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recreational runners (75.71± 13 i()ot-type and age 011 

49-11511 1.54-2.011 m; 34.88± 13.08, 18-701 with neutral 
biomechanics data 
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more extended in terminal 

joint power work were 
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The male runners were in mass than tlte 
vertical oscillation or' the 
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impact at 25ms stance were with the use 
and eccentric work were reduced with the use of 

ankle power 
There were no 

other gait 
orthoses conditions. An 

hetwecn and without 
of the root within the 

shoe with the usc 

may account 1<]1" the sliecess of 
'fhe absence of any effect on 
seln orthoses for 

T'he aim this 
toe to lllidl()ot and Pose runn 

load does not 

that occllr a 
heel-toe runners were instructed in 

and fi.JOI. 
benefits of 

11l [dfoot and Posc runn ing. Pose was characterised by al ignment of the vertica I axis of the 
trunk with the mid··f()()( at contact with the A knee 
the 

by shorter stride and smaller vertical oscillations 
markcr. Comparcd with midioot and heel-toe characterised 
magn itlldcs and rates of the vertical for contact or 
the [(Jot with the supporting sudilce the knee Hexed more in Pose than in and midfoot 

Tile ankle in neutral in Pose with a dorsi 11exed and 
position ill heel-toe and rnidfoot 

and ececntric work were less in the Pose than heel-toe and midfoot runn there was 
and eccentric work in Pose with heel-toe and 
shOlier stride and oscillations or 

and power and 
than in midt()ot and heel-toe running. The 
and conventional may account for 
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variables 
may have a role in the 

and the reduction in knee eccentric 
modification in the 
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icipate in a long f()r 

are usually overuse in and 
ied to susceptible musculoskelet.al structures, 

of those structures to maintain their 1.1) 
structures at the I(mt are most susceptiblc 

70 to 80<% 1 
Knee Pain arc common at the knee 

while Medial 'fibial Stress and lies' 'T'endonosis arc common at leg et 
aI., I The common foot running injury is Plantar 

1.1. The r",,,,,nr)nc between running and and "'n'."'-r"~ 
factors and 

from Messier et 

Factors with excessive accumulation of mechanical stress within musculoskeletal 
structures inj ured in runners may be of 
the running characteristics and environmental 
conditions that may contribute to evidence for the 

between errors of the 

the {~tctors in the three groups 
variables thi'lt require control to cOlllplete a 

aware ofall 

can be as the gross movement ",,,ttf""'" of 
rather than the foot movements such as sub-talar 

iOIl and is not well in the literature ill relation to 
kinematic description of the running style of el ite and 
1 and runners bacbvard and 

The 

in the literature of style. 

i 11 terest to the 
in thesis is 

bc mathematical process of 
the amount of \vork the strllctures 

the knee in stance. Downhill 
knee than 
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front a kinetic and 
et 

is IiWc other 
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THE APPLICATION OF CLINICAL GAIT ANALYSIS TO RUNNING INJURIES 

be that the structures Ihal 
anlOllnis of work 
greater negative work at the 
aller a strellllOllS downhill rUIl. More 
the knee and Anterior Knee Pain 
knee III runners et 1978]). 

While 
to asses a 

of whether the 
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at 
to be the most common cause 01" 

it is necessary 
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together with the 
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on which 
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would have to be studied if 

The research that is 

or self-selected 
of 

running style of runners is 
modi fication. These 
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the effect of and conventional and novel 
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1.l. at the anterior of knee 

The intrinsic risk factors for the 
females were the of a 
medial is ohl muscle reJlex response 

la correlated with AKPS (Witvrouw et aI., 20(0). 

Table 1.2. Differential diagnoses of Anterior Knee rome 

Patellar 

Patellar 
subluxation 

Plica 

Knee ache after exercise. 

condition of 
on the 

surface of 
in contact with the 

of an initial 
traumatic 
the "knee 
Pain to the medial femoral 

and the medial 
of the patella. 

5 

Pain at lower of the 
and insertion of the 

tendon to the tibial 
Difficult to differentiate from 
AKPS on clinical or 

of 282 males and 

IViessier et 
1991 

Pretorius et 

1993 
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pressure over the lateral femoral epicondyle. 
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and it appears that runners with broad 
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band fibre distribution at the of the knee 

is the treatment choice 
runners with IT13 who have hip abductors on manual muscle 

their return to the 

() r the i liot 

of runners with ITB respond well to 
of runners that are resistant to 

consists of resection of a small 
the 

low morbidity, and 
of surgery offers a sollltion for cases of 

1989). 
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2000). 
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at the posterior 

the knee held in 60 
demonstrate that this 

conservative treatment 
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pain follows the origin 
muscle in runners with MTSS (M and Holder, 1 

not have a direct role in the action of pronation and the 
in of appears 

of MTSS remains a likely possibility and an area that 

is a term popularly 
structures of the 

than thc 
the 

importance of excessive 
a Illechan ical basis for 
further research. 

leg and is a II 
1 Mcdial Tibial Stress 
rest (Touliopiolls and Hershman, within the 

and is d from 
differentiated by eliciting pain from the injured structures 

Two injuries that may co-exist simu 
it arc stress Ibc1ures of the tibia 

Bone stress injuries and chronic cxertiollal 

the most runners with 1(88). This 
includes (i) correction of 
programmes and ( correction of lower limb 

and 1999). A recent review ofthe 
for ciTective prevention of MTSS was the use of 

for the orhed cord 
MTSS was 

2(03) with MTSS and IlIlmlC 

Classification and chron ic excrtional 
III) and I 
syndrome may excluded with 

test.s slich as bOlle scans and I 

pressures 

20(0). 

2(03), and 

of the running 

pressure tests lica and 
of stress fractures at risk 01' 

with chronically elevated 
insoles and III 

of tendinosis may be formulated in rLIllners with tendinopathy of the Achilles 
when three common cl are These (i) a tender 

(ii) a that moves with thc Achilles' (iii) Achilles' tendon 
that decreases or disappears when the tendon under tension et aI., 
Achilles' be of but be relieved once the run 

the run (Grade 
In the worst 

Achilles' tendinosis mllst be d 
I 
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Table 1.3. Differential diagnoses of Achilles' Tendinosis 

Bone 

Exostosis 
-Muscle----------·-.-----.--of the--···--·------------oT--------··---------------

Acute or chronic rf'll'Yln,;::,rt-m,:>nt of associated muscles 

Bursal 

Nerve entrapment 

Fascial Plantar 

Smart et 1980 

The 
or the tendon 

the so-called 

to 

llleChall ical reason for 
III icrotralll1la that stresses 
Thc of load-induced 
a 
rullners' with than without 

the 

injury 

bursitis 

branch of the nerve 

but u of mechanisms have been 
of the Achilles' as occllrs with 

reduced vascular or the Achilles' 
of the Achilles' ot \980). A 

eccentric load-induced 
(Nichols, I 

nn,-.nF·(! by the 
of the Achilles' tendon in 

Areas of localised decreased arterial blood now within the tendon substance is proposed to lead to 
local and et aI., This is 

(I,agergren and 
has demonstrated the blood now to be substantially lower near thc calcanca I 

evenly and 1 It is 
redllced blood 1low in combination with other 
lead to injury. 

The is based on cessatioll or the activities that 
induce the symptoms of the and correction errors 
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being just 8 degrees from the long axis of the running shoe (A). A curve-lasted running shoe 
appears "banana-shaped" with the curve of the running shoe at approximately 22 degrees from the 
long axis of the nmning shoe (B). A curved lasted running shoe is more flexible and 1S commonly 
chosen for racing rather than training (McKenzie et a1., 1985). 

Figure 2.3. Straight (A) and curve lasted (B) running shoes 

The upper of a running shoe is the material that envelops the foot (Figure 2.2.4). This is usually 
constructed from lightweight breathable material such as Nylon® mesh with suede. The upper is 
comprised of the following structures from anterior to posterior: (A) the "vamp" which extends 
from the toes to the heads of the metatarsals, (B) the "quarter" which extends from the vamp to the 
back of the heel, and (C) the "foxing" which covers the back of the heel (McPoil, 2000). The toe 
box is the rigid structure at the front of the running shoe that accommodates the toes. (D) The 
tongue covers the dorsal aspect of the foot and protects from the eyelets and shoelaces. The inner­
sole (sockliner) does not contribute to shock absorbtion. It absorbs perspiration and lines the inside 
of the running shoe (Cook et al., 1990). 

Figure 2.4. The anatomy of the upper of running shoes 

(A) vamp; (B) quarter; (C) foxing; (D) tongue 

The heel counter supports the heel at the posterior aspect of the shoe (Figure .2.4) and is 
manufactured from stable thennoplastic (McPoil, 2000). The heel counter controls pronation and 
reduces the transmission of load to the skeleton and the activity of the triceps and quadriceps 
(Jmgensen, 1990). The Achilles' tendon pad and collar protect the Achilles' from direct trauma 
and abrasion (McKenzie et a1., 1985). The confinement of the heel fat pad by the heel counter has 
been shown to increase the shock absorbency of the heel fat pad (J0rgensen and Ekstrand, 1988). 
The upper is attached to the midsole with a lasting. Running shoe rigidity varies with the 
proportions of type of lasting used (McPoil, 2000) (Table 2.10). 
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Table 2.10. Relationship between running shoe rigidity and lasting 

Last 

Slip 

Combination 

Board 

Design 

Upper that is folded over and joined to the 
underlying midsole with broad stitching 

Combination of slip and boarding lasting used 
to bond the upper to the midsole 

Upper material is attached to a firm cardboard 
structure which is bonded to the midsole 

Rigidity of the running 
shoe 
Running shoe is flexible 

Flexibility is dependent on the 
proportion of the last used. 

running shoe is rigid 

The midsole is composed of either heavy and hardwearing polyurethane (PU) or softer, less 
durable ethylene vinyl acetate (EVA). In most running shoes, the midsole is thicker in the 
posterior portion (heel area) than the anterior portion (toe area). This allows the foot to assume a 
forward sloped position . The midsole may be a single unit or composed of many units of varying 
density (hardness) (Figure 2.4). A single density mid sole running shoe is light, flexible and used 
for racing. A multiple density midsole shoe is heavier, rigid and used for training. Multiple density 
running shoes provide individualized support for specific types of feet. For the pronated-type foot, 
the softer units (25 Shore A) of the midsole are positioned on the lateral portion of the sole, with 
the firmer units (35- 45 Shore A) on the medial portion (Figure 2.5). This is postulated to restrict 
excessive pronation by limiting medial movement of the calcaneus and talus (Adidas Research and 
Innovation Labs, 1998). 

The midsole may have a variety of additional cushioning mechanisms incorporated into its 
structure. These may include additional cushioning pads, single or multiple air units that may be 
independent or linked, gel sachets, and specially formed thermoplastic waves designed to dissipate 
force. 

(a) (b) 

Figure 2.5. Midsole structure of the "neutral" and "anti-pronation" shoes 

(a) "Neutral" shoe has a single density midsole, while the (b) "anti-pronation" shoe has a midsole 
composed of a firm medial portion [intensely shaded area] with the rest of the midsole similar to 
that of the "neutral" shoe. 

The shape of the heel tends to vary between running shoe brands and models. Running shoes with 
a conventional lateral flare of 160 are associated with greater initial pronation that non-flared and 
rounded heel running shoes. Heel shape does not alter the ground reaction forces. Heel shape 
(flare) may therefore have a relationship to injuries associated with abnormal pronation (Nigg and 
Morlock, 1987). 

25 

literature review Aetiological factors 

Table 2.10. Relationship between running shoe rigidity and lastIng 

Last 

Slip 

Combination 

Board 

Design 

Upper that is folded over and joined to the 
underlying midsole with broad stitching 

Combination of slip and boarding lasting used 
to bond the upper to the midsole 

Upper material is attached to a firm cardboard 
structure whIch is bonded to the midsole 

Rigidity of the running 
shoe 
Running shoe is flexible 

Flexibility is dependent on the 
proportion of the last used. 

running shoe is rIgid 

The midsole is composed of either heavy and hardwearing polyurethane (PU) or softer. less 
durable ethyJene vinyl acetate (EVA). In most running shoes, the midsole is thicker in the 
posterior portion (heel area) than the anterior portion (toe area), This allows the foot to assume a 
forward sloped position. The midsole may he a single unit or composed of many units of varying 
density (hardness) (Figure 2.4). A single density midsole running shoe is light, flexible and used 
for racing. A multiple density midsole shoe is heavier. rigid and used for training. Multiple density 
running shoes provide ind ividualized support for specific types of feet. For the pronated-type fool, 
the softer units (25 Shore A) of the midsole are positioned on the lateral portion of the sole, with 
the firmer units (35- 45 Shore A) on the medial portion (Figu re 2.5). This is postulated to restrict 
excessive pronation by limiting medial movement of the calcaneus and talus (Adidas Research and 
Innovation Labs, 1998). 

The midso le may have a variety of additional cushioning mechanisms incorporated into it.o;; 
structure. These may i.nclude additional cushion ing pads, single or multiple air unils that may be 
independent or linked, gel sachets, and specially formed thennoplastic waves designed to dissipate 
force. 

(a) (b) 

figure 2.5. Mfdsote structu re of the "neutral" and "antl·pronation" shoes 

(a) "Neutral" shoe has a Single density midsole, while the (b) "anti-pronation" shoe has a midsole 
composed of a firm medial portion [intensely shaded area] with the rest of tj1e midsole similar to 
that of the "neutral" shoe. 

The shape of the heel tends to vary between running shoe brands and models. Running shoes with 
a COllvenlionallateral flare of 160 are associated with greater in itial pronation th at nO!1·tlared and 
rounded heel running shoes. Heel shape does not alter the ground reaction forces. Heel shape 
(flare) may therefore have a relationship to injuries associated with abnormal pronation (Nigg and 
Morlock, 1987). 

25 



Univ
ers

ity
 of

 C
ap

e T
ow

n

THE APPLICATION OF CLINICAL GAIT ANALYSIS TO RUNNING II\lJURIES 

a reduction in 
has demonstrated a 40% 

miles. A 30% 
runners that used similar 

are areas 
lateral and 

rUlmers with and lower 
it shou Id be noted 

to midsole bond last 

Midsole structure soft ,p_..-,<>n'",nl midsole 

Additional features extra 

Rational 

26 

to be "hmed" 
et al., 200 L, 

to midsole hardness is 

.".,,,,,,.,-,,,,,,, surface. There 

traction in the medio-

board last 

Firm 

firm heel counter 

THE APPLICATION OF CLINICAL GAIT ANALYSIS TO RUNNING II\lJURIES 

a reduction in 
has demonstrated a 40% 

miles. A 30% 
runners that used similar 

are areas 
lateral and 

rUlmers with and lower 
it shou Id be noted 

to midsole bond last 

Midsole structure soft ,p_..-,<>n'",nl midsole 

Additional features extra 

Rational 

26 

to be "hmed" 
et al., 200 L, 

to midsole hardness is 

.".,,,,,,.,-,,,,,,, surface. There 

traction in the medio-

board last 

Firm 

firm heel counter 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Literature review factors 

increased popularity 0 t' rulln ing shoe 
el I 

Occasionally the basic structure of shoe is t()und to be not for the 
runner in terms of comf(xt and /i'om . In this it is not unusual to have a 
purpose built orthoses inserted within the runn shoe to enhance the comfort and 
of the shoe. shoe in this are of 

2.2.12). 

Table 2.12. Comparison of running shoe orthoses 

soft materials such as 
leather, paper, 

manufactured from 

Effect on intrinsic foot 
movement 
Effect on forces Good 

attenuation (b) 

c) 
Good 
attenuation (b) 

1991 

that orthoses 
1990; Fauno et aI., 1(93). The exact mechanism 

reaction forces and 
tibial peak 
boots 

Materials 

27 

(b, 

or 

Substantial effect 

attenuation is 
(b) 

orthoses do not 
when studied 

of the 
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with il 
for the protection 

Soft orthoses 
rn,,,,,,,'url a comfort rating of at least 2.3 

nrk'rln"nn ot aI., 20(1). 'The 
of stress fi"actures to the and at different locations was reduced hy 
1.5 to 13.4(% in the orthoses group with the no orthoses group. The of the 

lead to the proposition that the eomfolt the soft OIthoses is 
prevention (Mulldermann et aI., 2(01). The exact mechanism is sti II not 
soft orthoses to the aims ofthe thesis is discLlssed 

Table 2.13. Comparison of methods used to test the hardness 

Materials tested 
Method 

Unit measure 

Outcome 

Plastic and rubber 
Durometer is used to 
determine the 
resistance of the 
material to 

A and D are scales 
used to measure soft 
and hard materialsr 

The 
the SHORE 

value in either A or 
the harder the 
material. 

Soft to hard 

Plastic and rubber 
Known mass is 

from a known 
onto 
a 

number 
of times pre-

and 10 

Plastic and rubber 
Material under 
evaluation is 

with a known 

rnn''''!',:>r is 
attached to the known 
mass. 

Hard material is 

on the assumptioll that 
I 
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Table 3.1. Comparison of e vertical impact forces (BW) n i ured and 
ured runners 

AKPS 1.65± 0.09 NS 1.79± 0.08 Messier et 1991 
AKPS 1.74± 0.03* 1.66:1: 0.31 et 2000 
ITB 1.64:t 0.04 NS 1.75± 0.04 Messier et 1995 

2.4i: 0.41* 2.13± 0.42 et 2000 

Th..: 

group of running 

Table 3.2. Comparison of the vertical impact force loading rate ( 
uninjured runners. 

Vertical rate References 

AKPS 56.46± 4.52 NS 53.88± 3.10 Messier et ai, 1991 
AKPS Not 
rm 49.1 U: 2.43 NS 

93.11 23.8* 

either, 
within thc tisslics. 

The incons isten1 

Not 
54.32:1: 1.78 
76.6+ 19.5 

of high stress within the 
be an alternative 

et 
Messier et 
Hreljac et 

between ITB and 
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variables may be related to the nature of the biomechanical variable 
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Table 3.3. Comparison of the vertical propulsive forces CBW) between 
and uni ured runners. 

AKPS 2.531 0.06* 2.34± 0.06 Messier et 1991 
AKPS Not Not et 2000 

ITB 2.43t 0.04 NS 2.48:i: 0.03 Messier et 1995 
2.73± 0.30 NS 2.69:[- 0.29 et 2000 

are invaluable with 
such as occurs with a in 
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movement 

Clinical has fostered the that foot movement may represent 
\vithin tissues that arc commonly injured in runners (James et 1 

models 
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\Va alld running by the {i:)rces within the \()ot 
and lower limb (Donate!i, 1 is considered abnormal when it occurs at 
all time or a oftime in and the normal function 
ortllc lower limb (Donatclli, 1987). 

3.3.1 

is when the calcancus 
rotated and the tibia internally 
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Figure 3.4. Pathomechanical of abnormal pronation and injury 

models 

Measurement of Ihot movement has been lIsed variolls authors to estimate the amount of stress 
within ble tissues and be a for 3.4). has been undertaken 

because of the ical difficulties associated with direct measurement of stress the 
tissues of interest 

Table 3.4. Comparison of the maximum pronation angle between ured and 
uni 

MTSS 191.Lt 3.9* 189.2± 3.8 Viitasalo and 1983 
PF More Warren and 1987 

(no 
MTSS 8.681: 0.58* 6.13± 0.86 1988 
PF 8.72± 1.171\15 6.13± 0.86 Messier and 1988 
ITB 7.55± 0.99 NS 6.13± 0.86 1988 
ITB 12,94± 0.86 NS 11.19:1 0.89 Messier et 
AKPS 12.1:t 0.6 NS 11.6+ 0.7 et 
ITS 8.20:1 1.28 NS 11.33± 1.16 

7.61: 3.9 NS 

* difference between 

3 

wi 11 he (Hind in a of 
with MTSS and PF 
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of the GRF is by the fore-aft (fx), (fy) and vertical in the 
re5;oecti\le directions of the reference The knee centre 
the position of the and virtual landmarks. The 
arm is determined as distance of the KC from the GRF. h~,.~~.~.~ the magnitude of 
the lever arm may be determined either the of the CM which determines the of the 
GRF the KC or the lower limb which determines the of KC. The 
orientation of CM the CP may determine the of the GRF and hence the 
of the lever arm at the knee. 

~"o-""- Knt'e PO\VU- UtIle CllT v!' 

- .... ~,- Ankle IH)WL'1 -lImL' curve 

Figure 3.7. Typical knee and ankle power-time curves in stance 
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Figure 3.8. Rationale for estimation of eccentric jOint load in early stance 

At initial the reaction force passes to the knee The 
reaction force creates an external knee flexion moment that encourages the knee to flex into a 

(8). An internal knee extension moment is created the musculotendinous 
structures anterior to the to the knee from The nett moment that is 

at the knee in because the internal moment is extension 
""''''A.-or", in direction the knee is The mechanical load 

undertaken by the structures the knee at this the same definition 
termed eccentric jOint load. 
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Despite being largely impractical apart from being conducted in controlled 
environments for the purposes of rehabilitation (Morton, 1986), backward 
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forces compared with forward running, and consequently may have application 
in the management of running injuries such as Anterior Knee Pain drome 
(Flynn and Soutas-Little, 1995). 
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THE APPLICATION OF CLINICAL GAIT ANALYSIS TO RUNNING INJURIES 

on and are 
ground reaction ['(xce 
work power variables stance were 

as they may provide the cl to the activity of the musculoskeletal structltl'c~. 
However, these do not the contributions of tissue or struciurcs that 
undertake this ac1ivi1y. 

to time ratio of the sacrum 
was used to determine 

o. 

The average 
five trials were 

variables 10 a 

]: 
OJ 
U 
~ e 
is 

1.() 

U'l 

[J.1t 

-(1-5 

·1 )-

5. 

!J.~!'} 

"00--1 JeClllUrh.l'r hOji:r.{)utal di:-:placcmcnt 

.. I [eel m;ukcr vertiCIl di;"\pLtccment 

--- Sacral I1llLrkcr vertical di~plau'lnL;lJi 

per runner. 

_____ d 

of sacral and heel markers 

was 

and vertical f(lot 
stride and 

converti ng 1 he 
may have on the dal,L 

::lr?>m,'nt of the sacral marker (a-b), "",>e;'",,,, vertical displacernelnt of the heel marker 
displalcennerlt of the heel marker 

1. 

The kinetic data of the five trials per runner were el aI., 1983; de Wit et 
McCaw et aI., The reaction force variables included: the rate and magnitude 
of the vertical the vertical force and the horizontal alld 

2.3.1). All reaction force variables were 111 
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THE APPI OF CLINICAL GAIT ANALYSIS TO RUNNING INJURIES 

5. 

5.1. 

5.1.1. 

runners were 
of the runners had a of neurological 

that may influence the 

5.1 Running 

All runners habitually wore running shoes for all 
UK. At least two runners wore semi-rigid 

of the runners III 

5 I. I,ower 

Ten (10) and seven (7) runners were identified to have neutral 
None ofthe runners had 

al 

of 
All 

study. None 
illnesses or 

shoe size or 
activities. None 

on the second day (3.9±0.S m/s) or1he consecutive clay 
than the first (3.8:tO.5 m/s) 0.031). The Imeanl:SDI 

I11/s). 

'fhe Pearson's Product Moment Correlation Coeilicients were 
retest variables of both the consecutive and same the 

I ). 

Table 1. Repeatability of temporal-distance variables in the consecutive and 

In the 
0.83 
0.84 

components. 

p-

0.001 
0.004 
0.000 

0.84 
0.96 
0.97 
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p- value 

0.027 
0.000 
0.000 

marker dISr)lac:ernent (m) [VHDsp], Stnde 
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Table 2. Comparison of temporal-distance variables between re [ and 
after [Af] variables of the consecutive( (n= 10) and same day (s) (n= 7) 
components 

VHDsp 
StrideLn 

0.75 

0.09 ± 0.03 
0.38 :t 0.11 
2.20 ± 0.55 

0.01 
O'()OO) for the same 

0.1O+. 0.03 
0.39+ 0.14 
2.22* 0.71 

0.08± 0.02 
0.35± 0.07 
2.08± 0.40 

r-valucs ofthc ground reaction 
r-values 

0.08± 0.02 
O.35t O.OS· 
2.10± 0.39 

0.873 
0.924 
0.788 

Table 3. Re bility of the ground reaction forces in the consecutive and 
same day components 

Consecutive 

HBF 0.86 0.001 0.92 
HPF 0.93 0.000 0.96 
VIF 0.75 0.012 0.97 
VLR 0.75 0.012 0.97 

force 
Veltical force loading rate (BW/s) LVLR], Vertical 

There were no differenl.:cs between the HBF, I IPF, VLR and VPF 
The VIF on the (V [F: I.S8:±O.28 

(p<O.05) of the consecutive 
reaction forces of the same day 

p- value 

0.003 
0.001 
0.000 
0.000 

(BW) 

Table 4. Comparison n before [ and after ground reaction forces 
in consecutive (c) (n::::: 10) and same day (5) (n= 7) components. 

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

HBF 
HPF 
VIF 
VLR 

0.303: 0.08 
0.20± 0.05 
l.4S:! 0.26 
58.2:llO.4 

The kst-relcst and 
component of the study 

0.32± 0.08 
0.20-1: 0.05 
1.581: 0.28 
S7.9:± 10.5 

values for the knee and ankle 
0.000) for the same oftllC 
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0.23± 0.05 
0.17± 0.02 
1.25:1: 0.18 

0.24± 0.07 
0.16± 0.02 
1.27± 0.22 
50.91 9.0 

p- value 

0.881 
0.643 
0.634 
0.632 

of the wnseeutive duy 
The test-retest 

to 0.97 

One of 
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THE OF CLINICAL GAIT ANALYSIS TO RUNNING INJURIES 

Table S. Re bil of the joint angles in consecutive and same day 
com nents. 

r-
-""""-""-"-~"-"""-"'."~--" 

KswF 0.88 
KswE 0.81 
Kic 0.95 
Kst 0.92 
Asw 0.93 
Aic 0.86 

wc.:re Ill) 

study. 

p- Same 

0.001 0.81 
0.004 0.96 
0.000 0.97 
0.000 0.93 
0.000 0.95 
0.001 0.95 

Table 6. Com rison between before [ and after int angles in the 
consecutive ( ) (n= 10) and same day ( ) (n= 7) components 

KswF 
KswE 
Kic 
Kst 
Asw 

82.4± 6.2 
11.91 5.7 
18.6+- 5.1 

83.6± 3.6 
13.7± 6.2 
19.0J 4.5 
39.8± 4.0 
-5.5± 7.2 
-3.8+ 7.0 
21.41: 2.7 

initial supporting surface contact 
(0) [Asw], Ankle angle at initial 

0.270 
0.151 
0.402 

83.8-.!: 2.8 
19.9± 3.8 
24.614.1 
43.8± 4.9 
-9.3614.1 
-7.93± 4.06 

83.6:1: 3.8 
19.7± 4.3 
2.5.2:1: 3.4 
43.8± 5.5 
-8.7914.3 
-7.19± 3.76 

in swing 
in midstance (0) [Kst], Ankle 

nnrli'Tlrlr' surface contact Ankle 

value 
0.783 
0.599 
0.187 
0.941 
0.310 
0.185 

at 

There 
or tile 

at 

In the the r-values 
from r= 0.82 

0.0 I to 0.94 0.00 I ) 
to 0.96 0.0(0) for the same 

6. 

The main were lhat the test-retest correlation of thc data collected 
n'om the runners in the of the study that was ill a and 

1000111 there were 110 between the data of the test 
sessions within this of the 
data collected in the component of aeross consecutives days was 

0[' the betwccn the test sessions within this 
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7. 

r-
- -.~" ... ----'---'~-~.-.--.- - -... --------~"' 

KPA 
KPG 
APA 
APG 
EKW 
CKW 
EAW 

Knee power 

0.88 
0.79 
0.87 
0.94 
0.84 
0.75 
0.80 

power and work in 

p-

0.001 
0.006 
0.001 
0.001 
0.002 
0.012 
0.005 

of ::>n:"'l<",C variables 

0.023 
0.024 
0.000 
0.005 
0.028 
0.022 
0.003 

(Watt/kg) [APAL Ankle power (Watt/kg) [APG], Eccentric knee work (J/kg) [EKW], Concentric knee 
work lCKW], Eccentric ankle work (J/kg) [EAW], Concentric ankle work 

The CAW on the IIrst 0.15 was than on the second 
0.014) There were no dilTerenccs in the power and work between the 

lOOOm run of 1he 

rison of before [ and after [Af] joint power and work in the 
and same day (s) components. 

KPA 5.98± 1.63 5.89:+ 1.34 0.756 6.40+ 2.36 6.43:1:: 2.02 0.946 
KPG 6.4Lt 2.16 6.44L 2.78 0.602 6.1O± 2.14 6.33± 1.70 0.641 
APA 6.54:+ 2.02 6.75J 2.14 0.786 5.69± 1.51 5.74± 1.34 0.801 
APG 7.57·i~ 2.16 7.63:1 2.49 0.684 7.14+ 1.95 7.20j 1.83 0.834 
EKW 0.31i~ 0.11 0.321: 0.12 0.593 0.37J: 0.15 0.371: 0.15 0.949 
CKW 0.44:1 0.11 0.42::+ 0.11 0.624 O.4n 0.17 0.49.1 0.13 0.683 
EAW 0.38L 0.13 0.41+0.10 0.307 0.39± 0.11 0.39+ 0.09 0.880 
CAW 0.43:1: 0.15 0.3Rt 0.14 0.014 0.4ll: 0.12 0.46± 0.10 0.875 

power 
IAPA], Ankle power 

work (JJkg) [CKW], Eccentric ankle work (J/kg) 

will focus all the simi and 
10 the of the results. The two 

that they both llsed a lest-retest 'Wn.t,H"" 

The same number of 
JIl all manner. 
cOll1mon 10 botl! 
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KPA 
KPG 
APA 
APG 
EKW 
CKW 
EAW 
CAW 

One 

0.79 

7.5/"t 2.16 
0,31+ 0.11 
0.44.1. 0,11 
0.381 001.3 
OA3+ 0.15 

and \\'ork in 

0.006 
0.001 

and arter [~ll~fJ 

1,63+ 2,49 
0,3210.12 
0,421 0.11 
0,41+ 0.10 
038L 0.14 

0.602 
0.786 
0.684 
0.593 
0.624 
0.307 
0.014 

51 

7.14+ L9S 
0.37J: 0.15 
O,4n 001.1 
0.39± 0 .. 11 
0,471: 0.12 

1.201 L83 
0.37+ O.lS 
0.49.1 0013 
0.39+ 0.09 
0.461 0.10 

Ankle power 

variabies 

he 

0.801 
tL834 
0.949 
0.683 
0.880 
0.875 

Concentric knee 
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TUE OF CLINICAL GAIT ANALYSIS TO RUNNING INJURIES 

between the test sessions of consecutive 
appears that the running specd selected by the 

consecutive may account for the 
d reaction It is ullclear 
what the reasons were for the increase in self-selected Ilowever, 
it appears the 

to its subjective nature. 
with the 

same day and 
rcllective markers remained attached to the runners 

011 the second 

rllnner 
kinemal ics and 
account fiJr 

shoe 
in the 

1983; Dixon ct aI., 20(0). 

the higher sclf­
may be due 

reaction are 
of the centre of mass of the 

reaction force as well as 
retro-reflective marker attachment may 

orthe . Differences in 

surii:lcc was consistent across both test in style from heel-toe to l1lidfoot 

7. 

studied. 

8. 

As a result orille 

with a reduction in the magn itude of the vertical 
1\11 runners were to maintain a 

did not appear ,."''''''''''' 
reaction forces. 

variables 
runners at self-selected 

of 

of 
studies that 
of whether the 

The effect of 
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Two Effect of foot-type, age and 

t s 

1. 

(60) male and lema Ie I runners, [rangeD, 75.7+ 13.7, 149 lo 

1151 1.761: r 1.54 to 2.011 Ill; age: ]4.9+ 13.1, l18 to 701 
deformilyand were recruited. The runners were recruited from local clubs in 

of South 
h{\1rcof"r\! at SS {SA. 

Africa out at 1 nst itllte 
was completed in the Gait 

59 
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THE APPLICATION OF CLINICAL GAIT ANALYSIS TO RUNNING INJURIES 

consent 

was Infi:mned consent a.o; 
of the University of Town was 

obtained from a II runners 

same standard 

3. 

1. 

2. 

] 

4. 

age, 
was selected for all tcsts. 

5. 

of tile knee 
of stance. 

ankle power 

111 

supinated and neutral 

and work 

a commercial statistical 
program manual J. 

cohort of 

Tile ll1ean~tS D for tile is 3.HO.S mis, 2.2-4.8 

There are no differences in the age, mass and height between the runners in each oCtile 
groups Crable I). The and arc 

in Table 2. Mass p= 0.004) and (1""'-' 
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Two 

poe 
and age. 

Table 1. 

There are no 

Table 2. Relationship between 

Mass p= 0.000 

and 

and mass, 

III of the three foot-

Table 4. 
running s 

between the ground reaction rces, and age, a 

r:-= -0.341, p= 0.006 
r= p= [1037 
r= -0,005, p= 0.997 

p= 0.659 

61 

r= 0.677, p= 0.000 
p= 0.000 
p= 0.000 
p= 0.002 
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There were no ficant differences in 
belween the foot-type groups 

Table 5. Comparison 

KswF 84.31 3.8 

KswE 
Kic 
Kst 
Asw 
Aic 
Ast 

18.4± 6.8 
23.5::+.5.8 
43.71: 4.7 

17.l± 6.0 
23.0± 5.1 
42.9± 6.1 

21.9± 5.3 
2S.4± 5.2 
46.5± 6.9 
-11.9± 4.8 
-10.1± 3.9 
-24.8± 3.4 

stance phase knee and ank Ie 

Knee angle at 
initial supporting surface contact [Kic], Knee 

(0) Ankle at initial surface contact (0) [Aic], Ankle angle in midstance (0) 
No significant differences between the test conditions. 

The relationship between knee and and 
in Table G. The ankle is more at surface contact 

and stance 0.319, p= 0.0 II) with an increase in running speed. The 
knee is morc extended in stance p= with Then; are 110 

other between the knee and ankle H1 

stance increases with age between age and 
filly of the other knee variables. Taller runners are associated with a 
knee Jlexion in terminal at initial contact with 

0.257, p 0.042). There arc no associations between any other knee 
ankle juint variables 
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Table 7. Comparison 

KPA 
KPG 
APA 
APG 
EKW 
CI0N 
EAW 
CAW 

6.79:t: 1.68 
6.58:1 1.62 
5.89; 1.76 
7,45t 1.35 
0.391 0,12 
0.51±. 0,11 
0,37± 0.12 
0.471 0.07 

6,08± 2.15 
6,751: 2.50 
6,22:1 1.84 
7,23i 1.86 
0,34i 0,14 
0,50t 0,16 
O,4Lt 0.15 
0,46± 0,13 

6,69t 1.47 
4.71:t 0,27 
4,83t 0,98 
5.92J 1,45 
0.42t 0.14 
0.43:t 0.10 
0.34± 0.06 
0.42t 

Effect of ,,,,,,-_r,,,,,, age and running speed 

Knee power absorption (Watt/kg) [KPA], Knee power generation power 
(Watt/kg) Ankle power Eccentric knee work (J/kg) [EI0N], Concentric knee 
work Eccentric ankle work Concentric ankle work 

No differences between the test conditions. 

and selected ankle and knee and ankle 
p= 0.000) and 

knee work 
0,] pccc (j,002) 

have an 

Table 8, Relationship between age, height and running s 
and work (n= 60) 

and joint power 

KPA r= p= 0,008 

APA r= -0.370, p= 0.004 

KPG r= p= 0,044 

APG roo p"" 0,042 

EKW r=-0,243, p= 0,064 

EAW r= p= 0.028 

CKW 

6. 

Height 

r= O. p= 0.164 

r= 0,059, p= 0,658 

r= 0,030, p= 0.820 

r= p= 0,665 

r"" 0.190, p= 0.150 

r= p= 0.568 

r= -0.080, p= 0.546 

r= 0.582, p= 0,000 

r= p= 0.002 

r= p= 0.003 

r::::: p= 0.005 

r= p= 0.025 

r= 0.058, p= 0.664 

'rile Inain is an in IS 

ill] increase in the of the ground reaction a change in knee and ankle 111 

stance, and an increase in the power work at the knee Age is associated a 
reduction in the reaction ankle in stance, and a reduction in the 
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6.1. 

THE APPLICAnON OF CLINICAL GAIT ANALYSIS TO RUNNING INJURIES 

and work at the knee and ankle. Foot-type does not have an ell'ect on the 
variables, 

within a known time interval. TI\<..: 
2m/s (Voloshin, 20(0). At the other 

cxtreme of the 
of 5.08 m/s for the duration ofthe race 

this m/s] rprl1'p,,,' 

achieve during training and 
whether has a 

to maintain a 
selected in 

4) with running 
The GRF variables that 

of stallce include force (HPF) and 
force (VPF). 'rhe lalter two GRF the force 

fiJrward propulsion. In this the mcan VPF is approximately 13.4 times the 
IIPF, and similar to that earlier et I An incrcase in the 
the HPJ.' and VPF with a IS with that ill the 

Wit et aI., 2(00). It may be obvious to thc observer that 
of1en differ in both stance and 

study, a cross-sectional 
This is in contrast lo the 
evolution of limb 
popUlation (Mann I 

increase in (Mann and 
knec flexion contact with an increase tn 

I was not [()lmd in study. Rather 
in was fiJlmd. Some of the 

earlier studies may be due to In Ihis 
population a range of abilities was used. 

of the earlier researchers that studied the 

ankle increased at initial foot contact and was in stance 
Initial foot contact with the ball of the foot rather than heel at greater 

of 
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Two Effect of age and running speed 

1993). Similar 
Knee power 

the 

. . 
energy IS 111 

load) rather muscular (there no 
energy is released and measured as 
values do not mirror power 

The stress to is reduced with an """ro·,~ in age of the runner 
11 smaller force as evidenced by the power and work values at the knee and 

10 the ground. This is associated 
in stance with age. The 

progressive atrophy with age 
at the heel may encourage runners (0 

reduce stress to the musculotendinous 
with age. 

The 
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Three Effect of 

e on 

l. 

The accuracy of an assessment of 
to 

gait 
two or more runner pOpl! lations for 

to identify funning variables that may assist in the 
risk of illj ury in female runners. 

The runners in this study were 
. All rUllners were 

out at the 
ten (10) runners 

(60) described in the 
South 

height (male: 1.7l:i 0.03 111, female: 
3.00:i 0.59 

IS 

were 
The male runners 

(64.56J8.97 
than the female runners 

of three times 
36.62±19.09 

race 
female: 51.71{6.45 p= 

consent 

as to the nature of the 

All runners 

Informed 
the University of 

a standard 
run on the indoor-tartan 
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and their relevant concerns 
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THE OF CLINICAL GAIT TO RUNNING INJURIES 

3. 

The variables that were the male 

I. 

reaction fi:m:es: rate (I3W/s) and magnitude 
peak value, the magnitude of the propulsive in the vertical 
directions the horizontal force 

3. .!oint 

4. 

4. 

5. 

']'here were no 
male and female runners 

1·""(H't,·,,·~ after correction fiJI" 
runners to 

0.11+ 

initial 

of the knee and power 

to 

between male 

foot vertical oscillation and 
I ). were there any 

There was a 
corrected for 

Table 1. Comparison of tem ral-distance variables 
ru nners. 

StrideLn 

VHDsp 

StrideLn/LL 

(n=lO) 
----

2.11± 0.18 

0.4l:J: 0.07 

0.11± 0.02 

2.42:t: 0.28 

Male (n=10) 

2.29± 0.27 

0.45t 0.08 

0.10::1: 0.02 

2.53± 0.36 

p= 0.102 

p== 0.257 

p= 0.102 

p== 0.474 

p= 0.533 
p= 0.057 

c.:nl::.rl>I'Y'I>nt (m) [VSDsp], Stride length/ leg length [StrideLn/ 
Vertical sacrum marker leg 

differences between male and female runners 

68 

runners were: 

(rn), and 

vertical force at 
and horizontal (BW) 

surface contact and 

and work 

program manual I. 
of means of the 
runners. The stat 

body oscillation between 
in the 

n male and female 
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Three Effect of 

There were no GRF in the reaction between male and runners 

Table 2. Comparison of e ground reaction forces between male and female 
runners. 

HBF 
HPF 
VIF 
VLR 

Female 
O.23± 0.05 
0.18+ 0.04 
1.21± 0.23 
43.4J:: 7.2 

0.22 J 0.05 
O.lS± 0.04 
1.27+ 0.17 
50.6± 10.4 

p= 0.739 
p= 0.165 
p:::: 0.521 
p= 0.088 

difference male and runner reaction forces 
Horizontal braking force (BW) [HBF], Horizontal propulsive force (BW) [HPF], Vertical impact force peak 

Vertical force rate (BW/s) [VLR], Vertical force (BW) [VPFJ 

The assumes a more [lcxed 

than runners (16.2±3 

contact in male 
1). All other knee and 

runners. 

There were no other differences in work and power between male and 

'111 

mall-

runners. 

n"'~I'C'nn of knee in between male and female runners 
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KswF 85.H 2.6 85.6t 1.5 p= 0.597 

Kic 22.S!: 4.2 27.0:t 3.7 p= 0.020* 

Kst 44.9.± 6.1 46.6± 5.2 p= 0.527 

Asw -8.H 9.8 -9.9:! 5.6 p= 0.614 

Aic -6.81 8.3 -8.21 5.4 p= 0.650 

Ast -25.6± 2,2 -24.4± 3.4 p= 0.355 

* 
[Kic], Knee angle in midstance 

surface contact 

o. 

1::"::' • 
. .:.< 

H 
0 IJ5IJ 
~ 

.!:i 
tJ 
r, 
<:J 
U 
u 
U 

o :! 
<:J 
:J 
c:: 
~ 

O.()(j..L ___ ..L __ ,· ___ ·L .............. . 

f"cll1ali..' male 

Figure 2. of knee eccentric male and runners. No signi 
eI i florence between female runners, p= 0.381 

Table 4. Comparison of 
runners. 

nt power and wo between male and female 

KPA 
APA 
KPG 
APG 
EAW 

CKW 
CAW 

6. 

The 

Female 

7.12:1 2.45 

5.94t 2.00 5.8Lt 1.74 

7.561: 2.57 6.13± 1.36 

7.461.0.90 7.0h 2.54 

OA2:!: 0.17 0.39± 0.13 

0.5910.14 0.50:t: 0.10 

0.51:1 0.07 0.461: 0.15 

difference between male and female runners 
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p= 0.116 

p= 0.874 

p= 0.137 

p= 0.658 

p== 0.607 

p= 0.116 

p= 0.338 

vertical 

Knee power 
work 

THE APPLICATION OF CLINICAL GAIT TO RUNNING INJURIES 

KswF 85.H 2.6 85.6t 1.5 p= 0.597 

Kic 22.S!: 4.2 27.0:t 3.7 p= 0.020* 

Kst 44.9.± 6.1 46.6± 5.2 p= 0.527 

Asw -8.H 9.8 -9.9:! 5.6 p= 0.614 

Aic -6.81 8.3 -8.21 5.4 p= 0.650 

Ast -25.6± 2,2 -24.4± 3.4 p= 0.355 

* 
[Kic], Knee angle in midstance 

surface contact 

o. 

1::"::' • 
. .:.< 

H 
0 IJ5IJ 
~ 

.!:i 
tJ 
r, 
<:J 
U 
u 
U 

o :! 
<:J 
:J 
c:: 
~ 

O.()(j..L ___ ..L __ ,· ___ ·L .............. . 

f"cll1ali..' male 

Figure 2. of knee eccentric male and runners. No signi 
eI i florence between female runners, p= 0.381 

Table 4. Comparison of 
runners. 

nt power and wo between male and female 

KPA 
APA 
KPG 
APG 
EAW 

CKW 
CAW 

6. 

The 

Female 

7.12:1 2.45 

5.94t 2.00 5.8Lt 1.74 

7.561: 2.57 6.13± 1.36 

7.461.0.90 7.0h 2.54 

OA2:!: 0.17 0.39± 0.13 

0.5910.14 0.50:t: 0.10 

0.51:1 0.07 0.461: 0.15 

difference between male and female runners 

70 

p= 0.116 

p= 0.874 

p= 0.137 

p= 0.658 

p== 0.607 

p= 0.116 

p= 0.338 

vertical 

Knee power 
work 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Study Three 

of two or lllorC runner 
at initial contact and low load 
lower limh 

III 

7. 

H. 

The ied in the comparison of 
on the variahlcs 

71 

of 

in termillal and 
the 

Study Three 

of two or lllorC runner 
at initial contact and low load 
lower limh 

III 

7. 

H. 

The ied in the comparison of 
on the variahlcs 

71 

of 

in termillal and 
the 



Univ
ers

ity
 of

 C
ap

e T
ow

n

1. 

THE APPUCA110N OF CUNICAl GAIT TO RUNNING INJURIES 

runn 

inserts may be 
shoes encourage 

for contact with the 

on SLS var 

runners are 
movement or the 

and in which orthoses 
tix the treatment and of injury et a I., 

the runner to extend the knee and dorsif1ex the ill 

surface when compared with 
e1 al., 20(0). The of the heel and rcduction in loot discomr('rt 
all()f(\cd by 

the alteration in 
1hc or 

shoes ill the treatment of 
of shoes on the 

with di tTerent shoes to 

from a well runner clinic at the 
for the study. 

consent 

Thc Research of 
and informed consent was 

72 

Town 

male recreational 
Institute of South AII-ica 

for the 

1. 

THE APPUCA110N OF CUNICAl GAIT TO RUNNING INJURIES 

runn 

inserts may be 
shoes encourage 

for contact with the 

on SLS var 

runners are 
movement or the 

and in which orthoses 
tix the treatment and of injury et a I., 

the runner to extend the knee and dorsif1ex the ill 

surface when compared with 
e1 al., 20(0). The of the heel and rcduction in loot discomr('rt 
all()f(\cd by 

the alteration in 
1hc or 

shoes ill the treatment of 
of shoes on the 

with di tTerent shoes to 

from a well runner clinic at the 
for the study. 

consent 

Thc Research of 
and informed consent was 

72 

Town 

male recreational 
Institute of South AII-ica 

for the 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Four of with shoes 

shoes were of 
same model and of 

I) was commercially marketed 

7.3 

of the thirty-five (35) runners be 
the two of 

'lJoullol" 

"Pronoied" runner ..... ~--~Ar)pl()priote" -"""""ilO'\f'lll-pronono funning sliDes 
molch 

7.1. 

A 

and the most amount of 
limits of the 

73 

Four of with shoes 

shoes were of 
same model and of 

I) was commercially marketed 

7.3 

of the thirty-five (35) runners be 
the two of 

'lJoullol" 

"Pronoied" runner ..... ~--~Ar)pl()priote" -"""""ilO'\f'lll-pronono funning sliDes 
molch 

7.1. 

A 

and the most amount of 
limits of the 

73 



Univ
ers

ity
 of

 C
ap

e T
ow

n

THE 

0 No at all 

O.S Just noticeable 

1 

2 

3 

4 

5 

test cond itions. 

7. outcome 

OF CLINICAL GAIT ANALYSIS TO RUNNING III.JJURIES 

6 

7 

8 

9 

10 Almost maximum 

* amount of 

were 
scores of the initial test conditions 011 of successive 

The variables that were ('('\,eyjn<wc·'t1 group across barefoot shoe 
conditions were: 

1. 

2. 

J. Joint power and work: the of the knee ankle power work (./) 
and propulsive 

4. The mtillJ1, of 

4. 

outcorne were statistical 

5. 

were no significant 
l11/s), LSh 1 (J.03:J: m/s) 

STA TlSTICA for Windows 

in the mean running 

LSh2 (3'(J3± 0.37 

74 

n"llnf{'{'r'O the barefoot (3 '<.131 O. 
running conditions 0.(41). There 

THE 

0 No at all 

O.S Just noticeable 

1 

2 

3 

4 

5 

test cond itions. 

7. outcome 

OF CLINICAL GAIT ANALYSIS TO RUNNING III.JJURIES 

6 

7 

8 

9 

10 Almost maximum 

* amount of 

were 
scores of the initial test conditions 011 of successive 

The variables that were ('('\,eyjn<wc·'t1 group across barefoot shoe 
conditions were: 

1. 

2. 

J. Joint power and work: the of the knee ankle power work (./) 
and propulsive 

4. The mtillJ1, of 

4. 

outcorne were statistical 

5. 

were no significant 
l11/s), LSh 1 (J.03:J: m/s) 

STA TlSTICA for Windows 

in the mean running 

LSh2 (3'(J3± 0.37 

74 

n"llnf{'{'r'O the barefoot (3 '<.131 O. 
running conditions 0.(41). There 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Four 

(3.04J 

HBF 

HPF 

VIF 
VPF 

c; 

runnll1g 
m/s) fc)oHypel runn 

0.l7± 0.04 
1.3H 0.20 
2.251 0.23 

* 

0.1S:t 0.04 
1.53± 0.22 
2.27:t 0.22 

0.22:1: 0.05 

0.1S± 0.04 
1.S2± 0.34 

barefoot 1 ,S)' 1 J.Sh::' 

Effect of 

(3.00t 0.37 ll1/s) and 
0.068). 

0.30 
21.82 

18.13 
1.84 

0.741 

0.000* 
0.000* 
0.176 

with shoes 

Vertical impact force at 25ms 
Vertical force 

r-"'n"~"i,,,,n of the rate of the vertical impact force between the barefoot and running shoes 
" <:;;no,ifir';:,nt'h, different from LShl and p= 0.000 

75 

Four 

(3.04J 

HBF 

HPF 

VIF 
VPF 

c; 

runnll1g 
m/s) fc)oHypel runn 

0.l7± 0.04 
1.3H 0.20 
2.251 0.23 

* 

0.1S:t 0.04 
1.53± 0.22 
2.27:t 0.22 

0.22:1: 0.05 

0.1S± 0.04 
1.S2± 0.34 

barefoot 1 ,S)' 1 J.Sh::' 

Effect of 

(3.00t 0.37 ll1/s) and 
0.068). 

0.30 
21.82 

18.13 
1.84 

0.741 

0.000* 
0.000* 
0.176 

with shoes 

Vertical impact force at 25ms 
Vertical force 

r-"'n"~"i,,,,n of the rate of the vertical impact force between the barefoot and running shoes 
" <:;;no,ifir';:,nt'h, different from LShl and p= 0.000 

75 



Univ
ers

ity
 of

 C
ap

e T
ow

n

THE OF GAIT ANALYSIS TO RUNNING INJURIES 

HBF 0.22± 0.04 

HPF 0.14:1:: 0.03 0.750 

VIF 1.5H 0.33 1.50-1 0.35 0.939 

VLR 35.6± 9.2 35.6± 9.6 0.977 

VPF 2.27t 0.22 2.21± 0.45 0.334 

No difference between LSh 1 and LSh2 

The ankle was more 
LSh2 (-18.61: 

The 

KswF 8S.4± 2.4 

KswE 19.9:L 5.9 

Kst 44.4:1 4.5 
Asw -10.8:1: 4.4 

-9.Ol4.0 

* 

Knee 

8S.6± 2.7 8S.4± 4.5 0.979 
18.7± 7.0 18.0t 6.8 1.403 0.253 

45.215.2 42.7:l: 7.8 2.489 0.091 
-19.0± 5.2 -18.6± 3.7 47.637 0.000* 
-17.5± 5.0 53.908 0.000* 

0.000* 

76 

THE OF GAIT ANALYSIS TO RUNNING INJURIES 

HBF 0.22± 0.04 

HPF 0.14:1:: 0.03 0.750 

VIF 1.5H 0.33 1.50-1 0.35 0.939 

VLR 35.6± 9.2 35.6± 9.6 0.977 

VPF 2.27t 0.22 2.21± 0.45 0.334 

No difference between LSh 1 and LSh2 

The ankle was more 
LSh2 (-18.61: 

The 

KswF 8S.4± 2.4 

KswE 19.9:L 5.9 

Kst 44.4:1 4.5 
Asw -10.8:1: 4.4 

-9.Ol4.0 

* 

Knee 

8S.6± 2.7 8S.4± 4.5 0.979 
18.7± 7.0 18.0t 6.8 1.403 0.253 

45.215.2 42.7:l: 7.8 2.489 0.091 
-19.0± 5.2 -18.6± 3.7 47.637 0.000* 
-17.5± 5.0 53.908 0.000* 

0.000* 

76 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Four 

* 

b~H:f()ot LSh 1 j,Sh2 

of at initial contact UCl.VVC:'CI barefoot and shoes 

KswF 85.31: 4.5 

KswE 18.0J 7.7 

Kic 21.6J 8.8 

Kst 43.7J 8.0 

Asw ··19.0± 4.8 
Aic -17.6i 5.0 

Ast -26.S}: 3.9 

flexion angle 
contact (0) 

p= 

85.7± 2.8 
18.7J. 6.0 

21.9t5.7 
44.3± 5.1 
-18.6:L 4.3 
-17.2:14.2 

-27.4± 2.8 

at initial 
dm,ifir';;mt differences between LShl and 

generation was 
there was no 
conditions (F-ratio 
0.13 and LSh2 
p~ 0.0(0) 4). 

and foot-

p- value 

0.716 
0.633 
0.816 

0.672 
0.743 
0.654 
0.352 

Knee at 
in terminal swing 

in midstance 

5.47, pc"" 0.0(6). Greater ankle power 
lhan LSh 1 1.23 

in the I 
0.13 J/kg) (F-ratio c. I 

77 

Four 

* 

b~H:f()ot LSh 1 j,Sh2 

of at initial contact UCl.VVC:'CI barefoot and shoes 

KswF 85.31: 4.5 

KswE 18.0J 7.7 

Kic 21.6J 8.8 

Kst 43.7J 8.0 

Asw ··19.0± 4.8 
Aic -17.6i 5.0 

Ast -26.S}: 3.9 

flexion angle 
contact (0) 

p= 

85.7± 2.8 
18.7J. 6.0 

21.9t5.7 
44.3± 5.1 
-18.6:L 4.3 
-17.2:14.2 

-27.4± 2.8 

at initial 
dm,ifir';;mt differences between LShl and 

generation was 
there was no 
conditions (F-ratio 
0.13 and LSh2 
p~ 0.0(0) 4). 

and foot-

p- value 

0.716 
0.633 
0.816 

0.672 
0.743 
0.654 
0.352 

Knee at 
in terminal swing 

in midstance 

5.47, pc"" 0.0(6). Greater ankle power 
lhan LSh 1 1.23 

in the I 
0.13 J/kg) (F-ratio c. I 

77 



Univ
ers

ity
 of

 C
ap

e T
ow

n

THE OF CLINICAL GAIT TO RUNNING INJURIES 

Barefoot 
-'~-'~~'''''''''''~~'--'--''-'-"~-----~'''-----'---'--''--

___ ~_. ___ . ____ ~_, _______ ~._.~~ .. _"_.e_. __ .. _~"' __ ' ___ "_, __ ~ __ 

KPA 6.4L+1.96 7.9B±1.96 8.02:±-1.85 18.06 0.000* 

APA 5.49J:1.81 5.0011.15 5.23i::1.23 2.61 O.OBO 

KPG 6.08:L 1.97 6.73J1.96 5,47 0.006* 

APG 6.80±1.B7 S.09±1.23 5.61±1.35 22.06 0.000* 

EAW 0.36t 0.13 0.33::!: 0.07 0.341: 0.07 1.19 0.312 

CKW 0.48± 0.14 O.SO± 0.10 0.S2± 0.11 1.81 0.171 

CAW 0,44t 0.11 O.34± 0.07 0.38+: O.OB 14.73 0.000* 

* Significantly 
Knee power absorption (Watt/kg) Knee power 

[KPGI, Ankle power (Watt/kg) [APG], Eccentric ankle work [EAW], Concentric knee 
work (J/kg) [CKW], Concentric ankle work (J/kg) [CAW] 

,"\",rlcnn of knee eccentric work between barefoot and shoes 
iffo,'nnt from LSh 1 and p= 

eccentric and concentric knee work between the three test 

conditions. The work was in the barefoot (0.44:t: 0.11 with 

LSh I LSh2 (0.3S± 0.08 J/kg) = 1 p= 0.0(0). There were no 
knee and ankle power and work differences the LSh I and LSh2 The 

and work variables at the knee and ankle were 
shoe-type 

1.37 

0.98) and 

contact, knee 
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centre of mass 
of mass, due to a change in orientation 
directioll of the reaction fiJrce and "'~Il~",m 

knee nnd ankle. The model 
110t to 
A hypothetical 

is proposed below in the context of 
foot arc described to contact the 
employ the impact 
J n a Foot that is inHexible 

centre or mass of 

docs not support the lise 
Ilowever, the usc of "windows" in the uppers 
considered tt)!" future studies in this 

7. 

8. to 

of the cent re 
may influence tlli: 

of thc lever arms at the 
IS 

in stance. 
and variables of this 

in the literature. Runners with a 

invasive kinematic 
shoes is an area 

characteristic on 
are distinct from that of barefoot 

appears to bc to the of 
to shod conditions. A model that 

the central nervous 

[n the shoes are associated power and 
with bare root (n the cfted of lIsing 

on "normal" runners is with the erfect on runners unknowll. 
Therefore it would be to assume that shoes arc a risk for injury and disregard 

clinical of the of shoes fi.JI" injury 
1986). Therefore, the merits of barefoot in the 
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Five Effect of soft orthoses 

1 Test conditions to evaluate the effect of soft orthoses on and variables 
Barefoot condition (Bf), Standard insoles 25 Shore A soft orthoses 50 Shore A soft orthoses 

55 Shore A 'EVA soft orthoses 

the f~lmi I iarisat ion 

3. 

2. 

4. 

4. 

a 

outcome 

program 
difTcnmces between the test 
of 

All 

for group across the baref()ot and solt orthoses 

of the knee and 
or stance. 
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5. 

were similar between the barefoot (3.00:.!: 0.44 m/s), I (3J)lt 0.54 

(3.0St 0.46 50SA (3.03::t 0.43 m/s) and 55SA (3.02J 0.46 m/s) runlling 
0.218, P'o 0.927). 

The HPF barefoot (O.16:t O.OS 25SA (0.16:1: 0.03 led 0.03 BW) and 55SA 

(O.16± n.03 were greater the LSh I (0.14± 0.03 3.1 
0.026) 8.1). The rate 

IF 0.0(0) was significantly in 
vrr was in the soft: m1hoses than the No 
other dilfercnces in 

55SA F-ratio 
~~--.. -.--~,--.-.----.-----.-- .. ,.--,-,~--.--.---~---------.-~~---.,-,-~--~-----""-~~-.. "--..... ~~-.-~.->-~--------"------.~,,-
HBF O.21± 0.04 0.211 0.05 0.21± 0.05 0.22:1 0.05 0.22± 0.04 0.436 0.782 

HPF 0.16± 0.05 0.141: 0.03* 0.16j 0.03 0.16:+: 0.03 0.16:± 0.03 3.136 0.026 

VIF 1.32± 0.19 1.43± 0.19 1.47± 0.22 l,4S± 0.21 l.4S± 0.19 2.615 0.051 
VLR 47.S::! 9.30* 37.4L 7.2 36.29± 3.6 37.716.7 36.7± 6.7 9.532 0.000 
VPF 2.26± 0.25* 2.31± 0.22 2.36± 0.17 2.37± 0.16 2.38t 0.20 4.115 0.008 

in the barefoot than the son orthoses conditions (F·· 

the individual soft orthoses condition 
in the barefoot than any of the 

F-ratio cc p~ 0.000), 
F-ratio ~~ 

There were 110 other 

The knee power (F-ratio = p= (1.039) and eccentric work 
0'()21) were less ill the bare!()ot than the "son orthoses" condit there not 

3 P"" 
allY di ITerellccs 

the individual "so11 3). The ankle power h<o,-,,'nl,nn (F-ratio == 3 pc 

OJ)] 1 ) and p= 0.000) were 
orthoses" any differences 

p,e 0.0(1) were 
difference between 

p= 0.044) and 
barefoot than "soft 
"soil orthoses" conditions. 
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55SA F-ratio 

KswF 85.6± 2.1 86Si 2.3 86.9+ 1.9 87.5± 1.2 87.3± 1.1 2.136 0.099 
KswE 18.4t: 8.6 18.0+ 8.9 18.0+ 9.7 19.9+ 7.2 18.2± 10.3 0.541 0.707 
Kic 23.h 7.3* 20.41: 7.9 21.9± 8.2 21.3:t 7.9 20.6:1: 9.0 6.746 0.000 
Kst 43.214.8 43.4.L 5.5 44.0L 4.6 43.7± 5.0 43.8± 4.7 0.357 0.838 
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Table 1. Comparison of the demographic variables between 
free runners. 
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Table 2. Inclusion 

II At least 18 years of age at time 
of assessment. 

II have 

.. 
for 

at least one week at the time 
injury. 

II At least one must be 
localised to the 

.. must be 
the time of 

II for the 

Exclusion criteria 

II associated with the 

II Uncertain the 

.. intervention that has been 
instituted for the 

II or 
may 

interfere with the normal running 

of 

runners 

.. At least 18 years of age at the 
time of assessment. 

II Runners should 
recreational 

or activities for a 
not less that one-year. 

II No of 

II Freedom from neurological 
disease or 
that may interfere with the 
normal 

Exclusion criteria 

II runner will be excluded from 
the if any of the inclusion 
criteria are not met 

ami (work) and 
t-test between the AKPS and IF groups. A statistical 

O.OS. 
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5.1. 

at least one year with a 
nll1ll in shoes. There were 

runl1ers between the 

were 
0.276]). 

111 

and were habituated to 

hp~'UlPI'11 AKPS 0.27 IF 0.40 

The loading rate of the furee at the peak magnitude in IF (VLR: 
44.5+9.5 than AKPS 38.1:t7.3 [p= 1). The horizontal 
propulsive force was in IF (0.18:t 0.04 BW) than AKPS (0.15!: OJ)] BW 0.025]) 

No other GRF differences were 

Table 3. Comparison of the ground reaction forces n Anterior Knee Pain 
drome and i 

0.23±0.06 
0.15±0.03 
1.211:0.14 

0.2HO.OS 
0.18±0.04 
1.23±0.21 

Anterior Knee Pain ,,",nr,nrn 

HPF: Horizontal 
force force [BWJ 

There were no d ifterenccs in the and joint between AKPS 

Table 4. Comparison of jOint angles of the Anterior Knee Pain 

AKPS runners IF runners 
KswF 85.21:2.7 84.6±3.3 
KswE 19.4:16.1 18.6±5.0 
Kic 24.5t5.1 22.5±4.2 
Kst 45.2+5.3 44.8±2.9 
Asw 10.414.3 12.7:1::4.7 
Aic 9.21-:4.1 11.5±4.1 
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p= 0.384 
p= 0.025* 
p= 0.643 

IF runners 
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p= 0.232 
p= 0.640 
p= 0.478 
p= 0.592 
p= 0.321 
p= 0.228 
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of the 
loading 

structures at t he knee 
Pain 

study were that rate of force the 
was decreased and the work undertaken by the musculotendinolJs 

work) was in the runners diagnosed with Knee 
(IF) runners similar lower limb 

may be formulated from the resu of 
observed are a true the 

with AKPS and that a low 
within the structures that 
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support of the knee in stance may 
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is similar between AKPS and IF runners, the of the trunk and upper limhs 

in the of the moment arms at knee between the two 
of the trunk and upper limbs may have a role 

of the eccentric work estimated at the knee of the 
body centre of mass kinematic data arc not n'·"N'nl,,·d 
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on 

occur in almost two-thirds of ill! 
multifactorial of 

difficult to treat. The 
III 

the health professional to be 
and inj lIry and have ines as to how to 

that may have an association with 

The first aim of this thesis was to determine the relationship between 
of and common injuries with a view to 

fundamental work 
completed initially. In this 

variables was 

and treatment of 

variables 
To explore these 
of runn style was 

of the selected 

of running age, and sclf~selectcd running 
and the for control of the latter variables in all relevant studies to be 

The objectives to achieve the aims of the thesis are described below with 
to the research milestones achieved. 

1. to 

variables based on those described in the literature were 
of 17 

design. 

2. 

in stance was with 
knee eccentric work 

The power at the knee and 
Oldcr runners minimised the power 

and compared with younger runners. did not have an 
assoc iation of style. and 
wcre hlctorS that were subsequent studies. 
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in two are in nature and may he applied to 
those that have specific reference to studies. 

1.1. 

attributed either to the collection of the 

the runway used to 
The runway was cleven metres in 

plati(lrI11 The run-up to the force 
nml1er accelerate to the desired and achieve a natural 

tha1 this may not have been allthc runners recruited fix the studies. 
,nCWO"N.' between the runners in able to achieve a at the sclf-

within the short run-up to the force platform, may be a 111 c1 or 
of the All runners were however ample to become 

the initiation and acceleration of the run to the sci f-
of the data. These may have limited the 

of style. All 
motion which that 

visual by retrorellective markers 
markers used were light-weight reflective attached or skin. The 

of skeletal structures are used to estimate the 
centres about these. Excessive skin 

movement and excessive vibrations from markers mounted on wands arc known to cause errors 
in of the movement of the ct This may be 
exacerbated by the running activity in more movement over underlying skeleton 

the very nature ofthe data collection process may contribute to errors in the 
The mathematical models llsed to estimate the position of the centres arc 

and a discLlssion is scope of this Suffice 10 say the 
centre is determined from the position ofthe markers 011 the 

of the knee and ankle 
subcutaneous ad ipose tissue may 

and to errors in the 
or the knee and ankle. this concem 

of the 
is acknowledged as a 

kinetic and kinematic variables studied are tcstarnenl to 
placement. '(,hc negative work 

the structures the ('n'H-p"'n('fl 

into a completely 

to ensure accuracy 0 r­
in stance is the amount or 

to the limb fi'Oll1 

this 
valuc is termed eccentric work. The eccentric Jam! work estimated is the nett work at the 

the use of the term "nett" imp] that other work in the structures 
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THE APPLlCATIOI\J OF CLINICAL GAIT ANALYSIS TO RUNNING INJURIES 

The aims of 
group 

are to compare the 

runners 

variables of a 
that of runners, to 

is an variables common to the v:1riolls 

(26) recreational runners with common 

which 

Table A. L 1. 

Age (years) 

llio-Tibial Band Priction 

of the demographic variables 

32.2± 7.1 

1.76t 0.08 

33.4± 11.8 

1.73± 0.09 

74.61 13.7 7L4t 13.2 

2.84:t 0.27 2.96:t: 0040 

n i u and 

"'he I runners were al the time of the assessment and both I and IF runners met the 
relevant criteria J()f the 

consent 

Inf(xmecl consent was fi'ol1l the runners prior to 
approval for 1he study was obtained the 

Towl1. 

assessment 

in the 
of the 

the nU,"I1TV_" I runners, seventeen (17) were referred with a of four 
with ITB, three (3) MTSS and two witb AT. None of the I runners was referred with a 
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nnr,,,nn.Y 1 runners 

to ensure 

The criteria for the specific were as lows: 

IIio-Tibial Band Friction 

.. 

.. The onset of to an acute traumatic and 

.. distance of is worse with 
commences, 0-0,""'"'''''' downhill and 

.. of knee flexion after the knee is extended from flexion 
femoral (Noble, 1979). 

Medial Tibial Stress 

.. 
beneath the which is worse on 
relieved rest (Toulioplous and 

.. is not associated with an acute traumatic and 

.. The 

Achilles'Tendinosis 

.. 

.. 

.. Clinical 

All runners 

group of I runners was 
and kncc and 

the r F 1U11I1CrS with an 

'::>nnr.,ooc of stress fractures of the 

and in onset and assodated 

is not associated with an acute traumatic 

exclude other differential 

In Six. 

power of the I group were 
level of was set. 
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THE OF CLINICAL GAIT ANALYSIS TO RUN NING INJURIES 

The running speeds were 0.27111/s) IF 0.40 m/s [p= 0.176]). 

was 
were no diHcrcnccs ill the other ''''''UfP,,,, the IF and L 

Table A.1.2. Comparison of the ground reaction forces between 
ured 

ury-free and 

HBF 0.2310.05 0.22:+0.05 P'" 0.484 
HPF 0.16::\.0.03 0.18:±:0.04 P'" 0.030* 
VIF25 1.1610.27 1.17±0.21 p= 0.814 
VLR25 40.6110.1 44.8±9.2 p= 0.069 
VIF 1.25JO.17 1.24±0.22 P= 0.799 
VLR 39.8±8.6 44.5±9.5 p= 0.030* 

'" differences between the and 
Horizontal propulsive force VIF25: Vertical 
25ms loadinging rate [BW/s], VIF: Vertical 

groups HBF: Horizontal force [BW], HPF: 
force at 25ms VLR25: Vertical impact forces at 

[BW/s], VPF: Vertical force [BW] 

There were no 
1\.1.3 ). 

in the knee and ankle 

Table A.1.3. Comparison of joint angles between 
runners 

KswF 84.3J:3.8 85.3±2.6 
KswE 19.9::1:6.4 20.S±6.7 
Kic 24.7±6.4 2S.3±5.S 
Kst 46.1+5.4 46.2±S.5 
Asw 12.6:14.5 12.9±13.6 
Aic 11.6t4.1 1O.H4.5 

VLR: Vertical impact force loading rate 

variables hetween the 1 and I F runners 

ured and u 

p= 0.192 
p= 0.623 
p= 0.603 
p= 0.692 
p= 0.641 
po=: 0.428 

Knee flexion angle [KswF], Knee in terminal swing Knee at 
initial suppOlting surface contact (0) [Kic], Knee in midstance 
phase (0) Ankle at initial surface contact (0) 
No difference between and knee jOint 

The in l 
(1.02l]) Crable A.I power absorption was 
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nnrmrliv 1 

were no other 111 

Table A.1.4. Comparison of int power a n u (n=: 26) and 
(n == 43) 

KPA 7.64±L84 p= 
KPG 5.841:1.43 5.87:1:1.77 p= 0.962 
APA 6.42:1:2.12 6.46±1.87 p= 0.620 
APG 7.80±2.1S 7.64±L65 p= 0.373 
EKW 0.4710.13 O.40:W.16 p= 0.023* 
CKW 0.381:0.10 O.38±0.13 p= 0.925 
EAW 0.SOtO.17 O.SO±0.13 p= 0.741 

work. 

5.87+1. 
6A6±L87 
7.64:tL65 
0.40:W.16 
O.38±O.13 

no other m 

ured (n 26) and 
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Thc principles of 
clinical 

1. team 

runner from the care of the 
care to the runner and be a 
runner's 

"j'hc 

The 

The 

a run 

the of 
runner. 

of resu Its 0 f til is senes 0 f team 
of IS 

aetiology and as such should a 
Themu 

mall1 
required to confirm the clinical diagnosis would be 

of the mnner, with the 
A detailed 

An evaluation of the runner's 
would be recorded by 

the of 

"p'n,-,n programme recommended by the team, 
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Aim of the 

Projected 
gait and vidoo 

data 

Digitol Video Dala 

Clinical Data 
(Clinician) 

Present History, 
Clinicoi examinotion 

& decide 

team: 

team is to pjjp"t"fP 

runner 

The aim of tile 
the risk of a recurrence of the injury or the occurrence of another 

of the runner in and 

team: 

• Confirmation ofthc diagnosis oflbe and of 

reduce 
while 

• Recognition multifactorial aetiology of the running injury and ofspecitic 

that may have a role in the ofthc 

• Characterisation or the with III and 

conditions and ohjective laboratory based and determination of whether the 

runner has a running that wou Id benefit from orthoses prescription or 

through either or Pose method running. 

• Monitor the outcome of treatment from acute medical correction of 

running style modification where indicated. 
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• Confirmation ofthc diagnosis oflbe and of 

reduce 
while 

• Recognition multifactorial aetiology of the running injury and ofspecitic 

that may have a role in the ofthc 

• Characterisation or the with III and 

conditions and ohjective laboratory based and determination of whether the 

runner has a running that wou Id benefit from orthoses prescription or 

through either or Pose method running. 

• Monitor the outcome of treatment from acute medical correction of 

running style modification where indicated. 
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First 

Table 11.2 Mu 

Clinician 

Initiate acute 

Determine the 
to treatment 

visit 

Invite runner and 

.ul' .............. runner 

response 

team management plan 

errors 
Document lower limb 

and nature of the 
and n...-.... r ... -,.." 

Biomechanist 

treatment 

First 

Table 1 , 

Clinician 

Second 

Determine 
to treatment 

Third visit 

tlJtll1er 

rnanagernent plan 

Orientation of runner to the 
and errors 
Document lower limb 

and nature of the 
and An-hr ... :oc 

the runners' 
in the field In 

assessment and 
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Fourth visit 

Determine the response of the 
to the treatment 

shoot nrr""".rr.c of running 

Fifth visit 

encountered in the running 
modification programme 

Second of the team to review the 
Make recommendations to the runner and coach of further 

Second 

of the runner 

Allhc second visit, tile mnner's by the clinician to detcnninc the initial 
rcsponSt' to treatment and excl ude The eligibility or the runner to 
in the dynamics should The biokineticist will record the 
runners' of video camera. 'rhe data 
should be collected at RO% of the personal best lOkm race pace and at standard nmn 0[' 

3.5 and 11.5 The runner will then be to a work sufficient to 
induce (iltigne fitness, The runner's will then be 
recorded video recording should be made in both 
the frolltal and coronal will then evaluate the runner in the 
state in the analysis in the first visit will be collected and 
roc,cs~,ca by the biomechanist. The data will be at 80% of the best IOkm race 

pace and at standard running of 3.5 and 4.5 m/s. The be 
formatted in a standard manner for team, 

Third visit 

runners assessment 
1hc history, examination 
The thc currcnt 

team 
of the 

Fourth visit 

Determine the response of the 
to the treatment 

shoot nrr""".rr.c of running 

Fifth visit 

encountered in the running 
modification programme 

Second of the team to review the 
Make recommendations to the runner and coach of further 

Second 

of the runner 

Allhc second visit, tile mnner's by the clinician to detcnninc the initial 
rcsponSt' to treatment and excl ude The eligibility or the runner to 
in the dynamics should The biokineticist will record the 
runners' of video camera. 'rhe data 
should be collected at RO% of the personal best lOkm race pace and at standard nmn 0[' 

3.5 and 11.5 The runner will then be to a work sufficient to 
induce (iltigne fitness, The runner's will then be 
recorded video recording should be made in both 
the frolltal and coronal will then evaluate the runner in the 
state in the analysis in the first visit will be collected and 
roc,cs~,ca by the biomechanist. The data will be at 80% of the best IOkm race 

pace and at standard running of 3.5 and 4.5 m/s. The be 
formatted in a standard manner for team, 

Third visit 

runners assessment 
1hc history, examination 
The thc currcnt 

team 
of the 
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of the runner to 
inj ury. The runner wi II 

style programme to aid in the 
programme may he 

The runner should then be 
if 

Fourth visit 

At a by the to the response of the 
exarnination will be conducted to confirm the 

of the runner and exclude any other The will assess the response 
of the runner to the various interventions and trouble shoot encountered in the 

programme. The progress for the 
and will 

if there 

Fifth visit 

A second of the the 

may be if the response 10 treatment has 
purpose and effectiveness the team 
runners I be in future work. 

of the runner to 
inj ury. The runner wi II 

style programme to aid in the 
programme may he 

The runner should then be 
if 

Fourth visit 

At a by the to the response of the 
exarnination will be conducted to confirm the 

of the runner and exclude any other The will assess the response 
of the runner to the various interventions and trouble shoot encountered in the 

programme. The progress for the 
and will 

if there 

Fifth visit 

A second of the the 

may be if the response 10 treatment has 
purpose and effectiveness the team 
runners I be in future work. 
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