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, 1.

ABSTRAcr

The managementand prevention of ankle sprains r~s been. a
1/

topic of controversy in the sport medical literature to

date, with various rehabilitative andpreventative protocols

having been suggested. In part one of this study, a

relatively new rehabilitative devi.eeI the Cybex II

Dyaamometer,wasused to determine whether the rehabilitation

period of ankle sprain injuries could be reduced in recently

injured patients. In part twoI the Cybex II DyIlalUOtneterwas

used in conjunct.aonwith other training techniques in a

preventative trial of first league volleyball players I to

see whether the incidence of ankle sprains (which is

particularly high in this pOpulation group) could be

reduced.

Although the experimental group was discharged almost 35

percent sooner than the control group in part oneI the

difference wasnot found to be statistically significant. In

part twoI the preventative measures resulced in a notable

difference in the incidence of inj~ies (32 percent in the

control group comparedto 1:1. percent in the experdment.al,

group). Differences were just not statistically significan.t

(p=O.059) •



..,... ......

.LV

DECLARATION

I declare chat; this di.ssert.atd.on is !WI own, except to the

extent indicated in the acknowledgements and reference

sections. It is being subtnitted fl)r the degree of Master of

Science in Medicine in the Unhrersity of Witwatersrand,

Johannesburg. It has not been submitted before, for any

degree of examination in any other university.

\
<';l t\'-"____ ~ __v---__ .____ day of -5uJY .-..-- 1993

I certify that the studies contained in this dissertation

have the approval of the Conndttec for Research on Hunan

subjects. The cf.earanoe certificate (number5/6/87) appears

on page v.

CI

DATE

(.)

SIGNATUREOFSUPERVISOR DATE

I ,~



o

v

COMMITTEE FO~ RESEARCH ON HUMAN SUBJECTS

CLEARANCE CERTIFICATE PROTOCOL NO: 5/6/87

'pROJECT : The use of the Cybex I I Dynamometer as an adjunct
in the management and prevention of lateral ankle
sprains

"
j

IHVESTIGAJOH/S A H Kap~",n

DEPARTMENT Physiology

VAlE CONS10 ::RED 26 June 1987

RECtMiEHDATIOff OF COMMITTEE

NOT APPROVED D
GJ subject to the following conditio.ns:APPROVED

Date : •...•?:1./ tt(/?t. . i!fa¥
•••. _ ••• 110 ••• ~ It • II .

CHAIRMAN

·INFORMED CONSEHT~ forms attached - where applicable.
FURTHER "I/ell FOR~1S AVAILABLE AT FACULTY OFFICE---------~----------------------------------------------------------------------
DECLARATION BY INVESTIGATOR/S

To be completed in duplicate and ONE copy returned to the OFFICE OF THE DEPUTY
REGISTRAR (Research), ROOM 10023. SENATE ~oyg_, UNIVERSITY.

I/we fully understand the conditions under which I am/we are authorised to
carry out the abovementioned research and I/we guarantee to ensure compliance
with these conditions.
Should any departure be contemplated from the research procedure as approved
I/we undertake to resubmit the Protocol to the Committee.

DATE
* i .'1
,~, ; I

• .. , '* .: • • • , .. • .. .. • :. • .. • ~ • • ..
SIGNED---

IIJP' -



VI

Dedicated to my wife Lesley~ for her patience and

encouragement.

1 ()



VII
TABLE OF CONTEN'l'S

Page

TI'I'I.L~ 0AGE .. iI .. .. .. ~ .. .. .. .. .. .. .. .. co • .. .. .. .. .. .. .. .. .. .. .. .. .. e .. 'Ii .. ~ .. " .. .. I
JOURNAL ARTICLES/CONGRESSES .•••• , .....•••••••..• II
ABS'IRAcr ............................................,.,......... I!II .. 'I " II .. .. " .. .. .. III
DE~rION ~,......"......,~...... iI .. .. .. .. .. .. .. .. .. .. .. IV

v
DEDICA..TION - c- '" .. II • " _ " .• .a VI

T.ABIE OF CClID'EN'I'S .•••••••.••..•••••••... VII
REF'ERE:NC!E LIST ....................."..... IX

LIST OF ABBREV'IATIONS/GLOSSARY .••••..•.••••••••• X

l.I LIST OF T.ABT.ES ..'.................."........'................. It .. .. .. XII

LIST OF FIGURES •..•.•..•.•••••...•.•••••••••..•. XIII

ACKNOWLEDGEMENTS .........•...... 0 ••••• ................. xv

PAGE

1. INTROPUcrION

1.1 Statement and Analysis of the
o 'ProbJ.em 'w .. ~ .. .. .. .. .. .. .. I) .. .. .. .. .. .. ii' --iI .. .. .. .. .. '. 1

2. THE CYBEX II DY1~OMET.ER . 4

o
2.1 Uses as a Dynffinometer . 8

3. ANATOMY OF THE ANKLE " . 10



3.1 Introduction." III ,. ,. III •• " III .. III .. • 10

3.2 The Ligaments of the Ankle 10

3 .3 The Funct.ions 0:[ the Ankle Ligarner.r.ts.......• 12

3, • 4 Stl.ITIT1a.:t:y'.......,........,..,..".. OIl • .. • " .. • • .;_ .. .. • __ .. • • • • • • 15

4 • .A:NKt.E SP~S .••••.••.••.••••.•..•••••••.... , 16

4.1 Definitions of Ankle sprains ....................... 16

4.2 Causes of Ankle sprains •••••••••• IlI •• ,. ••••••• 19

4.3 Mechanisms of Ankle sprains ..................... 28

5. THE USE OF THE CYBEX II AS AN

ADJUNGr IN THE MANAGErvIF.:NT OF

l::~
!

10
I
I:

J
,i
:1,
1. Q

~ SPRAINS .. o. ••• I't '" .. .. • • • • " " If' It .. '.. .. .. • • • 33

6. TEE USE OF THE CYBEX II AS AN ADJUNcr

IN TEE PREVENTY.'.)NOF A.N:£lLE SPRAINS ••••••••••• 49



IX

REFERENCE LIST

APPENDIX r Consent Fo:nns

Questionnaire

r=
1

10
1

:L
'1;CfC~i

(I



IIANOVA"

IIATF'LU

"CFL"
"F"
IlKW"

"P"

Dora\l.flerion

Extrinsic
Intrinsic
Isokinetic

Plantarflexion

\.! 1)

'\\

LIST OF ABBREVIATIONS/GLOSSARY

Anterior Drawer Sign
One-way JI.nal)4iSisof Variance
Anterior Talafibular Ligcu-nent
calcanf,!o- Fibular Ligament
Fisher's Exact Test
Kruskal-Wallis Test
Movement
Mann-Whitney Test
Pearson's Chi-square Test
Posterior Talofibular Ligament
Bt;:udentI s T-'1,1est
Upper Body Exercise Tab~,:
Yates Corrected Chi-Square Test

Movement of the foot in a sagittal plane
in an upward direction (extension).
Due to a force applied externally.
Due to a force within the body.

Movement at a constant 'c~~d through ..g.
range of motion.
Movement of the foot in a sagittal plane
in a downward direction (flexion).



Proprioception

Sprain
S}/desmosis

o

sense" of position .and appreciation of
i I

parts of the body in space.
Disruption in the,integrity of ligaments
A union by \\ ligamentou.s material of
adj acent; bones.



LIST OF TABLES

() 'fABLE Page

1., Soccer injury risk factorC-J 22

2. Progression of ankle sprain.J 32

3. Rehabilitation lPrograr~e " ..s: ankle sprain injury- 38

4. Characteristics of total sample (Chap. 5) 40

5. Anatomiclocation of injuries 50

6. CharactGristics of total sample (Chap. 6) 56

7. Sumr.c..ry:01. prevep.tative proqranme 58

8. Intergroup statistical analysis. 65

'~I'\,



)
.J

Il.\.~~/ \

I !
I I
I 1l ! 0

I
'0

XIII

FIGORE Page

1. The Cybex II Isokinetic DynaItnmeter. 5 ,

2-5 The Cyw.:, II being ,used
in rehabilitation c0 'theankle: 7

6. Graphical printout of a c_ybex II musc.le,

strength analysis test. 9

7. The tibial and fibular collateral ligaments
of the ankle. 11

8. 'Ihe distal tibiofibular syndesmosis
ligama11.ts. 11

9. Relationship of medial and lateral
ligaments to the axis of ankle motion. 13

10. Drawings showing the degrees of sprain. 17

11. A pes cavus and pes planus foot. 21

12. Irrg;:>roperfootwear. 24

13. Rotation about a fixed forefoot. 29



FIGURE

Mechani.sm of ankle sprains.14.

15-18 Examples o~f~onservative physiotherapy
;;

methods<.~i'treatment

19. An example of restrictive exercise
progression continuum

20. lUl example of the velocity spectrum
;cehabilitation progranme

21. Ankle strapping tecbniques

22. Achilles Tendon Stretchirlg

23. Balance Bo~rd Training

24. Hopping over the rope

25. The positioning on the Cybe..xII

26. One circuit of short arc isokinet.ic
exercise using a velocity spectrum
rehabilitation programne

Page

30

37

41

42

54

59

60

61

63

64



The author would like to express his gratitude to the

following for their assistance~

PROF G RCGERS: Lecturer, Department of Physic)logy,

University of the Wltwatersr,~nd;for his

patience I care I' advice and encouraqerrent;

at all times.

MR T A REVER'!': ManagerI Witwatersrandvolleyball team;

for all his professional advice and

information.

DR P BECKER: Senior Biostatistician, Medical Research

Council; for his help with the statistical

analysis.

'r"~
i

10
Ii

!
I
J
'0

F'inally I my sincerest gratitude must go to all the

volleyball players and coachesI as well as all the other

participants I whotook part in this study.



o

, .,
, J

1.1 STATEMENT AND ANALl:SIS OF THE PROBL.JiM.

Injuries are regarded as inevitable in sport., particularly

in those spogts wherebody contact is permitted. However,
:"/

,/
in manycase's they are preventable. Prevention of Irrjury is

:/

of prime ill':Portance. Injuries, and partic..ularly recurrent
t r

injuries I t}re irrportant, not only because they may tenninate
I

a, sportsmi}nIs career, but also because they may affect his

"wholeli;~e (Trave~sI 1980).
/
!

Ankle ~~jurit:s are pzobabl.y the ! )st ubiquitous of sports
. ,.) ., be' .r: th 1 rt 'tharrjurzea, sW1.mmng l.nfJ one OJ: e on y spa. S Wl.. a

;/
minin1al incidence of ankle sprains. One if] seventeen

athletes will injure an ankle during his/her ,...tr.J.etic

season, and 85 percent of these injuries, will be sprains.

A sprain may be defined as a "disruption in the congruity of

ligaments" .

In sports involving quick pivoting OiT a fixed foot, a high

proportion of injuries will involve the ankle (Quigley,

1959). Moehhun and Daljard (1984) found that of the 4673

patients treated for sports injuries in an Oslo Hospital

emergencyroom, 16 percent had sustained an ankle sprain.



A similar incidence has been observed amongstSouth African

sport.sper-sons , Of th~ 761 injuries treated at the

University of Cape'I'ownSports Injuries Clinic in 1985, 122

or 16 percent were ankle sprains (Kaplan!,.;1..986). '!'he

sequelae of ruptures in the ligamentous structures of the

ankle joint include chronic instability and post-traumatic

osteo-arthritis (Rasmussen1983a).

In addition aru~le sprain injuries are the second greatest

contributor to the nurriberof days lost fromworkbecaus6 of

injury (Choi, 1975). So)?araff\)et al (1984) estimated that
'.)

the evaluation and treatment of ankle injuries may amount;to

annual aggregate dollar charges of approximately twobillion

de..:.lars, an amountcomparablewith that _spent f~J)rcoronary
U II

artery bypass graft surgery in the United States.

The extensiveness of this problemhas becomea rnajor concern

to the professior~ls whoare responsible for treating these

patients I and ensuring their safe r quibk xetum to normal

activity (Hughesaq~ Stetts, 19G3).

The literature related to ankle sprain injuries, deals mainly
il

wfth the conflict that exists betweenconservative treatment

and surgery (Blyth 1974, Castaign 1977I ElmSlie 1934,

Garrick 1977).
(I)
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Controversy also exists amongstthe protagond.sts of the

former, somefavoming plaster imnobilization (that is

irrmediate in:m:>bilizationof the Injured limb in a: plaster

cast) and others early mobilization (no cast) (Saunders

1980! Frost 1974, Glir:!ket al 19761 Spring 1967). Guise

(1986)focused on the necessity to adequately irmPbilizG the

ankle in order to allow for the most rapid healing, (.and at

the sametime to rehabilitate the leg as early as possible

to escabf.Ls, ....proprioceptor and' adequatemuscular.control. As

yet I however, there has been no unifo:r:m,universally

accepted protocol fo:: the managementof ankle sprains. A

treatment moda.litybeing used more and more often in the

rehabilitation of a variety of sports injuries, is

Isokinetic EXercise (Elliot, 1978).

Theaims of this study will be to: (i) establish a protocol

~vr the managementai' ankle sprains, incorporating the use

of Isokinetic Exercise; (ii) investigate the use of a

preventative programmein the prophyl~ts of ankle sprains

in a sport associated with extensive lateral movement(eg.

volleyball) .

'l



The Isokinetic concept of exercise was first introduced as

a meansof improvingthe quality of rehabilitation by James

J. Perrine, a consultant engineer, in 1967. Since then it

has becomeone of the most popular methods of resistive

exercise and muscle evaluation (Moffroid et al., 1969).

Today I :i.tnot only plays an integral role in the f'lIDction:i.ng

of most professional football clubs and sports medicine

clinics I bu~. has proved to play an important rolen in-. .\
occupat.aonal>..1njm:y evaluation! athletics screening and

rehabilitation, and verification of treatment results

(Elliot, 1978).

The exercise apparatus used in this study which employs

concepts of resistance and misc'le loading, consists of a

lever armwhich can be attached to a part of the body and

carried through a range of motions.

o

Fromits resting positi.on, the lever arm first movesfreely

for a few degrees without resistance until it attains an

operating speed pre-sat by a motor driven mechanisminside

the unit.

L *Cybex. II, Lumextne, 100 SpenceSt., Bayshore, NY11706.
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Oncein motion, the Levez arm is mechanically prevented from

surpassing this speed by the internal mechanism. HoweverI

it may be stopped at any point OJ:;'. reversed :i_nrnot.Lon with

the same sequence of action occurring on. the reverse

movements.

Fig 1 The Cybex II Isokinetic Dynamometer.

(From Limiting Isolated - J'oint Range of Motion, Cybex

Division of LurrexInc, p.l, 1985)
o
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Sirrply stated, the resis,tance offered by the machine,

matches the patient IS irrrnediate and specific muscular

capacity. This facility of the apparatus to assure opti:.mum

exercise under maximummuscular tension at a constant speed

accounts for the t.erm, which has been used for this type of

""exercise - ie. ACCOMMODATIONRESISTANCE.

By allowing the exercise motion to stop and start in any

position, the mechanism is able to accomnodate to a

patient Is limited r&'J.geof motion and yet get maximal

resistance with:i.n that range. Furthermore, the return

movementwill not zequize eccentric contraction of the

prime-mover muscle. If desired, the antagonist can be

contracted maY~mally for this return movement.
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7.

Fig 2-5
ankle.

The Cybex II being used in rehabilitation of the
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2.1. USES AS A D~~

The isokinetic apparatus, in addition to its use as an

exercise device, can be used in measurementof muscle

pexformancewith great accuracy. This is achieved via the

instantaneous analysis and graphical rintotlt that can be

obtained, from the Cybexdata reduction corrputer (fig. 6).

I't is an instrument wh..i.chcan be adopted for the dynamic

study of both normal and abnormal movementpatterns I

including measurement;of such parameters as torque I total

workand powerrates. "TorqueII is a force which acts about

an axis of rotation. It is the product of this force times--

its pe:r.pendicular distance from the axis of rotation.

"Work"is defined as the action of a force over a specific

distance in space. . In biomechanics, it refers to the

product of muecul.arforce exerted through specific ranges of

rrovement • "Power" refers to the rate of doing work.

G

Applied to muscular performance, it is the work output of

musetl.eaat specific speed of contraction. Themechanismof

the isokinetic device functions inhe~ently as a versatile

dynamometer. The torque that is developed is indicated on

the dial. since e.xercises which involve lifting of weights

are difficult to interpret and standardise, it wouldq~pear

that measurementof torque is the best index of muscular

contraction. Apen recorder attached to the exercise device

provides a continuous bracing of the torque curve over a

full range of movement.

o

l
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Fromthis objective record, comprehensiveinformation can be

extracted, such as the w.stribution of force at specific

points in the arc, total workperfonnedor powerdev-eloped.

1bis is obviously compared to the opposite limb for

analysis, whichis assumedto provide samesort of standard.

TORQUE
"({'I-M)

TIME (sec:s)

Fig 6 Graphical printout of a cybex II muscle strength

analysis test.
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CHAPTER 3

3.1

The mature ankle and foot is a conplex unit composedof

twenty six bones that can bear the /full body weight on

standing and is ab'Ie to transport the humanbodyover all

kind~ of terrain.

3.2

Stability of the ankle joint is securedpassively in part by

the shape of the bones that rtake up the joint - ie. the

distal part of the tibia with the medial malleous, the

trochlea of the talus and the lateral malleolus, andpartly

by the ligamentousstructures aroundthe ankle.

Structures surround the joint .laterally, medially and

betweenthe distal. portion. of the tibia and fibula. These

comprise3 groups ;

o (a)

l (c)

medial stability is secured by the uedi.al.

collateral or deltoid ligament;

lateral stability is secured by the lateral

collateral ligaments;

the intel.nal stiruct.uresof the ankle joint are

securedby the distal tibiofibular syndesmosis

ligaments.

(b)
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The Tibial and Fibular col:ateral ligaments of the
ankle.

(From Kelikian 1985, p.20)

o Fig. 8

~~t'li"t
",,",,.hllt,,
._'';·' ..It

'------Atllt'rlm
tihi,"illUla,
1I~~m~"t

The f.d.staltibiofibular syndesmosis ligat~'lYnt~l'

(From saunders 1980, p. 133)

l
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3.3

The cpecific role of the individual ligamentous structures

in ankle stability remains uncertain.

It has best been elucidated in the case of the lateral

collateral ligaments, but even here it is difficult to draw

definite conclusions owing to differences in techniques, 0

methods and va:ciations used by previous zesearchers:

The rrost; striking' movementsof the ankle are known as

dorsiflexion and plantarflexion. Themovementsoccur about

an axis which passes transversely through the body of the

talus. The lateral end of the ankle axis passes fhrouqh the

tip of the fibula and is centrally located between the

attachment of the lateral collateral ligaments I allowing

them to remain taut during all movements. At its medial

end, the t:r:'ansverse axis is placed eccentrically to the

point of attachment, of the medial ligaments. In this

o

situation, the post,erib;t:'medial ligaments become taut OIl

plantarflexion. This at:;Jangementof alternating tightness

and slackness rest!:'idts the range of dorsal and plantar
!I

motion of the an~le (~illiet, 1968).
}

(J



13. C)

HtOlAI. ASPECt
~tAIITr.R rLtXIOti DORSXFL~)(10tl

o Fig. 9 : Relationship of medial and lateral ligaments to the

axis of ankle motion.

(From':ailliet 19G8,p. 8)

J\
\-
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The rr~st severe a~le injuries sustained in sports are of

the abduction-external rotation type, in which the talus

twists and prd.es the fibula from the tibia. Either the

fibula itself fractures or the anterior talofibular ligament

(ATFL)ruptures I producing widening of the tibiofibular

ligament syndesmosis~ In either event I as the force

contirtues, the deltoid ligament giv~s way (or, rrr;:rerarely

in young'men, };)iecesof the medial malleolus of varj'ing

sizes are avulsed) and the joint space betweenthe talus and

the medial malleolus can be seen to be wider than the

horizontal corr;ponentof the ankle joint.

I

"
Fracture accompar.d.esligament rupture more often than not,

and the type of fracture, as l.auge-Hansen(1950)has pointed

out, is the most valuable key to diagnosis.

InteJ."!lal-rotation-adduction forces can stretph only the

fibula-collateral ligament, the others being compressed, and

then only if the characteristic horizontal avulsion fracture

of the l;3.teral malleolus dOE~Snot occur.

c
'1

()
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3.4 SUMMARy

The ankle Is movementsin sport are complex and involve a

shift of weight in the balanced action between trunk, knee,

hip I ankle and foot. The ankle must maintain a balance on

fixed surfaces such as ice or water I and absorb impact on

uneven suirfaces , In kicking, the ankle develops intense

momentumto transfer the hody to the foot and thE,?resulting
\..,.1

'kinetic energy to propel the ball. --This synchronous movement

requires a counterbalance thrust to the opposite e'r"Jkle.111e

relationship between the ankle and the knee i~ itrq?OrtantI
\\

but corrplex;~,for axarrpleI in place kicki.ng, the instep and

entire forefoot twist. on a fixed knee with rotato:cy

instability of the knee , the rotational forces are

transmitted to the foot via the ankle, producing a sprain in

the ankle ligaments (Muckle, 1971). Travers (1980) comnents

on the interrelation~~hip between sporting technique and

injury, and emphasizes the impo:t'tance "of accurate

biomechanical analysis and assessment; in che. prevention of

sport injuries.

o

o
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CHAPTER, 4

4.1

There are various ways in which ankle sprains have been

defined. Some definitions ha~e been based on purely

physical signs and syrrptorr.sI and others on functional

limitations. Saunders (1980) and OIDonoghue(1984) classify

ankle sprains into three groups

Third-degree sprains.

First.-, second-I and

(1) A first-degree sprain is a mild ligamentous

injury, in which there is no instability and no

demonstrable haemorrhage. ~lY somefibres are

tom. There are no strert'gth deficits or

functional limitations.

(2) Second-degree sprains produce more tenderness I

swelling functional aand thanloss

first-degree sprain. The functional loss

occurs due to a tear of a portion of the

ligament, although no demonstrable decrease in

the strength of the ligament is noted. There

is some swelling and haemorrhagepresent and a

slight decrease in range of movement.

(3) Third-degree sprains are severe there is

corrplete separation of the ligament I resulting

in total loss of its function. There is marked

swelling and gross haemorrhage.
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c

Fig. 10 Drawings showi~\g A) First-degree sprain, B)
;\

Second-degxee sprain and C) Th~rd-degree sprain.

(From O'Donoghue, 1984, p. 618)

Freeman et al (1965) used proprioceptive deficits to
determine the degree of sprain. 'Theyused a. modification of
Romberg's test, where the patient was asked to stand first
on the uninjured foot with his/her eyes open and then Witll
his/her eyes closed, and then repeat this sequence on the
injured side. Any discrepancy between bilateral ankles with
regard to balance, was the identifying factor.

o

o
\1
\-
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Cox and Brand (1977) have found the most useful test to be

the "anterior drawer" manoeuvre, where t.ne heel is gently

manipulated back and forth in the sagittal plane (to detect

excess movement). Rubin and Witten (1960) favour the

popular radiological method of evaluating lat.eral ligament

injury, by measuring the decrree of talar tilt on stress

roentgenograms:

(1) First-degree sprain - 0 - 4 degrees subtalar tilt

(2) Second-degreesprain - 5 - 15 degrees subtalar tilt

(3) Third-degree sprain - 15 degrees subtalar tilt

Hocutt et 19.1 (1982) graded their sprains according to the

functional limitations of the patient:

I;;r
II

(1) Mild pain, able to run and jump with mild to

moderatediscomfort.

(2) Able to walk, climb stairs I jump with mild to

moderatediscomfort.

(3) Able to stand only without pain, climbing

stairs and walking are greatly limited because

of pain.

o

(4) Unableto stand or weight-bear because of pain.

l (5) Completeor near corcplete tear. Weight-rearing

impossible - suxgery indicated.
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For the purpose of this study, the following criteria had to

be fulfilled in order for any player to have reported a

positive ankle sprain in the study:

(1) An inversion or eversion strain.

(2) Pain and tenderness over the lat.eral and/or

medial ligament.

(3) Withdrawal from at least one gameor pract i.se

session.

The definition l1qd its limitations insofar as there was no

x-ray report taken into account and therefore associated

fractures could not have been excludedin all cases.

4.2

A clear appreciation of the manner in which a di.sease or

condit..ion develops is of paramount il'l:pOrta11.cein its

prevention and diagnosis.

o This is particularly important in the prevention, diagnosis

and managementof sporting injuries, where a detailed and

accurate understanding of the aetiology of a particular

injury is needed.;0

l



20.

In sports medicine, most s,ports injuries are caused not by

a single factor I but actually a combination of factors

present, f.or exarrple a previous injury in the same knee

which was inadequately rehabilitated, resulting In an

overall weaker leg and weaker ligaments, could be an
additional factor. There may be many factors associated

with sports injuries, (Keller, 1987):

(2)

Training errors, eg. changes in intensity or

duration of training.

Errors of technique1 with particular refGrence

to changes in technique.

Anatomical malalignment (decreased turnout ,

knockor bowknees , pes planus or caws) .

Muscle-tendon imbalance, eg. weak. anterior

musclesI poor vastus medialus.

Playing surface.

Poor nutrition (crash diets) .

Psychological factors (social

problems).

or family

(1)

(3)

(4)

(5)

(6)

(7)

o

o

l
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,

(0) (6)

Fig. 11 Apes cavus (a) and pes planus foot (b).

(FromFranco, 1987, p.'688)

In a one year prospective study of soccer
'I

injuries in

Swedish senior men (Ekstrand, 1983a), 184 (72 percent) of

01 the 256 injuries were associated with one or more of the

injury fa~tors identified in table 1.
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TABLE 1

SOCCER INJURY P..ISK FACIORS (EKSTRAND, 1983b) ,
;{

________ ~ ___4-, _-----_

Type Number of
injuries*

Percentage of
total injuries*

Player Factors 109 42

Lack of TJ:'aining 6 2

Inadequate Rehabilitation 44 17

Joint Instability 31 12
~ Muscle Tightness 28 11

Equipment Factors 44 17

Playing Surface 62 24

Rules Violation 31 12

Othe::eFactors 72 28

*Colunms are not additive I as multiple factors frequently
contribute to single, in~ul.'Y.

---.---~---~- ---

(;

l



Ekstrand (1983b) found that a histoJ;Y of a previous ankle
1111

sprain was twice as frequent amongplayers sustaining a new
'~/'

ankle sprain, as amongplayers without ankle injury. '!hey

concluded that inadequate healing and rehabilitation

predispose players to recurrent or new injuries due to

altered muscle strength, flexibility, cardiovascular

endurance, balance and co-ordination.

Walsh (1977)highlights the two main causes of injury of the

ankle, as being footwear and playing surface. '!hey explain

that wearing of proper or improper athletic footwear to

include four general considerations:

(1) Shoe-surfacE?interface.

(2)

.//-~\
/ (

ShoeCOil"pOh.;::.'.ntand construction.

(3) Shoe size ruld fit.

(4) Shoe-layer interface.
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RegardiIjfgthe playing surface as a fcll;:!torI they considered,
i'

artific/!al turf versus natural turf.
Ii

I;' 'i

decrea#ed injuries on artificial turf,

For eyery report of

a contradictory study

exist~' showing incr~ased or unchanged rates of Lnjury, On
1''/

the ~ame S'''Fject, Ekstrand and Gillqtlist (1983a) add that
. l-

poor ,;field\ conditions 'W3re judged to cont.rdbut.e to a quarter

Of a;ill t,u8 recorded injuries in their study. They propose

irre;gularity in the ,playing surface and varying weather

conditions, as the primary factors J:esponsible f::>r ankle

injuries.

c/lement and :rauntc'Jl1 (1981) propose five vital etiological

fiactors that must be taken into. account, if running injuries

Iiare to be prevented:

(3) MLilscledisfunction and inflexibility.

(1) Training'methods.

(2) ~aining surfaces.

(4) Shoe design.

o

l



Rinaldi et al (1979) state that anatomical malalignrnent as

well as a tight Achilles tendon are largely responsible for

ankle sprain injuries. In a study done on thirty -one

patients with lateral ankle sprainn, 68 pezcent, (or twenty

one pat Lent s) were found to have CL variety of anatoml.cal

malalignments, exanples of whichwere :

(2) Valgus of the forepart cf the foot.

(2) Varus of the rear of the foot.

(3) Le~ ength discrepancy.

All thE!se rralalignments were particularly associated with

inversion ankle sprains that place .nhe foot in &'1 equinus

and inverted posit Lon r. in which the athlete is more likely

to rolJ. Over onto the foot, injuri.':1g the anterolateral

ligamentous scructures of the ankle. Rinaldi et al (1979)

further state that with a tight Achilles tiendon the foot

tends to be more planta:r.flexed, increasing the tendency for

the foot and ankle to roll into inver~ion. This is
especially the case for basketball and volleyball players.

Wal:;;het al (19T7) report that Achilles tendon tightness is

a mc\jor cause of lateral collateral sprains of the ankle in

athletics.

\~I
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Tropp et al (1984) found that in:tpai:rE~d postural control as

demonstrated by pathologic stabilomet:ric results I predicted

future ankle injuries. They suggest t.hat functional factors

such as muscular atrophy and impaired postural control are

important in the developmentof functional instc.bility 1 and

a predisposition to recurrent sprains.

o U

Ferguson (1973) states that weakca.lf muscles are one of the

most important causes of ankle sprains. The rolling motion

of the subtalar joint inverts and everts the fnot and acts

as a "safety valve" for the ankle j<Jint:as well as the knee.

Weakperoneal muscles would irrpair t.hi.s function and thus

make the ankle vulnerable to sprains, Freemanet al (1965)

propose another' reason .Ear ankle in..sta:bilitYi that of motor

inco-u.::dination, which i0 consequent upon articular

de-afferentiation.

Sporting' activity is ofben complexand is a combim'itionof

contrrol.Led, often complex, physical and psychological

acti vi tiE~S. It is only by detailed appreciation of the

conplex:ities of individual sporting activity, coupf.edwith

a detailed understandl.ng of factors leading up to an

individua1 injury, ths\t one can arrive at a correct

diagnosis, which in turn is vital to expedi.td.oustreatment

and restoratdon 0·£ full ,function.

o

l
r

!)

1'1

Ir
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4.3 MECHANISM OF SPRAINS

The mechanismsof ankle Sprains are not well :recognised

(Dias 1979), and opinions differ regarding the mechanismand

severity of ligament tears (Vaeset al , 1985). Pure valgus

and varus injuries to the>ankle woul.d seemrare in athletic

endeavours. An active participant on the athletic: field is

most likely to encounter an unforeseen disruption rapidly

converted by a turn into lateral motion across thl? playi.ns,

field. If this disrupti.on occurs, it maybe influenced by

an irregular playing surface, a poor fitting shoe or ":i..

sudden interruption of the sequence by an. opposing tackle.

l

The major weight-bearing surface is the forefoot. It is

about the forefoot that the entire body rotates when t~1c

player changes his direction. If at the momentot direction

change, the running player loses his balance, or is

interrupted by an external force, the foot will rotate into

~'upination or pronation. The body having changed its

fc)rwardmomentumto an angular moment,then rotates about a

fixed forefoot which is abnormal.Lyplaced: the energy of

[ i

forward motion is then translated into angular movement

being applied directly to the fixed lower extremity.
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Fig. 13 Rotat:~onabout fixed forefoot.

(FromGuise 1976, p. 5)

IIhe resultant force is more than which a normal ankle

structure can absorb (Guise, 1976).

Dias (1979) has shownthat the foot position is an irrportant

element in the mechanism of injuries, as well as the

direct !.".i.1 of abnormal force being transmitted to ithe ankl.e

joint. Inversion and plantarflexion Call be considered

abnormal.motions in the ankle mortise when they are beyond

the normal anatom:l.cal limits. Internal and external

rotation of the foot are essentially abnormalmotions.



Rasmusaen(1983) has done a lot of research with regard to

the mechanismsof ankle sprains and the resultant tears of

the various ankle ligaments. In dorsiflexion t.raumasI the

injury affects mainly the medial collateral ligaments, and

in plantarflexion traumas, the lateral ligaments.

Fig. 14 Mechar~ismof ankle sprains.

o (FromQuigley 1959, p. 122)

o..
'.,_)". '.

30.
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SUPINATION - a "~. ~~.{AOPUCTlON' ~i.- .~.

Fig. 24 MechEulismof ankle sprains.

o (FromQuigley 195,9 I p , 122)

Rasmussen(1983) has don€-!a lot of research with regard to

the mechanismsof ankle sprains and the resultant tears of

the various ankle ligaments. In dorsiflexion traumas, the

injury affects mainly the medial collateral ligaments I and

in plantarflexion traumas, the lateral ligaments.

~·t 1 •.".



31.

In internal rotation traumasI rupture of the A'l"FPand the

short fibres of the posterior talofibular ligament (PrFL)

may occur, even though the calcaneo-fibula ligament (CFL)

remains intact. In adduction traumas the CFL may rupture

first, possibly together with the short fibres of the PTFL,
while the ATFL may remain intact. In external rotation

traumas, the deep part of the deltoid ligament may rupture

before its superficial part . In abduction traumas, the

superficial part of the deltoid ligament may rupture while

its deeppart remains uninjured.

Dias (1979) has described a progression of tears of the

ankle ligament with regCtLdto the mechanismof ankle injury.

(Table 2)

,.
'I

./::.:"
(i,
1
I
'0

, ,)
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TABLE 2

PR03RESSION OF ANKLE SPRAINS (DIAS 1979 I p.267)

1- Supination-inversion
A. Ankle in plantar flexion

Stage 1 - Rupture ~~
Stage 2 - Rupture FCL
Stage 3 - Rupture PFT.L (part.Lal.)

B. Ankle:in neutral
Stage 1 - Rupture FCL (partial)
stage 2 - Rupture FCL andAFrL

11- Supination-internal rotation
Stage 1 - Rupture ATFL
Stage 2 - Rupture FCL and PFT.L

111- Supination-plantarflexion
Stage 1 - Rupture AFTL
Stage 2 - Rupture FCL (partial) and deltoid

(partial)

c

~Ir

I (l

l_

From the above information, it becomes evident that there is
some correlation between the mechanism of ankle injury and
the structures involved, although the exact pattern of
frequency is still somewhat in doubt.
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CHAPTER 5 THE USE Qt.;:.l'Hlt.J::YBEXII D~* AS l'1H

~ JJi..'M MTlNAGIi:MENT OF ANrqWi SPEAINS,

5.1

There has been much writtetl on the use of the Cybex II

Dynamometerin the field of sport.e medicine, but litt+e done

on its usage specifically in the area of rehabilitation. To

date, there has been no documentedstudy done comparing the

rehabilitation of ankle sprain injuries using the 0jbe.x III

with conventional physiotherapy tecOlliquesand modalities.

The null hypothesis examined in this study was that the

CytP-....x II, whenused in conjunction with other conservative

methods of physiotherapy treatment for ankle sprain

injuri.es, will not shorten the rehabilitation time.

* Cybex. II, HumexInc, 100 SpenceSt, Bayshore, NY11706
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5 •2 BACKGRQ'tlNQ

Garrick (1981) included isokinetic training in his ankle

sprain rehabilitation programme.He suggested using the

Cybex II to compare the range of movementand strength

bet, .n bilateJ3ial ClnklesI during various stages of

rehabilitation. Niokson (1987) and Wonget al:! (1984) have

presented documentedliterature of normative isokinetic data

for the ankle inverters and evertors, whereas Falkal (1978),

Fl.lgl-Meyer(1981) and Shields (1978) have pzeeenred similar

data with reference' to plantarflexor and doxs.i,flexor values.

'i'irheyemphasisedthe significant effect of both bodyweight
Jl - i,

l
~

I
I

I

and sex on absolute peak torque values f whenanalysing their

results. Pierre et al (1984) used the Cybex II in the
Ii

evaluation of various ankle ligament-,reconscructdcns. The

main contributor to the field of Cybex II rehabilitation has

been George J. Davies and his colleagues. They have

documentedvarious ankle sprain rehabilitation protocols f

and the Cyb=>..x II protocol in this study has been based on

their studies (Davies, 1985).

i
';i
q

·I·,·.·····.···.·.."·'.•'.··~.1',

,~
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Whenreviewing the sports medical literature regarding the

.deal wayof treating ankle sprains 1 manyconflicting ideas

emerge. Ruth (1961) reported that two thirds of ankle

sprains treated with irrmobilization had mechanically stable

ankles, while Hughes (1983) found that ankle ~rains treated

with mobilization do not commonlylead t~ persistent

mechanical instability.

Freeman (1.965a)concluded that only suturins'i of the torn

ligaments and imnobKlzation guarantee firual mechanical

=t~ility. He also found that mobilization produced the most

unstable ru~cles, but immobilization in the Plaster-of -Paris

cast led to results that were little better. He concluded

that the crucial variable upon whf.ch final mecha..,;t·~~>~
,~.. "

stability of the ankle depends, is not whether the a.n:Kle'is

irrmobilized or not I but whether or not the ends of the

ruptured ligaments are initially in appo~ition.

over the last fifty yeara, muchof the work done on the

subject of ankle sprains has been on the myriad of treatment

methods and modalities (Henn~ng1977, cyriax 1975, Quillen

1982). The f.'" ite stage of the Lnjury (the first twenty four

hours) is most commonlymanagedby' the P.R.I.C.E. method :

Protection, Rest, Tce, Corrpression and Evaluation. In the

subacute stage (two to seven days)I mobilizations, active

range of movementexercises, stretching I

frictions and weight training I form the

treatment (Ii'ig. 15 - 18).

taping! cross

mainstay of

. ,,)
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In 'the chtonic state (seven days onwards)1 balance board

acti vities I 'resistance axercj;S'~sI cycling and functional, \

:._.rehabilitat;i..on aimed qt spl c sporting needs1 fonn the
I

ma.instay of t.reatrnent, (Brand 1977I Bergfeld 1982, Allen

1985). In devising the :rehabilitation prograrrme i:l this

study, the methods mentioned thus far were all errployed.

(See Table 3) •

i

~
I

o

c

l
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In the chronic state (seven days onwards)/ balance board

activities, :r:\1sistance exercises, <..ycling and functional

rehabilitation aimed at specific sporting needs I form the

lTh?,instayof treatment (Brand 1977, Bel.'"gfeld1982, Allen

1985). In Jevising the rehabilitation progranrne in this_

study, t",~ methods mentioned thus far were all errployed.

(See Tab.""3) .

o

(



Fig. :15: calf muscle stretching

o Fig. 17: Elastic resistance
exercises

(I

l Fig. 15-18 Examples of conservat.ive physiot~).erapy methods
for the treatment of rulkle sprains.

Fig. 16: Hopping over the
rope

Fig. 18: Ultrasound.
applicat~on

I, ',
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REHA1HLIT/'.rION PROGR.AMME OF A1i'KLE SPRAINS

At.'Ul'E SIAGE SUB-ACUTE: til'J!GE CHRotIIC STAGE----------------~-------------~--~~--~------~------~~--~~--~~-------------P - p=tection - crutche:s (a:s required} Bal.an<:eboard tr ..ining Balance board ~"":!...ing

R - rest fran activity * Ela:stic resi:scanc~ exercises C&l£ stretching

* Gentle calf stretches ElastiC resistance exercise:s
* I - ice

* Cycling: Heel and toe ""lking
* C - strappi.-.g

* Heel valking
* :E - EI~tion (at hane at durin6 treatment

as far as possible.) * Toe-walking

c}'clln3
forward

Hoppingover a ro~e
sidevay:s

Hobi1i~tion techniques as required
H - mobility exercise:s wile ~e is in

elevation Electrotherapy modalitie:s as required
Running betweenbeacons
S-prints and quick directional cllanges

Gentle mobilization techniques as required Cross frictions
Skipping

* Strapping
Four-:squarerehabilitation

Ulczasound
!nterferentlal
Curapulse
Contra:st baths

Electroth",rapy
modalities used
as required

Retraining specific :sporting actions

l'ropr1oc-'!pt:lveNeurtAllUScular
Facilitation (PHF)static exercise:s

Cro:ssfr!'c;;.lons

CYBEK II DYlWl1MEl'ER TRAINING (GROUP II. ONLY)

* EOme &:syell as trea~t exerci:ses

ClBEK TEST
AS DISCIJARGE
CRITERIA

~

tv
~

&

1
~ ..
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5.3

5.3.1

The patients included in this study were those referred to

the physiotherapy out-pati.ent department of the Johannesburg

Hospital with a, diagnosis of a Grade I or Grade II ankle

sprain (see Chapter 4 for definitions) by the orthopaedic

out-patient department of the hospital. Patients were

exc.luded from the study if they reported" a previous medical

hi.story of surgery to the injured ankle, ceformities or a

previous arthritic condition.

-,
\

The patients lltere divided equally using randomnumber"tables

into em experimental group and a control group. The A';lhysical

characteri.stics of the two groups are shownin Table 4.

(f~:':~
.Ii

I
, I"

.,
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CHARACI'ERISTICS OF TarAL SAMPLE (N:= 46)

Ii

Group Characte:r'istics GrQup
EXperimental Control
(n=23) (:1=23)

Mean age in years 25.4 (17-45)* 24.7 (17-38)",.
NuIt'.berof female subjects 10 4

Number. of male subjects 13 19
Average height (m) 1.66 (1.60-2.26)* 1.62 (1.56-2.10) *
Body weight (Kgs) 76.6 (63.2-100.1)* 74 (65.3-98.2)*

* 1~e figures in brackets represent the range of values
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C}

5.3.2

Those patients in the control group received the usual

conservative methods of physiotherapy treatment for ankle

sprains (Table 3). The experimental group patients received

the same methods as the control group, but in addition

participated in a strength ~Jd power endurance programmeon

o

Maximal

.i.>:
~ V~'

CSTAGES ',V,' Short
.... Arc

!soklnetics Sub-

the Cybex II Dynamometer. All patients were 'required to

report daily for treatments in the first week following

their injury and then three times per weekon alternate days

until discharge.

The Cybex programmeconsisted of the patients being placed

011 the e:x:ercise table (as described on page 64) and

perfonning the various stages of resistive exercise

progression

fig. 1.9).

continuum as described by Davies (1.985) (see
IV

rr III
STAGE:S: I Short

Mul.tiple Multiple Arc
Angle Angle _.

Istlklnetics
lsomtll:rics ...., Isometrics

Maximal Sub-
Sub- ~laxll1lUl

VII
full ItOH

full ROM Isoklnetlcs
Isoklnilt;lt:s

Maximal

l I~aximal

Fig. 19
MaxImal

An exal'J"[>leof resistive, exercise progression

continuum.

(FrcmDavies 1.985, P3'. 74)
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contractile velocities (60 180 degrees/second) were

Short arc isokinetic exercises performed at intermediate

II

implemented using a velocity spectrum rehabilitatio::.l.

prograrrme (VSRP)in the subacute stage of treatment (fig.

20), while full range movementisokinetic exercises (180 -

300 degrees/second) were instituted in the chronic stage

using 'cheVSRPprinciple, until di.sci.arqe .

60

180 ---- __ NQ.JS.l:' , 180

150 10 repetitions

at each speed

150
120 120

90
60 degrees/sec

.start II.

90

OneVSRP- 100 l:epetitions Finish

"';:::::~tr \

Ie
I:

1
1

Fig. 20 An example of the velocity spectrum

rehabilitation prog:ramnb(V8HP).

(FromDavies 1985, pg. 81)

(7.. All the patients we,I\;;'i~;\,!.'{:.'·;''1,:7t':Ct under direct .supexvf.sdon,

and were encouraged to train to their maximumon all

exercises.
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5.3.3

'As soon as patients in either of the groups fulfilled the

discharge test requirements (see next page), and exhibited

minimal swelling and full, painfree range of ankle joint

mobility! they were tested on the Cybex II Dynamometer.The

Cybex tested the strength and power-endurancevalues of the

uninjured comparedto the injured ankle at three speeds, 60,
120 and 180 degrees per second,> /A corrputer readout with

~
I

graphical analysis exhibited the results of the bilateral

c0111f:Jarison(see fig 6). It was not possible to obtain

base-line readings of bilateral ankle ccrrpard.sonswhen the

patient first presented for rehabilitation, as in most cases

there was far too muchswelling and pain in the acute and

sub-acute stages to be able to rely on a valid banparative

test.

\
\1 Ii

As a result of the workof Wonget al (1984)which showed.no

statistical difference in strength between the dominantand

non-dQLdl1antankles of uninjured athletes, all subjects were

discm'irs.'r..dwhen they fulfilled all the following discharge

criteria:

J,
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1. No significant difference (P ~ 0.05) in ankle

strength (measured in Newtonmetres of torque)

between injured and rminjured limbs, as tested

on the CybexII Dynamometer(Elliot, 1978).

2. Pain free on hopping and sprinting.

3. Pain free on quick directional changes.

The discharge date of each subject was then recorded on a

chart. FUll explanations were given of the procedures

involved, and all patients signed informed consent forms.

5.3.4 STATISTICAL ,ANALysIS

Both categorical and continuous variables were considered.

In the former case, when2 x 2 tables were analysed, use was
\\

made of. the Yates corrected chi-square test (Y) (Siegel,

1956)1 and when the sample was too small, Fisher's exact

test (F) (Siegel, 1956) was el1\9loyed. For higher order
~\\tables, Pearson' s ChJ.·~\squaretest (P) (Biegel, 1956) was
II
'I

employed,provided the (bonditions of the test were met.

L



45.

For the latter I use was made of a one-way analysis of

vazd.ance (l>,.nova)(Meter et al., 1982)I which is equivalent to

Student Is l'-Test (T) when only two groups are involved.

Here, when the conditions of the t.esc were not metI the

non-parametric procedures of Kl:Uskal-Wallis (KW) (Siegel,

1956) and Mann-Whitney (fvJ.W) (Siegel, 1956) were errployed.

The le'~l of signific@1ce throughout the three parts of the

study was set at five percent (p$ 0.05) .

5.4

Of the twenty three" participants in both the experimental

and control groups, seventeen successfully conpleted the

rehabilitation programne in the experimental group, and

eighteen in the control group. There was no statistical

difference between the two groups with respect to:

1. Age distribution (p>O.05;rr)

2. Sex distribution (p>0.05;Y)

3. Nature of injury distribution (p>O.05;P)

4. Grade of injury (p>O.05iY)

o The mean rehabilitation period for the experimental group

was 27.7 (SD=6.17)days, corrparedto 39.2 (SD=7.05)days for

the control group. There was no statistical difference

between the two groups with respect to their mean

l.'ehabilitation times (pe-o , 05iT) .
()
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The mean time for rehabilitation (from initial referral to

successfu.l discharge), for the thirty five partzicdpant.s, was

34.6 (8D=8.74) daysI with the shortest beiLg fomteen days/

and the Lonqeat; fifty two days.

Twenty eight (60.9 percent) of all the ankle sprains

reported were G:'ade II injuries, whereas eighteen (39.1

percent) wereGradeI injuries.

5.5

Of the original forty six participants I eleven did not

complete the study: somenever returned aft.er the initial

examina.tion,and somedid not fU.Lfil the discharge criteria

of the rehabilitaticn programme.

Whellanalysing the results, the experimental group was

di.scharqed35 percent sooner than the control group (which

from a rehabilitation point of view is of definite clinical

significance). The hypothesis tested in this study, namely

that isokinetic exercise added to conservative physiotherapy

treatment decreases the period of rehabilitation in ankle

sprain injuries, was rejected. possible explanations for

this mayinclude the fact that Cybex II rehabilitation added

to conservat.ive physiotherapy treatment, may have resulted

in "over rehabilitation'!. OVeruseand/or overload during

rehabilitation in the experimental group may have played a

role in the final outcome.

In
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It may have been preferable to use ~ the Cybex component

in the rehabilitation programnein the experimental group.

Ethical considerations I hcweveri precluded this. There is
\\

also the possibility that active cdhservative treatment for

ankle sprains may be sufficient for complete rehabilitation,
'I:'

with or without the inclusion of non-weight bearing

accorrmodativeresistance training in the form of ::he Cybex

II. The humanbody may respond better to weight-bearing

functional activities,

isokinetic exeroise.

rather than non-weight-bearing

Although it must be expected. ts.at; thw_'e are usually more

Grade I injuries than Grade II sprains, the rnajo~ity of

these either do not ~eport to a casualty department, or they

are not referred for physiotherapy treatment.

5.6 \~

The Cybex II may be used in place of one or more of the

conservative physiotherapy treatment methods, and the total

period of rehabilitation with' the Cybex: II (used"by it...x " <':)

could be comparedwith a treatment prograrrmewhich excludes

Cybex II rehabilitation. Ethical problems may however

preclude such a study.
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5.7

This study did not. prove statistically that the Cybex II
/;

Dynarnometermay be a useful additional rehabilitative method

in che treatment of ankle sprain inj uraes . It may be

necessary to design individual treatment pre.cccol,e to suit

the anatomical, patiho'loqi.ca.L, psychological and psychosocial

dif~er~lces that exist betweenpatients.

i)

i)
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CHAPTER. 6 mlL_ PREVENTION _ .QE_ ANJO:,E SPRAINS ..m
~QYINCIAL YQI!T~ ... A CLWCAL

~

6.1 .mrROPUCTIQN

A review of the literature concerning sports injury

prevention revealed that ~hile there has been extensive work

done on the consezvat.i,ve and surgical managementof ankle

sprains, little has been documented on their preventi~/b.

C~nsidering the increase in athletic activities tl1rovkh

recent years, ruptures in the ligamentous structUl~S of ~he

ankle joint may be assumed to conscdzute a Sr'O'.Jingp""'oblem,

and in sports involving q_uickpivoting on a fix~d foot, like

volleyball and basketball, :: high percenb~7.e of injuries

will involve the ankle (Quigley, 195~). l'.1oret~l-:t al (19'78)

did a survey on 7B1 college and univerai.ty men and women

students I and found that' volleyball had tihe highest number

of injuries, of which sprains of the ankle were most corrmon

(Table 5) .

I1(.1
I.

I
j
1
I·

L
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The hypothesis tested was that a specially designed

preventative programn~ cot.Ld reduce the number of ankle

sprain.s in a sample c·t pr0v.ir.l.~ialvolleyball players .
.\

---,----------------------,--
ANATOMIC LOr...ATIONOF INJURr'!:S IN AMERICAN COLLEGE

AND UNIVERSI'I'Y STUDENTS (MOREI'Z 1978/ p. 94)

Boys Girls

Upper Extremity 3 4
!

~ Back 0 2

Pacial lacerations 0 4

Hip 0 ,2

Thigh 0 6

f._) Knee 1 5

'\ Lef'l' 0 4
\'i Ankle 3 13

r'''';'I Foot 1 3.
j _,_.
0 Total 8 43

--....... - ----~.._,-

j

.,
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6.2

There have been no previously reported preventative trials

in sports medical literature, involving volleyball players.

TrOpp et cil (1985) studied two methodsfor the prevention of

ankl.e injuries in soccer. The methods studied were ankle

disc training (~,alanceboard training) and orthoses.

They concluded from their results thac balance board

training reduced the incidence of ankle sprains among

players and that the ankle orthosis ought to be used before

and during the sport season.

Walsh et, al, (1977)"suggest that a good firm, even playinr:f

surface, Achilles tendon stret.ching, taping and proper

footwearI all go a long way in preventing ankle sprains,

while Wright (1979) concludes that mobility, endurance,

strength and co-ordJ.nation should be the key factors in

injury- prevention.
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Recently, nore emphasishas been placed in strength training

of thee lower limbs, in order to prevent injury. Ferguson

(1973) stresses that calf musclebuilc{\upis one of the most

irrportant measures ill the prevention of ankle sprains. The

rolling motion of the subtalar joint just beneath tbe ankle,

inverts and everts the foot and acts as a "safety valve" for

the ankle joint and knee, stabilize~ by the muscles of the

calf. The non-slip character of artificial playing surfaces

reinforces the need for this safety valve.

Flexi.bility and stretching exercises prior, during and after

sporting activities, have found a place in sports Lnjury

prevention (Wright, 1979). Fitness conprises mobility,

endurance, strength and co-ordination. The benefits of

Achilles tendon stretching prior to a spo;rts practice or

gamehas been conclusively proven time and time again in

both 1\mericanhigh schools and at Universities (Moretz,

1978). with a tight Achilles, the foot tends to be in more

plantarflexion, increasing the t.endeney for the foot and

ankle to roll into inversion.

:~'"(; ',

I '
\ C\! '

Most of the literature concerning the prevention of ankle

injuries involves the use of taping or strapping, although

as much literature as there is to show the beneficial

effects of prophylactic taping, 6'0" are there as many

argumentsQ,gainstthe method (Garrick andRequa, 1973).
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Adhesive strapping has been used to support ankles for more

than one hundred years (Libera, 1972). Athletic trainers I

coaches and teamphysicians have traditionally used adhesive

straJ;~)ingto limit the amount0:: ,i.nve:r~ion available to the

athlete at extremes of rrot.Lon. 'liLe :.'l"', lications for taping

are based on the assurrption that some type of external

supportive material increases ankle stability by reinforcing

the ligamentous structures of the ankle joint and

restricting motion, such as e~r~me inversion, which is bhe

culprit in most ankle injuries (Hughes,1983).

Williams (1965~ indicated that the use of ankle st:r;appingis

inappropriate since an artificial supports prevenns adequate

developmentof supportive tmlsculature. He also suggests that

the stress to a taped ankle which would result in a minor

ankle injury if the joint were net strapped, is amplified

and transmitted to the knee joint and would result in an

increased probability of severe injury at that joint (fig.

21).
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J

; /'
~ I

Fig. 21: Ankle strapping techniques.
o

As can be seen from the above studi.es, many preventative

techniques have been suggested to prevent ankle sprains, but

as yet ( no unifonn consensus exists supporting one method

over another.
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6.3

6.3.1

This study was conducted throughout the 1987 South African

Provincial Volleyball season. Eighteen of Transvaal's top

male provincial players (six out of a possible twenty four

provincial players could not take part in the ...study) formed

the experimental sroupI while twenty two out of a total of

twenty five pj,'ovinc:Uallevel players fromNatal and "VTestem
(

Province formed tlle control group (see Table 6). All the

players were South African Caucasians. Provincial volleyball

players were used as their level of pIEtYis relatively

standard t.hroughc.rt;the country and there is an equal number

of player-games at pruvincial level throughout the country.

o

Provincial players tend to be highly motivated am.;;! proved to

be very eager to pa1ticipate. 'The study achieved 100 percent

player canpliance.

:'/-.~,

o

1l
~,



TAaLE 6

--------------------------.~--------------.--------------
PHYSICAL Clli~CIERISTICS OF TOTAL SAMPLE: IN STUDY

Group Characteristics Group
Experimental Control
(n=18) (n=22)

Mean Age (yrs) 28.6 (:;:;1-36)* 26.6 (18-42)*
6.29 (1-21)*~o< ~f9 at current level '7.56(1-15)*

of play
Mean weight (Kgs)
Mean height (m)

83.6 (69.5-95.6)* 81.3 (72.4-93.6)
1.76 (1.63-2.03)* 1.73 (1.70-2.01)*

* The figures in brackets represent the range of values.

Provincial level volleyball is played indoors on flat,
unchanging surfaces, with little variation in footwear
arncmgstplayers. Other sports, like soccer or rugby would,
due to the nature of the games! have added numerous
variables into the above study.

"



6.3.2

In addition to their regular training sessions, the players

in the experimental group reported twice weekly to the

phy e.; Lotherapy out-patient department, of 'the Johannesburg

Hospital, where the forty nunute preventatlve programmewas

performed. This continued foz the total eight monthperiod

of the 1987 seasnn.

o

The duration of the prograrrmeas well as each of the

individual preventative methodswere discussed 'ltlit.hall the

players 1 and a consent fonn was corqpletedby the players

(APPENDIX I). A questionnaire (APPENDIXII) t.o establish ~\y
V

previous injuries, anatomical. abnormal.i.t.Les , shoes wcrfu,

ecc, was completedby the players in both the experimental

and control groups before the study commenced.The control

group did not undergo any specific preventative programme

other than their usual warmup and fitness exercises, and

were instructed to keep accurate' records of any ankle

sprains reported during th€; volleyball season. For the

purposes of this study, a posit.ive report of an inversion

strain associ&ted with pain and tenderness of the ligaments

of the ankle, sufficient to cause withdrawal from the rest

of the gameor practise session, served as the definit10n of

an ankle sprain. This definition had its limitations, as no

grade of sprain was taken into account, nor were x-ray

reports taken to eliminate any possible fractures.
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'!he preventative prograrrmewas carefully designed to include

most of the irrportant aspects of any sports game which

included pronounced lateral movementsI namely flexibility I

endurance I proprioception and strength (WrightI 1979). A

surrmaryof the prevent.atrive prograrrme:1.s··ShOM1 in Table 7.

SUMlv1ARYOF EXPERIMENTAL PROORAMME *

Name of exercise Time (minutes)

Achill~s TendonStretching

Balance Board Training

Hoppingover ROpe
Cybex. Training Prog-.camne

5

10
5

20

TOTA!..! 40

1°
Ii '.
I'

I
* Performed twice weekly for eight months.



6.3.2.1 ACHIIJ_.ES TENDON STRETCHING

For this study, the players had to stand approximately one

metre away from a solid wal.L leaning forward, with their

arms as supports Into the wall, maintaining erect torsos.

They were instructed to keep their heels on the floor with

their legs slightly apart throughout the stretching seasdon

'I'hey held a constant stretch for 2.5 minutes with their

knees straight (to stretch the two-jointed gastrocnemius

muscle) and then a further 2.5 minutes with their knees bent

at a 40 degree angle (to stretch the one-jointed soleus

rnascl.es) .

They were instructed to stretch only until they began to

feel a stretch on their ]. .ihi.LLestendons and not into an

uncomfortable stretch positionr _- .--r- •.-:T
~

)

'. .i 0 0
""'"....~1_'......._"1- ...., .....1( ........ , _.' _FlItO!O!, ....... _ .... l. __ .... ' __ '....t ....ee....·w... ·..."";:...., ...., _11',1""'_' *_, .::~\' .... c:_'t;.... ,._rt..· ...' ,_.. """""-'"



6.3.2.2

Balance board training followed irrmediately upon Achilles

tendon stretching. The players were required to balance on

a circular balance board (diameter = 95 em) for five mi~"''',,'!:.es

in a front ~l plane and then for f zve minutes in a sagittal

plane on a single-planar balance board. They chanced the

plane turning the board 90 degrees to either side. They

were inl:>L.ructedto maintain their balance on the board and

to avoid rocking the board (fig. 23).

(

(

Fig. 23 Balance Board Training.

" "w 0 ~J
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6.3.2.3 HOPPING OVER THE ROPE

'TIle hopping over the rope exercise followed imnediately

after balan~e board training. This method of prevention was

spec:_fically included to improve the jurrping and endurance

ability of the volleyball players. Each player was required

to hop "lith both feet together from side to side over a rope

auspended half a metr.e from the floor between two stools

(fig. 24) for a total period of five minutes.

• I

o

Fig. 24 Hoppingover the Rope.

c.

.: ()
·~i-"~~'';jN'''''_._._,!1'_, _<*_",liII... ·_t ......_H....-"Zf ..... _· ....n....*....liI~:::·,..........~-"'j,. ,,*,,,s:r N~-' ? tr,k

(\ ,~
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6.3.2.4 THE CYBEX II DYNAMOMETER TFA..llfING ROUTINE

Theplayers were all set up on the Cybex II Dynamometerand

were instructed (with verbal encouragement)to complete the

routine.

Each player was instructed to lie flat on the upper body

exercise table (UBXT)with his hands holding the underside

of the table. The seat of the UBXTwas zai.sed to the

highest position wr.lilethe dynamometerhead was tilted back

55 deg:i...·eesso that the axis of the dynanxmet.extran'Jected

the superdor edge of the lateral malleolus of the player.

o

Thehip and knee of the tested leg 'Wereflexed at 55 degrees

wllile the ankle waE~positioned in neutral plantarflexion and

dorsiflexion. 1he pelvis was stabilized onto the UBXTby a

·Velcrostrap, while the knee was stabilized to the knee pad

with another Velcro strap. Three velcro straps were used to

stabilize the foot: one was applied around the front part

of the head of the talus; one cross-strap was applied around

the front part of the shoe near the metatarsophalcmgeal

joints so that the under part of the strap would fix the

shoe onto the footplate; a third strap was then applied

around the forefoot on top of the cross strap. ~le subtalar

joint was positioned in neut.ral, position by palpating on

both sides of the talar head. The subtalar joint was

assumedto be at its neut.ral, position when the talar head

did not bulge out to either side of the navicular whenthe

foot wasmovedthrough an arc of motion (fig. 25).

o
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F\g. 25 Thepositioning on the (~bex II.

()

The players were instructed to perform the motions at the

ankle and avoid accessory movementsfrom the knee. to the

hip. Motion would start from full eversion to full

inversion and then back to full eversion. The players all

had to cOrrtPletetwo circuits (on each ankle) of short arc

isokinetic exercises as described by Davies (1985). They

were instructed to rest for one minute between circuits

«~
I

(fig. 26).
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: '

150

180 ~Nr.:..Q:.._RE.u.wISlo4l'".__ 180

10 repetitions

at each speed

150

120 120

90
60 degrees/sec

Start

90

OneVSRP - 100 repetitions

60

Finish

Fig. 26 : One circuit of short arc isokinetic exercises

using a velocity spectrum rehabilitation prograrrrne(VSRP).
.>

(FromDavies 1;)85, p. 81)

At the conclusion .)f the 19b provincial '"rolleyball season,

the total number of sprains report.e a, both in the

experimental and control groups were col.Lectied and subjected

to statistical analysis. The statistical methods employed

were as described in Chapter 5, (5.3.4).

(~~. ,
I \

o
Most match and practice sessions of the experimental team

were attended, in order to prevent under-reporting.

L



6.4

Table 8 exhibits someof the statistical corrparisons betTIl".en

the two groups. Noneof these were significant.

INTERGROUP STATISTI('J\LANALYSES

GroupCharacteristics p value

Agedistribution

!l1eanno. of yrs at. current level of play

No. of players weari~g orthoses

O.42iMW

O.87;MW
O.32iF

(~I .'.

! \
I
1°
f
1

Se~\7eninjuries were reported by the contrrol, team and two

injuries by the experdmente L team. The diffe:r.ence between

the two groups was marginally non-significant at the 5
iI

percent level (P=O,059iMW).
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No significance was found between the number of sprains

reported and:

1. The age of the players (p=O.37;Anova)

2. Thenumberof years at current level (J.?=O. 58 iAAova)

...J • Application of ortihoses (p=O.~7iF)

A total of nine ankle sprain injuries were reported by both

groups. This represented 22 percent of all the players.

These injuries were reported at various intervals throughout

the season, with no difference whether early, mid or late

season.

6.5

:1

The fact that one in five playeLs in this study injured his

ankle, highlights the very high percentage of ankle injuries

in quick pivoting sport.s like volleyball. In a sport like

volleyball r where the team conai.st.s of six players and a

nu..'l'iberof reser'ires, the withdrawal of players due to ankle

injury has a large impact on the team.·0~r \,
!,0

I
I

Clinically, the proportion of sprains in the control group

(7/22, 32 percent) can be regarded as higher than for the

experimental group (2/18, 11 percent.). However, the resu; ....

was just not statistically significant (p=O.059;MW).

; I
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It is probci61yjustified to assume that the experimental

prog:r:amnehad some part to play in the marked reduction

attained. Differences may well have become statistically

significant if more subjects had been available.

The proposal tha.t the efficacy of the preventative programne

played a role in reducing the incidence of ankl.e sprains,

was also suggested by t;'.e reduction in the incidence of

sprains when comparing those reported in the experimental
,J

group between the ~ and 1987 volleyball seasons. In 1986,

.eight. sprains were reported by the experimental group

(which consisted of the .same. players as. the 1987 team)I
\.\

comparedto two. in 1987. Whenthese figures were subjected

to the McNemarIs test. of synmetryr the shift proved to be

marginally non-significant (P=O,6'S88).

o

On subjecti ve analysis, many of the players comnented on

various beneficial aspects that the programmehad for them,

in0luding increased jumpir.Lgpower and increased ankle

stability (APPENDIXII). It is not possible to analyse which

aspect of the experimental programne may have been

responsible for the reduction in injuries I as there were

four consecutive part.s to the prograrrmeand only by using

each separately in another study, can this be determined.

Cl
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The aut.hor therefore reconmendsthat a further study be

undertaken using a larger population sample over possible

two or three seasonsI using each part. of the proqranme

separ~telYI or leaving the programmeas it is.

It would be desirable for the achievementof more accurate

results co use a study group in which there has been no

previous ankle sprains, as previous history of injuries

(major or minor) to the lower limb maywell have confounded

the issue and diluted the zeaul.tra, This, however, is a most

unlikely possibility when using top level experienced

players.

./::~r \,
I
10

I
I
I

The hypothesis in this study had to be rej ected. HoweverI

the results do reflect what could be a real probability,

that preventative prograrrmescan reduce the incidence of

ankle sprains in provincial volleyball players.

6.6 CONCLUSION

()
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CON SEN T FOR M

THE USE OF THE CYBEX II DYNAMOMETER AS AN ADJUNCT IN THE
MANAGE~1EN:rAND PREVEI~TI,ON OF LATERAL ANKLE SPRAINS

I, -7"""""0'-'--~-"""'~ __"'-"----'-~--:-~~-:--:-\. freely and voluntari lyconsent to part1clpate in a research program under the directi0nof ANTHONY KAPLAN to be conducted in the P.hysiotherapy Depart-
ment of tne Johannesburg hospital.
I understand that the Cybex II Dynamometer has been used exten-sively in the prevention of sports injuries around the world
and has proved to be a vbluable asset t~ sportsmen and women intheir endeavours to improve their sporting performances. Thepurpose of tht s study; s to ascerta in whether the Cybex I IDynamometer used as an adjunct in the preventative programme,
will reduce the number of ankle sprains in provi nc'ial volleyballplayers. Information gained from this investigation could aidin the detection of "at risk" players as well as the improvement
of training schedules in order to prevent these injuries occurring.
A thorough description .of the procedures has been explained, and
I understand that the only risk involved is soreness of the
contr-actlnq muscles that may last for the duration of the tra-ining
PI 'ogl~amme.
I understand that I may withdraw mY consent and discontinueparticipation in this research prl~ject at any time .withoutptej ud;ce to myse lf.

(';

I authorise ANTHONY KAPLAN and the Department of Physiology
to keep, preserve" use and dlspose of the find'lngs from thisresearch with the provisions that my name will not .be associated
with any of the results. .
I have been given the l'ight to ask, and have had answered, any
questions concerning the procedures to be used during this
research. . .
Questjons have been answered to my satisfaction. I have read
and understand the contents of this form and have received acopy.

Witness Date Participant
/--:~'~
t \

t

!
! c.
I
I,
i

I have explai ned and def'jned in detail the research procedure towhi ch the subj ect has consented to parti ct pate.

o Signature Date





QUE S T ION N AIR E

1. Name:

2. Age:

3. Team:

4. Position

5. No. of years playing
at present level :

tL Any previous sprains

Which ankle/s :

(If NO, continue with 7.)

When (year & month)

How :

7. Did you have physiotherapy

-----------------------------~'r_
\'

8. Do you play with any ankle-protecting devices, if so, which kind\:
\'

(~
10' 9. Have you had any surgery on your ankle

10. Have you any comments to make about the preventati vo programme or
anything else connected \tlith the research:



2.

11. What kind of shoes do you play vol'leyball in ?

,\

12. What other s ports do you partict pate in?
How often?
At what level?

13. Have you got any ankle, knee or hip conditions?
. (e 9 fl at-focted, bow-Iegged, )

(r;::~
1 \,
I
10
j,

I
l
/'
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