6 Sation |  Esantial Topicsdf Kinesdogy

HG 1.5 Theright glenohumerd (shoulder) joint highlightsthree orthog-
ond axesof rotation and asociated planesof angular motion: flexion and
extendon (gren aurved arrovg occur around a medid-laterd (ML) axis
of rotation; abduction and adduction (purpleaurved arrowg occur around
an anterior-poderior (AP) axis of rotation; and internd rotation and
externd rotation (bluecurved arrong occur around avertical axisof rota-
tion. Each axis of rotation is color-coded with its associated plane of
movement. The short, raight arrows shown pardld to each axis repre-
sent thedight trandation potentid of the humerusrdativeto the scapula
Thisillugration showsboth angular and trandationa degreesof freedom.
(Seetext for further description.)

Unless gecified differently throughout this text, the term
deyes o fresdom indicates the number of permitted planes of
angular mation a ajoint. From a grict engineering perspective,
however, degrees of freedom apply to trandaiond (linear) aswell
as angular movements All synovid joints in the body poses
a leest some trandation, driven activdy by musdle or passvely
because of the naturd laxity within the gructure of thejoint. The
dight passve trandaionsthat occur in mog jointsare referred to
asacesry movaments(or joint “play”) and are commonly defined
in threelinear directions From the anatomic posgtion, the gatid
orientation and direction of accessory movementscan bedescribed
reative to the three axes of rotation. In the rlaxed glenohumera
joint, for example, thehumeruscan bepassvey trandated dightly:
anterior-pogeriorly, medid-laterdly, and superior-inferiorly (see

short, draight arrows near proxima humerus in FHg 1.5). At
many joints the amount of trandation is used dinicaly to tet
the hedth of the joint. Excessve trandation of abone rdativeto
the joint may indicate ligamentous injury or abnormd laxity. In
contrad, a dgnificant reduction in trandation (accessory move-
ments) may indicate pathologic giffness within the surrounding
periaticular connective tisues Abnormd trandation within a
joint typicaly affectsthe qudlity of the active movements poten-
tidly caudng increased intrararticular sress and microtrauma

CSTECKINEVIATICS: A MATTER CF PERSPECTIVE

In generd, thearticulation of two or more bony or limb segments
conditutes ajoint. Movement at ajoint can therefore be consd-
ered from two pergoectives (1) the proxima ssgment can rotate
agang the rdaivdy fixed digd ssgment, and (2) the digd
ssgment can rotate againg the rdatively fixed proxima segment.
(In redlity, both pergpectives can and often do occur Smultane-
oudy; dthough for ease of discusion and andyss this Stuation
isoften omitted within thistext.) Thetwo kinematic pergpectives
areshown for kneeflexion in Fig. 1.6. A term such askneeflexion,
for example, decribes only the rdative mation between the thigh
and leg. It doesnot describe which of the two ssgmentsisactudly
rotating. Often, to be dear, it is necessary to gate the bone that
is conddered the rotating ssgment. Asin Fg. 1.6, for example,
the terms tibial-on-femaral movement and femaral-on-tibial move
ment adequately decribe the ogeokinematics

Mog routine movements performed by the upper extremities
involve digd-on-proxima ssgment kinematics This reflects the
need to bring objectshdd by thehand either toward or away from
the body. The proxima ssgment of ajoint in the upper extremity
isusudly gabilized by musdes gravity, or itsinertia, whereasthe
digd, reatively uncongrained, ssgment rotates

Feading onedf and throwing a bal are common examples of
digd-on-proxima ssgment kinematics employed by the upper
extremities The upper extremities are certainly cgpable of per-
forming proxima-on-digd ssgment kinematics such as flexing
and extending the ebows while one performs a pull-up.

The lower extremities routindy perform both proxima-on-
digd and digd-on-proximal ssgment kinematics Thesekinemat-
icsreflect, in part, the two primary phases of waking: the dance
phass when the limb is planted on the ground under the load of
body weight, and the swving phass when the limb is advancing
forward. Many other activities in addition to waking, use both
kinematic drategies Hexingthekneein preparation to kick abadl,
for example, is a type of digd-on-proxima ssgment kinematics
(see Hg. 1.6A). Dexcending into a squat postion, in contrad, is
an example of proximd-on-digd ssgment kinematics (se FHo.
1.6B). In the later example, ardatively large demand is placed
on the quadriceps muscle of the knee to control the gradud
descent of the bodly.

The terms open and dosd kinematic chainsare frequently used
in the physcd rehabilitation literature and dinicsto describe the
concept of reative ssgment kinematics A kinamatic chain refers
to a sries of articulated segmented links, such as the connected
pdvis thigh, leg, and foot of the lower extremity. The terms
“open” and “dosed” are typicaly used to indicate whether the
digd end of an extremity is fixed to the earth or some other
immovable object. An open kinematic chain describes a Stuation
in which the digd ssgment of akinematic chain, such asthe foot
in the lower limb, isnat fixed to the earth or another immoveble
object. Thedigd ssgment thereforeisfreeto move(seeFHg. 1.6A).
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Knee flexion

Proximal segment fixed Distal segment free

A Tibial-on-femoral perspective

Proximal segment free

Distal segment fixed

B Femoral-on-tibial perspective

HAG 1.6 Sagittd plane ogeokinematics a the knee show an example of (A) digd-on-proxima segment kinematics
and (B) proximd-on-diga ssgment kinematics The axis of rotation is shown asacirde a the knee.

Articular capsule
Trochlea P

(convex)

A dos=d kinamatic chain describes a Stuation in which the digd
sggment of the kinematic chain is fixed to the earth or another
immovable object. In this case the proxima ssgment is free to
move (e FHg. 1.6B). These terms are employed extensvey to
decribe methods of gpplying resgive exercise to musdes epe
cidly to the joints of the lower limb.

Although very convenient terminology, the terms open and
dosd kinematic chains are often ambiguous From a gtrict engi-
neering pergective, the terms gpply more to the kinematic inter-
dependenceof asriesof connected rigid links which isnot exactly
the same as the previous definitions given here. From this engi-
neering pergpective, the chain is“dosed” if bath endsare fixed to
acommon object, much like a cdlosed circuit. In this cass move-
ment of any one link requires a kinematic adjugment of one or
more of the other linkswithin the chain.

“Opening’ the chain by disconnecting one end from its fixed
atachment interruptsthiskinematic interdependence. Thismore
precise terminology does not gpply universdly across dl hedth-
rdaed and enginegring distiplines Performing a one-legged

HG 1.7 The humero-ulnar joint a the dbow is an
example of a convex-concave rdationship between two
articular aurfaces The trochlea of the humerusis convex,
and the trochlear notch of the ulnais concave.

Trochlear notch (concave)

patid qua, for example, is often referred to dinicdly as the
movement of a cosed kinematic chan. It could be argued,
however, that this is a movement of an open kinematic chan
becausethe contraaterd legisnot fixed to ground (i.e, thedircuit
formed by the totd body is open). To avoid confuson, this text
usesthe terms open and dosd kinematic chains paringly, and the
preferenceisto explicitly gate which ssgment (proxima or digal)
isconddered fixed and which is consdered free

Arthrokinematics
TYPICAL JONT MCRPHOLOGY

Arthrokinematics describes the motion that occurs bewen the
artiaular surfacesof joints As described further in Chapter 2, the
shapesof thearticular surfaces of jointsrange from flat to curved.
Mog joint surfaces however, are at leagt dightly curved, with one
arface being rdativey convex and one rdatively concave (Fg.
1.7). The convex-concave rdationship of mog articulations
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improvestheir congruency (fit), increases the surface areafor dis
dpating contact forces and hdps guide the motion between the
bones

FUNDAMBENTAL MOVBEVIENTS BETWEEN JONT SURFACES

Three fundamentd movements exid between curved joint sur-
faces rall, dide, and, spin. These movements occur as a convex

aurface moves on a concave surface, and vice versa (Fg. 1.8).
Although other terms are used, these are ussful for visudizing the
reative movements that occur within ajoint. The terms are for-
maly defined in Table 1.3.

Roll-and-Slide Movements
One primary way that abone rotatesthrough aceisby ardling
of itsarticular aurface againg another bonesarticular surface. The

Convex-on-concave arthrokinematics

<l

Y

Concave-on-convex arthrokinematics

B

o

HG 1.8 Three fundamenta athrokinematics tha occur between curved joint surfaces roll, dide, and in.
A, Convex-on-concave movement. B, Concave-on-convex movement.
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TABLE 1.3 Three Fundamental Arthrokinematics Roll, Side, and Spin

Movement Definition Analogy
Roll* Multiple paintsaong one rotating articular surface contact multiple pants A tire rotating across a gretch of pavement
on ancther articular surface
Side’ A sndepaint on one articular surface contacts multiple paintson another A nonrotating tire skidding across a sretch
articular surface. of icy pavement
Sin A sndepant on one articular surfece rotates on asnge paint on another A toy top rotating on one oot on the floor
articular surface.
*Also termed rock.
TAlso termed dlide.

Subacromial bursa

Subacromial bursa D &
Supraspinatus pull

HG 1.9 Arthrokinematicsat the glenohumerd joint during abduction. The glenoid fossais concave, and the humerd
head isconvex. A, Roll-and-dide arthrokinematicstypica of aconvex articular surface moving on ardatively sation-
ary concave articular surface. B, Consequences of aroll occurring without a sufficient offsetting dide.

motion is shown for a convex-on-concave urface movement at
the glenohumerd joint in Fg. 1.9A. The contracting supraspina-
tus mugtle rolls the convex humerd head againg the dight con-
cavity of the denoid fossa In esence the roll directs the
ogeokinematic path of the abducting shaft of the humerus

A rolling convex surface typicaly involves a concurrent, oppo-
dtely directed dide. As shown in Fig. 1.9A the inferior-directed
dide of the humerd head offssts mog of the potentid superior
migration of the rolling humera head. The offstting roll-and-
dide kinematics are andogous to atire on a car tha is spinning
on asheet of ice The potentid for the tire to rotate forward on
the icy pavement is offsst by a continuous diding of the tire in
the oppodte direction to the intended rotation. A clasic patho-
logic example of a convex surface rolling without an offsetting
dideisshown in FHg. 1.9B. The humerd head trandates upward
and impingeson the ddicatetissuesin the subacromid gpace The
migration dterstherdative location of the axisof rotation, which
may dter the effectiveness of the mustlesthat crossthe glenohu-
merd joint.

As shown in Fg. 1.9A the concurrent roll-and-dide motion
maximizes the angular displacement of the abducting humerus
and minimizes the net trandation between joint surfaces This
mechanian is particularly important in joints in which the

aticular aurface area of the convex member exceeds that of the
concave member.

Spin

Another primary way tha a bone rotates is by a spinning of its
articular surface againg thearticular aurface of another bone. This
occurs astheradius of the forearm spinsagaing the cgpitulum of
the humerus during pronation of the forearm (Fig. 1.10). Other
examplesindude interna and externd rotation of the 90-degree
abducted glenchumerd joint, and flexion and extenson of the
hip. Spinning is the primary mechaniam for joint rotation when
thelongitudind axis of the moving bone intersectsthe surface of
itsarticular mate a right angles

Motions That Combine Roll-and-Slide and Spin Arthrokinematics
Severd joints throughout the body combine roll-and-dide with
sin athrokinematics A dassc example of this combination
occursduring flexion and extenson of theknee. Asshown during
femord-on-tibia knee etendon (Fg. 1.11A), the femur spins
internaly dightly as the femora condyle rolls and dides relative
to the fixed (daionary) tibia Thee arthrokinematics are dso
shown &s the tibia extends rdétive to the fixed femur in FHg.
1.11B. In the knee the spinning mation that occurswith flexion
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and extenson occurs automaticaly and is mechanicdly linked to
the primary motion of extenson. Asdescribed in Chapter 13, the
obligatory spinning rotation isbased on the shape of the articular
aurfaces a the knee. The conjunct rotation helpsto securdy lock
the knee joint when fully extended.

Medial

Capitulum epicondyle

Pronator teres

HG 1.10 Pronation of the forerm shows an example of a spinning
motion between theheed of theradiusand the capitulum of thehumerus
The par of opposed short black arrows indicates compresson forces
between the head of the radius and the capitulum.

Spin rotation

PREDICTING AN ARTHRCKINEMATIC PATTERN BASED CN
JAONT MCRPHOLOGY

As previoudy gaed, mog articular surfaces of bones are either
convex or concave. D epending on which boneismoving, aconvex
aurface may rotate on a concave surface or vice versa (compare
Fg. 1.11A with Fg. 1.11B). Each scenario presents a different
roll-and-dide arthrokinematic pattern. Asdepicted in Figs 1.11A
and 1.9A for the shoulder, during a convex-on-aoncave movament,
the convex aurface rolls and didesin gpposte diretions As previ-
oudy described, the contradirectiond dide offsets much of the
trandation tendency inherent to the rolling convex surface
During a concave-on-convex movement, as depicted in FHg. 1.11B,
the concave surfacerollsand didesin milar diretions Thesetwo
principles are very useful for visudizing the arthrokinematics
during amovement. In addition, the principles serve asabadsfor
somemanua therapy techniques*® Externa forcesmay be applied
by the dinician that as3g or guide the naturd arthrokinematics
a thejoint. For example, in certain circumsances, glenohumerd
abduction can befadilitated by gpplying an inferior-directed force
a theproxima humerus, smultaneoudy with an active-abduction
effort. Thearthrokinematic principlesare based on the knowledge
of the joint surface morphology.

Arthrokinematic Principles of Movement
 For aconvex-on-aoncave surface movement, the convex member
rollsand didesin gpposte directions
¢ For a ooncaveon-convex wurface movement, the concave
member rollsand didesin smilar directions

Spin rotation

HG 1.11 Extendon of thekneedemongtratesacombination of roll-and-didewith spin arthrokinematics Thefemord
condyleisconvex, and thetibia plateau isdightly concave. A, Femord-on-tibid (knee) extengon. B, Tibid-on-femord

(knee) extendon.
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(OLCBE PACKED AND LOCSEPACKED PCSITIONS
AT AJONT

Thepair of articular surfaceswithin mog joints“fits’ bes in only
one podtion, usudly in or near the very end range of a motion.
This pogtion of maxima congruency isreferred to asthe joint’s
dosepacked padtion.” In this podtion, mog ligaments and parts
of the cgpaule are pulled taut, providing an dement of naturd
dability to the joint. Accessory movements are typicaly minima
in ajoint's close-packed postion.

For many jointsin the lower extremity, the dose-packed pos-
tion is asociated with a habitua function. At the knee for
example, the dose-packed pogtion indudes full extenson—a
postion that is typicdly goproached while ¢anding. The com-
bined effect of the maxima joint congruity and sretched lige
ments helpsto provide transarticular gability to the knee.

All postions other than a joint’s cdose-packed postion are
referred to as the joint’s loose-packad postions In these postions
the ligaments and capaule are rdativaly dackened, dlowing an
incresse in accessory movements Thejoint isgenerdly leegt con-
gruent near itsmidrange. In the lower extremity, theloose-packed
postions of the mgor joints are biased toward flexion. These
pogtions are generdly not used during prolonged ganding, but
frequently are preferred by the patient during long periods of
immobilization, such as extended bed red.

KINETICS

Kingicsis a branch of the gudy of mechanicsthat describes the
effect of forces on the body. The topic of kinetics is introduced
here asit gopliesto the musculoskeeta sysem. A more detailed
and mathematic approach to this subject mater is provided in
Chapter 4.

From a kinesologic perspective, aforae can be consdered asa
push or pull that can produce, arrest, or modify movement. Forces
therefore provide the ultimate impetus for movement and gabi-
lizetion of the body. As described by Newton's sscond law, the
quantity of aforce (F) can be messured by the product of the
mass(m) that recavesthe push or pull, multiplied by theaccdera-
tion (8 of the mass The formula F = ma shows that, given a
congant mass aforceisdirectly proportiona to the accderation
of the mass measuring the force yidds the accderation of the
body, and vice versa. A net force is zero when the accderation of
the massis zero.

The g¢andard internationd unit of force is the nenton (N):
1N =1 kg x 1 m/ssc®. The English equivaent of the newton is
the pound (Ib): 1 Ib =1 dug x 1 ft/sec (4.448 N = 1 Ib).

Musculoskeletal Forces

IMPACT CF FORCES ON THE MUSOULCSKEETAL SYSTEMI:
INTRCDUCTORY GONCEPTS AND TERMINCLOGY

A force that acts on the body is often referred to genericaly assa
load. Forces or loads tha move, fixate, or otherwise gabilize the
body d0 have the potentid to deform and injure the body. The
loads mog frequently gpplied to the musculokdeta sysem are
illugrated in Fg. 1.12. (Seethe glossary at the end of thischapter
for forma definitions) Hedthy tissues are typicdly able to par-
tidly resgt changesin ther gructure and shape. The force tha
dretches a hedthy ligament, for example, is met by an intringc
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= 3
Unloaded Tension Compression Bending
Shear Torsion Combined
loading

AG 1.12 The manner by which forces or loads are mog frequently
goplied to the musculoskeetd sygem is shown. The combined loading
of torson and compresson isaso illugrated.

&

Body Weight Compared with Body Mass

SPECIAL FOCUS 1.1

A{Iﬁilogram (kg) is a unit of mass that indicates the relative
umber of particles within an object. Strictly speaking,
therefore, a kilogram is a measure of mass, not weight. Under
the influence of gravity, however, a 1-kg mass weighs about
9.8N (2.21h). This is the result of gravity acting to accelerate
the 1-kg mass toward the center of earth at a rate of about
9.8 mVsec?. \eryoften, however, theweight of abodyisexpressed
in kilograms. The assumption is that the acceleration resulting
from gravity acting on the body is constant and, for practical
purposes, ignored. Technically, however, the weight of a person
varies inversely with the square of the distance between the
mass of the person and the center of the earth. Aperson onthe
summit of Mt. Bverest at 29,035 ft (8852 m), for example, weighs
slightly less than a person with identical mass at sea level.
The acceleration resulting from gravity on Mt. Bverest is
9.782 m/sec? compared with 9.806 nvsec” at sea level.

tendon generated within the dongated (dretched) tissue Any
tissue weskened by disease, trauma, or prolonged disuse may not
be able to adequatdy ress the application of the loads depicted
in Fg. 1.12. The proxima femur weskened by oseoporods for
example may fracture from the impact of a fal sscondary to
compreson o torson (twiding), shearing or bending of the neck
of the femur. Fracture may do occur in a ssverdly ogeoporotic
hip after a very grong muscle contraction.

The ability of periarticular connective tissues to accept and
digperse loads is an important topic of research within physica
rehabilitation, manua therapy, and orthopedic medicine®*
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Yield point

Ultimate
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AG 1.13 Thedressdran rdationship of an excised ligament that hasbeen dretched to apoint of mechanicd falure

(digruption).

Clinicians and scientigs are very interesed in how variables such
asaging, trauma, dtered activity or weight-bearing levels or pro-
longed immohilization affect theload-accepting functionsof peri-
aticular connective tissues One laboratory-based method of
measuring the ability of aconnectivetissueto tolerate aload isto
plot the force required to deform an excised tissue® This type of
experiment istypicaly performed usng anima or human cadaver
gecimens FHg. 1.13 shows a theoreticd grgph of the tendon
generated by agenericligament (or tendon) that hasbeen sretched
to apoint of mechanicd falure Theverticd () axisof the graph
islabded dress aterm tha denotestheinterna ressance gener-
ated as the ligament resds deformation, divided by its cross
sectiond area (Theunitsof gressaresmilar to pressure: N/mm?.)
The horizontd (X) axisislabded drain, which in thiscaseisthe
percent increasein atisuesgretched length rdativetoitsorigind,
presxperimenta length.’ (A smilar procedure may be performed
by compresing rather than gretching an excised dice of cartilage
or bone, for example, and then plotting the amount of gress
produced within the tissue) Notein Fg. 1.13 that under arda
tively dight grain (dretch), the ligament produces only a smdl
amount of gress (tenson). This nonlinear or “to€’ region of the
graph reflectsthefact tha the collagen fiberswithin thetissue are
initidly wavy or aimped and mug be drawn taut before Sgnifi-
cant tenson is measured.™ Further dongation, however, shows a
linear rdationghip between dressand grain. Theratio of the dress
(Y) caused by an gpplied grain (X) in the ligament is a measure
of its diffness (often referred to as Younds maodulug. All normal
connectivetissueswithin the musculoskdetd sysem exhibit some
degree of giffness The dinicd term “tightness’ usudly impliesa
pathologic condition of abnormaly high giffnes

Theinitid nonlinear and subsequent linear regionsof the curve
shown in Fig. 1.13 are often referred to asthe dagicregon. Liga
ments for example, are routindly srained within the lower limits
of ther dadiicregion. Theanterior cruciateligament, for example,
is draned aout 3-4% during common activities auch as a

dimbing gars pedding a gationary bicyde, or squatting.®”** It
isimportant to notetha a hedthy and rdatively young ligament
tha isgrained within thedadic zonereturnsto itsorigina length
(or shape) once the deforming force is removed. The area under
the curve (in darker blue) represnts dadic ddformation energy.
Mog of the energy used to deform thetissueisrdessed when the
force is removed. Even in a ddic snse, dadic energy has an
important function within joints When gretched even a moder-
ae amount into the dadic zone, ligaments and other connective
tisues perform important joint gabilization functions

A tisue that isdongated beyond its physologic range eventu-
dly reaches its yidd paint. At this point, incressed grain results
in only margind increased sress(tenson). Thisphysca behavior
of an overdretched (or overcompressed) tissue is known as plas
tidty. The overdrained tissue has experienced plagic deformation.
At this point microscopic falure has occurred and the tisue
remains permanently deformed. The area under this region of
the curve (in lighter blue) represents plagic deformation energy.
Unlike dagtic deformation energy, plagic energy is not recover-
able in its entirety even when the deforming force is removed.
As dongation continues the ligament eventudly reaches its ulti-
meate failure paint, the point when the tissue partidly or com-
pletdy separates and loses its ability to hold any levd of tendon.
Mog hedthy tendons fal a about 8-13% beyond ther pre-
dretched length.®

Thegraph in Fg. 1.13 doesnot indicate the varigble of timeof
load application. Tisuesin which the physicd properties asoci-
aed with the dressdrain curve change as a function of time are
conddered visodadic Mog tisues within the musculoskeleta
sydem demondrete a leas some degree of viscodadicity. One
phenomenon of aviscodadic materid is cregp. As demongrated
by thetreebranch in Fg. 1.14, aeg describesaprogressive grain
of a maerid when exposad to a congant load over time The
phenomenon of creegp hdpsto explan why a person istdler in
the morning than a night. The congant compresson caused by
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. “
HG 1.14 The branch of the tree is demondrating a time-dependent
property of cregp asodiated with a visodadic material. Hanging a load
on the branch a 8 am creates an immediate deformation. By 6 pm, the
load has caused additiond deformation in the branch. (From Panjabi
MM, White AA: Biamethanicsin the musulokdeal sgem, New York,
2001, Churchill Livingstone)

SPECIAL FOCUS 1.2

&

body weight on the pine throughout the day literdly squeezesa
gndl amount of fluid out of theintervertebrd discs The fluid is
resbsorbed at night whilethe desping person isin anon—weight-
bearing postion.

The dressgran curve of avisodadic materid isads sengtive
to therateof loading of thetissue In generd, thedope of agress
drain reationship when placed under tenson or compresson
increases throughout its dadic range as the rate of the loading
increases® The rate-sengtivity nature of viscodagic connective
tissues may protect surrounding structures within the musculo-
Keetd sygem. Articular cartilage in the knee, for example,
becomes differ as the rate of compresion incresses™ such as
during running. Theincressed giffness affords grester protection
to the underlying bone a atime when forces acting on the joint
are greated.

In summary, smilar to building materids such as ged, con-
crete, and fiberglass the periarticular connectivetissueswithin the

Productive Antagonism: The Body's Ability to Convert Passive Tension into Useful Work

stretched or elongated tissue within the body generally pro-
uces tension (i.e, a resistance force that opposes the
stretch). In pathologic cases this tension may be abnormally large,
thereby interfering with functional mobility. This textbook presents
several examples, however, illustrating how relatively low levels
of tension produced by stretched connective tissues (including
muscle) perform useful functions. This phenomenon is called pro-
ductive antagonism and is demonstrated for a pair of muscles in
the simplified model in Hg. 1.15. As shown by the figure on the
left, part of the energy produced by active contraction of muscle
Ais transferred and stored as elastic energy in the stretched con-
nective tissues within muscle B. The elastic energy is released as
muscle B actively contracts to drive the nail into the board (right

illustration). Part of the contractile energy produced by muscle B
is used to stretch muscle A and the cycle is repeated.

This transfer and storage of energy between opposing muscles
is useful in terms of overall metabalic efficiency. This phenomenon
is often expressed in different ways by multi-articular muscles
(.e., muscles that cross several joints). Consider the rectus
femoris, amuscle that flexes the hip and extends the knee. During
the upward phase of jumping, for example, the rectus femoris
contracts to extend the knee. At the same time, the extending hip
stretches the active rectus femoris across the front of the hip. As
a consequence, the overall shortening of the rectus femoris is
minimized, which helps preserve useful passive tension within the
muscle.

HG 1.15 A dmplified modd showing a pair of opposed muscles surrounding a joint. In the l€ft illugration,
muscle A is contracting to provide the force neaded to lift the hammer in preparation to srikethe nal. In the
right illugration, muscle B is contracting, driving the hammer againg the nail while Smultaneoudy gretching
musdle A. (Redrawn from Brand PW: Clinical biomethanicsaf thehand, S Louis 1985, Moshy.)




