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Abstract

The Extra Load Index (ELI) has been proposed astalde method of assessing the relative economy of
load carriage systems. The purpose of this stua/tey determine, based on empirical evidence tlhieat

ELI can accommodate variations in both body contmmsand added load. Thirty women walked carrying
loads of up to 70% BM at self selected walking siseghilst expired air was collected. In additi@tle of
the women had body composition assessed via DXésuls show that the ELI is independent of body
composition variables, the magnitude of additidoatls and the speed of progression. Consequeily i
suggested that it represents an appropriate methaomparing load carriage systems in both scierdifid
commercial arena.
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50 word statement

We demonstrate that the Extra Load Index (ELIhdependent of body composition, added load anddspee
and is therefore an appropriate method to generatimmparisons of load carriage systems. It has the
advantage of being easily understood by manufastared consumers whilst retaining appropriate sifien
precision.



1.0 Introduction

A number of approaches have previously been takemnwnvestigating the economy of load carriagd. Al
of the methods are based on measurement of exaiiradd calculation of oxygen consumption. Some
studies have reported what might be consideretdider data, reporting oxygen consumption either i
absolute terms (e.g. Chuegal, 2005); relative to body mass (e.g. Lloyd and GodR00a); relative to total
mass (e.g. Baloguet al, 1986) or as energy expenditure calculated frogger consumption using
standard conversion factors (e.g. Magshl, 2006). Others have reported second order dataasithe
energy cost of walking, f(e.g. Abeet al, 2004) or the net metabolic powejHe.g. Bastienet al, 2005).

In these latter cases the energy expenditure @texpnet of resting energy expenditure, i.e. thergy
expenditure required to walk minus the energy edfiare required to standviethods that consider net
energy consumption have been found useful in shgrdyie energetic cost of unloaded walking as they
provide a better measure of the energy cost at#iide to the action of walking (Browningt al, 2006).

We argue that this logic can be extended to loadagge and that the cost of transporting a loduest
represented by factoring out the energy cost afaoeéd walking. This is an approach based on timensé
work of Tayloret al (1980). We have re-expressed their original equatin a simpler form to produce a
single, dimensionless index, the Extra Load Ind&xX) (equation 1) that allows for direct comparisafithe
relative economy of different load carriage systéh@3S). An ELI of 1 indicates that the additionaleegy
cost of carrying a load is the same as carryinmg ‘inass’ whilst values greater than 1 identifieslatively

greater cost and values less than 1 a relativelgi@ost.

Equation 1:

ELl= mlOy [kgtotalmass* tnin~*

miO,, kg bodymass_1 [nin ™t

where mlQyand miQ, refer to unloaded and loaded oxygen consumptispectively.

From a theoretical perspective, the ELI has armtisidvantage over other methods as it accounts for
individual variability in walking gait. Given thahost of the available literature indicates that ¢bst of

carrying extra load is similar to, but slightly gter than, the cost of carrying live mass (e.g.ldrest al,



1980) then it is likely that the additional elemehtnergy expenditure, above that required sirply
support and move the load, is associated with bibiar@cal changes that represent acute perturbdtimms
an individual’'s normal gait pattern (Martin and Man, 1992; Cavanagh and Williams, 1982). Furtheemo
it has been suggested that these normal gait pattepresent the most economical solution for dividual
(Martin and Morgan, 1992). Thus a measure of Idasmnomy that accounts for unloaded movement
economy has significant utility and merit since émergetic cost of carrying a load can be concépath
as: energy cost of unloaded movement at a giveedsp energy cost of supporting and moving a given
load + net changes in energetic cost of movemeatasmsequence of changes in the kinetics and
kinematics of movement resulting from the interactof load, speed and LCS. When the final terthtise
ELI will be 1 and any deviation from unity repretethe relative economy of a particular load/spe@&/
interaction. The value of the ELI will reflect tkhanges in energetic cost of movement associated w
additional load making it sensitive to changesaar®my associated with additional loads for anyegiv
load-speed combination for any load carriage systdoyd and Cooke (under review) have reported
significant relations ships between the ELI andaes kinematic and kinetic parameters in two défer
LCS. For example the relationship between thesmse in forward lean from heel strike to mid suppaod

ELI was significant for a double pack (r=-0.867 0F305) but not for a backpack (r=0.454, P=0.258).

From a practical perspective the use of a simpheedsionless, index of loaded economy would be
of value to manufacturers and developers asikaedylto be easier to understand for a non-scientif

audience than the more traditional approaches.

The utility of the ELI depends to some degree smugie as a comparative tool. The ELI has
previously been used to compare relative econonmgsa@ range of studies where measures of unloaded

oxygen consumption were available. A summary és@nted in Table 1.



Table 1. Calculated ELI values for published datatmg to different forms of load carriage. Adaghfrom

Lloyd et al (2010).

5S

L oad Position ELI Comments

Feet

Soule and 1.45-1.73 Increasing ELI with Speed for 4-5.6Km

Goldman (1969)

Hands

Kamon and 1.07-1.32 Increasing ELI with Load from 10-20 kg

Belding (1971)

Francis and 1.02-1.08 Light loads — 1.82 and 3.64 kg, increasing

Hoobler (1986) ELI with speed and load

Back

Quesadat al 1.04 -1.05 15% and 30% BW 6.0 kim™

(2000)

Lloyd and Cooke | 1.12 — 1.27 35% BM, 3.0 knh™?, various gradients (-27% to 20%)

(2000b)

Bilzon et al 0.99 18 kg load, 9.5 krh*

(2001)

Rorke (1990) 0.93-1.05 20% and 40% BM, 4.8 and 6.1 i, increasing ELI with Speed and
Load

Gordonet al 0.97-1.01 20% -50% BM, decreasing ELI with load

(1983)

Tayloret al 1.01 10.78 kg load, 10.5 kim™*, demonstrated ELI’s within 0.02 if unity acro

(1980) a range of species for loads between 30 and 40% BM

Legg and 1.19 35% BM, 3.0 knh™

Mahanty (1985)

Lloyd et al 0.93-1.09 Self selected walking speed, loads 10-70%BM

(2010)

Back and Front

Lloyd and Cooke | 1.04 — 1.24 35% BM, 3.0 knh™, various gradients (-27% to 20%)

(2000Db)

Legg and 0.96 35% BM, 24.9 kg, 4.5 k™

Mahanty (1985)

Trunk

Legg and 0.99 35% BM, 24.9 kg, 4.5 km™*

Mahanty (1985)

Myo Theinet al 0.97 10% BM, 4.5 knh™, 1.5% gradient

(1985)

Thorstensson 0.97 -1.00 10% BM, 8-11 knh ™, decreasing ELI with increasing speed

(1986)

Head

Nag and Sen 0.87-1.06 Head strap method, 60 — 100 kg 3.2tk

(1978) 0.96 - 1.22 Head strap method, 60 — 100 kg 3.7t

Soule and 0.99-1.04 | 14 kg, speeds of 4 -5.6 Km

Goldman (1969)

Lloyd et al 0.95-1.11 Direct head-loading, self selected walking speead$ 10-70%BM

(2010)




The data in Table 1 indicates that the ELI is daresenough to differentiate between load carriage
systems. In order for the ELI to be a universaemdf load carriage economy suitable for compaaa®ss
load carriage systems it needs to accommodatetioasan the external load carried, the walkingespe
employed and differences in body composition oflgtparticipants. Based on its definition this sllooé
the case. The purpose of this study, therefore tavastablish, based on empirical data, if the &r
appropriately accommodate variations in body conmjposfactors, magnitude of external load and wadki

speed.

2.0 Methods

2.1 Participants
Thirty women were recruited to take part in thedgtuAll participants gave informed consent for
their participation in the study which had receietkical approval through standard institutionaiees

procedures at both the University of Abertay Dunaleg Cape Peninsula University of Technology.

2.2 Load Carriage Performance

All performance data was collected at the HumardP@aance Laboratory of Cape Peninsula
University of Technology. Participants visited thboratory on two occasions. On the first visit
participants were screened for any potential camdreations to exercise before stature and mase wer
assessed. The women were then habituated to tieeimental protocol. A typical habituation sessiastéd
between twenty and thirty minutes and involvedwloenen walking on the treadmill at various speedb bo
with and without a face mask. In addition theyal$sed out the load carrying device, a standaid 45
backpack (Karrimor, SA) with and without loads. tAé end of the session the women were asked to wal
on the treadmill at a speed that they felt woulddafortable when carrying a heavy load. The chose
walking speed (mean 3.01 + 0.44 kif) of each participant was noted and used for theeyuent

experimental trials.



On arrival at the laboratory at the next visit epalticipant walked, at the previously determined
speed, for four minutes unloaded and then, aftereaminute rest, a load of 10% body mass was added
which was carried for a further four minutes. Aféefurther rest of one minute the load was in@dde
15% and carried for four minutes. This pattern vegeeated with loads of 20%, 25%, 30%, 40%, 50%% 60
and 70% of body mass or until pain and discom#dttb voluntary cessation of the session. The \easl
calculated based on the body mass at the habitusgission and was made up of the mass of the backpa
plus appropriate weightlifting plates, (betweerkg.and 10kg), and 100g sandbags, which allowedbtu

to be adjusted to within 509 of the required load.

All participants were fitted with a face mask amgieed air was collected throughout the protocol by
means of an on-line gas analysis system (Quarkb2mned, Rome). The system was calibrated prior to

each test in accordance with manufacturer’s instms using gases of known concentration and room a

2.3 Body Composition Assessment

Physical measurements were made with subjects mgearnospital gown and all metal artefacts
removed. Total body, anteroposterior lumbar spir#et¢ L4) and total hip BMD were measured usingldua
energy X-ray absorptiometry (DXA) (Discovery W, ldgic Inc. US), at the University of Cape Town/MRC
Research Unit for Exercise and Sports Medicinelsairica. Machine calibration checks were carred
on a daily basis. All scanning and analyses wergentiy a trained operator and intra-observer vanatias

0.87% at the hip and 0.98% at the lumbar spine.

2.4 Data Analysis

Oxygen consumption was averaged over the finaltainf each workload and the associated ELI
values calculated (Equation 1). Percent body%#K), fat mass (FM), bone mineral content (kg) (BMC
and fat-free soft tissue mass (kg) (LBM) were dedivsing DXA of the total body. Stature was assksse

and recorded to the nearest millimetre (Scales 2800th Africa). Body mass (BM) was measured and



recorded in kg to the nearest 0.1 kg (Scales 2800th Africa). Body mass index (BMI) was calculasesd
body mass / (heighf)(kgm™?). External load (EL) was defined as the actuatl lcarried in each trial whilst
total mass (TM) was defined as BM+EL. Dead madd)(ldas defined as external load + fat mass (Lyons

et al, 2005). The LBM:DM ratio (Lyonset al, 2005) was calculated by dividing LBM by DM.

The number of participants able to carry prescribads diminished beyond the 30% load, consequently
the analysis is restricted to loads of 10-30% Bk&amon Product Moment Correlation Coefficients were
calculated to assess the strength of relationgtipsth body composition variables and externadi ladh

ELI values for each load and for pooled data dadl 10-30%BM (SPSS v17.0, SPSS Inc.).

3. 0 Results
Details of participant characteristics and body position variables are shown in table 2. ELI valter
each load were as follows: 0.96 + 0.11, 0.98 + 011@2 + 0.14, 1.01 + 0.18 and 1.00 + 0.17 for ®af

10%, 15%, 20%, 25% and 30% BM respectively.

Table 2. Participant characteristics

Age (years) 22.3+29
Body Mass (kg) 65.9+13.1
Stature (cm) 159.1 +5.1
Lean Mass (kg) 37.2+4.8
BMC (kg) 2.0+0.25
Fat Mass (kg) 25.1+£9.1
% Body Fat 38.0+6.7
BMI (kg'm?) 26.0+5.2

Pearson Product Moment Correlation Coefficientgétationships between ELI values and body

composition and loading variables are shown inet&bl



Table 3. Relationship (Pearson Product Moment Correlatioaffitient,r) between ELI and selected body
composition, external load and speed variables

10% 15% 20% 25% 30% |Pooled Dat
(n=30) (n=30) (n=30) (n=28) (n=27) (n=145)
BMC 0.176 -0.059 -0.085 -0.228 -0.035
FM 0.136 0.246 0.245 0.046 0.139
LBM 0.111 0.137 0.284 0.255 0.267
BM 0.157 0.224 0.284 0.126 0.195
%BF 0.084 0.260 0.203 0.059 0.046
BMI 0.130 0.216 0.212 0.055 0.132
EL 0.157 0.224 0.284 0.126 0.195 0.155
™ 0.157 0.224 0.284 0.126 0.195 0.169
DM 0.142 0.240 0.252 0.063 0.156 0.152
LBM:DM -0.055 -0.249 -192 0.083 -0.033 -0.119
Speed 0.173 0.173 0.173 0.190 0.179 0.173

4.0 Discussion

Although ELI values have not been reported elseghwher than Taylost al (1980) and Lloyd and
Cooke (2000b), they can be calculated, based on otega, for those studies that have reported oxyge
consumption for unloaded walking (see TableThe ELI values reported here are consistent witlseh
calculated values, being in general just great@n tmity. For example ELI values of 1.04-1.05 ban
derived from the data of Quesagal (2000) relating to loads of 15%-30% BM carried & kmh'*, whilst
those for the data of Gordogt al (1983) range between 0.97 and 1.01 for loads &§@@BM, with the
lower scores being associated with the higher loanid the data for Rorke (1990) providing a ranfg@. @3
— 1.05 for loads of 20 and 40% BM and speeds oaAd6.1 ki, lower speed/load combinations being
associated with lower ELI values. Lloyd and Co¢&@00b), examining a backpack and a front-back
loading system, showed that the ELI varied difféedly with gradient. It is worthy of note that iyefew
papers considering load carriage economy repodadi@ld oxygen consumption or energy expenditure. We
would argue that this is a serious omission antdbaparisons to unloaded walking should be stahdar
practice in all assessments of loaded walking, drethey be metabolic, kinematic, kinetic,

electromyographic or subjective-perceptual.



The correlations in table 2 confirm that the Ed.Independent of body composition variables, the
magnitude of external load and walking speed. fireeof these is important as it has been arghead t
individual load carriage performance may be infeethby body composition (e.g. Joreesl, 1987,
Haisman, 1988, Lyonat al, 2005), whilst the latter are important as thégvalfor comparison across
different experimental protocols. It should be nidteat the range of speeds employed here wereeliinit
range 1.9 — 4.0 kim*, and further work may be warranted in this areaparing across a greater range of
speeds. Itis, however, the case that calculatéd&ues from previous studies employing a gresdage
of speeds exhibit consistency (Table 1). This irtelence from body composition, external load aredp
supports the theoretical strength of the ELI agreedsionless index for comparing load carriage eaon

across different load carriage systems.

Conclusion

Based on the evidence provided here, the Extra Ludek (ELI) represents a useful tool for
comparing the metabolic costs of load carriageesyst We would suggest that it should become the
standard method for assessment of the economyadfdarriage systems and that, in line with thiseagh,
kinematic, kinetic, electromyographic and subjeztperceptual assessments should also be referenced

unloaded walking.
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