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Abstract

Aberrant gait biomechanics following anterior cruciate ligament reconstruction (ACLR) likely
contribute to post-traumatic osteoarthritis (PTOA) development. Gait biomechanics are typically
assessed overground, but the use of instrumented/force-measuring treadmills is increasingly
common. The purpose of this study was to compare gait biomechanics overground and on an
instrumented treadmill in individuals with ACLR and healthy controls. Twenty-four individuals
with ACLR and 24 healthy controls completed overground and gait biomechanics assessments.
Biomechanical outcomes included peak vertical ground reaction force (vVGRF), internal knee
extension (KEM) and abduction (KAM) moments, and knee flexion (KFA) and adduction angles;
KFA at heel strike; knee flexion displacement; and inter-limb symmetry for each outcome. Peak
KEM (P < 0.001, 95%CI [-0.016, —0.007 xBW*Ht]) and vGRF (P < 0.001, 95%ClI [-0.09.

-0.03 xBW]) were significantly less symmetrical in the ACLR group compared to the control
group on the treadmill but not overground. Additionally, peak KEM was smaller in the ACLR
limb compared to the contralateral limb both overground (= 0.005, 95%CI [-0.010, —0.001
xBW=*HLt]) and on the treadmill (P < 0.001, 95%CI [-0.015, —-0.007 xBW*Ht]), but this difference
was 1.8x larger on the treadmill compared to overground. Peak KFA (P = 0.001, 95%ClI [-4.2,
-1.2°]) and vVGRF (P< 0.001, 95%CI [-0.07, —0.03 xBW]) were smaller in the ACLR limb on the
treadmill but not overground. These findings suggest aberrant gait biomechanics are exacerbated
during treadmill walking post-ACLR and that evaluating kinematics and kinetics on instrumented
treadmills may be valuable for assessing risk factors of PTOA development.
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Introduction

Anterior cruciate ligament (ACL) injury occurs in roughly 250,000 individuals in the

United States annually (Griffin et al., 2006). Though most patients undergo surgical
reconstruction (ACLR) (Sanders et al., 2016), this approach does not mitigate post-traumatic
osteoarthritis (PTOA) risk (Harris et al., 2017; Luc et al., 2014). While PTOA development
is likely multifactorial, altered gait biomechanics are considered driving factors in PTOA
pathogenesis (Khandha et al., 2017; Wellsandt et al., 2016).

Gait biomechanics are typically evaluated during level, overground walking. Under these
conditions, individuals with ACLR display smaller sagittal plane knee moments and angles
compared to controls and the contralateral limb (Hart et al., 2016; Kaur et al., 2016; Slater
et al., 2017). Ambiguity exists regarding the frontal plane knee moment, as individuals

with ACLR reportedly display smaller (Patterson et al., 2014; Slater et al., 2017), larger
(Butler et al., 2009), or equivalent (Hall et al., 2012; Varma et al., 2014) values compared to
controls. Additionally, smaller vertical ground reaction forces (vGRF) have been reported

in the ACLR limb in symptomatic patients compared to those who are asymptomatic
(Pietrosimone et al., 2018). Furthermore, aberrant overground gait biomechanics during
weight acceptance (e.g. smaller vGRF and sagittal plane moments and angles, and greater
inter-limb loading asymmetry) have been associated with PTOA development and poor knee
joint health following ACLR (Khandha et al., 2017; Pfeiffer et al., 2019; Pietrosimone et al.,
2017, 2016; Wellsandt et al., 2016).

Instrumented/force-measuring treadmills have been increasingly used to evaluate gait
biomechanics (Alton et al., 1998; Christensen et al., 2018; Dewig et al., 2021; Goetschius
etal., 2018; Malatesta et al., 2017; Shabani et al., 2015) in lieu of overground assessments.
Instrumented treadmills have several advantages including requirement of a smaller capture
space, objective control of gait speed, and continuous data collection during ambulation.
Conversely, overground assessments more closely resemble real-world ambulation. While
treadmill gait differs from overground gait in healthy individuals (Alton et al., 1998;

Lee and Hidler, 2008), we are unaware of studies comparing overground and treadmill

gait biomechanics in individuals with ACLR. Of particular importance, the sagittal plane
knee moment, an outcome linked to PTOA pathogenesis, is smaller during treadmill
walking compared to overground (Lee and Hidler, 2008). As such, treadmill walking

might mask aberrant gait biomechanics in individuals with ACLR, potentially misinforming
clinical intervention and PTOA risk. Therefore, the purpose of this study was to compare
overground and treadmill gait biomechanics between individuals with and without ACLR.
We hypothesized that differences in gait biomechanics (individual limbs and inter-limb
symmetry) between individuals with ACLR and healthy controls would be larger overground
compared to treadmill gait. Similarly, we hypothesized that differences between the involved
and uninvolved limbs in the ACLR cohort would be larger overground compared to the
treadmill.
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Experimental Desigh & Subjects

A priori power analysis indicated that 7-17 subjects were necessary to identify significant
differences in the sagittal plane knee moment and angle during overground walking between
those with and without ACLR (power = 0.80, a = 0.05, Cohen’s d=1.00 — 1.77) using a
cross-sectional case-control design (Lewek et al., 2002). We enrolled 24 individuals with a
history of ACLR and 24 uninjured controls to ensure adequate power and account for the
addition of a second gait condition (treadmill). Individuals with ACLR were required to have
1) undergone primary, unilateral ACLR 6-12 months prior to testing, 2) no history of other
ACL injury, 3) been cleared for unrestricted physical activity, and 4) not been diagnosed
with knee arthritis or fracture at the time of ACL injury. Control subjects were required

to have no previous history of lower extremity surgery, and all subjects were between the
ages of 18-35 years, had no lower extremity injury within the past 6 months or neurological
disorder, and were not currently pregnant. Subject demographics are provided in Table 1.
The study was approved by the university’s Institutional Review Board and all subjects
provided written informed consent.

Gait Biomechanics Assessment

Subjects completed five overground walking trials through infrared timing gates to
determine self-selected speed. To create a common segment-linkage model for the treadmill
and overground conditions, 29 retroreflective markers were placed bilaterally on the heads
of the 15t and 5™ metatarsals, lateral malleoli, medial malleoli, calcanei, tibial crests,
medial femoral epicondyles, lateral femoral epicondyles, mid thighs, anterior superior

iliac spines, greater trochanters, posterior superior iliac spines, and acromion processes.
Individual markers were placed at the L4/L5 interspace, coccyx and sternum (Blackburn

et al., 2020; Pfeiffer et al., 2018). A static calibration trial was completed prior to each
condition to estimate joint centers and align the laboratory and segment coordinate systems
with the subject facing forward, feet shoulder width apart, and arms abducted 90°. Hip joint
centers were calculated via the Bell method (Bell et al., 1989), while knee and ankle joint
centers were estimated as the midpoint between the medial and lateral femoral epicondyles
and malleoli, respectively. Markers on the medial femoral epicondyles and malleoli were
then removed to permit unrestricted gait. Subjects wore their own athletic shoes and first
completed the overground condition which was immediately followed by the treadmill
condition.

Subjects completed five overground trials over force plates (Bertec Corp, Columbus, OH)
embedded in a 6m walkway. Three-dimensional marker trajectories were sampled at 120
Hz using a 10-camera motion capture system (Vicon Motion System, Oxford, UK) while
force plate data were sampled at 1,200 Hz. Subjects took at least 3 steps prior to striking
the first force plate and at least 2 steps following contact with the second force plate. Trials
were successful when contact was made with each foot independently on a separate force
plate, gait speed was +5% of the preferred speed, and there were no visible alterations (e.g.
stutter-step).
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Subjects then walked for 5 minutes on a split-belt instrumented treadmill (Bertec Corp,
Columbus, OH). The first 3.5 minutes were an acclimation period (Garcia et al., 2021;
Richards et al., 2018) while data were captured during the final 90s. Participants walked at
the preferred overground speed while three-dimensional marker trajectories were sampled at
120 Hz using an 8-camera motion capture system (Qualisys Miqus, Géteborg, Sweden) and
force plate data were sampled at 1,200 Hz.

We calculated the linear and angular orientations between five stationary markers spaced
fixed distances relative to each other with both motion capture systems to quantify between-
system measurement discrepancies. Errors in linear distances ranged 2-4mm and angular
error was ~ 0.7°.

Data Processing

All data was processed using Visual3D (C-Motion Inc., Germantown, MD) utilizing
identical Link Model Based computations. The stance phase was defined as the interval from
heelstrike (vGRF > 20 N) to toeoff (vGRF < 20 N). Kinetic and kinematic data were lowpass
filtered at 10 Hz (4™ order Butterworth). Euler angles were calculated as motion of the
shank relative to the thigh utilizing a sagittal-frontal-transverse sequence. Standard inverse
dynamics procedures were employed to combine kinetic, kinematic, and anthropometric
data to derive net internal joint moments. Ground reaction forces were normalized to body
weight (xBW), while joint moments were normalized to the product of body weight and
height (xBW*Ht).

Gait variables were assessed during the first 50% of the stance phase (Khandha et al.,

2017; Pietrosimone et al., 2017, 2016) and included the peak VGRF, peak internal knee
extension (KEM) and abduction (KAM) moments, peak knee flexion (KFA) and adduction
angles, knee flexion angle at heel strike, and knee flexion displacement (i.e. peak —

heel strike). Peak KEM and KAM represented negative values as defined by our angular
conventions, but were expressed as positive values for ease of interpretation (i.e. larger
positive values represent larger biomechanical phenomena). Outcomes were averaged over
the five overground trials and the first five steps following the 3.5 minute acclimation period
on the treadmill.

In the ACLR group, the involved limb was defined as the ACLR limb. In the control group,
the involved limb was determined via a random number generator to produce the same
proportion of left and right limbs as the ACLR limbs. Inter-limb symmetry was calculated
for all outcomes by subtracting the contralateral limb from the involved limb (involved —
contralateral), with O representing perfect symmetry and positive values indicating larger
values in the involved limb (Khandha et al., 2017).

Statistical Analyses

Statistical significance was established a priori as £< 0.05. All data were screened for
normality via the Shapiro-Wilk test and visual inspection of histograms. Gait biomechanics
in the involved limb were compared across groups and conditions by separate 2x2
repeated-measures ANCOVA controlling for gait speed. Similarly, inter-limb symmetry was
compared across groups and conditions utilizing separate 2x2 repeated-measures ANCOVA
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controlling for gait speed. Gait biomechanics were also compared between limbs and
conditions in the ACLR group via separate 2x2 repeated-measures ANOVA. Significant
models were evaluated post hoc via paired-samples t-tests to compare overground vs.
treadmill within each group or limb, and between limbs for each condition for the ACLR-
specific models. Additional post hoc analyses comparing biomechanical outcomes between
groups for each condition were conducted using one-way ANCOVA controlling for gait
speed. All post hoc tests were evaluated via Bonferroni-adjusted alpha levels (0.05/4 =
0.0125) and reported with the 95% confidence interval of the difference (95%CI) calculated
as overground-treadmill, ACLR-control, and ACLR-contralateral, respectively.

Between-group Comparisons

There were no group main effects for any outcome (P = 0.187 — 0.959; Table 2). However,
there was a significant group x condition interaction effect for KEM (P = 0.013). Post hoc
evaluation indicated a significantly larger KEM overground compared to the treadmill for
both the ACLR (< 0.001, 95%CI [0.005, 0.011 xBW*Ht]) and control (P = 0.006, 95%Cl
[0.001, 0.007 xBW*Ht]) groups, but no differences between groups for the overground (P
=0.738, 95%CI [-0.007, 0.005 xBW*HTt]) or treadmill (P = 0.066, 95%CI [-0.012, 0.000
xBW=*Ht]) conditions. There were no other significant group x condition interaction effects
(peak KAM [P=0.953], peak KFA [P=0.558], KFA at heel strike [P = 0.690], peak knee
adduction angle [P = 0.574], knee flexion displacement [P = 0.877], vVGRF [P = 0.704]).

There were significant condition main effects (Table 2), with KEM being larger overground
compared to the treadmill (P=0.021, 95%CI [0.004, 0.008 xBW*Ht]) and knee flexion
displacement being smaller overground compared to the treadmill (P= 0.012, 95%CI [-3.0,
-1.7°]). There were no other condition effects (peak KAM [P = 0.995], peak KFA [P=
0.066], KFA at heel strike [P=0.450], peak knee adduction angle [P=0.226], VGRF [P=
0.051]). Group means and standard deviations are listed in Table 3. Respective waveforms
time-normalized to 101 data points are provided in Figure 4 A-E, with internal moments
expressed in the original angular conventions.

Between-limb Comparisons (ACLR cohort only)

There were significant limb x condition interaction effects for peak KEM (£ = 0.005; Figure
1), peak KFA (P=0.024; Figure 2), and peak VGRF (£ = 0.005; Figure 3). Post hoc
analyses indicated smaller KEM in the ACLR limb compared to the contralateral limb in
both the overground (P = 0.005, 95%CI [-0.010, —0.001 xBW*HTt]) and treadmill (P<
0.001, 95%CI [-0.015, —0.007 xBW*HTt]) conditions. Additionally, KEM was significantly
larger overground compared to the treadmill in the ACLR limb (£ < 0.001, 95%CI [0.005.
0.011 xBW*Ht]) but was not different between conditions for the contralateral limb (P=
0.150, 95%CI [-0.001, 0.007 xBW*Ht]). KFA was significantly smaller in the ACLR limb
compared to the contralateral limb in the treadmill condition (£ = 0.001, 95%CI [-4.2,
-1.2°]), but not overground (P = 0.101, 95%CI [-3.1, 0.3°]). Smaller KFAs were observed
in overground condition compared to the treadmill in both the ACLR (P = 0.012, 95%ClI
[-2.0. -0.3°]) and contralateral limbs (P=0.001, 95%CI [-3.7, —1.2°]). Post hoc analyses
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also indicated smaller vVGRF in the ACLR limb compared to the contralateral limb during
the treadmill condition (P < 0.001, 95%CI [-0.07, —0.03 xBW]), but not overground (P=
0.016 [Bonferroni-adjusted critical a = 0.0125], 95%CI [-0.04, 0.00 xBW]). Finally, vGRF
was smaller in the contralateral limb overground compared to the treadmill (P=0.002,
95%CI [-0.05, —0.01 xBW]), but there was no difference between conditions in the ACLR
limb (P=0.798, 95%CI [-0.02, 0.01 xBW]). There were no other significant interaction
effects (peak KAM [P = 0.808], knee flexion angle at heelstrike [£= 0.056], peak knee
adduction angle [P = 0.347], knee flexion displacement [P = 0.604]).

Condition main effects were identified with peak KEM being larger overground (£= 0.001)
while peak KFA (P=0.001), KFA at heel strike (P=0.012), knee flexion displacement (P <
0.001), and peak VGRF (P = 0.022) were smaller overground. There were no condition main
effects for peak KAM (P =0.278) or peak knee adduction angle (P = 0.949). Significant
limb main effects were also observed, with peak KEM (P < 0.001), KFA (P=0.011), knee
flexion displacement (P=0.001), and peak vGRF (£ < 0.001) all being smaller in the ACLR
limb. There were no limb main effects for peak KAM (P =0.283), KFA at heelstrike (P=
0.812), or peak adduction angle (P=0.299).

Inter-limb Symmetry Comparisons

There were significant group x condition interaction effects for peak KEM (P = 0.002) and
peak VGRF (P=0.018). Post hoc evaluation revealed significantly more symmetrical peak
KEM (P = 0.005, 95%CI [0.002, 0.008 xBW*Ht]) and vGRF (P = 0.005, 95%CI [0.01,
0.05 xBW]) in the ACLR group overground compared to the treadmill, but no difference
between conditions in the control group inter-limb symmetry for peak KEM (P=0.178,
95%CI [-0.005, 0.001 xBW*Ht]) or vGRF (P = 0.404, 95%CI [-0.04, 0.02 xBW]). The
peak KEM was significantly less symmetrical in the ACLR group than the control group
during treadmill gait (P < 0.001, 95%CI [-0.016, —0.007 xBW*Ht]), but not overground
(P = 0.058, 95%CI [-0.009, 0.000 xBW*Ht]). Similarly, peak vGRF was significantly less
symmetrical in the ACLR group than the control group during the treadmill condition (P <
0.001, 95%CI [-0.09. —0.03 xBW]), but not overground (P = 0.093, 95%CI [-0.04, 0.003
xBW]). There were no other significant group x condition interaction effects (peak KAM [P
=0.519], peak KFA [P=0.095], KFA at heelstrike [~ = 0.250], peak knee adduction angle
[P=0.411], knee flexion displacement [~ = 0.938]).

There were no condition main effects for the inter-limb symmetry values for any variable
(peak KEM [P =0.589], peak KAM [P =0.673], peak KFA [P = 0.761], KFA at heelstrike
[P=0.733], knee flexion displacement [ 2= 0.353], peak knee adduction angle [P= 0.051],
peak VGRF [P =0.882]). There were, however, significant group main effects with peak
KEM (P < 0.001), peak knee flexion angle (£ =0.009), knee flexion displacement (P =
0.003), and peak VGRF (£ < 0.001) all being less symmetrical in the ACLR group. No

group effects existed for peak KAM inter-limb symmetry (P = 0.698), KFA at heelstrike (P=
0.529), or peak adduction angle (P=0.736).
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Discussion

Differences in gait biomechanics between the overground and treadmill conditions were
generally consistent with previous reports in healthy controls (Alton et al., 1998; Lee and
Hidler, 2008). Lee and Hilder (2008) reported larger sagittal plane joint moments in healthy
individuals overground compared to treadmill walking but no difference in frontal plane
moments. Similarly, we observed larger KEM overground in both groups combined (i.e.
condition main effect), but no effects were observed for KAM. We also observed greater
knee flexion displacement in both groups combined and a trend for a greater peak KFA on
the treadmill in both groups combined (P = 0.066), similar to the findings of Alton et al.
(1998) in healthy males. The absence of differences in peak VGRF between the overground
and treadmill in the groups combined is similar to the findings of Lee and Hilder (2008) in
healthy individuals. As sagittal plane moments are typically smaller following ACLR and
have been associated with PTOA development (Dewig et al., 2021; Goetschius et al., 2018;
Hart et al., 2010; Khandha et al., 2017; Slater et al., 2017), it is imperative to recognize that
differing gait assessment conditions may elucidate dissimilar results.

Contrary to our hypothesis, differences in gait biomechanics between the ACLR group and
controls, and between limbs in the ACLR group, were generally greater on the treadmill
compared to overground rather than being masked. Peak KEM was more asymmetrical

in the ACLR group compared to controls on the treadmill, but this phenomenon was not
present overground. Additionally, peak KEM in the ACLR group was more asymmetrical on
the treadmill compared to overground, but did not differ between conditions in the control
group. Similarly, peak KEM was smaller in the ACLR limb compared to the contralateral
limb in both gait conditions, but this between-limb difference was 1.8x larger on the
treadmill compared to overground. The peak VGRF was more asymmetrical in the ACLR
group compared to controls on the treadmill, but this group difference was not present
overground. Additionally, peak vVGRF in the ACLR group was 2.4x more asymmetrical on
the treadmill compared to overground, but did not differ between conditions in the control
group. Furthermore, the between-limb difference in peak KFA in the ACLR group was 1.8x
larger on the treadmill compared to overground.

These findings suggest treadmill walking may elucidate aberrant gait biomechanics patterns
that are not observed overground. Additionally, the ACLR group demonstrated gait patterns
consistent with PTOA development, irrespective of condition, but these patterns were
exacerbated on the treadmill. Notably, participants in the ACLR group were cleared for

full sport/exercise participation, but still demonstrated aberrant gait biomechanics.

It is possible that treadmill walking elucidates a variant gait pattern that is not employed
overground and that individuals with ACLR may be unable to adequately adjust to these
unique biomechanical demands. Moraiti et al. (2010) reported greater variability in the
knee flexion-extension time series in the ACLR limb compared to healthy controls during
treadmill walking. While not evaluated in this study, the presence of persistent quadriceps
dysfunction has been associated with aberrant gait biomechanics such as smaller sagittal
plane moments and angles following ACLR (Lewek et al., 2002). As those with ACLR
demonstrated smaller KEM in their involved limb compared to the contralateral limb in
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both conditions, and smaller peak KFA vGRF in the treadmill condition, it is possible that
altered quadriceps function precipitated these aberrant gait biomechanics. Overground gait
requires quadriceps activity during the stance phase both for body support and propulsion
as the center of mass translates over the stationary base of support. In contrast, treadmills
effectively pull the stance limb posteriorly, thus minimizing the propulsive demands placed
on the quadriceps. The reduced demands placed on the quadriceps (and the hip and ankle
extensors) likely leads to off-loading of the ACLR limb as evidenced by smaller vGRF and
KEM consistent with the “stiffened knee pattern” that has been associated with poor knee
joint health following ACLR (Khandha et al., 2017; Pfeiffer et al., 2019; Wellsandt et al.,
2016). Although knee flexion angles are generally larger during treadmill gait compared

to overground, the ACLR limb demonstrates significantly smaller KFA compared to the
contralateral limb during treadmill gait thus, differences in knee kinematics may also be
exacerbated on the treadmill. Khandha et al. (2017) reported that the peak KFA was 5°
smaller in individuals with ACLR who developed PTOA within 5 years compared to

those who did not develop PTOA. Additionally, Di Stasi et al. (Di Stasi et al., 2013)
reported a minimal clinically important difference (MCID) in peak KFA of 3° in healthy
individuals. These data collectively suggest that the 2.7° difference in peak KFA that we
observed between limbs in the ACLR group on the treadmill may be clinically meaningful.
Additionally, the 0.011 xBW*Ht difference in KEM in the ACLR group between limbs
during treadmill gait is larger than the MCID reported in Di Stasi et al (2013) (0.003
xBW*Ht). These findings also suggest that treadmill gait may be an effective approach for
identifying aberrant gait biomechanics not observed via traditional overground assessments.

This study should be evaluated in context of its limitations. Participants walked at their
preferred overground speed for both gait conditions. However, preferred gait speed may
differ on treadmills (Malatesta et al., 2017), thus potentially limiting generalizability.
Moreover, all individuals in the ACLR group received patellar tendon autografts, potentially
limiting application to patients with other graft types. However, previous research has
demonstrated that differences do not exist during overground walking between individuals
with patellar tendon and hamstring autografts (Johnston et al., 2019). We also did not match
the control and ACLR groups with respect to sex. However, we repeated our analyses using
sex as a covariate and found no changes to the group, condition, or group x condition
effects for any outcome. While our use of two different motion capture systems for

the gait conditions introduced systematic error, these linear and angular errors were on

the order of 4mm and 0.7°, respectively, and were smaller than the observed statistical
differences. Additionally, we only evaluated peak variables, thus future research should
evaluate differences in time-series waveforms. For example, the knee adduction angle
waveforms are visually dissimilar, but it should be noted that the total range of motion
throughout the stance phase for all groups was small (~ 5 degrees), thus likely obscuring
any potential discrete differences. Lastly, this study did not include ACLR patients during
the early post-operative rehabilitative stages or more than 12 months post-ACLR, thus it is
unclear if the findings are applicable to different post-ACLR intervals.
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Conclusion

Aberrant gait biomechanics associated with PTOA development existed in the ACLR
group compared to controls and contralateral limbs and were exacerbated in the treadmill
condition. Thus, instrumented treadmills may further elicit aberrant gait biomechanics
following ACLR. Future research is necessary to determine if similar results are obtained
in individuals further removed from ACLR who have presumably resumed “normal” gait
patterns.
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Figure 1.

Peak internal knee extension moment (KEM) Condition x Limb Interaction (Mean £ 1 SD)
* Indicates significant difference between the ACLR limb and contralateral limb

t Indicates significant difference between the overground and treadmill condition in the
ACLR limb
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Figure 2.

Peak knee flexion angle (KFA) Condition x Limb Interaction (Mean + 1 SD)

* Indicates significant difference between the ACLR limb and contralateral limb

t Indicates significant difference between the overground and treadmill condition in the
ACLR limb

1 Indicates significant difference between the overground and treadmill condition in the
contralateral limb
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Peak vertical ground reaction force (vGRF) Condition x Limb Interaction (Mean + 1 SD)
* Indicates significant difference between the ACLR limb and contralateral limb

t Indicates significant difference between the overground and treadmill condition in the
contralateral limb
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Figure 4A.

Internal sagittal plane knee moment time-normalized waveforms. Negative values indicate
internal extension moments, while positive values indicate internal flexion moments.
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Figure 4B.
Sagittal plane knee angle time-normalized waveforms. Negative values indicate knee

extension, while positive values indicate knee flexion
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Internal frontal plane knee moment time-normalized waveforms. Negative values indicate
internal abduction moments, while positive values indicate internal adduction moments.
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Figure 4D.

Frontal plane knee angle time-normalized waveforms. Negative values indicate knee
abduction, while positive values indicate knee adduction.
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Figure 4E.

Vertical Ground Reaction Force (VGRF) time-normalized waveforms.
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Table 1:
Subject Demographics
ACLR (n=24) | CONT (n=24) | Pvalue

Age (yrs) 20.8+35 21.8+38 0.79
Height (m) 1.71+0.09 1.72+0.08 0.66
Mass (kg) 733+147 69.7 +13.6 0.38
Body Mass Index (kg/m?) 250+3.4 23.6+4.7 0.30
Gait speed (m/s) 1.27+0.10 1.22+0.14 0.05*
Post-Op (weeks) 36+6 N/A

Sex 11 M, 13W ™M, 17W
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Between-group Comparisons: Statistical Results (P-value)

Table 2:

Condition Effect | Group Effect Condition*Group Effect
Peak KEM 00217 0.256 0013~
Peak KAM 0.995 0.378 0.953
Peak KFA 0.066 0.656 0.558
Knee Flexion Displacement 00127 0.959 0.877
Knee Flexion Angle at Heelstrike 0.450 0.488 0.690
Peak Knee Adduction Angle 0.226 0.561 0.574
Peak vGRF 0.051 0.187 0.704

*
Indicates significant result (P < 0.05)
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Discrete Variables for ACLR and Control groups (Mean * SD)

Table 3:

ACLR Limb | Contralateral Limb CONT
Overground
KEM (xBW*Ht) | 0.021 +0.01 0.027 £ 0.01 0.021+0.1
KAM (xBW*Ht) | 0.024 +0.01 0.026 £ 0.01 0.025 £ 0.01
Peak KFA (°) 85+47 9.95+47 8.7+55
Knee flexion displacement (°) 129+34 15.0+34 13.0+3.8
Knee Flexion Angle at Heelstrike (°) -44+34 -5.1+35 -3.9+37
Knee Adduction Angle (°) 03+3.1 05+3.7 03+3.2
VGRF (xBW) 1.08 = 0.06 1.10 £ 0.06 1.09 + 0.06
Treadmill
KEM (xBW*Ht) | 0.013 +0.01 0.024 £ 0.01 0.017 £0.01
KAM (xBW*Ht) | 0.024 +0.01 0.026 + 0.01 0.024 £0.01
Peak KFA (°) 9.7+5.0 124+49 10.0+53
Knee Flexion Displacement (°) 155+3.0 179435 151+3.1
Knee Flexion Angle at Heelstrike (°) -5.8+4.0 -53+33 -5.1+38
Knee Adduction Angle (°) -01+31 1.0£25 03+3.2
VGRF (xBW) 1.08 £ 0.06 1.13+0.07 1.09 £ 0.05
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