
Act a o rthop. scand. 46, 48 4-4 97, 1975 

Biom echani cs Labo ratory, Case \Ves tern H.escrvc Uni vers ity, Clevela nd, Ohio, and 
Dep artment of Surgery, Nati onal Taiwan Univers ity School o f Medicin e, Taiwan . 

RECENT ADVANCES IN THE BIOMECHANICS 

OF SPORT INJURIES 
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The causes of spo r ts injuries are numerous and includ e such fac tors as 
th e physical and psychological make-up of the athlete, his environ­
ment, fraining, playing fi eld, coaching and the rul es of th e particular 
sport in which he is participating . Allhough our lw owl edge of th e 
mechani sm of spo rt s injuries has been attained in the past throu gh th e 
use of observational and epidemiol ogical data utilizing th e dedu ctive 
technique, we are now abl e to ga in much information from inductive 
studies which depend upon sc ientifi c meas urement and experim enta­
tion. Methodol ogy has been disc ussed by Groh & Baumann (1971). 

The tools of Biomechani cs are useful in s tudying m any of th e fac tors 
which arelmporlant to sports injuries. An injury is th e result of ti ssue 
tra uma . Qu es ti ons whi ch mu s t be an swered are : 

\Vhat arc the s tress , s tra in and ene rgy levels th a t cann ot be 
exceeded if injury is to be prevented? 
What arc the s truct ura l loads that res ult in ti ss ue tol e rance 
being exceeded ? 
\Vhat is the effec t of motion on s tructura l loadin g? 
How m ay the effec ts of fo rces on the ti ssues be m odifi ed through 
trainin g, techniqu e and prot ec ti ve eq uipm ent ? 

In thi s paper we h ave summ a rized recent experim ental kn owl edge 
which has clinica l im portance in th e preventi on a nd lrca lm cnl of 
spo rts injuries and whi ch is so li d ly based on Biomechani cs data. 

Biomechanics is a s tudy of force and moti on and the inte r-relation ­
ships bel wcen th em, including control m echani sms. O ur act ivi Li es of 
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daily living depend on our ability to move; in the case of sports 
activities, rapid coord inat ed and strong movements are necessa ry. 
These movements in turn depend on our capabilities for producing 
muscle forces th a t can move the bones making up th e joints. 

The muscul a r, gravitati onal and liga mentous forces in our body have 
both int ernal and ext e rn a l effects . Th e ex te rnal effect of a force on a 
body is to ca use a n acceleration of the body. In th e case of a tennis 
player, muscle forces are used to impa rt an accele ration to the racket. 
The racke t th en impa rt s an accele ration to th e ball, producing th e 
velocity necessa ry to ca rry it over the ne t. There is also an internal 
eff ec t whi ch causes a state of s train in the body, that is, it effects a 
change of shape in th e body . As th e racke t strikes the ball, the ba ll is 
compressed. \Vhether or not thi s state of strain will cau se perman ent 
damage to the structure depends upon its parti cular mat e rial prop­

e rti es. 
In applying biom echanical analysis to sports injuri es, one must 

cons tantl y keep in mind thi s inte r-relationship between force and 
motion. The science of biom ec hani cs provides exact ways of m easuring 
th e forces and motion and allows one to determin e the effec ts of forces 
on th e ti ss ues . It also a ll ows one to und ers tand th e injury mech anism 
a nd poss ible injury preventative meas ures . 

Mechanical properties of locom otor tissues 

The ligamentous, tendinou s, mu sc ular, cartilaginous and bony 
ti ss ues that ma ke up th e locomotor apparatus demons trate co mplex 
m echani ca l properties in c luding tim e-dependent viscoelastic behaviour, 
a nisotropy, and ageing effec ts. The basic data to be de te rmin ed in­
culde the yield and ultimat e s tress and strain , energy to failure, a nd 
mod uli of rigidity and elasti city at rea li s ti c stra in and load rates . V.rith 
these data pred ict ive mechani ca l and mathemati cal m odels of s tru c­
tural behaviour may be mad e. 

Liuament 

Noyes c l a l. (19i4) noted that th e anterior cr ucia te ligam ent is 
s tra in rat e sensitive in primates. T ension fa ilure occurred a t a higher 
load , elon ga ti on and energy abso rption a t a fa st ra te of defo rmation 
than at a slow rat e. The s it e of failure was also influenced by the 
load ing rate. At th e s low deformation rate, the bon y inse rtion of the 
liga ment was th e weakes t compon ent and a tibial spine avulsion 
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fracture resulted . At t~e fas t deformation ra te, which m ore closely 
approxima ted p hys iological loadin g condition s, there was an in creased 
frequen cy of ligamentous fa ilure. Thi s sugges ts th a t with the in c rease 
in deforma tion r a tes, the s trength of the bone in c reased fas te r th an di d 
the s trength of the li gament. The a uthors also n oted th a t in their 
experiment s the ligaments elonga ted approx im a tely 57 per cent pri or 
to fa ilure. They a lso noted , h owever , that the visua l determina tion of 
continuity of a liga ment oft en gave an in adequat e de termin a tion of th e 
extent of ligamentous dis rup tion. A liga ment which appea rs clinica lly 
intact may h ave und ergone exten sive intern al fa ilure o r h ave int e rn al 
damage to its bl ood vessels . 

In a furth er se ries of experim en Is, Noyes et a l. ( 197 4) s tudied the 
effect of immobiliza tion on the s trength of the ante ri or crucia le liga­
ment. Primate knees were immobilized for 8 weeks, foll owing whi ch 
the s trength of the ante rior cru cia le bone-ligament-bone preparation 
was dete rmin ed . There \Y as a significant decrease in maximum failure 
load an d energy abso rption to fa ilure and an increase in liga ment 
ex ten sibility (Figure 1 ). 

After 20 weeks of resumed activity, there was only pa rti al recovery 
in ligament s trength . A volunta ry iso tonic exercise prog ram during 
limb immobilization did not p revent di suse-induced changes in the 
ligam ent fa ilure proper ties. Applica tion s of th ese resull s s ugges t tha t 
following rela tive or comple te immobiliza tion , a longe r period of lime 
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Figure 2. Th e length-t en s ion relation s hip f o r th e el bo w fl exo r muscles in eccentric 
and ro ncentric wo rk . l'elocity 0.8 cm /sec . (A ft a !{o mi, P. 1·. (1973) ~ I edicin e a nd 

Spo rt , Bi o m ec ha nics Ill , 221•- 229.) 

th a n is co mm o nly r ea lized m ay be required before the fun ction a l 
cap acit y o f a li gam ent r eturn s to n orm a l. 

La ros & Tipl on (1 971 ) s tudied the fo rce required to rupture or 
avul se th e medi a l co ll a te ra l li ga m ent in dogs after va ri ou s levels of 
ac ti vit y. In te rm s o f body weight , the re was a differen ce between caged 
a nim a ls whi ch required a fo rce of 2 .8 tim es h ody we ight a nd exercised 
anim a ls \Yhi ch required a fo rce of 3.5 lim es body weight to sep a ra te 
the liga m ent. Th ey n o ted in hi s tolog ica l prepa ra ti on s th a t perios teal 
reso rpti on a bout the liga m ent ou s in se rtion w as found in both caged 
a nd imm obilized a nim a ls. In creased m ech a ni cal s t ren gth o f ligam ent 
aft er conditi onin g is of con sid erable int e res t in te rm s of a thl e ti c inju ry. 

Muscle and tendon 

Studies whi ch a re im po rt a nt in a n und ers ta nding of the mu scle a nd 
tend on les ion s h ave been repo rt ed by Komi ( 1973), who used a 
dyn a mo m c te r to m easure th e fo rce-velocity re la ti on ship o f the forea rm 
ex ten so r a nd fl exo r g roups. Th e m aximum ten s ion of the fo rea rm 
fl exo rs was always g rea te r in eccentri c th a n in con centri c contrac­
ti ons ( Figure 2 ) . Thi s pheno men on of mu scle beh av iour is influen ced 
hy th e veloc it y of contracti on. With in c reas ing velocity th e m aximum 
ecccn tri c te ns io n a t each m usclc leng th in cr eases a n d th e con centric 
fo rce dec reases . Thi s type o f info rm a ti on is im po rt ant in unders tandin g 
such di ve rse injuri es a s hig h jum pe r 's kn ee, rupture o f the Achill es 
tendon a nd av ul s ion fr actures. 
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Viidik ( 1969 ) report ed experim ent s demonstra ting the effects of 
training on a n Achill es tend on prepa ra tion. Rahibts were train ed in a 
runnin g m achin e and th e mechani cal properti es of the tend on were 
s tudi ed. Th e slope of the lin ea r por tion of the load-deform ati on curve 
became s leeper with tra ining, indica tin g a n increasin g s tiffn ess in th e 
tendon with ac tivity. The elonga tion a t fa ilure, the fa ilure energy and 
the m aximum load did not change. The fa ilure site was the inserti on of 
the Achill es tendon a t the calcaneus. 

Barfred (1 973 ) h as s umm a rized pas t kn owl edge and added new 
informa tion in hi s m onog raph. He noted that the rupture limit for 
muscle ha s been poo rly unders tood with r es pec t to tensil e strength 
and to elonga ti on and tha t these fa ilure limit s mu st depend on th e s ta te 
of contraction of the mu scle. The maximum isometri c mu scle fo rce for 
man was s ta ted by Buchthal & Schm albru ch (1970 ) to be 5- 6 kp/cm ~ . 

Barfred's experiments were pe rformed hy qui ck elonga ti on of s tim­
ul a ted mu scl e tendon un i ls u lil izin g a ra t limb prepa ra lion. H. upt u res 
were noted at varying sit es in the mu scle-tendon prepa ra ti on . The 
frequen cy of tend on rupture was highes t a ft e r a pe ri od of in ac tivit y. 
The ri sk of tendon rupture increased wh en the mu scle was exh a us ted. 
The elongation a t rup ture always exceeded the muscle-t endon length . 
The ten sil e streng th and elongation a t rupture limit were leas t in th e 
inactivity group. Th e mu scle which co uld develop th e grea tes t force 
a lso Jiad a greater sepa ra tion force th an the tendon , especia lly if it was 
contrac ted durin g th e rupture ex periment. Elonga ti on of the unit a t 
failure was g reater when the experiment was perform ed with an 
uncon trac led mu scl e. 

Cartilage 

Freem an ( 1973 ) h as summ a rized current knowl edge of the m echani­
cal properti es of j oint ca rtil age, res ta ting the two-s tage co mpress ive 
deforma tion phen om en on noted by Hirsch (1 944) . An in stantaneo us 
deform a tion occurs as load is app lied. Du e to c reep , continuous de­
forma tion occurs as the load is allowed to remain. Mos t likely this 
phenomenon is rela ted to the fl ow of wa te r through the m a trix . An 
import ant finding was that the m echani cal properti es of cm· lil age 
d iffe r in diffe rent ana tomical loca ti ons. These res ults refl ec t th a t the 
strength and s tiffness of cartil age a re s trongly rela ted to the ex tent to 
which th e coll agen fib res are ori ent ed pa ra ll el to the di rec ti on of 
tension . The m aximum fa ilure s tress recorded for ca rtil age was 3-1 8 
kg/cm 2 for a pa ra llelly ori ented surface laye r and the minimum fa ilure 
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Figure 3. Cyclica l loadin g and unloading in th e fati gu e z on e, a s low bon e def orm a­
tion is obs erv ed progress ing to th e plastic phas e. (A ft er Clwmay , A. (1970) 

Mechanical and m orph ological asp ects of experim ental overload and fatigu e in bone. 
J . Biomcch. 3, 263- 270. ) 

s tress for a visually norm al joint was -W kg/cm 2 • The exac t relationship 
of load attenuating capacity and energy absorption ability of articular 
ca rtilage in response Lo a lhlelic activ iti es is s till nol clea r, because the 
magnitude and dis tribution of th e forces applied Lo cartilage are 
unknown . 

Bone 

Burslein cl al. (1973) have demonstra ted that bone is not britlle 
but, on th e contrary, may undergo large plas tic deformations. This 
plastic yieldin g in tension acls Lo enhance Lhe strength of the whole 
bone du e Lo th e "plastic hin ge" effect. Chamay (1970) has noted the 
presence of shea r failure in bon e loaded in co mpress ion (Figure 3 ) . 
Thi · fac t is of th e utm ost impor tan ce in considering bon e remodelling 
and the presence of fati gue fractures. Frankel (1972) has presented a 
theory of fa tigue frac tures in the athlete which is based on the fact that 
mu scle fa tigu e leads to abnormal bone loading condition s whi ch induce 
altered s la tes of s tress and s train in the bones . Thi s leads either to a 
tension crack or to shea r failure in compress ion. A fat igue fai lure in 
an athl e te occ urs because bon e fails as it is load ed in the plastic reg ion 
at a rat e exceed ing the normal ra te of the bon e repair. A kn owledge of 
the mechani cal properties of the bone ti ssue and its response to load is 
necessa ry if one wishes to unders tand th e m echani sm and prevention 
of fati gue failure. 
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Nilsson & _W es tlin (1971) using a photon-absorption method s tudied 
bone density in 64 m ale athletes and compa red this res ult to 39 healthy 
age-matched non-athl etes. The athletes h ad signifi cantly hi gh er bone 
density in the dis ta l end of the femur than did the non-athl etes. 
Significant evidence was produced th at spo rts activity enhanced bon e 
density. 

Lllechanical properties of s tructures 

This includes the behaviour under load of s tructures such as the long 
bon es, the spine and individual joints . Data acqui siti on includes experi­
menta tion with clini cal load direc tion s and load rates. Data to be 
recorded include load-defl ec tion relationships, en ergy absorption ch ar­
acteristics of the s tructures and failure modes . 

Spine 

Markolf (1972) s tudied fr esh human segment s in order to measure 
the deformation in response to various types of movement s. He noted 
non-lin earity of the moment deformation curves with in creasing s tiff­
ness as deformation increased. Torsional s tiffness showed a marked 
change at the T-11 / T-12 segment and h e hypothesized tha t thi s dis­
continuity represented a site of structural weakness for torsional s tress 
to the spinal column. He noted that the intervertebral di sc was 1- 1/2 to 
3 times stiffer in compress ion than in tension. 

Farfan et al. (1970) have made the important observation that 
torsional loading was responsible for intra-discal failure and that in 
vivo disc degeneration was due to imposed to rs ional s train s rather than 
to compressive loads. Nachemson & Elfs trom (1970) have meas ured 
intra-vital pressures in the lumbar disc during co mmon movements 
and exercises. 

Skull 

Radiotelemetry \Y as used by Reid e t a l. ( 1974) to study the acce lera­
tion peaks resulting from impacts to the head from football co nt ac t. 
The peak ranged from 40 to 530 G's, while the dura ti on wa. from 20 to 
420 milliseconds. He noted tha t the neuromu sc ular response to the 
a thle te was su ch th a t the head \vas positioned to cause th e blow to 
glance off and allow the smoo th ha rd ex terior of the shell of the helmet 
to deflec t the blow. 

Ommaya et al. (1973) studied cerebral con cussion in the chimpanzee 
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following a ngul a r accelera tion of th e head and n eck. They noted tha t 
when the head experienced a n angul a r velocity exceedin g 70 to 100 
rad/ sec, inespeclive of h ow fa r the h ead was allowed to rota te, concus­
sion was p roduced. Shea r s tresses and strain s produced by th e inertial 
loadin g produced the brain lesions. There is a s trong rela tionship 
between pea k accelera tion , dura ti on of acceler a ti on and injury as noted 
in Figure 4 (Li ssner 1960 ) . These s tudi es dem ons trate lh at cerebral 
dam age can occur without a direct bl ow being delivered to th e sku ll. 

Sehmid et al. (1 968 ) s tudied the effi cien cy of h eadgear in prevent ion 
of head injury during boxing and ascert ain ed th a t the use of headgea r 
reduces the accelera ti on by about 15- 25 per cent , th a t is, accelera ti on 
of 175 m / sec2 wi th headgea r and 250 m / sec2 without headgea r . Aft er 
lhc introdu ction of headgea r, only 0.8 per cent of cont es ts ended in a 
knockout , whil e form erly il used to be 3- -1- per cent. Pea k force with 
different sizes of gloves was furth er inves tiga ted by Unt erharnsch eidt 
( 1972 ) . Use of 6- 0z. gloves co uld result in head accelera ti on of more 
than 100 G's. Pea k force obtained with 6- oz. gloves was 2.7 times 
g rea ter th an th a t obt ain ed with 16- oz. gloves. 

E piphyseal plat e 

Bright cl a l. ( 1974) r eported s tudi es of tes ts of the p roxim al tibial 
ep iphys is of young ra ts. They noted th a t the epiphysea l pla te possessed 
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visco-elastic properties. Histologica l sec tions through the bon es tes ted 
to failure demonstrated that the failure plane look a varied path 
through the diffe rent zones of ep iphysea l plate. vVhen the s tructure 
was loaded with a load whi ch was 50 per cent of that which would 
cause failure, internal cracks within the epiphyseal plate arc seen 
in the areas exposed to the highes t shear stress. If the load was then 
released, the shea r cracks remained and their presence weakened th e 
plate for furth er application of a tran sve rse load. If the force was 
allowed to increase, the secondary crack then beca me the propagating 
crack and passed through the plate to cause carlliage failure. Should 
human epiphyseal plate also develop shea r cracks with subcritical 
loading, these experimental findings would help to explain the observed 
clinical symptomatology related to growth plat e injury without 
radiological confirmation of di s ruption . 

Kin ematics and kinetics 

This scientific study of m otion (kin ematics) such as ki cking and 
throwing is performed to develop an unders tanding of the lin ea r and 
angular displacements, velocities and accelerations that the structures 
undergo during sports activities. 

From the acceleration data the loads on th e structures can be 
calculated using the Newtonian laws: 

Force = i\Iass X Acceleration 
Torque = i\Iass moment of ine rtia X Acceleration 

Since energy is transformed co nstantly during sport s activity, an 
understanding of energy tran sfers from th e potential to the kinetic to 
the strain form is of value. \Vhen s train ene rgy is allowed to reach 
certain levels, failure of the structure occurs depending upon the 
particular mech anical behaviour of the s tru cture and it s compon ent 
tissues . 

Kicking 

Frankel & Burs tein (1970 ) have analyzed th e forces in punting a 
football and noted that for a maximal effort in punting, the force 
developed by the quadriceps tendon was app rox imately 3 times body 
weight. Youm & Huang (1973) have developed a co mput er program for 
studying simulated kicking . 
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Throwing 

Using motion picture analysis, Tullos & King (1973) studied the 
mechanism of pitching in baseball. Their data support the fact that the 
highest acceleration force occurs at the beginning of throwing. The 
authors note that at the beginning of the acceleration phase, there is 
a valgus s tress on the lateral side of the joint which may be responsible 
for the capilellar injuries noted in the elbow . 

.Jumping 

Ramey ( 1970 ) utilized a force plate to determine the force-lime 
relation ships during the running long jump. His findings show thal 
the maximal vertical force exerted al lake-off is not the sole important 
parameter but that a combination of force, impulse and the mass of the 
athlete were primary factors in the ability to perform the long jump. 
He also demonstrat ed that the horizontal forces that exist at lake-off 
acllo decreas-e the horizontal lake-off velocity. 

Gombac (1971) studied the mechanics of take-off in lhe high jump. 
He noted that the vertical force on the ground exceeded 350 kg. He 
divided the lake-off into three phases: 

L eg placing -- It was during this phase that force against the ground 
was at the maximum. 

Amortization - - A firm base of support of the whole foot was 
es tabli shed. During this per iod of lime, knee flexion look place so that 
the observed ground reaction force decreased to 100- 150 kg. 

The third phase was active take-off. There was an increase in vertical 
force. Amortization phase may be of great importance in the pro­
duction of "high jumper's knee" in that the knee flexes under the 
control of very strong quadriceps forces, producing peak forces on the 
pa tellar tendon and its allachments. 

Th e knee joint 

The Jmee joint is the area on which the most intensive studies have 
been performed. i\Iuch good data now exist on the loads of the joint, the 
strength of the s tructures and tissues, and the mechanism of injury. 

Great emphasis has been given to studies of the kn ee joint clue to the 
many injuries encountered. The forces acting on the knee joint have 
been analyzed by Lindahl et al. (1 969). They noted that the m ean 
force exerted by the quadriceps was 520 kgf, which was equivalent to 
a force of 2.9 kgf/cm~ of muscle cross-section. The muscle force exerted 

32 ACTA 01\TIIOP. 46, 3 
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by the quadriceps in ex tension of the knee was determined in healthy 
males and found to vary with the position of the knee. The maximum 
moment of 2300 kgf-cm was r ecorded at 60- 75 deg rees of fl exion. 

Reilly & Martens (1972) s tudied the quadriceps muscle force and lhe 
patello-femoral joint force for various activities. The pa tello-fcmoral 
reac tion force was at a maximum at 30- 40 degrees of fl ex ion. During 
deep knee bending the patello-tendon force reached a force of 7.6 tim es 
body weight. For s tair climbing and descending, the force attained a 
level of 3.3 times body weight, which is almost seven times the force 
reaction found during normal walking and explains why patients with 
patello-femoral derangements experience more pain while climbing 
s tairs . Quadri ceps exercise performed by ex tending the knee from 
90 degrees against the res is tance of a boo t weighing 9 l<g y ield ed a 
patello-femoral force of 1.4 limes body weight, explainin g why some 
patients compl ain of retropalellar pain during the exercise. A st raight 
leg raising exercise of s imil a r weight produced a patello-fcmoral fo rce 
of only 0.5 times body weight. 

Ins tability of the knee is an important clinical finding. Experimental 
production of injuries resu lting in instability has been performed by 
Kennedy & Fowler (1971) on a knee load ing appara tu s. Different 
combinations of forces and varying speeds were applied to cadaver 
knees. In the case of abd uction a nd ex ternal rotation forces, the 
ligaments rupture in the foll owing order: med ial capsu la r ligament , 
tibial collateral ligament and finally the anterior cruciate ligament. 

When the knee was placed in a position of 90 degrees of fl ex ion , 30 
degrees of ex ternal rota tion could be produced withou t injury. At 
between 40 and 50 degrees of ex ternal rotation th e tibial colla teral 
ligament was found to be intact in the p resence of a rup tured capsul a r 
ligamen t. \Vi th disruption of the medial capsular ligament, th e usual 
clinical abd uction tes ts failed lo reveal gross medial lax ity despite the 
obvious damage. \Vhen further ex terna l rotation combin ed with 
abd uction was applied, damage to the tibial collateral ligament s was 
evident, but no damage to the anterior cru cia te ligament occurred until 
lhe tibial coll a teral ligamen t had ruptured. 

Aim el a l. (1974) reported expe riment s on the tensil e streng th of the 
anterior cru ciate ligamen t using a dog preparation. In 94 per cent of 
the tes ts ruptures occurred in lhe mid-part of the ligament. They noted 
that rotation of the tibi a of an intac t knee in man was c·on idcrable 
with the knee in semiflexion. The results of thei r s tudy sugges ted th a t 
tra uma causing rota tion of the tibi a decreases the tensil e s trength of 
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!he anterior cruciale ligament and increases the risk of rupture. Ken­
ncdy et al. (1974) stated that tension of the anterior cruciate ligament 
was greatest in full extension and in 5- 20 degrees of flexion. The 
ligament was almost relaxed between 40 and 50 degrees and gradually 
became tauter as flexion increased to 70- 90 degrees. They stated that 
isolated tears of the anterior cruciate ligament occur as a result of 
internal-rotation displacement of the tibia in relation to the femur. 

Quasi-quantitative tension studies of the anterior and posterior 
cruciate ligaments of human cadaveric knee during various degrees of 
flexion were performed by Detenbeck (1974). He found that tension of 
the anterior cruciate ligament decreases progressively with knee flexion, 
and that of !he posterior cruciate ligament decreases with initial knee 
flexion, but beyond 30 degrees, it increases progressively. Maximum 
combined cruciatc tension is least between 30 and 60 degrees of knee 
flexion. The posterior cruciate ligament appears to guide the screw­
home mechanism or internal rotation of the femur during terminal 
extension of the knee while the anterior eruciate ligament stabilizes 
the lateral femoral condyle on the tibia. 

Warren et al. (1974) studied the function of the ligaments along the 
medial side of the knee. They concluded that the long fibres of the 
superficial medial collateral ligament arc the primary stabilizer against 
valgus and rotatory loading. The long fibre as a functional unit has 
a complex pattern in which the anterior-most fibres tighten as the knee 
flexes from the position of extension, and simultaneously the fibres 
just posterior to them slacken. The long fibres arise from a critical 
point on the medial femoral condyle relative to the instant centres of 
rotation such that the anterior border is kept under tension from full 
extension to 90 degrees of flexion. Cutting the deep ligament and the 
posterior capsule produces almost no change in joint opening under 
valgus load if the long fibres arc intact. Great valgus instability resulted 
from dividing the long fibres. 

\Vhen a specific sports injury is encountered, a logical schema must 
be developed to analyse it fully. One must not forget the elements of 
control which are reflected in skill, trainability and performance and 
which may be strongly under the control of emotional forces and may 
decay with age. 

The various protective devices may also be studied in a manner 
similar lo the locomotor !issues and structures. Devices which are 
used to enhance ability such as shoe cleats and ski boots must also be 
analysed for their effect on structural loading and kinematics. Newer 

32' 
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playing surfaces developed during the past few years to overcome the 
problems of maintaining turf also change the qualit y and quantity of 
the ground and environmental reac tive forces. 
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