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Abstract

This study determined if sustained walking with body borne load increases tibial compression,
and whether increases in tibial compression are related to vertical GRFs. Thirteen participants had
tibial compression and vertical GRF measures quantified while walking at 1.3 m/s for 60 minutes
with body borne load. Each tibial compression (maximum and impulse) and GRF measure (peak,
impulse, impact peak and loading rate) were submitted to a RM ANOVA to test the main effect
and interaction between load (0, 15, and 30 kg) and time (minute 0, 30 and 60), and correlation
analyses determined the relation between tibial compression and vertical GRF measures for each
load and time. Each tibial compression and GRF measure increased with the addition of body
borne load (all: p<0.001). Time impacted impact peak (p=0.034) and loading rate (p=0.017), but
no other GRF or tibial compression measure (p>0.05). Although both tibial compression and
vertical GRFs increased with load, vertical GRF measures exhibited negligible to weak (r: —0.37
to 0.35), and weak to moderate (r: —0.62 to 0.59) relation with maximum and impulse of tibial
compression with each body borne load. At each time point, GRF measures exhibited negligible
to weak (r: —0.39 to 0.27), and weak to moderate (r: —0.53 to 0.65) relation with maximum

and impulse of tibial compression, respectively. Walking with body borne load increased tibial
compression, and may place compressive forces on the tibia that lead to stress fracture. But,
increases in tibial compression may not stem from concurrent increases in vertical GRFs.
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INTRODUCTION

During military activities, particularly basic training, personnel routinely walk with body
borne load in excess of 20 kg for sustained time periods (Orr et al., 2015). These body
borne loads result in significant changes to lower limb biomechanics, particularly large
increases in ground reaction forces (GRF), and are reportedly the strongest predictor of
military personnel stress fracture development (Birrell et al., 2007). Considering treating
bone injuries costs the armed services 390 million dollars annually, it is imperative to
determine the specific lower limb biomechanics that lead to these injuries, particularly tibial
stress fracture (US General Accounting Office, 1997).

Walking with heavy military-relevant body borne load increases GRFs and risk of lower
limb musculoskeletal injury, such as tibial stress fracture. Specifically, peak vertical GRFs
are reported to increase between 9% and 11% with each 8 kg addition of load (Birrell et

al., 2007). Significant increases in vertical GRFs may transmit greater force to the lower
limb musculoskeletal system in general and compress the tibia specifically (Hadid et al.,
2018; Sasimontonkul et al., 2007). Although a substantial increase in tibial compression
force may initiate as well as accelerate bone microdamage and remodeling that characterize
stress fracture (Schaffler et al., 1989), it is unclear if weight-bearing activity with body borne
load leads to greater tibial compression, as it is inconclusive if in vivo tibial compression is
elevated during loaded walking (Burr et al., 1996; Lanyon et al., 1975). Walking with body
borne load may also increase both the impact peak (the first, rapid vertical GRF peak) and
loading rate (transmission speed of the vertical GRF following heel strike) of the vertical
GRF (Lobb et al., 2019). Significant increases in both impact peak and loading rate may lead
to larger, faster tibial compression, increasing bone microdamage and thereby elevate stress
fracture risk (Schaffler et al., 1989). In fact, individuals with tibial stress fracture reportedly
exhibit approximately 8% greater impact peak, and approximately 19% greater average and
instantaneous vertical loading rates than healthy controls (Milner et al., 2006). As such, it

is imperative to determine if individuals place a greater compressive force on the tibia with
each step and exhibit similar increases in GRFs related to stress fracture when walking with
heavy body borne load.

During sustained walking with heavy body borne load, peak and loading rate of vertical
GREFs reportedly increase up to 3% every fifteen minutes (Lidstone et al., 2017). A
continual increase in vertical GRF measures may steadily increase tibial compression during
sustained locomotion, and elevate stress fracture risk throughout the task duration. For
instance, runners that increased their mileage exhibited a substantial 4% to 10% increase in
probability of sustaining a tibial stress fracture (Edwards et al., 2009). The continual rise in
vertical GRF during sustained walking with heavy body borne load may also accelerate
fatigue-related muscular weakness, and subsequently limit the musculature’s ability to
attenuate elevated GRFs, leading to greater tibial compression. Although tibial compression
is reported to increase with concurrent increases in vertical GRFs, it results from the
combination of both internal (i.e., muscle) and external (i.e., GRF) forces (Matijevich

etal., 2019). As such, fatigue-related weakness of the ankle musculature with sustained
walking may not produce a continual rise in the internal forces that create tibial compression
throughout the task duration. Milgrom et al., in fact, reported in vivo increases in tibial
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strain following fatiguing locomotor tasks was limited to tibial tension, and not observed
for compression (2007). Matijevich et al. also reported the vertical GRFs recorded when
running at different speeds and slopes did not exhibit a strong, linear relation with tibial
compression, and thus, GRFs observed during locomotion may not translate to greater
compressive forces placed on the tibia (2019). Yet, it is feasible that tibial compression may
relate to changes in muscle forces, rather than the continual rise in vertical GRFs during
sustained walking with body borne load.

Considering military personnel routinely walk with body borne load for sustained time
periods, it is crucial to understand if concurrent increases in load and duration of walking
elevate tibial compression and stress fracture risk. With that in mind, the purpose of this
study was to determine if body borne load and duration of walking increase tibial bone load,
and whether increases in vertical GRFs exhibited with sustained walking with body borne
load exhibit a significant relation to tibial bone loads. It is hypothesized that both body borne
load and duration of walking would lead to a significant increase in tibial bone load, but
increases in vertical GRFs would not have a strong linear relation to increases in tibial bone
loads.

METHODS

Participants

Preliminary vertical GRF data at minutes 0 and 30 of the sustained walk task indicated

that 5 participants are required to achieve statistical significance (80% statistical power at
alpha level 0.05) with the expected moderate to large effect size (0.75 or greater). To ensure
sufficient sample, 13 participants (9 male/4 female: 23.8 £ 2.8 yrs, 1.8 £ 0.1 m, 72.0 +

12.6 kg) were recruited. Each participant was between the ages of 18 and 40 years and
self-reported the ability to safely walk with 75 pounds. Participants were excluded if they
had: (1) a history of serious lower extremity and/or serious back injury or surgery; (2) a
recent injury to the lower extremity and/or back in the 6 months prior to the commencement
of testing; (3) previously diagnosed with any known neurological disorder; and/or (4) are
currently pregnant. Research approval was obtained from the local Institutional Review
Board, and all participants provided written informed consent prior to testing.

Experimental Design

Each participant completed three test sessions. During each test session, participants
completed the sustained walk task with a different body borne load (0 kg, 15 kg and 30

kg). For testing, participants wore spandex shorts and shirt, and a weighted vest (V-MAX,
WeightVest.com, Rexburg, 1D, USA) (Figure 1). The weighted vest was systematically
adjusted prior to testing to ensure it provided the necessary body borne load for each
condition (+ 2% of target). To reduce fatigue effects and limit injury risk, each test session
was separated by a minimum of 24 hours. In order to avoid bias and confounding data, a 3 x
3 Latin square was used to randomly assign the test sequence of load configurations before
testing.

J Biomech. Author manuscript; available in PMC 2023 March 01.


https://WeightVest.com

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Walker et al.

Page 4

The sustained walk task required each participant walk continuously over-ground at 1.3 m/s
for 60 minutes. Specifically, the walk task required each participant complete one lap of
the 390-meter walk course (included both indoor and outdoor portions) every 5 minutes
(Appendix A). For the indoor portion, each participant walked at 1.3 m/s = 5 % throughout
the motion capture volume three times. During each trial, two sets of infrared timing gates
(TracTronix TF100, TracTronix Wireless Timing Systems, Lenexa, KS) placed four meters
apart in the motion capture volume recorded walk speed. Each trial was deemed either
successful (if the participant walked the target speed and only contacted the force platform
with their dominant limb) or unsuccessful. Immediately following the completion of the
three walk trials, participants exited the lab to complete the outdoor portion, which required
they walk over a small grassy area and footpath before reentering the lab. Throughout

the walk task, participants walked to a metronome (Planet Waves PW-MT-01, D’ Addario,
Farmingdale, NY) set to a participant-dependent cadence to ensure correct walking speed.

Biomechanical Testing and Analysis

During each walk trial, participants had synchronous three-dimensional (3D) lower limb
(hip, knee and ankle) biomechanical data recorded, with eight high-speed (240 Hz) optical
cameras (MXF20, Vicon Motion Systems LTD, Oxford, UK) and a single in-ground

force platform (2400 Hz, OR6, AMTI, Watertown, MA). For each successful walk trial,
lower limb biomechanical data was calculated from the 3D coordinates of thirty-four
retro-reflective markers. After marker placement, a participant-specific kinematic model
(comprised of trunk, pelvis, and bilateral thigh, shank and foot segments with 27 degrees
of freedom) was created from a static trial. Each segment of the kinematic models was
designated a local coordinate system with three orthogonal axes (X, y and z), according to
Seymore et al. (2019). After fitting the kinematic model to each successful trial, the marker
and GRF data were run through a low pass fourth-order Butterworth filter with a cutoff

of 12 Hz. Filtered marker trajectories were then processed in Visual 3D (v6.64, C-Motion,
Inc, Germantown, MD, USA) to calculate ankle rotations, using a joint coordinate systems
approach (Grood and Suntay, 1983). Standard inverse-dynamics analysis used the filtered
kinematic and GRF data to obtain 3D ankle joint forces and moments, with segmental
inertial properties defined according to Dempster et al. (1959).

Custom MATLAB code was used to quantify tibial compression and GRF metrics. Tibial
compression was calculated as the longitudinal compressive force on the distal tibia,
according to Matijevich et al. (2019). Specifically, the tibial compression force was the
summation of the external net force on the ankle (estimated as the 3D GRF projected on

the long tibia axis) and internal muscle force contributions (estimated as sagittal ankle
moment divided by Achilles tendon moment arm). Then, maximum tibial compression force
(Ftib,max), defined as the peak tibial compressive force over stance, and tibial compression
force impulse (Jiip), defined as the time integral of the tibial compressive force over stance,
were calculated. The GRF metrics calculated include peak (VGRFpeak) and impulse (Jygrr)
of the vertical GRF, defined as peak and time integral of vertical GRF over stance, as well as
impact peak (VGRFjmpact) and vertical average loading rate (VALR). VGRFjmpact and VALR
were calculated at 13% of stance and the slope of the vertical GRF between 20% and 80%
of stance, according to Willy et al. (2008) and Milner et al. (2006), respectively. All GRF

J Biomech. Author manuscript; available in PMC 2023 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Walker et al.

Page 5

variables were normalized to participant’s body weight (N) and all biomechanical data were
normalized to stance and resampled at 1% increments (n = 101) for presentation. Stance
phase (0% to 100%) was defined as heel strike to toe-off (the instance GRF exceeded and
fell below 10 N).

Statistical Analysis

RESULTS

For statistical analysis, the dependent variables were tibial compression (Ftip max and Jip)
and GRF (VGRFpeak, VGRFimpact: VALR and Jygrr) measures. Each dependent variable was
averaged across the three successful trials to create a participant-based mean. Then, each
participant-based mean was submitted to a 2-way repeated-measures analysis of variance to
test the main effects of and interaction between load (0, 15, and 30 kg) and time (minutes

0, 30 and 60). Significant interactions were submitted to a simple effects analysis, and

a modified Hommel correction was used for multiple comparisons (HOMMEL, 1988).
Pearson correlation coefficients (r) were calculated to determine the relation between tibial
compression and GRF measures for each load (0, 15, and 30kg) and time point (minutes 0,
30 and 60). Each correlation coefficient was transformed using Fisher’s z and an average for
each load and time were calculated. All statistical analysis was performed using SPSS (v26,
IBM, Armonk, NY), with alpha level 0.05.

Body borne load increased each tibial compression and GRF measure (all: p<0.001) (Figures
2 and 3, and Table 1). Each tibial compression (Fyjp max and Jip) and GRF measure
(VGRFpeak, JvGRF: VGRFimpact and VALR) was greater with the 30 compared to the 15

and 0 kg loads (all: p<0.001), and with 15 compared to the 0 kg load (all: p<0.024, corrected
p=0.05).

Time impacted GRF, but not tibial compression (Figure 2 and 3, Table 2). Specifically, time
had a significant effect on VGRFjmpact (p=0.034) and VALR (p=0.017), but not VGRFpeak
(p=0.117) and JygRre (p=0.126), or either Fjp max (p=0.512) and Jp (p=0.568). VALR
decreased at minutes 30 and 60 compared to minute 0 (p=0.010 and p=0.023), but no
difference was evident between minutes 30 and 60 (p=0.337, corrected p=0.025). After
correcting for Type I error, no difference in VGRFjmpact Was evident between any time point
(all: p>0.034, corrected p=0.0167).

With each body borne load, GRF measures exhibited negligible to moderate relation with
tibial compression (Figure 4 and Table 3). Specifically, VGRFeqk exhibited a negligible
relation with Fijp max (=0.19 to 0.01), VGRFjmpact exhibited a weak, negative relation with
Ftib,max (—0.30 to —0.35), VALR exhibited a weak, negative relation with Fjp may (-0.32

to -0.37) and JygRrr exhibited a negligible to weak, positive relation with Fyjp max (0.11 to
0.35). While, on average, VGRFeak exhibited a negligible to moderate, negative relation
with Jj (=0.04 to —0.51), VGRFjypact exhibited a weak to moderate, negative relation with
Jiib (-0.28 to —0.57), VALR exhibited a weak to moderate, negative relation with Jj, (—0.44
to —0.62) and J,gre a weak to moderate, positive relation with Jij, (0.45 to 0.59).
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At each time point, GRF measures had a negligible to moderate correlation with tibial
compression (Figure 5 and Table 4). Specifically, VGRFpeak exhibited a negligible to weak
relation with Fyjp max (=0.32 to 0.02), and J,gRrr exhibited a negligible, positive relation
with both Fyjp max (0.08 to 0.26) and a weak to moderate, positive relation with Jy;p, (0.42
to 0.65). Additionally, VGRFimpact exhibited a negligible to weak, negative relation with
Ftib,max (—0.39 to —0.27) and VALR a negligible to weak, negative relation with Fyjp max
(-0.43 to —0.28), while VGRFeak exhibited a negligible to weak, negative relation with
Jtib (=0.47 t0 =0.29), VGRFjmpact exhibited a weak to moderate, negative relation with Jp
(-0.53 to —0.39), and VALR a moderate, negative relation with J;, (—0.53 to —0.50).

DISCUSSION

This study determined whether sustained walking with body borne load leads to greater
tibial compression, and whether tibial compression related to concurrent increases in vertical
GRFs common when walking with load. Our hypotheses were partially supported, as body
borne load, but not time increased tibial compression, and vertical GRFs exhibited negligible
to moderate linear relations to tibial compression at each body borne load and time point.

Large increases in tibial compression during sustained walking with body borne load may
elevate tibial stress fracture risk. In agreement with our hypothesis, the 15 kg and 30 kg
addition of body borne load lead to a significant, approximate 20% increase in both Fijp max
and Jijp. Although the observed Fijp max and Jiip changes were below previous increases
(between 30 to 39%) in tibial compression due to body borne load (Hadid et al., 2018;
Lanyon et al., 1975; Xu et al., 2016), they may lead to maximal effective strain (i.e., > 2000
microstrain) on the tibia reported to decrease bone fatigue life, increasing likelihood of stress
fracture with sustained load carriage (Schaffler et al., 1989). The elevated Fjp max and Jip
also coincided with large concurrent increases in vertical GRFs common when walking with
body borne load (Wang et al., 2013). Specifically, VGRFpeak and Jygrr increased between
17% and 23% with each incremental addition of load. The elevated vertical GRFs, as a
result of adding body borne load, may increase risk of lower limb musculoskeletal injury

by increasing the magnitude and speed of force transmission to the lower limb in general,
and tibia specifically (Ramsay et al., 2016). The current participants, in fact, may have
increased the rapid transmission of the GRFs to the lower limb through large, significant
increases of VGRFjmpact and VALR with each incremental addition of body borne load.
Participants increased VGRFjmpact and VALR approximately 15% and 18% between each
incremental addition of body borne load (0 kg to 15 kg and 15 kg 30 kg), respectively.
Considering individuals with a history of tibial stress fracture exhibit approximately 8% and
16% greater VGRFjmpact and VALR than healthy controls (Milner et al., 2006), the addition
of heavy 15 kg and 30 kg body borne load may lead to substantial increases in rate of tibial
compression and greater bone microdamage, as faster tibial strains are reported to produce
larger decreases in bone fatigue life (Schaffler et al., 1989).

The significant increases in tibial compression with the addition of body borne load may not
be attributed to elevated vertical GRFs. In agreement with Matijevich et al., a strong, linear
relation between tibial compression (Fiip max and Jip) and vertical GRFs (VGRFpeak, JvGRF:
VGRFimpact: and VALR) were not observed with each body borne load (2019). In fact, each
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vertical GRF measure exhibited a negligible to weak correlation with Fijp max (—0.37 to 0.35)
and a negligible to moderate correlation with Jjp, (—0.62 to 0.59) with each body borne

load. Magnitudes of both Fyjp max and Jijp consistently exceeded vertical GRFs. Specifically,
Ftib,max Was consistently approximately 3.3 to 3.5 BW times greater than VGRFpeqk, while
Jiip Was approximately 2.5 to 2.6 BW times greater than J,ggrg, highlighting the large
disparity between externally measured GRFs and those experienced by internal structures,
such as muscles and bones, during locomotion (Scott and Winter, 1990). The discrepancy
between vertical GRFs and tibial compression may stem from the muscle force necessary to
walk with body borne load. To walk with body borne load, greater activation of lower limb
musculature, in particular a significant increase in peak ankle joint moments, is required

to properly attenuate impact forces as well as propel the center of mass forward with each
step (Baggaley et al., 2020; Hamner et al., 2010). Considering the current tibial compression
calculation determines internal muscle force from the sagittal plane ankle joint moment

and Achilles tendon moment arm, significant increases in ankle joint moments would be
accompanied by greater gastrocnemius force and tibial compression (Farris and Sawicki,
2012; Lidstone et al., 2017). The current participants, in fact, exhibited a large, significant
increase (between 8% and 23%) in peak sagittal plane ankle joint moment with the 15

and 30 kg addition of body borne load (Appendix B). Yet, despite potential large increases
in gastrocnemius force when walking with body borne load, future research is needed to
determine if and how greater muscle force required to successfully walk with body borne
load increases risk of tibial stress fracture.

Tibial compression did not significantly increase throughout the sustained walk task.
Although sustained walking with body borne load may lead to fatigue-related muscular
weakness of the lower limb musculature, limiting the muscle’s ability to adequately
attenuate elevated GRFs (Wang et al., 2012), longer walk times did not lead to a significant
increase in either Fip max OF Jiip. In agreement with Milgrom et al. (2007), sustained bouts
of load carriage may not further increase tibial compressive forces that elevate stress fracture
risk. Throughout the sustained walk task, the current participants exhibited an insignificant
reduction for both Fijp max and Jyp. Specifically, participants decreased Fijp max by 0.05 BW
and 0.01 BW at minute 30 and 60, and J;jp, by 0.01 BW*s at both time points. While

the reason the current participants decreased tibial compression throughout the sustained
walk task is not immediately evident, it may stem from the fact that they did not exhibit a
concomitant increase in VGRFpeak and associated metrics. Considering moderate to strong
positive, linear relations were observed between vertical GRFs (particularly VGRFpea and
Jverr) and tibial compression (Fyjp max and Jip) at each time point, the insignificant 0.03
BW increase in VGRFpeak and 0.01 BW*s increase in Jygrr at minutes 30 and 60 may
contribute to the minimal change in tibial compression throughout the walk task. Yet,
unlike with the addition of body borne load, participants exhibited no significant change

in peak sagittal plane ankle joint moment throughout the sustained walk task, and further
research is needed to determine whether vertical GRFs explained a greater percentage of
tibial compression from a reduction in muscle force, rather than an increase of GRFs being
transmitted to the tibia.

Risk of tibial stress fracture may not increase throughout the sustained walk task.
Participants exhibited a significant reduction in both VGRFjypact and VALR during the
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sustained walk task. In particular, participants decreased VALR by 6% and 7% at minutes 30
and 60, and exhibited a 3% to 4%, albeit insignificant, reduction in VGRFjmpact at minutes
30 and 60. Considering both VGRFjmpact and VALR are greater for individuals with a history
of tibial stress fracture and substantial increases in tibial strain rate are reported following
similar fatiguing locomotor activities (Milgrom et al., 2007; Milner et al., 2006), future
research is warranted to determine if load carriers can adopt lower limb biomechanics during
sustained walking that decrease VGRFjmpact and VALR, and modulate risk of tibial stress
fracture.

The current tibial compression calculation may be a limitation. While this calculation

has been used previously, it treats Achilles tendon length as a constant (5 cm) and may

over or under estimate tendon length and subsequently tibial compression for certain
individuals (Farris and Sawicki, 2012; Honert and Zelik, 2016). Additionally, the chosen
participants may be a limitation. Although the inclusion criteria stipulated participants
self-report the ability to safely carry 75 pounds, participants were not excluded if they
lacked load carriage experience. We are currently unaware, however, of any experimental
evidence that demonstrates experienced load carriers exhibit significantly different lower
limb biomechanics, and thus different tibial bone loading measures, than inexperienced load
carriers.

CONCLUSION

In conclusion, sustained walking with body borne load increased tibial compression and
potential tibial stress fracture risk. During the sustained walk task, each incremental addition
of body borne loads resulted in a 20% increase in Fyjp max and Jip, and may place greater
compressive forces on the distal tibia. Although vertical GRFs also increase with the
addition of body borne load, these elevated GRFs did not exhibit a strong relation to the
large increases in tibial compression with the addition of load. Similar increases in tibial
compression were not evident throughout the sustained walk task. Participants reduced

both Fip max and Jiip, and slowed the transmission of GRFs to the musculoskeletal system
throughout the walk task.
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Appendix A

Video depicting one lap of the walk course, including both the indoor and outdoor portions.
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Appendix B

Peak of stance (0% to 100%) sagittal plane ankle moment was quantified and submitted to a
repeated measures ANOVA to test the main effects of and interaction between load (0 kg, 15
kg and 30 kg) and time (minute 0, minute 30 and minute 60).

Results

Peak sagittal plane ankle moment was —0.83, —0.99, and —1.13 Nm/kg with the 0, 15 and 30

kg loads, and —0.99, —0.96, and —0.99 Nm/kg at minute 0, 30 and 60, respectively (Fig. B).

Body borne load (p < 0.001), but not time (p = 0.244) impacted the peak sagittal ankle

moment. Peak sagittal ankle moment was greater with the 30 compared to the 15 and 0 kg

loads, and with 15 compared to the 0 kg load (all: p < 0.001).

0.4 A 0.4 B.
S 021 £y
E 0 / \\\
= 02t AN /
c
2 S
5 0.4+ ~\~\
o e N /
0. \ !
X \ /
< \
o’
> === Min.0
O 120 — 15kg 1.2 |=== Min. 30
— 30 kg - = Min. 60
1.4 - . - . -1.4 L . : .
0 20 40 60 80 100 0 20 40 60 80 100

Stance Phase (0% - 100%)

Fig. B.

J Biomech. Author manuscript; available in PMC 2023 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Walker et al. Page 10
Mean (SD) stance phase (0% - 100%) sagittal plane ankle moment with each body borne
load (0, 15, and 30 kg) (A) and at each time point (minute 0, 30, and 60) (B).
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Figure 1.
Depicts the equipment worn for the 15 kg and 30 kg load conditions. For the 15 kg and 30

kg load conditions, participants wore a weighted vests that was systematically adjusted to
apply the necessary load.
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Figure 2.

Mean + SD stance phase (0% - 100%) tibial compression with each body borne load (0, 15,
and 30 kg) (A) and at each time point (minute 0, 30 and 60) (B).
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Figure 3.

Mean + SD stance phase (0% - 100%) vertical ground reaction force with each body borne
load (0, 15, and 30 kg) (A) and at each time point (minute 0, 30 and 60) (B).
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Figure 4.

Correlation results for tibial compression vs vertical GRF metrics with each body borne load
(0 kg (blue), 15 kg (black) and 30 kg (red)).
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Figure 5.
Correlation results for tibial compression vs vertical GRF metrics at each time point (minute

0 (blue), minute 30 (black) and minute 60 (red)).
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Mean (SD) for each tibial compression and ground reaction force measure with each body borne load (0, 15,

and 30 kg).

Ftib,max (BW) Jtib (BW*S) VGRFpeak (BW)

Juore (BW*S)  VGRFimpact (BW)  VALR (BWIs)

Okg  4.09(0.06)  1.35(0.03) 1.18 (0.01)

15k9 4900087 1640087 1440027

23 A A
0k 5560127 1880047 1700037

0.53 (0.01) 0.98 (0.02) 13.05 (0.52)

0650017 1130037 1456 (0.76)"

* 23 *
0.76 (0.02)” 1.32(0.03)” 17.20 (0.78)"

#denotes a significant (p < 0.05) difference from 0 kg load.

*
denotes a significant (p < 0.05) difference from 15 kg load.
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Mean (SD) for each tibial compression and ground reaction force measure with at each time point (0, 30 and

60 minutes).

Flib,max (BW)

‘]tib (BW*S) VGRFpeak (BW) JVGRF (BW*S) VGRFimpact (BW)

VALR (BW/s)

Min0  4.87(0.08)
Min30  4.82(0.09)

Min60  4.86 (0.07)

1.63 (0.04) 1.42 (0.02) 0.64 (0.01) 1.17 (0.02)
1.62 (0.04) 1.45 (0.02) 0.65 (0.01) 1.14 0.03)"
1.62 (0.03) 1.45 (0.02) 0.65 (0.01) 112 (0.03)"

15.64 (0.59)
14.69 (0.64)

14.48 (0.68)

#denotes a significant (p < 0.05) difference from minute 0.
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Mean + SD for the correlation coefficient between each ground reaction force and tibial force measure with
each body borne load (0, 15 and 30 kg).

VGRFpeak VGRFimpact VALR JuGRF VGRFpeak VGRFimpact VALR JuGRF
Ftib max Jtib
0kg 0.01+0.32 -0.34+£0.28 -0.37+0.28 0.07+031 -0.04+0.32 -0.28+0.29 -0.44+0.26 0.59+0.21
15kg -0.19+031 -030+0.29 -0.32+0.28 0.11+031 -051%+024 -048+0.25 -047+025 045+0.26
30kg -015+031 -035+0.28 -037+0.28 0.35+028 -048+0.25 -0.57+0.22 -0.62+0.20 0.57+0.22
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Mean + SD f for the correlation coefficient between each ground reaction force and tibial force measure at
each time point ( minute 0, 30 and 60).

VGRFpeak VGRFimpam VALR JuGRFE VGRFpeak VGRFimpacl VALR JuGRFE
Ftibmax Jtib
Min0 -0.01+0.32 -0.39+0.27 -043%+0.26 026+030 -031+0.29 -043+0.26 -051+024 0.65%0.19
Min30 -032+0.29 -027+030 -034+028 0.21+030 -047+£025 -0.39%x0.27 -053+0.24 0.54+0.23
Min 60 0.02 £0.32 -0.33+0.28 -0.28+0.29 0.08+0.31 -029+0.29 -053+023 -050+0.24 0.42+0.27
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