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Objectives:  To  determine  the  effects  of  different  body  armour  types,  carried  loads,  and  walking  speeds  on
trunk and  lower-limb  joint  biomechanics.
Design:  Within-subjects  repeated  measures  to  determine  the  effects  of  different  body  armour  types,
carried  loads,  and walking  speeds  on trunk  and  lower-limb  joint  biomechanics.
Methods:  Twenty  soldiers  (29.5 ±  7.1yrs)  completed  a treadmill  walking  protocol  in  an  unloaded  (base-
line)  condition  and  wearing  a control,  Tiered  Body  Armour  System  (TBAS)  and  five  different  armour  types
(cARM1-2,  pARM1)  with  two  load  configurations  (15 and  30  kg)  for a total of  eight  armour  × load  ensem-
bles.  In each  ensemble,  participants  walked  for 10 min  at 1.53 m  s−1 and  1.81 m  s−1 speeds.  Whole-body
marker kinematics  and  ground  reaction  forces  were  used,  along  with  a  scaled  anatomic  model,  to  deter-
mine peak  lower-limb  joint  angles,  net  joint  moments,  and negative  knee  work.  Peak  parameters  were
compared  between  armour  types,  walking  speeds,  and  carried  loads  using  repeated  measures  ANOVAs.
Results: Peak  plantarflexion  and  hip  abduction  moments  were  reduced  when  wearing  cARM1  (p =  0.040,
p  =  0.045)  and  cARM2  (p  =  0.045,  p = 0.003)  compared  to TBAS,  while  carrying  30  kg and/or  walking  fast.
This  suggests  positive  benefits  of load  distribution  at higher  task  demands.  Joint  moments  increased
when  participants  carried  greater  load  and/or  walked  faster,  and  the combined  effects  of carried  load  and

walking  speed  were  mostly  additive.
Conclusions:  Primarily  hip-borne  load  carriage  does not  negatively  alter  joint  kinetics,  and  some  positive
adaptations  occurred  during  tasks  with  higher  demands.  These  results  can  inform  equipment  design  and
physical  training  programs  for load  carriage.

Crown  Copyright  © 2018  Published  by Elsevier  Ltd on  behalf  of  Sports  Medicine  Australia.  All rights
reserved.
. Introduction

The physical demands of military service place soldiers at risk
f musculoskeletal injuries (MSI).1 Over the past decade in the mil-
tary, lower extremity MSI  rates have more than doubled, with U.S
oldiers sustaining one or more MSI  during a typical service career.2

etrimental to military capability, MSI  impose substantial medical

nd rehabilitation costs, as well as indirect costs due to reduced
ork capacity. Numerous studies have identified training mileage

e.g., running and marching), structural bone abnormalities, and
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exposure to heavy carried loads 3–5 as risk factors for MSI. Indeed,
soldiers carrying equipment to enhance their capability in the field
have a greater risk of sustaining MSI.3 However, the MSI  mecha-
nisms remain unclear. Knowledge of the biomechanics behind risk
factors for lower-limb MSI  (e.g., load carriage) could inform injury
prevention programs or equipment design modifications. However,
this requires understanding the mechanisms of MSI, and relies upon
characterising the biomechanical surrogates (e.g., joint kinematics,
moments, and powers) of injury during specific tasks.6 These mea-
sures may  provide better prediction of injury risk than, for instance,
previous physical activity history, because they more closely relate

to the joint and tissue mechanical environment.6

Previous studies have examined the biomechanics of walk-
ing and running with carried load. Trunk and knee flexion

ne Australia. All rights reserved.
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ncrease to mediate compromised stability caused by carried
oad.7 Consequently, knee extension moments and negative knee

ork during weight acceptance increase8–10 to prevent the body
ollapsing under the additional mass, and to regulate torso
ngular momentum.11,12 These biomechanical changes are exac-
rbated when carried load, gait speed, or a combination of
oth, increase.8 Consequently, hip and knee reaction forces likely

ncrease as peak knee extension moment is positively correlated
ith patellofemoral (R2 = 0.68) and tibiofemoral (R2 = 0.75) reaction

orces.13,14 Moreover, joint reaction forces may  influence com-
ressional and tensional strains to lower-limb bones (e.g., tibia),15

hereby increasing stress fracture risk. Reducing the peak knee
xtension moment and negative knee work during load carriage
ay  therefore be important targets for reducing MSI  risk.
Reducing MSI  risk in soldiers performing load carriage tasks

ay  be achieved by redistributing carried load. Compared to stan-
ard load placement (i.e., mid-back), load placed closer to the
ody centre of mass (COM) and higher on the carrier has been
hown to reduce metabolic cost.16,17 However, it also increases
rapezius and erector spinae muscle activity,18 and is sub-optimal
or soldiers who require quick access to mission-vital equipment.
ackpack designs incorporating a hip belt that brings the load
loser to the body COM have been shown to reduce forces expe-
ienced on the upper back19 and peak trunk rotation.20 Moreover,

 front-back load configuration produces walking patterns (e.g.,
runk and hip flexion) similar to unloaded walking,21 which could
e interpreted as beneficial. There is little research focused on the

ower-limb joint loading produced while wearing the above men-
ioned equipment configurations at different load magnitudes and
alking speeds. Furthermore, there has been no investigation as to
hether incorporating a hip belt with body armour load reduces

pecific biomechanical risk factors for MSI.
This study aimed to determine the effects of changing where

orso load is borne, the magnitude of load, and walking speed on
oint kinematics, lower-limb joint moments, and energy absorp-
ion at the knee during walking. We  hypothesised that bearing load
loser to the hips will result in a more upright posture compared
o wearing a standard design, and decrease the magnitude of knee
xtension moment and negative knee work during the early stance
hase of walking. Additionally, we hypothesised that in response to

ncreasing the carried load and walking faster, trunk flexion, peak
nee flexion, negative knee work, and joint moments will increase.

. Methods

Twenty Australian Army Reserve male soldiers (age:
9.5 ± 7.1 years, height: 1.77 ± 0.08 m,  mass 82.8 ± 12.1 kg)
articipated in this study. All were in good health, reporting no

njuries, and no physician recommendation to avoid strenuous
xercise. Participants gave written informed consent approved by
he Australian Defence Human Research Ethics Committee (Proto-
ol 756-14). Defence Science and Technology Group contributed
unding to support this research, assisted with data collection, and
rovided a Defence perspective on data interpretation.

Six different body armour systems were tested. These were
he current Australian Army standard-issue Tiered Body Armour
ystem (TBAS), with predominantly shoulder-borne loading, and
ve load sharing systems designed to transfer some load to the
ips. Two commercially available load sharing systems (cARM1 and
ARM2) and three prototypes (pARM1-3) were tested. While data

rom pARM2 and pARM3 armour systems were collected, these
ystems were not included in subsequent analyses because these
esigns were almost identical to pARM1, but were very new proto-
ypes whereas pARM1 was a mature prototype. A description and
edicine in Sport 22 (2019) 158–163 159

illustration of armour types and load configurations is available in
Supplemental Content 1.

Participants attended four separate laboratory-based testing
sessions to complete a standardised treadmill walking protocol in
a baseline condition and 12 armour conditions (six armour types
and two  carried loads). An armour condition refers to a combina-
tion of armour type and carried load (e.g., TBAS with 15 kg or cARM1
with 30 kg). In the first session, participants completed the walk-
ing protocol in the baseline condition (i.e., athletic shirt, shorts, and
military boots) first followed by three armour conditions. In each of
the three remaining sessions, participants completed the walking
protocol in three armour conditions without the baseline condition
being completed again. The order in which participants completed
the walking protocol in each armour condition was randomised and
counterbalanced to prevent order effects. Each testing session was
separated from the previous by at least 3 days to minimise fatigue
effects.

During treadmill walking, full-body three-dimensional motion
and ground reaction forces (GRF) were acquired. Spherical 14 mm
diameter retro-reflective markers and marker clusters were placed
on the head, torso, arms, and legs of the participant consistent
with a marker set specifically developed and validated for military
load carriage applications.22 Marker and GRF data were measured
using an 11-camera (100 Hz) three-dimensional motion capture
system (Vicon, Oxford, UK) and a fore-aft split-belt force-measuring
(1000 Hz) treadmill (AMTI Compact Tandem, Watertown, MA,
USA), respectively. Prior to treadmill walking, a static calibration
trial was  recorded of the participant standing for subsequent mus-
culoskeletal model scaling.

In each armour/load ensemble, participants completed a tread-
mill walking protocol consisting of a 5-min warm-up at 1.25 m s−1,
10 min  “moderate” walking at 1.53 m s−1, 10 min “fast” walking
at 1.81 m s−1, and a 5-min cool-down at 1.25 m s−1. These speeds
represent administrative (i.e., moderate) and approach (i.e., fast)
marching speeds in the Australian Army. Marker and GRF data were
acquired for 30 s at the beginning of the final minute of each walking
speed. Participants were given a minimum of 25 min  rest after each
treadmill protocol and then repeated the protocol for the remaining
armour conditions assigned for that session.

Using Vicon Nexus version 2.3, marker positions were recon-
structed and cleaned. Marker and GRF data were exported from
Vicon Nexus via MotoNMS,23 a Matlab toolbox (R2014b, The
Mathworks) for preparing motion capture data for modelling in
OpenSim.24 From the 30 s walking trials, heel strike gait events
were detected by calculating the horizontal distance between the
calcaneus marker and sacrum marker, and finding the times cor-
responding to the maximum distances.25 Consecutive heel strikes
were used to demarcate individual gait cycles. To ensure erroneous
peaks were not detected, peaks were only obtained if they occurred
when the heel marker was  lower than 30% of the range of marker
height during the trial (i.e., occurred when the foot was close to
the ground). Marker and GRFs data were then filtered using a 4th
order zero-lag low-pass Butterworth design26 (10 Hz cut-off), and
transformed from the laboratory to OpenSim coordinate system.

A generic full-body anatomic model27 was used within OpenSim
version 3.3. For each participant, the model bodies were linearly
scaled, preserving relative mass distribution, but adjusting the
overall model mass and dimensions to match the participant. This
scaled anatomic model was  used to determine whole-body gait
kinematics using an OpenSim inverse kinematics (IK) algorithm.
This algorithm solved knee flexion, with knee rotations and transla-
tions prescribed from a spline within the model. However, to enable

computation of all knee moments, knee adduction/abduction and
internal/external rotation degrees of freedom were added. The
OpenSim inverse dynamics tool was then used to calculate net joint
moments, from which total negative knee joint work per stride was
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alculated by integrating the area under the instantaneous knee
oint power curve from heel strike until the first peak of knee flexion
ngle in early stance phase.12

Each 30 s epoch of a participant’s gait data contained at least
5 gait cycles, from which at least 10 gait cycles (mean 21 ± 5)
ere used to create ensemble averages of the joint angles and
oments. The ensemble average joint angles, moments, and work
ere averaged across all participants for each walking speed and

rmour × load configuration to generate mean curves. From the
ean curves, peak joint angles and moments extracted from the

ntire gait cycle (except for peak knee flexion which extracted from
arly stance), and negative work were used in statistical analysis.

Statistical analysis was  performed with R version 3.3.1 in R-
tudio (RStudio, Inc, Boston, MA)  v0.99.903. The Shapiro–Wilk test
as used to confirm the data were normally distributed. Three-
ay repeated measures ANOVA tested for significant main effects

f armour type (TBAS, cARM1-2, and pARM1), carried load (15 kg
nd 30 kg), and walking speed (moderate and fast), and their inter-
ctions for each dependent variable. Post-hoc analyses (i.e., paired
-tests) were performed if significant main effects or interactions
ere revealed to identify specific paired differences. All p-values for

he post-hoc tests were adjusted using the Benjamini–Hochberg
ethod.28 Effect sizes (i.e., partial �2) were calculated for all the

ignificant main and interaction effects, with small, medium, and
arge effects defined as �2 between 0.01 and 0.06, 0.06 and 0.14, and
reater than 0.14 respectively.29 Significance was set at p < 0.05 for
ll post-hoc comparisons.

. Results

An interaction was shown between armour type, load, and
alking speed for peak ankle plantarflexion moment (p = 0.015,

2p = 0.01). Post-hoc analysis revealed peak ankle plantarflexion
oment was higher for TBAS during fast walking with 30 kg

2.16 ± 0.21 Nm kg−1) compared to values obtained with cARM1
2.04 ± 0.27 Nm kg−1, p = 0.040) and cARM2 (2.00 ± 0.26 Nm kg−1,

 = 0.045). No other three-way interactions existed for the remain-
ng variables. There was a significant interaction between armour
ype and load magnitude for peak hip abduction moment (p = 0.035,
2p = 0.03). When carrying 30 kg load, peak hip abduction moment
as higher for TBAS (1.14 ± 0.27 Nm kg−1) compared to cARM1

1.00 ± 0.27 Nm kg−1, p = 0.045), cARM2 (0.94 ± 0.26 Nm kg−1,
 = 0.003), and pARM1 (0.98 ± 0.26 Nm kg−1, p = 0.003). Compar-

sons of peak joint angles revealed significant interactions between
rmour type and carried load for mean trunk flexion (p = 0.021),
runk bending (p < 0.001), and trunk rotation ROM (p < 0.001)
Fig. 1). When 15 kg was carried, mean trunk flexion and trunk
ending were lower for all load sharing systems compared to TBAS
p < 0.001). Conversely, when 30 kg was carried, there were no dif-
erences in trunk kinematics between armour types. Significant

ain effects of armour type were shown for peak hip flexion and
runk flexion (Supplemental Content 2), while joint moments were
ot different.

Repeated measures ANOVAs revealed significant interactions
etween carried load and walking speed for peak hip exten-
ion moment (Table 1). Specifically, peak hip extension moment
ncreased 46% when walking fast and carrying 30 kg of load
p < 0.001), and 37.7% when walking fast and carrying 15 kg of load
p < 0.001) compared to values obtained when walking at the mod-
rate speed. Significant main effects of load magnitude were shown

or peak knee extension moment, negative knee work, peak knee
exion, peak hip flexion, and trunk flexion ROM. Increasing load
agnitude from 15 kg to 30 kg resulted in greater peak knee exten-

ion moments (p < 0.001), 0.13 J kg−1 greater negative work done
edicine in Sport 22 (2019) 158–163

(p = 0.003), and increased peak knee flexion, hip flexion, and trunk
flexion (Table 1).

4. Discussion

This study aimed to determine the effects of different body
armour designs, load magnitudes, and walking speeds on lower-
limb joint biomechanics during load carriage. Motion capture data
and GRFs were collected while soldiers walked on a treadmill at
moderate and fast speeds wearing different armour/load config-
urations. Joint angles, moments, and negative knee work were
computed, and the results revealed that redistribution of upper-
body loads through hip-belt integrated armour designs improved
walking posture and reduced both ankle plantarflexion and hip
abduction moments during fast walking with 30 kg of load. Impor-
tantly, lower-limb joint loading was not increased with the load
sharing armour designs compared with the standard issue TBAS.

Supporting the first hypothesis, hip-belt integrated armour
designs resulted in a more upright walking posture and reduced
trunk ROM compared to TBAS. However, these postural adjust-
ments at the trunk were not observed when carrying 30 kg,
suggesting heavy loads negate the effects during less demanding
tasks. Nevertheless, the changes in joint angles between armour
designs were similar to the changes observed when carried load
was distributed close to, and low on, the body.8 The hip belt forms
an external physical link between trunk and pelvis, thus provid-
ing a mechanism through which mass worn on the trunk are, in
part, borne by the pelvis. However, due to the external load being
added to the same position on each armour type, the COM position
was likely similar, which may  explain why  no differences in hip
and knee joint moments and negative knee work were observed
between armour designs. Based on these results, military organ-
isations could confidently prescribe hip-belt integrated armour
designs without risking an increase in lower-limb joint demands
(i.e., the magnitude of joint moments) compared to current-issue
body armour. Additionally, under high mass and inertia conditions
(i.e., when walking fast and carrying 30 kg) our results showed 5.9%
and 7.5% reductions in ankle plantarflexion moment over the late
stance phase for cARM1 and cARM2 compared to TBAS, respec-
tively. With these systems, there was  less trunk flexion and more
hip flexion, which may  act to place the COM of the head, arms,
trunk and armour closer to the ankle joint centre (Fig. 2), thereby
decreasing the peak ankle plantarflexion moment generated by
gastrocnemius and soleus muscles and tendons. Possibly, lower co-
activation of gastrocnemii driven by lower plantar flexion moments
may  lower knee joint contact forces, since the gastrocnemii mus-
cles cross the knee and are major contributors to knee joint contact
forces.

The observed kinematic and kinetic differences between hip-
belt integrated armour design and TBAS may  have implications
for MSI  risk. First, reduced peak plantarflexion moment suggests
reduced forces in gastrocnemius and soleus muscles, and reduced
peak stress within the Achilles tendon.30 However, further studies
using neuromusculoskeletal models informed from experimental
muscle excitations are required to elucidate potential benefits. Sec-
ond, in providing stability through reduced hip frontal plane kinetic
demands (i.e., hip abduction moment), hip-belt integrated armour
designs possibly reduce the need for peak hip internal rotation com-
pared to TBAS. This may  be relevant to tibial torsion injuries as
improper alignment of proximal joints may  result in inappropri-
ate tibial loading. Previous epidemiologic studies have shown 7–8◦
reductions in hip internal rotation during physical examinations is
associated with increased risk of tibial stress fractures.31

Consistent with our second hypothesis, joint moment magni-
tudes increased in response to increases in carried load and/or
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Fig. 1. The interaction between carried load and armour type for mean trunk flexion, and trunk bending, and rotation ROM.
*Indicates values are significantly different between loads within the same armour type. All other significant differences are between armour types with 15 kg load.

Table 1
Mean ± SD magnitudes for the joint angle and kinetic variables for different walking speeds and loads carried aggregated across armour types. All kinematic variables are
reported in degrees, while joint moments are reported in Nm kg−1 and work in J kg−1.

Walking speed Effect size Load Effect size Interaction Effect size

Moderate Fast 15 kg 30 kg p-Value

Kinematics
Ankle plantarflexiona,b 18.4 ± 4.8 19.0 ± 5.3 0.004 19.3 ± 4.9 18.1 ± 5.1 0.011 0.151 0.001
Ankle  dorsiflexiona,b 12.5 ± 4.1 10.9 ± 3.8 0.043 11.0 ± 4.0 12.4 ± 4.0 0.036 0.261 0.001
Knee  flexiona,b,c 24.6 ± 4.5 27.8 ± 4.8 0.140 24.1 ± 4.1 28.4 ± 4.7 0.231 <0.001 0.010
Hip  flexiona,b,c 35.5 ± 5.9 40.1 ± 6.2 0.149 36.1 ± 5.9 39.5 ± 6.6 0.088 0.003 0.007
Hip  extensionc 16.1 ± 5.8 16.2 ± 5.7 0.000 15.8 ± 5.7 16.5 ± 6.2 0.005 0.035 0.010
Hip  internal rotationb 0.7 ± 5.2 2.3 ± 4.9 0.029 1.3 ± 4.7 1.7 ± 5.1 0.001 0.282 0.000
Trunk flexiona,b 20.3 ± 8.6 21.2 ± 8.8 0.004 15.4 ± 6.6 26.1 ± 7.1 0.396 0.333 0.000
Trunk bending ROMc 12.6 ± 3.1 13.0 ± 3.3 0.005 12.9 ± 3.2 12.7 ± 3.2 0.000 0.024 0.004
Trunk rotation ROMa,b 16.0 ± 4.6 20.6 ± 5.4 0.056 19.3 ± 5.6 17.2 ± 5.2 0.019 0.822 0.000
Kinetics
Ankle  plantarflexiona,b 1.88 ± 0.25 1.97 ± 0.24 0.043 1.80 ± 0.20 2.04 ± 0.24 0.251 0.134 0.008
Ankle  dorsiflexionb −0.24 ± 0.19 −0.25 ± 0.19 0.001 −0.27 ± 0.20 −0.21 ± 0.18 0.022 0.068 0.006
Knee  flexiona −0.59 ± 0.22 −0.80 ± 0.23 0.194 −0.67 ± 0.24 −0.72 ± 0.25 0.016 0.262 0.002
Knee  extensionb 0.48 ± 0.25 0.49 ± 0.24 0.000 0.44 ± 0.23 0.53 ± 0.25 0.029 0.091 0.004
Knee  abductiona,b 0.70 ± 0.23 0.84 ± 0.24 0.086 0.73 ± 0.23 0.81 ± 0.25 0.027 0.831 0.000
Hip  flexiona,b −1.14 ± 0.33 −1.18 ± 0.34 0.004 −1.10 ± 0.30 −1.21 ± 0.35 0.030 0.602 0.000
Hip  extensiona,b,c 1.86 ± 0.59 2.62 ± 0.62 0.324 2.01 ± 0.62 2.47 ± 0.72 0.149 0.001 0.020
Hip  abductionb 0.93 ± 0.26 0.96 ± 0.27 0.002 0.89 ± 0.25 1.00 ± 0.27 0.047 0.938 0.000
Hip  adductiona −0.53 ± 0.17 −0.67 ± 0.20 0.115 −0.58 ± 0.20 −0.62 ± 0.19 0.008 0.172 0.001
Negative knee worka,b −0.52 ± 0.36 −0.63 ± 0.39 0.022 −0.54 ± 0.36 −0.67 ± 0.41 0.027 0.392 0.001

ROM = range of motion. p < 0.05 for main effects.
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a Indicates significant differences in absolute magnitude of the variable between
b Indicates significant differences in absolute magnitude of the variable between
c Indicates significant interaction from repeated-measures ANOVA between walk

alking speed. Unique to this study, hip joint moments experi-
nced the largest magnitude change as task demands increased.
revious load carriage studies showed knee, not hip, extension
oments were more sensitive to carried load,8,32,33 increasing
200% when loading increased from no external load to 32 kg and
5 kg.8,10 This substantial increase in knee extensor moment sug-
ests the quadriceps absorb more energy with increasing load,
hich may  precipitate fatigue and, ultimately, increase knee injury

isk.8,32 Our results revealed increased negative knee work with
ncreasing load, however, the magnitudes of peak hip extensor

oments were more than two times those of knee extensor
oments. Therefore, while quadriceps muscles probably absorb
ore energy with increasing carried load, the increased biome-
hanical demands of heavy load carriage at faster walking speeds
re met  predominantly by the hip joint. A possible explanation
or the disagreement between this study and previous research
ng speeds.
.
eed and carried load.

is that our participants walked up to 1.81 m s−1 and carried up
to 30 kg of load, whereas others had either civilian participants
carrying less external load (e.g., 10–20 kg) or military participants
carrying increased external load (e.g., 30–55 kg) but walking slower
(e.g., 1.25–1.67 m s−1) compared the current study. Based on these
results, load-carriage equipment design should focus on assisting
or not impeding hip extensors, and physical conditioning programs
for load-carriage should include specific training of hip muscula-
ture.

The present study had limitations that should be acknowl-
edged. First, net moments computed from inverse dynamics do
not account for co-contraction of antagonist muscles. Future stud-
ies of load carriage should incorporate experimental measures

of muscle activity to inform estimates of muscle joint loading
and work. Second, participants walked in ideal laboratory con-
ditions on a treadmill to facilitate data collection and control
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ig. 2. Comparison of how trunk flexion angle and centre of mass (COM) position a
ast  walking with 30 kg of carried load. Conceivably, the distance (dx) from the gro

ay  have caused the 7.5% reduction in ankle plantarflexion moment compared to T

onfounding variables. Although a recent study has demonstrated
verground and treadmill running are similar,34 laboratory con-
itions do not replicate external environmental factors (e.g., heat,
umidity, undulating surfaces) which would make tasks more rep-
esentative of in-field conditions. Third, we prescribed short bouts
f walking and adequate rest to minimise fatigue effects, but we  did
ot measure physiologic fatigue explicitly. Previous studies have
emonstrated >40 min  of walking are required to induce fatigue in
ait,33 which suggests fatigue was not a factor influencing results
n this study. The effects of carried load on gait biomechanics when
atigued may  be different to what has been reported in this study
nd would be interesting to examine.

. Conclusions

This study indicated that soldiers carrying heavy loads, even for
hort periods, experience kinematic and kinetic changes that may
lace them at risk for developing overuse MSI. This study was the
rst to show that body armour load borne closer to the hips does
ot adversely affect hip, knee, and ankle moments. Results from
his study can be used to inform physical training programs, i.e.,
argeting hip extension/flexion strength during training to enable
oldiers’ to tolerate carrying heavy loads. Additionally, assistive
evices for load carriage should target the hip joint to provide the
ost benefits.

ractical implications

Soldiers use different movement patterns to walk in body armour

that contains a hip belt compared to walking in body armour
without a hip belt. As such, physical training programs for load
carriage should be designed specifically for different equipment
and carried load.
ered when walking with (A) TBAS armour type and (B) cARM1 armour type during
action force line of action to the ankle joint centre is reduced with cARM1, which

• Because peak hip extension moments were more than double
peak knee extension moments, physical training programs for
load carriage should focus on strengthening muscles spanning
the hip.

• Assistive devices for load carriage should provide assistance at
the hip joint during the weight acceptance phase of gait to ease
load carriage burden.

Acknowledgements

Funding for this research was provided by the Defence Science
and Technology Group. The authors would like to acknowledge Dr
Jace Drain for his assistance with data collection and Digger Works
for providing equipment support.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.jsams.2018.06.013.

References

1. Nindl BC, Williams TJ, Deuster PA et al. Strategies for optimizing military physical
readiness and preventing musculoskeletal injuries in the 21st century. US Army
Med Dep J 2013:5–23.

2. Armed Forces Health Surveillance Center. Absolute and relative morbidity bur-
dens attributable to various illnesses and injuries, US Armed Forces 2012. Med
Surveill Mon Rep 2013; 20:5. Armed Forces Health Surveillance Center.

3. Roy TC, Piva SR, Christiansen BC et al. Heavy loads and lifting are risk fac-
tors for musculoskeletal injuries in deployed female soldiers. Mil  Med  2016;
181(11):e1476–e1483.
4. Milgrom C, Finestone A, Eldad A et al. Patellofemoral pain caused by overactivity:
a  prospective study of risk factors in infantry recruits. J Bone Joint Surg Am 1991;
73(7):1041–1043.

5. Knapik J, Graham B, Cobbs J et al. Activities associated with injuries in initial
entry training. Mil Med  2013; 178(5):500–506.

https://doi.org/10.1016/j.jsams.2018.06.013
https://doi.org/10.1016/j.jsams.2018.06.013
https://doi.org/10.1016/j.jsams.2018.06.013
https://doi.org/10.1016/j.jsams.2018.06.013
https://doi.org/10.1016/j.jsams.2018.06.013
https://doi.org/10.1016/j.jsams.2018.06.013
https://doi.org/10.1016/j.jsams.2018.06.013
https://doi.org/10.1016/j.jsams.2018.06.013
https://doi.org/10.1016/j.jsams.2018.06.013
https://doi.org/10.1016/j.jsams.2018.06.013
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0005
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0005
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0005
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0005
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0005
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0005
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0005
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0005
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0005
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0005
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0005
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0005
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0005
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0005
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0005
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0005
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0005
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0005
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0005
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0005
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0005
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0005
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0005
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0005
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0005
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0005
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0005
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0005
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0005
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0005
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0010
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0010
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0010
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0010
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0010
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0010
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0010
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0010
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0010
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0010
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0010
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0010
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0010
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0010
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0010
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0010
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0010
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0010
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0010
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0010
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0010
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0010
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0010
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0010
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0010
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0010
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0010
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0010
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0010
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0010
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0010
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0010
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0015
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0020
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0020
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0020
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0020
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0020
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0020
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0020
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0020
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0020
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0020
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0020
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0020
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0020
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0020
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0020
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0020
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0020
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0020
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0020
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0020
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0020
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0020
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0020
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0020
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0020
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0020
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0020
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0020
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0020
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0020
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0020
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0025
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0025
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0025
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0025
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0025
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0025
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0025
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0025
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0025
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0025
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0025
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0025
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0025
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0025
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0025
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0025
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0025
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0025
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0025
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0025
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0025
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0025


 and M

1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

2

2

2

2

2

3

3

3

G.K. Lenton et al. / Journal of Science

6. Donnelly CJ, Lloyd DG, Elliott BC et al. Optimizing whole-body kinematics to
minimize valgus knee loading during sidestepping: implications for ACL injury
risk. J. Biomech 2012; 45(8):1491–1497.

7. Attwells RL, Birrell SA, Hooper RH et al. Influence of carrying heavy loads on
soldiers’ posture, movements and gait. Ergonomics 2006; 49(14):1527–1537.

8. Seay JF, Fellin RE, Sauer SG et al. Lower extremity biomechanical changes associ-
ated  with symmetrical torso loading during simulated marching. Mil Med 2014;
179(1):85–91.

9. Silder A, Delp SL, Besier T. Men  and women adopt similar walking mechan-
ics and muscle activation patterns during load carriage. J Biomech 2013;
46(14):2522–2528.

0. Wang H, Frame J, Ozimek E et al. The effects of load carriage and muscle fatigue
on  lower-extremity joint mechanics. Res Q Exerc Sport 2013; 84(3):305–312.

1. Mann RV. A kinetic analysis of sprinting. Med Sci Sports Exerc 1980;
13(5):325–328.

2. Winter DA. The Biomechanics and Motor Control of Human Gait, University of
Waterloo Press, 1987.

3. Powers CM,  Ho K-Y, Chen Y-J et al. Patellofemoral joint stress during weight-
bearing and non-weight-bearing quadriceps exercises. J Orthop Sports Phys Ther
2014; 44(5):320–327.

4. Lerner ZF, Haight DJ, DeMers MS  et al. The effects of walking speed on
tibiofemoral loading estimated via musculoskeletal modeling. J Appl Biomech
2014; 30(2):197–205.

5. Milgrom C, Radeva-Petrova DR, Finestone A et al. The effect of muscle fatigue
on in vivo tibial strains. J Biomech 2007; 40(4):845–850.

6. Obusek J, Harman E, Frykman P et al. The relationship of backpack center of
mass location to the metabolic cost of load carriage. Med Sci Sports Exerc 1997;
29(5):205.

7. Abe D, Muraki S, Yasukouchi A. Ergonomic effects of load carriage on the
upper and lower back on metabolic energy cost of walking. Appl Ergon 2008;
39(3):392–398.

8. Bobet J, Norman RW.  Effects of load placement on back muscle activity in load

carriage. Eur J Appl Physiol 1984; 53(1):71–75.

9. LaFiandra M,  Harman E. The distribution of forces between the upper and lower
back during load carriage. Med  Sci Sports Exerc 2004; 36(3):460–467.

0. Sharpe SR, Holt KG, Saltzman E et al. Effects of a hip belt on transverse plane trunk
coordination and stability during load carriage. J Biomech 2008; 41(5):968–976.

3

3

edicine in Sport 22 (2019) 158–163 163

1. Knapik J, Ang P, Meiselman H et al. Soldier performance and strenuous
road marching: influence of load mass and load distribution. Mil  Med  1997;
162(1):62–67.

2. Lenton GK, Doyle TLA, Saxby DJ et al. An alternative whole-body marker set
to  accurately and reliably quantify joint kinematics during load carriage. Gait
Posture 2017; 54:318–324.

3. Mantoan A, Pizzolato C, Sartori M et al. MOtoNMS: a MATLAB toolbox to process
motion data for neuromusculoskeletal modeling and simulation. Source Code
Biol Med 2015; 10(1):12.

4. Delp S, Anderson FC, Arnold AS et al. OpenSim: open-source software to create
and  analyze dynamic simulations of movement. IEEE Trans Biomed Eng 2007;
54(11):1940–1950.

5. Zeni Jr JA, Richards JG, Higginson JS. Two simple methods for determining gait
events during treadmill and overground walking using kinematic data. Gait
Posture 2008; 27(4):710–714.

6. Robertson G, Dowling JJ. Design and responses of Butterworth and critically
damped digital filters. J Electromyogr Kinesiol 2003; 13(6):569–573.

7. Rajagopal A, Dembia CL, DeMers MS et al. Full-body musculoskeletal model
for  muscle-driven simulation of human gait. IEEE Trans Biomed Eng 2016;
63(10):2068–2079.

8. Benjamini Y, Hochberg Y. Controlling the false discovery rate — a practical and
powerful approach to multiple testing. J R Stat Soc Series B: Methodol 1995;
57(1):289–300.

9. Richardson JT. Eta squared and partial eta squared as measures of effect size in
educational research. Educ Res Rev 2011; 6(2):135–147.

0. Komi P, Fukashiro S, Järvinen M.  Biomechanical loading of Achilles tendon during
normal locomotion. Clin Sports Med  1992; 11(3):521–531.

1. Burne SG, Khan KM,  Boudville PB et al. Risk factors associated with exertional
medial tibial pain: a 12 month prospective clinical study. Br J Sports Med  2004;
38(4):441–445.

2. Dames KD, Smith JD. Effects of load carriage and footwear on lower extrem-
ity kinetics and kinematics during overground walking. Gait Posture 2016;
50:207–211.
3. Quesada PM,  Mengelkoch LJ, Hale RC et al. Biomechanical and metabolic
effects of varying backpack loading on simulated marching. Ergonomics 2000;
43(3):293–309.

4. Riley PO, Dicharry J, Franz J et al. A kinematics and kinetic comparison of over-
ground and treadmill running. Med  Sci Sports Exerc 2008; 40(6):1093–1100.

http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0030
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0030
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0030
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0030
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0030
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0030
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0030
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0030
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0030
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0030
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0030
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0030
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0030
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0030
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0030
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0030
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0030
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0030
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0030
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0030
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0030
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0030
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0030
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0030
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0030
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0030
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0030
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0030
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0030
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0035
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0040
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0040
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0040
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0040
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0040
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0040
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0040
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0040
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0040
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0040
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0040
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0040
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0040
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0040
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0040
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0040
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0040
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0040
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0040
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0040
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0040
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0040
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0040
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0040
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0040
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0040
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0040
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0045
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0050
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0055
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0055
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0055
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0055
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0055
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0055
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0055
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0055
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0055
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0055
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0055
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0055
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0055
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0055
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0055
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0060
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0060
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0060
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0060
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0060
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0060
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0060
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0060
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0060
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0060
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0060
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0060
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0060
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0060
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0060
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0060
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0065
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0070
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0075
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0075
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0075
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0075
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0075
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0075
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0075
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0075
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0075
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0075
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0075
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0075
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0075
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0075
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0075
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0075
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0075
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0075
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0075
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0075
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0075
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0075
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0075
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0075
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0080
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0080
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0080
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0080
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0080
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0080
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0080
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0080
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0080
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0080
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0080
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0080
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0080
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0080
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0080
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0080
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0080
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0080
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0080
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0080
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0080
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0080
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0080
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0080
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0080
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0080
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0080
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0080
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0080
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0085
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0085
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0085
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0085
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0085
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0085
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0085
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0085
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0085
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0085
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0085
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0085
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0085
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0085
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0085
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0085
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0085
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0085
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0085
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0085
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0085
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0085
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0085
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0085
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0085
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0085
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0085
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0085
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0085
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0090
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0095
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0100
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0100
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0100
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0100
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0100
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0100
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0100
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0100
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0100
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0100
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0100
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0100
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0100
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0100
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0100
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0100
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0100
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0100
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0100
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0100
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0100
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0100
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0100
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0100
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0100
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0100
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0100
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0100
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0100
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0105
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0105
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0105
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0105
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0105
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0105
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0105
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0105
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0105
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0105
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0105
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0105
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0105
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0105
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0105
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0105
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0105
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0105
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0105
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0105
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0105
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0105
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0105
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0105
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0105
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0105
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0105
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0110
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0110
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0110
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0110
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0110
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0110
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0110
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0110
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0110
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0110
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0110
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0110
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0110
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0110
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0110
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0110
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0110
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0110
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0110
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0110
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0110
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0110
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0110
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0110
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0110
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0110
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0110
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0110
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0110
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0115
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0115
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0115
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0115
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0115
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0115
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0115
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0115
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0115
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0115
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0115
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0115
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0115
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0115
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0115
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0115
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0115
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0115
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0115
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0115
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0115
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0115
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0115
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0115
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0115
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0115
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0115
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0120
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0120
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0120
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0120
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0120
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0120
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0120
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0120
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0120
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0120
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0120
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0120
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0120
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0120
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0120
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0120
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0120
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0120
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0120
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0120
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0120
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0120
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0120
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0120
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0120
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0120
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0120
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0125
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0130
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0130
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0130
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0130
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0130
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0130
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0130
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0130
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0130
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0130
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0130
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0130
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0130
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0130
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0130
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0130
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0130
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0130
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0130
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0130
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0130
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0135
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0135
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0135
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0135
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0135
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0135
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0135
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0135
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0135
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0135
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0135
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0135
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0135
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0135
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0135
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0135
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0135
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0135
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0135
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0135
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0135
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0135
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0135
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0135
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0135
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0140
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0140
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0140
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0140
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0140
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0140
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0140
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0140
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0140
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0140
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0140
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0140
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0140
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0140
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0140
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0140
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0140
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0140
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0140
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0140
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0140
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0140
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0140
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0140
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0140
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0140
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0140
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0140
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0140
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0145
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0145
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0145
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0145
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0145
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0145
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0145
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0145
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0145
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0145
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0145
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0145
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0145
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0145
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0145
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0145
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0145
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0145
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0145
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0145
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0145
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0145
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0145
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0150
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0150
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0150
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0150
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0150
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0150
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0150
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0150
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0150
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0150
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0150
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0150
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0150
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0150
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0150
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0150
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0150
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0150
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0150
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0150
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0150
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0155
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0155
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0155
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0155
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0155
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0155
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0155
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0155
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0155
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0155
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0155
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0155
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0155
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0155
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0155
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0155
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0155
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0155
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0155
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0155
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0155
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0155
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0155
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0155
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0155
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0155
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0155
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0155
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0155
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0155
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0160
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0160
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0160
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0160
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0160
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0160
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0160
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0160
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0160
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0160
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0160
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0160
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0160
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0160
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0160
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0160
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0160
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0160
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0160
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0160
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0160
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0160
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0160
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0160
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0160
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0160
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0165
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0165
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0165
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0165
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0165
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0165
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0165
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0165
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0165
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0165
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0165
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0165
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0165
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0165
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0165
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0165
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0165
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0165
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0165
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0165
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0165
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0165
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0165
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0165
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0170
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0170
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0170
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0170
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0170
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0170
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0170
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0170
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0170
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0170
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0170
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0170
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0170
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0170
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0170
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0170
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0170
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0170
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0170
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0170
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0170
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0170
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0170
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0170
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0170
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0170
http://refhub.elsevier.com/S1440-2440(18)30296-2/sbref0170

	Primarily hip-borne load carriage does not alter biomechanical risk factors for overuse injuries in soldiers
	1 Introduction
	2 Methods
	3 Results
	4 Discussion
	5 Conclusions
	Practical implications
	Acknowledgements
	Appendix A Supplementary data
	References


