UCSF

UC San Francisco Previously Published Works

Title

Physical activity and spatial differences in medial knee T1lrho and t2 relaxation times in
knee osteoarthritis.

Permalink

https://escholarship.org/uc/item/2811x0zg

Journal
The Journal of orthopaedic and sports physical therapy, 44(12)

ISSN
0190-6011

Authors

Kumar, Deepak
Souza, Richard B
Singh, Justin

Publication Date
2014-12-01

DOI
10.2519/jospt.2014.5523

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/2811x0zs
https://escholarship.org/uc/item/2811x0zs#author
https://escholarship.org
http://www.cdlib.org/

1duosnue Joyiny 1duosnuep Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Author manuscript
J Orthop Sports Phys Ther. Author manuscript; available in PMC 2015 December 01.

-, HHS Public Access
«

Published in final edited form as:
J Orthop Sports Phys Ther. 2014 December ; 44(12): 964-972. doi:10.2519/jospt.2014.5523.

Physical Activity and Spatial Differences in Medial Knee T1rho
and T2 Relaxation Times in Knee Osteoarthritis

DEEPAK KUMAR, PT, PhD1, RICHARD B. SOUZA, PT, PhD12, JUSTIN SINGH, BS?,
NATHANIEL E. CALIXTO, BS!, LORENZO NARDO, MD1, THOMAS M. LINK, MD1, XIAOJUAN
LI, PhD1, and SHARMILA MAJUMDAR, PhD?

IMusculoskeletal Quantitative Imaging Research Group, Department of Radiology and
Biomedical Imaging, University of California San Francisco, San Francisco, CA

2Department of Physical Therapy and Rehabilitation Science, University of California San
Francisco, San Francisco, CA

Abstract
STUDY DESIGN—Cross-sectional.

OBJECTIVES—To investigate the association between knee loading-related osteoarthritis (OA)
risk factors (obesity, malalignment, and physical activity) and medial knee laminar (superficial
and deep) T1rho and T2 relaxation times.

BACKGROUND—The interaction of various modifiable loading-related knee risk factors and
cartilage health in knee OA is currently not well known.

METHODS—Participants with and without knee OA (n = 151) underwent magnetic resonance
imaging at 3 T for superficial and deep cartilage T1rho and T2 magnetic resonance relaxation
times in the medial femur (MF) and medial tibia (MT). Other variables included radiographic
Kellgren-Lawrence (KL) grade, alignment, pain and symptoms using the Knee injury and
Osteoarthritis Outcome Score, and physical activity using the International Physical Activity
Questionnaire (IPAQ). Individuals with a KL grade of 4 were excluded. Group differences were
calculated using 1-way analysis of variance, adjusting for age and body mass index. Linear
regression models were created with age, sex, body mass index, alignment, KL grade, and the
IPAQ scores to predict the laminar T1rho and T2 times.

RESULTS—Total IPAQ scores were the only significant predictors among the loading-related
variables for superficial MF T1rho (P = .005), deep MT T1rho (P =.026), and superficial MF T2
(P =.049). Additionally, the KL grade predicted the superficial MF T1rho (P =.023) and deep
MT Tlrho (P = .022).
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CONCLUSION—Higher physical activity levels and worse radiographic severity of knee OA,
but not obesity or alignment, were associated with worse cartilage composition.

Keywords
cartilage; IPAQ; KL; magnetic resonance imaging

Approximately 5% of American adults over 25 years of age and 12% over 65 years have
knee osteoarthritis (OA).11:29 People with knee OA report significant knee pain and
difficulties with activities of daily living, making knee OA a leading cause of disability in
noninstitutionalized adults.19-1821 Knee OA most commonly affects the medial knee
compartment,® and degenerative cartilage lesions have been reported more frequently at the
medial knee compartment as well.#130 Early cartilage changes in knee OA consist of
proteoglycan loss and an increase in water content, along with loosening, disorganization,
and loss of collagen matrix.3440 These changes precede the structural damage that is
commonly detected using radiography and anatomic magnetic resonance imaging (MRI).
Recent advances in quantitative compositional MRI techniques have allowed for
noninvasive estimation of tissue composition that may aid in early disease identification.
Two magnetic resonance techniques commonly used for assessment of cartilage
composition are T1rho and T2 relaxation time mapping.2:31:444547 An increase in T1rho
relaxation times indicates a loss of proteoglycans, and an increase in T2 relaxation times
indicates an increase in water and a disruption of collagen matrix.2-14:30.31.36.37 A number of
studies have demonstrated the utility of these imaging metrics as indicators of cartilage
degeneration commonly seen in OA.3:14.26,31,39,50,54,58

Because cartilage structure is not homogeneous through the depth of the cartilage, T1rho
and T2 relaxation times can also be calculated separately for the superficial and deep
cartilage laminae. Laminar analysis of magnetic resonance relaxation time parameters has
been shown to improve classification between individuals with and without knee OA,
compared to global mean values.” Using laminar analyses in individuals with an anterior
cruciate ligament reconstruction, degenerative changes have been found in the superficial
(articular) cartilage layer and not in the deep (bone) layer 1 year after surgery.>2 Conversely,
tears of the posterior horn of the medial meniscus were found to be associated with
degenerative changes in the deep (bone) cartilage layer but not in the superficial (articular)
layer.28 These studies demonstrate the use of laminar analysis of T1rho and T2 relaxation
times to understand the OA disease process.

Primary knee loading-related OA risk factors are obesity,4%-56 malalignment (varus or
valgus),16:17:49 and volume of physical activity. However, the association of these OA risk
factors with laminar cartilage magnetic resonance relaxation times is currently not well
understood. Such investigation could identify potentially modifiable risk factors that could
be targeted in interventions to slow the cartilage degeneration seen in knee OA. Hence, the
primary objective of this study was to investigate the association of medial femur (MF) and
medial tibia (MT) laminar T1rho and T2 relaxation times with the knee loading-related OA
risk factors of obesity, malalignment, and volume of physical activity.
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METHODS

Participants

Participants were recruited from the community as part of a longitudinal study of knee OA.
The inclusion criteria for those with knee OA were age greater than 35 years, OA knee
symptoms (pain, aching, stiffness on most days during the past year, or use of medication
for knee pain on most days during the past year), and definite radiographic evidence of knee
OA (Kellgren-Lawrence [KL] grade greater than 1). The inclusion criteria for the
comparison group were age greater than 35 years, no knee pain or stiffness in either knee or
use of medications for knee pain in the last year, and no radiographic evidence of OA (KL
grade 1 or less) on either knee. The exclusion criteria for all potential participants were
concurrent use of an investigational drug, history of intra-articular fracture or surgical
intervention in the study knee, conditions other than OA that limit lower extremity function
and mobility and/or would confound the evaluation of function, and contraindications to
MRI.

Sample-size estimates in the parent study were performed using preliminary data on T1rho
measurements in individuals with and without knee OA. Data from all participants enrolled
in the parent study were included in this analysis, except those with KL grade equal to 4 (n =
5). In the final analyses, 151 individuals (control, n = 110; OA, n = 41) were included.
Participant recruitment and data collection took place from October 2011 to February 2014.
All participants signed written informed consent prior to participation in the study, and all
protocols were approved by the University of California San Francisco Committee on
Human Research.

Radiographs

All participants underwent a weight-bearing, posteroanterior, fixed-flexion radiograph8
using the Synaflexer device (BioClinica, Inc, Newtown, PA). A musculoskeletal radiologist
with more than 20 years of experience performed the KL grade scoring?’ of the tibiofemoral
compartment from these radiographs. In the KL classification, grade 0 indicates no
radiographic features of knee OA,; grade 1 indicates doubtful joint-space narrowing (JSN)
and possible osteophytic lipping; grade 2 indicates the presence of definite osteophytes and
possible JSN; grade 3 indicates multiple osteophytes, definite JSN, sclerosis, and possible
bony deformity; and grade 4 indicates large osteophytes, marked JSN, severe sclerosis, and
definite bony deformity. Alignment was assessed using a standing, anterior/posterior
radiograph in which the hip, knee, and ankle joints were visible. Alignment was determined
by the angle (varus less than 180°, valgus greater than 180°) of the mechanical axes of the
femur and tibia.2

Magnetic Resonance Acquisition

Magnetic resonance imaging was performed using a 3-T MR750w scanner (GE Healthcare,
Waukesha, WI) and an 8-channel transmit/receive knee coil (Invivo, Gainesville, FL). For
the participants with OA, the knee with more severe findings on the radiographs was
imaged. If the KL grade was the same for both knees, the more symptomatic knee was
imaged. For those in the control group, the extremity to be imaged was selected at random.

J Orthop Sports Phys Ther. Author manuscript; available in PMC 2015 December 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

KUMAR et al.

Page 4

The following sequences were obtained for each participant: (1) high-resolution, 3-D, T2-
weighted fast spin echo (FSE) cube sequence for cartilage segmentation (relaxation time/
echo time [TE], 1500/26.69 milliseconds; field of view, 16 cm; matrix, 384 x 384; slice
thickness, 0.5 mm; echo train length, 32; bandwidth, 37.5 kHz; number of excitations, 0.5;
acquisition time, 10 minutes 30 seconds); (2) 3-D T1rho relaxation time sequence
(relaxation time/TE, 9/2.6 milliseconds; time of recovery, 1500 milliseconds; field of view,
14 cm; matrix, 256 x 128; slice thickness, 4 mm; bandwidth, 62.5 kHz; time of spin lock
[TSL], 0/2/4/8/12/20/40/80 milliseconds; frequency of spin lock, 500 Hz; acquisition time,
11 minutes); and (3) 3-D T2 relaxation time sequence (same as the T1rho quantification
except for magnetization preparation: TE, 1.8/3.6/7.3/14.5/29.1/43.6/58.2; acquisition time,
11 minutes).

Magnetic Resonance Analysis

Avrticular Cartilage T1rho and T2 Relaxation Times—Sagittal high-resolution FSE
cube images were downsampled so that the slice thickness was the same as the T1rho and
T2 images. This was followed by rigid registration of the FSE cube and first echo of the T2
images to the first echo of the T1rho images. This ensured that all images were aligned and
any differences between images (eg, due to movement of the participant) were minimized.
To account for small movement during acquisition of the T1rho and T2 images, echoes 2
through 8 were each registered to the first echo of both the T1rho and T2 sequences.
Additionally, all echoes from the T2 map sequence were registered to the first T1rho echo.
The MF and MT cartilage compartments were segmented semi-automatically (automated
edge detection and manual correction) on multiple slices of the high-resolution FSE cube
images using in-house software developed with MATLAB (The MathWorks, Inc, Natick,
MA\), based on edge detection and Bézier splines.® The segmented cartilage regions of
interest described above were then partitioned automatically into 2 equal laminae, the deep
layer (closer to the subchondral bone) and superficial layer (closer to articular surface),
using software developed in-house (FIGURE 1).” Voxels were assigned to only 1 layer,
based on minimum Euclidean distances to the segmented splines. Relaxation time maps for
T1rho and T2 were constructed by 3-parameter fitting of all 8 of the T1rho- and T2-
weighted images, pixel by pixel, to the equations below using software developed in-house:

S(TSL)oo A(exp (~F5L))+B  forT1p
S(TE) o Alexp (~T5))+B  for T2,

where S is the image signal at a given time point (TSL for T1rho maps or TE for T2 maps),
A is initial magnetization, and B is a constant.

The cartilage regions of interest were overlaid on the previously coregistered T1rho and T2
maps. The cartilage splines were adjusted manually to avoid synovial fluid or surrounding
anatomy. To eliminate artifacts due to partial volume effects with synovial fluid, voxels with
relaxation time greater than or equal to 130 milliseconds for T1rho or 100 milliseconds for
T2 maps were excluded from the data used for quantification. Mean T1rho and T2 values
were calculated for the MF and MT superficial and deep laminae.

J Orthop Sports Phys Ther. Author manuscript; available in PMC 2015 December 01.
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Self-Reported Function

Al participants completed the Knee injury and Osteoarthritis Outcome Score.3248 The Knee
injury and Osteoarthritis Outcome Score pain and symptoms subscales were used in the
analyses for the assessment of knee OA-related pain and symptoms. In these subscales,
higher scores (0-100) represent better function.

Physical Activity Assessment

The International Physical Activity Questionnaire (IPAQ) short form was completed by all
participants. The vigorous, moderate, walking, and total physical activity categories from the
IPAQ were reported in metabolic equivalent of task (MET) minutes per week. The IPAQ is
a commonly used and validated questionnaire to assess physical activity levels.1:3% Scores
on the IPAQ have been shown to be significantly correlated with objective accelerometry
data.3®

Statistical Analysis

Independent-sample t tests were used to compare age, body mass index (BMI), and
alignment between control and OA groups. Group differences between control and OA
participants for the Knee injury and Osteoarthritis Outcome Score, IPAQ, and laminar T1rho
and T2 times were assessed using multivariate analysis of variance, with age and BMI as
covariates. For the primary analyses, linear regression models were created with age, sex,
BMI, alignment, KL grade, and the total IPAQ scores to predict the laminar T1rho and T2
times that were different between the control and OA participants.

RESULTS

Group Characteristics

Age, BMI, and sex distribution are shown in TABLE 1. Individuals in the OA group were
significantly older (P<.001) and had a higher BMI (P =.097). The distribution of men and
women was not significantly different between the groups (P =.740). In the control group,
there were 57 participants with KL grade 0 and 53 with KL grade 1. In the OA group, there
were 21 participants with KL grade 2 and 20 with KL grade 3. The participants in the OA
group had significantly more pain (P = .004) and symptoms (P =.012), but their lower
extremity alignment (P = .360) and physical activity level (P>.05) were not significantly
different from those in the control group.

Group Differences for Magnetic Resonance Parameters

The mean and 95% confidence intervals for the T1rho and T2 relaxation times for each KL
grade are shown in TABLE 2. Laminar T1rho and T2 relaxation times for the 2 groups are
shown in FIGURE 2. After adjusting for age and BMI, the OA group had higher superficial
MF T1rho (P = .009), and the difference in deep MF T1rho was nearly significant (P = .054)
(FIGURE 2A). The OA group had higher deep MT T1rho (P =.017), but the difference in
superficial MT T1rho (P =.195) was not significant (FIGURE 2A). The OA group also had
higher superficial MF T2 (P =.038). The differences in deep MF (P = .154), superficial MT
(P = .458), and deep MT (P =.820) T2 were not significant.

J Orthop Sports Phys Ther. Author manuscript; available in PMC 2015 December 01.
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Association of Magnetic Resonance Parameters With OA Risk Factors

Regression models were created with dependent variables of superficial MF and deep MT
T1rho and superficial MF T2. Results from the regression analyses are shown in TABLE 3.
For superficial MF T1rho, of the loading-related variables, only the total IPAQ score (P =.
005) made a significant contribution to the outcome. Additionally, radiographic KL grade (P
=.023) was significant in the model. For deep MT T1rho, of the loading-related variables,
the contribution of total IPAQ score (P = .026), in addition to KL (P =.022), was
significant. For superficial MF T2, only the total IPAQ score (P = .049) made a significant
contribution to the outcome.

DISCUSSION

The results show that of the loading-related risk factors of obesity, malalignment, and
volume of physical activity, only physical activity was associated with MF and MT laminar
T1rho and T2 relaxation times. Additionally, radiographic severity of knee OA assessed
with the KL classification was associated with higher magnetic resonance relaxation times.
These results suggest that, with worsening radiographic severity of knee OA, careful
recommendations on participation in physical activity may be needed for people with this
condition.

We observed that an increase of 213 to 445 MET minutes per week of physical activity was
associated with a 1-millisecond increase in MF superficial layer T1rho and T2. An increase
in T1rho and T2 indicates cartilage degeneration. Previous studies in healthy adults without
knee pain have shown that greater amounts of physical activity are related to better cartilage
morphology, including greater knee cartilage volume and reduced risk of cartilage
lesions.1943 However, data from the large Osteoarthritis Initiative (OAI) show that in 128
individuals with knee OA risk factors and 33 normal controls, those who engaged in
frequent knee-bending activities had higher T2 and worse cartilage lesions compared to
those who did not engage in frequent knee-bending activities.?4 In the same cohort, women
with OA risk factors who participated in moderately strenuous physical activity had higher
cartilage T2 relaxation times when compared to those who performed light physical
activities and sedentary women.24 Other studies from the OAI report greater prevalence of
meniscus, cartilage, bone marrow, and ligament lesions in individuals with medium and high
scores on the physical activity scale for the elderly,>! and greater increase in cartilage T2
over 4 years in individuals with very high and very low scores on the physical activity scale
for the elderly.33 Our results are consistent with these findings. However, further
longitudinal studies are needed to ascertain whether the physical activity levels observed in
our study are related to the progression of laminar T1rho and T2 over time.

We observed that both greater physical activity levels and worse radiographic knee OA were
related to worse cartilage composition. People with knee OA have an increased risk of
mortality (standardized mortality ratio = 1.55; 95% confidence interval: 1.41, 1.70), if all
causes of death are considered.?2:38 Furthermore, people with knee OA who have walking
disability are more likely to die than people with knee OA who do not have walking
disability (hazard ratio = 1.93; 95% confidence interval: 1.59, 2.36) due to the association
between walking disability and cardiovascular disease.38 Studies report that increasing

J Orthop Sports Phys Ther. Author manuscript; available in PMC 2015 December 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

KUMAR et al. Page 7

physical activity in people with knee OA is associated with improvements in pain and
function.1542 |n spite of these benefits, objective assessment of physical activity levels using
accelerometers shows that only about 11% of individuals with knee OA meet the physical
activity guidelines.13 In fact, a third of the men and more than half of the women with knee
OA were considered completely inactive.13 Therefore, recommendations for management of
knee OA include measures to increase physical activity and to reduce body weight.23:59
However, the results from this study suggest that, as knee OA progresses, care may be
needed when prescribing the volume of physical activity for these individuals. This is
supported by a recent longitudinal study showing that in people with pre-existing knee OA,
walking more than 10 000 steps per day was predictive of worsening cartilage, meniscus,
and bone marrow lesions.12

The results demonstrate that other knee loading-related OA risk factors, including BMI and
frontal plane alignment, did not make significant contributions toward explaining the
variance in the laminar T1rho and T2 parameters. Obesity leads to a greater risk of knee OA
incidence and progression,>057 and varus and valgus malalignment leads to a greater
progression of medial knee OA and lateral knee OA, respectively.16:1749 Data from the OAI
show that in asymptomatic adults and those with OA risk factors, obese individuals had the
highest T2 values and normal-weight individuals had the lowest mean T2 values.* In cohorts
of less than 30 individuals, people with medial knee OA who had varus alignment were
found to have higher cartilage T1rho and T2 than those with valgus alignment.2%:55 Most of
these studies either were in healthy cohorts or had a small sample size. Longitudinal studies
in larger samples, like the OAI cohort, are needed to understand the effect of these OA risk
factors on cartilage degeneration over time.

Superficial MF layer T1rho and T2 and deep MT layer T1rho were higher in the OA group
compared to the control group. Additionally, the difference in deep MF T1rho was nearly
significant. An increase in T1rho and T2 is indicative of worsening cartilage composition,
with proteoglycan loss and collagen disruption. A number of earlier studies have reported
higher T1rho and T2 relaxation times in people with radiographic knee OA,3146:58 cartilage
lesions,350 meniscal lesions,28:°8 and bone marrow lesions.89 Earlier studies have also
shown that in individuals post—anterior cruciate ligament reconstruction, it was the
superficial layer that had higher T1rho and T2 a year after surgery and not the deep layer.>2
Conversely, tears of the posterior horn medial meniscus were associated with higher T1rho
and T2 of the deep but not the superficial layer.28 Hence, it is possible that cartilage
degeneration may have spatial differences with different mechanisms of onset. Recent
animal work supports these hypotheses, where centroid paths at the knee were increased
after an anterior cruciate ligament transection and reduced after meniscal excision.®> The
authors concluded that the mechanism of cartilage damage may be related to increased
magnitude and velocity of surface motion in the anterior cruciate ligament transection model
and to increased contact stress in the meniscectomy model. These studies highlight the
importance of investigating the superficial and deep cartilage layers separately to understand
the knee OA disease process.

Both T1rho and T2 are measures of cartilage composition. They are considered
complementary techniques because T1rho is sensitive to proteoglycan composition and T2 is

J Orthop Sports Phys Ther. Author manuscript; available in PMC 2015 December 01.
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sensitive to collagen integrity and cartilage hydration. Early OA changes consist of loss of
proteoglycans, disruption of the collagen matrix, and change in water content of the articular
cartilage. However, it has been suggested in the literature that T1rho may be superior to T2
in its ability to detect various grades of cartilage degeneration.3! This is attributed to its
higher dynamic range and sensitivity to early changes.#>53 On the other hand, T2 is a more
widely available technique and has also been used in the OAI data sets.>’ In our study, we
observed that 2 of the T1rho parameters and 1 of the T2 parameters were significantly
higher in the OA group, suggesting greater sensitivity of the T1rho metric. However, these
techniques are currently difficult to use in the clinical setting due to the technical challenges
and resource-intensive nature of the data processing. Hence, work needs to be done to make
these techniques more widely available, and also to standardize them so that they can be
used across different MRI scanners and sites.

The present study has limitations that need to be taken into consideration. The cross-
sectional nature of the study does not allow determination of causality. A longitudinal study
design is needed to isolate the effect of physical activity levels on laminar magnetic
resonance relaxation times in individuals with progressive knee OA. Our cohort had 110
control participants and 41 participants with knee OA, leading to unbalanced groups.
However, 22% of our control cohort had medial cartilage lesions (results not shown),
suggesting that the prevalence of OA was higher than that determined by KL grading. We
also excluded individuals with a KL grade of 4. Hence, the results may not be generalizable
to these populations. However, the strength of these magnetic resonance techniques lies in
their ability to diagnose early OA. Furthermore, the importance of physical activity for
prevention of OA progression is more relevant in individuals with mild to moderate disease.
Finally, we used a self-report questionnaire for assessment of physical activity levels. The
questionnaire only asks about activities over the past week, and thus only captures
information over a brief period. In chronic degenerative conditions like knee OA, activity
levels over longer periods may provide better information. However, such information is
difficult to obtain with currently available tools.

CONCLUSION

Greater volume of self-reported physical activity and worse radiographic knee OA were
associated with worse cartilage composition. Other loading-related OA risk factors,
including obesity and malalignment of the lower extremity, did not contribute to explaining
the variance of the magnetic resonance relaxation times.
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FIGURE 1.
Superficial and deep MF and MT cartilage layers. Abbreviations: MF, medial femur; MT,

medial tibia.
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Superficial MF Deep MF Superficial MT Deep MT

Superficial MF Deep MF Superficial MT Deep MT

M Control 0 0A

(A) Tlrho and (B) T2 laminar magnetic resonance relaxation times for the OA and control
groups for the MF and MT. *Statistically significant difference (P<.05). Superficial MF
T1rho, P =.009; deep MT, P =.017; superficial MF T2, P = .038. Abbreviations: MF,
medial femur; MT, medial tibia; OA, osteoarthritis.
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Participant Demographic Data”

TABLE 1

Control (n=110) Osteoarthritis(n =41) P Value

Age, y 50.1+8.9 57.9+96 <.001
Body mass index, kg/m? 240+£35 250+3.4 .097
Sex, n 740

Men 45 18

Women 65 23
Alignment, deg 179.2+238 178.7+3.2 .360
KOOS

Symptoms 88.5+11.8 81.6+17.2 o12t

Pain 89.8 £13.7 80.2+17.5 004t
IPAQ, MET min/wk

Vigorous 1719.0 +2337.5 1741.1 +2389.3 934t

Moderate 836.7 + 1065.9 1080.5 + 1508.8 353t

Walking 1467.1 % 1289.0 1574.4 £1292.3 670t

Total 4013.4 +3207.4 4396.0 + 4201.8 674t

Page 16

Abbreviations: IPAQ, International Physical Activity Questionnaire; KOOS, Knee injury and Osteoarthritis Outcome Score; MET, metabolic

equivalent of task.
*
Values are mean + SD unless otherwise indicated.

TAdjusted for age and body mass index.
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Laminar Magnetic Resonance Relaxation Times by Kellgren-Lawrence Grade™

TABLE 2

MR Parameter/Body Region

KL Gradel

Value

T1rho

Superficial medial femur

Deep medial femur

Superficial medial tibia

Deep medial tibia

T2

Superficial medial femur

Deep medial femur

Superficial medial tibia

Deep medial tibia

w N PO W N PO W DN PO W N+, o

W N PO W N PO W NP, O W N+, o

38.0 (36.7, 39.3)
38.8 (37.4,40.2)
408 (38.9, 42.7)
422 (39.8, 44.5)
31.0 (29.5, 32.5)
31.7 (30.4, 32.9)
33.2 (30.6, 35.8)
34.4(315,37.2)
345 (33.0, 35.9)
34.4(32.7,36.2)
34.2(32.1,36.3)
37.7(35.4,39.9)
28.4(26.2, 30.5)
26.6 (24.9, 28.2)
28.6 (23.9,33.2)
32.0(29.3,34.7)

27.5(26.7, 28.3)
28.1(27.2,29.1)
29.7 (28.4, 31.0)
29.3 (27.6, 31.0)
22.4(21.5,23.3)
23.6 (22.4,24.7)
23.4(20.9, 25.8)
24.6 (22.8, 26.3)
23.7 (22.7,24.8)
24.2 (22.9, 25.4)
24.2(22.1, 26.4)
25.2 (23.4,27.1)
19.8 (18.6, 21.0)
20.7 (19.0, 22.5)
200 (17.3, 22.7)
21.8 (20.0, 23.7)

Abbreviations: KL, Kellgren-Lawrence; MR, magnetic resonance.

*
Values are mean (95% confidence interval) milliseconds.

TGrade 0, n=57; grade 1, n = 53; grade 2, n = 21; grade 3, n = 20.
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