(extensor)	torque,	in	contrast,	is	thè	product	of	quadriceps
force	multiplied	by	its	internai	moment	arm.	An	anterior	view	of	a	righi	elbow	during	pronation	ol	thè	forearm.	Med	Biol	Engng	5.445-453,	1967.	The	in	creased	stability	is	thè	result	of	thè	increased	myogenic	lum	bar	compression	and	direct	splinting	action	on	thè	low	back.	At	thè	distai	radioulnar	joint,	thè	head	of	thè	ulna	rotates	around	thè	fìxed
ulnar	notch	of	thè	radius	(see	Fig.	A	knee	flexed	to	90	degrees	permits	about	40	io	50	degrees	of	total	rotation.86-89	External	rotation	range	of	motion	generally	exceeds	internai	rotation	by	a	ratio	of	2:1.86	In	full	extension,	however,	horizontal	piane	rotation	is	essentially	absent.	A	lateral	view	of	thè	bones	of	thè	tight	ankle	and	foot.	Ligaments	of	thè
Distai	Tibiofibular	Joint	Ligaments	A	thin	capsule	surrounds	thè	talocrural	joint.	(The	term	carrying	angle	is	often	used,	reflecting	thè	fact	that	thè	valgus	angle	tends	to	keep	carried	objects	away	from	thè	side	ol	thè	thigh	while	walking.)	In	full	elbow	extension,	thè	normal	carrying	angle	is	about	15	degrees.45	Occasionally,	thè	extended	elbow	may
show	an	excessive	cubitus	valgus	greater	than	20	degrees	(Fig.	Assuming	that	44%	of	FIGURE	13-39.	Note	that	dorsiflexion	(D)	is	combined	with	slight	abduction	and	eversion,	which	are	thè	other	components	of	pronation;	piantar	flexion	(E)	is	combined	with	slight	adduction	and	inversion,	which	are	thè	other	components	of	supination.	The	larger
superior	joint	cavity	is	between	thè	superior	surface	of	thè	disc	and	thè	bone	formed	by	thè	mandib	ular	fossa	and	thè	articular	eminence.	455f,	455-456	function	of,	454-455	function	of	in	knee	extension,	456f,	4	5	6	457,	458f,	459f	reinforcing	knee	capsule,	440t	leg	of	anterior	compartment,	508,	508b,	510,	510f	of	lateral	compartment,	510-512.
Reducing	relatively	large	external	torques	can	be	accomplished	by	modifying	thè	manner	of	applying	resistance	against	thè	knee	extensor	muscles.	The	greater	extemal	torque	requires	greater	extension	torque	from	thè	trunk	extensor	muscles.	The	muscle	can	rotate	thè	femur	extemally	to	initiate	temoral-on-iibial	flexion,	or	rotate	thè	tibia	internally
to	initi	ate	tibial-on-femoral	flexion.	adduction,	and	piantar	flexion	Varying	elements	of	eversion,	abduction,	and	dorsìflexion	in	Figure	1	4	-9	B	varies	by	major	joint	but,	in	generai,	has	a	pitch	that	is	similar	to	that	illustrateci.	Recurrent	dislocations.	6	Mediai	collateral	ligament	As	in	all	joints,	thè	elbow	joini	has	an	intracapsular	air	pressure.	The
removed	wedge	of	bone	is	apparent	at	thè	extreme	proximal	femoral	shaft.	About	75%	of	thè	ring	is	formed	by	thè	annular	ligament	and	25%	by	thè	radiai	notch	of	thè	ulna.	This	and	other	meniscofemoral	ligaments	are	sometimes	thè	only	bony	attachment	made	by	thè	posterior	hom	of	thè	lateral	meniscus.120	p	o	s	t	e	r	io	r	m	e	n	is	c	o	fe	m	o	r	a	l	lig
a	m	en	t	Functìonal	Considerations	The	primary	function	of	thè	menisci	is	to	reduce	thè	compressive	stress	at	thè	tibiofemoral	joint.	model:	Beyond	thè	NIOSH	lifting	equation.	J	Biomech	21	30	Gracovetsky	S,	Farfan	HF,	Lamy	C:	The	mechanism	of	thè	lumbar	329-341,1988.	A	synovial	membrane	lines	thè	internai	surface	of	thè	capsule	(Fig.	As
described	in	Chapter	12,	thè	entire	lower	extremity	intemally	or	medially	rotates	during	embryologic	development.	As	with	thè	elbow,	a	100-degree	functional	are”	ex.sts	(shown	in	red).	A	person	whose	knee	is	brace;	or	fused	in	full	extension	lacks	this	naturai	shock	absorption	mechanism.	Lohe	F,	Eckstein	F,	Sauer	T,	et	al:	Structure,	strain	and
function	of	thè	transverse	acetabular	ligamenl.	J	Orthop	Sports	Phys	Ther	19:296-304,	1994.	The	flexing	knee	generates	a	migrating	medial-lateral	axis	of	rotation.	Little	scientific	evidence,	however,	supports	this	assumption.78	The	lateral	bias	in	pulì	of	thè	quadriceps	produces	a	naturai	bowstringing	force	against	thè	patella	(see	Fig.	6	-9	B	).
Maximal	intercuspation	describes	thè	position	of	thè	mandible	when	thè	cusps	of	thè	opposing	teeth	are	in	maxi	mal	contact.	-Extensor	moment	arm	is	thè	perpendicular	distance	between	thè	attaehment	sites	of	thè	ligaments	and	thè	medial-lateral	axis	of	rotation	wuhm	a	representative	lumbar	vertebra.	Wada	M,	Imura	S,	Nagatani	K,	et	al:
Relationship	between	gait	and	clinical	results	after	high	tibial	osteotomy.	As	depicted	in	Figure	1	4	-1	6	A	and	B,	thè	axis	of	rotation	(red)	is	inclined	slightly	superior	and	anterior,	as	il	crosses	from	thè	lateral	to	thè	mediai	side	of	thè	talus	through	both	malleoli.27	The	axis	deviates	from	a	pure	medial-lateral	axis	about	10	degrees	in	thè	frontal	piane
(see	Fig.	The	mediai	surface	curves	slightly	laterally	from	back	to	front,	and	extends	farther	anteriorly	than	thè	lateral	articular	surface.	Hamer	CD,	Floher	J:	Evaluation	and	treatment	of	posterior	cruciate	ligament	injuries.	Some	fibers	become	taut	ai	maximal	hyperextension	and	thè	extremes	of	varus,	valgus,	and	axial	rotation	1.	Blood	comes	from
capillaries	located	within	thè	adjacent	synovial	membrane	and	capsule.18	The	internai	border	of	thè	menisci,	in	contrast,	is	essentially	avascular.	The	quadriceps	muscle,	thè	articular	joint	surfaces,	and	thè	retinacular	fibers	stabilize	thè	joint	(see	Fig.	Spasm	in	thè	hamstring	muscles	may	limit	anterior	transla	tion	of	thè	tibia,	thereby	masking	a	tom
ACL.	1	4	-1	1	).	42,	42f,	43f	shoulder,	attachments	and	innervations	of,	243t-244t	spastic,	560	tension	fraction	of,	226,	226t	used	in	lifting,	343f	additional	sources	of	extension	torque	used	in,	346t,	346-347	590	Index	(Continued)	Muscle(s)	estimatton	of	force	magnitude	in,	342-344,	343b,	344f	mcreasing	imra-abdominal	pressure	during,	345-347
iechniques	of,	347-348,	348f	safety	factors	in,	348-349,	349l	ways	of	reducing	force	used	in,	344-345,	345b,	345f	viscosìty	of,	45	work	of,	21	wrist,	186-192	action	and	torque	potenttal	of,	186-187,	187f	auachments	of,	245t	cross-secttonal	area	of,	186,	186t,	1871'	extensors,	187f-189f,	187-189	in	makinga	fisi,	188f-189f,	188-189	flexors,	189-191,	190f,
1911	innervation	of,	186,	245t	joim	interaction	with,	186-192	Muscle	fattgue,	52-53,	54f	centrai,	52	-5	3	,	54f	peripheral,	53,	54f	Muscle	fibers	activation	of,	51-52,	52t	components	of,	45t,	4	5	-4	6	,	46f	fatigue	of,	52	-5	3	,	54f	ideal	resting	length	of,	46	in	active	force	generation,	4	6	-4	7	,	47f	twitch	responses	of,	52,	53f	Muscle	twitch,	in	force
modulation	of	muscle	52,	53f	Musculocutaneous	nerve,	of	elbow	and	forearm,	152,	153f	Muybridge,	in	gai!	analysis,	525	Mylohyoid,	auachments	and	innervation	of,	383t	Myofìbrils,	structure	of,	45,	46f	Myofilaments,	structure	of,	45,	46f	N	Navicular	bone,	174,	174f.	The	joints	form	thè	pivot	point	between	thè	lower	jaw	(mandible)	and	thè	base	of	thè
cranium,	The	TMJs	are	one	of	thè	most	continuously	used	pairs	of	joints	in	thè	body,	not	only	during	mastication,	but	also	during	swallowing	and	speaking.	The	anterior	and	middle	facets	are	relatively	small	and	nearly	fiat.	J	Biomech	22:873-884,	1989.	Because	thè	heel	normally	strikes	thè	ground	just	lateral	io	its	midiine,	thè	resulting	ground
reaction	force	passes	just	me	diai	to	thè	knee	(Fig.	10-356).	Krebs	DE,	Elbaum	L,	Riley	PO,	et	al:	Exercise	and	gait	effects	on	in	vivo	hip	contact	pressures.	Excessive	muscular	tension	in	any	of	thè	muscles,	how-	ever,	can	disrupt	thè	vertical	stability	of	thè	region.	Knee	extension	alsó	elongates	most	of	thè	anterior	cruciate	ligament	(ACL),	posterior
capsule,	hamstring	muscles,	and	collateral	ligaments	(not	shown).	Holding	thè	load	between	thè	knees	while	lifting	is	ideal	but	not	always	possible.	Philadelphia,	WB	Saunders,	1995.)	attaches	laterally	to	thè	occipital	condyle;	thè	rectus	capitis	anterior,	thè	smaller	of	thè	recti,	attaches	immediately	anterior	to	thè	occipital	condyle	(see	Fig.	This	large
nerve	courses	within	thè	radiai	groove	of	thè	humerus	to	innervate	thè	triceps	and	thè	anconeus.	1	0	25).	1	3	-	1	1	).	The	peridontal	ligaments	help	attach	thè	roots	of	thè	teeth	within	their	sockets.	ular	eminence,	and	posteriorly	by	thè	postglenoid	tuberete	and	thè	lympanic	part	of	thè	temperai	bone.	Metatarsals	are	numbered	1	through	5,	starting	on
thè	mediai	side.	P	o	p	lit	e	u	s	te	n	d	o	n	M	e	d	ia	i	m	e	n	is	c	u	s	(cu	t)	L	a	te	ra	l	m	e	n	is	c	u	s	P	o	s	t	e	r	io	r	T	h	e	m	e	d	ia	i	m	e	n	is	c	u	s	is	in	j	u	r	e	d	m	o	r	e	f	r	e	q	u	e	n	t	ly	t	h	a	n	t	h	è	la	t	e	r	a	l	m	e	n	is	c	u	s	.	Krauspe	R,	Schmidt	M,	Schaible	HG,	et	al:	Sensory	innervation	of	thè	anterior	cruciate	ligament.	New	York,	John	Wiley	and	Sons,	1991.
1992.	Muneta	T,	Takakuda	K,	Yamamoto	H.	The	talocrural	joint	is	often	referred	to	as	thè	"mortise,”	owing	its	resemblance	to	thè	wood	joint	used	by	carpenters	(Fig.	The	muscle's	proximal	attachments	are	shown	in	red.	Spine	2	1	:2	6	4	0	-2	6	5	0	,	1996.	The	superficial	branch	is	purely	sensory,	sup	plying	thè	posterior-lateral	aspeets	of	thè	extréme
distai	fore	arm	and	hand,	especially	concentrated	at	thè	dorsal	“web	space”	of	thè	thumb.	lmplications	for	conserv	ative	management.	Smith	KS.	L	a	te	ra	l	p	u	lì	o	f	q	u	a	d	r	ic	e	p	s	E	x	te	rn	a	l	ro	ta	tio	n	K	n	ee	447	ral	joint.37’56'82	Data	from	these	studies	and	cineradiographic	observations	were	used	to	construct	thè	model	illustrateci	in	Figure	1	3	-
1	9	.	Increasing	thè	bending	moment	raises	thè	tension	across	thè	superior	aspect	of	thè	femoral	neck.	J	Bone	Joint	Surg	30B:68.3-688,	1948.	31.	Aspden	RM:	Review	of	thè	functional	anatomy	of	thè	spinai	ligaments	and	thè	lumbar	erector	spinae	muscles.	8	Borges	O:	Isometric	and	isokinetic	knee	extension	and	flexion	lorque	in	men	and	women	aged
20-70.	*5.	439,	440t,	4411	btfurcated,	485f,	492	calcaneofìbular	at	subtalar	joint,	4	8	lf,	489	at	talocrural	joint,	485,	485f,	486t	capsular,	260f	of	glenohumeral	joint.	Clin	Orthop	24:599-610,	1993.	J	Bone	Jomt	Surg	67B:741-746,	1985.	A,	The	plot	depicts	knee	flexion	torque	between	near	0	degrees	and	9	0	degrees	of	knee	flex	ion.	The	gluteus	maximus
extends	thè	hip,	which	then	stretches	thè	proximal	end	of	thè	rectus	femorìs.	The	antenor	aspect	of	thè	righi	humerus.	The	compression	force	on	thè	talocrural	joint	is	plotted	as	a	normal	subject	progresses	through	thè	stance	phase	of	walking	(0	to	60%	of	thè	gait	cycle).	46-	"	3-'25	F	e	m	o	r	a	l-	o	n	-	t	ib	ia	l	e	x	t	e	n	s	io	n	m	a	y	d	e	m	a	n	d	a	e	x	t	e	n	s
io	n	,	p	o	o	r	g	a	it,	a	n	d	e	x	c	e	s	s	iv	e	w	e	a	r	o	n	t	h	è	k	n	e	e	's	c	o	a	c	t	iv	a	t	io	n	o	f	t	h	è	k	n	e	e	e	x	t	e	n	s	o	r	a	n	d	f	le	x	o	r	m	u	s	c	le	s	,	a	r	t	ic	u	la	r	c	a	r	t	ila	g	e	.	Frequency	of	Jo	in	t	Dislocation	by	Gender**	%	of	Dislocation	by	Gender	Dislocation	M	en	Shoulder	(recurrent)	38.1	Shoulder	(acute)	22.1	Patella	(recurrent)	14.0	Patella	(acute)	W	o	m
en	%	of	Total	Injuries	by	Gender	M	en	W	om	en	1.9	1.9	0.1	3.8	1.1	0.3	58.4	0.7	4.6	11.0	34.0	0.5	2.7	Finger	5.1	—	0.3	_	Elbow	5.1	0.3	0.1	1.9	*	Data	collected	on	athletic	injuries	over	a	7-year	period	at	University	of	Rochester,	Section	of	Sporta	Medicine.	435,	437f	of	patella,	437,	437f,	447,	448f	of	talus,	480,	4	8	lf	Facet	surfaces,	of	apophyseal	joints,
273,	273f.	This	tuberosity	serves	as	one	of	several	distai	attachments	of	thè	tibialis	posterior	muscle.	This	pressure,	which	is	determined	by	thè	ratio	of	thè	volume	of	air	to	thè	volume	of	space,	is	lowest	when	thè	capsule	is	most	compliant,	or	less	stiff.	An	articular	disc	cushions	thè	potentially	large	and	repetitive	muscle	forces	inherent	io	mastication.
Knee	Donald	A.	A,	The	joint	is	resting	tn	full	extension.	Williams	PL,	Bannister	LH,	Berry	M,	et	al:	Gray's	Anatomy,	38th	ed.	The	mandibular	fossa	forms	thè	bony	concavity	of	thè	TMJ	(Fig.	The	lateral	collateral	ligamenls	of	thè	ankle	include	thè	anterior	and	posterior	talofìbular	and	thè	calcaneofibular	lig	amenls.	Garg	A,	Moore	JS:	Prevention
strategies	and	thè	low	back	in	industry	57	McGill	SM,	Norman	RW:	Reassessment	of	thè	role	of	intra-abdominal	Occup	Med	7:629-640,	1992	pressure	in	spinai	compression.	1	0	-	3	2	).	G	r	a	c	e	a	n	d	c	o	l	l	e	a	g	u	e	s	39	r	e	p	o	r	t	e	d	a	n	e	x	t	e	n		s	o	r	-	t	o	-	f	le	x	o	r	t	o	r	q	u	e	r	a	t	io	o	f	1.67:1	(i.e	.,	e	x	t	e	n	s	o	r	s	p	r	o		d	u	c	e	d	67%	g	r	e	a	t	e	r	p	e	a	k
t	o	r	q	u	e	t	h	a	n	f	le	x	o	r	s	)	in	172	h	ig	h	s	c	h	o	o	l	-	a	g	e	m	a	le	s	.	276-277,	303	in	cervical	region,	279-285,	280f-286f	in	lumbar	region,	294-303	in	sacroiliac	region,	306,	306b,	306f	in	thoracic	region,	286-287,	288f-291f	in	thoracolumbar	region,	286-287,	288f291	f,	303	measurements	of,	277b	range	of	motion	in,	276,	278t,	286t	spinai	coupling
and,	273b	terminology	for,	271-272,	272f,	272t	osteologie	features	of,	256-257,	258f-260f,	262-269,	263l	cervical,	262,	262f,	264,	264f,	266f	of	atlas,	264,	2661	of	axis,	264,	267f	of	coccyx,	269,	27	lf	of	lumbar	region,	267-269,	268f-269f	of	sacrum,	269,	2	7	lf	of	thoracic	region,	265,	267,	267f	of	vertebral	prommens,	264-265	(Continued)	Vertebral
column	sacrai	region	of,	263l,	269,	271	f	sacroiliac	joints	in,	303-308.	Standing	compression	forces	on	foot	during,	496b	effect	of	hip	flexor	contracture	on,	416,	4161	mediai	longitudinal	arch	function	during,	496-497,	497f	normal	joint	reaction	forces	through	knee	in,	470f,	470-471	Static	rotary	equilibnum,	16,	161	Step,	527,	5271	Step	length,	527,
5271	impaired,	528f	normal,	529t	Step	rate,	528	normal,	529t	See	594	Index	Stop	«me,	528	btep	width,	527,	527f	Sternoclavicular	joint,	98,	254,	257f	connective	tissue	of,	101	generai	feaiures	of,	1001,	100-101	in	movement	of	scapulothoracic	joint,	105106	in	shoulder	motion	during	abduction,	116117,	118f,	119t	kinematics	of,	101	b,	101	f—102f,
101-102	sensory	innervation	of,	119	scabilily	of,	upper	trapezius	paralvsis	and,	120b	Sternocleidomastoid	action	of,	375t	anatomy	and	action	of,	334-335,	335f,	339b	375t	attachments	of,	382t	in	torticollis,	335b,	335f	innervation	of,	375t,	382t	Sternocostal	joint,	254,	2571,	370,	370f	Stertìohyoid,	attachments	and	innervation	of	384t	Sternothyroid,
attachments	and	innervation	of,	3841	Stemum	elevation	and	depressioti	of,	during	ventilalion,	371,	371	f	osteologie	features	of,	9	3	-9	4	,	94b,	94f,	254	254b,	256,	257f	Stiffness,	in	ligament,	12,	13f	Stoop	lift,	347-348,	348f	Straight-leg	raise,	abdominal	muscle	action	in,	415f	Strain,	in	connective	tissue,	12,	13f	Stress,	in	connective	tissue,	12,	13f
Stress	fracture,	and	high	mediai	longitudinal	arch,	498b	Stride,	527,	527f	Stride	length,	527,	527f	Stylohyoid,	attachments	and	innervation	of,	383t	Styloid	process	of	radius,	136f,	137,	137f	of	temporal	bone,	354f,	355	of	ulna,	136,	136f,	137f	Stylomandibular	ligament,	of	lemporomandibular	joint,	358,	358f	Subacromial	bursa.	This	horizontal	piane
action	of	thè	hamstrings	can	be	appreciated	by	palpating	thè	tendons	of	semitendinosus	and	biceps	fe	moris	behind	thè	knee	as	thè	leg	is	internally	and	externally	rotated	repeatedly.	6	-	2	7	A	anc	B)•	The	proximal	surface	of	the	disc,	along	with	the	attachec	capsular	ligaments,	holds	thè	head	of	the	ulna	snugly	against	the	ulnar	notch	of	the	radius.33
The	articular	disc	is	pari	of	a	larger	set	of	connective	tissue	known	as	the	ulnocarpal	complex.	The	flexors	and	rotators	Considerations	Regarding	Resistive	Exercises	During	Postsurgical	Rehabilitation	of	thè	Anterior	Cruciate	Ligament	t	h	a	n	70	d	e	g	r	e	e	s	o	f	fu	ll	e	x	t	e	n	s	io	n	.	Arch	Phys	Med	Rehabil	78:1224-1230,	1997.	Am	J	Sports	Med	13	22	—
26,	1985.	The	thick	cartilage	helps	to	disperse	thè	large	compression	forces	that	cross	thè	joint.	The	pointed	process	serves	as	an	attachment	for	ine	stylomandibular	ligament	(to	be	discussed	further)	and	three	small	muscles	(styloglossus,	stylohyoid,	and	stylopharymgeus).	Pari	2:	Biomechanics.	Ihe	annular	(from	thè	Latin	annulus;	ring)	ligament	is	a
thick	circular	band	of	connective	tissue,	attaching	to	thè	ulna	on	either	side	of	thè	radiai	notch	(Fig.	1	2	-5	4	D	,	compare	D"	with	D).	In	n	e	r	v	a	tio	n	:	tibial	nerve	LAYER	3	Adductor	Hallucis	P	r	o	x	im	a	l	A	tta	c	h	m	e	n	t	O	blique	h	ead:	piantar	asp	ect	o	f	thè	base	o	f	thè	second	IN	TR	IN	SIC	M	U	S	C	L	E	S	throu	gh	fourth	m	etatarsal	and	thè	fibrous
sheath	o	f	thè	p	eroneu	s	longu	s	tend	on	OF	THE	FOOT	Extensor	Digitorum	Brevis	T	ran	sverse	head:	piantar	aspect	o	f	thè	ligam	ents	that	P	r	o	x	im	a	l	a	t	ta	c	h	m	e	n	t	:	lateral-d	istal	asp	ect	o	f	thè	calcaneu	s	ju	s	t	proxim	al	to	thè	calcan	eo	cu	b	o	id	jo	in	t	D	is	ta	i	a	tta	c	h	m	e	n	ts	:	by	three	ten	d	o	n	s	that	blen	d	w	ith	thè	tend	ons	o	f	thè	exte	n	so
r	d	igitoru	m	longu	s	o	f	thè	s	e	c		ond	throu	gh	fifth	toes.	Media)	view	of	thè	knee	shows	thè	elongation	of	thè	me	diai	collateral	ligament	and	thè	poste	rior	capsule	and	oblique	popliteal	liga	ment	during	active	femoral-on-tibial	extension.	St.	Louis,	Mosby-Year	Book,	1992.	J	Biomech	30:431-439,	1997.	Posterior	articular	surface	of	patella	V	a	s	tu	s	in
te	rm	e	d	iu	s	V	a	stu	s	m	e	d	ia	lis	\	V	a	s	tu	s	la	te	ra	lis	L	a	t	e	r	a	lf	a	c	e	t	O	dd	M	e	d	ia	i	P	a	te	lla	r	lig	a	m	e	n	t	FIGURE	13-19.	The	axes	of	rotation	are	shown	at	thè	hip	and	knee	joints.	Observe	thè	three	articular	facets	located	on	thè	talus	and	on	thè	calcaneus.	1	3	-1	2	A	).	Vertebral	endplates,	274,	274f	Vertebral	prominens,	264-265	Video-based
Systems,	for	collection	of	kinematic	data,	83,	83f	Viscoelastic	tissues.	1	0	-4	0	).	Paths	of	thè	pe	ccherai	nerves	throughout	thè	eldow	,	wrist,	and	hand.	Both	liga	ments	are	thick	and	strong,	reflecting	their	important	role	in	providing	stability	to	thè	knee.	1	As	such,	these	fibers	provide	thè	most	signiftcam	resistance	against	a	valgus	(abduction)	force	at
thè	elbow.	M	a	n	y	r	e	p	o	r	t	s	h	a	v	e	w	a	r	n	e	d	a	g	a	in	s	t	r	e	s	is	t	e	d	(	t	ib	ia	l-	o	n	-	f	e	m	o	r	a	l)	k	n	e	e	e	x	t	e	n	s	io	n	a	t	a	n	g	le	s	t	h	a	t	a	r	e	le	s	s	c	i	a	l	l	y	r	e	la	t	e	d	t	o	t	h	è	t	o	p	i	c	s	o	f	b	io	m	e	c	h	a	n	i	c	s	66-73-92	s	u	r	g	ic	a	l	a	n	a	n	t	e	r	io	r	s	h	e	a	r	o	n	t	h	è	t	ib	ia	,	w	h	ic	h	c	a	n	s	t	r	a	in	t	h	è	A	C	L	r	e	c	o	n	s	t	r	u	c	t	io	n	a	n	d	h	e	a	lin	g
22'29'43-12'-122	lo	n	g	-	t	e	r	m	r	e	s	u	lt	s	f	o	l		(	s	e	e	F	ig	.	Second	thè	fovea	of	thè	radiai	head	makes	contact	with	thè	capitulum	ol	thè	humerus	at	thè	humeroradial	joint.	Am	J	Phys	Med	49:223-240,	1970.	The	biarticular	ham	strings	must	contract	to	a	very	short	length—	a	movement	that	is	often	accompanied	by	cramping.	extrinsic,	attachments
and	innervation	of,	573t-574t	osteologie	features	of,	478-482	range	of	motion	at,	491t	sensory	innervation	of,	507,	509f	structure	and	function	of	joints	of,	478l,	483489	terminology	of,	478,	478f,	482f,	482-483,	483t	Annuius	fibrosus,	273-275,	274f,	275f,	276b	Annulus	pulposus,	migratton	of	in	lumbar	extension,	297	in	lumbar	flexion,	295-296	Anterior
drawer	test,	for	anterior	cruciate	ligameni	injury,	451,	452f	Anthropometiic	data,	87t	577	578	Index	Apophyseal	joint(s)	arthrokinematics	of,	lerminology	for,	272t	intra-articular	stractures	of,	262b,	262f	imracervical,	279	axial	rotation	at,	282-283,	285f	flexion	and	extension	at,	279-282,	280f282f	faterai	flexion	at,	284,	286f	joint	capsule	of,	259,	260f,
261	f	resistance	of	to	extreme	lumbar	flexion,	295,	295f	of	atlantoaxial	joint,	278f,	279	of	intervertebral	junction,	269,	272f	of	lumbar	spine,	anatomy	of,	292-294,	293f	of	thoracic	spine,	flexion	and	extension	of,	286,	286t,	288f,	289f	structure	and	function	of,	273,	273f	Arch(es)	coracoacromial,	108f,	HOf,	111-112	impingement	of	humeral	head	at.	As
an	f	le	x	o	r	m	u	s	c	le	s	d	e	c	r	e	a	s	e	d	a	s	t	h	è	s	p	e	e	d	o	f	c	o	n	t	r	a	c	t	io	n	in	c	r	e	a	s	e	d	.	Without	attention	to	this	detail,	thè	prostiaetic	implants	are	more	likely	to	demonstrate	prema	ture	loosening.2	Norma!	"Valgus	Angle"	of	thè	Elbow	FIGURE	6-7.	Neumann	DA,	Soderberg	GL,	Cook	TM:	Electromyographic	analysis	of	hip	abductor	musculature
in	healthy	right-handed	persons.	First,	thè	migrating	axis	alters	thè	length	of	thè	internai	moment	arm	of	thè	flexor	and	extensor	muscles.	Using	handles	or	an	adjustable-height	platform	may	be	helpful.	Torticollis	(from	thè	Latin	tortus,	twisted;	collum,	neck)	or	"wryneck"	describes	a	condition	of	chronic	contraction	of	at	least	one	of	thè	cervical
muscles,	most	commonly	thè	stemocleidomastoid.	Decreased	functional	length	of	hip	abductor	muscle.	Joint	pressure	(i.e.,	compression	force	per	unit	area),	therefore,	can	rise	to	significant	levels	within	thè	patellofemoral	joint.	1	3	-	8	.	T	h	e	i	n	c	r	e	a	s	e	d	m	u	s	c	le	f	o	r	c	e	is	n	e	e	d	e	d	t	o	c	o	m	p	e	n		s	a	t	e	f	o	r	t	h	è	p	r	o	p	o	r	t	io	n	a	l	lo	s	s	in	le	v
e	r	a	g	e	.	The	term	foot	refers	to	all	thè	structures	distai	lo	thè	tibia	and	fibula.	1	3	-	6	and	1	3	-	7	)	.	Musclefs),	elbow	and	forearm.	A,	Tibial-on-femoral	perspective.	Duj	ing	pronation,	thè	radius	and	hand	(shown	in	r	e	i	rotates	around	thè	fixed	humerus	and	ulna	(sho’-	3	tn	gray).	A	lateral	v	iew	o	f	a	sagittal	piane	cross-section	through	a	normal	right
temporomandibular	joint.	Maximal	knee	extension	torque	typi	cally	occurs	between	45	and	60	degrees	of	flexion	(Fig.	Beynnon	BD,	Johnson	RJ,	Fleming	BC,	et	al:	The	strain	behavior	of	thè	anterior	cruciate	ligament	during	squatling	and	active	flexion-extension.	Bilateral	genu	varum	with	osteoarthritis	in	thè	mediai	compartment	of	thè	right	knee.
Sage	FP:	Cerebral	palsy.	Clin	Or	thop	357:141-148,	1998.	FIGURE	1	3	-4	.	Clin	Orthop	150:163171,	1980	23.	part	II:	The	tnfluence	of	depth	of	thè	trochlear	groove	in	subjects	with	and	without	patellofemoral	pain.	Phys	Ther	72:207-217,	1992.	Last	RJ:	Some	anatomica!	details	of	thè	knee	joint.	FIGURE	6-19.	Severe	hyperextension	of	thè	knee	Lateral
collateral	ligament	1.	The	intracapsular	air	pressure	is	lowest	at	about	80	degrees	of	flexion.''5	This	joint	position	is	often	a	“position	ol	comfort”	for	persons	with	joint	inflammation	and	swelling.26	Maintaining	a	swollen	el	bow	in	a	flexed	position	may	improve	comfort	but	may	also	predispose	thè	person	to	an	elbow	flexion	contratture	(from	thè	Latin
root	contractura;	to	draw	together).	Humeroradial	Joint:	A	"Shared"	Joint	Between	thè	Elbow	and	thè	Forearm	During	active	pronation	and	supination,	thè	extreme	proxi	mal	end	of	thè	radius	articulates	with	thè	ulna	or	humerus	in	two	locations.	550	innervation	of,	506-507,	574t	weakness	of,	in	gait,	550	Tibialis	posterior	anatomy	and	function	of,
512-514,	514f,	516	attachments	and	innervation	of,	574t	in	gait,	549f,	551	maximal	torque	potential	of	at	ankle,	514,	516t	supination	potential	of,	514,	516	Tibiaì-on-femoral	knee	motion,	4441,	445f	flexor-rotalor	muscle	interaction	in,	465	in	knee	extension,	445,	446f	anterior	cruciate	ligament	strain	and,	453b	595	Tibial-on-femoral	knee	moiion
(Continued)	cxtcmal	torque	in,	456,	458f	in	extensor	lag,	460b	paiellar	contact	in,	447,	448f	Tibial-on-femoral	motion,	vs.	A	groove	formed	Mediai	view	Neck	Facet	for	mediai	malleolus	Mediai	tubercle	FIGURE	14-6.	Philadelphia,	Churchill	Livingstone,	2000.	covers	thè	adjacent	head	of	thè	talus.	Neumann	DA:	An	electromyographic	study	of	thè	hip
abductor	muscles	as	subjects	with	a	hip	prosthesis	walked	with	different	methods	o:	using	a	cane	and	carrying	a	load.	Stevens	KJ,	Preston	BJ,	Wallace	WA,	et	al:	CT	imaging	and	threedimensional	reconstructions	of	shoulders	with	anterior	glenohumeral	instabilily.	As	stated,	less	muscle	force	intriguing,	studies	have	refuted	thè	biomechanical	validity
of	typically	equates	to	less	force	on	thè	vertebral	elements.	A	more	simple	but	less	accurate	method	of	estimating	forces	im	posed	on	thè	low	back	uses	calculations	based	on	thè	assumption	of	static	equilibrium	(see	Chapter	4).	The	mediai	pole	is	more	prominent	than	thè	lateral.	Note	in	B,	thè	hypertrophic	bone	formation	in	areas	of	increased	stress.
I	n	d	e	x	Note:	Page	numbers	followed	by	thè	letter	f	refer	to	figures;	those	followed	by	thè	letter	t	refer	to	lables,	and	those	followed	by	thè	letter	b	refer	to	boxed	material.	As	shown	by	thè	vector	addttion,	reducing	thè	angle	of	these	force	increases	thè	magnitude	of	thè	JF	directed	between	thè	patella	and	thè	femur.	They	Chapter	10	Axiai	Skeleton:
Muscle	and	Joint	Interactions	Ideal	posture	FIGURE	10-35.	This	muscular	action	varies	depending	on	thè	initial	posture	of	thè	craniocervical	region.	47:182-191,	1968.	6	-2	4	B	).	A,	The	superior	surface	of	thè	tibia	shows	thè	menisci	and	cut	collateral	ligaments,	cruciate	ligaments,	muscles,	and	tendons.	See	Tibial-onfemoral	knee	motion.	4.	muscles
of,	224-225,	225f	Thoracic	spine	anatomy	of,	263t,	265,	267,	267f,	284-286,	285b,	287f	axial	rotation	of,	287,	290f	components	of,	284	flexion	and	extension	of,	286t,	286-287,	288f,	289f	lateral	flexion	of,	287,	29lf	motion	of,	286t,	286-287,	288f-291f	range	of	motion	of,	286t	structural	deformities	of.	Vertebral	column.	81.	Tears	or	disruptions	of	the
ulnocarpal	complex,	especially	the	disc.::	may	cause	complete	dislocation	or	generalized	instability	ol	the	distai	radioulnar	joint,	making	pronation	and	supination	motions,	as	well	as	motions	of	the	wrist,	painful	and	difficuli	to	perform	.11	(The	ulnocarpal	complex	is	discussed	further	in	Chapter	7).	93.	Woolson	ST,	Mohoney	WJ,	Schurman	DJ:	Time-
related	improvement	in	thè	range	of	motion	of	thè	hip	after	total	hip	replacement.	Note	thè	“screw-home”	rotation	of	thè	knee	during	end-range	exten	sion.	Buchanan	TS,	Lloyd	DG:	Muscle	activation	at	thè	human	knee	during	isometric	flexion-extension	and	varus-valgus	loads.	The	shape	of	thè	lateral	facet	helps	to	stabilize	thè	patella	within	thè
groove	during	knee	movement.	Lower	exlremiiy,	388.	Contraction	of	thè	brachioradialis	or	other	muscles	normally	FIGURE	6-18.	6	-	3	0	)	.	The	iliotibial	tract,	lateral	head	of	thè	gas	trocnemius.	6	-	1	2	)	.	J	Nerv	Ment	Dis	99:660-667,	1944.	Keshner	EA,	Campbell	D,	Katz	RT,	et	al:	Neck	muscle	activation	pattems	in	humans	during	isometric	head
stabtlization.	MAXILLAE	The	right	and	left	maxillae	fuse	to	form	a	single	maxilla,	or	upper	jaw.	In	summary,	thè	Vaisalva	maneuver,	typically	performed	while	lifting,	is	likely	a	beneficiai	action	that	provides	an	important	element	o	f	stability	to	thè	lumbar	spine.	124-127	125b,	1251.	As	described	in	Arthrokinematics,	thè	oblique	fibers	have	a	special
function	in	guiding	thè	movement	of	thè	condyle	during	opening	of	thè	mouth.47	The	osteokinematics	descriptors	of	mandibular	motion	are	protrasion	and	retrusion,	lateral	excursion,	and	depressior	and	elevation	(Figs.	Table	6	-	3	summarizes	and	compares	thè	active	arthrokinematics	at	thè	radioulnar	joints	for	both	weight-bearing	and	non-weight-
bearing	conditions	of	thè	up	per	limb.	B,	A	deeper	squat	requires	greater	force	from	thè	quadriceps	owing	to	thè	greater	extemal	(flexion)	torque	on	thè	knee.	'983	M	e	t	h	o	d	s	t	h	a	t	r	e	d	u	c	e	s	w	e	llin	g	o	f	t	h	è	k	n	e	e	,	t	h	e	r	e	f	o	r	e	,	h	a	v	e	a	n	im	p	o	r	t	a	n	t	r	o	le	in	a	t	h	e	r	a	p	e	u	t	ic	e	x	e	r	c	is	e	p	r	o	g	r	a	m	o	f	t	h	è	k	n	e	e	.	Grood	ES:	The
strength	of	thè	anterior	cruciate	ligament	in	humans	and	rhesus	monkeys:	Age-related	and	species-related	changes.	Clin	Biomech	8:171-178.	Barber-Westin	SD,	Noyes	FR,	Heckmann	TP,	et	al:	The	effect	of	exercise	and	rehabilitation	on	anterior-posterior	knee	displacements	after	anterior	cruciate	ligament	autografi	reconstruction.	Lateral	view	of	thè
mandible.	Resists	excesstve	knee	extension	3.	The	distai	attachments	of	these	fibers	are	listed	in	thè	box.	1	3	-3	7	B	).	4551,	455-456	cruciate	ligament	changes	and,	451,	452f,	453b	forces	in,	and	patellofemoral	joint	kinetics,	457,	4571,	460,	4611,	462,	463f	function	of,	454-455	in	gait,	5491,	550,	564t,	5651	in	patellectomy,	4571	lines	of	force	of,	455f,
461,	4641	maximal	knee	torque	produced	by,	4551	strengthening	exercises	for,	453b,	456-457,	4581,	459f	torque	potenual	of	extemal,	456,	458f	internai,	456-457,	4591	patellar	augmentation	of,	456,	4561	weakness	of	abnormal	gait	pattern	ai	knee	with,	564t,	5651	extensor	lag	with,	460b	Quadriplegia	elbow	extensor	paralysis	in,	165b,	1651	reverse
contraction	of	elbow	flexors	in,	162b,	162f	tenodesis	action	of	finger	flexors	in,	219,	2191	Radiai	deviation,	of	wrist.	A	larger	internai	moment	arm	Although	thè	notion	of	increasing	intra-abdominal	pres	for	extension	allows	a	given	extension	torque	to	be	genersure	as	a	way	to	reduce	compression	forces	on	thè	spine	is	ated	with	less	muscle	force.
Grabiner	MD,	Koh	TJ,	Draganich	LF:	Neuromechanics	of	thè	patello	femoral	joint.	J	Bone	Joint	Surg	55A	T7261738,	1973.	A,	While	standing,	a	force	equal	to	about	44%	of	body	weight	(BW)	passes	dose	io	thè	center	of	each	knee	joint.	15.	J	Nerv	Meni	Dis	99:660-667,	1944.	B,	Anterior	view.	With	thè	hip	and	knee	each	flexed	to	90	degrees,	thè	internai
and	external	rotators	at	thè	knee	produce	peak	torques	of	about	30	Nm,107	With	hips-	and	knees	flexed	to	only	about	20	degrees,	thè	peak	internai	rotation	torque	exceeds	external	rotation	torque	by	about	40%.	In	n	e	r	v	a	tio	n	:	m	ediai	p	iantar	nerve	LAYER	2	Lumbrieals	P	r	o	x	im	a	l	a	tta	c	h	m	e	n	ts	:	from	thè	ten	d	o	n	s	o	f	thè	flexo	r	d	igi	In	n	e	r
v	a	tio	n	:	tibial	nerve	toru	m	longus	m	u	scle	D	istai	a	tta	c	h	m	e	n	ts	:	each	m	u	scle	cro	sses	thè	m	ediai	side	o	f	Tibialis	Anlerior	lateral	con	d	y	le	and	proxim	al	two	thirds	o	f	thè	lateral	surface	o	f	thè	tibia	and	thè	intero	sseou	s	m	em	brane	P	t	o	x	im	a	l	Flexor	Digitorum	Brevis	a	tta	c	h	m	e	n	ts	:	D	is	ta	i	a	t	ta	c	h	m	e	n	t	:	m	ediai	and	piantar	aspects
o	f	thè	m	ediai	cu	n	eifo	rm	and	thè	base	o	f	thè	first	m	etatarsal	In	n	e	n	'a	tio	n	:	deep	b	ran	ch	o	f	thè	peroneal	nerve	each	m	etatarsophalangeal	jo	in	t	to	in	sert	into	thè	dorsal	digitai	exp	an	sio	n	o	f	thè	four	lesser	toes	In	n	e	r	v	a	tio	n	:	to	seco	n	d	to	e	—	m	ediai	piantar	nerve;	to	third	throu	gh	fifth	to	e	s	—	lateral	p	iantar	nerve	Quadralus	Plantae	P
r	o	x	im	a	l	a	tta	c	h	m	e	n	ts	:	by	tw	o	head	s	from	thè	m	ediai	and	Tibialis	Posterior	P	r	o	x	im	a	l	a	tta	c	h	m	e	n	ts	:	p	roxim	al	tw	o	thirds	o	f	p	o	sterio	r	su	r	face	o	f	thè	tibia	and	fibula	and	ad	jacen	t	interosseous	m	em	brane	lateral	aspect	o	f	thè	piantar	surface	o	f	thè	calcaneu	s,	distai	to	thè	calcan	eal	tuberosity	lateral	b	o	rd	er	o	f	thè	flexor	d
igitorum	longu	s	co	m	m	o	n	tend	o	n	In	n	e	r	v	a	tio	n	:	lateral	p	iantar	nerve	D	istai	a	t	ta	c	h	m	e	n	t	:	D	is	ta	i	a	tta	c	h	m	e	n	ts	:	ten	d	o	n	attach	es	to	every	tarsal	b	o	n	e	b	u	t	thè	talus	plus	thè	bases	o	f	thè	seco	n	d	throu	gh	thè	fou	rth	m	etatarsal	bones.	Am	Ind	Fb;	women.	Step	1	establishes	an	equation	that	demonstrates	static	rotary	equilibrium
about	thè	axis	of	rotation.	113,	114b,	114f	longitudinal,	of	hand,	197,	200f	mediai	longitudinal	of	foot,	496f-498f,	496-498	abnormal,	497f-498f,	497-498	in	stance	phase	of	gait,	4	9	8-499,	499f	passive	forces	supporting,	496b,	4	9	6	497,	497f	on	tiptoes,	512,	512f	windlass	effect	and,	506,	506f,	507t	of	atlas,	anterior	and	posterior,	264,	266f	transverse
of	foot,	503,	503f	of	hand,	196-197,	200f	zygomatic,	352,	353f	Arm,	elevation	of	muscles	active	in,	122-129,	123b	at	glenohumeral	joint,	123-124,	124f,	1251	rotator	cuff	muscles	in,	127f-128f,	127-129,	128b,	129b	upward	rotators	al	scapulothoracic	joint	in,	124-127,	125b,	125f-126f	Arthrokinematics	definition	of,	8	fundamental	movements	between
joint	surfaces	in,	8t,	8	-1	0	,	9f,	lOf	typical	joint	morphology	in,	8,	8f	Arthrology,	definition	of,	25	Articular	capsule,	26,	26f	fibrous,	32,	34,	34f	of	glenohumeral	joint,	107f,	107-110,	109f	of	metatarsophalangeal	joints,	504	of	temporomandtbular	joint,	357f,	3	57358	of	apophyseal	joints,	259,	260f,	261	f	in	lifting	heavy	Ioads,	346t	resistance	of	to	extreme
flexion,	295,	2951	ol	carpometacarpal	joint	of	thumb,	202	second	through	fifth,	198,	202f	of	costotransverse	joint,	285	of	elbow,	138,	139f,	139t,	HOf	of	hip	anterior	and	posterior,	399,	401f,	402	imracapsular	pressure	in,	403b,	403f	of	knee,	438-439,	440f,	440t,	441f	anterior,	438f,	438-439,	440f,	440t,	441f	lateral,	438f,	438-439,	4401',	440t	mediai,
439,	440t,	4411	posterior,	439,	440t,	441f,	448,	449f,	450t	posterior-lateral,	439,	440t,	441f	of	radioulnar	joints,	146	of	talocrural	joint,	484	of	talonavtcular	joint,	492	Articular	disc	of	acromioclavicular	joint,	103	of	mandibular	disc-condyle	complex,	359f,	360-362	displaced	or	dislocated,	361,	361f	lateral	pterygoid	action	and,	367b,	367f	of
stemoclavicular	joint,	lOOf,	101	of	synovial	joints,	26f,	27,	27b	of	temporomandibular	joint,	356-357,	357b,	357f	of	ulnocarpal	complex,	148,	178,	179f	Articular	eminence,	of	temporal	bone,	354f,	354-355	Articular	processes,	sacrai,	269,	271	f	Articularis	genu,	455-456	attachments	and	innervation	of,	572t	Atlantoaxial	joint	complex,	267f	anatomy	of,
278f-279f,	278-279	as	pivot	joint,	28	axial	rotation	at,	282,	285f	connecttve	tissues	of,	278f-280f,	279	flexion	and	extension	at,	279-282,	280f-282f	muscles	at,	340f	range	of	molion	of,	278t	Atlanto-occipital	joint	anatomy	of,	277-278,	278f-279f	connective	tissues	of,	278f-279f,	279	flexion	and	extension	at,	279-282,	280f-282f	lateral	flexion	at,	284,	286f
muscles	at,	333f,	340f	range	of	motion	of,	278t	Atlas,	264,	266f	in	axial	rotation,	282,	285f	transverse	ligament	of,	279,	280f	Auditory	meatus,	extemal,	352,	353f	Axial	rotation	apophyseal	joint	facet	surfaces	and,	273,	273f	of	atlas,	282,	285f	of	axis	(C2	vertebra),	282.	A	distinct	groove	runs	across	thè	piantar	surface	of	thè	cuboid,	occupied	by	thè
tendon	of	thè	peroneus	longus	muscle.	Hidalgo	J,	Genaidy	A,	Karwowski	W,	et	al:	A	comprehensive	lifting	5.	Acta	Orthop	Scand	48:511-516,	1977.	Rapidly	changing	directions	while	running	(i.e.,	cut	ting)	requires	additional	freedom	of	movement	in	thè	hori	zontal	piane.	1	3	-1	9	B	).	After	piercing	through	an	intramuscular	tunnel	in	thè	supinator
muscle,	thè	final	section	of	thè	radiai	nerve	courses	toward	thè	posterior	side	of	thè	forearm.	The	raised	heel	tilted	thè	tibia	and	knee	anteriorly,	thereby	significantly	reducing	thè	length	of	thè	deforming	external	mo	ment	arm	at	thè	knee.	Estimating	thè	compression	force	is	a	three-step	process.	Although	this	ligament	may	have	some	stabilizing
effect	on	thè	disc,	most	likely	both	thè	stylomandibular	and	sphenomandibular	ligaments	have	a	very	limited	role	in	TMJ	function.	Masti	cation	is	typically	performed	asymmetrically,	with	one	side	of	thè	mandible	exerting	a	greater	biting	force	than	thè	other.	28.	This	chapter	sets	forth	a	firm	basis	for	an	understanding	of	thè	evaluation	and	treatment



of	a	multitude	of	disorders	that	affect	thè	ankle	and	foot,	many	of	which	are	kinesiologically	related	to	thè	movement	of	thè	entire	lower	extremity.	The	brachial	plexus	courses	between	thè	scalene	anterior	and	scalene	medius	(see	Fig.	Clin	Biomech	15:504-515	2000	.	Piasi	Reconstr	Surg	84'	682-692.	B,	The	trochlear	surface	of	thè	talus	is	wider
anteriorly	than	posteriorly	(red	line).	The	roughened	posterior	surface	of	thè	olecranon	process	accepts	thè	attachment	of	thè	triceps	brachii.	Mandibular	fossa	Foramen	ovale	Lateral	pterygoid	piate	(attachment	for	thè	mediai	pterygoid	muscle)	Lateral	pterygoid	muscle	(superior	head)	Lateral	Posterior	Anterior	Mediai	Chaptcr	11	Kinesiology	o	f
Mastication	and	Ventìlation	355	across	thè	base	of	thè	skull.	Dahlkvist	NJ,	Mayo	P,	Seedhom	BB:	Forces	during	squatting	and	rising	from	a	deep	squat.	HYOID	BONE	The	hyoid	is	a	U-shaped	bone	located	at	thè	base	of	thè	throat,	just	anterior	to	thè	body	of	thè	third	cervical	verte	bra.	See	Coxa	valga;	Coxa	vara.	joints,	and	neural	tissues.	The	squat	lift
can,	in	theory,	re	duce	thè	moment	arm	of	thè	load	and	trunk	and,	as	a	The	“Squat”	Lift	FIGURE	10-41.	Lutz	GE,	Palmitter	RA,	An	KN,	et	al:	Comparison	of	tibiofemoral	joint	forces	during	open-kinetic-chain	and	closed-kinetic-chain	exercises.	Static	Equilibrium	Mcthod	for	Estimating	thè	Compression	Force	on	thè	L2	Vertebra	Requires	Three	Steps
Step	1	Formulate	a	static	equilibrium	equation	in	which	thè	sum	of	thè	internai	and	extemal	torques	in	thè	sagittal	piane	is	equal	to	zero.	'	length	(see	Fig.	Several	muscles	involved	wilh	moving	o	f	thè	tongue,	svvallowing,	and	speaking	attach	to	thè	hyoid	bone	(see	Fig.	J	Biomech	20	4	7	1	Spine	21:1500-1512,	1996.	In	reference	to	thè	ankle	and	foot,
these	terms	are	often	used	interchangeably	with	distai	and	proximal,	respectiveiy.	York,	John	W	iley	and	Sons,	1991.	J	Strength	Cond	Res	8:48-52,	1994.	Scand	J	Rehabil	Med	6:	173-181,	1978.	Johnston	RC,	Smidt	GL:	Hip	molion	measurements	for	selected	activities	of	daily	living.	Articular	Disc	The	width	of	thè	periodontal	ligaments	is	greatly
exaggerated	for	illustrative	purposes.	J	Orthop	Sports	Phys	Ther	28:345-354,	1998.	E	x	te	rn	a	l	m	o	m	e	n	t	a	rm	fr	o	m	E	L	(D	3	)	=	2	9	cm	.	This	cartilage-lined	concavity	articulates	with	thè	capitulum	of	thè	humerus,	forming	thè	humeroradial	joint.	Applied	movement	definitions	EVERSION/	INVERSIONE	DORSIFLEXION/	PLANTAR	FLEXION
ARTHROLOGY	Oblique	axis	SUPINATION:	INVERSION	ADDUCTION	PLANTAR	FLEXION	FIGURE	14-9.	FIGURE	14-2.	The	quadrate	ligament	is	cut	near	its	attachment	to	die	neck	oflhe	Chapter	6	Dislocations	of	thè	Proximal	Radioulnar	Joint:	The	"Pulled-Elbow"	Syndrome	A	strenuous	pulì	on	thè	forearm	through	thè	hand	can	cause	thè	radiai	head
to	slip	through	thè	distai	side	of	thè	annular	ligament.	412t,	412-414,	413f-415f,	416,	416f	contracture	of,	in	standing,	416,	416f	function	of,	413—414,	414f-415f	in	gait,	548,	549f	in	tmnk	stabilization,	330f,	330-331,	331b	innervation	of,	409f-410f,	409-411	internai	rotator,	412l,	417,	419f,	420f	while	walking,	417,	420f	limiting	motion	of,	402t	lines	of
force	of,	41	lf,	411-412,	414,	417f	maximal	torque	produced	bv,	426-427,	427t,	428f	posterior,	4	2	lf	in	force	generation	and	transmission,	4	1	-5	5	ìsometric	measurement	of,	4	7	-4	8	,	48f,	49f	length-tension	curve	of	active.	Vingard	E,	Alfredsson	L,	Goldie	I,	et	al:	Occupation	and	osteoarthritis	of	thè	hip	and	knee:	A	register-based	cohon	study.	This
force—	often	described	as	a	"	v	a	lg	u	s	m	e	n	is	c	o	fe	m	o	r	a	l	f	o	r	c	e	"	—	c	a	u	s	e	s	a	n	e	x	c	e	s	s	i	v	e	v	a	lg	u	s	p	o	s	it	io	n	o	f	t	h	è	lig	a	m	e	n	t	k	n	e	e	a	n	d	s	u	b	s	e	q	u	e	n	t	ly	s	t	r	a	in	s	t	h	è	m	e	d	ia	i	c	o	lla	t	e	r	a	l	lig	a		P	o	s	t	e	r	io	r	c	r	u	c	ia	te	lig	a	m	e	n	t	m	e	n	t.	Information	from	thè	graph	in	Figure	1	3	-	2	7	is	useful	when	designing
quadriceps	strengthening	exercises,	especially	for	persons	with	knee	pathology.	P	a	te	llo	fe	m	o	ra	l	jo	in	t	p	a	in	syndrom	e	is	a	c	o	m	m	o	n	c	o	n	d	it	io	n	in	p	e	r	s	o	n	s	in	v	o	lv	e	d	in	s	p	o	r	t	s	,	r	a	n	k	in	g	f	ir	s	t	in	t	r	a	c	k	a	n	d	s	e	c	o	n	d	in	A	m	e	r	i	c	a	n	f	o	o	t	b	a	ll	a	n	d	s	o	c	c	e	r	.	A	slow	and	smooth	lift	reduces	thè	large	peak	force	generated	in
muscles	and	connective	tissues.	Longus	Colli	and	Longus	Capitis	FIGURE	1	0	-2	9	.	The	talus	is	mechanically	involved	with	all	three	of	these	joints.	R	e	d	u	c	e	d	s	tr	e	n	g	th	in	a	k	e	y	tn	u	s	c	le	m	a	y	in	d	ic	a	te	a	n	in	j	u	r	y	to	th	è	a	s	s	o	c	ia	te	d	n	e	rv	e	ro	o	t.	Strong	contraction	of	these	muscles	also	resists	unwanted	torsions	created	by	thè
asymmetrical	lifting	of	an	extemal	load.	Edwards	AM:	Comparison	of	quadriceps	and	hamstring	torque	values	during	isokinetic	exercise.	76.	1	3	-1	9	D	).	The	extensor	muscles	are	therefore	at	a	sizable	mechanical	disadvantage	and	must	produce	a	force	manv	times	larger	than	thè	weight	of	thè	load	being	lifted.	Am	J	Sports	Med	26:402-408,	1998.	The
cuboid	is	therefore	homologous	to	thè	hamate	bone	of	thè	wrist.	This	greater	joint	force	is	transferred	across	thè	tibiofemoral	joint.	The	articular	surface	of	thè	fossa	is	formed	by	thè	articular	eminence,	occupying	thè	sloped	anterior	wall	of	thè	fossa	(see	Figs.	287-290,	291f,	292,	292f	Thoracolumbar	fascia,	306,	306f	Thoracolumbar	spine,	movement
of,	286-287,	288f,	289f,	290f,	291f,	303	Thorax,	369f	aniculations	with,	370,	370b,	370f	constriction	of,	in	cervical	spinai	cord	injury,	374b	expansion	of,	factors	opposing,	369,	369f	functions	of,	370	See	aho	(Continued)	Thorax	in	ventilation,	369b,	369f-370f,	369t,	36	9	370	tissues	that	seal,	369t,	369-370	vertebrae	of,	osteologie	features	of,	263t,	265,
267,	267f	Thumb,	195,	197f	abduction	and	adduction	of,	197,	20lf,	20	3	204,	204f,	205f,	206t	basilar	joint	arthritis	affecting,	200,	202	bones	of,	199f-200f	carpometacarpal	joint	of,	200-207	adduction	and	abduction	of,	203-204,	205f	capsule	and	ligaments	of,	202,	202t,	203f204f	flexion	and	extension	of,	204-205,	206f,	206t	in	zig-zag	deformity,	236,
237f	muscles	of,	224t	opposition	of,	205,	207,	207f	saddle	joint	structure	of,	202	close-packed	position	of,	205	extensors	of,	extrtnsic,	2	2	1,	223,	223f,	224t	interphalangeal	joint	of,	213	abductor	pollicis	longus	as	assistant	exten	sor	of,	223f,	225	muscles	of,	224t	metacarpal	bones	of,	195-196,	197f,	199f200f	metacarpophalangeal	joint	of,	211,	21	lf—
212f	muscles	of,	224i	movement	of,	201f,	203-207	terminology	of,	197,	201f	opposition	of	mediali	nerve	in,	224-225	muscles	of	thenar	and	hypothenar	eminence	in,	224-225,	225f	terminology	of,	197,	20lf	pinching	action	of	in	power	(key)	pinch,	234-235,	235f-236f	muscular	biomechanics	in,	229,	229f	position	of	function	of,	213,	213f	terminology	of,
196	zig-zag	deformity	of,	236,	237f	Thyrohyoid,	attachments	and	innervation	of,	384t	Tibia	anatomy	and	function	of,	436f,	436-437,	437f	distai,	479,	479f,	484f	motion	of,	in	gait,	542f,	543,	544b	osteologie	features	of,	436b	Tibial	nerve	injury	lo,	517-518.	332f	actions	of,	shared	across	axial	and	appendicular	skeletons,	317,	317f	anterior-lateral
anatomy	and	action	of,	315t,	323-327,	3241-326f,	325t,	327b	attachments	and	innervations	of,	382t	impairment	of,	gait	deviation	at	hip/pelvis/	trunk	with,	566t,	567f,	568f	influence	of	gravity	and,	316	innervation	of,	312-314,	381-382t	internai	torque	of,	315,	316f	lines	of	force	of,	315,	316f	unilateral	and	bilateral	activation	of,	315	posterior,	muscles
of	anatomy	and	action	of,	315t,	316-323,	318f-319f,	318t	attachments	and	innervation	of,	381	1—382t	Tubercle(s)	articular,	of	nbs,	253,	256f	greater,	of	humerus,	97f,	98	infraglenoid,	97	lesser,	of	humerus,	97f,	9	7	-9	8	of	cervical	vertebrae,	264,	264f,	266f	of	talus,	480f,	480-481	posterior,	of	metacarpal	joints,	195	postglenoid,	of	temporal	bone,	354f,
355	pubic,	39	lf,	392	quadrate,	394,	395f	spinai	and	lateral,	of	sacrum,	269,	271f	supraglenoid,	97	Tuberosity	calcaneal,	480f-481f,	481	delloid,	98	gluteal,	394,	395f	iliac,	391,	391f	ischial,	390f,	3921,	393	navicular,	481	of	ulna,	135	libisi,	437,	437f	U	Ulna	head	of,	136,	137f	osteologie	features	of,	135b,	135-136,	136f	137f	styloid	process	of,	172	Ulnar
deviation,	of	wrist,	179-180,	180f,	182184,	183f-184f,	184b,	191t,	191-192,	192(	Ulnar	drift,	of	fingers,	237-238,	239f	Ulnar	nerve	hypothenar	muscle	function	and,	226	in	key	pinch	action,	229,	229f	lesion	of	in	finger	flexion,	233	in	opening	hand,	231-232,	232f	of	elbow	and	forearm,	152,	156f	(Continuai)	Ulnar	nerve	of	hand,	213	of	wrist,	186
Ulnocarpal	complex,	146,	147b,	148f,	178,	I79f	Ulnocarpal	meniscal	homologue,	175f,	178	Ulnocarpal	space,	175f,	178,	179f,	190	Uncinate	process,	264,	264f,	266f	Uncovertebral	joints,	264,	264f,	266f	tn	disc	disease,	265b,	265f	Unfused	tetanus,	of	muscle	fibers,	52,	53f	Upper	extremity,	92.	Flexion	and	extension	in	thc	sagittal	piane	A	Tibial-on-
femoral	perspective	B	Femoral-on-tibial	perspective	FIGURE	13-14.	Reikeras	O,	Bjerkreim	1,	Kolbenstvedt	A:	Anteversion	of	thè	acetabulum	and	femoral	neck	in	normals	and	patients	with	osteoarthritis	of	thè	hip	Acta	Orthop	Scand	54:18-23,	1983.	6	-	3	0	,	top	inset),	making	it	readily	palpable.	Vrhas	MS,	Brand	RA.	See	uìso	Lumbar	spine,	anatomy
and	kinematics	of,	292-303	motion	of,	276f,	276t.	Walheim	GG,	Selvik	G:	Mobility	of	thè	symphysis	pubis.	Frontal	piane	motion	at	thè	knee	occurs	passively	only,	limited	to	about	6	to	7	degrees.81	FLEXION	AND	EXTENSION	Flexion	and	extension	at	thè	knee	occur	about	a	mediallateral	axis	of	rotation.	An	inconsistent	and	smaller	limb	attaches	to	thè
posterior	side	of	thè	lateral	femoral	condyle,	and	often	to	a	sesamoid	bone	(or	(labella,	meaning	“bean”)	imbedded	within	thè	lateral	head	of	thè	gastrocnemius.	The	curved	path	of	thè	axis	is	known	as	an	“evolute,”	or	instant	center	of	rotation	(Fig.	Spine	6:249-262,	1981.	(Sustentaculum	talus	literally	means	a	“shelf	for	thè	talus.”)	The	sustentaculum
talus	lies	under	and	supports	thè	middle	facets	of	thè	subtalar	joint	(see	Fig.	Potvin	JR,	McGill	SM,	Norman	RW.	Roach	KE,	Miles	TP:	Normal	hip	and	knee	active	range	of	motioti:	The	relationship	to	age.	The	sca-	lenus	posterior	and	anterior	are	shown	on	thè	right;	thè	scalenus	medius	is	shown	on	thè	left.	An	analogy	is	triade	between	a	crane	(A)	and
thè	human	knee	(B).	The	pointed	styloid	(from	thè	Greek	root	stylos;	pillar,	+	eidos;	resembling)	process	projects	distally	from	thè	posterior-medial	region	of	thè	extreme	distai	ulna.	Note	that	thè	quadriceps	and	ACL	have	an	antagonistic	relationship	throughout	most	of	thè	terminal	range	of	extension.	Factors	that	often	prevent	full	knee	extension	can
be	broadly	classified	into	three	categories:	(1)	reduced	force	production	from	thè	quadriceps,	(2)	excessive	resistance	front	thè	connective	tissues,	and	(3)	faulty	arthrokinematics.	J	Orthop	Phys	Ther	16:43-50,	1992.	By	permission	of	thè	Mayo	Foundation	for	Medicai	Education	and	Research.)	FIGURE	6	-	2	3	.	Neumann	DA,	Soderberg	GL,	Cook	TM:
Comparison	of	maximal	ìsometric	hip	abductor	muscle	torques	between	hip	sides.	Excessive	genu	valgum	of	ihe	righi	knee.	Ticker	JB,	Bigliant	LU,	Soslowsky	LJ,	et	al:	Inferior	glenohumeral	ligament:	geometrie	and	strain-rate	dependent	properties.	and	biceps	femoris	are	cut	to	better	expose	thè	lateral	collateral	ligament,	popliteus	tendon,	and	lateral
meniscus	Chapter	13	Knee	441	Posterior	view	S	e	m	im	e	m	b	r	a	n	o	s	u	s	G	a	s	t	r	o	c	n	e	m	iu	s	-	m	e	d	ia	l	h	e	a	d	(cu	t)	P	la	n	t	a	r	is	(cu	t)	G	a	s	t	r	o	c	n	e	m	iu	s	-	la	t	e	r	a	l	h	e	a	d	(cu	t)	G	r	a	c	ilis	FIGURE	13-10.	Clin	Orthop	Rei	Res	127:189-196,	1977.)	0	o	-JS	e	o	o	o5	a)	X	10	20	30	40	CO	3=	o	o	s2	X	X	X	X	X	Flexor	digitorum	longus	X	X	(x)	Flexor
hallucis	longus	X	X	X	V	Muscle	L2	L3	L4	Soleus	(x)	Tibialis	posterior	Flexor	digitorum	brevis	X	X	X	Abductor	hallucis	X	X	X	Flexor	hallucis	brevis	X	X	X	Lumbrical	1	X	X	X	Abductor	digiti	minimi	X	X	Quadratus	plantae	X	X	Flexor	digiti	minimi	X	X	Abductor	digiti	minimi	X	X	Adductor	hallucis	X	X	Piantar	interossei	X	X	Dorsal	interossei	X	X	Lumbricals	II,
III,	IV	X	X	(x)	(x)	S3	(x),	mirumal	literature	support;	X,	moderate	literature	support;	X,	strong	literature	support.	The	tight	proximal	radioulnar	joint	as	viewed	from	above.	Factors	that	increase	thè	mechanieal	stability	of	thè	fully	dorsiflexed	talocrural	joint	are	shown.	Varus	force	with	foot	planted	2.	Failure	of	thè	integrity	of	this	mechanism	may	lead
to	joint	deterioration	and	possible	osteoarthritis.	Its	fìbers	run	horizontally	across	thè	posterior	side	of	thè	talo	crural	joint,	in	an	oblique	anterior-lateral	to	posterior-medial	direction	(Fig.	Most	of	thè	outer	rim	of	thè	radiai	head	is	covered	with	a	layer	of	articular	cartilage.	Grelsamer	RP,	Klein	JR:	The	biomechanics	of	ihe	patellofemoral	joint.	Neum
ann	,	PT,	Ph	D	TOPICS	PART	1:	M	A	S	T	IC	A	T	IO	N	,	352	AT	A	GLANCE	Arthrokinematics,	360	Thorax,	369	0	S	T	E	0	L	0	G	Y	A	N	D	TEETH,	352	P	ro	tru	s	io	n	and	R	e	tru	sio	n	,	360	M	a	n	u	b	rio	s	te	rn	a	l	J	o	in	t,	370	Regional	Surface	Anatomy,	352	Individuai	Bones,	352	L	a	te	ra	l	E	xcu	rsio	n	,	362	S	te	rn	o	c	o	s	ta	l	J	o	in	ts	,	370	D	e	p	re	ssio	n	and
E	le	va	tio	n	,	362	In	te	rc	h	o	n	d	ra	l	J	o	in	ts	,	370	M	a	n	d	ib	le	,	352	M	USC	LE	A	N	D	J	O	IN	T	IN	TER	AC	TIO	N	,	362	M	a	x	illa	e	,	353	Moscular	Anatomy	and	Function,	363	Temporal	Bone,	354	Innervation	to	thè	Muscles	and	Joints,	362	Z	y	g	o	m	a	tic	B	one,	355	P	rim	a	ry	M	u	s	c	le	s	o	f	M	a	s	tic	a	tio	n	,	363	S	p	h	e	n	o	id	B	one,	355	Masseter,	363
Temporalis,	363	Mediai	Pterygoid,	364	Lateral	Pterygoid,	364	S	e	c	o	n	d	a	ry	M	u	s	c	le	s	of	M	a	s	tic	a	tio	n	,	H	yoid	B	one,	355	Teeth,	355	ARTHROLOGY,	356	Osseous	Structure,	356	M	a	n	d	ib	u	la	r	C	ondyle,	356	M	a	n	d	ib	u	la	r	Fossa,	356	Articular	Disc,	356	Capsular	and	Ligamentous	Structures,	357	Osteokinematics,	358	P	ro	tru	s	io	n	and	R
etrusion,	358	L	a	te	ra	l	E	x	c	u	rs	io	n	,	358	D	e	p	re	s	s	io	n	an	d	E	levation	,	359	D	ia	p	h	ra	g	m	,	372	365	In	te	rc	o	s	ta	le	s	M	u	s	c	le	s	,	372	C	h	ro	n	ic	O	b	s	tru	c	tiv	e	P	u	lm	o	n	a	ry	D	isease	A	lte	re	d	M	u	s	c	le	M	e	c	h	a	n	ic	s	,	373	TE	M	P	O	R	O	M	A	N	D	IB	U	LA	R	DISORDERS,	367	PART	2:	V	EN	T	ILA	TIO	N	,	368	ARTHROLOGY.	of	hip,	401b	See
aho	E	D	Degrees	of	freedom,	6f,	6	-7	Deltoid	anlerior	in	arm	elevation	al	glenohumeral	joint,	123-124,	1241,	125t	in	internai	rotation	of	shoulder,	131-132,	1321	attachmems	and	innervation	of,	243t	middle,	in	arm	elevation	at	glenohumeral	joint,	123-124,	124f,	125t	posterior	actions	of	at	glenohumeral	joint,	17-18,	18f,	111,	129-130,	1301,	131	b.	This
condition	is	often	associated	w	ith	headaches	and	radiating	pain	into	thè	scalp.	In	Morrey	BF	(ed):	The	Elbow	and	Its	Disorders,	3rd	ed.	The	margin	of	thè	proximal	radioulnar	joint	is	shown	within	thè	elbow’s	capsule.	The	attachment	o	f	thè	tendon	of	thè	quadriceps	muscles	is	in	gray;	thè	proximal	attachment	of	thè	patellar	ligament	is	in	red.	The	thin
region	is	not	an	adequate	loadbearing	s	u	r	i	face.	B,	The	antenor	drawer	test	can	help	evaluate	thè	integrity	of	thè	ACL.	Anat	Ree	249	135-142,	1997.	Ligaments	slack	in	flexion	B.	1	3	38A.)	While	walking,	however,	total	knee	reaction	forces	increase	to	about	three	times	body	weight.	283-284,	286f	in	coupling	with	axial	rotation,	339b	of	thoracic
spine,	287,	291	f	of	craniocervical	spine,	279-282,	280f-282f	of	elbow.	This	Information	helps	to	explain	thè	rationale	behtnd	several	manual	stress	tests	performed	to	evaluate	thè	integrity	of	ligaments	following	ankle	injury.	Greenwald	AS,	Haynes	DW:	Weight-bearing	areas	in	thè	human	hip	joint.	The	femo	ral	component	is	made	of	a	high-strength
Steel	alloy	that	is	cemented	into	thè	medullary	canal.	As	illustrated	in	Figure	6	-	2	0	,	about	80%	of	thè	compression	force	due	to	hearing	weight	through	thè	forearm	crosses	thè	wrist	between	thè	lateral	side	of	thè	carpus	and	thè	radius.	When	articulated	within	thè	cranium,	thè	sphenoid	bone	lies	transversely	FIGURE	1	1	-7	,	Lateral	view	of	thè	righi
side	o	f	thè	cra	n	iu	m	w	ith	a	section	o	f	thè	zygomatic	arch	removed.	J	Bone	Joint	Surg	74A:390-397,	1992.	The	solution	to	this	hypothetic	example	suggests	that	a	compression	force	of	3232	N	(over	725	lb)	is	exerted	on	L2	while	lifting	an	extemal	load	weighing	200	N	(about	45	lb).	The	gluteus	maximus	stabilizes	and	Controls	thè	hips.	The	capsule	is
thin	and	reinforced	anteriorly	by	oblique	bands	of	fibrous	tissue.	(Modified	with	permission	from	Morrey	BF,	Askew	LJ,	An	KN,	et	al:	A	biomechanical	study80f	normal	functional	elbow	motion.	Powers	CM:	Rehabilttation	of	patellofemoral	joint:	A	criticai	review.	The	quadriceps	direct	thè	roll	of	thè	femoral	condyles.	Juke	r	D,	M	cG	ill	S,	K	ro	p	f	P,	et	al:
Quantitative	intramuscular	myoelecNew	York,	Churchill	Livingstone,	1991.	The	mediai	capsule	is	further	reinforced	by	thè	fiat	tendons	of	thè	sartorius,	gracilis,	and	semitendinosus—	collectively	referred	to	as	thè	pes	anserinus	(from	thè	Latin,	“goose’s	foot”)	tendons.	Simoneau	GG,	Hoenig	K,	Lepley	J,	et	al:	lnfluence	of	hip	position	and	gender	on
active	hip	internai	and	extemal	rotation.	Walking	and	running	also	require	that	thè	foot	be	relatively	rigid	to	be	able	io	withstand	large	propulsive	thrusts.	Clinical	Orthop	375:185-192,	2000.	7.	however,	limits	thè	motion	to	essentially	thè	sagittal	piane	Elbow	extension	occurs	with	activittes	such	as	throwing,	pushtng,	and	reaching.	A,	Lateral	view.	*
Assume	Libial-on-femoral	knee	extension	Quadriceps	Weakness:	Pathomechanics	of	"Extensor	Lag"	P	e	r	s	o	n	s	w	it	h	m	o	d	e	r	a	t	e	w	e	a	k	n	e	s	s	in	t	h	è	q	u	a	d	r	ic	e	p	s	o	f		illustrate	these	factors,	consider	thè	force	on	thè	patellofemoral	joint	while	in	a	partial	squat	position	(Fig.	Jenkins	WL,	Munns	SW,	Jayaraman	G,	et	al:	A	measurement	of
antenor	tibial	displacement	in	thè	closed	and	open	kmenc	chain.	S	o	m	e	p	e	r	s	o	n	s	f	o	llo	w	in	g	A	C	L	r	e	c	o	n	s	t	r	u	c	t	iv	e	s	u	r	g	e	r	y	lim	it	q	u	a	d	r	ic	e	p	s	a	c	t	iv	it	y	w	h	ile	w	a	lk	in	g	.	Torticollis	The	lefi	stemocleidomasioid	muscle	durìng	active	rotation	of	thè	head	and	neck	to	thè	righi.	Am	J	Phys	Med.	The	articular	surfaces	are	separated
down	thè	midiine	by	an	in-	Attachment	of	patellar	ligament	G	racilis-	Posterior	view	Sartorius	-P	e	s	anserinus	SemitendinosusJ	tendons	yemu/Plantaris	Adductor	tubercle	Extensor	hallucis	longus	Tibialis	anterior	Gastrocnemius	(mediai	head)	Gastrocnemius	(lateral	head)	Lateral	epicondyle	Mediai	epicondyle	Popliteus	Semimembranosus	Styloid
process	Intercondylar	notch	Proximal	tibiofibular	joint	Peroneus	brevis	Interosseous	membrane	Soleus	Peroneus	tertius	Soleal	line	Distai	tibiofibular	joint	Lateral	malleolus	Flexor	hallucis	longus	Mediai	malleolus	FIGURE	13	-2	.	312	cutaneous	distribution	of,	3141	segmentai	innervation	of,	312,	314,	314t	mixed,	structure	of,	312,	312f	ventral	rami	of,
312-314,	3131	of	lower	extremity	muscles	used	for	lesting	function,	571t	of	upper	extremity	muscles	used	for	lesting	function,	243t	plexus	of,	312,	3131	segmentai	nerves	of,	3131,	313-314	Spinalis	cervicis,	attachments	and	innervation	of,	381t	Spinalis	muscles	anatomy	and	actions	of,	318t,	3191,	319-321	in	trunk	movement,	329t	Spinalis	thoracis,
attachments	and	innervation	of,	3811	Spinous	process,	269,	2721	Splenius	capitis,	339b	anatomy	and	action	of,	337-338,	3381,	339b	attachments	and	innervation	of,	383t	Splenius	cervicis,	339b	anatomy	and	action	of,	337-338,	338f,	339b	atlachments	and	innervation	of,	383t	Spondylolisthesis,	anterior,	of	lumbar	spine,	294b,	2941	Sport	equipment,
impulse-momentum	relationship	and,	60	Squat	lift,	348,	348f	Squat	position,	extemal	torque	at	knee	in,	74b,	741,	460,	4611	Stance	phase.	A	rapid	lift	requires	greater	muscle	force	and	imposes	greater	compression	and	shear	on	thè	joints	and	connective	tissues	in	thè	low	back.	These	movements	are	controlled,	in	part,	through	a	synergy	among
monoarticular	and	polyarticular	muscles.	The	names	of	the	permanent	teeth	are	indicated.	During	knee	motion,	therefore,	thè	extemal	devices	may	rotate	in	a	dissimilar	piane	as	thè	leg.	1	1	-5	).	Postcrior	view	Interosseous	ligament	Groove	fortendons	of	tibialis	posterior	and	flexor	digitorum	longus	Groove	for	tendons	of	peroneuslongus	and	brevis
Posterior	tibiofibular	ligament	Inferior	transverse	ligament	The	primary	function	of	thè	deltoid	ligament	is	to	limit	eversion	across	thè	talocrural,	subtalar,	and	talonavicular	The	shape	of	thè	talocrural	joint	Deltoid	Tibiotalar	fibers	ligamentTibiocalcaneal	fibers	Groove	for	tendon	of	flexor	hallucis	longus	Mediai	talocalcaneal	ligament	Posterior
talofibular	ligament	Calcaneofibular	ligament	A	carpenter’s	mortise	joint	Posterior	talocalcaneal	ligament	•Achilles	tendon	(cut)	FIGURE	14-11.	While	walking,	compression	forces	at	thè	knee	joint	routinely	reach	approximately	2	to	3	times	body	weight.	Innervation	of	Muscles	and	Joints	of	thè	Elbow	and	Forearm	Knowledge	of	thè	innervation	to	thè
muscle,	skin,	and	joina	is	useful	clinical	information	in	thè	treatment	of	injury	\	thè	peripheral	nerves	or	nerve	roots.	These	patterns	of	movement	are	fundamental	components	of	walking,	running,	jumping,	and	climbing.	The	ulna	and	radius	are	positioned	parallel	in	full	supination.	1	4	-	4	).	From	thè	flexed	position,	thè	subject	actively	and	swiftly
returns	thè	trunk	to	an	erect	position.	1	1	-	3	)	.46	The	condyle	is	generally	convex.1	possessing	short	projections	of	bone	known	as	mediai	and	lateral	poles.	The	P	o	ste	rio	r	Region	of	thè	Articular	Disc	Attachcs	to	thè	1.	Normally,	thè	PCL	provides	about	95%	of	thè	total	passive	resistance	to	thè	posterior	translation	of	thè	tibia.11	Ollen,	following	a
PCL	injury,	thè	tibia	sags	posteri	orly	against	thè	femur.	To	illustrate,	refer	to	Figure	1	3	33B.	body	weight,	12b	Mass	moment	of	inertia	calculation	of,	59b,	59f	in	Newton's	law	of	inertia,	57b,	57-58,	58b	60f	prosthetic	design	and,	60b	Masseter	anatomy	and	function	of,	363,	363f,	365t	attachments	and	innervation	of,	383t	in	closing	of	mouth,	366,
367f	mediai	pterygoid	interaction	with,	363f,	364b	Mastication,	352-367	by	temporomandibular	joint,	356	disc-condyle	complex	derangement	and,	361,	361f	muscles	of,	362t	actions	of,	365t	attachments	and	innervation	of,	383t	function	of,	363(-365f,	363-365,	365t	secondary,	365,	365f,	365t	osteokinematics	of.	The	coronoid	fossa	is	located	just
proximal	to	thè	anterior	side	of	thè	trochlea	(see	Fig.	The	masseter	and	mediai	pterygoid	muscles—	two	powerful	muscles	of	mastication—	share	similar	attachments	in	the	region	of	the	angle	of	the	mandible.	J	Biomech	31:519-525,	1998.	In	about	70%	of	knees,	either	an	anterior	menisco	femoral	ligament	or	a	posterior	meniscofemoral	ligament	is
present.45	These	ligaments	have	a	mass	of	only	20%	of	thè	PCL	and,	therefore,	play	a	minor	role	in	stability.	normal	valgus	angle	of,	137-138,	138f	Elbow	and	lorearm	complex,	133b,	133-171.	The	posterior	tibial	nerve	(a	branch	from	thè	tibial	portion	of	thè	sciatic)	is	thè	largest	afferent	supply	to	thè	knee	joint.	102.	P	e	r	s	is	t	e	n	t	w	e	a	k	-
quadriceps	muscle	d	u	r	in	g	thè	Ia	s	t	45	d	e		femoral-on-tibial	extension	.l2-46	T	h	e	s	e	e	x	e	r	c	i	s	e	s	E	x	e	r	c	is	e	s	s	u	c	h	a	s	"	m	in	i	s	q	u	a	t	s	,	"	s	q	u	a	t	s	a	g	a	in	s	t	e	la	s	t	ic	r	e	s	is	t	a	n	c	e	,	s	in	g	le	-	le	g	h	a	lf	s	q	u	a	t	s	,	a	n	d	le	g	p	r	e	s	s	e	s	p	r	o		n	e	s	s	o	f	t	h	è	m	u	s	c	le	m	a	y	e	n	s	u	e	,	d	e	s	p	it	e	im	p	r	o	v	e	m	e	n	t	in	d	u	c	e	e	q	u	a	l,	4	o	r
le	s	s	,	s	t	r	a	in	o	n	t	h	è	A	C	L	t	h	a	n	t	ib	ia	l-	o	n	-	m	a	n	y	f	u	n	c	t	io	n	a	l	m	e	a	s	u	r	e	s	.	1	3	-	7	)	.	J	Bone	Joint	Surg	53A:945-962,	1971.	The	condyle	forms	thè	convex	bon	y	com	pon	en	t	o	f	thè	TMJ.	272f	movement	of,	terminology	for,	271-272,	272f,	272l	typical,	269,	271,	272f,	272t	“In-toeing,”	395-396,	398f	Intra-abdominal	pressure,	during	lifting,
345346,	347	Intra-articular	discs,	of	synovìal	joints,	26f,	27,	27b	Inverse	dynamic	approach,	to	measuring	internai	torque	and	joint	reaction	force,	81b,	81f	Inversion	definition	of,	482,	482f,	483t	of	subtalar	joint,	4911,	492b	of	talocrural	joint,	49	lt	of	transverse	tarsal	joint,	493,	495f	Ischial	ramus,	39	lf,	393	Ischial	spine,	392f,	393	Ischial	tuberosily,
390f,	392f,	393	lschium,	osteologie	features	of,	39lf,	392f,	393,	393b	J	See	oj	specific	joints.	This	ligament	resists	inversion	across	thè	talocrural	and	subtalar	joints.	A	total	hip	arthroplasty	is	often	indicated	when	a	person	with	hip	disease,	most	often	osteoarthritis,	has	Constant	pain	orientation	of	thè	femoral	head	to	thè	acetabulum.64	A	goal	o	f	this
operation	is	often	to	improve	thè	congruency	o	f	thè	weight-bearing	surfaces	of	thè	hip	(Fig.	Superior	view	Tibialis	anterior	tendon	Socket	for	head	of	talus	Deltoid	ligament	Spring	ligament	facet	Middle	facet	ligament	within	talar	sulcus	Tibialis	posterior	Flexor	digitorum	longus	Anterior	facet	Middle	Interosseous	within	calcaneal	sulcus	Flexor
hallucis	Deltoid	ligament	(cut)	Posterior	facets	ligament	Calcaneal	(Achilles)	tendon	FIGURE	14-8.	1	1	-	5	).	In	o	r	d	e	r	t	o	m	a	in	t	a	in	a	le	v	e	l	h	o	r	iz	o	n	t	a	l	v	i		s	u	a	l	g	a	z	e	t	h	r	o	u	g	h	o	u	t	a	x	ia	l	r	o	t	a	t	io	n	,	t	h	è	le	ft	r	e	c	t	u	s	c	a	p	it	is	la	t	e	r	a	lis	,	f	o	r	in	s	t	a	n	c	e	,	p	r	o	d	u	c	e	s	a	s	lig	h	t	le	f	t	la	t	e	r	a	l	T	h	e	s	p	e	c	ia	liz	e	d	m	u	s	c	le	s	t	h
a	t	c	o	n	t	r	o	l	t	h	è	a	t	la	n	t	o	-	a	x	ia	l	flexion	a	n	d	a	t	la	n	t	o	-	o	c	c	ip	it	a	l	j	o	in	t	s	e	x	e	r	t	f	in	e	c	o	n	t	r	o	l	o	v	e	r	t	h	è	m	o	v	e	m	e	n	t	o	f	t	h	è	u	p	p	e	r	c	r	a	n	i	o	c	e	r	v	i	c	a	l	r	e	g	io	n	.	Motion.	gait	deviations	with,	563t,	565t,	566t,	567f,	568f	gait	step	length	with,	528f	range	of	motion	of,	402-404	rotation	of,	internai	and	external,	405f,	406	407f,
408,	408f	Hip	disease	causes	of,	427-428	gait	deviations	with,	563t,	565t,	566t	567f	568f	gait	step	length	with,	528f	thcrapeutic	intervention	for,	429-431	methods	of	carrving	loads	with,	429-431	430f	surgical	intervention	for,	431f—433f	4	3	1	432	use	of	cane	with,	429,	429f	Hip	flexion	contracture	in	standing,	effect	of,	416,	416f	mcreased	lumbar
lordosts	with,	300,	301	f	Hip	hiking,	540	Hook	grip,	234-235	Hortzontal	piane,	5,	6f,	6t	Humeroradial	joint,	133-134,	134f	arthrokinematics	of,	141-144,	143f,	144f	as	shared	joint	between	elbow	and	forearm	150,	150f	force	transmission	through	forearm	interosseous	membrane	and,	142-144,	143f	144f	generai	features	of,	137-138,	138f	sensory
innervation	of,	156	Humeroulnar	joint,	133-134,	134f	arthrokinematics	of,	140-141,	I42f,	143f	as	hinge	joint,	28,	28f	generai	features	of,	137-138,	138f	joint	surface	relationships	in,	8f	posterior	dislocation	of,	145,	145f	sensory	innervation	of,	156	See	See	also	Humerus	angle	of	inclination	and	retroversion	of,	98f	head	of,	97,	97f-98f.	The	anterior
region	is	nearly	fiat	inferiorly	and	slightly	con	cave	superiori}'	to	accom	m	od	ate	thè	maximal	convexity	of	thè	articular	eminence.	Like	a	System	of	guy	wires	that	stabilize	a	large	antenna,	thè	scalene	muscles	provide	excellent	bilateral	and	vertical	stability	to	thè	middle	and	lower	cervical	spine.	Because	of	thè	relative	inability	of	thè	mediai	mal‐
leolus	to	adequately	block	thè	mediai	side	of	thè	mortise,	thè	majority	of	ankle	sprains	involve	excessive	inversion	and	subsequent	injury	to	thè	lateral	collateral	ligaments.12	The	anterior	talofìbular	ligament	attaches	to	thè	anterior	aspect	of	thè	lateral	malleolus	and	courses	anteriorly	and	medially	to	thè	neck	of	ihe	talus	(Fig.	Murray	MP,	Seireg	AH,
Scholz	RC:	A	survey	of	thè	lime,	magnitude,	and	orientation	of	forces	applied	lo	walking	sticks	by	dtsabled	men.	A.	62.	C	lin	ic	a	lly	,	t	h	is	c	h	a	r	a	c	t	e	r	i	s	t	i	c	d	e	m	o	n	s	t	r	a	t	io	n	o	f	q	u	a	d	r	i	c	e	p	s	w	e	a	k	n	e	s	s	is	o	f	t	e	n	r	e	f	e	r	r	e	d	to	a	s	a	n	"	e	x	t	e	n	s	o	r	la	g	."	E	x	t	e	n	s	o	r	la	g	a	t	t	h	è	k	n	e	e	is	o	f	te	n	a	p	e	r	s	is	t	e	n	t	a	n	d	p	e	r	p	le	x	in
g	p	r	o	b	le	m	d	u	r	in	g	r	e	h	a	b	ilit	a	t	io	n	o	f	t	h	è	p	o	s	t	s	u	r	g	ic	a	l	k	n	e	e	.	The	axis	of	rotation	for	thè	sagittal	piane	motion	is	oriented	in	thè	medial-lateral	direction	in	thè	region	of	L2	(see	Fig.	In	contrast,	thè	peak	torques	remain	essentially	Constant	during	increasing	eccentric	activated	velocities.	During	pronation,	thè	distai	segment	of	thè
forearm	complex	(i.e.,	thè	radius	and	hand)	rotates	and	crosses	over	an	essentially	fixed	ulna	(Fig.	pronator	quadratus,	169-170	Prosthetic	design,	mass	moment	of	inertia	and,	60b	Proteoglycans,	in	nucleus	pulposus,	273,	276b	Psoas	major	anatomy	and	action	of,	412,	413f	as	extrinsic	trunk	stabihzer,	330f,	330-331,	331b	attachments	and	innervation
of,	572t	in	gait,	548,	549f	in	trunk	movement,	327-328,	328b,	3281,	329t	lines	of	force	of,	328,	328f	Psoas	minor	anatomy	and	action	of,	412,	413f	attachments	and	innervation	of,	572t	Pterygoid	muscles	attachments	and	innervation	of,	383t	lateral	anatomy	and	function	of,	364f,	364-365,	365t	inferior	head	of,	366,	367f	supenor	head	of,	366,	367b,
367f	mediai	anatomy	and	function	of,	364,	364b,	364f,	365t,	366,	3671'	interaction	with	masseter,	363f,	364b	Pterygoid	piate,	mediai	and	lateral,	of	sphenoid	bone,	355,	3551	Pttbic	ramus	inferior,	39	lf,	393	superior,	39lf,	392	592	Index	Pubic	symphysis	joim,	3911.	The	following	section	presents	thè	steps	used	in	making	these	calculations	in	order	to
estimate	thè	compression	force	on	thè	L2	vertebra	while	lifting	a	load	in	thè	sagiual	piane	Although	this	hypothetic	example	provides	a	limited	amount	of	information	on	a	rather	complex	biomechanical	event,	it	does	yield	valuable	insight	into	thè	mathematical	relationship	between	thè	force	produced	by	thè	muscle	and	thè	compres	sion	force	imposed
on	a	representative	structure	within	thè	low	back.	An	anterior	view	of	thè	distai	end	of	thè	tight	tibia,	fibula,	and	talus.	The	muscle	action	epitomizes	intermuscular	synergy.	The	MCL	consists	of	anterior	and	posterior	parts.	The	distai	pulì	on	thè	radius	slackens	rather	than	tenses	thè	interosseous	membrane,	thereby	necessitating	other	less	capable
tissues,	such	as	thè	oblique	cord	and	annular	ligament,	to	accept	thè	weight	of	thè	load.	Brown	TD:	Contribution	of	passive	tissues	to	thè	intersegmental	moments	at	thè	hip.	Part	2:	Experiraental	evaluation	of	thè	Cybex	li	back	testing	System	in	normal	subjects	and	patients	with	chronic	low	back	pain.	The	interaciion	between	muscle	comracuon	and
tension	changes	in	thè	cruciate	ligaments	is	shown.	52.	B,	Subject	is	able	to	reduce	thè	severity	of	thè	recurvatum	deformity	by	wearing	a	tennis	shoe	with	a	built-up	heel.	Ogus	O:	Measurement	and	relationship	of	thè	inclination	angle,	Alsbere	angle	and	thè	angle	between	thè	anatomical	and	mechanical	axes	of	thè	femur	in	males.	In	contrast,	a
lateral	angle	that	exceeds	about	180	degrees	is	called	genu	varum,	or	“bow-leg”	(Fig.	Williams	PL,	Bannister	LH,	Berry	M,	Collins	P,	et	al:	Gray’s	Anatomy,	38lh	ed,	New	York,	Churchill	Livingstone,	1995.	Femoral	nerve	muscles	innervated	by,	at	hip,	409f,	409-411	lo	quadriceps,	453-454,	454t	Femoral-on-pelvic	hip	motion,	403	hip	extensor	muscles
active	in,	422,	423f	hip	flexor	function	in,	414,	415f	in	rotation,	404f-405f,	404-406	Femoral-on-tibial	knee	motion,	4441,	445f	flexor-rotator	muscle	interaction	in,	465,	466f	in	knee	extension,	445,	446f	extemal	torque	in,	456,	458f	in	anterior	cruciale	ligamenl	reconstruction,	45	3b	vs.	The	compression	increases	bone-to-bone	contact	across	thè
fratture	site.	Freivalds	A,	Chaffin	DB,	Garg	A,	et	al:	A	dynamic	biomechanical	evalu2000	.	The	prominent	tip	of	thè	olecranon	process	becomes	wedged	into	thè	olecranon	fossa.	Williams	GR,	Shaki!	M,	Khmkiewicz	J,	et	al:	Anatomy	of	thè	scapulothoracic	articulation.	1	4	-	4	,	1	4	-	5	,	and	1	4	-	7	)	.	The	short	head	of	thè	biceps	femoris	contracts	to	accel‐
erate	thè	femur	intemally	(i.e.,	thè	knee	joint	moves	into	external	rota	tion).	The	cervical	fascia	is	subdivided	into	three	com-	TABLE	1	0	-	1	0	.	As	thè	lumbar	spine	progressively	extends,	thè	passive	torque	reserve	of	thè	posterior	ligamentous	System	progressively	falls.	116.	McGorry	RW,	Hsiang	SM:	The	effect	of	industriai	back	belts	and	activation
during	various	training	exercises.	Soderberg	GL,	Dostal	YVF:	Electromyographic	study	of	three	parts	of	thè	gluteus	medius	muscle	during	functional	activities.	P	l	i	c	a	e	m	a	y	b	e	v	e	r	y	s	m	a	ll	a	n	d	u	n	r	e	c	o	g	n	iz	a	b	le	,	o	r	s	o	la	r	g	e	t	h	a	t	t	h	e	y	n	e	a	r	ly	s	e	p	a	r	a	t	e	t	h	è	k	n	e	e	in	to	m	e	d	ia	i	a	n	d	la	t	e	r	a	l	c	o	m	p	a	r	t	m	e	n	t	s	.	3.	Note	thè
diagonal	flow	of	contracting	muscles	between	thè	right	fibula	and	left	side	of	thè	neck.	This	50-degree,	high-torque	potential	of	thè	quadriceps	is	used	during	many	activities	that	incorporate	femoralon-tibial	kinematics,	such	as	ascending	a	high	step72	or	holding	a	partial	squat	position	while	participating	in	sports,	such	as	basketball	and	football.	486,
1987.	Severa	1	muscles	have	secondary	attachments	mto	thè	menisci.	The	semitendinosus—	as	well	as	all	biarticular	hamstrings—	functions	as	a	“transducer”	by	transferring	force	from	thè	contracting	vastus	muscles	to	thè	extending	hip.	The	menisci	are	shown	pulled	anteriorly	by	thè	contracting	quadriceps	muscle.	The	mediai	collateral	ligament
consists	of	anterior,	posterior,	and	transverse	fiber	bundles	(Fig.	233f,	233-234	in	wrist	flexion,	190-191	Flexor	digitorum	superficialis,	190,	190f,	214f—	2151,	214-215,	218,	218f	attachments	and	innervation	of,	246l	See	Index	582	(Conlinued)	Flexor	digitorum	superficialis	in	Finger	flexion,	233f,	233-234	in	wrist	flexion,	190-191	Flexor	hallucis	brevis
anatomy	and	function	of,	519,	519f	attachments	and	innervaiion	of,	574l	Flexor	hallucis	longus	anatomy	and	function	of,	512-514,	514f,	516	attachments	and	mnervation	of,	573t	maximal	torque	potenttal	of	at	ankle,	514,	516t	supination	potential	of,	514,	516	Flexor	pollicis	brevis,	224,	225f	attachments	and	mnervation	of,	246t	Flexor	pollicis	longus,
214f-215f,	216-217	attachments	and	innervation	of,	246t	radiai	deviation	of	wrist	by,	191,	191f	Flexor	pulley,	215f.	The	capsule	supports	thè	joint,	produces	synovial	fluid,	and	contains	sensory	nerve	endings.	1	4	-7	).	The	resulting	large	extensor	torque	amplifies	thè	magniiude	of	thè	knee	hyperextension	deformity.	Skyrme	AD,	Cahill	DJ,	Marsh	HP,	et
al:	Psoas	major	and	its	controversial	rotational	action.	This	motion	is	also	called	“axial”	rotation.	Ergonomics	30:1565-1588,	1987.	lntercondylar	notch	width	and	its	relation	to	thè	conftguration	and	cross-sectional	area	of	thè	anterior	cruciate	ligament	Ara	J	Sports	Med	125:69-72,	1997.	When	strongly	activated,	this	mass	of	muscle	can	protect	thè
cervical	viscera,	intervertebral	discs,	apophyseal	T	A	B	L	E	b	e	t	w	e	e	n	r	ig	h	t	a	x	ia	l	r	o	t	a	t	io	n	a	n	d	r	ig	h	t	la	t	e	r	a	l	f	le	x	io	n	(	s	e	e	e	y	e	s	c	a	n	b	e	m	o	r	e	p	r	e	c	i	s	e	l	y	m	a	in	t	a	in	e	d	w	it	h	in	t	h	è	h	o	r	i	z	o	n	t	a	l	p	ia	n	e	,	t	h	e	r	e	b	y	f	a	c	ilit	a	t	in	g	t	h	è	v	is	u	a	l	t	r	a	c	k	in	g	o	f	a	m	o	v	in	g	o	b	j	e	c	t	w	h	ile	r	o	t	a	t	in	g	t	h	è	h	e	a	d	.	Only	a
thin	sheet	of	bone	or	membrane	separates	thè	olecranon	fossa	from	thè	coronoid	fossa.	mediately	following	injury.	É	*t	S	P	E	C	I	A	L	F	O	C	U	S	1	0	-	8	Period	of	"Electrical	Silence"	of	thè	Erector	Spinse	Muscles	As	described,	flexing	thè	lumbar	spine	engages	thè	posterior	ligamentous	System	to	produce	a	passive	ex	tension	torque,	thereby	potentially
relieving	some	of	thè	force	demands	placed	on	thè	extensor	muscles.	Neumann	DA,	Cook	TM,	Sholty	RL,	Sobush	DC:	An	electromyographic	analysis	of	hip	abductor	muscle	activity	when	subjects	are	carrying	loads	in	one	or	both	hands.	B,	Femoral-on-tibial	perspective.	The	deformity	has	progressed	slowly	over	thè	last	20	years	as	thè	individuai
continued	to	walk	without	a	knee	brace.	Tracking	Within	thè	Patellofemoral	join	t.	This	thick	and	smooth	loadbearing	surface	is	lined	with	a	dense	layer	of	fìbrocartilage.	Phys	Ther	78:490501,	1998,	60.	Van	Eijden	TMGJ,	de	Boer	W,	Weijs	WA:	The	orientation	of	thè	distai	pari	of	thè	quadriceps	muscles	as	a	function	of	thè	knee	flexion-extension	angle.
This	set	of	tissues	is	often	referred	to	as	thè	arcuate	complex.	Knee	flexed	20°	E.	Clin	Orthop	92:6-15,	1973	75.	Because	thè	abdominal	muscles	flex	thè	lum	Lifting	with	an	accentuated	lumbar	lordosis,	however,	is	not	bar	spine,	their	strong	activation	requires	increased	counteralways	practical	or	even	desirable.	1	3	-2	0	A	).	B.	t	The	dislocation	is
expressed	as	a	percentage	of	thè	total	injuries	by	gender.	1	S	t	im	u	la	t	io	n	fr	o	m	s	t	r	e	t	c	h	r	e	c	e	p	t	o	r	s	in	a	n	in	ju	r	e	d	b	u	t	in	t	a	c	t	A	C	L	m	a	y	Three	Common	Mechanisms	of	Injury	to	thè	PCL	1.	The	position	of	thè	grooves	highlights	thè	asymmetry	in	thè	shape	of	thè	mediai	and	lateral	articu	lar	surfaces	of	thè	femur.	Anterior	view	of	thè
right	elbow	disarticulated	to	expose	thè	humeroulnar	and	humeroradial	joints.	J	Orthop	Sports	Phys	Ther	25:49-56,	1997.	A	restricuon	at	one	joint	limits	motion	at	thè	other.	27.	35.	FIGURE	6	-	2	4	.	This	stability	may	be	especially	useful	when	handling	large	loads	in	an	asymmetrical	fashion.	is	a	distai	extension	of	thè	interosseous	membrane.	Molare
Grind	food	into	small	panicles	for	swallowing	Maxillary,	6	Mandibular,	6	Crown	has	four	or	fìve	cusps.	Ligaments	pulled	taut	in	extension	FIGURE	13-20.	Clavicle;	Humerus;	Rib;	Scapula;	Stemum	abduction	of	acromioclavicular	joint	interaction	during,	116-117,	118f,	119t	scapulohumeral	rhyihm	in,	116,	117f	scapulothoracic	upward	rotation	in,
124127,	125b,	125f,	126f	stemoclavicular	joint	interaction	during,	116-117,	118f,	119t	adduction	and	extension	of,	129-130,	130f,	131b	arthology	of,	98-1	1	7	chronic	impingemem	syndrome	at,	114b,	114f,	127	definition	of,	93,	94f	in	anatomie	posiiion,	95f	internai	and	exlemal	rotation	of,	131-132	See	ako	132f	isometric	torque	at,	of	(lexors	and
abductors,	125t	joints	of,	innervation	of,	117,	119,	119f	motion	of,	in	gait,	543-544	muscles	of,	93	action	of,	119-120	attachments	of,	243t-244t	in	triceps	paralysis,	165,	165f	innervation	of,	117,	119,	1191,	243t-244t	osteology	of,	9	3	-9	8	,	94f-99f	sensory	innervation	of,	119	Sitting	posture	effect	on	alignment	of	lumbar	and	craniocervicai	regions,	301-
302,	3021	hermated	disc	and,	297b	poor,	30	lb	Sit-up	exercise	abdominal	muscle	action	in,	331-333,	332f	3331	(Cimtinuecl)	593	Sil-up	exercise	diagonal,	3261	trunk	muscles	active	in,	331	f,	331-333,	3321	Sliding	filament	hypothesis,	of	active	force	gener	ation,	4	6	-4	7	Slipped	capitai	femoral	epiphysis,	432	“Snuflbox,”	anatomie,	of	thumb,	221,	223f
Soleus	anatomy	and	function	of,	512,	513f,	514,	5151	attachments	and	innervation	of,	574t	in	gait,	5491,	550	in	stabilizing	knee	in	extension,	515b,	5151	maximal	torque	potential	of	at	ankle,	514,	516t	paralysis	of,	517-518,	518t	Sphenoid	bone,	355,	355b,	3551	Sphenomandibular	ligament,	of	temporomandibular	joint,	358,	3581	Spinai	accessory
nerve,	paralysis	of	upper	trape	zius	and,	120b	Spinai	cord	cross	section	of,	2541	in	cauda	equina,	270b,	2701	injury	of,	paradoxical	breathing	after,	374b	Spinai	coupling,	273b	Spinai	nerve(s),	312	cervical	nerve	roots	of,	254f	dorsal	rami	of.	Acla	Radiol	Diagn	27:443-447,	1986.	Momentum	directed	in	thè	frontal	piane	can	create	lateral	flexion
whiplash,	which	also	damages	tissue.	Rheumaioid	arthritis.	59.	This	mechanism	of	injury	is	part	of	thè	classic	“clip”	in	American	football.	1	}	Illustration	continued	on	opposite	page	Chapter	6	155	Elbow	and	Forearm	Compìex	Area	of	concentrated	Brachial	Plexus	Lateral	cord	Mediai	cord	Sensorv	Distribution	C	MEDIAN	NERVE	co'	ML	axis	tu	IC	CU
co	Obliquus	capitis	superior	—t	Q	>	Rectus	capitis	posterior	Rectus	capitis	posterior	minor	Rectus	capitis	lateralis	Stylohyoid	Rectus	capitis	anterior	Longus	capitis	Flexor	and	right	lateral	flexor	Flexor	and	left	lateral	flexor	Anterior	FIGURE	10-24.	Metatarsophalangeal	joint(s).	10.	Note	thè	prominent	ulnar	head	and	nearby	styloid	process	of	thè	ulna.
This	ligament	lends	structural	support	to	thè	capsule	of	thè	proximal	radioulr	joint.	A	posterior	view	depicts	thè	lines-of-force	of	muscles	that	exert	exclusive	control	of	thè	atlanto-occipital	and	atlantoaxial	joints.	Subject	showing	marked	genu	recurvatum	of	thè	left	knee	secondary	to	polio.	Pare	EB,	Stem	JT,	Schwartz	JM:	Functional	differentiation
within	thè	tensor	fasciae	latae.	1	4	-	1	4	).	Note	thè	activity	depicted	in	thè	infraspinatus	and	pronator	quadratus	muscles.	Nordin	M,	Kahanovhz	N,	Verderame	R,	et	al:	Normal	trunk	muscle	strength	and	endurance	in	women	and	thè	effect	of	exercises	and	electrical	stimulation.	Ogata	K,	Yasunaga	M,	Nomiyama	H:	The	effecl	of	wedged	insoles	on	thè
thrust	of	osteoarthritic	knees.	The	sloping	sides	of	thè	groove	form	lateral	and	mediai	jacets.	The	tendons	of	thè	sarto	rius	and	gracilis	are	cut	to	better	expose	thè	anterior	and	posterior	parts	of	thè	mediai	collateral	ligament.	63	A	v	e	r	-	a	g	e	d	o	v	e	r	f	u	ll	r	a	n	g	e	o	f	m	o	tio	n	,	t	h	è	in	t	e	r	n	a	i	m	o	m	e	n	t	a	r	m	o	f	a	p	a	t	e	lle	c	t	o	m	iz	e	d	k	n	e	e	w
a	s	r	e	d	u	c	e	d	f	r	o	m	4.7	c	m	to	3.8	c	m	.	The	biceps	brachii	muscle	attaches	to	thè	radius	at	thè	bicipital	tuberosity,	a	roughened	region	located	at	thè	anterior-medial	edge	of	thè	proximal	radius.	Tibial-on-femoral	extension	IN	T	E	R	N	A	L	A	N	D	THE	KNEE	E	X	T	E	R	N	A	L	(A	X	IA	L	)	R	O	T	A	T	IO	N	OF	As	described	earlier,	thè	knee	must	be
partially	flexed	to	allow	independent	horizontal	piane	rotation	between	thè	tibia	and	femur.	Huberti	HH,	Hayes	WC:	Patellofemoral	contaci	pressures.	In	contrast,	activities	such	as	walking	or	jogging	use	biarticular	muscles	so	that	forces	are	developed	more	slowly	and	in	a	repetitive	or	cyclic	fashion.	Knee.	Biomechanical	variables	related	to	maximal-
effori	knee	extension	torque.	This	function	is	used	for	many	important	activities,	such	as	feeding,	reaching,	and	throwing,	and	personal	hygiene.	The	mediai	meniscus	has	an	ovai	or	C	shape,	with	its	extemal	border	attaching	io	thè	deep	surface	of	thè	mediai	collateral	ligament	and	adjacent	capsule;	thè	lateral	meniscus	has	a	circular	or	0	shape,	with
its	extemai	The	mediai	and	lateral	tibiofemoral	joint	consists	of	thè	articulations	between	thè	large,	convex	femoral	condyles	and	thè	nearly	fiat	and	smaller	tibial	condyles.	Hip	flcxion	and	knce	extension	FIGURE	13-37.	D	e	p	e	n	d	in	g	o	n	t	h	è	a	m	o	u	n	t	o	f	c	a	r	t	ila	g	e	w	e	a	r	a	n	d	a	s	s	o	c	ia	t	e	d	in	f	la	m	m	a	t	io	n	,	c	h	o	n	d	r	o	m	a	la	c	ia	c	a	n	b	e
v	e	r	y	p	a	in	fu	l.	many	of	which	cross	thè	hip	and	knee.	A,	Typical	healthy	forearm	showing	range	of	motion-	0	to	85	degrees	of	elbow	7	1	0	0	d	t0	f	degreeS,°f	P™natlon/	h	e	0-degree	neutral	position	is	shown	with	the	fhumb	point.ng	straight	up.	t	e	n	s	h	o	w	c	o	n	s	id	e	r	a	b	le	d	if	f	ic	u	lt	y	c	o	m	p	le	t	in	g	t	h	è	fu	ll	r	a	n	g	e	o	f	t	ib	ia	l-	o	n	-	f	e	m	o	r	a
l	e	x	t	e	n	s	io	n	o	f	t	h	è	k	n	e	e	,	c	o	m	m	o	n	ly	d	is	p	la	y	e	d	w	h	ile	s	it	t	in	g	.	Macintosh	JE,	Bogduk	N,	Gracovetsky	S:	The	biomechanics	of	dar	22.	Abnormal	Alignment	of	thè	Knee	FROIMTAL	PLANE	FIGURE	13-38.	Although	thè	spatial	orientation	o	f	thè	ACL	provides	a	wide	range	o	f	stabifity,	il	also	predisposes	thè	person	to	ligament	injury.	Am
Ind	Hyg	Assoc	J	34:513525,	1973.	Genu	Varum	with	Unicompartmental	Osteoarthritis	of	thè	Knee	In	thè	normally	aligned	knee,	joint	reaction	forces	during	standing	pass	almost	equally	through	thè	lateral	and	mediai	knee	compartments	(Fig.	in	gait,	553-558,	555b	in	ankle	and	foot,	558,	559f-560f	in	hip,	555f-556f,	556-557	in	knee,	557f-559f,	557-
558	net,	definition	of,	555	Joints	of	Luschka,	264	Jugular	notch,	254,	257f	of	manubrium,	94,	94f	Juncturae	tendinae,	of	digitai	extensor	mechamsm,	220,	221f	See	See	See	also	K	Key	pinch,	muscular	biomechanics	of,	229,	229f	Kienbòck’s	disease,	176b	Kinemaiic	chain,	open	or	closed,	7	-8	Kinematics,	3	-1	1	definition	of,	3	units	of	measurement	in,	5t
variables	in,	5	Kinesiology,	definition	of,	3	Kinetics,	11-21	definition	of,	11	force	principle	in,	11-12	muscle	and	joint	interaction	in,	16-19,	17f,	18f	musculoskeletal	forces	in,	12f-l5f,	12-15	musculoskeletal	levers	in,	19f-20f,	19-21,	22f	musculoskeletal	torques	in,	15-16,	16f	Knee,	438-439,	440f-441f,	440t.	The	intermediate	region	of	thè	disc	is	concave
inferiorly	and	generally	fiat	superiori)’.	A,	A	person	is	shown	supporting	his	upper	body	weight	through	his	right	forearm,	which	is	in	full	supination	(i.e.,	thè	bones	of	thè	forearm	are	parallel).	Ulnar	nerve.	The	rectus	capitis	posterior	major—	one	of	thè	suboccipital	muscles—	is	shown	actively	extending	thè	upper	craniocervical	region.	Screw-home
rotation	has	been	kinematically	described	as	a	“conjunct	rotation.”120	This	type	of	rotation	is	mechanically	linked	to	thè	flexion	and	extension	kinematics	and	cannot	be	performed	independently.	The	increase	is	due	to	thè	combined	effect	of	muscle	activation	and	reaction	forces	produced	by	thè	ground	at	heel	contact.	Am	J	Sports	Med	14:218-224,
1986.	The	distai	end	of	thè	shaft	of	thè	humerus	terminates	medially	as	thè	trochlea	and	thè	mediai	epicondyle,	and	laterally	133	134	Seciion	II	Upper	Extremitv	Directly	lateral	to	thè	trochlea	is	thè	rounded	capitulum	The	capitulum	forms	nearly	one	half	of	a	sphere.	On	thè	lateral	side	is	thè	fibular	notch,	a	triangular	concavity	that	accepts	thè	distai
end	of	thè	fibula	at	thè	distai	tibiofibular	joint	(see	Fig.	1	3	-1	3	).	S	a	r	t	o	r	iu	s	M	e	d	ia	i	c	o	lla	te	ra	l	lig	a	m	e	n	t	(a	tta	c	h	in	g	to	m	e	d	ia	i	m	e	n	is	c	u	s	)	L	a	te	ra	l	c	o	lla	te	r	a	l	lig	a	m	e	n	t	S	e	m	im	e	m	b	r	a	n	o	s	u	s	A	rc	u	a	t	e	p	o	p	lite	a	l	lig	a	m	e	n	t	O	b	liq	u	e	p	o	p	lite	a	l	lig	a	m	e	n	t	P	o	s	t	e	r	io	r	t	ib	io	f	ib	u	la	r	lig	a	m	e	n	t	F	a	s	c	ia	i	e	x	te
n	s	io	n	o	f	s	e	m	im	e	m	b	r	a	n	o	s	u	s	M	ediai	view	Q	u	a	d	r	ic	e	p	s	te	n	d	o	n	S	e	m	im	e	m	b	r	a	n	o	s	u	s	M	e	d	ia	i	p	a	te	lla	r	P	o	s	t	e	r	io	r	—i	I—	M	e	d	ia	i	A	n	t	e	r	io	r	—	C	0	||ate	ra	l	re	t	in	a	c	u	la	r	fib	e	r	s	lig	a	m	e	n	t	P	a	te	lla	r	lig	a	m	e	n	t	P	es	a	n	s	e	r	in	u	s	|—	S	a	r	t	o	r	iu	s	(	c	u	t	)	—	|	V	C	te	n	d	o	n	sH	G	r	a	c	ilis	(cu	t)	-	S	e	m	it	e	n	d	in	o	s	u
s	FIGURE	13-11.	1	3	-2	1	A	and	B).	Persons	with	hip	or	knee	arthritis	may	be	unable	to	effectively	use	thè	muscles	in	thè	legs	to	assist	thè	back	muscles.	Compression	force,	distraction,	at	apophyseal	joints,	272t	dynamic	analysis	of,	82b,	82f—85f,	8	2	-8	5	in	Newton’s	laws	of	motion,	57	isometric,	development	of	torque-joint	angle	curve	and,	4	7	-5	0
joint	reaction.	Slightly	thicker	than	thè	ACL,	thè	PCL	attaches	from	thè	posterior	intercondylar	area	of	thè	tibia	to	thè	lateral	side	of	thè	mediai	femoral	condyle	(see	Figs.	This	set	of	articulations	allows	thè	palm	of	thè	hand	to	be	turned	up	(supinated)	or	down	(pronated),	without	requiring	motion	of	thè	shoulder.	The	greater	leverage	in	creases	thè
abduction	torque	produced	per	unit	of	hip	abductor	muscle	force.	The	figures	across	thè	bottoni	of	thè	graph	depict	thè	progressive	loss	of	reach	indicateci	by	thè	increased	semicircle	area,	as	thè	flexion	contracture	becomes	more	severe.	Am	J	Sports	Med	28:336-44,	2000.	T	h	o	s	e	w	h	o	h	a	v	e	n	o	h	is	t	o	r	y	o	f	t	r	a	u	m	a	c	a	n	a	ls	o	e	x	p	e	r	ie	n	c	e
jo	in	t	p	a	in	.	1	0	-	2	4	).	Am	J	Sports	Med	10:329-335,	1982.	Snyder-Mackler	L,	Delitto	A,	Bailey	SL,	et	al:	Strength	of	thè	quadriceps	femoris	muscle	and	functional	recovery	after	reconstruction	of	thè	antenor	cruciate	ligament.	L2	must	produce	an	upward	reac	tion	force	(labeled	RF)	that	opposes	EL,	BW,	and	MF.	In	n	er	v	a	tio	n	:	m	ediai	piantar
nerve	Append'ix	IV	LAYER	4	Dorsal	Interossei	P	r	o	x	im	a	l	A	tta	c	h	m	e	n	ts	F	irs	t:	a	d	ja	c	e	n	t	s	id	e	s	o	f	th	è	firs	t	a	n	d	s	e	c	o	n	d	m	e	ta	ta	rs	a	l	S	e	c	o	n	d	i	a	d	ja	c	e	n	t	s	id	e	s	o	f	th	è	s	e	c	o	n	d	a	n	d	t	h	ir	d	m	e	ta	ta	rs	a	l	T	h	ir	d	:	a	d	ja	c	e	n	t	s	id	e	s	o	f	thè	t	h	ir	d	a	n	d	fo	u	rth	m	e	ta	ta	rs	a	l	F	o	u	r	th	:	a	d	ja	c	e	n	t	s	id	e	s	o	f	th	è	fo	u	rth	a	n
d	fift	h	m	e	ta	ta	rs	a	l	D	istai	A	t	t	a	c	h	m	e	n	t	s	*	F	irs	t:	m	e	d	ia	i	s	id	e	o	f	th	è	b	a	se	o	f	th	è	p	r	o	x	im	a	l	p	h	a	la	n	x	o	f	thè	s	e	c	o	n	d	toe	S	e	c	o	n	d	:	la	te	ra	l	s	id	e	o	f	th	è	ba	se	o	f	th	è	p	r	o	x	im	a	l	p	h	a	la	n	x	Piantar	Interossei	P	r	o	x	im	a	l	A	tta	c	h	m	en	ts	F	irs	t:	m	e	d	ia	i	s	id	e	o	f	th	è	t	h	ir	d	m	e	ta	ta	rs	a	l	S	e	c	o	n	d	:	m	e	d	ia	i	s	id	e	o	f	th	è
fo	u	rth	m	e	ta	ta	rs	a	l	T	h	ir	d	:	m	e	d	ia	i	s	id	e	o	f	th	è	fifth	m	e	ta	ta	rsa	l	D	is	ta	i	A	t	t	a	c	h	m	e	n	t	s	*	F	irs	t:	m	e	d	ia	i	s	id	e	o	f	thè	p	r	o	x	im	a	l	p	h	a	la	n	x	o	f	th	è	t	h	ir	d	toe	S	e	c	o	n	d	:	m	e	d	ia	i	s	id	e	o	f	th	è	p	r	o	x	im	a	l	p	h	a	la	n	x	o	f	th	è	fo	u	r	t	h	toe	T	h	ir	d	:	m	e	d	ia	i	s	id	e	o	f	th	è	p	r	o	x	im	a	l	p	h	a	la	n	x	o	f	th	è	fift	h	to	e	In	n	e	r	v	a	tio	n	:
la	te	ra	l	p	ia	n	t	a	r	n	e	rv	e	o	f	th	è	s	e	c	o	n	d	toe	T	h	ir	d	:	la	te	ra	l	s	id	e	o	f	th	è	ba	se	o	f	th	è	p	r	o	x	im	a	l	p	h	a	la	n	x	o	f	th	è	t	h	ir	d	toe	F	o	u	r	th	:	la	te	ra	l	s	id	e	o	f	th	è	base	o	f	th	è	p	r	o	x	im	a	l	p	h	a	la	n	x	o	f	th	è	fo	u	rth	toe	Inner\'ation:	la	te	ra	l	p	ia	n	t	a	r	n	e	rv	e	575	•Auaches	mto	[he	dorsal	digitai	expansion	of	thè	toes.	Buff	HU,	Jones	LC,
Hungerford	DS:	Experimental	determmation	of	forces	transmitted	through	thè	patello-femoral	joint.	510	pronation	of	subtalar	joint	in,	4	9	9	501,	500f,	500t,	501b	late,	action	of	joints	in,	506,	506f,	507t	mid	to	late	action	of	peroneus	longus	and	brevis	in,	511	supmation	of	subtalar	joint	in,	501502,	502f	piantar	flexion	muscle	action	in,	514	talocrural
joint	stabilization	in,	488f,	488-489	terminology	of,	531f,	531t,	531-532	swing	definition	of,	529,	530f	pretibial	muscle	action	in,	510	terminology	of,	531f,	531t,	531-532	temporal	values	for,	528-529,	529t	terminology	of,	527f-532f,	527-532	spanai	descriptors	in,	527f,	527-528,	528b	temporal	descriptors	in,	528,	528b	walking	speed	and,	528-531,	529f,
529t	Gait	apraxia,	563	Gait	cycle,	527f-529f,	527-529,	528b,	529t	double-limb	and	single-limb	support	in,	529f530f,	530-531	events	and	periods	in,	532	stance	and	swing	phases	in,	520f-532f,	529b,	529-532,	531t	terminology	of,	531	f,	531t,	531-532	Gastrocnemius	anatomy	and	function	of,	512,	512f,	513f,	514	at	knee,	454l	attachments	and	innervation
of,	573t	in	gait,	549f,	550	in	standing	on	tiptoe,	512,	512f,	517b,	517f	maximal	torque	potential	of	at	ankle,	514,	516t	paralysis	of,	517-518,	518t	Gemellus	inferior	anatomy	and	action	of,	423f,	426	attachments	and	innervation	of,	572t	Gemellus	superior	anatomy	and	action	of,	423f,	426	attachments	and	innervation	of,	572t	Geniohyoid,	attachments
and	innervation	of,	383t	Genu	recurvatum,	471,	472b-473b,	473f	Genu	valgum	excessive,	471,	47	lf,	472f	factors	increasing,	462	normal	and	excessive,	438,	439f	Genu	varum,	438,	439f	in	wind-swept	deformity,	472f	(Continued)	Genu	varum	management	of,	471	with	unicompartmental	osteoarthrilis,	470f,	471	Ginglymus,	elbow	as,	137	Glenohumeral
joint,	98,	106-116	abduction	of,	116-117,	118f,	119t	arm	elevation	in,	123-124,	124f,	125t	in	chronic	impingement	syndrome	at	shoulder,	114b,	114f	in	frontal	piane	vs.	The	stability	in	thè	region	is	augmented	by	other	longer	muscles,	including	thè	scalenes,	stemocleidomastoid,	levator	scapula,	semispinalis	capitis	and	cervicis,	and	trapezius.	She	has
partial	paralysis	of	thè	left	quadriceps	and	hip	flexors,	but	com	plete	paralysis	of	thè	left	knee	flexors.	Third,	reduce	thè	length	o	f	thè	external	moment	arm	of	Four	Ways	to	Reduce	thè	Amount	of	Force	Required	of	thè	Back	Extensor	Muscles	While	L	iftin	g	die	external	load.	Vulnerability	is	due,	in	part,	to	thè	large	mass	moment	of	inertia	of	thè
relatively	heavy	head.	Griffin	JW,	Tooms	RE,	Vander	Zwaag	R,	et	al:	Eccentric	muscle	per	formance	of	elbow	and	knee	muscle	groups	in	untrained	men	and	women.	Hipand-knee	extension	propels	thè	body	forward	or	upward.	back	moments	during	lifting,	J	Biomech	18:877-885/l985.	To	accomplish	this,	forearm	pronation	and	supination	are	tested	with
thè	elbow	held	flexed	to	90	degrees	with	thè	mediai	epicondyle	of	thè	humerus	pressed	against	thè	side	of	thè	body.	123	Wood	L,	Ferrell	WR,	Baxendale	RH	Pressures	in	normal	and	acutely	distended	human	knee	joints	and	effects	on	quadriceps	maximal	voluntary	conlractions.	Clin	Orthot	213:13-19,	1986.	The	anterior	aspect	of	thè	right	radius	and
ulna.	See	«Iso	Scaphoid,	osteologie	features	of,	479b,	480f-481f,	481	Neck	extension	of,	erector	spinae	muscle	action	in	319f,	320	in	axial	rotation	in	craniocervical	region,	340341,	342f	vertebrae	of,	osteologie	features	of,	262,	262f,	2631,	264,	264f,	266t,	267f	Nerve(s).	A	retrospective	review	of	thè	literature	suggests	that	thè	likelihood	of
gonarthrosis	(or	arthrosis)	of	thè	knee	increases	signifìcantly	following	injury	to	thè	anterior	cruciate	ligament.35	A.	C	11	h	a	p	t	e	r	Kinesiology	Mastication	and	Ventilation	Donald	A.	See	also	Carpometacarpal	joinl(s);	Metacarpophalangeal	joint(s)	arches	of,	196-197,	200f	arthrology	of,	197-213	of	carpometacarpal	joint,	197-200,	201	f—	203f	of
thurnb,	200-207,	202f-207f	of	interphalangeal	joint,	211-213	of	metacarpophalangeal	joint,	207-211,	208f-212f	articulations	common	to	each	ray	of,	195b	as	effector	organ,	234-240,	235f-236f	bonesof,	195-197,	198f-200f	terminology	of,	194-195,	195b,	197f	closing	of,	muscles	and	joints	used	in,	188f189f,	188-189,	233f,	233-234	extemal	anatomy	of,
195,	197f	function	of,	234b	and	brain	cortex,	194,	1961	and	eyes,	194,	195f	immobilization	of,	211,	21	lf	movements	of,	198,	200,	201	f,	203f	terminology	of,	197,	2	0	lf	584	Index	(Continued)	Hand	muscles	of,	214,	214t	extrinsic,	214f-222f,	214-223	attachments	of,	245i-246t	innervation	of,	152-156,	155f-156f,	213,	245t-246t	intrinsic,	224-228,	225i,
227f-228f	anachmenis	of,	246t-247t	m	grasp	action,	233.	1	4	-	5	).	The	valgus	position,	however,	may	increase	thè	functional	length	of	thè	hip	abductor	muscles,	thus	their	force	generating	capability	may	increase.	As	estimated,	lift	ing	a	heavy	load	using	ideal	technique	produced	a	compres	sion	force	on	thè	lumbar	region	that	remained	dose	to	thè	ip
p	er	lim	its	o	f	safety	p	r	o	p	o	s	e	d	b	y	NIOSH.	van	Dieen	JH,	Hoozcmans	MJM,	Toussaint	HM:	Stoop	or	squat:	A	review	of	biomechanical	studies	on	lifting	technique.	Pari	1:	Phystcal	model.	Capsule	and	Related	Structures	The	fibrous	capsule	of	thè	knee	encloses	thè	mediai	and	lateral	tibiofemoral	joints	and	thè	patellofemoral	joint.	FIGURE	13-36.
Phys	Ther	72:	700-705.	6	-	1	1	)	.	Spine	18:812-824,	1993.	1	3	28B)	both	peak	at	about	45	degrees	of	flexion.	Over	thè	years,	this	tilted	position	of	thè	tibia	hyperextended	thè	knee	and	overstretched	thè	posterior	structures	of	thè	knee.	Contraction	of	these	muscles,	therefore,	pulls	thè	radius	proximally	against	thè	humeroradial	joint.44	An	additional
function	of	thè	interosseous	membrane,	therefore,	is	to	I	Force	Transmission	Through	thè	Interosseous	Membrane	o	f	thè	Forearm	Most	of	thè	fibers	ol	thè	interosseous	membrane	of	thè	fore	arm	are	directed	away	from	thè	radius	in	an	oblique	mediai	and	distai	direction	(Fig.	Neumann	,	PT,	Ph	D	TOPICS	OSTEOLOGY,	478	Basic	Terms	and	Concepts,
478	Individuai	Bones,	478	Fibula,	478	D	ista	i	T	ib	ia	,	479	T	a	rs	a	l	B	one	s,	479	Rays	o	f	th	è	Foot,	480	ARTHROLOGY,	482	Terminology	for	Motions	and	Positions,	482	Axes	of	Rotation,	483	Structure	and	Function	of	Joints	Associated	with	thè	Ankle,	483	T	ib	io	fib	u	la	r	J	o	in	ts	,	483	Proximal	Tibiofibular	Joint,	483	Distai	Tibiofibular	Joint,	483	A
rticular	Structure,	483	Ligaments,	483	T	a	lo	c	ru	ra	l	J	o	in	t,	484	Articular	Structure,	484	Ligaments,	484	Kinematics,	486	Structure	and	Function	of	thè	Joints	Associated	with	thè	Foot,	489	S	u	b	ta	la	r	J	o	in	t,	489	Articular	Structure,	489	Kinematics,	490	T	ra	n	s	v	e	rs	e	T	a	rs	a	l	J	o	in	t,	491	Articular	and	Ligamentous	Structure,	491	AT	A	G	LANCE
Talonavicular	Joint,	491	Calcaneocuboid	Joint,	492	Kinematics,	493	Mediai	Longitudinal	Arch	of	thè	Foot,	496	Anatomie	Considerations,	496	Functional	Considerations,	496	Abnormal	Shape	of	thè	Mediai	Longitudinal	Arch,	497	C	om	b	ined	A	c	tio	n	o	f	th	è	S	u	b	ta	la	r	and	T	ra	n	s	v	e	rs	e	T	a	rs	a	l	J	o	in	ts	,	498	Joint	Interactions	During	thè	Stance
Phase	of	Gait,	498	Early	Stance	Phase:	Pronation	at	thè	Subtalar	Joint,	499	Mid	to	Late	Stance	Phase:	Supination	at	thè	Subtalar	Joint,	501	D	istai	Intertarsal	Join	ts,	502	Basic	Structure	and	Function,	502	Cuneonavicular	Joints,	502	Cuboideonavicular	Joint,	502	Intercuneiform	and	Cuneocuboid	Joint	Complex,	502	T	a	rs	o	m	e	ta	ta	rs	a	l	J	o	in	ts	,	503
Anatomie	and	Kinematic	Considerations,	503	In	te	rm	e	ta	ta	rs	a	l	J	o	in	ts	,	504	Structure	and	Function,	504	INTRODUCTION	The	primary	function	of	thè	ankle	and	foot	is	to	absorb	shock	and	impari	thrust	to	thè	body	during	walking.	1	1	-	5	and	1	1	-	9	)	.	Newton	M,	I	how	M,	Somerville	D,	et	al:	Trunk	strength	testing	with	iso-machines.	The	firm
mechanical	link	between	thè	trochlea	and	trochlear	notch.	The	dorsiflexed	ankle	becomes	further	stabilized	as	thè	wider	anterior	part	of	thè	talus	wedges	into	thè	tibiofibular	component	of	thè	mortise	(Fig.	The	mediai	co		latemi	ligament	is	also	susceptible	to	injury	from	repeutivq	valgus	forces	in	non-weight-bearing	activities,	such	as	pitching	a
baseball	and	spiking	a	volleyball.2,5	In	severe	elbow	injuries,	thè	trochlear	notch	of	thè	ulni	may	dislocate	postenor	to	thè	trochlea	of	thè	humerus	(Fig	FIGURE	6	-	2	0	.	ADDITIONAL	READING	Baker	MM,	Juhn	MS:	Patellofemoral	pain	syndrome	in	thè	Temale	athlete.	In	thè	normal	knee,	thè	ACL	provides	about	85%	of	thè	total	passive	resistance	to
thè	anterior	translation	of	thè	tibia.11	An	anterior	laxity	of	8	mm	(1/3	in)	greater	than	thè	contralateral	knee	is	indicative	of	an	ACL	tear.	ZYGOMATIC	BONE	The	right	and	left	zygomatic	bones	constitute	thè	major	part	‘	‘h	e	c	h	eek	s	and	thè	lateral	orbits	o	f	thè	eyes	(see	Fig.	550	Foramen	(foramina)	intervertebral	effeets	of	flexion	and	extension	on,
283b	283f	in	lumbar	extension,	297	in	lumbar	flexion,	295-296	sacrai,	269,	2711	sctatic,	greater,	391,	392f	transverse,	262,	262f	See	also	See	also	also	See	also	See	also	See	also	Foramen	magnum,	253,	253f	Force(s).	Muscle	action	may	help	compensate	for	a	weak	or	lax	mediai	collat	eral	ligament.	A,	The	ulnar	head	has	been	pulled	away	from	che
concaviiy	formed	n	t	n	f^	|	mMSUrr	°	frlhn	artlCUf	^	SC	and,lhe	Ulnar	notch	of	the	radius-	B’	The	dlslal	forearm	has	been	tilted	slightly	io	expose	an	ndL	Hi,	r	1	u	^	and	]t\	c0™ecl10™	*	e	palmar	capsular	ligament	of	the	disiai	radioulnar	joint.	Table	1	4	-	1	provides	a	summary	of	thè	organization	of	thè	bones	and	joints	of	thè	ankle	and	foot.	As	shown
in	Step	1,	thè	back	extensor	muscles	produce	an	internai	torque	of	125.6	Nm	to	support	thè	combined	extemal	torque	of	thè	load	and	body	weight.	Hyperflexion	of	thè	knee	2.	lumbar	spine	associated	with	low	back	pain:	A	motor	control	evaluation	on	thè	lum	bar	intervertebral	discs.	In	a	healthy	person,	increased	com	pression	on	thè	lumbar	spine,
especially	when	produced	through	co-contraction	of	thè	surrounding	muscles,	provides	an	effective	source	of	vertical	stability	to	thè	region.	Because	of	thè	tight	structural	fu	of	thè	humeroulnar	joint,	rotation	of	thè	humerus	is	transferred,	almost	degree	for	degree,	to	thè	rotating	ulna.	Osteologie	Features	of	thè	Mid-to-Distal	Humcrus	•	Trochlea
including	groove	and	mediai	and	lateral	lips	•	Coronoid	fossa	•	Capitulum	•	Radiai	fossa	•	Mediai	and	lateral	epicondyles	•	Mediai	and	lateral	supracondylar	ridges	•	Olecranon	fossa	FIGURE	6	-2	.	56li	funclional	anaiomy	of,	448,	449f,	450f	450t,	451,	452f	injury	of,	449,	450t,	451	anterior	drawer	test	for,	451,	452f	consequences	of,	449,	453b
reconstruction	of,	quadriceps	strengthening	in,	453b	posterior	accessory	components	of,	451	forces	applied	to,	in	gait,	561t	functional	anatomy	of,	443f,	444f	450f	451	injury	of	mechanisms	of,	450t,	451,	453,	453b	posterior	drawer	test	of,	451,	452f	reconstruction	of,	449	deltoid,	479f,	485f,	492	of	subtalar	joint,	481f,	489	of	talocrural	joint,	484-485,
485f,	486t	dorsal	calcaneocuboid,	485f,	492	dorsal	intercarpal,	of	wrist,	179	dorsal	talonavicular,	485f,	492	doublé	V	System	of,	in	wrist,	in	ulnar	and	radiai	deviation,	183-184,	184b,	184f	Index	(Continued)	Ligament(s)	fibrous	organization	of,	34,	341	forces	applied	to,	in	gait,	558-559,	561	1	glenohumeral	capsular,	108-109,	1091-	110C	interior,	108-
109,	109t,	1101	middle,	108,	I09t,	1101	superior,	108,	109t,	1101	hip	capsular	hip	motion	limited	by,	402t	in	close-packed	position	ol	hip,	402,	4031	iliofemoral,	399-401,	401	f,	402t	in	paraplegia,	401,	4021	iliolumbar,	in	lumbar	spine,	293	interchondral,	370	inlerdavicular,	lOOf,	101	intermediate,	ol	wrìsl,	179	mterosseous,	305,	3051,	4791	of	distai
tibiofibular	joint,	483-484,	4841	sacroiliac	joint	stability	and,	307f,	308	interosseous	(talocalcaneal),	of	subtalar	joint,	4841,	485f,	489	interspinous,	258,	2601,	260t	in	lifting	heavy	loads,	346t,	346-347	intertransverse,	258,	2601,	260t	intra-articular,	370	ischiofemoral,	399,	401	f,	401-402	lateral	(temporomandibular),	of	temporomandibular	joint,	358,
3581	link,	in	finger	extension,	232,	2321	long	(intrinsic),	of	wrist,	179	long	piantar,	485f,	492	longitudinal	anterior,	259,	2601,	260t	in	lumbar	spine,	293	posterior,	259,	2601,	261t	in	lifting	heavy	loads,	346t,	346-347	lunotriquetral,	of	wrist,	179	mentscofemoral,	4431,	4441,	451	posterior,	442,	443f,	4441	oblique	popliteal,	439,	440t,	441f,	448,	4491
oblique	reiinacular,	of	digitai	extensor	mechanism,	220,	222t,	232,	2321	of	acromioclavicular	joint,	103,	1031,	104,	1041	of	carpometacarpal	joints,	198,	202f	of	ihumb,	202,	202t,	2031-2041	of	knee	capsule,	4381,	438-439,	4401-4411,	440t	of	sacroiliac	joints,	304-305,	305b,	3051	of	temporomandibular	joint,	358,	3581	of	vertebral	column,	258-259,
260f-261f,	260t-261t	of	wrist,	176-179,	1	7	7	f-1791,	178l	palmar	carpai,	189	palmar	tntercarpal,	179	palmar	radiocarpal,	172,	1741	palmar	ulnocarpal,	148,	178,	179,	1791	patellar,	4381,	438-439,	4401-4411,	440t.	J	Shoulder	Elbow	Surg	5:269-279,	1996.	Lindsay	DM,	Maitland	ME,	Lowe	RC,	et	al:	Comparison	of	isokinetic	internai	and	extemal	hip
rotation	torques	using	different	testing	positions.	4	-5	,	5f.	Without	patella	458	Section	IV	Lower	Extremity	Tibial-on-FemoraJ	Extension	(A-C)	A.	Med	Eng	Phys	19:180-186,	1997.	Spine	20:1.895-1898,	1995.	Isokin	Exec	Sci	4	141-145,	1994.	In	a	n	o	t	h	e	r	s	t	u	d	y	,	t	h	è	p	e	a	k	k	n	e	e	e	x	t	e	n	s	o	r	-	t	o	-	f	le	x	o	r	t	o	r	q	u	e	r	a	t	io	s	w	e	r	e	m	e	a	s	u	r	e
d	a	t	t	h	r	e	e	d	if	f	e	r	e	n	t	is	o	k	in	e	t	ic	t	e	s	t	s	p	e	e	d	s	in	100	h	e	a	lt	h	y	s	u	b	j	e	c	t	s	.	The	Vaisalva	maneuver	in	extemal	load	that	wetghs	200	N	(45	Ib)	50	cm	in	from	describes	thè	action	of	voluntarily	increasing	intra-abdominal	°	f	thè	body	creates	about	4500	N	of	compression	force,	pressure	by	vigorous	contraction	of	thè	abdominal	muscles
greatly	exceeding	thè	upper	safe	limit	of	3400	N.	Clinically,	a	person	with	a	hyperextension	injury	often	shows	marked	tenderness	and	protective	spasm	in	thè	region	of	thè	longus	colli.	a	r	e	o	f	te	n	r	e	f	e	r	r	e	d	t	o	a	s	"	c	l	o	s	e	d	k	in	e	t	ic	c	h	a	i	n	"	e	x	e	r	c	is	e	s	.	393	Pubic	tubercle,	391f,	392	Pubis,	osteologie	features	of,	391f,	392b.	Note	that	thè
muscles	depicted	in	Figure	1	0	-3	5	A	are	anchored	inferiori*to	several	different	structures:	thè	stemum,	clavicle,	ribs	j	scapula,	and	vertebral	column.	When	considering	thè	pisiform	of	thè	wrist	as	a	sesamoid,	thè	carpus	and	tarsus	each	have	seven	bones.	C	a	lc	a	n	e	u	s	The	calcaneus,	thè	largest	of	thè	tarsal	bones,	is	well	suited	to	accept	thè	impact
of	heel	contact	during	walking.	Extending	betw	een	the	coron	oid	an	d	condylar	process	is	the	mandibular	notch.	The	space	between	thè	distai	ulna	and	thè	mediai	side	of	thè	carpus	allows	thè	carpai	bones	to	rotate	freely—	along	with	thè	radius—	without	interference	from	thè	distai	ulna.	Oblique	popliteal	ligament	resists	extemal	rotation	3.	Clin
Sports	Med	18:77-91,	1999.	On	either	side	of	this	ridge	are	lateral	and	mediai	facets.	This	sulcus	is	filled	with	thè	attachments	of	several	ligaments	that	bind	thè	subta	lar	joint.	Both	knees	have	a	loss	of	mediai	joint	space	and	hypertrophic	bone	around	thè	mediai	compartment.	Spine	21:2770-2776,	1996.	Am	J	Sporte	Med	25:823-829,	1997.	McNair
PJ,	Marshall	RN,	Magutre	K:	Swelltng	of	thè	knee	joint:	Effects	of	exercise	on	quadriceps	muscle.	Corrected	A.	The	thinnest	intermediate	region	is	only	1	mm	thick.25	The	anterior	and	posterior	regions,	however,	are	about	two	to	three	times	thicker.	Craniocervical	region	extension	of,	erector	spinae	muscle	action	in,	319f,	320	in	axial	rotation	of
craniocervical	spine,	3	4	0	341,	342f	motion	of,	279-284	osteologie	features	of,	253,	253f	posture	of	chronic	forward,	muscular	imbalance	with,	341b,	341f	muscles	active	in,	340,	341f	temporomandibular	joint	disorders	and,	366b,	366f	protraction	and	retraction	of,	282,	284f	Heel	contact,	527,	527f,	531,	531f,	531t	ground	reaction	forces	at,	554f	Heel
off,	531,	531f,	531t	abnormal,	539	Heel	pain,	gait	deviations	with,	562t	Heel	strike,	527,	527f	Hemiparesis,	gait	step	length	with,	528f	Henneman	size	principle,	51	Hip,	389-433	abduction	of,	405f,	406,	407f,	408f,	4	0	8	409.	Lateral	flexion	is	a	secondary	action.	The	anatomie	organization	of	this	membrane	is	thè	most	complex	and	extensive	in	thè
body.120	The	complexity	is	due	in	part	to	thè	convoluted	embryonic	development	of	thè	knee.71	The	knee	has	as	many	as	14	bursae,	which	form	at	intertissue	junctions	that	encounter	high	friction	during	movement.120	These	intertissue	junctions	involve	tendon,	lig	ament,	skm,	bone,	capsule,	and	muscle	(Tab)e	1	3	-2	).	The	tendon	of	thè	popliteus
passes	between	thè	lateral	collatera!	ligament	and	thè	extemal	border	of	thè	lateral	meniscus.	tncreased	stiffness	may	occur	in	thè	anterior	capsule	and	anterior	parts	of	thè	collateral	ligaments.	Severe	hyperextension	of	thè	knee	Posterior	capsule	1.	These	alterations	can	have	positive	and	negative	biomechanical	effects.	Two	contrasting	styles	of
lifting.	While	walking	and	running,	thè	foot	must	be	pliable	enough	to	absorb	thè	impact	of	millions	of	contacts	throughout	a	lifetime.	The	ulno	carpai	complex	is	the	primary	stabilizer	of	the	distai	radioul	nar	joint,	particularly	important	during	the	dynamics	of	pro	nation	and	supination.	Arthrokinematics	at	thè	Humeroulnar	Joint	The	humeroulnar
joint	is	thè	articulation	of	thè	concave	trochlear	notch	of	thè	ulna	around	thè	convex	trochlea	of	thè	humerus	(Fig.	1	2	-5	4	C	,	compare	1"	with	I').	This	muscle	contains	a	few	slips	of	muscle	fìbers	that	attach	proximally	to	thè	anterior	side	of	thè	distai	femur,	and	distally	into	thè	anterior	cap	sule.	79.	The	McGraw-Hill	Companies.)	Rectus	capitis
posterior	minor	Rectus	capitis	posterior	major	FIGURE	10-33.	1	4	-8	).	Horizontal	piane	rotations	that	occur	in	thè	hip,	for	example,	affect	thè	posture	of	thè	joints	as	far	distai	as	those	in	thè	foot.	Anterior	view	of	thè	right	forearm.	T	h	e	c	a	r	t	ila	g	e	b	e	c	o	m	e	s	s	o	ft,	p	itte	d	,	a	n	d	f	r	a	g	m	e	n	t	e	d	.	Sisk	TD:	Knee	injuries.	Baltimore,	Wil	liams	&
Wilkins,	1992.	Philadelphia,	WB	Saunders,	1972.)	FIGURE	1	0	-2	8	.	The	fascia	is	continuous	with	thè	thoracolumbar	fascia.	6	—2).	It	is	a	very	mobile	bone,	suspended	from	thè	cranium	bv	Chapter	11	Kinesiology	o	f	Mastication	and	Ventilation	353	L	a	t	e	r	a	l	view	Coronoid	process	(attachment	for	temporalis	muscle)	Pterygoid	fossa	(attachment	for
lateral	pterygoid	Temporalis	Temporalis	muscle	M	a	ndibu	lar	notch	-ygomaT/S	Occipital	bone	Mediai	pterygoid	muscle	M	andib	ular	con	dyle	yjonésg.	•	Parte/	body	o	r	-	520	N.	It	is	not	possible	to	determine	with	certainty	which	variable	—	leverage	or	muscle	length	—	has	thè	greater	influence	on	thè	maximal	torque	production	of	thè	quadri	ceps.	In
this	case,	thè	humerus	and	ulna	rotate	relative	to	a	stationary,	or	fìxed,	radius	and	hand.	Ergonomics	33'	1455-1469,	1990.	The	static	model	ver)'	likely	underestimates	thè	actual	compressive	force	on	thè	L2	vertebra	for	thè	following	two	reasons.	The	articular	disc	(also	called	thè	tnangular	fìbrocartilage),	the	capsular	hgaments,	and	the	ulnar
collateral	ligament	are	collectively	referred	hv	“lnocarpal	con,plex-	See	text	for	further	descriptions.	The	rectus	capitis	laterale	Anterior	view	FIGURE	1	0	-3	0	.	indicates	no	effective	muscular	340	Section	III	Axial	Skeleton	Obliquus	capitis	superior	Rectus	capitis	lateralis	Rectus	capitis	anterior	Obliquus	capitis	interior	Rectus	capitis	posterior	minor
Rectus	capitis	posterior	major	Semispinalis	cervicis	Posterior	view	A	T	E	R	A	LF	A	X	IT	A	F	L	E	X	IO	NE	X	T	E	N	S	IO	NL	F	L	X	IO	N	L	E	X	IO	NE	X	T	E	N	S	IO	NR	O	T	A	IL	O	N	ATLANT0-0C	CIP1TAL	J0INT	MUSCLES	Rectus	capitis	anterior	Rectus	capitis	lateralis	ATLANTO-AXIAL	J0INT	*	XX	-	X	-	-	-	-	XX	Rectus	capitis	posterior	major	XXX	XX	Rectus
capitis	posterior	minor	XX	X	Obliquus	capitis	inferior	Obliquus	capitis	superior	than	thè	actual	weight	of	thè	head!66-67	A	coordinated	inter	action	of	muscles	generates	forces	that	are,	on	average,	directed	through	thè	axis	of	rotation	at	each	intervertebral	junction.	St.	Louis,	Mosby	Year	Book,	1992.	Posterior	view	o	f	thè	deep	structures	of	thè	tight
knee	after	all	muscles	and	thè	posterior	capsule	are	removed.	Musclefs),	knee	norma!,	joint	reaction	forces	in,	470,	470f	osteoarthritis	of,	chondromalacia	patellae	with	462b,	462f	osteology	of,	435-437	plicae	of,	439,	442t	quadriceps	strengthening	exercises	and,	4	5	6	457,	458f,	459f	range	of	motion	of,	443	restraints	on,	in	varus	and	valgus	forces,
448	449l	rotation	of.	Chapter	13	Knee	445	Horizontal	piane	rotation	Tibial-on-femoral	rotation	Femoral-on-tibial	rotation	Knee	external	rotation	Knee	internai	rotation	K	nee	flexed	30°	Anterior	Mediai	ial	H	Superior	view	h	Lateral	Posterior	FIGURE	13-15.	Am	J	Sports	Med	23:736-745,	1995.	Lateral	and	mediai	epicondyles	project	from	each	condyle,
providing	elevated	attachment	sites	for	thè	collateral	ligaments.	Most	fibers	limit	full	knee	extension	3.	Crenshaw	SJ,	Pollo	FE,	Calton	EF:	Effects	of	lateral-wedged	insoles	on	kmetics	at	thè	knee.	The	longus	colli	is	thè	only	muscle	that	attaches	in	its	entirety	to	thè	anterior	surface	of	thè	vertebral	column.	The	mas	sive	femoral	condyles	articulate	with
thè	nearly	fiat	surfaces	of	thè	tibia,	held	in	place	by	an	extensive	ligamentous	cap	sule	and	large	muscles.	1989.	Clin	Orthop	343:	144-150,	1997.	Reduce	thè	speed	of	lifting	:al	method	of	decreasing	compression	forces	on	thè	low	2.	This	motor	branch	supplies	thè	extensor	carpi	radialis	brevis	and	thè	supmator	muscle.	46.	(These	small	secondary
components	are	depicted	in	Fig.	lnstr	Course	Lect	49	4	0	7	413,	2000.	This	phenomenon	is	associated	with	an	increase	in	intra-abdominal	pressure.	J	Biomech	33:	871-879,	2000.	Note	thè	attachments	in	red	of	thè	two	heads	of	thè	lateral	pterygoid	muscle.	64.	strength.	Other	structures,	such	as	thè	oblique	cord,	thè	annular	ligament,	and	thè
brachioradialis,	must	assist	with	thè	support	of	thè	load.	1	3	-3	4	B	),	thè	muscles	produce	their	great	est	knee	flexor	torque	when	fully	elongated.	This	sensory	supply	especially	rich	and	concentrated	about	thè	distai	ends	of	1	index	and	middle	fìngers.	1	0	-2	9	).	The	primary	function	of	thè	suboccipital	muscles	is	to	provide	fine	control	of	movement	at
thè	atlanto-occipital	and	atlanto-axial	joints.	70'93'	96'	27	By	a	strong	intracapsular	tendon,	die	popliteus	attaches	proximally	to	thè	lateral	condyle	of	thè	femur,	between	thè	lateral	collateral	ligament	and	thè	lateral	meniscus	(see	Fig.	Chapter	14	Ankle	and	Foot	487	Talocrural	joint	FIGURE	14-16.	See	also	Head	osteologie	features	of,	253,	253f
Creep,	in	ttssues,	13,	15f	Cross-bridges	in	active	force	generation,	46	of	myofilaments,	45,	46f,	47f	Crown,	of	teeth,	355,	356f	Crus,	of	diaphragm,	372	Cubitus	valgus,	of	elbow,	138,	138f	Cubitus	varus,	of	elbow,	138,	138f	Cuboid	bone,	4801-48	lf,	481	Cuboideonavicular	joint,	4931,	502b,	502-503	5031	Cuneiform	bones,	479b,	4801-4811,	481
Cuneocuboid	joint	complex,	4931,	502b,	50	2	503,	503f	Cuneonavicular	joint,	4931,	502b,	502-503	503f	Cusp,	of	teeth,	355,	356f	Dot	sai	hood,	ol	digitai	extensor	mechantsm,	220	2211-2231,	222l	Dorsal	interossei.	Osbome	GV,	Fahrni	WH:	Oblique	displacement	osteotomy	for	osteoarthritis	of	thè	hip	joint	J	Bone	Joint	Surg	32B:148-160,	1950.	Their
Functions	Reveatcd	by	Electromyography,	4th	ed.	Lieb	FJ,	Perry	J:	Quadriceps	function.	Muscular	Function	at	thè	Knee	EXTENSOR	AN	D	F	L	E	X	O	R	-R	O	T	A	T	O	R	M	U	S	C	L	E	S	Muscles	of	thè	knee	are	described	here	as	two	groups:	thè	knee	extensors	(i.e.,	quadriceps)	and	thè	knee	flexorrotators.	The	shape	of	each	region	ows	thè	disc	to
accommodate	thè	contour	of	thè	condyle	d	thè	fossa.	The	full	expression	of	this	unloading	phenomenon	can	be	demonstrated	by	placing	surface	EMG	electrodes	over	thè	lumbar	erector	spinae	muscle	group.	This	point	is	obvious,	but	not	always	possible.	Vakos	JP,	Nitz	AJ,	Threlkeld	AJ,	et	al:	Electromyographic	activìty	of	selected	trunk	and	hip	muscles
during	a	squat	lift.	The	anterior	and	posterior	cruciate	[igaments.	The	zygomatic	process	of	thè	temporal	bone	forms	he	posterìor	half	of	thè	zygomatic	arch	(see	Fig.	1	0	-	1	7	),	thè	latissimus	dorsi	has	all	thè	attrìbutes	o	f	an	extensor	o	f	th	è	low	back.	Inman	NT:	Functional	aspects	of	thè	abductor	muscles	of	thè	hip.	1	0	-3	6	A	);	right	splenius	capitis
and	cervicis;	right	upper	erector	spinae,	such	as	thè	longissimus	capitis;	and	left	transversospinal	muscles,	such	as	thè	multifidi	(Fig.	In	this	way,	muscles	avoid	repetitive	cycles	of	storing	and	immediately	releasing	relatively	large	amounts	of	energy.	With	patella	FIGURE	13-26.	Observe	that	thè	vasti	extend	thè	knee,	which	then	stretches	thè	distai
end	of	thè	semitendinosus.	Figure	1	4	-1	7	A	shows	thè	calcaneofibular	ligament	becoming	taut	in	response	io	thè	posterior	sliding	tendency	of	thè	talocalcaneal	segment.	The	stretch	placed	on	thè	active	biarticular	muscles	reduces	thè	rate	and	amount	of	their	overall	contraction.	Clin	Orthop	72:205-215,	1970.	1	3	-	4	0	).	This	interdependence	is
considered	when	evaluating	functional	activities	that	require	combined	hip-and-knee	extension,	such	as	standing	from	a	chair.	346t	pubofemoral,	399,	401,	4011	quadrate,	146,	1461	radiate,	370	of	thoractc	spine,	285	radiocapitale,	178,	1791	radiocarpal,	dorsal	and	palmar,	178,	1781,	179f	radiolunale,	178,	1791	radioscapholunate,	178,	1791
(Continued)	Ugametu(s)	sacroiliac	anterior,	305,	3051	posterior,	305,	3051	sacrospinous,	305,	3051,	391,	392f	sacroluberous,	305,	305f,	391,	3921	sacroiliac	joint	stability	and,	3071,	308	scapholunate,	179,	185,	1851	scaphotrapezial,	179	short	(intrinsic),	of	wrist,	179	short	piantar,	492-493,	4931	sphenomandibular,	of	temporomandibular	joint,	358,
3581	spring,	4851,	492,	4931	stemoclavicular,	lOOf,	101	stylomandibular,	of	temporomandibular	joint,	358,	3581	supraspinous,	258,	260f,	260t	in	lifting	heavy	loads,	346t,	346-347	talofibular	anterior,	at	talocrural	joint,	485,	4851,	486t	posterior,	at	talocrural	joint,	485,	4861,	486t	tibiofibular	anterior,	4791	distai,	of	distai	tibiofibular	joint,	484,	484b,
4841	stabilizing	proximal	tibiofibular	joint,	483b	transverse,	440,	4431	inferior,	at	talocrural	jomt,	4841,	485	of	alias,	279,	280f	transverse	acetabular,	397	transverse	carpai,	1751,	176,	189,	190f	transverse	metacarpal,	deep,	of	metacarpophalangeal	joints,	208,	2081	transverse	metatarsal,	of	metatarsophalangeal	joints,	504,	5041	wrist,	177f,	177-179,
178t	extrinsic,	178t,	178-179,	1791	intrinsic,	1781-1791,	178t,	179	Ltgamentum	flavum,	258,	2601,	260t,	2611	in	exiension	and	flexion,	2611	in	lifting	heavy	loads,	346t,	346-347	Ligamentum	nuchae,	258,	2601,	260t,	2611	Ltgamentum	teres,	of	femoral	head,	396,	3991	Linea	aspera,	394,	3941	Ltne-of-force,	15,	17,	181	due	to	body	weight,	kyphosis
development	and,	288-290,	2911	Line-of-gravity,	15	in	standing	person,	and	curvature	of	spine,	257,	259f-260f	Load(s)	lumbar	extensor	muscles	active	in,	320,	3201	methods	of	carrying,	320	intervertebral	disc	pressure	and,	275,	2751	with	hip	disease,	429-431,	4301	Loadtng,	combined,	as	musculoskeletal	force,	121	Longissimus	capitis	attachments
and	tnnervation	of,	38	lt	in	trunk	movement,	329l	Longissimus	cervicis	attachments	and	tnnervation	of,	381	1	in	trunk	movement,	329t	Longissimus	muscles,	anatomy	and	acttons	of,	'3	1	8	l,	3191,	319-321,	327b,	329t	Longissimus	thoracis	attachments	and	innervation	of,	381	1	in	trunk	movement,	329t	Longitudinal	crest,	of	ulna,	135,	1361,	137f



Longus	capitis	anatomy	and	action	of,	336,	3361,	339b	attachmenis	and	innervation	of,	382l	whtplash	tnjury	and,	337b,	337f	Longus	colli	anatomy	and	action	of,	336,	3361,	339b	587	Longus	colli	(Continued)	attachments	and	innervation	ol,	382t	whiplash	injury	and,	337b,	3371	Lordosis,	256,	257,	2581	lumbar	anterior	and	posterior	pelvtc	tilt	and,
3001,	300-301,	3011,	414,	414f,	415f	anterior	spondylolisthesis	and,	294b	Low-back	pain,	300-301	causes	of,	296b	centralization	of,	300	flexion	and	extension	exercises	for,	302b	hemiatcd	discs	and,	296b	with	lifting,	342.	First,	thè	model	accounts	for	muscle	force	produced	by	thè	back	extensors	only.	Delp	SL,	Hess	WE,	Hungerl'ord	DS,	et	al:
Variation	of	rotatton	moment	arms	with	hip	flexion.	In	contrast,	vigorous	contraction	of	thè	back	extensor	muscles	with	thè	lumbar	spine	maximally	extended	may	damage	thè	apophyseal	joints.	Lateral	and	mediai	tubercles	are	located	on	thè	posteriormedial	surface	ol	thè	talus	(see	Fig.	Second,	reduce	thè	weight	of	thè	extemal	load.	Typically,	these
muscles	produce	relatively	low-to-moderate	forces	bui	at	relatively	high	shortening	or	lengthening	velocities.	This	exercise	can	be	followed	by	an	exercise	that	involves	rising	from	a	partial	squat	position,	a	motion	that	incorporates	femoral-on-tibial	extension	between	45	and	0	degrees	of	flexion.	Proximal	attachments	of	muscles	are	indicateci	in	red,
distai	attachments	in	gray.	These	“off-setting”	arthrokinematics	may	help	limit	thè	magnitude	of	anterior	translation	of	thè	femur	on	thè	tibia.	The	nonarticular	surface	of	thè	fossa	consists	of	a	very	rhi—I	layer	of	bone	and	fìbrocartilage	that	occupies	much	of	tre	I	superior	(dome)	and	posterior	walls	of	thè	fossa	(see	Fu	I	1	1	-	5	)	.	Figure	1	3	-	2	7
shows	thè	relationships	be	tween	thè	relative	external	torque	for	thè	two	methods	of	extending	thè	knee	over	a	selected	range	of	motion.	The	cranial	attachment	of	thè	temporalis	muscle	is	within	a	broad,	slightly	concave	region	of	thè	skull	known	as	thè	temporal	fossa.	6	-	2	9	,	top	inset).	As	a	result,	chronic	spasm	in	thè	strained	muscles	translates
thè	head	forward,	resulting	in	exces	si	ve	flexion,	especially	at	thè	cervicothoracic	junction.	Sims	K:	The	development	of	hip	osteoarthritis.	The	graph	shows	thè	relationship	between	thè	extemal	toique—	normalized	to	a	maximum	(100%	)	torque	fot	each	method	of	extending	thè	knee	for	selected	knee	joint	angles.	describes	thè	role	of	thè	menisci	in
transferring	loads	across	thè	knee.	INTERNAL	AND	EXTERNAL	ROTATION	Internai	and	extemal	rotation	of	thè	knee	occurs	in	a	horizontal	piane	about	a	vertical	or	longitudinal	axis	of	rotation.	Horizontal	piane	(axial)	rotation	at	thè	knee.	9	-	5	2	6	)	.	The	direction	of	this	force	causes	thè	mediai	articular	surface	of	thè	tibia	to	respond	with	a	greater
reaction	force	than	thè	lateral	articular	surface.	1	4	-1	7	B	).	Desio	SM,	Burks	RT,	Baehus	KN	Soft	tissue	restraints	to	lateral	patellar	translation	in	thè	human	knee.	The	zygomatic	arch	is	formed	b\	thè	union	of	thè	zygomatic	process	of	thè	temporal	bone	and	thè	temporal	process	of	thè	zygomatic	bone.	Knowledge	of	thè	anatomy	and	kinesiology	of
thè	knee	is	an	essential	prerequisite	to	thè	understanding	of	thè	mechanism	of	injury	and	thè	most	effective	therapeutic	intervention.	Clin	Biomech	3:137-144,	1988.	The	limit	of	6400	N	of	force	applies	to	a	40-year-old	man.	Very	large	forces	produced	by	Knee	451	thè	quadriceps	muscle	during	this	event	may	add	to	thè	severity	of	thè	injury.	The
amount	of	weight	placed	on	thè	hip	after	surgery	is	usually	that	signifìcantly	limits	function	and	quality	of	life.	Tissues	That	Provide	Primary	and	Secondary	Restraint	to	thè	Knee*	Valgus	Force	Varus	Force	Primary	restraint	Mediai	collateral	ligament,	especially	thè	anterior	fibers	Lateral	collateral	ligament	Secondary	restraint	Mediai	capsule
Posterior-medial	capsule	(includes	semimembranosus	tendon)	Anterior	and	posterior	cruciate	ligaments	Bony	contact	laterally	Compression	of	thè	lateral	meniscus	Mediai	retmacular	fibers	Pes	anserinus	(i.e.,	tendons	of	thè	sartorius,	gracilis,	and	semitendinosus)	Gastrocnemius	(mediai	head)	Arcuate	complex	(includes	lateral	collateral	liga	ment,
posterior-lateral	capsule,	popliteus	ten	don,	and	arcuate	popliteal	ligament)	lliotibial	tract	Biceps	femoris	tendon	Bony	contact	medially	Compression	of	thè	mediai	meniscus	Anterior	and	posterior	cruciate	ligaments	Gastrocnemius	Oateral	head)	*	Assume	a	fully	extended	knee.	die	amount	of	back	extensor	muscle	force.	Activation	of	these	muscles
provides	thè	required	rotational	power	to	thè	head	and	neck,	as	well	as	simultaneously	stabilizing	thè	craniocervical	region	in	bolh	thè	frontal	and	sagittal	planes.	45t,	4	5	-4	7	,	46f,	47f,	48f	passive,	44	-4	5	,	45f,	47,	48f	total,	47,	48f	leverage	of.	One	sucri	scenario	involves	pur-	The	latissimus	dorsi	is	an	ipsilateral	rotator	of	thè	trunk	when	thè
glenohumeral	joint	is	well	stabilized	by	other	mus	cles.	Movement.	Delitto	RS,	Rose	SJ,	Apts	DW:	Electromyographic	analysis	of	two	techgraphic	activity	magnitude	between	thè	upper	and	lower	portions	of	tic	niques	for	squat	lifting.	Lift	as	slowly	and	smoothly	as	conditions	allow.	This	twist	of	thè	leg	is	FIGURE	14-3.	For	this	reason,	joint	reac	tion
forces	while	walking	are	typically	greater	on	thè	mediai	compartment.	M	ANDIBLE	The	mandible	is	thè	largest	of	thè	facial	bones	(see	Fig.	Snyder-Mackler	L:	Scientific	rationale	and	physiological	basis	for	thè	use	of	closed	kinetic	chain	exercise.	A	meshwork	of	fat,	blood	vessels,	and	‘	ory	nerves	fìlls	thè	space	between	thè	superior	and	infe~r
laminae.	In	this	position	with	quadriceps	relaxed,	thè	patella	can	be	moved	freely	within	thè	intercondy	lar	groove.	The	varus	position	increases	thè	moment	arm	of	thè	hip	abductor	force	(compare	thè	dashed	lines	indicated	by	D,	and	D).	Lift	with	a	moderately	wide	and	slightly	staggered	base	o	f	support	provided	by	thè	legs.	analysis	of,	histoncal
aspeets	of,	524-527	525f-526f	antalgic,	560	at	different	ages,	523,	524f	body’s	center	of	mass	in,	533-535,	534f,	535f	cadence	of,	528	clinical	measurements	of,	530b	compensated	Trendelenburg,	425b	energy	used	in,	kinetic	and	potential,	5	34535,	535f,	547,	547f,	548t	kinematic	methods	of	minimizing,	545t,	545-547,	546f-547f	festinating,	563	hip
abductor	use	in,	424f,	424-425	hip	internai	rotator	muscle	use	in,	417,	420f	impaired,	559-560.	T	a	p	in	g	o	f	t	h	è	s	k	in	h	a	s	b	e	e	n	s	u	g	g	e	s	t	e	d	a	s	a	w	a	y	t	o	h	e	lp	g	u	id	e	t	h	è	p	a	t	e	lla	a	n	d	/	o	r	a	lt	e	r	t	h	è	m	u	s	c	le	a	c	t	iv	a	t	io	n	p	a	t	t	e	r	n	o	f	t	h	è	v	a	s	t	u	s	m	u	s	c	le	s	.	Either	of	thè	above	combined	with	large	internai	axial	rotation	torque
(e.g.,	thè	fernur	forcefully	extemally	rotates	over	a	fixed	tibia)	Posterior	cruciate	ligament	1.	J	Bone	Joint	Surg	48A.T377-1382,	1966.	30	c	»*	-	M	-	wiih	The	articular	capsule	of	thè	elbow	is	strengthened	by	an	extensive	set	of	collateral	ligaments	(Table	6	-	1	)	.	The	lateral	malleolus	also	forms	thè	lateral	wall	of	thè	ankle	or	talocrural	joint	(Fig.
Neumann,	PT,	P	h	D	TOPICS	0STE0L0GY,	435	Distai	Femur,	435	Proximal	Tibia	and	Fibula,	435	Patella,	437	ARTHROLOGY,	438	General	Anatomie	and	Alignment	Considerations,	438	Capsule	and	Related	Structures,	438	Synovial	Membrane	and	Associated	Structures,	439	Tibiofemoral	Joint,	440	Articular	Structure,	440	Menisci,	440	A	n	a	t	o	m	ie	C
o	n	s	id	e	r	a	t	io	n	s	,	440	F	u	n	c	t	io	n	a	l	C	o	n	s	id	e	r	a	t	io	n	s	,	442	Osteokinematics	at	thè	Tibiofemoral	Joint,	442	Flexion	and	Extension,	443	Internai	and	External	Rotation,	443	Arthrokinematics	at	thè	Tibiofemoral	Joint,	445	Active	Extension	of	thè	Knee,	445	“Screw-Home"	Rotation	of	thè	Knee,	445	Active	Flexion	of	thè	Knee,	446	Internai	and
External	(Axial)	Rotation	of	thè	Knee,	446	AT	G	LANCE	Patellofemoral	Joint,	446	Patellofemoral	Joint	Kinematics,	446	Path	and	Area	of	Patellar	Contact	on	thè	Femur,	446	Collateral	Ligaments,	447	Anatomie	Considerations,	447	Functional	Considerations,	447	Anterior	and	Posterior	Cruciate	Ligaments,	449	General	Considerations,	449	Anterior
Cruciate	Ligament,	451	Functional	Anatomy,	451	Mechanism	of	Injury	to	thè	Anterior	Cruciate	Ligament,	451	Posterior	Cruciate	Ligament,	451	Functional	Anatomy,	451	Mechanism	of	Injury	to	thè	Posterior	Cruciate	Ligament,	451	MUSCLE	AND	JOINT	INTERACTION,	453	Innervation	to	thè	Muscles	and	Joints,	453	Muscular	Function	at	thè	Knee,
454	Extensor	and	Flexor-Rotator	Muscles,	454	Quadriceps:	Knee	Extensor	Mechanism,	454	A	n	a	t	o	m	ie	C	o	n	s	id	e	r	a	t	io	n	s	,	455	Q	u	a	d	r	ic	e	p	s	A	c	t	io	n	a	t	th	è	K	n	e	e	:	U	n	d	e	r	s	t	a	n	d	in	g	th	è	B	io	m	e	c	h	a	n	ic	a	l	I	n	t	e	r	a	c	t	io	n	s	B	e	t	w	e	e	n	E	x	te	rn	a	l	a	n	d	I	n	te	rn	a	i	T	o	r	q	u	e	s	,	456	P	a	t	e	llo	f	e	m	o	r	a	l	J	o	in	t	K	in	e	t	ic	s	,	457
Knee	Flexor-Rotator	Muscles,	463	F	u	n	c	t	io	n	a	l	A	n	a	to	m	y	,	463	G	r	o	u	p	A	c	t	io	n	o	f	F	le	x	o	r	-	R	o	t	a	t	o	r	M	u	s	c	le	s	,	465	M	a	x	im	a	l	T	o	r	q	u	e	P	r	o	d	u	c	t	io	n	o	f	th	è	K	n	e	e	F	le	x	o	r	-	R	o	t	a	t	o	r	M	u	s	c	le	s	,	465	Maximal	Torque	Production	at	thè	Knee:	Effects	of	Type	and	Speed	of	Muscle	Activation,	466	Synergy	Among	Monoarticular
and	Biarticular	Muscles	of	thè	Hip	and	Knee,	466	Abnormal	Alignment	of	thè	Knee,	470	Frontal	Piane,	470	Genu	Varum	with	Unicompartmental	Osteoarthritis	of	thè	Knee,	470	Excessive	Genu	Valgum,	471	Sagittal	Piane,	471	Genu	Recurvatum,	471	F	u	n	c	t	io	n	a	l	C	o	n	s	id	e	r	a	t	io	n	s	,	454	INTRODUCTION_______________________	The	knee	consists
of	thè	lateral	and	mediai	tibiofemoral	joints	and	thè	patellofemoral	joint	(Fig.	The	rectus	femoris	attaches	to	thè	pelvis	near	thè	anteriorinferior	iliac	spine.	The	asterisks	mark	t~cj	exposed	point	on	thè	anterior	aspect	of	thè	ufn*j	head,	which	is	apparent	once	thè	radius	rotaisl	fully	around	thè	ulna	into	complete	pronation.	At	thè	initiation	of	thè	push-
off	phase	of	walking,	thè	talocrural	FIGURE	14-19.	Russell	TA:	Fractures	of	Hip	and	Pelvis.	Unlike	thè	knee	extensor	group,	which	are	all	innervated	by	thè	femoral	nerve,	thè	flexorrotator	muscles	have	three	sources	of	innervation:	femoral,	obturator,	and	sciatic.	During	piantar	flexion,	thè	superior	surface	of	thè	talus	rolls	backward	as	thè	bone
simultaneously	slides	anteriorly,	stretching	thè	anterior	talofibular	ligament	(Fig.	The	wedging	effect	causes	thè	distai	tibia	and	fibula	to	spread	apart	slightly.	The	chart	summarizes	thè	actions	of	thè	muscles	at	thè	atlanto-occipital	and	atlanto-axial	joints.	While	thè	tight	foot	is	fìrmly	ftxed	to	thè	ground,	thè	right	femur,	pelvis,	trunk,	neck,	head,	and
eyes	all	rotate	to	thè	left.	The	loss	of	forward	reach	varies	with	thè	degree	of	elbow	flexion	contracture.	At	thè	knee,	thè	most	extensive	fat	pads	are	associated	with	thè	suprapatellar	and	deep	infrapatellar	bursae.	Note	that	thè	attachment	of	thè	semispinalis	cervicis	muscle	provides	a	stable	base	for	thè	rectus	capitis	posterior	major	and	thè	obliquus
capitis	inferior,	two	of	thè	larger	and	more	dominant	suboccipital	muscles.	Sports	Med	267:143-156,	1999.	Van	Der	Helm	FCT,	Pronk	GM:	rhree-dimensional	recording	and	descrtptions	of	motions	of	thè	shoulder	mechanism.	These	fibers	have	extensive	distai	attachments	to	thè	posterior-medial	joint	capsule,	me	diai	meniscus,	and	thick	tendon	of	thè
semimembranosus	muscle.	Figure	1	4	-	1	depicts	an	ovemew	of	thè	terminology	that	describes	thè	regions	of	thè	ankle	and	foot.	NIOSH	has	recommended	an	upper	safe	limit	of	3	4	0	0	N	(764	lb)	of	compression	force	on	L5-S1.63-81	Second,	thè	maximal	load-carrying	capacity	of	thè	lumbar	spine	is	esti	mated	to	be	6400	N	(1439	lb),38	almost	twice
thè	maximal	safe	force	recommended	by	NIOSH.	During	dorsiflexion,	thè	superior	surface	of	thè	talus	rolls	forward	relative	to	thè	leg	as	it	simultaneously	slides	posteriorly	(Fig.	J	Bone	Joint	Surg	62B:715—724,	1980.	Fulkerson	JP,	Hungerford	DS:	Disorders	of	thè	Patellofemoral	Joint.	492	Calcaneus,	osteologie	features	of,	479b,	480f4	8	lf,	481	Callus
formation,	and	high	mediai	longnudinal	arch,	498	Cane,	proper	use	of,	429,	429f	Capitate	bone,	174f-175f,	176,	199f	Capitulum,	134,	134f,	135f	Capsular	ligaments,	260f	of	radioulnar	joint,	146,	148f	of	synovial	joints,	26,	26f	of	thoracic	spine,	285	Capsule,	articular.	Blood	supply	to	thè	menisci	is	greatest	near	thè	peripheral	(extemal)	border.	in
response	to	thè	increasing	extemal	torque.	Arthroscopy	13:325-331,	1997.	A,	The	plot	depicts	knee	extension	torque	between	90	degrees	and	near	0	degrees	of	knee	flexion.	Sagittal	piane	motion	at	thè	knee.	Osteokinematics	The	talocrural	jom	t	possesses	one	degree	of	freedom.	The	interosseous	mem	brane—	a	sheet	of	connective	tissue	that	runs
between	thè	Inconsistent	terminology—	usuali'/	implies	one	or	more	of	thè	components	of	supination	Inconsistent	terminology—	usually	implies	one	or	more	of	thè	components	of	pronation	tibia	and	fibula—	also	helps	to	bind	thè	bones	together.	500t,	501b	of	foot	and	ankle,	delìnition	of,	482f,	4	8	2	-	483,	483l	of	forearm,	145f,	145-149	as	spin
movement,	lOf	innervation	of,	152,	157t	of	subtalar	joint,	490,	490f,	49	lb	of	transverse	tarsal	joint,	491,	492f,	493,	4941,	496	Pronator	quadratus	attachments	and	innervation	of,	245t	dual	role	in	distai	radioulnar	joint,	170,	170f	vs.	Superficial	fascia	anaches	or	is	continuous	with	many	structures	in	thè	area:	Superioriy	Hyoid	bone	and	surrounding
muscular	fascia	Mandible	Mastoid	process	Superior	nuchal	line	Temporalis	muscle	Inferiori}'	Pectoral	and	deltoid	fascia	Acromion	Clavicle	Manubrium	Posterioriy	Ligamentum	nuchae	Spinous	processes	of	cervical	vertebrae	Middle	(Visceral)	Fascia	Surrounds	and	protects	thè	cervical	viscera:	trachea,	esophagus,	and	thyroid	gland	Deep
(Prevertebral)	Fascia	Surrounds	thè	large	set	of	muscles	of	thè	craniocervical	region	located	posterior	to	thè	cervical	vis	cera	and	antenor	to	thè	trapezius.	1	3	-3	8	B	).	The	squat	lift	may	encourage	thè	use	of	thè	leg	muscles	but	also	increases	thè	overall	work	demands	on	thè	body.	Walking	hip	extension	and	knee	flexion.	If	directed	in	thè	sagittal
piane,	thè	momentum	of	thè	flexing	or	extending	head	can	damage	tissues	that	are	excessively	strained	or	compressed.	Acting	unilaterally,	thè	stemocleidomastoid	is	a	lateral	flexor	and	contralateral	axial	rotator	of	thè	craniocervical	region.	Basmajian	JV,	Lovejoy	JF:	Function	of	thè	popliteus	muscles	in	man.	Caution	must	be	exercised,	however,	if
structural	stability	of	the	hip	is	compromised.	B,	The	superior	view	of	thè	right	tibia	marks	thè	relative	attachment	points	of	thè	menisci	(gray)	and	cruciate	ligaments	(black)	within	thè	intercondylar	region.	Abnormal	tracking	is	often	associated	with	an	abnor-	Two	Common	Painful	Conditions	Involving	thè	Patellofemora!	Joint	mal	tilting	of	thè	patella
as	it	rides	in	thè	groove.	The	mandibular	neck	is	a	siightly	constricted	region	located	immediately	below	thè	condyle.	1	4	-	1	0	and	1	4	-1	1	).	The	posterior	region	of	thè	disc	is	convex	periorly	and	concave	inferiorly.	J	Bone	Joint	Surg	78A:855-862,	1996.	25.	Chicago,	Mosby,	1998.)	The	articular	disc	within	thè	TMJ	consists	primarily	of	dense	I	fibrous
connective	tissue	that,	with	thè	exception	of	its	periphery,	lacks	a	blood	supply	(see	Fig.	Clin	Biomech	12	211—226	54.	Note	that	thè	articular	cartilage	that	covers	these	facets	also	FIGURE	14-5.	tibial-on-femoral	motion,	7f	Femur,	393f-399f,	393-396	anatomy	of,	393f-394f,	393-394	angle	of	inclination	of,	394,	396f.	Rumar	S:	Moment	arms	of	spinai
musculature	determined	from	CT	tribuie	in	a	minor	way	to	peak	spinai	compression	in	lifting.	The	primary	factor	responsible	for	thè	large	force	required	by	thè	low-back	muscles	while	lifting	is	thè	disparity	in	thè	length	of	thè	internai	and	external	moment	arms.	The	increased	intra-abdominal	pressure	while	lifting	is	more	a	consequence	of	strong
contraction	of	thè	abdominal	mus	cles	and	not	a	method,	in	itself,	to	unload	thè	lumbar	spine.	55.	Burgess-Limerick	R,	Abemethy	B:	Toward	a	quantitative	defìnitton	of	a	wide	variety	of	tasks.	1	3	-	3	).	Musclefs),	hip.	Shoemaker	SC,	Markolf	KL:	In	vivo	rotatory	knee	stability:	Ligamentous	and	muscular	contributtons.	Am	J	Sports	Med	26:669-673,
1998.	Laterally	wedged	insoles	decrease	thè	varus	torque	on	thè	knee,	and	thereby	decrease	thè	load	on	thè	mediai	compartment.16	Excessive	Genu	Valgum	FIGURE	13-40.	Chaffin	DB,	Page	GB:	Postura!	effects	on	biomechanical	and	psycholifting	and	twisting	on	thè	job	and	risk	for	acute	prolapsed	lumbz:	physical	weight-lifting	limits	Ergonomics
37:663-676,	1994.	The	lederai	collateral	ligament	of	thè	elbow	is	less	delined	and	more	variable	in	form	than	thè	mediai	collateral	ligarnent	(Fig.	B,	The	lateral	ligament’s	mairi	fibers:	oblique	and	horizontal.	The	ob	liqu	e	fiber	direction	o	f	thè	muscle	as	it	ascends	thè	trunk	can	also	provide	torsional	stability	to	thè	axial	skeleton,	especially	when
bilaterally	active.	This	quality	allows	connective	tissue	to	temporarily	store	a	small	part	of	thè	force	that	initially	causes	thè	elongation.	McKibbin	B:	The	action	of	thè	iliopsoas	muscle	in	thè	newbom.	C	14	h	a	p	t	e	r	Ankle	and	Foot	Donald	A.	The	sensory	distribution	shown	along	thè	lateral	foreThe	motor	and	sensor)'	ponents	of	thè	axillary	ner\'e	also
shown.	Data	from	DeHaven	KE,	Lintner	DM:	Athletic	injuries:	Comparison	by	age,	sport,	and	gender	Am	J	Sports	Med	14:218-224,	1986.	d	e	s	c	e	n	d	in	t	o	a	s	q	u	a	t	p	o	s	it	io	n	)	,	t	h	è	p	o	p	lit	e	u	s	p	r	o	v	id	e	s	a	n	in	t	e	r	n	a	i	r	o	t	a	t	io	n	t	o	r	q	u	e	t	h	a	t	h	e	lp	s	m	e	c	h	a	n	i	c	a	l	l	y	u	n	l	o	c	k	t	h	è	k	n	e	e	.3	R	e	c	a	li	t	h	a	t	t	h	è	k	n	e	e	is	m	e	c	h	a	n
ic	a	lly	lo	c	k	e	d	b	y	a	c	o	m	b	in	a	t	io	n	o	f	e	x	t	e	n	s	io	n	a	n	d	s	lig	h	t	e	x	t	e	r	n	a	l	r	o	t	a	t	io	n	.	Parents	of	a	child	with	torticollis	are	often	taught	how	to	stretch	thè	tight	mus	cle	and	how	to	position	and	handle	thè	child	to	pro	mote	elongation	of	thè	involved	muscle.	Beynnon	BD,	Fleming	BC:	Anterior	cruciate	ligament	strain	in-vivo:	A	review	of
previous	work.	During	supination,	thè	proximal	surface	of	thè	articular	disc	remains	in	contact	with	thè	ulna	head.	290,	292,	292f	Screw-home	rotation,	of	knee.	Cook	TM,	Neumann	DA:	The	effects	of	load	placement	on	thè	EMG	tal	disorders.	Femoralon-tibial	knee	motion.	ponents:	superficial	(investing),	middle	(visceral),	and	deep	(prevertebral)	(Fig.
The	long	and	thin	fibula	is	located	luterai	and	parallel	to	thè	tibia	(Figs.	B,	Femoral-on-tibial	perspeclive.	Faeh	ramus	has	an	external	and	internai	surface,	four	borders,	and	two	processes	at	its	superior	aspect—	the	coronoid	process	and	the	condylar	process.	Fuss	FK:	Principles	and	mechanisms	of	automatic	rotation	during	terminal	extension	in	thè
human	knee	joint.	The	articular	facet	on	thè	first	metatarsal	is	occasionally	lacking.	T	h	ij	sensory	supply	is	especially	concentrated	about	thè	little	f	i	-	J	ger	and	ulnar	border	of	thè	hand.	See	Joint	reaction	force,	moduìauon	of	by	rate	coding,	52,	53f	in	force-velocity	relationship,	50f—51	f,	5	0	51,	5	lb	muscle	faiigue	and,	52-53,	54f	musculoskeletal
generation	and	transmission	of,	4	1	-5	5	active,	45t,	4	5	-4	7	,	46f,	47f	guidelines	for	solving	problems	in,	77t	in	gait,	558-559,	561t	in	skeletal	movemeni,	50-55	in	skeletal	stabilization,	4	1	-5	0	,	42t	sliding	filament	hypothesis	of,	4	6	-4	7	47f	in	joint	protecuon,	clinical	issues	in,	7	4	76,	75f,	76f	in	kinetics,	11-15,	12f-15f	internai	and	external,	13,	15,	15f
representation	of	analytic	methods	of,	70,	7	2	-7	6	graphic	methods	of,	6	7	-7	0	in	contrasting	internai	vs.	Kaufer	H:	Mechanical	function	of	thè	patella.	Bogduk	N,	Macintosh	JE:	The	applìed	anatomy	of	thè	thoracolumbar	38.	A	t	s	o	m	e	p	o	in	t	in	t	h	è	r	e	h	a	b	ilit	a	t	io	n	p	r	o	c	e	s	s	,	h	o	w	e	v	e	r	,	t	e	n	s	io	n	in	t	h	è	A	C	L	m	a	y	a	c	t	u	a	lly	f	a	c	ilit	a	t	e
h	e	a	lin	g	a	n	d	c	a	n	b	e	c	o	n	s	id	e	r	e	d	t	h	e	r	a	p	e	u	t	i	c	.	(From	Neumann	DA:	Hip	abductor	muscle	ac.ivity	m	persons	with	a	hip	p	r	o	s	t	L	is	whik	carrying	loads	in	one	hand.	Muscular-Generated	Tension	Transferred	Through	thè	Thoracolumbar	Fascia	The	thoracolumbar	fascia	is	thickest	and	most	extensively	developed	in	thè	lumbar	region	(see
Fig.	The	posterìor	capsule	is	reinforced	by	thè	oblique	popliteal	ligament	and	thè	arcuate	popliteal	ligament	(Fig.	14.	Kennedy	JC,	Alexander	IJ,	Hayes	KC:	Nerve	supply	of	thè	human	knee	and	its	functional	importance.	Other	muscles,	especially	those	with	near-vertical	fiber	orientation	such	as	thè	rectus	abdominis	and	thè	psoas	major,	certainly	add
to	thè	muscularbased	compression	on	thè	lumbar	spine.	473	474	Section	IV	Lower	Extremity	REFERENCES	1.	at	taches	to	thè	lympanic	piate	of	thè	temporal	bone	just	posterior	to	thè	fossa.	Cahalan	TD,	Johnson	ME,	Liu	S,	et	al.	Persons	with	a	strained	and	painful	longus	colli	often	have	difficulty	shrugging	their	shoulders.	1031/4).	The	distai	end	of
thè	right	radius	and	ulna	with	carpai	bones	removed.	Assuming	that	thè	cervi	cal	spine	is	well	stabilized,	thè	scalene	muscles	raise	thè	ribs	to	assist	with	inspiration	during	breathing;	assuming	that	thè	scalene	muscles	are	contracting	from	a	fìxed	inferior	base	afforded	by	thè	first	two	ribs,	their	potential	actions	become	evident	by	using	a	skeleton
and	string	io	mimic	thè	line-offorce.	Lateral	view	o	f	thè	skull	with	emphasis	on	bony	ìandmarks	associateci	with	thè	temporomandibular	joint.	%o\d	ProceSS	The	ulnar	head	is	located	at	thè	distai	end	of	thè	ulna	(Fig.	At	this	position,	thè	lateral	edge	of	thè	lateral	facet	and	thè	“odd”	facci	of	thè	patella	share	articular	contact	with	thè	femur	(Fig.	]
Biomech	Ene	117	2	7	-4	0	,	1995.	Ferguson	SA,	Marras	WS:	A	Iiterature	review	of	low	back	disorder	1995.	It	is	assumed	that	thè	muscle,	body	weight,	and	extemal	load	forces	are	parallel	to	each	other	and	are	directed	perpen	dicu	ìar	to	thè	su	perior	surface	o	f	12.	osteologie	features	of,	478-482	prenatal	development	of,	398,	398f	rays	of,	480f—481
f,	482	•sensory	innervation	of,	507,	509f	structure	and	function	of,	478t,	479f	4	8	9	506	terminology	of,	478,	478f	for	motions	and	positions,	482f,	482-483	483l	Foot	angle,	527	Foot	drop,	gait	abnormality	with,	568f	Foot	fiat,	531,	53lf,	531t	Foot	forces,	63,	63f,	551,	552f	Foot	slap,	561t	in	gait,	549f.	See	also	Arm;	Elbow;	Shoulder	complex;
Glenehumeral	joint.	The	most	distai	end	of	each	femoral	condyle	is	nearly	fiat,	thereby	increasing	thè	area	for	weight	hearing.	Botja	F,	Latta	LL,	Stinchfield	FH,	et	al:	Abductor	muscle	performance	in	total	hip	arthroplasty	with	and	without	trochanteric	osteotomy.	Note	that	in	full	flexion,	thè	coronoid	process	of	thè	ulna	fits	imo	thè	coronoid	fossa	of
thè	humerus.	A	notable	exception	is	that	thè	fìrst	toe	in	thè	foot	is	noi	as	functtonally	developed	as	thè	thumb	in	thè	hand.	3	Figure	1	2	-	5	1	shows	two	common	types	of	internai	fixation	used	for	a	fractured	proximal	femur.	Dolan	P,	Mannion	AF,	Adams	MA:	Passive	tissues	help	thè	back	mus	49.	350	Section	111	Axial	Skeleton	2.	1	3	-1	2	A	and	1	3	13).
Functional	Interactions	Among	Muscles	that	Cross	thè	Craniocervical	Region	1.	The	ulnar	nerve	supplies	sensory	strucJ	tures	to	thè	skin	on	thè	ulnar	side	of	thè	hand,	in	c	lu	d	irj	thè	mediai	side	of	thè	ring	fìnger	and	entire	little	fìnger.	Santaguida	PL,	McGill	SM:	The	psoas	major	muscle:	A	three-dimen	sional	geometrie	study.	distal-on-proximal	and
proximal-on-distal	kin	ematics	in,	7	laws	of,	56—63,	57t.	Figure	1	5	-	1	2	should	be	consulted	as	a	reference	to	thè	terminology	used	477	478	Section	TV	Lower	Extremity	in	this	chapter	to	describe	thè	different	phases	of	thè	gait	cycle.	The	humerus	and	ulna	(shown	in	gray)	is	thè	proximal	segment	of	thè	forearm	com	plex.	AmJ	Sports	Med	25:23-28,
1997.	Between	90	and	60	degrees	of	flexion,	thè	patellofemoral	joint	occupies	its	greatest	contact	area	with	thè	femur	(Fig.	Am	J	Sports	Med	20:162-168,	1992.	Honon	MG,	Hall	TL:	Quadriceps	femoris	muscle	angle:	Normal	values	and	relationships	with	gender	and	selected	skeletal	measures.	As	depicted	in	Figure	1	3	-	8A,	this	longitudinal	axis	can
be	extended	inferiori)'	through	thè	knee	to	thè	ankle	and	foot.	and	part	of	thè	anterior	edge	of	disc,	attaches	to	thè	tendon	of	thè	superior	head	of	thè	lateral	pterygoid	muscle	(see	Fig.	Figures	1	3	-1	2	A	and	1	3	-	1	3	show	a	segment	of	thè	more	common	posterior	men	iscofemoral	ligament,	originating	from	thè	lateral	meniscus	and	blending	into	thè
posterior	fibers	of	thè	PCL.	on	thè	lumbar	spine	during	lifting	activities.	73.	The	plateau	supports	two	smooth	articular	surfaces	that	accept	thè	large	femoral	condyles,	forming	thè	tibiofemoral	joints	of	thè	knee	(see	Fig.	Minimizes	thè	extemal	moment	arm	of	thè	load,	thereby	reduces	torque	and	force	de	mands	on	back	muscle.	In	b	o	th	e	x	a	m	p	le	s
,	m	o	v	e	m	e	n	t	o	f	t	h	è	h	e	a	d	a	n	d	e	r	a	l	la	t	e	r	a	l	f	le	x	io	n	a	n	d	v	ic	e	v	e	r	s	a	.	346t,	346-347	intra-abdominal	pressure	dunng,	345-346	low-back	muscle	force	and,	342-347	estimation	of	force	magnitude	in,	320,	320f	342-344,	343b,	344f	ways	of	reducing,	344-345,	345b,	345f	muscles	active	in,	343f	techniques	of,	347-348,	348f	safety	factors	in,
348-349,	349i	Ligament(s)	accessory,	of	temporomandibular	joint	358	358f	alar,	279,	280f,	282,	442b	ankle,	483-486,	486t	stretch	of,	486,	486t	annular,	146,	146f	See	also	also	Ligamentfs)	(Continued)	arcuate	popliteal.	The	condyle	can	be	palpated	just	S	c	a	le	n	e	M	u	s	c	le	s	,	372	Muscles	of	Forced	Inspiration,	373	o	f	th	è	M	o	u	th	,	366	Regional
Surface	Anatomy	352	V	E	N	T	ILA	TIO	N	,	372	M	u	s	c	u	la	r	C	o	n	tro	l	o	f	O	pening	and	C	losing	OSTEOLOGY	AND	TEETH	Ventilation,	371	Muscles	of	Quiet	Inspiration,	372	365	Mastication	is	thè	process	of	chewing,	tearing,	and	grinding	food	with	thè	teeth.	FIGURE	12-54.	Injury	is	often	due	to	excessive	inversion	or	adduction	of	thè	ankle,
especially	when	combined	with	piantar	flexion,	for	example,	when	inadvertently	stepping	into	a	Itole.7'46	The	calcaneofibu	lar	ligament	courses	mferiorly	and	posteriorly	from	thè	apex	of	thè	lateral	malleolus	to	thè	lateral	surface	of	thè	calcaneus	(see	Fig.	Each	metatar	sal	has	a	base	at	its	proximal	end,	a	shaft,	and	a	convex	head	at	its	distai	end	(see
Fig.	Table	1	4	3	summarizes	movements	that	significantly	stretch	thè	major	ligaments	of	thè	ankle.	The	rearfoot	(hindfoot)	consists	of	thè	talus,	calcaneus,	and	subtalar	joint;	thè	midfoot	consists	of	thè	remaining	tarsal	bones,	including	thè	transverse	tarsal	joint	and	thè	smaller	distai	intertarsal	joints;	and	thè	forefoot	consists	of	thè	metatarsals	and
phalanges,	including	all	joints	distai	to	and	including	thè	tarsometatarsal	joints.	The	concave	shape	of	thè	proximal	side	of	thè	ankle	mortise	is	maintained	by	connective	tissues	that	bind	thè	tibia	with	thè	fibula.	Quadriceps	Action	at	thè	Knee:	Understanding	thè	Biomechanical	Interactions	Between	External	and	Internai	Torques	In	many	upright
activities,	thè	external	(flexor)	torque	at	thè	knee	is	thè	produci	of	thè	external	load	being	moved	multiplied	by	its	external	moment	arm.	1	4	-1	7	A	).	The	prevailing	horizontal	fiber	direction	of	most	of	thè	thoracolumbar	fascia	limits	thè	amount	of	exten	sion	torque	that	can	be	produced.9	The	force	generated	by	thè	abdominal	muscles	may	indirectly
produce	6	Nm	of	extensor	torque	across	thè	lumbar	spine50	compared	with	thè	approximately	200	Nm	of	active	torque	generated	by	thè	low-back	extensor	muscles.	6-26).	1	4	18B).	77	I	N	N	E	R	V	A	T	IO	N	TO	M	U	S	C	L	E	S	The	quadriceps	femoris	is	innervated	by	thè	femoral	nerve	(see	Fig.	J	Biomech	30:1015-	1024,	1997.	National	ìnsiilute	for
Occupational	Safety	and	Health	(NIOSH):	The	National	Occupational	Exposure	Survey	(Publication	No	89-103)	Cin	cinnati,	OH,	NIOSH,	1989.	The	fibers’	attachments	are	just	posterior	to	thè	attachments	of	thè	pes	anserinus	group.	Thumb.	Pohtilla	JF:	Kinesiology	of	hip	extension	at	selected	angles	of	pelvtfemoral	extension.	The	median	nerve
provides	a	source	of	sensory	ibers	to	thè	lateral	palm,	palmar	surface	of	thè	thumb,	2	lateral	two	and	one-half	fìngers	(Fig.	Hand.	The	articular	surface	of	thè	mandibular	condyle	is	lined	with	a	thin	but	dense	layer	of	fibrous	connective	tissue.	The	patellar	ligament	attaches	between	thè	apex	of	thè	patella	and	thè	tibial	tuber	osity.	11	-	1	)	.	Phys	Ther	7
6	:1	3	2	0	-1	3	3	0	,	1996.	0	=.	30.	Physiol	73:305-314,	1988.	In	each	case,	thè	quadriceps	maintains	equilibrium	at	thè	knee	by	responding	to	two	equal	magnitudes	of	extemal	resistance.	The	potential	action	of	muscles	that	attach	to	thè	inferior	surface	of	thè	occipital	and	temperai	bones	is	highlighted.	Ballimore,	Williams	&r	Wilkins,	1990.	11	Craik
RL:	Disability	following	hip	fracture.	515b,	5151	in	standing	on	tiptoes,	517b,	517f	maximal	torque	potential	of	at	ankle,	514,	516l	supination	by,	514,	516	pretibial	dorsiflexor,	508,	508b,	510,	5	10f	supination	by	at	subtalar	joint,	490,	490f,	491b,	50	1	502,	502f,	514	ai	transverse	tarsal	joint,	491,	492f,	493,	4941',	496	architecture	of,	4	2	-4	4	,	44f	as
skeletal	movers,	5	0	-5	5	as	skeletal	stabilizers,	4	1	-5	0	,	42t	back,	315t	deep	layer	of	anatomv	and	action	of,	317-323,	318f321	f,	318l	tnnervation	of,	318	short	segmentai,	317,	318t,	321f,	323,	329-330,	330b,	330f	attachmems	and	innervation	of,	38	l	t	382t	extensor,	forces	on	in	lifting	heavy	loads,	320,	320f,	343b,	343-345,	344f-345f	superficial	and
intermediate	layers	of,	anatomy	and	action	of,	317,	317f	connective	tissue	of,	42,	43f,	44,	44f,	44t.	Madison	W	I,	Brown	and	Benchmark,	1997.	The	increased	knee	flexion	associated	with	thè	deeper	squat	also	reduces	thè	angle	formed	by	thè	intersection	of	force	vectors	QT	and	PL.	The	muscles	and	posterior	capsule	limit	hyperextension.	In	summary,
thè	mediai	and	lateral	collateral	ligaments	of	thè	ankle	limit	excessive	inversion	and	eversion	at	every	joint	that	thè	fìbers	cross.	Illustration	on	thè	left	shows	li	tight	forearm	after	completing	full	pronation.	The	large	and	rough	calcaneal	tuberosity	receives	thè	attachment	of	thè	Achilles	(calcaneal)	tendon.	Rumar	S,	Narayan	Y,	Zedka	M:	An
electromyographic	study	of	urne	18.	The	hyoid	is	suspended	primarily	by	its	bilateral	stylohyoid	ligaments.	61.	A,	In	full	supina	tion	with	thè	radius	and	ulna	parallel.	The	compression	forces	that	cross	thè	elbow	are	finally	directed	toward	thè	shoulder	(#5).	The	cruciate	ligaments	are	named	according	to	their	attachment	to	thè	tibia	(see	Fig.	S	h	a	p	e
o	f	m	e	d	ia	i	fe	m	o	r	a	l	c	o	n	d	y	le	2.	Anterior	and	posterior	surfaces	of	thè	right	patella.	J	Biomech	2	T	1	7	23,	1988.	The	contact	area	within	thè	patello	femoral	joint	is	also	greatest	at	60	to	90	degrees	of	knee	flexion	(Fig.	Muscles	of	thè	Posterior	Craniocervical	Region	Splenius	muscles	Splenius	cervicis	Splenius	capitis	Suboccipital	muscles	Rectus
capitis	posterior	major	Rectus	capitis	posterior	minor	Obliquus	capitis	superior	Obliquus	capitis	inferior	(from	thè	Greek	splenion,	bandage)	(Fig.	The	overpow	ering	knee	extension	torque	may	stem	from	poor	postural	control	or	from	neuromuscular	disease	that	causes	spasticity	of	thè	quadriceps	muscles	and/or	paralysis	of	thè	knee	llexors.	One	such
disruption	is	a	chronic	forw	ard	head	posture,	in-	volv/ng	excessive	protraction	of	thè	craniocervical	re	gion	(Fig.	Acta	Orthop	Scand	43:126-137,	1972.	Her	completely	paralyzed	left	ankle	joint	was	surgically	fused	in	about	25	degrees	of	piantar	flexion.	Hyaline	cartilage	covers	about	300	degrees	of	articular	surface	on	thè	trochlea	compared	with	only
180	degrees	on	thè	trochlear	notch.	6	-	8	)	.	108-109,	109f-110f	of	hip,	402,	402t,	403f	of	knee,	438f,	438-439,	440f-441f,	440t	of	radioulnar	joint,	146,	148f	of	synovial	joints,	26,	26f	of	thoracic	spine,	285	cervtcal,	at	subtalar	joint,	485f,	489	check-rein,	of	proximal	interphalangeal	joints	212	collagen	fibers	in,	32	collateral	lateral	(fibular),	438f,	439,
440f-441f,	440t	anatomy	and	function	of,	440f-441f,	444f,	447-448,	449f.	1	0	-	3	7	).	Relevant	Osteologie	Features	of	thè	Sphenoid	Bone	*	Greater	wing	*	Mediai	pterygoid	piate	*	Lateral	pterygoid	piate	Mediai	pterygoid	muscle	Mediai	pterygoid	piate	Lateral	pterygoid	piate	Foramen	rotundum	FIGURE	11	-6	.	The	subject	then	slowly	bends	thè	trunk
forward	while	keeping	thè	hips	and	knees	as	extended	as	possible.	Motion	at	this	joint	occurs	about	an	axis	of	rotation	that	passes	through	thè	body	of	thè	talus	and	through	thè	tips	of	both	malleoli.	Although	both	right	and	left	TMJs	function	together,	each	retains	its	ability	to	function	relatively	independently.	The	menisci	are	essentially	aneural,
except	near	their	homs.	105.	The	posterior	capsule	is	further	reinforced	by	thè	popliteus,	gastrocnemius,	and	hamstring	muscles,	especially	by	thè	fibrous	extensions	of	thè	semimembranosus	tendon.	1	3	-1	7	B	).	(From	Luttgens	K,	Hamilton	N:	Kinesiology:	Scientifie	Basis	of	Hu	man	Motion,	9th	ed.	Depending	on	thè	physical	characteristics	of	thè
load	and	thè	initial	depth	of	thè	squat,	thè	lumbar	region	may	remain	nearly	hyperextended,	neutral	(normal	lordosis),	or	flexed	throughout	thè	lift.	6	-	1	3	)	.27	The	ligament	orìginates	on	thè	lateral	epicondyle	and	immediately	splits	into	two	ftber	bundles.	T	alu	s	form	thè	sharp	and	easily	palpable	lateral	malleolus	(from	thè	Latin	root	malleus;	a
hammer).	Much	of	this	cervical	attachment	is	shared	by	thè	levator	scapula	muscle.	Heegaard	J,	Leyvraz	PF,	Van	Kampen	A,	et	al.	Phìladelphia,	WB	Saunders,	2000,	p	410.	The	knees	are	extended	during	thè	lift,	powered	by	thè	quadriceps	muscles	(Fig.	An	inferior	(piantar)	view	of	thè	bones	of	thè	righi	ankle	and	foot.	c	a	u	s	e	s	a	p	o	s	t	e	r	io	r	t	r	a	n
s	la	t	io	n	o	f	t	h	è	tib	ia	t	h	a	t	s	la	c	k	e	n	s	m	o	s	t	f	ib	e	r	s	o	f	t	h	è	A	C	L	.	Pliability	also	allows	thè	foot	to	conform	to	countless	spadai	configurations	between	it	and	thè	ground.	The	informed	tìimcian	can	anticipale	thè	extent	of	thè	sensory	and	motcrl	involvement	following	an	acute	injury.	32.	621	physical	measuremenis	associated	with,	62t	third
(law	of	action-reaction),	6	2	-6	3	,	63f,	551	Nuchal	line,	superior	and	inferior,	253,	254f	Nucleus	pulposus,	273-275,	274f,	275f,	276b	hemiated,	296b-297b,	296f,	296t	factors	favoring,	297b	lypes	of,	296f,	296t	pressure	measurements	on,	275,	275f	Nutation,	306,	306b	Nutation	torque,	307,	307f	0	Oblique	cord,	of	interosseous	membrane	of	fore	arm,
142,	143,	143f,	144f	Obliquus	capitis	inferior,	339b,	340f	supertor,	339b,	340f	Obliquus	capitis	inferior	and	superior,	auachmenis	and	innervation	of,	383t	Obliquus	extemus	abdominis,	323,	324f,	325	as	extrmsic	trunk	stabilizer,	330f,	330-331	33	lb	attachments	and	mnervattons	of,	325t,	382t	in	trunk	movement,	329t	line	of	force	of,	and	muscle
action,	315,	316f	Obliquus	internus	abdominis,	323,	324f,	325	as	extrinsic	trunk	stabilizer,	330f,	330-331	33	lb	attachments	and	innervation	of,	325t	in	trunk	movemem,	329i	Ohturator	extemus	anaiomy	and	action	of,	401f,	413f,	426	attachments	and	innervation	of,	572t	Ohturator	internus	anatomy	and	action	of,	423f,	426,	426f	aiiachmenis	of,	572t
innervation	of,	410f,	411,	572l	Obturator	membrane,	390,	39	lf	Obturaior	nerve,	muscles	mnervated	by,	al	hip,	409f,	409-411	Occipital	bones,	253,	253f	Occipital	condyles,	253	Occipital	proiuberance,	extemal,	253,	253f	Odontoid	process,	of	axis,	264,	267f	Olecranon	fossa,	135	Olecranon	process,	135,	136f,	137f	Omohyoid,	auachments	of,	384t
Opponens	digiti	minimi,	225f,	225-226	attachments	and	innervation	of,	246t-247t	Opponens	pollicis,	224,	225f	attachments	and	innervation	of,	247i	Opioelectronics,	for	collection	of	kinemaiic	data	83	Orthoses,	foci,	for	control	of	excessive	pronation,	50lb	Osteoarthritis.	The	deeper	tibiotalar	fibers	blend	with	and	strengthen	thè	mediai	capsule	of	thè
talo	crural	joint.	1	3	-	7	and	13—10).	Exact	position	of	thè	spine	can	vary	based	on	comfort	and	practicality.	Scand	j	Rehabil	Med	17:25-38,	1985.	Another	factor	to	consider	when	evaluating	thè	benefìts	of	thè	squat	lift	over	thè	stoop	lift	is	thè	total	work	required	to	lift	thè	load.	J	Bone	Joint	Surg	69A:1021-1031,	1987.	Furthermore,	thè	moment	arm	of
thè	hamstrings	for	internai	and	extemal	rotation	of	thè	knee	is	reduced	significantly	at	full	extension.	Biceps	brachii-	Axillary	nerve	Lateral	antebrachial	cutaneous	nerve	Musculocutaneous	nerve	Sensory	Distribution	Iilustration	continued	ott	following	page	154	Section	II	Upper	Extremity	B	R	A	D	I	À	L	N	E	R	V	E	(	C	^	-	I	*)	Brachial	Plexus	Extensor
indicis	FIGURE	6-33	Conti,med.	The	highly	attive	and	stressed	muscles	are	depicted	in	brighter	red.	460,	4611	patellar	retinacular,	462,	463f	periodontal,	of	teeth,	355,	3561	piantar	calcaneocuboid,	492-493,	4931	popliteal	arcuate,	439,	440t.	Spine	25:1548-1554,	2000.	Concentrating	on	holding	thè	lumbar	spine	in	a	neutral	lordotic	position	may	help
prevent	thè	spine	from	extremes	of	flexion	and	extension.	mterosseous	muscles,	2.30t	Lunate	bone,	1741,	175,	1751	avascular	necrosis	of	(Kienbòck’s	disease),	176b	in	carpai	instability,	185,	1851	Lungs,	hyperinllation	of,	in	chronic	obstructtve	pulmonary	disease,	375	See	also	joints,	e.g.,	of	specijlc	588	Index	M	Malleolus	lateral,	479f	mediai,	479f
and	tendons	of	tlbialis	posterior	and	flexor	digilorum	longus,	514	Mamillary	processes,	of	lumbar	vertebrae,	268,	269f	Mandible,	352-353,	353f,	354f	angle	of,	352,	353,	353f	body	and	rami	of,	353,	353f	condyle	of,	353,	353f,	354f,	356	in	disc-condyle	complex	derangemeni	of,	361b,	361	f	lateral	pterygold	action	and,	367b,	367f	translational	movement
of,	359f,	360,	362	motion	of	in	contralateral	excursion,	363f,	365	in	depression	and	elevaiion,	359-360,	360f,	362	in	lateral	excursion,	358-359,	359f,	362	in	protrusion	and	retrusion,	358,	359f,	360	362	in	rotation,	360,	360f,	362	in	translation,	360,	360f,	362	osteokinematics	of,	358-360,	359f,	360f	osteologie	features	of,	353b	positton	of,	355-356	and
head	position,	366b,	366f	Mandibular	fossa,	354f,	354-355	articular	and	nonarticular	surfaces	of,	354f	354t,	356,	357f	Mandibular	nerve,	muscles	of	mastication	innervated	by,	362t	Mandibular	notch,	353,	353f	Manubriosternal	joint,	254,	257f,	370,	370f	Manubrium.	!ow-back	extensor	muscles.	ARTHROLOGY	The	TMJ	is	formed	by	thè	condyle	of	thè
mandible	that	hts	loosely	within	thè	mandibular	fossa	of	thè	temporal	bone	(see	Fig.	1	3	-3	3	A	).	Acta	Med	Scand.	(Courtesy	of	Joseph	Davies,	M.D.,	Milwaukee	Orthopedic	Group,	Sinai	Samariur	Medicai	Center,	Milwaukee.)	Chapter	13	Excessive	genu	valgum	(knock-knee)	Knee	471	thè	knee	into	genu	varum,	or	bow-legged	deformity	(Fig.	See
Muscle(s),	ankle	and	foot.	By	assuming	that	thè	back	extensor	muscles	have	an	average	internai	moment	arm	of	5	cm,	thè	extensor	muscles	must	p	rod	u	ce	at	least	2512	N	(565.1	lb)	of	force	to	lift	thè	load.	Phys	Ther	69:431-440,	1989.	A	second	fiber	bundle,	called	thè	lateral	(ulnar)	collateral	liga	ment,	attaches	distally	to	thè	supinator	crest	of	thè
ulna.	128b,	129b	in	shoulder	adduction	and	extension,	129130	in	stabilizing	glenohumeral	joint,	128-129,	129b	in	stabilizing	humeral	head,	1151,	116b	Rotator	culi	syndrome,	129b	Rotatores	anatomy	and	action	of,	3211,	32	lt,	321-323,	329t	attachments	and	innervation	of,	38lt	Running	gait	speed	in,	530-531	hip-and-knee	flexion-extension	in,	muscle
synergy	in,	466,	4681,	468-469	knee	flexor-rotator	muscle	interaction	in,	465	4661	s	Sacrai	canal,	269,	271f	Sacrai	plexus,	innervating	muscles	of	hip	and	lower	limb,	4101,	411,	41	Ib	Sacrai	promontory,	269,	2711	Sacrococcygeal	joint,	269	Sacrohorizontal	angle,	anterior	spondylolisthests	and,	294b	Sacroiliac	joint,	303-308	anatomy	of,	303-306,
3041-306f	funetional	considerations	with,	3071,	307-308	ligamentous	support	of,	304-305,	3051	motion	of,	306,	306b,	3061	stability	of	muscular	reinforcement	of,	3071,	308,	308t	nutation	torque	and,	307,	3071	structure	of,	3041,	304-305,	305f	Sacrum	anatomy	of,	293,	2931	vertebrae	of,	osteologie	features	of,	263t,	269	271	f	Saddle	jotnt(s),	28,	30,
301	complex,	198,	200,	202,	2031,	2041	Sagittal	piane,	5,	61,	6t	Sarcomere	active	length-tension	curve	of,	4	6	-4	7	,	47f	banding	pattern	of,	45t,	4	5	-4	6	ideal	resting	length	of,	46	Index	Sartorius	anatomy	and	action	of,	412,	413f,	4411,	454t	463	attachments	and	innervation	of,	454t,	573t	in	gau,	548,	549f	Scalene	muscles,	anatomy	and	action	of,	336,
336f,	339b,	372t,	373	Scalenus	anterior,	attachments	and	innervation	of,	382t	Scalenus	medius,	attachments	and	innervation	of,	3821	Scalenus	posterior,	attachments	and	innervation	of,	382t	Scaphoid,	174,	174f-175f,	199f	fracture	of,	174,	185,	185f	in	carpai	instability,	174,	185,	I85f	in	opposition	of	thurnb,	205	in	ulnar	and	radiai	deviation	of	wrist,
183b	183f	Scapholunate	ligament,	in	carpai	instability,	179,	185,	185f	Scapula	osteologie	features	of,	94,	96b,	96f,	9	6	-9	7	,	97f	“winging”	of,	126f,	126-127	Scapular	piane,	97	Scapulothoracic	joint,	98,	104-106,	1061107f	movement	at,	99b,	99f,	9	9-100,	105-106,	106f-107f	muscles	of,	120f-124f,	120-122	as	depressors,	99,	99f,	105,	106f,	121,	121f,
122f	as	elevators,	120f,	120-121,	317,	317f	as	protractors,	122,	123f	as	retractors,	122,	124f	as	rotators,	122	upper	trapezius	paralysis	and,	120b	upward	rotation	ai,	116-117,	117f,	118f,	119t,	124-127,	125b,	125f,	126f	Scheuermann	disease,	288	Sciatic	foramen,	Iesser,	393	Sciatic	nerve	branches	of,	in	comparttnents	of	leg,	506	in	piriformis
syndrome,	426	muscles	innervated	by,	at	hip,	41	Of,	411	tibial	portion	of,	454,	454t	Sciatic	notch	greater,	391,	392f	Iesser,	392f,	393	Scoliosis,	of	thoractc	spine.	Often	thè	cause	of	torticollis	is	unknown.	90'	09	T	h	o	s	e	w	it	h	t	h	is	c	o	n	d	it	io	n	o	fte	n	e	x	p	e	r	ie	n	c	e	r	e	t	r	o	p	a	t	e	lla	r	p	a	in	a	n	d	c	r	e	p	it	u	s	,	e	s	p	e	c	i	a	l	l	y	w	h	ile	s	q	u	a	t	t	in	g	o
r	c	lim	b	in	g	s	t	e	e	p	s	t	a	ir	s	o	r	a	f	t	e	r	s	it	t	in	g	f	o	r	a	p	r	o	lo	n	g	e	d	p	e	r	io	d	.	(The	“rod"	placed	through	thè	epicondyles	of	thè	humerus	helps	with	thè	orientation	of	this	position.)	With	die	radius	and	hand	held	firmly	fìxed	with	thè	ground,	pronation	of	thè	forearm	occurs	by	an	external	rotation	of	thè	humerus	and	ulna	(Fig.	Keays	SL,	Bullock-
Saxton	J,	Keays	AC:	Strength	and	function	before	and	after	anterior	cruciate	ligament	reconstruction.	L	a	te	ra	l	g	r	o	o	v	e	(in	M	e	d	ia	i	e	p	ic	o	n	d	y	le	Patella	L	a	te	ra	l	e	p	ic	o	n	d	y	le	c	o	n	d	y	le	L	a	te	ra	l	c	o	n	d	y	le	P	o	s	t	e	r	io	r	In	te	rc	o	n	d	y	la	r	in	te	r	c	o	n	d	y	la	r	f	o	s	s	a	e	m	in	e	n	c	e	(w	ith	c	o	n	d	y	le	L	a	te	ra	l	c	o	n	d	y	le	A	n	te	r	io	r	in	te	r
c	o	n	d	y	la	r	f	o	s	s	a	The	patella	(from	thè	Latin,	“small	piate”)	is	a	nearly	triangular-shaped	bone	embedded	within	thè	quadriceps	tendon.	Biomechanics	32:493-501,	1999.	whereas	hip-and-knee	flexion	advances	or	swings	thè	lower	limb.	1997.	posely	protracting	thè	craniocervical	region	to	improve	visual	contact	with	objects	manipulated	in	front	of
thè	body.	As	thè	knee	is	gradually	extended,	thè	pivot	point	for	thè	rotating	lower	leg	shifts	from	thè	knee	to	thè	hip.	Bilaieral	frontal	piane	malalign-	meni	in	thè	knees	of	an	83-year-old	female.	The	prominent	head	of	thè	talus	projects	forward	and	slightly	mediai	toward	thè	navicular.	Retrusion	provides	an	important	componer:	of	closing	thè	widely
opened	and	protruded	mouth.	In	children,	this	situation	may	lead	to	a	condition	known	as	a	slipped	capitai	femoral	epiphysis.	482,	482f,	483t	extreme,	ankle	injury	from,	489b	knee	extension	with,	515b,	515f	of	lalocrural	pini,	186-488,	4871,	514	of	transverse	tarsal	joint,	493,	495f	used	to	decelerate	ankle	dorsiflexion,	514	Piantar	mierossei,
attachments	and	inneivation	of,	575l	Piantar	nerve	lateral,	507,	509f	mediai,	507,	509f	Piantar	piate,	of	metatarsophalangeal	joints,	504,	504f	Plantaris	action	and	innervation	of	at	knee,	454t	anatomy	and	function	of,	512,	513f,	514	attachments	of,	573t	innervation	of,	454t,	573t	Piate	palmar,	of	metacarpophalangeal	joints,	208,	208f	piantar,	of
metatarsophalangeal	joints,	504,	504f	pterygoid,	of	sphenotd	bone,	355,	355f	Plicae,	of	knee,	439,	442b	Poliomyelitis,	pes	cavus	and,	498	Popliteus	action	of	al	knee,	454t	attachments	of,	572t	functional	anatomy	of,	4	4	lf,	464-465,	465b	innervation	of,	454t,	572t	internai	rotator	function	of,	465b	Posterior	dravver	test,	of	posterior	cruciate	ligamenl,
451,	452f	Postglenoid	tubercle,	of	temporal	bone,	354f,	355	Posture	abnormal	in	thoracic	spine,	288-292	kyphosis	development	and,	288-290,	291f	types	of,	259f,	260f	in	static	stability	of	glenohumeral	joint,	111	sitting.	A	x	ia	l	r	o	t	a	t	io	n	,	d	u	e	p	r	im	a	r	ily	t	o	t	h	è	o	r	ie	n	t	a	t	io	n	o	f	t	h	è	a	p	o	p	h	y	s	e	a	l	jo	in	t	s	,	is	a	s	s	o	c	i	a	t	e	d	w	it	h	s	lig	h	t
ip	s	i	l	a	t		r	ig	h	t	a	x	ia	l	r	o	t	a	t	io	n	o	f	t	h	is	c	e	r	v	i	c	a	l	r	e	g	io	n	,	m	a	y	b	e	a	c	c	o	m	p	a	n	ie	d	b	y	a	s	lig	h	t	,	o	f	f	s	e	t	t	in	g	le	f	t	a	x	ia	l	r	o	t	a	t	io	n	t	o	r	q	u	e	t	o	t	h	è	h	e	a	d	b	y	t	h	è	le	f	t	o	b	liq	u	u	s	c	a	p	it	is	in	f	e	r	io	r	m	u	s	c	le	.	ADDITIONAL	REAOING	Baker	AS,	Bitounis	VC.:	Abductor	function	after	total	hip	replacement.	See	text	for
further	details.	Anatomists	typically	classify	this	joint	as	a	s	y	n	a	r	th	r	o	s	is	because	it	allows	very	slight	movement	and	is	filled	with	dense	irregular	con	nective	tissue.	1	3	-	1	0	)	.	lim	it	t	e	n	s	io	n	p	l	a	c	e	d	o	n	t	h	è	A	C	L	a	n	d	,	a	t	t	h	è	s	a	m	e	t	im	e	,	D	e	p	e	n	d	in	g	o	n	t	h	è	p	a	t	ie	n	t	's	a	g	e	,	t	im	e	s	i	n	c	e	s	u	r	g	e	r	y	,	a	n	d	in	j	u	r	y	s	e	v	e	r	it	y	,
it	m	a	y	b	e	p	r	u	d	e	n	t	t	o	lim	it	t	h	è	a	m	o	u	n	t	o	f	t	e	n	s	io	n	p	l	a	c	e	d	o	n	a	h	e	a	lin	g	A	C	L	g	r	a	ft.	New	York,	Churchill	Livingstone,	1995	121.	Because	thè	semitendinosus	is	lengthened	across	thè	knee	as	it	simultaneously	produces	hip	extension,	little	overall	change	occurs	in	thè	muscle’s	length.	Neumann	DA:	Hip	abductor	muscle	activity	as
subjects	with	hip	pros	thesis	walk	with	different	methods	of	using	a	cane.	llncorrected	Body	weight	Body	weight	FIGURE	13-42.	The	path	of	dorsiflexion	places	thè	concave	tibiofibular	segment	of	thè	“mortise”	in	contact	with	thè	wider	anterior	dimension	of	thè	talus,	thereby	causing	a	wedging	effect	within	thè	joint.	Humeroulnar	joint	Humeroradial
joint	Proximal	radioulnar	joint	Distai	radioulnar	joint	OSTEOLOGY	Mid-to-Distal	Humerus	The	anterior	and	posterior	surfaces	of	thè	mid-to-distal	hu	merus	provide	proximal	attachments	for	thè	brachialis	and	thè	mediai	head	of	thè	triceps	brachii	(Figs.	To	put	this	m	agnitude	o	f	force	in	to	clinical	perspective,	consider	thè	following	two	points.
Williams	M,	Wesley	W:	Hip	rotaior	action	of	thè	adductor	longus	muscle	Phys	Ther	Rev	31:90-92,	1952.	This	fact	explams,	in	part,	why	maximal-effort	internai	torque	varies	across	thè	range	of	motion.	Haider	AM,	Itoi	E,	An	KN:	Anatomy	and	biomechanics	of	thè	shoulder	Orthop	Clin	N	Am	31:159-176,	2000	Johnson	G,	Bogduk	N,	Nowitzke	A,	et	al:
Anatomy	and	actions	of	thè	trapezius.	As	described	in	Chap	ter	12,	thè	three	biarticular	hamstrings	are	very	effective	hip	extensors,	especially	in	thè	control	of	thè	position	of	thè	pelvis	and	trunk	over	thè	femur.	The	inter	nai	moment	arm	(D	,)	depicted	in	Figure	1	0	-	3	8	is	assumed	to	be	5	cm.	The	articulation	of	thè	three	bones	forms	thè	talocrural
(ankle)	joint.	Note	thè	contrasting	fìber	direction	of	thè	oblique	cord.	Neumann	DA:	Hip	abductor	muscle	activity	in	persons	with	a	hip	prosthesis	while	carrying	loads	in	one	hand.	Based	on	thè	force-velocity	curve	of	muscle	(see	Chapter	2),	concentrically	produced	muscle	torques	decline	as	thè	contraction	speed	increases.6-8'40’	2	Figure	1	3	-	3	5
shows	a	plot	of	thè	peak	torque	produced	by	thè	knee	extensors	and	flexors	during	nonisometric	(isokinetic)	activa	tions.'’2	The	decline	in	peak	torque	occurs	during	concentric	contractions	for	both	knee	extensors	and	knee	flexors.	Annular	ligament	Proximal	Radioulnar	Joint	from	Above	Anterior	Distai	Radioulnar	Joint	from	Above	A	n	te	rio	r	Anterior
FIGURE	6	-3	2	.	S	tru	ctu	res	th	at	Guide	thè	P	atella	through	thè	Intercondylar	Groove	o	f	thè	Femur	•	Quadriceps	muscle	•	Quadriceps	tendon	•	Patellar	ligament	•	Iliotibial	traci	•	Patellar	retinacular	fibers	•	Shape	of	thè	articular	surfaces	The	overall	line-of-force	of	thè	quadriceps	tends	to	pulì	thè	patella	superiorly	and	laterally	relative	to	its
ligament.	J	Orthop	Sports	Phys	Ther	3:	4	8	-5	6	,	1981.	Horstmann	1,	Maschmann	J,	Mayer	F,	et	al:	The	influence	of	age	on	isokinetic	torque	of	thè	upper	and	lower	leg	musculaiure	in	sedentary	men.	The	disc	is	divided	into	three	regions:	posterior,	intermete,	and	anterior	(see	Fig.	Although	these	FIGURE	13-32.	Shortening	of	thè	muscle	may	be	due	to
a	fibrous	mass	or	may	indicate	neuromuscular	disease.	B,	The	plot	shows	thè	relationship	between	thè	internai	mo	ment	arm	of	thè	quadriceps	(left	y	axis,	in	red)	and	rectus	femoris	length	(tight	y	axis,	in	black)	be	tween	9	0	degrees	and	near	0	degrees	of	knee	flexion.	Guttmann	D,	Paksima	NE.	Hemborg	B,	Moritz	U,	Lowing	H:	Intra-abdominal
pressure	and	trunk	muscle	activity	during	lifting,	Part	IV:	The	causai	factors	of	tntraabdominal	pressure	rise.	Andersson	GBJ,	Onengren	R,	Nachemson	A:	Quantitative	studies	of	back	loads	in	lifting.	Arch	Phys	Med	Rehabil	50:241-250,	1969.	Second,	thè	model	contains	an	assumption	of	a	condition	of	static	equilibrium,	thereby	ignoring	thè	additional
forces	needed	to	accelerate	thè	body	and	load	upward.	A	third	“o	d	d	”	f	a	c	e	t	exists	along	thè	extreme	mediai	border	of	thè	mediai	facet.	The	physiologic	basis	for	this	phenomenon	rests	on	thè	forcevelocity	and	length-tension	relationships	of	muscle.	The	longus	colli	consists	o	f	m	ultiple	fascicles	that	closely	adhere	to	thè	anterior	surfaces	of	thè
upper	three	thoracic	and	all	cervical	vertebrae.	The	two	red	horizontal	lines	indicate	(1)	thè	maximal	load-carrying	capacity	of	thè	lumbar	region	before	structural	failure,	and	(2)	thè	upper	safe	limits	of	compressìon	force	on	thè	lumbar	spine	as	determined	by	thè	National	lnstitute	of	Occupational	Safety	and	Health.	A	torn	meniscus	therefore	loses	its
capacity	to	absorb	loads.	58.	Hoy	MG,	Zajac	FE,	Gordon	ME:	A	musculoskeletal	model	of	ihe	human	lower	extremity:	The	effect	of	muscle,	tendon,	and	moment	arm	on	thè	moment	angle	relationship	of	musculotendon	aciuators	at	thè	hip,	knee,	and	ankle.	The	proximal	attachments	of	thè	temporalis	and	masseter	muscles	are	indi	cateci	in	red.	DeVita
P,	Lassiler	T,	Hortobagyi	T,	et	al:	Functional	knee	effects	during	walking	in	patients	with	anterior	cruciale	ligament	reconstruc	tion.	E	kholm	J,	A	rborelius	UP.	I	Biomech	26T	4	2	9	muscle	fibre	orientation.	Arthrokinematics	at	thè	Proximal	and	Distai	Radioulnar	Joints	Pronation	and	supination	require	simultaneous	joint	movement	at	both	proximal	and
distai	radioulnar	joints.	As	indicated	in	Figure	1	3	-	4	0	,	coxa	vara	(i.e.,	a	femoral	neck-shaft	angle	less	than	125	degrees)	or	excessively	pronated	feet	may	increase	thè	valgus	stress	on	thè	knee.	1	2	-2	7	A	).	Hum	Factors	39:141-148,	1997.	Standing	B.	Warner	JJ,	Deng	XH,	Russell	WF,	et	al:	Slatic	capsuloltgamentous	restraints	lo	superior-infenor
translation	of	thè	glenohumeral	joint	Am	|	Sports	Med	20:675-685,	1992.	As	depicted	in	Figure	1	3	-1	8	B	,	thè	articular	surface	of	thè	mediai	femoral	condyle	curves	about	30	degrees	laterally,	as	it	approaches	thè	intercondylar	groove.	Along	with	thè	mediai	collateral	ligament,	active	tension	in	thè	pes	muscles	resists	knee	extemal	rotation	and	valgus
stress	at	thè	knee.	J	Bone	Joint	Surg	43B	:752-757,	1961	91.	Force(s),	musculoskeletal.	of	lumbar	spine,	for	low	back	pain,	consequences	of,	302b	of	metacarpophalangeal	joints,	209,	2101	of	shoulder,	129-130,	130f,	131	b	of	thoracic	spine,	286t,	286-287,	2881	289f	of	thumb,	201f,	204f,	204-205,	206f,	206l	ofwrist,	179-180,	180f,	181f-182f,	181182,
187,	187f	Extensor	carpi	radialis	brevis	attachmems	and	innervation	of,	245t	function	of,	187f—1891	187-189	in	making	a	fisi,	189	radiai	deviation	by,	191,	1911	Index	Extensor	carpi	radialis	longus	attachmenis	and	innervation	of,	245t	function	of,	187f-189f,	187-189	radiai	deviation	by,	191	Extensor	carpi	ulnaris	attachments	and	innervation	of,	245t
function	of,	187f-189f,	187-189	in	wrist	flexion,	190	ulnar	deviation	by,	191-192,	192f	Extensor	digiti	minimi,	219-220,	220f-221f	attachments	and	innervation	of,	245t	Extensor	digitorum	brevis	anatomy	and	function	of,	504f,	510f,	518,	519f	attachmenis	of,	574t	innervation	of,	507,	508f,	574t	Extensor	digitorum	communis,	187f,	2	lOf,	21	9	220,	220f—
22lf	action	of,	220,	223f	attachmenis	and	innervation	of,	245t	in	openinghand,	230-232,	231f-232f	wrist	extension	with,	187,	187f	Extensor	digitorum	longus	anatomy	and	function	of,	508,	510,	510f	attachments	and	innervation	of,	573i	in	gait,	549f,	550	innervation	of,	507,	508f	Extensor	digitorum	muscles,	in	finger	flexion,	234	Extensor	hallucis
longus	anatomy	and	function	of,	508,	510,	510f	attachments	of,	573t	in	gau,	549f,	550	innervation	of,	507,	508f,	573t	Extensor	indicis,	219-220,	220f—221f	attachments	and	innervation	of,	245t	“Extensor	lag,"	at	knee,	460b	Extensor	pollici?	A	dditional	attach	m	en	ts	in	clu	d	e	thè	m	ediai	collateral	ligam	ent,	o	bliqu	e	popliteal	ligam	ent,	and	pop	liteu
s	m	u	scle.	Consider	primarily	thè	effect	of	muscle	velocity	on	muscle	force	pro	duction.	Outerbridge	RE:	The	etiology	of	chondromalacia	patellae.	55	As	is	apparent	in	Figure	6	-	2	4	,	pronation	and	supination	provide	a	mechanism	that	allows	independent	“rotation”	of	thè	hand	without	an	obligatory	rotation	of	thè	ulna	or	humerus.	Note	thè	sharp
increase	in	thè	reduction	in	reach	as	thè	flexion	contracture	exceeds	30	degrees.	Because	of	thè	pitch	of	thè	axis	of	rotation,	dorsiflexion	is	associated	with	slight	abduction	and	eversion,	and	piantar	flexion	with	slight	adduction	and	inversion.	motions	of,	in	gatt,	541,	541f-542f	abnormalities	in,	501,	561t-562t	in	horizontal	piane,	543,	544b,	544f	in	late
stance	phase,	506	in	stance	phase,	507t	subtalar,	48	lf,	484f-485f,	489-490,	490f,	491t.	Bynum	EB,	Barrack	RL,	Alexander	AH:	Open	versus	closed	chain	kinetic	exercises	after	anterior	cruciate	ligament	reconstruction.	Clin	Biomechan	4	133-136,	1989.	This	force	stretches	thè	interosseous	membrane	(shown	by	doublé	taut	arrows)	that	transfers	a	part
of	thè	compression	force	to	thè	ulna	(#3)	and	across	thè	elbow	at	thè	humeroulnar	joint	(#4).	J	Biomech	30:163-176,	1997.	When	opening	and	closing	thè	mouth,	thè	outsic-.	1	0	-	3	0	).	The	timing	of	muscle	contraction	appears	as	imporiant	in	protecting	thè	neck	as	does	thè	magnitude	of	muscle	force.	Consider	thè	movement	of	kicking	a	football.	One
of	thè	more	important	functions	of	thè	hamstring	muscles,	for	example,	is	to	decelerate	thè	advancing	tibia	at	thè	late	swing	phase	of	walking.	Surg	Radiol	Anat	19:365369,	1997.	As	listed	in	Table	1	3	-	4	,	thè	ACL	is	pulled	taut	as	a	result	of	many	tibial-on-femoral	or	femoral-on-tibial	movements.	The	maximum	extent	of	flexion	is	partially	blocked	by
thè	chin	striking	thè	chest	(Fig.	87.	Tibiofemoral	joint	Knock-knee,	438,	439f	excessive,	471,	4	7	lf,	472f	Kyphosts,	256,	257,	258f,	260f,	276b	juvenile,	288	See	See	See	also	(Continued)	Kyphosts	thoracic,	260f,	288-290,	291f	compression	force	on	interbody	joint	in,	292b	L	Labor	and	delivery,	sacrai	liac	joint	movements	during,	307	Labrum,
peripheral,	of	fibrocartilage,	27	Laminae	of	cemcal	vertebrae,	264,	266f	retrodiscal,	of	articular	disc	of	temporomandibular	joint,	357,	357f	Lateral	epicondylitis,	189	Latissimus	dorsi	action	of,	317,	317f,	375t	as	secondary	axial	rotator,	327b	attachments	of,	244t	in	depression	of	scapulothoracic	joint,	121	121f,	122f	in	internai	rotation	of	shoulder,
131-132	132f	in	lifting	heavy	loads,	347,	348f	in	shoulder	adduction	and	extension,	129130,	130f	innervation	of,	244t,	317,	317f,	375t	Law	of	acceleration,	58b,	58	-6	2	,	61f,	62b,	62t	physical	measurements	associated	with,	62t	Law	of	action-reaction,	62	-6	3	,	63f	in	gait,	551	Law	of	inertia,	57b-60b,	57	-5	8	,	59f,	60f	Law	of	parsimony	in	elbow
extensors,	164b	in	forearm	supination	and	pronation	166	169b	Laws	of	motion,	56	-6	3	,	57t.	Avoid	thè	extremes	of	flexion	and	extension.	1	1	-1	2	A	).	1	3	-	4	).	Sports	Med	25:37-62,	1998.	Summary:	Factors	that	Contribute	to	Safe	Lifting	Rather	than	a	squat	lift	or	stoop	lift,	people	usually	choose	an	individualized	(freestyle)	technique.	C	0	N	S	ID	E	R
A	T	I0	N	S	The	mediai	collateral	ligament	(MCL)	is	a	fiat,	broad	structure	that	spans	thè	mediai	side	of	thè	joint	(see	Fig.	J	Ortho	Res	15	1117,	1997.	as	saddle	joint,	28,	30f,	202	movement	and	function	of,	197-198,	200,	2	0	lf,	203f	of	thumb,	200-207,	202f-207f	adduction	and	abduction	of,	203-204,	205f	capsule	and	ligaments	of,	202,	202t,	203f204f
flexion	and	extension	of,	204-205,	206f,	206t	generai	features	of,	200,	202	in	zig-zag	deformity	of	thumb,	236,	237f	muscles	attached	to,	224t	opposition	of,	205,	207,	207f	saddle	joint	structure	of,	202	second	through	ftfth	generai	features	of,	198	ligaments	of,	198,	202f	structure	and	ktnematics	of,	198,	200,	203f	Carpus,	ulnar	translocation	of,	185,
186f	Cartesian	coordinate	System,	66	Cartilage	articular,	26,	26f	chronic	trauma	to,	38,	39f	composition	and	function	of,	32,	32f,	33t,	34	-3	5	,	35f	of	distai	femur,	435	of	palella,	437	See	also	See	also	(Continued)	Cartilage	hyaline,	34—35,	35f	of	femoral	condyle,	grooves	on,	435,	437f	of	femoral	head,	396,	399f	Cauda	equina,	270b,	270f	Cells,	in
connective	tissues	in	joints,	32	Center	of	gravity,	57	Center	of	mass.	The	following	section	s	ig	n	if	ic	a	n	t	p	h	y	s	ic	a	l	t	r	a	n	s	f	o	r	m	a	t	io	n	.	Clin	Orthop	288:40-47,	1993.	1981.)	Chapter	6	torcami	rotation—	from	about	50	degrees	of	pronation	irough	50	degrees	of	supination	.28	Similar	lo	thè	elbow	joint,	a	100	degree	functional	are	exists—	an	are
that	does	~ot	include	ihe	terminal	ranges	of	motion.	All	hamstring	muscles,	except	thè	short	head	of	thè	bi	ceps	femoris,	cross	thè	hip	and	knee.	6	-9	A	).45	From	mediai	to	lateral,	thè	axis	courses	slightly	superiorly	owing	in	part	to	thè	distai	pro-	end,	however,	is	enlarged,	forming	a	major	part	of	thè	wrist	joint.	Figure	1	3	-3	9	B	is	an	anterior	view	of
an	x-ray	showing	bilateral	genu	varum.	Palli	of	sliding	patella	on	thè	femur	C.	Contracting	bilaterally,	thè	splenius	muscles	extend	thè	upper	craniocervical	region.	The	posterior	fibers	become	taut	in	thè	extremes	of	elbow	flexion.13-41	A	I	third	and	poorly	developed	set	of	transverse	fibers	of	thè	I	mediai	collateral	ligament	cross	from	thè	olecranon	io
thè	]	coionoid	process	of	thè	ulna.	Increased	moment	arm	(D	)	fo	r	hip	abductor	force.	1	hand	down	on	an	object,	such	as	grasping	a	coin	or	pushing	up	from	a	chair.	Most	fibers	resist	excessive	anterior	translation	of	thè	tibia	or	excessive	posterior	translation	of	thè	femur	2.	The	olecranon	process	forms	thè	large,	blunt,	proximal	tip	of	thè	ulna,
making	up	thè	“point”	of	thè	elbow	(Fig.	The	prominent	tib	ia	ì	tu	b	er	o	s	ity	is	located	on	thè	anterior	surface	of	thè	proximal	shaft	of	thè	tibia.	The	muscle	ascends	thè	cervical	region	through	multiple	attachments	between	thè	vertebral	bodies,	anterior	tubercles	o	f	transverse	processes,	and	ante	rior	arch	of	thè	atlas.	Li	G,	Rudy	TW,	Sakane	M,	et	al:
The	importance	of	quadriceps	and	hamstring	muscle	loading	on	knee	kinematics	and	in-situ	forces	in	thè	ACL.J	Biomechan	32:395-400,	1999.	The	signs	and	symptoms	include	excessive	pain,	marked	gait	deviaiion,	generalized	hip	instability,	and	abn	orm	al	p	osition	in	g	o	f	thè	lo	w	er	limb.	31	P	h	y	s	ic	a	l	t	h	e	r	a	p	y	f	o	r	c	h	r	o	n	ic	p	a	t	e	lla	r	d	is	lo
c	a	t	io	n	in	c	lu	d	e	s	t	r	a	in	in	g	f	o	r	s	e	le	c	t	iv	e	c	o	n	t	r	o	l	o	f	t	h	è	o	b	liq	u	e	f	ib	e	r	s	o	f	t	h	è	v	a	s	t	u	s	m	e	d	ia	lis	,	s	t	r	e	t	c	h	in	g	o	f	t	h	è	s	o	f	t	t	is	s	u	e	,	a	n	d	w	e	a	r	in	g	o	f	f	o	o	t	o	r	t	h	o	t	ic	s	t	o	r	e	d	u	c	e	e	x	c	e	s	s	i	v	e	p	r	o	n	a	t	io	n	o	f	t	h	è	f	e	e	t	.	Supination,	in	contrast,	describes	a	motion	that	has	elements	of	inversion,	adduction,	and
piantar	flex	ion.	Figure	1	3	-	4	1	shows	severe	bilateral	osteoarthritis	of	thè	knee,	with	severe	genu	valgum	on	thè	right	and	genu	varum	on	thè	left.	Ergonomics	25:145-16f,	1982.	The	distai	surface	articulates	with	thè	bases	of	both	thè	fourth	and	frfth	metatarsals.	cervical	region	of,	262,	262f,	263t,	264,	264f,	266t,	267f.	6	-9	C	).	In	con	tras!,	thè
forearm	may	less	cotnmonly	show	a	cubitus	varus	deformity,	where	thè	forearm	is	deviateci	toward	thè	midiine	(Fig.	Sprains	to	thè	deltoid	ligament	are	relatively	uncommon	due,	in	part,	to	thè	ligament’s	strength	and	to	thè	fact	that	thè	lateral	malleolus	serves	as	a	bony	block	against	excessive	eversion.	Newton's	laws.	Perron	M,	Malouin	F,	Moffet	H,
et	al:	Three-dimensional	gait	analysis	in	women	with	a	total	hip	anhroplasty.	During	tibial-on-femoral	knee	extension,	thè	external	moment	arm	of	thè	weight	of	thè	lower	leg	increases	from	90	to	0	degrees	of	knee	flexion	(Fig.	and	dtstancc,	21,	22,	22f	compression.	Inferior	view	of	thè	skull	highlighting	thè	righi	mandibular	fossa,	lateral	pterygoid
piate,	and	zygomatic	arch.	During	thè	stance	phase,	thè	knee	remains	slightly	flexed,	allowing	shock	absorption,	conservation	of	energy,	and	transmission	of	forces	through	thè	lower	limb.	As	thè	knee	extends	through	thè	last	20	degrees	of	llexion,	thè	primary	contact	point	on	thè	patella	migrates	to	thè	inferior	pole	(Fig.	In	particular,	it	limits
excessive	abduction	of	thè	talus,	especially	when	thè	ankle	is	fully	dorsiflexed.7	The	inferior	transverse	ligament	is	a	small	thick	strand	of	fibers	considered	part	of	thè	posterior	talofìbular	ligament	(see	Fig.	See	Connective	lissue(s).	The	steps	usec	to	estimale	thè	compression	re	action	force	(RF)	on	thè	L2	ver	tebra	while	lifting	a	load	are	shown.
Lohmander	L$:	Articular	cartilage	and	osteoarthrosis	The	role	of	molecular	markers	to	monitor	breakdown,	repair.	The	cruciate	ligaments	and	menisci	attach	along	thè	intercondylar	regions.	Consider,	for	example,	thè	activation	of	thè	right	and	left	oblique	abdominal	muscles	(see	Fig.	J	Orthop	Sports	Phys	Ther	28:158-164,	1998	78.	Olson	NT.,	Smidt
GL,	Johnston	RC:	The	maximum	torque	generated	by	thè	ecccntric,	isometric,	and	concentric	contractions	of	thè	abduc:.-muscles.	This	migration	is	described	as	“thè	evolute.”	446	Section	IV	Lower	Extremitv	relative	to	thè	fìxed	tibia.	B	Histogram	showing	thè	amoum	of	forearm	rotation	usually	required	for	healthy	persons	to	perform	the	foilowing
activities	of	daily	living:	bringing	a	glass	to	the	mouth,	bringing	a	/orfe	to	the	mouth,	nsing	from	a	chair,	opening	a	door,	pouring	from	a	pitcher,	cutting	with	a	feni/e	^holding	a	telephony	and	teading	a	newspaper.	Neumann	DA,	Cook	TM:	Effect	of	load	and	carry	position	on	thè	electromyographic	activity	of	thè	gluteus	medius	muscle	during	walk	ing.
Appendix	IVB	shows	key	muscles	typically	used	to	test	thè	functional	status	of	thè	L2-	S	3	ventral	nerve	roots.	Deng	YC,	Goidsmith	W:	Response	of	a	human	head/neck/upper-torso	sisted	trunk	rotation	with	normal	velocity	among	healthy	subiteti	replica	to	dynamic	loading.	Ala	v	i	c	u	la	r	The	navicular	bone	is	named	for	its	resemblance	to	a	ship	(Le.,
referring	to	“navy”).	A,	The	initiation	of	thè	stoop	lift.	Biomechanical	variables	relaied	io	maximal-effort	knee	flexion	torque.	Proximal	attachments	of	muscles	and	ligaments	are	shown	in	red,	distai	attachments	in	gray.	Right	humerus:	Inferior	view	tendon	tendon	Trochlea	FIGURE	6-3.	In	generai,	inter	nai	torques	produced	through	eccentric	or
isometric	activa	tions	are	greater	than	those	produced	through	concentric	contraction.	Increased	bending	moment	arm	(I')	increases	bending	moment	(ACFx	I');	increases	shear	force	across	femoral	neck.	1	3	-	2	7	,	graph).	tended,	thè	anterior	pari	of	thè	MCL	provides	thè	primary	resistance	against	a	valgus,	or	an	abduction,	stress.	Part	I:	Acute
phase,	Phys	Ther	72	691699,	1992.	Fuss	FK,	Bacher	A:	New	aspeets	of	thè	morphology	and	function	of	thè	human	hip	joint	ligaments.	e.g.,Tibia,	cancellous,	in	proximal	femur,	396,	399f	compaci,	in	proximal	femur,	396,	399f	organization	and	structure	of,	36f-37f,	3	6	-37	remodeling	of,	36	stresses	on,	36	-3	7	Bone	spurs,	cervical,	265b,	265f
Boutonniere	deformity,	of	fingers,	239,	240f	Bow-legs,	438,	439f	Bowstringing	force	of,	68,	68f	in	(lexor	pulley	rupture,	217,	217f	in	palmar	dislocation	of	metacarpophalangeal	joint,	237,	238f	in	ulnar	drift	at	metacarpophalangeal	joint,	238,	239f	in	zig-zag	deformity	of	thumb,	236,	237C	of	quadriceps	agatnst	knee,	462,	463f	Boyle’s	law,	368,	368b.
(See	references	1	,	1	0	,	45,	and	48.)	Structure	and	Function	of	Joints	Associated	with	thè	Ankle	From	an	anatomie	perspective,	thè	ankle	includes	one	articulation:	thè	talocrural	joint.	The	large	surface	area	of	thè	femoral	condyles	permits	extensive	knee	motion	in	thè	sagittal	piane	for	activities	such	as	running,	squatting,	and	climbing.
tarsometatarsal,	503.	J	Orthop	Res	14:245-250,	1996.	The	stretched	(taut)	structures	are	shown	as	thin	elongated	arrows.	Most	of	thè	rounded	ulnar	head	is	lined	with	articular	cartilage.	Supporting	Conncctive	Tissues	within	thè	TMJ	•	Articular	disc	•	Fibrous	capsule	•	Collateral	ligaments	•	Lateral	TMJ	ligament	•	Sphenomandibular	ligament	•
Stylomandibular	ligament	Osteokinematics	FIGURE	11-10.	Based	on	a	muscle’s	passive	length-tension	relationship,	thè	internai	resistance	or	force	within	a	muscle,	such	as	thè	semitendinosus,	increases	as	it	is	stretched.	A	s	t	h	è	e	x	t	e	n	d	e	d	a	n	d	lo	c	k	e	d	k	n	e	e	p	r	e	p	a	r	e	s	t	o	f	le	x	(e	.g	.,	w	h	e	n	b	e	g	in	n	in	g	to	Control	o	f	Tibial-on-Fem	oral
Osteokinematics.	Internai	Torque-Joint	Angle	Relationship	of	thè	Quadriceps	Muscle.	See	Metacarpophalangeal	joint(s).	This	“wind-swept”	deformity	was	corrected	surgically	with	bilat	eral	knee	replacements	(Fig.	Lateral	view	of	thè	righi	knee.	Chapter	13	Knee	449	J	TABLE	1	3	-	3	.	The	ex	tension	torque	is	then	generated	actively	by	contracting	thè
erector	spinae	muscles,	as	evident	by	thè	large	increase	in	thè	EMG	signal.	When	clinically	testing	forearm	muscle	strength	and	range	of	motion,	care	must	be	taken	to	eliminate	contributing	motion	or	torque	that	has	originated	from	thè	shoulder.	pronator	teres,	169-170	Pronator	teres	attachments	and	innervation	of,	245t	biomechanical	and
structural	variables	of,	157t	vs.	Gilleard	W,	McConnell	J,	Parsons	D:	The	effect	of	patellar	taping	on	thè	onset	of	vastus	medialis	obliquus	and	vastus	lateraìis	muscle	aciivity	in	persons	with	patellofemoral	pain.	Between	thè	posterior	and	mediai	facet	is	a	wide	oblique	groove	called	thè	calcaneal	sulcus.	Although	some	fibers	of	thè	ACL	remain	taut
throughout	thè	full	range	of	motion,	most	fibers,	especially	within	thè	posterior-lateral	bundle,	become	more	taut	as	thè	knee	approaches	full	extension	(Fig.	The	term	is	frequently	used	interchangeably	with	centric	relation,	especially	in	describing	thè	relative	posi	tion	of	thè	articular	surfaces	within	thè	TMJ.	Genaidy	AM.	Data	based	on	a	compilation
from	several	anatomical	sources.	manual	materials	handling.	Surg	Radiol	Anat	18:29-31,	1996.	Habitual	forward	head	posture	can	occur	for	two	different	reasons.	J	Biomech	17:251-262	56.	The	stretched	(taut)	structures	are	shown	as	thin	elongated	arrows,	and	slackened	structures	are	shown	as	wavy	arrows.	A,	Maintaining	a	partial	squat	requires
that	thè	quadriceps	transmit	a	force	through	thè	quadriceps	tendon	(QT)	and	thè	patellar	ligament	(PL).	Part	II:	Postacute	phase.	This	assumption	allows	thè	internai	(muscular)	torque	to	be	estimated	by	Step	2	estimates	thè	amount	of	extensor	muscle	force	needed	to	sustain	thè	internai	torque.	Osteologie	Features	of	thè	Patella	t	e	r	c	o	n	d	y	la	r	e	m
in	e	n	c	e	formed	by	mediai	and	lateral	tubercles.	I	S		S	I).	Nibu	K,	et	al:	Criticai	load	of	thè	human	cervical	spine:	An	in	litro	experimental	study.	5ee	also	Melacarpophalangeal	joint(s);	Metatarsophalangeal	joint(s).	1	3	-	9	).	The	coronoid	process	projects	sharply	from	thè	anterior	body	of	thè	proximal	ulna.	The	actions	of	thè	rectus	capitis	anterior	and
lateralis	muscles	are	limited	to	thè	atlanto-occipital	joint,	where	each	muscle	Controls	one	of	thè	joint’s	two	degrees	of	freedom	(see	Chapter	9).	1	0	-3	6	A	).	ADDITI0NAL	REA0INGS	Basmajian	JV:	Musdes	Alive.	During	active	hip-and-knee	extension,	thè	gluteus	maximus	and	rectus	femoris	have	a	relationship	similar	to	that	A.	The	increased	varus
position	in	this	particular	patient	improved	thè	congruency	of	thè	weight-bearing	surface	of	thè	hip.	1	3	-1	2	,4	and	B).	of	foot,	osteologie	features	of,	4801,	4811,	482	of	hand	morphology	of,	196,	1981-	199f	osteologie	features	of,	196,	196b,	198f1991	Photography,	for	colleciion	of	kinematic	data,	83	Physiology,	defìrrition	of,	3	Pinch	muscular
biomechanics	in,	229,	2291	types	of,	234-235,	2351-2361	Piriformis	anatomy	and	action	of,	4131,	423f,	425-426	attachments	of,	572t	innervation	of,	411,	572t	Piriformis	syndrome,	426	Pisiform,	1741,	1751.	548,	549f,	561l	weakness	of,	540,	540f	Gluteus	medius	limp,	425b,	432,	540	Gluteus	minimus,	420f	anatomy	and	action	of,	423,	423f	attachments
and	innert'ation	of,	572t	in	gait,	548,	549f	Glycosaminoglycans	aging	effeets	on,	37	in	ground	substance,	32,	32f	Goniometry,	31	for	measuremeni	of	motion	at	subtalar	joint,	492b	Gracilis	anatomy	and	action	of,	414,	418f,	441	f,	463	at	knee,	454l	attachments	and	innervation	of,	572t	Grasp	(grip)	at	carpometacarpal	joints,	201	f	at
metacarpophalangeal	joints,	208-209,	209f,	210f	metacarpophalangeal	joint	of	thurnb	and,	211,	212f	muscle	mechanics	of,	188f-189f,	188-189	See	also	under	583	Grasp	(grip)	(Continued)	types	of,	233,	234-235,	235f-236f	ulnar	nerve	lesion	and,	233	Gravity	and	naturai	curvature	of	vertebral	column,	256,	257,	259f-260f	as	extemal	force,	13	as	hip
flexor	in	hip	(lexor	contracture,	416	axial	skeletal	muscle	action	and,	316	center	of,	57	knee	extension	torque	with,	471	line	of,	15,	257,	259f-260f	nuiation	torque	produced	by,	307,	307f	Groove(s)	intercondylar	(trochlear)	of	femoral	condyles,	435,	437f	patellar	position	and,	447,	4481	structures	guiding	patella	through,	460,	46	lb,	463f	luterai	and
mediai,	of	femoral	condyle	cartilage,	435,	437f	Ground	reaction	force,	63,	63f	in	force-time	curve,	61b,	61f	in	gait,	551b,	551-553,	552f,	553f	anterior-posterior,	552f,	552-553	al	heel	contact,	554f	line	of	action	of,	joint	torques	and,	554.	Ini	J	Sports	Med	20:362-367,	1999.	Severe	hyperextension	with	an	associateci	gapping	of	thè	posterior	side	of	thè
joint	can	cause	combined	injury	to	thè	ACL,	PCL,	and	posterior	capsule.	Note	thè	irregular	surfaces	and	marked	degeneration	on	thè	cartilage	of	thè	femur	and	patella.	Knee	extensor	torque	potential	(see	Fig.	J	Bone	Joint	Surg	47A	4	6	2	476,	1965.	440	Section	IV	TABLE	13-1.	The	mediai	epicondyle	of	thè	humerus	projeets	mediali'	from	thè	trochlea
(see	Figs.	P	li	c	a	e	t	h	a	t	a	r	e	u	n	u	s	u	a	lly	la	r	g	e	,	o	r	a	r	e	t	h	ic	k	e	n	e	d	o	w	in	g	to	ir	r	it	a	t	io	n	o	r	t	r	a	u	m	a	,	c	a	u	s	e	k	n	e	e	p	a	in	.	Clark	JM,	Haynor	DR:	Anatomy	of	thè	abductor	muscles	of	thè	hip	as	studied	by	computed	tomography.	The	quadriceps	femoris	is	a	large	and	powerful	extensor	mus	cle,	consisting	of	thè	rectus	femoris,	vastus
lateralis,	vastus	medialis,	and	deeper	vastus	Ìntermedius	(Figs.	The	condition	may	be	congenital	or	acquired.	For	example,	holding	a	heavy	suitcase	with	thè	elbow	extended	causes	a	distracting	force	almost	entirely	through	thè	radius	(Fig.	A,	Tibial-on-femoral	rotation.	Note	thè	small	area	on	thè	trochlear	notch	lacking	articular	cartilage.	kinematic
relationshtp	with	other	parts	of	foot,	501b	malalignment	of,	walking	and,	501	metatarsophalangeal,	504f-505f,	504-505.	Increased	knee	flexion	m	a	l	q	u	a	d	r	ic	e	p	s	s	t	r	e	n	g	t	h	.	Although	thè	squat	lift	may	reduce	thè	de	mands	on	thè	extensor	muscles	in	thè	low	back,	it	usually	creates	greater	demands	on	thè	knees.32-74	The	extreme	degree	of
initial	knee	flexion	associated	with	thè	full	squat	places	high	force	demands	on	thè	quadriceps	muscle	to	extend	thè	knees.	body	weight.	Williams	PL,	Banmster	LH,	Berry	M,	et	al:	Gray’s	Anatomy,	38th	ed.	In	Crenshaw	AH	(ed):	Campbells’	Operative	Orthopaedics,	3rd	voi,	8th	ed.	The	latissimus	dorsi	heìps	transfer	thè	ex	tem	a/	lo	ad	bein	g	lifted	from
thè	arms	to	thè	trunk.	68.	The	dashed	line	indicates	thè	attachments	of	thè	capsule	of	thè	talocrural	(ankle)	joint.	438-453	See	aho	586	Index	(Continued)	Knee	biomechanical	functions	of,	434	bones	and	joims	of,	434,	435f	bursae	of,	439,	442i	extension	of,	443,	444f,	445f,	445-446.	Abdominal	muscles	actions	of	at	joints	analysis	of,	17-19,	18f	types	of,
16-17,	17f	force	couple	of,	18f,	19	terminology	of,	18	activation	of	by	nervous	System,	51-52,	52t,	53f	concentric,	50f,	5	0	-5	1	,	51f	eccentric,	50f,	5	0	-5	1	,	5	lf	nonisometric,	54	See	See	also	See	ankle	and	foot	dorsiflexor,	paralysis	of,	516-517,	518t	extrinsic	anatomy	and	function	of,	507,	5	lOf—	51	lf,	512t,	513f-515f,	516	attachments	of,	573t-574t
motor	innervation	of,	509t,	573t—574t	of	anterior	compartment	of	leg,	508	510	510f	of	lateral	compartment	of	leg,	510-512	5	1	lb,	51	lf,	512r	of	posterior	compartment	of	leg,	512—	514,	513f—515f,	515b,	516	in	gait,	549f,	550-551	innervation	of,	506-507,	509t,	573t-575t	intrinsic	anatomy	and	function	of,	518-520	5191	549f,	551	attachments	of,	574t-
575t	motor	innervation	of,	509t,	574t-575t	Index	(Contìnued)	Musciefs)	paralysis	of,	516-518,	518t	piantar	flexor,	514,	516	in	stabilizing	knee	in	extension.	Hammond	BT,	CharnleyJ:	The	spherìcity	of	thè	femoral	head.	The	longus	capitis	arises	from	thè	anterior	tubercles	of	thè	transverse	processes	of	thè	mid	to	lower	cervical	vertebrae	and	inserts	into
thè	basilar	part	of	thè	occipital	bone	(see	Fig.	J	Bone	Joint	Surg	67A:	1251-1254,	1985.	1	4	-	1	5	).	Horizontal	rotation	occurs	when	thè	knee	is	flexed.	(Force	vectors	are	not	drawn	to	scale.)	In	thè	frontal	piane,	thè	knee	is	normally	aligned	in	about	5	to	10	degrees	of	valgus.	Kelsey	J:	The	epidemiology	of	diseases	of	thè	hip:	A	review	of	thè	literature.
McGinty	G,	IrrgangJJ,	Pezzullo	D:	Biomechanical	considerations	for	rehabilitation	of	thè	knee.	Med	Sci	Sports	Exerc	31:131-142,	1999	Vas	MD,	Kramer	JF,	Rorabeck	CH,	et	al:	Isometric	hip	abductor	strenglh	following	hip	replacement	and	its	relationship	to	functional	assessment.J	Orthop	Sports	Phys	Ther	18:526-531,	1993.	1	1	-	1	)	.	1	3	-1	9	E	).
5Maximal	passive	extensor	torque	is	estimated	by	thè	produci	of	1	and	2	above.	Radius	Lateral	(ulnar)	collateral	ligament	Ulna	Supinator	crest	Chapter	6	Elbow	Flexion	Contracture	and	Loss	of	Forward	Reach	One	of	thè	most	disabling	consequences	of	an	elbow	flexion	contracture	is	reduced	reaching	capacity.	In	maximal	intercuspation,	thè	dimpled
region	of	thè	intermediate	region	of	thè	disc	fits	between	thè	anterior-superior	edge	of	thè	condyle	and	thè	articular	eminence	of	thè	fossa.33	The	disc	position	proteets	thè	condyle	as	it	slides	forward	across	thè	articular	eminence	during	thè	later	phase	of	opening	thè	mouth	widely.	I	n	c	o	m	p	le	t	e	r	e	s	o	r	p	t	io	n	o	f	m	e	s	e	n	c	h	y	m	a	l	t	is	s	u	e	d	u
r	in	g	d	e	v	e	lo	p	m	e	n	t	f	o	r	m	s	t	is	s	u	e	s	k	n	o	w	n	a	s	plicae.23	P	lic	a	e	,	o	r	s	y	n	o	v	ia	l	p	le	a	t	s	,	a	p	p	e	a	r	a	s	f	o	ld	s	in	t	h	è	s	y	n	o	v	ia	l	m	e	m	b	r	a	n	e	s	.	The	cruciate	ligaments,	however,	provide	most	of	thè	resistance	to	anterior-posterior	shear	forces	between	thè	tibia	and	femur.	Pronation	and	supination	can	be	performed	in	conjunction
with,	or	independent	from,	elbow	flexion	and	extension.	The	area	in	red	indicates	arthritic	changes.	Merchant	AC:	Hip	abductor	muscle	force.	J	Bone	Joint	Surg	77A:1166-1173,	1995.	Ergonomics	30:1413-1423,	1987.	Clin	Orthop	145:172-178,	1979.	A	ment	become	taut	at	full	piantar	llexion	(see	Table	1	4	-	3	).	1	3	-1	9	A	).	T	h	e	c	o	n	d	it	io	n	o	c	c	u	r	s
f	r	e	q	u	e	n	t	ly	in	thè	young	and	old	and	in	t	h	è	a	c	t	iv	e	a	n	d	s	e	d	e	n	t	a	r	y	,	a	n	d	it	d	o	e	s	n	o	t	a	lw	a	y	s	d	e	v	e	lo	p	in	t	o	a	m	o	r	e	g	e	n	e	r	a	liz	e	d	o	s	t	e	o	a	r	t	h	r	it	is	o	f	t	h	è	k	n	e	e	.	The	“screw-home”	locking	mechanism	of	thè	knee.	By	necessity,	exer	cises	that	significantly	challenge	thè	quadriceps	also	stress	thè	knee	joint	and	its



associated	connective	tissues.	climcal	issues	in,	74	-7	6	,	75f.	The	vastius	and	gluteus	maximus—	two	monoarticular	muscles—	are	shown	contracting	synergistically	with	thè	biarticular	semitendinosus	and	rectus	femoris.	SIMILARITIES	BETWEEN	THE	JOINTS	OF	THE	DISTAL	LEG	AND	DISTAL	ARM	The	ankle	and	foot	have	several	features	that	are
structurally	similar	to	thè	wrist	and	hand.	Hallen	LG,	Lmdahl	O:	The	“screw-home”	movement	in	thè	knee	joint.	The	equation	specifies	that	thè	sum	of	thè	internai	and	extemal	torques	within	thè	sagittal	piane	is	equal	to	zero.	in	thè	lower	extremity.	99.	The	quadriceps	is	shown	contracting	wiih	a	patella	(A)	and	without	a	patella	(B).	(Courtesy	of
Michael	Anderson,	M.D.,	Blount	Orthopedic	Clinic,	Milwaukee,	WI.)	FIGURE	12-52.	J	Biomech	13	785-794,	1980.	The	medtal-lateral	axis	of	rotation	is	shown	through	thè	center	of	thè	trochlea.	All	heads	of	thè	quadriceps	unite	to	form	a	strong	tendon	that	attaches	to	thè	base	of	thè	patella.	79	F	o	llo	w	in	g	a	n	A	C	L	in	ju	ry	,	t	h	è	h	a	m	s	t	r	in	g	s	o	fte
n	e	x	p	e	r	ie	n	c	e	s	p	a	s	m	.	Aspden	RM:	Intra-abdominal	pressure	and	its	role	in	spinai	mechanics.	B,	Applied	movement	definitions	are	based	on	thè	movements	that	occur	at	right	angles	to	one	of	severa]	oblique	axes	of	rotation	in	thè	foot	and	ankle.	106.	Osteology	of	thè	tight	patella,	articular	surface	of	thè	distai	femur	and	of	thè	proxtmal	tibia.	1
1	-	5	)	.	The	dashed	lines	show	thè	attachments	of	thè	capsule	of	thè	knee	jotnt.	A	large	force	applied	to	thè	chin	can	fracture	t	h	J	region	of	thè	fossa,	possibly	even	sending	bone	fragmensl	into	thè	cranium.	A,	Several	muscles	are	shown	controlling	thè	rotation	of	thè	head,	neck,	trunk,	pelvis,	and	femur	toward	thè	approaching	ball.	The	axial	rotation
action	is	demonstrated	in	Figure	1	0	-	2	6	.	This	specimen	is	from	an	individuai	who	had	chondromalacia	patellae	and	generalized	osteoarthritis	of	thè	knee.	In	Guc-	Hip	433	cione	AA	(ed):	Geriatrie	Physical	Therapy,	2nd	ed.	The	radiai	head	is	depicted	from	above	to	show	thè	concavity	of	thè	fovea.	The	adage	that	lifting	with	thè	legs	“spares	thè	back
and	spoils	thè	knees”	does,	therefore,	have	some	validity.	0STE0	L0GY	________	________	TABLE	1	4	-	1	.	•	E	x	te	rn	a	l	Io	a	d	(E	L	)	=	2	5	%	o	f	tota)	b	o	d	y	w	e	ig	h	t	=	200	N	(	-	4	5	•	Ibs).	of	muscles	of	ankle	and	foot,	506-507,	509i	of	muscles	of	elbow	and	forearm	complex,	151-152,	153f-156f	of	muscles	of	hip	lumbar	plexus	of,	409f-410f,	409-411
sacrai	plexus	of,	410f,	411	scnsory,	411	of	muscles	of	knee,	453-454,	454t	of	muscles	of	mastication,	362t	of	muscles	of	irunk	and	craniocervical	regions,	312-314	of	synovial	joints,	sensory,	26f,	27	Nerve	roots	of	lower	extremity	muscles,	570t-571t	of	spinai	nerves,	312,	312f	of	upper	extremity	muscles,	242t-243t	ventral	of	muscles	of	lower	extremity
used	for	testing	function,	57	lt	of	muscles	of	upper	extremity	used	for	testing	function,	243t	See	alno	names	of	specifìc	nerves,	e.g.,	Nervous	System,	as	controller	of	muscle	force,	5	0	-5	2	,	52t,	53f	Neurologie	disease,	abnormal	gait	pauern	wilh	560,	563	Newton's	laws	first	(law	of	inertta),	57b-60b,	57-58,	59f	60f	in	movemeni	analysis,	56-63,	57t	in
solving	problems	in	biomechanics,	7	6	-7	7	linear	and	rotational	components	of,	57t	second	(law	of	acclerauon),	11,	58b,	58-62	61	f,	62b.	Note	thè	jawlike	shape	of	thè	trochlear	notch.	B,	Posterior	view.	McGibbon	CA,	Krebs	DE,	Mann	RW:	In	vivo	hip	pressures	during	cane	and	load-carrying	gait.	The	extemal	edge	of	each	meniscus	is	attached	to	thè
tibia	and	thè	adjacent	capsule	by	coronary	(or	meniscotibial)	ligaments	(see	Fig.	J	Biomech	27	1237-1248	48.	The	calculatioLare	shown	in	three	steps:	(1)	es	tablish	sagittal	piane	equilitrium,	(2)	estimale	thè	extenscmuscle	force,	and	(3)	estima!-:	thè	compression	reaction	force	acting	on	L2.	Although	some	bursae	are	simply	extensions	of	thè	synovial
membrane,	others	are	formed	extemal	to	thè	capsule.	The	anterior	fibers	are	thè	strongest	and	stiffest	of	thè	mediai	collateral	ligament.	Madsen	OR:	Trunk	extensor	and	flexor	strength	measured	by	thè	Cybex	583,	1989.	Possible	Causes	and	Exampies	of	Excessive	Lateral	Tracking	of	thè	Patella	TABLE	Structural	or	Functional	Abnomiality	Specific
Exampies	Excessive	tightness	in	lateral	soft	tis	sues	Tight	iliotibial	tract	and/or	lateral	patellar	retinacular	fibers	Excessive	laxity	in	mediai	soft	tis	sues	Laxity	of	mediai	collateral	ligament	and/or	mediai	patellar	retinacular	fibers	Bony	dysplasia	Hypoplastic	lateral	facet	on	thè	intercondylar	groove	of	thè	femur	(i.e.,	a	shallow	intercondylar	groove)
Small	or	dysplastic	patella	Abnormal	patellar	position	Patella	alta	(high-riding	patella)	Knee	malalignment	Increased	Increased	Excessive	Excessive	Muscle	weakness	Weakness	and	atrophy	of	thè	oblique	fibers	of	thè	vastus	medialis	Q-angle	genu	valgum	anteversion	of	thè	hip	extemal	tibial	torsion	posterior	to	thè	medial-lateral	axis	of	rotation.
Neumann.)	A,	The	of	thè	righi	musculoneous	nerve	is	shown	as	il	~rvates	thè	coracobrachialis,	:ps	brachii,	and	brachialis	cles.	When	lifting,	fully	utilize	thè	hip	and	knee	extensor	muscles	to	minimize	thè	force	demands	on	thè	low-back	muscles.	Whiplash	from	excessive	hyperextension	produced	a	56%	strain	(elongation)	in	thè	longus	colli,	and
whiplash	from	excessive	lateral	flexion	produced	a	57%	strain	in	thè	longus	capi	tis.18	Both	these	levels	of	strain	can	cause	tissue	dam	age.	Given	a	hypothetic	maximal	voluntary	trunk	extensor	torque	of	about	200	Nm,	how	is	thè	faci	explained	that	lifting	typi	cally	requires	extensor	torques	that	greatly	exceed	200	Nm?	21.	The	calcaneus	articulates
with	other	tarsal	bones	on	its	dorsal	and	anterior	surfaces.	Waters	RL,	Perry	J,	McDaniels	JM,	et	al:	The	relative	strength	of	thè	hamstrings	muscles	during	hip	extension.	Factors	that	increase	thè	Q-angle	also	tend	to	increase	genu	valgum.	These	muscles	function	as	dynamic	anterior	longitudinal	ligaments,	providing	an	important	element	of	vertical
stability	to	thè	region.	The	stretched	biarticular	muscles	are	depicted	by	thin	black	arrows.	26.	Clin	Biomech	15:160-166,	2000.	The	muscle’s	proximal	aitachments	are	shown	in	red	and	distai	attachments	in	gray.	Its	distai	Flexor	digitorum	superficialis	Brachialis	on	tuberosity	of	thè	ulna	Biceps	on	bicipital	tuberosity	Posterior	view	Qlecranon	proc,
Triceps	Pronator	teres	(Ulnar	head)	Anconeus	Flexor	digitorum	superficialis	Supinator	Flexor	digitorum	superficialis	(on	oblique	line)	Supinator	(proximal	attachment	on	supinator	crest)	Flexor	digitorum	profundus	Flexor	digitorum	profundus	----------Biceps	Pronator	teres	Aponeurosis	for:	•	Extensor	carpi	ulnaris	•	Flexor	carpi	ulnaris	•	Flexor
digitorum	profundus	Flexor	pollicis	longus	Interosseous	membrane	Pronator	teres	Extensor	pollicis	longus	Pronator	quadratus	Interosseous	membrane	Extensor	pollicis	brevis	Ulnar	notch	Brachioradialis	Extensor	indicis	FIGURE	6-5.	1	3	-	5	Consequences	of	a	Patellectomy	n	a	i	m	o	m	e	n	t	arm	o	c	c	u	r	s	Knee	B.	Madison,	\V1,	Brown	and	Benchmark
1997.	1	0	-4	1	B	).	The	splenius	capitis	attaches	cranially	just	deep	to	thè	sternocleidomastoid,	along	a	thin	line	that	extends	across	thè	mastoid	process	and	thè	lateral	one	third	of	thè	superior	nuchae	line	(see	Fig.	299f	lumbopelvic	posture	and,	414	maximal	effort	torque	of,	at	knee,	465-466,	467f	Hand,	194-240.	As	depicted	by	thè	red	shading	in	thè
graph	in	Figure	1	3	-	2	7	,	external	torques	are	relatively	large	from	90	to	45	degrees	of	flexion	via	femoral-on-tibial	extension,	and	from	45	to	0	degrees	of	flexion	via	tibial-on-femoral	extension.	432	Section	IV	Lower	Extremity	28.	thè	ulnar	head	(see	thè	asterisk	in	Fig.	DeHaven	KE,	Lintner	DM:	Athletic	injuries:	Comparison	by	age,	sport,	and
gender.	Consequently,	thè	knee	joint	is	vulnerable	to	deform	ing	stresses	from	musculoskeletal	pathology	at	either	end	of	thè	lower	extremity.	*2.	6	-3	3	A	).	(See	text	for	further	details.)	TABLE	muscle	do	noi	attach	to	thè	femur,	their	indirect	attachment	via	connective	tissues	allows	them	to	flex	and	internally	rotate	thè	knee.	The	mediai	collateral
ligament	of	thè	talocrural	joint	is	also	referred	to	as	thè	deltoid	ligament.	^	$	—	-20	cm	------------	30	cm	-	-	-	-	-	40	cm	------------	50	cm	Oq	gj	(D*9	Q.	T	h	r	e	e	p	lic	a	e	in	t	h	è	k	n	e	e	a	r	e	t	h	è	(1)	s	u	p	e	r	io	r	o	r	s	u	p	r	a	p	a	t	e	lla	r	p	lic	a	,	(2)	in	t	e	r	io	r	p	lic	a	(	f	ir	s	t	c	a	lle	d	lig	a	m	e	n	t	u	m	m	u	c	o	s	u	m	b	y	V	e	s	a	l	i	u	s	in	15	15	),23	a	n	d	(3)	m	e	d	ia
i	p	lic	a	.	Baltimore,	Williams	&	Wilkins,	1993.	Distai	to	thè	elbow,	thè	radiai	nerve	consista	of	superhcial	and	deep	branches.	The	trunk	and	pelvis	rotate	over	thè	femur,	as	thè	femur	rotates	over	thè	tibia.	Coxa	valga	may	result	from	a	surgical	intervention	or	from	pathology	such	as	hip	dysplasia.	69.	J	Biomechan	6:587596,	1973.	The	thickness	of	thè
disc	varies	between	its	anterior	and	posterior	regions.	Anterior	view	of	thè	righi	distai	femur,	thè	tibia,	anc	thè	fìbula.	This	extensive	set	of	netlike	fibers	connects	thè	femur,	tibia,	patella,	patellar	ligament,	collateral	ligaments,	and	menisci.	76f	determìnation	of	inverse	dynamic	approach	to,	81b,	81f	methods	of,	72-73,	73b-74b,	73f-74f	dynamic
analysis	of,	82,	82b	methods	of.	Three	examples	of	causes	of	“pulled	elbow	syndrome."	(Redrawn	wiih	permission	from	Leus	RM:	Dislocations	of	thè	child’s	elbow.	Phys	Ther	52:149-157,	1972.	Compared	with	thè	humeroulnar	joint,	thè	humeroradial	joint	provides	minimal	structural	stability	to	thè	elbow.	The	axis	of	rotation	and	osteokinematics	at	ihe
lalocairal	joint.	rotation.	example,	a	sharp	90-degree	“cutting”	maneuver	used	to	change	directions	while	running.	1	3	-	4	1	0	.	in	n	e	r	v	a	tio	n	:	deep	b	ran	ch	o	f	thè	peroneal	nerve	su	p	p	o	rt	thè	m	etatarsophalangeal	jo	in	ts	th	ro	u	g	h	fifth	toes	o	f	thè	third	D	is	ta	i	a	t	ta	c	h	m	e	n	t	s	:	bo	th	heads	converge	to	insert	on	thè	lateral	base	o	f	thè	p	roxim
al	p	halanx	o	f	thè	great	toe	along	w	ith	thè	lateral	tend	on	o	f	thè	Ilexor	hallucis	brevis	In	n	e	r	v	a	tio	n	:	lateral	p	iantar	nerve	Flexor	Digiti	Minimi	P	r	o	x	im	a	l	a	tta	c	h	m	e	n	ts	:	p	ian	tar	surface	o	f	thè	base	o	f	thè	LAYER	1	fifth	m	etatarsal	b	o	n	e	and	fibrous	sheath	cov	erin	g	thè	tend	o	n	o	f	thè	pero	n	eu	s	longu	s	Abductor	Digiti	Minimi	P	r	o	x	im
a	l	a	tta	c	h	m	e	n	ts	:	m	ediai	and	lateral	p	rocesses	o	f	thè	D	is	ta	i	a	t	ta	c	h	m	e	n	t	:	lateral	surface	o	f	thè	base	o	f	thè	p	ro	x	i	calcaneal	tuberosity,	p	iantar	ap	o	n	eu	ro	sis,	and	piantar	surface	o	f	thè	base	o	f	thè	fifth	m	etatarsal	b	o	n	e	with	flex	o	r	digiti	m	inim	i	m	al	p	halanx	o	f	thè	fifth	toe	b	len	d	in	g	with	thè	tendon	o	f	thè	ab	d	u	cto	r	digiti	m
inim	i	lnner\>ation:	lateral	piantar	nerve	D	istai	a	t	ta	c	h	m	e	n	t	:	lateral	side	o	f	thè	p	roxim	al	p	halanx	o	f	thè	fifth	toe	sharing	an	attach	m	en	t	w	ith	digiti	m	inim	i	thè	flexor	In	n	e	r	v	a	tio	n	:	lateral	piantar	nerve	Abductor	Hallucis	P	r	o	x	im	a	l	a	tta	c	h	m	e	n	ts	:	flexor	retinacu	lu	m	,	m	ediai	p	ro	cess	o	f	thè	calcan	eu	s	and	piantar	fascia	D	is	ia	i	a
tta	c	h	m	e	n	ts	:	m	ediai	side	o	f	thè	base	o	f	p	roxim	al	p	halanx	o	f	thè	hallux	sharing	an	attach	m	en	t	w	ith	thè	m	ed	iai	tend	on	o	f	thè	flex	o	r	hallu	cis	brevis	I	n	n	e	r	v	a	tio	n	:	m	ediai	pian	tar	nerve	Flexor	Hallucis	Brevis	a	t	ta	c	h	m	e	n	t	:	piantar	surface	o	f	thè	cu	b	o	id	and	lateral	cu	n	eifo	rm	bones	and	from	parts	o	f	thè	tend	on	o	f	thè	tibialis	p	o
sterio	r	m	u	scle	P	r	o	x	im	a	l	D	istai	a	t	ta	c	h	m	e	n	t	:	by	tw	o	tend	ons	in	w	hich	thè	lateral	tend	o	n	attach	es	to	thè	lateral	base	o	f	thè	proxim	al	p	halanx	o	f	thè	great	toe	w	ith	thè	ad	d	u	cto	r	h	allu	cis;	thè	m	ediai	tend	o	n	attach	es	to	thè	m	ediai	base	o	f	thè	p	ro	x	im	al	p	h	alan	x	o	f	thè	great	toe	w	ith	thè	a	b	d	u	cto	r	h	allu		cis.	Note	that	this
classification	scheme	includes	thè	talus	as	part	of	both	thè	ankle	and	thè	foot.	Observe	thè	popliteus	muscle	deep	in	thè	popliteal	fossa,	lying	partially	covered	by	thè	fasciai	extension	of	thè	semimembranosus.	100.	On	average,	the	forearm	rotat	through	about	75	degrees	of	pronation	and	85	degrees	supination	(Fig.	Although	not	emphasized	in	this
chapter,	thè	sensory	functions	of	thè	healthy	foot	also	offer	important	measures	of	protecdon	and	guidance	to	thè	lower	extremity.	1	4	-	6	)	.	Van	den	Bogert	AJ,	Read	L,	Nigg	BM:	An	analysis	of	hip	joint	loading	during	walking,	running,	and	skiing.	As	a	reference,	a	hip	with	a	normal	angle	of	inclination	(	a	=	125	degrees)	is	shown	in	thè	center	of	thè
display.	Most	persons	tolerate	thè	asymmetrical	dynamic	loading	of	thè	knee	with	little	or	no	difficulty.	Clin	Orthop	302	121-133,	1994.	Minimal-to-moderate	extension	places	thè	apophyseal	joints	nearer	to	their	close-packed	position,	thereby	providing	greater	stability	io	thè	region.	Rectus	Capitis	Anterior	and	Rectus	Capitis	Lateralis	Scalenes	As	a
group,	thè	scalene	muscles	attach	between	thè	tubercles	of	thè	transverse	processes	of	thè	middle	to	lower	cervical	vertebrae	and	thè	first	two	ribs	(Fig.	Zuckerman	JD:	Complications	of	treatment	et	complete	acromioclavicular	joint	dtslocations.	Stevenson	J,	Bryant	T,	Greenhom	D,	et	al:	The	effect	of	lifting	protocol	on	comparisons	with	isoinertial
lifting	performance.	J	Bone	Joint	Surg	79A:	1556-1576,	1997.	Piantar	llexion	also	stretches	thè	dorsillexor	muscles	and	thè	anterior	capsule.	Shoulder	internai	rotation	often	occurs	with	pronation,	whereas	shoulder	external	rotation	often	occurs	with	supination.	Many	of	thè	kinesiologic	issues	addressed	in	this	chapter	are	related	specifically	to	thè
process	of	walking,	or	gait,	a	topic	covered	in	greater	detail	in	Chapter	15.	J	Bone	Joint	Surg	53A:	1551-1560,	1971.	The	lateral	and	mediai	heads	of	thè	gastrocnemius	and	plantaris	muscles	are	cut	to	expose	thè	pos	terior	capsule.	108.	Clin	Sports	Med	19:315-329,	2000.	The	kinematics	of	foreann	rotation	are	more	complicated	than	those	implied	by
thè	simple	“palm-up	and	palm-down”	terminology.	The	majority	of	thè	anterior	fibers	become	taut	near	full	extension.13	A	few	fibers,	however,	become	taut	at	full	flexion.	Unlike	its	mediai	counterpart,	thè	MCL,	thè	lateral	collateral	ligament	does	not	attach	to	thè	adjacent	meniscus	(see	Fig.	They	are	innervated	by	dorsi	rami	of	cervi	cal	spinai
nerves.	X-ray	shows	thè	bones	and	associated	articulations	of	thè	knee.	These	relatively	short,	thick	muscles	attach	between	thè	atlas,	axis,	and	occipital	bone.	The	dashed	line	shows	thè	attachment	of	thè	capsule	of	thè	ankle	joint.	Powers	CM:	Patellar	kinematics.	This	case	report	demonstrates	how	an	excessive	and	fixed	piantar	flexed	ankle	can
predis	pose	a	person	to	genu	recurvatum.	J	Bone	Joint	Surg	66A:715-724,	1984	57.	In	this	example,	thè	rectus	femoris	is	thè	biarticular	transducer,	transferring	force	from	thè	glu	teus	maximus	to	knee	extension.	Note	thè	change	in	joint	alignment	compared	with	thè	same	knee	in	B.	Its	dorsal	or	trochlear	surface	is	a	rounded	dome,	convex	anterior-
posteriorly	and	slightly	concave	tnedial-laterally	(Fig.	Note	thè	three	components	of	thè	cervical	fascia.	358-360,	359f,	360f	Mastoid	process,	253,	253f	Maxillae,	353f,	353-354	Measurement	Systems	for	motion	of	vertebral	column,	277b	kinemattc,	82f-85f,	8	2	-8	5	units	of,	5l	Mechanoreceptors,	of	elbow	ligaments,	139	Medtan	nerve	in	thumb
opposition,	224-225	of	elbow	and	forearm,	152,	155f	of	hand,	213,	216	of	wrist,	muscles	irmervated	by,	186	Meningea!	nerve,	recurrent,	axial	skeletal	ttssues	innervated	by,	313,	313f	Mentscoids,	262b,	262f	Meniscus(i)	hbrocartilage	organization	in,	35,	36f	of	synovial	joints,	26f,	27,	27b	of	tibiofemoral	joint	(knee),	440,	443f	attachment	of,	440,	442,
444f	blood	supply	of,	440	function	of,	442	injury	of,	38,	444b	ligaments	associated	with,	442b	mediai,	tnjury	of,	444b	Metacarpal	bones	ftrst,	199f	morphology	of,	195-197,	198f-200f	third.	Return	to	thè	fully	supinated	position	involves	internai	rotanon	of	thè	humerus	and	ulna,	relative	to	thè	fìxed	radius	and	hand.	Lieber	RL:	Skeletal	Muscle	Structure
and	Function.	Arthrokinematics	at	thè	Humeroradial	Joint	The	humeroradial	joint	is	an	articulation	between	thè	cuplike	fovea	of	thè	radiai	head	and	thè	reciprocally	shaped	142	Seclion	II	Upper	Extremily	FIGURE	6	15.	The	estreme	posterior	region	atlaches	to	a	loosely	organized	ret	iseli	laminae,	containing	collagen	and	elastin	fibers.	Madison,	WI,
Brown	and	Bench	mark,	1997.	U	n	lo	c	k	in	g	t	h	è	k	n	e	e	t	o	f	le	x	in	t	o	a	s	q	u	a	t	p	o	s	it	io	n	r	e	q	u	ir	e	s	t	h	a	t	t	h	è	f	e	m	u	r	externally	rotate	on	th	è	t	ib	ia	.	Ernst	GP,	Saliba	E,	Diduch	DR,	et	al:	Lower-extremity	compensations	following	anterior	cruciale	ligament	reconstruction.	Data	on	thè	biomechanics	of	whiplash	injury,	for	example,	suggest
that	thè	time	required	to	react	to	an	impending	injury	and	generate	a	substantial	stabilizing	force	may	exceed	thè	time	of	thè	1	0	-	1	3	.	4	6	9	470	in	gait,	538	hyperextension	of	abnormal	gait	pattern	with,	563f	anterior	cruciate	ligament	injur)’	with,	451	in	genu	recurvatum,	471,	472b-473b	473b	impairment	of	extensor	lag	and,	460b	gait	deviations	ai
ankle-foot	with,	563t	gait	deviations	at	hip/pelvis/trunk	with,	567t	gait	deviations	at	knee	with,	564t,	565f	in	gait	abnormal	pattems	in,	563t,	564t,	565f,	567t	extension	in,	538	extensor	muscles	in,	549f,	550	flexion	of,	538	flexor	muscles	in,	549f,	550	forces	applied	to,	561t	joint	kinematics	of,	536f,	538	in	frontal	piane,	540,	54lf	in	horizontal	piane,	543,
543f	in	sagìttal	piane,	536f,	538	joint	torques	and	powers	in,	557f-559f	557-558	internai	and	extemal	rotation	of,	443-444	445f	ligaments	of,	438f,	438-439,	440f-441f,	440t	muscle	and	joint	interaction	at,	434,	453-473	muscles	of.	Through	these	attachments,	thè	muscles	help	stabilize	thè	position	of	thè	menisci	during	active	knee	movement.	Each
structure	has	a	naturai	tendenq’	to	pulì	thè	patella	laterally	or	medially.	Smidt	GL:	Biomechanical	analysis	of	knee	flexion	and	extension.	The	oerson's	righi	glenohumeral	joint	is	held	partially	internali)'	rotated.	The	mediai	capsule	of	thè	knee	is	very	extensive,	covering	thè	entire	posterior-medial	to	anterior-medial	region	of	thè	knee.109	The	capsule
is	reinforced	by	thè	mediai	collateral	ligament	and	mediai	patellar	retinacular	fibers,	and	by	thè	expansions	from	thè	tendon	ol	thè	semimembranosus	(Fig.	Clin	Orthop	290:259-268,	1993.	This	occurs	through	a	mechanism	similar	to	that	during	weight	hearing	through	thè	forearm.	Free	SA,	Delp	SL:	Trochanteric	transfer	in	total	hip	replacement:
Effects	on	thè	moment	arms	and	force-generating	capacities	of	thè	hip	abductors.	Distally,	thè	lateral	collateral	ligament	blends	with	thè	tendon	of	thè	biceps	femoris	muscle.	71.	38.	A	d	is	lo	d	g	e	d	o	r	f	o	ld	e	d	f	la	p	o	f	m	e	n	is	c	u	s	c	a	n	M	e	d	ia	i	c	o	lla	te	ra	l	lig	a	m	e	n	t	L	a	te	ra	l	c	o	lla	te	ra	l	b	lo	c	k	k	n	e	e	m	o	v	e	m	e	n	t	,	c	a	u	s	in	g	t	h	è	"	lo	c
k	e	d	-	k	n	e	e	"	s	y	n	-	lig	a	m	e	n	t	d	ro	m	e	.	One	of	thè	best	ways	to	prevent	this	disloca	tion	is	to	explain	to	parents	how	a	sharp	pulì	on	thè	child's	hand	can	cause	such	a	dislocation.	J	Biomechan	6	:7	9	-	9	2	,	1973.)	468	Section	IV	Lower	Extremity	Extensor-to-Flexor	Peak	Torque	Ratios	In	g	e	n	e	r	a	i,	t	h	è	k	n	e	e	e	x	t	e	n	s	o	r	m	u	s	c	le	s	p	r	o	d	u	c
e	a	t	o	r	q	u	e	a	b	o	u	t	t	w	o	-	t	h	ir	d	s	g	r	e	a	t	e	r	t	h	a	n	t	h	è	k	n	e	e	f	le	x	o	r	m	u	s	c	l	e	s	.	clawing	of,	231,	232f	flexion	of	passive,	via	tenodesis	action	of	digitai	flexors,	2	18f—219f,	218-219	also	also	581	Finger(s)	(Commutiti)	rote	of	proximal	stabihzer	muscles	in,	218,	218f	interphalangeal	joints	of,	211-213	movements	of,	terminolog)'	of,	197,	201f
muscles	of	extensors,	219-220,	221f-223f,	222t,	230-232,	231f-232f	extrinstc	and	intrinsic,	interaction	of,	2	30234	flexors,	214-219,	233f,	233-234	in	makmg	a	fisi,	188f-189f,	188-189	position	of	function	of,	213,	213f	ulnar	drift	of,	in	rheumatoid	arthritis,	2	37238,	239f	Fist,	muscle	mechanics	of,	188f-189f,	188-189,	233f,	233-234	Flabella,	439	Flatfoot,
497,	497f	decreased	windlass	effect	in,	506,	506f	Flexion	lateral	of	craniocervical	spine.	As	a	consequence,	a	hinged	orthosis,	for	example,	may	act	as	a	piston	relative	to	thè	leg,	causing	rubbing	against	and	abrasion	io	thè	skin.	A	posterior	dislocation	of	thè	humeroulnar	jomt.	AmJ	Anat	133:25-36,	1972.	Phys	Med	Rehabil	71:896-899,	1990.^	27.	The
tight	fit	between	thè	trochlea	and	trochlear	notch	at	thè	humeroulnar	joint	provides	most	of	thè	elbow’s	structural	stability.	A	fully	engaged	(stretched)	posterior	ligamentous	System	can,	therefore,	gen	erate	about	25%	of	thè	total	extension	torque	for	lifting	Note,	however,	that	this	25%	passive	torque	reserve	is	only	available	after	thè	lumbar	spine	is
maximally	fiexed,	which	TABLE	1	0	-	1	4	.	Scand	J	Med	Sci	Sports	5:10-16,	1995.	Dupont	JY:	Synovial	plicae	of	thè	knee.	The	squat	lift	is	most	often	advocated	as	thè	safer	of	thè	two	techniques	in	terms	of	preventing	back	injuries.	Both	are	active	during	lifting,	bui	for	different	reasons	(Fig.	Covey	DC,	Sapega	AA,	Sherman	GM:	Testing	for	isometry
during	reconstruction	of	thè	posterior	cruciate	ligament.	The	dash	indicates	no	effective	torque	production.	The	more	oblique	scalenus	anterior,	however,	has	a	potential	for	contralateral	axial	rotation	of	thè	cervical	spine.	Phys	Ther	80:965-973,	2000.	Carpometacarpal	jointfs);	Finger(s).	Consider,	for	444	Section	IV	Lower	Extremity	Posterior	vievv	S
P	E	C	I	A	L	m	F	O	C	U	S	1	3	-	2	Common	Mechanism	of	Injury	of	thè	Menisci	of	thè	Knee	A	n	t	e	r	ìo	r	c	r	u	c	ia	te	lig	a	m	e	n	t	T	e	a	r	s	o	f	t	h	è	m	e	n	is	c	u	s	o	f	te	n	o	c	c	u	r	b	y	f	o	r	c	e	f	u	l,	h	o	r	iz	o	n	t	a	l	p	ia	n	e	r	o	t	a	t	io	n	o	f	t	h	è	f	e	m	o	r	a	l	c	o	n	d	y	le	s	o	v	e	r	a	p	a	r	t	ia	lly	f	le	x	e	d	a	n	d	w	e	ig	h	t	-	b	e	a	r	in	g	k	n	e	e	.	Hyperextension	beyond	10
degrees	is	called	genu	recurva	tum	(from	thè	Latin	genu,	knee;	4-	recurvare,	to	bend	backward).	Biomechanical	Consequences	of	Coxa	Vara	and	Coxa	Valga	The	average	angle	of	inclination	of	thè	femoral	neck	is	125	degrees.	A	n	t	e	r	io	r	a	n	d	p	o	s	t	e	r	io	r	A	n	t	e	r	io	r	a	n	d	p	o	s	t	e	r	io	r	h	o	r	n	s	o	t	m	e	d	ia	i	m	e	n	is	c	u	s	h	o	r	n	s	o	f	la	te	ra	l	m	e	n
is	c	u	s	B	Jemoral	and	femoral-on-tibial	situations	in	Figures	1	3	-	1	4	and	1	3	-	1	5	.	1	3-29	A	).	This	rotation	produces	pronation	at	thè	forearm	as	thè	ulna	rotates	around	thè	fixed	radius.	This	ligament	The	posterior	talofìbular	ligament	originates	on	thè	posterior-medial	side	of	thè	lateral	malleolus	and	attaches	to	thè	lateral	tubercle	of	thè	talus	(Figs.
The	two	insets	each	show	a	superior	view	of	thè	arthrokinematics	at	thè	proximal	and	distai	radioulnar	joints.	Only	very	sltght	motion	occurs	in	thè	ulna	during	supination	and	pronation	.3	The	ulna	tends	to	rotate	slightly	in	thè	frontal	piane	during	active	pronation	and	supination;	toward	abduction	(valgus)	during	pronation,	and	toward	adduction
(varus)	during	supination.	445-446,	446f,	447f	knee	ligaments	in,	448,	449f	Semìmembranosus	action	of	at	knee,	454t	attachments	of,	573t	functional	anatomy	of,	440f-441f,	463	innervation	of,	454t,	573t	Semispinalis	capitis,	321f-322f,	322	attachments	and	innervation	of,	381	1	Semispinalis	cervicis,	32	lf,	322	attachments	and	innervation	of,	38	lt
Semispinalis	muscles	anatomy	and	action	of,	321f-322f,	3	2	lt,	321-323	in	trunk	movement,	329t	Semispinalis	thoracis,	32lf,	322	attachments	and	innervation	of,	38	lt	Semitendinosus	action	of	at	knee,	454t	attachments	of,	573t	functional	anatomy	of,	440f-441f,	463	in	hip	and	knee	extension	in	running,	468,	468f,	469,	469t	innervation	of,	454i.	The
mediai	lip	is	prominent	and	extends	iarther	distali)'	than	thè	adjacent	lateral	lip.	285f	of	craniocervical	spine,	282-283,	285f	coupling	pattern	vvith	lateral	flexion	in,	339b	muscles	active	in,	340-341,	342f	of	thoracic	spine,	287,	290f	of	trunk	abdominal	muscle	action	in,	327,	327b	secondary	muscle	action	in,	327b	Axial	skeleton	components	of,	251,
252f,	253-269	in	cranium,	253,	253f	in	ribs,	253-254,	256f,	257f	in	sternum,	254,	256,	257f	in	vertebrae,	253-254,	254f-255f,	255t	in	vertebral	column,	256-269,	258f-260f.	An	x-ray	shows	a	total	hip	arthroplasty.	13,	15f	Vital	capacity,	368,	368f	also	See	also	w	also	Walking.	Note	thè	medial-lateral	axis	of	rotation	in	thè	center	of	thè	capitulum.	At	resi
in	full	extension,	little	if	any	physical	contact	exists	at	thè	humeroradial	jo	in	t.17	During	attive	flexion,	however,	muscle	contraction	pulls	thè	radiai	fovea	against	thè	capitulum.30	The	arthrokinematics	of	flex	ion	and	extension	consist	of	thè	fovea	of	thè	radius	rolling	and	sliding	across	thè	convexity	of	thè	capitulum	(Fig.	in	tum.	This	are	,s	derived
from	the	histogram	in	B.	The	posterior	aspect	of	thè	righi	humerus.	Anatomica!	and	functions;	swdy	of	thè	anterior	superior	capsule.	In	s	o	m	e	c	a	s	e	s	,	h	o	w	e	v	e	r	,	c	h	o	n	d	r	o	m	a	la	c	ia	m	a	y	b	e	a	s	s	o	c	ia	t	e	d	w	it	h	o	s	t	e	o	a	r	t	h	r	it	is	o	f	t	h	è	e	n	t	ir	e	k	n	e	e	.	Large	valgus	or	varus	force	with	foot	planted	5.	For	instance,	thè	person	dep	icted
lifting	thè	load	in	Figure	1	0	-	3	8	would	have	exceeded	his	theoretical	200	Nm	threshold	if	thè	extemal	load	were	increased	to	about	80%	of	his	body	weight.	Knee	ncxcd	135°	Lower	Extremity	B.	J	Biomech	31:527-534,	1998.	Note	thè	popliteus	tendon	that	courses	between	thè	lateral	meniscus	and	lateral	collateral	ligament.	Kurrat	HJ,	Oberlander	W:
The	thickness	of	thè	carttlage	in	thè	human	joint.	Keagy	RD,	Brumtik	J,	Bergan	Jj:	Direct	electromyography	of	thè	psoas	major	muscle	in	man.	Because	thè	lateral	malleolus	is	inferior	and	poste	rior	to	thè	mediai	malleolus,	which	can	be	verified	by	palpation,	thè	axis	of	rotation	departs	slightly	from	a	pure	medial-	lateral	axis.	Stretched	(taut)
structures	are	shown	as	thin	elongated	arrows;	slackened	struc	tures	are	shown	as	wavy	arrows.	Teeth	The	maxillae	and	mandible	each	contain	16	permanent	teeth	(see	Fig.	1	3	-	2	).	Most	of	thè	extension	torque	must	be	generated	by	active	muscle	contraction.69	Muscle	tissue	can	be	significanti)'	strengthened	through	resistive	exercise	in	order	to
meet	thè	large	demands	imposed	by	lifting.	J	Biomech	28:339-345,	1995.	The	inability	to	extend	thè	knee	fully	is	a	relatively	common	clinica!	phenomenon.	10-316).	A	more	valid	approach	requires	thè	use	of	trigonometry	to	determine	thè	components	of	body	weight	and	external	load	that	truly	act	perpendicular	to	L2.)	The	compres	sion	reaction	force
(see	Fig.	Rajala	GM,	Neumann	DA,	Foster	C,	et	al:	Quadriceps	muscle	perform	ance	in	male	speed	skaters.	A	sagittal	section	through	thè	humeroradial	joint	dunng	flexion.	tachment,	thè	muscle	ascends	obliquely	across	thè	neck	to	attach	along	a	thin	line,	extending	across	much	of	thè	mas	toid	process	of	thè	temporal	bone	and	thè	lateral	half	of	thè
superior	nuchae	line.	The	suboccipital	muscle,	such	as	thè	rectus	capitis	posterior	ma	jor,	may	be	fatigued	as	a	result	of	its	prolonged	extension	activity	required	to	"level"	thè	head	and	eyes.	Clin	Orthop	220:275-283,	1987.	561t-567t,	563,	563f	565f,	567f,	568f	adaptation	to,	560	anterior	cruciate	ligament	injur>'	and,	453b	causes	of,	560,	560b	in
cerebral	palsy,	417	"in-toeing"	as	sign	of,	395-396,	398f	secondar)^	to	ankle/foot	impairment,	561t—	562t	step	length	in,	528f	with	hemiparesis,	528f	with	painful	hip,	528f	with	Parkinson’s	disease,	528f	joint	kinematics	in	in	frontal	piane,	539f-542f,	539-541	541b	in	horizontal	piane,	542f-543f,	542-543	544b,	544f	in	sagittal	piane,	535-539,	536f-537f,
538b	to	minimize	energy	expenditure,	545t	545547,	5461-547f	kinetics	of,	551-559	See	also	Index	Gait	(Continued)	ground	reaction	forces	in,	551-553,	552f,	553f	joint	and	lendon	forces	in,	424f,	425,	5	58559	joint	reaction	force	during,	424f,	425	joint	torques	and	powers	in,	553-558	path	of	center	of	pressure	in,	553,	554f	muscle	activity	in,	547-551
normal	values	for,	528b,	529t	phases	of,	529-532,	530f-532f,	531t	push-off,	peroneus	longus	and	brevis	action	in,	512,	512f	slance	action	of	forefoot	joints	in.	quadriceps	is	employed	to	decelerate	knee	flexion.	O	v	e	r	t	im	e	,	s	o	m	e	o	f	t	h	o	s	e	w	it	h	p	a	t	e	llo	f	e	m	o	r	a	l	j	o	in	t	p	a	in	s	y	n	d	r	o	m	e	d	e	v	e	lo	p	d	e	g	e	n	e	r	a	t	iv	e	c	h	a	n	g	e	s	in	t	h	è
jo	in	t	s	u	r	f	a	c	e	s	,	a	c	o	n	d	it	io	n	k	n	o	w	n	a	s	c	h	o	n	d	r	o	m	a	la	c	ia	p	a	t	e	lla	e	.	Stability	and	control	at	thè	knee	requi	re	interaction	of	forces	produced	by	muscles	and	ligaments.9	Interaction	is	espeeially	important	for	control	of	movements	in	thè	horizontal	and	frontal	planes.	369	Figure	1	1	-	1	highlights	thè	surface	anatomy	associated	with
thè	TMJ.	157t,	157-161,	158f-162f,	159t,	162b	of	fingers,	201	f	of	glenohumeral	joint,	112f,	114,	115f,	116l	of	hip,	406,	407f,	408f,	408-409	of	knee.	Splenius	Cervicis	and	Capitis	The	splenius	cervicis	and	capitis	muscles	are	a	long	and	thin	pair	o	f	m	uscles,	n	am	ed	by	their	resem	blan	ce	to	a	bandage	338	Section	III	Axial	Skeleton	TABLE	1	0	-	1	2	.	As
shown	in	Figure	6-14,	a	fully	extendable	elbow	(i.e.,	with	a	0-degree	contracture)	demonstrates	a	0-degree	loss	in	area	of	forward	reach.	Clin	Orthop	344:290297,	1997.	Elastic	energy	is	stored	in	thè	stretched	rectus	femoris	by	thè	preparatory	movement	of	combined	470	Seclion	IV	Lowcr	Extremity	Reaction	Forces	through	thè	Normal	Knee	A.
Connective	Tissues	that	Stabilize	thè	Proximal	Tibiofibular	Joint	•	Capsular	ligaments	•	Popliteus	tendon	Distai	Tibiofibular	Joint	Articular	Structure	The	distai	tibiofibular	joint	is	formed	by	thè	articulation	of	thè	convex	mediai	surface	of	thè	distai	fibula,	with	thè	con	cave	fibular	notch	of	thè	tibia	(Fig.	Woo	SLY,	Chan	SC,	Yamaji	T:	Biomechanics	of
knee	ligament	healing,	repair	and	reconstruction.	Gallagher	JC,	Melton	LJ,	Riggs	BL,	et	al:	Eptdemiology	of	fractures	of	thè	proxtmal	femur	in	Rochester,	Minnesota.	As	depicted	in	Figure	6	-2	7	A	the	lateral	side	ol	thè	disc	attaches	along	thè	entire	rim	t	thè	ulnar	notch	of	the	radius.	Matthews	LS,	Sonstegard	DA,	Henke	JA:	Load-bearing
characterisiics	of	thè	patellofemoral	joint.	ADDITIONAL	READINGS	Adattai	MA,	M	cN	ally	DS,	C	hinn	H,	et	al:	Posture	and	thè	compressive	strength	of	thè	(umbar	spine.	1	4	-9	B	).	Pronation	describes	a	motion	that	has	elements	of	eversion,	abduction,	and	dorsiflexion.	1	3	-	2	2	A	a	n	d	lo	w	in	g	s	u	r	g	ic	a	l	r	e	p	a	ir	,	80	a	n	d	p	o	s	t	s	u	r	g	i	c	a	l	2-4-
5'24	"	4-	"	6	a	n	d	q	u	a	d	r	ic	e	p	s	,	t	h	è	g	r	e	a	t	e	r	t	h	è	a	n	t	e	r	io	r	s	h	e	a	r	a	n	d	s	u	b	s	e	q	u	e	n	t	n	o	n	s	u	r	g	ic	a	l	r	e	h	a	b	ilit	a	t	io	n	.	J	Bone	Joint	Surg	63A:872-876,	1981.)	rounded	capitulum.	The	type	of	surgical	repair	depends	on	thè	location	and	severity	o(	thè	fracture.	J	Orthop	Res	5:86-91,	1987.	Ergonomics	32	56552.	Because	thè
articular	surface	on	thè	mediai	condyle	extends	farther	anteriorly	than	on	thè	lateral	condyle,	thè	tibia	“follows”	this	laterally	curved	path	during	full	tibial-onfemoral	extension.	Muscles	of	thè	Anterior-Lateral	Craniocervical	Region	Sternocleidomastoid	Scalenes	Scalenus	anterior	Scalenus	medius	Scalenus	posterior	Longus	colli	Longus	capitis	Rectus
capitis	anterior	Rectus	capitis	lateralis	Chapter	10	Axial	Skeleton:	Muscle	and	Joint	Interactions	335	From	a	lateral	view	of	a	person	with	normal	posture,	it	can	be	seen	that	thè	stemocleidomastoid	crosses	thè	neck	in	an	oblique	fashion.	P	A	T	E	L	L	O	F	E	M	O	R	A	L	JO	IN	T	K	IN	E	M	A	T	IC	S	Path	and	Area	of	Patellar	Contact	on	thè	Femur	Studies	on
cadavere	have	provided	detailed	descriptions	of	thè	regions	of	joint	contact	and	pressure	in	thè	patellofemo-	K.	The	McGraw-Hill	Companies.)	The	longus	colli	and	longus	capitis	are	located	deep	to	thè	cervical	viscera	(trachea	and	esophagus),	on	either	side	of	thè	cervical	column	(Fig.	During	434	A	thè	swing	phase	of	walking,	thè	knee	flexes	to
shorten	thè	functional	length	of	thè	lower	limb;	otherwise,	thè	foot	would	noi	easily	clear	thè	ground.	Trunk	muscle	and	lumbar	ligament	contributions	to	dynamic	lifts	with	varying	degrees	of	trunk	flexion	Spine	16:1099-1107,	1991	70.	The	stender	shaft	of	thè	fibula	transfers	a	small	fraction	of	thè	load	through	thè	leg,	most	of	it	being	transferred
through	thè	thicker	tibia.	The	squat	lift,	in	contrast,	typically	begins	with	maximally	flexed	knees.	Clinical	Biomechanics.	The	menisci	transform	nearly	fiat	articular	surfaces	of	thè	tibia	into	shallow	seats	for	thè	femoral	condyles.	Philadelphia,	FA	Davis,	1996.	542,	542f,	544b	patellar	contact	with,	446-447,	4481	proximal,	396	retroversion	of,	395,	397f
rotational	range	of,	in	hip	motion,	404,	405f,	406	lorsion	angle	of,	394-396,	397f,	398f	Fiberfs)	collagen	in	articular	carlilage,	34,	35f	tn	nucleus	pulposus	and	annuiti?	intervertebral	disc.	In	this	position,	any	undesired	rotation	at	thè	shoulder	is	easily	detected.	allows	thè	lifter	to	combine	some	of	thè	benefits	of	thè	squat	lift	with	thè	more
metabolically	efficient	stoop	lift.	A	shallow	intercondylar	groove	of	thè	femur	is	a	reliable	predictor	of	excessive	lateral	tilt	of	thè	patella	in	women,	especially	near	full	knee	extension.96	Over	time,	an	abnormal	tilt	can	lead	to	increased	stress	on	thè	articular	cartilage	and	recurrent	lateral	dislocation.38	Increased	Q-angle	due	to	bony	malalignment	is	a
possible	factor	contributmg	to	excessive	lateral	tracking	of	thè	patella.78	The	greater	thè	Q-angle,	thè	greater	thè	lateral	bowstringing	effect	on	thè	patella.	The	proxi	mal	end	of	thè	radius	is	small	and	as	such	constitutes	a	relatively	small	structural	component	of	thè	elbow.	Anterior	view	I	n	te	rc	o	n	d	y	la	r	g	r	o	o	v	e	(to	r	p	a	te	lla	)	A	n	te	r	io	r	c	r	u
c	ia	te	lig	a	m	e	n	t	P	o	s	t	e	r	io	r	c	r	u	c	ia	te	lig	a	m	e	n	t	FIGURE	13	21.	Chaffin	DB,	Park	KS:	A	longitudinal	study	of	low	back	pain	as	associated	with	occupational	weight	lifting	factors.	From	a	therapeutic	per-	Elbow	and	Forearm	Complex	151	spective,	an	understanding	of	thè	muscular	mechanics	of	pronation	and	supination	from	both	a	non-
weight-bearing	and	weight-bearing	perspective	provides	additional	exercise	strategies	for	strengthening	or	stretching	muscles	of	thè	fore	arm	and	shoulder.	89.	Although	this	is	a	considerable	weight,	it	is	not	unusual	for	a	person	to	successfully	lift	much	greater	loads,	such	as	those	regularly	encountered	by	heavy	labor	workers	and	by	competitive
“power	lifters.”	In	attempts	to	explain	this	apparent	dilemma,	two	secondary	sources	of	extension	torque	are	p	ro	p	osed	:	(1)	passive	tension	gen	erated	from	stretching	thè	posterior	ligamentous	System,	and	(2)	muscular-generated	tension	transferred	through	thè	thoracolumbar	fascia.	D	and	E	show	thè	path	and	contact	areas	of	thè	palella	on	thè
intercondylar	groove	of	thè	femur.	20.	AmJ	Sports	Med	28:414-434	2000	Wuelker	N,	Wolfgang	P,	Roetman	B,	et	al:	Function	of	thè	supraspinatus	muscle.	Because	thè	cruciates	do	not	spontaneously	heal	on	their	own,	surgical	reconstruction	often	requires	autograft	(patellar	tendon	or	hamstring/adductor	tendon),	and	less	frequently,	an	allograft
(artificial	ligament).	The	inacttve	but	stretched	bieeps	mus.	This	proactive	approach	mirumizes	thè	potential	for	deformity	and	damage	to	insensitive	skin	and	joints,	thereby	limiting	thè	amount	of	permaner:	disability.
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