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Abstract

Post-traumatic patellofemoral osteoarthritis is prevalent after anterior cruciate ligament
reconstruction (ACLR) and early cartilage degradation may be especially common in the femoral
trochlear cartilage. Determining the presence of and factors associated with early femoral trochlear
cartilage degradation, a precursor to osteoarthritis, is a critical preliminary step in identifying those
at risk for patellofemoral osteoarthritis development and designing interventions to combat the
disease. Early cartilage degradation can be detected using quantitative magnetic resonance
imaging measures, such as tissue T, relaxation time. The purposes of this study were to 1)
compare involved (ACLR) versus uninvolved (contralateral) femoral trochlear cartilage T,
relaxation times 6 months after ACLR, and 2) determine the relationship between walking speed
and walking mechanics 3 months after ACLR and femoral trochlear cartilage T, relaxation times 6
months after ACLR. Twenty-six individuals (age 237 years) after primary, unilateral ACLR
participated in detailed motion analyses 3.3£0.6 months after ACLR and quantitative magnetic
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resonance imaging 6.3+0.5 months after ACLR. There were no between limb differences in
femoral trochlear cartilage T, relaxation times. Slower walking speed was related to higher
(worse) femoral trochlear cartilage T, relaxation times in the involved limb (Pearson r: —.583, p=.
002) and greater interlimb differences in trochlear T, relaxation times (Pearson r: —.349, p=.080).
Walking mechanics were weakly related to trochlear T, relaxation times.
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anterior cruciate ligament reconstruction (ACLR); gait mechanics; magnetic resonance imaging
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Introduction

Post-traumatic patellofemoral osteoarthritis (OA) exists in at least one-third of individuals
10 years after anterior cruciate ligament reconstruction (ACLR).1 While many have assessed
the tibiofemoral compartments for preliminary manifestations of OA development after
ACLR, recent reports suggest that early signs of OA may be more common in the
patellofemoral joint compared to the tibiofemoral compartments.2 Moreover, features of
patellofemoral OA, but not tibiofemoral OA, one year after ACLR predict symptoms and
quality of life two years later.3 Identifying potentially modifiable factors related to early
patellofemoral OA pathogenesis is a critical early step to develop targeted interventions and
rehabilitation strategies to combat this disease.

One potentially modifiable factor that may be related to post-traumatic OA development is
aberrant walking mechanics.#~2 Most studies investigating the association between walking
mechanics and post-traumatic OA, however, have examined the tibiofemoral joint, rather
than the patellofemoral joint. These studies have found that unloading the tibiofemoral joint,
especially its medial compartment, early after ACLR is associated with future tibiofemoral
OA.7~10 One study by Culvenor et al. found that those with established, radiographic
patellofemoral OA approximately nine years after ACLR walked with altered mechanics at
that time.11 The altered walking mechanics may have been a resu/t of the patellofemoral
OA, rather than its cause. Among those with idiopathic patellofemoral OA and no history of
ACLR, Teng et al. found that sagittal plane knee kinetics (knee flexion moment and
impulse) during gait were correlated to patellofemoral joint degeneration as measured using
quantitative magnetic resonance imaging (MRI) measures (i.e., T1/ho and T, relaxation
times) in both the patellar and femoral trochlear cartilage.? Investigations performed early
after ACLR using precursors to symptomatic or radiographic OA are needed to determine
the relationship between walking mechanics early after ACLR and post-traumatic
patellofemoral OA development and progression.

One sensitive precursor to radiographic or clinical OA is cartilage T, relaxation time.
Cartilage T, relaxation time mapping is a quantitative MRI measure that may be an early
indicator of OA.12-15 Higher T, relaxation times may indicate higher water content and
greater cartilage collagen matrix degradation,2 a precursor to OA. Cartilage T relaxation
times may detect early post-traumatic cartilage degradation at a time-frame when patients
are still in rehabilitation and are perhaps more amenable to change. While there are several
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articular cartilage regions that may be analyzed within the knee (e.g., weight-bearing femur
and tibia, patella, femoral trochlea, etc.), early degenerative changes (i.e., bone marrow
lesions, cartilage lesions, and osteophytes) may be most common in the femoral trochlear
cartilage,? and cartilage thinning in the femoral trochlea is common after ACLR.16

Following ACLR, patients walk with smaller knee flexion-extension excursion and peak
flexion, while also demonstrating lower knee flexion moments, in the involved compared to
contralateral knee.1’-20 These altered mechanics likely influence the direction and
magnitude of the forces exerted on the patellofemoral cartilage during walking. Knee flexion
angles and quadriceps muscle forces are correlated positively to patellofemoral joint contact
force,?! influencing patellofemoral cartilage homeostasis. Key biomechanical variables of
interest include sagittal plane knee kinematics (peak knee flexion angle and knee flexion and
extension excursions), sagittal plane knee kinetics (peak knee flexion moment), and
quadriceps muscle forces. Walking speed, the “sixth vital sign,”22 is an important indicator
of function?? that influences walking mechanics?3-24 and also merits consideration as a key
predictor of cartilage health.

The purpose of this study was to explore early patellofemoral OA development after ACLR
by investigating the relationship between walking mechanics 3 months after ACLR and
femoral trochlear cartilage T, relaxation times 6 months after ACLR. Specifically, the study
aimed to 1) compare femoral trochlear cartilage T relaxation times between the involved
(ACLR) and uninvolved (contralateral) limb 6 months after ACLR; 2) determine the
relationship between walking speed 3 months after ACLR and femoral trochlear cartilage T,
relaxation times 6 months after ACLR; and 3) determine the relationship between walking
mechanics 3 months after ACLR and femoral trochlear T, relaxation times 6 months after
ACLR. We hypothesized that 1) femoral trochlear cartilage T, relaxation times would be
higher (worse) in the involved limb compared to the uninvolved limb, 2) slower walking
speeds would be related to higher (worse) femoral trochlear cartilage T relaxation times in
the involved limb, and 3) walking mechanics would be related to femoral trochlear cartilage
T, relaxation times.

Methods

Participants

This is a prospective, analytic cohort study (level of evidence: 2). Twenty-six participants
(Table 1) from an ongoing, prospective cohort study (R01-HD087459) were included in this
study. All participants who had completed motion analysis (biomechanical) testing 3 months
after ACLR and quantitative MRI acquisitions (using the same parameters) 6 months after
ACLR by April 2019 were included. Participants also met the following inclusion/exclusion
criteria: age 16-45 years, primary ACLR with no prior history of ACL injury or surgery to
either knee, no other serious leg surgery, no concomitant grade 111 knee ligament sprains, no
repairable meniscus injury, and no contraindications for MRI (i.e., metallic implants or
components, extreme claustrophobia, pacemaker, metal in the body, aneurysm clip, or ear or
eye implants).
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The study was performed between June 2016 and April 2019 at the University of Delaware,
which granted Institutional Review Board approval. All participants provided written
informed consent; parental consent and minor assent were provided for all individuals under
age 18 years at enrollment.

Walking Mechanics

All participants completed motion analysis testing of over-ground walking approximately 3
months (3.3 = 0.6 months) after ACLR. Prior to walking, electromyography (EMG)
electrodes (MA-300 EMG System, Motion Lab Systems, Baton Rouge, LA) were placed on
7 muscles (medial and lateral gastrocnemii, medial and lateral hamstrings, vastus medialis,
vastus lateralis, and rectus femoris) on each lower extremity after shaving, cleaning, and
abrading the skin. Participants completed maximal volitional isometric contractions
(MVICs) for each muscle group (gastrocnemii, hamstrings, and quadriceps),2® and the
highest physiological values for each muscle group during any trial were used for EMG
normalization. EMG data were collected at 1080 Hz; EMG post-processing included a high-
pass, 2" order Butterworth filter at 30 Hz, rectification, and a low-pass filter at 6 Hz to
create a linear envelope. Following EMG placement and MVICs, 39 retroreflective markers
were placed on the bilateral lower extremities and pelvis.28 Participants then walked over an
embedded force platform (Bertec Corporation, Columbus, OH) in the motion analysis
laboratory while kinetic data (1080 Hz) and kinematic data (120 Hz) were captured using an
8 camera motion analysis system (VICON, Oxford, UK). Participants walked at a self-
selected speed; once participants walked at a consistent speed (typically within 5 practice
trials), walking trials were recorded for analysis and only trials with walking speeds that
were within + 5% of one another were used in the analyses.

Commercial software (Visual3D, C-Motion, Germantown, MD) was used to calculate
kinematic and kinetic variables.2®> A validated,2” EMG-driven, patient-specific
musculoskeletal model, described previously in detail 28 was used to estimate quadriceps
muscle forces during gait. Biomechanical data were normalized to the stance phase of gait
for each participant and averaged across 3 trials per limb. Kinetic variables were normalized
by mass*height (kg*m) and quadriceps muscle forces were normalized by body weight
(BW).29

Biomechanical variables of interest included walking speed, peak knee flexion angle
(PKFA) and moment, knee flexion excursion during weight acceptance (i.e., the loading
response phase of gait from initial contact to PKFA, approximately 0-25% of stance),30
knee extension excursion during the midstance phase of gait (occurring from PKFA to peak
knee extension angle),3° and peak quadriceps muscle forces during gait (constrained to the
first 50% of stance phase).

Femoral Trochlear Cartilage T, Relaxation Times

All participants also underwent supine bilateral knee imaging using a 3 Tesla, Siemens MRI
scanner (Washington, D.C.) approximately 6 months (6.3 £ 0.5 months) after ACLR using a
2-dimensional sagittal T, mapping sequence. The scan parameters for all participants were:

scan duration = 7 minutes and 17 seconds, field of view = 150 mm, resolution = 0.6 mm/
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pixel, slice thickness = 3 mm, repetition time = 3090 ms, echo time = 10, 20, 30, 40, 50, 60,
and 70 ms.

T, relaxation maps were calculated using mono-exponential fitting on a pixel-by-pixel basis
(3DSlicer, National Institutes of Health [NIH])31:32 after registering each individual’s
involved knee to the uninvolved knee.33 The first echo was skipped to reduce stimulated
echo artifacts.13 The entire trochlear cartilage for each knee (involved and uninvolved) of
every participant was manually segmented at 3mm increments by one reader (LD). The
trochlea was subdivided into medial and lateral regions of interest, with the medial trochlea
defined as the deepest aspect of the trochlear sulcus and all cartilage medial to it; the lateral
trochlear cartilage consisted of all trochlear cartilage lateral to the sulcus. The inferior
boundary of the trochlea was defined as the anterior aspect of the visible meniscus34-36 or
the line parallel to the shaft of the femur through the trochlear notch (when neither meniscus
was visible, Figure 1).37:38 The medial, lateral, and superior boundaries of the trochlea
corresponded to the edge of the cartilage. Mean T relaxation time values for the total,
medial, and lateral trochlea were calculated using a volume-weighted mean.

Trochlear T, Relaxation Time Reliability Analyses

We established inter- and intra-rater reliability using intraclass correlation coefficients
(ICC). For inter-rater reliability, two authors (JJC and LD) each analyzed 16 knees. Inter-
rater reliability was excellent for the total (ICC = .94), medial (ICC = .94) and lateral (ICC
=.98) femoral trochlear cartilage T, relaxation times. For intra-rater reliability, the author
(LD) who performed all trochlear cartilage T, relaxation time segmentations for this study
completed 10 additional knees twice. These 10 knees were selected randomly by the first
author (JJC) using a random number generator, then coded so that the reader (LD) was
blinded to participant. We established excellent intra-rater reliability for the total (ICC =.
97), medial (ICC = .96), and lateral (ICC = .97) trochlear cartilage T relaxation times.

Statistical Analysis

Results

Paired sample t-tests were used to compare femoral trochlear cartilage T, relaxation times
(total, medial, and lateral) between the involved and uninvolved limbs of each participant.
Pearson correlation and simple linear regression were used to determine the relationship
between each biomechanical predictor variable and the total trochlear T, relaxation time.
Alpha was set at 0.05 for all analyses. Due to the exploratory nature of the study, no
statistical adjustments were made for multiple comparisons.3® Statistical analyses were
performed using Microsoft Excel (Redmond, WA) and SPSS version 25.0 (IBM
Corporation, Armonk, New York, USA). R? effect sizes were described as small (R? > .
0196), medium (R2 > .13), and large (R2 > .26).40

Results for Hypothesis 1: Trochlear Cartilage T, Relaxation Times in the Involved vs.
Uninvolved Limb

There were no differences between the involved limb and the uninvolved limb for the total,
medial, or lateral femoral trochlear T relaxation times 6 months after ACLR (Table 2).

J Orthop Res. Author manuscript; available in PMC 2021 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Capin et al. Page 6

Results for Hypothesis 2: Walking Speed and Trochlear Cartilage T, Relaxation Times

Slower walking speed was the strongest, significant predictor of higher (worse) femoral
cartilage T relaxation time in the involved limb (Figure 2, Pearson r = —.583, p = .002), but
not in the uninvolved limb (Pearson r = —.226, p = .267). Walking speed tended to be related
to the interlimb difference (ILD: involved minus uninvolved limb) in femoral trochlear To
relaxation times (Figure 3, Pearson r = —.349, p = .080). There was a large effect4? for the
relationship between walking speed and femoral trochlear cartilage T relaxation time in the
involved limb (R2 = .340) and a small-to-medium effect#? for the relationship between
walking speed and femoral trochlear T, relaxation time ILDs (R2 = .122). A strong,
significant negative relationship remained in a secondary analyses removing the 2
participants with involved limb femoral cartilage trochlear T, relaxation times that were
more than 2 standard deviations from the mean (Supplemental Figure).

Results for Hypothesis 3: Walking Mechanics and Trochlear Cartilage T, Relaxation Times

There were no statistically significant relationships between walking mechanics and femoral
trochlear cartilage T relaxation times in the involved limb (Table 3) or in the uninvolved
limb (Table 4). There were, however, small effects?C for the relationships between knee
flexion and extension excursion and trochlear T relaxation times in both the involved limb
and in the uninvolved limb. A small effect40 was observed for peak quadriceps muscle forces
and trochlear T, relaxation time in the involved limb only. There were no statistically
significant relationships between interlimb differences (ILDs) in walking mechanics and
ILDs in trochlear T, relaxation times (Table 5). The relationship between the ILD for knee
extension excursion and the ILD for trochlear T, relaxation time had a small effect.40

Discussion

The purpose of this study was to determine the relationship between walking mechanics and
potential markers of early patellofemoral OA (cartilage collagen matrix degradation),
assessed using femoral trochlear cartilage T relaxation times 6 months after ACLR. The
first hypothesis, that trochlear cartilage T, relaxation times would be higher (worse) in the
involved limb compared to the uninvolved limb, was not supported. The second hypothesis,
that slower walking speeds would be related to higher (worse) trochlear cartilage T»
relaxation times in the involved limb, was supported. The third hypothesis, that walking
mechanics would be related to trochlear cartilage T, relaxation times, was partially
supported. Our findings suggest slower walking speed 3 months after ACLR is a strong
predictor of femoral trochlear cartilage degradation 6 months after ACLR. Aberrant walking
mechanics, especially truncated sagittal plane knee excursions and perhaps smaller
quadriceps muscle forces, may also be weakly related to femoral trochlear cartilage
degradation; however, this study was not able to confirm this. The findings of this
exploratory analysis suggest slower walking speed and perhaps aberrant sagittal plane
walking mechanics are related to early trochlear cartilage degradation, a precursor of
patellofemoral OA, 6 months after ACLR.

To our knowledge, this is the first study to investigate the relationship between walking
mechanics and quantitatively assessed patellofemoral cartilage degradation among
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individuals early after ACLR. While the study was exploratory in nature, our finding that
walking speed was such a strong*© predictor of trochlear cartilage health adds to evidence
supporting the use of walking speed as a functional vital sign.22 Slower self-selected
walking speed has previously been associated with more severe OA among older adults with
knee OA*! and with more severe pathology among those with articular cartilage defects.4
Slower walking speed has also been associated with greater serum biomarkers of cartilage
breakdown (collagen type Il cleavage product) among individuals after ACLR.*3 Walking
speed is easy to measure clinically and monitor over time. The present study suggests that
evaluating walking speed during rehabilitation after ACLR may help clinicians identify
patients who are at greater risk for developing patellofemoral OA.

Walking speed was strongly and significantly correlated to femoral trochlear cartilage T,
relaxation times in the involved limb but only weakly and non-significantly correlated to
femoral trochlear T, relaxation times in the uninvolved limb. Given that cartilage breakdown
and OA are much more likely to develop in the involved than uninvolved limb, cartilage in
the involved limb may be more susceptible to degradation and more strongly influenced by
gait biomechanics. Alternatively, underlying, preliminary cartilage degradation in the
involved limb could be influencing walking speed or some combination thereof.

Despite the prospective nature of the present study, cause and effect cannot be determined.
Participants who walked more slowly 3 months after ACLR may have done so geto more
severe underlying knee pathology or preclinical knee OA, although we did control for
severity of initial injury and excluded people with previous or concomitant lower extremity
injury/surgery. Alternatively, walking more slowly, coupled with other associated
biomechanical changes,2*4144 may contribute to the pathogenesis of patellofemoral OA by
changing the direction, magnitude, and duration of forces (thereby also altering pressure)
acting on the patellofemoral articular cartilage.*>~47 Given that lower medial tibiofemoral
joint contact forces are associated with tibiofemoral OA after ACLR,’~10 it is not surprising
that slower walking speeds and, to a lesser degree, reduced knee excursions and lower
quadriceps muscle forces—which collectively cause lower patellofemoral joint contact
forces?141—were related to femoral trochlear cartilage degradation after ACLR. Cartilage
responds to cyclic loading and may need an appropriate loading stimulus to maintain
homeostasis.

While the present study is unable to determine whether slower walking drives cartilage
degradation or vice versa, it does inform future study designs and clinical practice. We
cannot conclude from this study that walking faster will prevent patellofemoral OA
development after ACLR, but future studies could explore this idea. Our study does,
however, inform who may be at high risk for subsequent patellofemoral OA: those who
walked more slowly early after ACLR were more likely to have higher trochlear cartilage T»
relaxation times, a sensitive precursor to established or symptomatic OA.12-154849 gimply
put, while instructing patients to “walk faster” after ACLR may not prevent patellofemoral
OA (and could potentially even exacerbate symptoms), clinicians may identify patients who
walk more slowly as having greater risk for post-traumatic patellofemoral OA.
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Our study indicates femoral trochlear cartilage T, relaxation times may not be higher among
individuals 6 months after ACLR. Kim et al. recently found that femoral trochlea T,
relaxation times were significantly higher in the involved limb compared to the uninvolved
limb among individuals who were 3 years (rather than 6 months) after ACLR.%0 The study
by Kim et al. also differed from the present study in that the participants were older (mean
34 years vs. mean 23 years) and the trochlear cartilage of each knee was subdivided into
superficial and deep sub-regions within medial, lateral, and central trochlear cartilage
regions of interest.50 Cartilage degradation (detectable via T relaxation time) may occur in
only a subset of individuals 6 months after ACLR.

The present study has cartilage T, relaxation times and walking speeds that fall within the
range found in the literature.1317.19.20.37.50-55 Cartilage T, relaxation time values, however,
vary greatly in the literature, from approximately 23 milliseconds in the deep layers of the
medial femoral cartilage of ACL-injured knees at baseline®* to higher than 60 milliseconds
in the superficial central trochlear cartilage 3 years after ACLRO. T, relaxation time values
are typically higher in the patellar and trochlear cartilage than the weight-bearing
tibiofemoral cartilage.3”->3 Walking speeds also vary both within and across studies, and our
mean walking speed (1.61 m/s) is very similar to previous studies in separate cohorts from
our lab (means of 1.5 to 1.6 m/s),19:2051 alpeit similar to or faster than other cohorts.1” Our
study sample was young and free of any serious previous or concomitant injury.

There are limitations to consider when interpreting the results of this study. Individuals with
multiple graft types were included. A bone-pateller tendon-bone autograft may present
image segmentation challenges for certain regions of the patellar cartilage; however, this
does not impact segmentation of the trochlear cartilage across graft types. The study is also
exploratory in nature and limited in sample size (26 participants). Only one region of interest
(femoral trochlea) and one quantitative MRI variable (T relaxation time) were used in the
present study. Patellofemoral joint contact forces were not evaluated. Future studies should
calculate patefellomoral joint contact forces and examine multiple quantitative and semi-
quantitative precursors to clinical OA in both the patellar and trochlear cartilage of the
patellofemoral joint, in addition to long-term radiographic follow-up. Longitudinal followup
and controlling for intra-operative findings (e.g., arthroscopic cartilage or meniscus findings)
would also strengthen future studies.

In conclusion, our findings suggest slow walking speeds 3 months after ACLR were strongly
related to higher (worse) femoral trochlear cartilage T, relaxation times 6 months after
ACLR. Altered gait biomechanics, including truncated knee excursions and lower
quadriceps muscle forces, may also be weakly related to higher femoral trochlear cartilage
T, relaxation times. Slower walking speed was by far the strongest predictor of femoral
trochlear cartilage degradation, suggesting walking speed may be an early clinical indicator
of future patellofemoral OA after ACLR.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Statement of Clinical Significance:

Slower walking speed was by far the strongest predictor of worse femoral trochlear
cartilage health, suggesting slow walking speed may be an early clinical indicator of
future patellofemoral osteoarthritis after ACLR.
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Figure 1.
This figure illustrates the inferior boundary of the trochlear cartilage in MRI slices when

neither meniscus was visible (centrally) on the image. The top red line (A) represents a line
parallel to the shaft of the femur, while the inferior red line (B) is the line parallel to the
shaft of the femur through the trochlear notch.37:38 Femoral cartilage antero-superior to the
inferior aspect of this line (B) was defined as trochlear cartilage in images where neither
meniscus was Vvisible. Image produced in 3DSlicer (National Institutes of Health [NIH]).
31.32 (Abbreviations: A, anterior; I, inferior; P, posterior.)
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Relationship between walking speed and involved limb femoral trochlear cartilage T»

relaxation time.
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Relationship between walking speed and interlimb differences (ILD: involved minus
uninvolved) in femoral trochlear cartilage T, relaxation times.
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Table 1.

Demographic characteristics of the participants 3 months after ACLR (n = 26).

Variable Mean + Standard Deviation (SD) or Number (%)
Age 23 £ 7 years

Sex 10 women (38.5%), 16 men (61.5%)

Height 1.74 £ 0.08 meters

Weight 81 + 14 kilograms

Meniscus Involvement

3 partial lateral meniscectomy, 4 partial medial meniscectomy, 1 total medial meniscectomy, 2 medial and lateral
partial meniscectomies, 11 none, 5 unknown/not reported

Graft Type 5 (19.29%) soft-tissue allograft *, 13 (50.0%) bone-patellar tendon-bone autograft, 5 (19.2%) hamstring autograft, 3
(11.5%) other/unknown
Walking speed 1.61 + .15 meters/second

*
Note: of the five soft-tissue allografts, there was one using posterior tibialis tendon with extra-articular anterolateral ligament (ALL)
reconstruction using gracilis allograft; the other four were unknown.
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There were no between limb differences in total, medial, or lateral femoral trochlear T, relaxation times 6

Table 2.

months after ACLR.
Measure Involved | Uninvolved | P-Value
Total Trochlear T, Relaxation Time (ms) 479+3.1 47.9+3.2 .993
Medial Trochlear T, Relaxation Time (ms) | 47.9+3.7 | 47.6+45 732
Lateral Trochlear T, Relaxation Time (ms) | 48.0+3.5 48.0+4.2 .942
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Relationship between walking mechanics and femoral trochlear cartilage T, relaxation times in the involved

Table 3.

limb.
Walking Mechanics Variable (Involved Limb) | Pearsonr | Effect Size (R?) | P-value
Peak Knee Flexion Angle .027 <.001 .898
Knee Flexion Excursion -.282 .080 162
Knee Extension Excursion -.129 .021 .529
Peak Knee Flexion Moment -.043 .002 .835
Peak Quadriceps Muscle Forces -.272 .074 221
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Table 4.

Relationship between walking mechanics and femoral trochlear cartilage T, relaxation times in the uninvolved
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limb.
Walking Mechanics Variable (Uninvolved Limb) | Pearsonr | Effect Size (R?) | P-value
Peak Knee Flexion Angle -.094 .009 .649
Knee Flexion Excursion -.349 122 .081
Knee Extension Excursion -.314 .099 118
Peak Knee Flexion Moment -.102 .010 .620
Peak Quadriceps Muscle Forces -.039 .002 .864
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Relationship between interlimb differences (ILDs) in walking mechanics and ILDs in femoral trochlear

cartilage T, relaxation times.

Table 5.

Walking Mechanics Variable (ILD) | Pearsonr | Effect Size (R? | P-value
Peak Knee Flexion Angle -.026 .001 .901
Knee Flexion Excursion -.129 017 .530
Knee Extension Excursion -.207 .043 310
Peak Knee Flexion Moment -.031 .001 881
Peak Quadriceps Muscle Forces -.107 011 .636
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