Imaging

CARTILAGE

2019, Vol. 10(4) 444-450

© The Author(s) 2018

Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/1947603518770246
journals.sagepub.com/home/CAR

®SAGE

Thirty Minutes of Running Exercise
Decreases T2 Signal Intensity but Not
Thickness of the Knee Joint Cartilage:

A 3.0-T Magnetic Resonance Imaging Study
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Muzaffer Eryllmaz3, Mahmut Nedim Doral?, and Feza Korkusuz'

Abstract

Objective. Recent studies showed a potential of magnetic resonance imaging (MRI), which can be used as an additional tool
for diagnosing cartilage degeneration in the early stage. We designed a cross-sectional study in order to evaluate knee
joint cartilage adaptation to running, using 3.0-T MRI equipped with the 3-dimensional turbo spin echo (VISTA = Volume
ISotropic Turbo spin echo Acquisition) software. By this thickness (mm) and signal intensity (mean pixel value) can be
quantified, which could be closely related to the fluid content of the knee joint cartilage, before and after running. Methods.
A total of 22 males, aged 18 to 35 years, dominant (right) and nondominant (left) knees were assessed before and after
30 minutes of running. Cartilage thickness and signal intensity of surfaces of the patella, medial and lateral femoral and
tibial condyles were measured. Results. Cartilage thickness of the lateral condyle decreased at the dominant knee, while
it increased at the medial tibial plateau. Signal intensity decreased at all locations, except the lateral patella in both knees.
The most obvious decrease in signal intensity (10.6%) was at the medial tibial plateau from 949.8 to 849.0 of the dominant
knee. Conclusion. There was an increase in thickness measurements and decrease in signal intensity in medial tibial plateau
of the dominant knee after 30 minutes of running. This outcome could be related to fluid outflow from the tissue. Greater
reductions in the medial tibial plateau cartilage indicate greater load sharing by these areas of the joint during a 30-minute
running.
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Serum cartilage oligomatrix protein (COMP) accumulation
increased immediately after running'® while lubricin and
femoral cartilage thickness measured by ultrasound fol-
lowed the same pattern."

Magnetic resonance imaging (MRI), which is a pre-
cise'® and reproducible'™'® method shows that running
exercise may alter thickness and volume of the knee joint
cartilage.lg’zo Two studies, on the other hand, reveal that a

Introduction

Knee joint cartilage adaptation to running has been studied
extensively.'” Some studies™ reveal that running is harm-
ful to knee joint cartilage while others indicated no adverse
effects.'”® A study even presented the chondroprotective
outcome of running that was recently supported by a meta-
analysis.”® Thirty minutes running at 80% of the maximal
heart rate is a common fitness training that decreases intra-
articular pro-inflammatory cytokine concentration’; how-

ever, little is known on its effects over knee joint cartilage.
These controversial findings necessitate further research on
running with advanced methods.

Experimental studies indicated cartilage erosion,'
degeneration,'' as well as decrease in cartilage thickness,
chondrocyte number, and glycosaminoglycan content'
after strenous running. A recent review reported that
mechanical overloading decreases proteoglycan content of
joint cartilage and causes collagen network damage.”
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transient decrease in cartilage volume after 20 km or 1
hour running, respectively.?'** High-field MR can recently
measured changes in T1p and T2 responses at the medial
compartment of the knee joint cartilage.” Other studies
confirmed decrease**** or increase®® in T2 response in the
superficial femoral and tibial cartilage. Three-tesla MR
studies”?’ mostly focused on limited numbers of nonpro-
fessional marathon runners.””® Four 3-T MR studies
assessed knee joint cartilage of recreational athletes before
and after 15 to 30 minutes of running.”**® Diverse findings
on increase and/or decrease of cartilage thickness, volume
and signal intensity T2 response at the medial and lateral
femoral and tibial condyles and the joint surface of the
patella necessitated indepth evaluation of these knee joint
cartilage surfaces with advanced technology.

We asked whether 3-T MR equipped with the 3-dimen-
sional turbo spin echo (VISTA = Volume ISotropic Turbo
spin echo Acquisition) software could quantify thickness
(mm) and signal intensity (SI; mean pixel value), which
could be closely related to the fluid content of the knee joint
cartilage, before and after 30 minutes running at 80% of the
maximal heart rate. Therefore, this study protocol aimed to
evaluate the effects of running in recreational subjects on
the patellofemoral and femorotibial plateau cartilage in
terms of water content, thickness, and signal intensity via a
high-quality (3.0 T) imaging system.

Materials and Methods
Design

We designed a study where right dominant knee joint carti-
lage was evaluated before and after a 30-minutes heart rate—
controlled running on a treadmill using MR, and the left
nondominant knee was evaluated 30 minutes after the end of
exercise. Independent and dependent variables were cartilage
thicknesses (mm)—measured at 3 locations at the medial and
lateral femoral and tibial condyles (K1-K6) and patella (K1-
K5)—and signal intensities (mean pixel value)—measured at
3 locations at the medial and lateral femoral and tibial con-
dyles (A1-A8) and patella (A1-A6)—respectively.

Participants

Twenty-two physically active (at least 150 minutes aerobic
exercise regularly in a week) males participated. The long-
form of the International Physical Activity Questionnaire
(IPAQ) was applied to assess physical activity levels of par-
ticipants.”’ Additional question, according to the literature
“If you would shoot a ball on a target, which leg would you
use to shoot the ball?” were asked to determine leg domi-
nance of the participants.’® Exclusion criteria included a
history of knee pain or stiffness during the previous 6
months, prior knee trauma, joint disorders, or a history of

orthopedic surgery that affects the meniscus and cartilage of
the knee joint. Participants height and weight were mea-
sured using a digital scale (Seca 769, Hamburg, Germany)
and body mass index (BMI) was calculated by dividing
body weight in kilograms by square of the height in meters
(kg/m?).

Running Protocol

MR data of the right dominant knees was obtained a day
before of testing and recorded as baseline evaluation.
Participants arrived at the hospital at 7:00 am after 24 hours
of rest to prevent interference of daily activities on thick-
ness and SI. They rested in supine position for 30 minutes
before MR. MR data were acquired in less than 3 minutes
after the run the other day. The left nondominant knees were
scanned 30 minutes after the right knees. Participants run
30 minutes at 80% of their maximal heart rate on a treadmill
after 10 minutes of warm-up. Maximum heart rate was
measured with a heart rate monitor (Forerunner 305,
Garmin, KS, USA), and speed and heart rate was monitored
throughout the run.

Magnetic Resonance Data Acquisition

MR images of the knee joints were obtained with a 3.0-T
MR (Ingenia, Philips Electronics, the Netherlands) with
constant magnetic field strength. Eight channels knee wrap
was used and 4 series of images (sagittal fat-suppressed
turbo spin echo T2-weighted, sagittal fat-suppressed proton
density—weighted, axial and coronal 3D turbo spin echo
(VISTA = Volume Isotropic Turbo spin echo Acquisition)
were acquired. Sagittal images were obtained to diagnose a
possible additional pathology. The slice thickness is selected
3 mm in all series. Total acquisition time was 22 minutes.
The position of the knee coils was determined in such way
that the images could be obtained from the same points of
the participants’ knee and remained the same before and
after running. All participants were asked not to move their
legs and their knee joints were also stabilized to the coil by
bandages while scanning.

Image Analysis and Quantification

All images were transferred to a workstation (Philips
Workstation, Version 12.0, the Netherlands) for manual
segmentation. A musculoskeletal radiology expert (BD)
identified images and graded cartilage lesions, meniscal,
ligamentous and other knee abnormalities. A total of
9152 regions of interrest (ROIs); 40 femur, 40 tibia, 40
patella per knee) and 7040 thickness measurements (30
femur, 30 tibia, 20 patella per knee) were obtained from
both knees of 22 participants before and after the running
MR sessions. The femur and tibia load-bearing regions
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Figure 1. Sagittal plane: fat-suppressed T2 weighted image areas
for thickness and signal intensity measurements on the femoral
and tibial condyles.

were selected from the point where the fibula was first
seen on the anterior-posterior segment and every fifth
successive coronal image was evaluated (Fig. 1) Medial
and lateral femoral and tibial condyles were divided into
3 equal parts (K1-K6) and thicknesses were measured in
triplicate (Fig. 2a and b). Subsequently, area under
meniscus was measured separately from the rest. With
these measurements we obtain more precise results in the
area of patellofemoral and femorotibial cartilage and
determine if there were regional differences in response
after running.

ROI not less than 1 mm? without reaching the superficial
and deep layers was manually selected from the middle half
of the joint cartilage for SI evaluation. The largest ROI was
found as 3 mm® (8 pixels), the smallest was 1 mm’ (2 pix-
els), and the average size was 2 + 1 mm® (5 + 3 pixels).
Average pixel values were recorded for each ROI and the
changes in signal intensity were evaluated over these val-
ues. Medial and lateral femoral and tibial condyles were
again divided into four equal parts (A1-A8) and SI was
assessed again in triplicate (Fig. 3a and b).

A1-A2 and A7-A8 regions were assessed separately than
A3-A4 and A5-A6 regions in order to compare the protec-
tive effect of the meniscus on joint cartilage after running.
Thickness and SI of the patellar cartilage were assessed in
axial images at 5 (K1-K5) and 6 (A1-A6) locations, respec-
tively (Fig. 4a and b). Before and after running thickness
and SI values of the right and the left knees of each indi-
vidual was compared separately.

Statistical Analysis

Mean, standard deviation, minimum value, and maximum
value are presented as descriptive statistics. Wilcoxon test
was used to compare thickness and SI data of before and
after running. P values less than 0.05 were considered as
statistically significant.

Results

The 3T MR equipped with the 3D turbo spin echo (VISTA)
software could quantify thickness (mm) and SI of the knee
joint cartilage before and after 30 minutes of running.
Thickness did not change before and after running in the
right dominant and left nondominant knees (Table 1).
Signal intensity decreased in all but not the lateral cartilage
of the patella (LP) in the right knees, and even increased in
all joint cartilage compartments of the patella of both knees
30 minutes after running (Table 2). The decrease in SI in
both the femoral and tibial condyles was less in the areas
under the menisci (A1-A2 and A7-AS8). Signal intensity of
the subchondral bone did not change after running.

Discussion

In recent years, it was shown that 2 quantitative techniques,
T2 and T2* relaxation times and 3.0 T MRI, appeared to be
valuable parameters in the evaluation of immediate changes
in the cartilage ultrastructure after running.** Sensitivity and
specificity levels were also said to be acceptable for detect-
ing articular cartilage defects using 3-T MRI.** The original
aspect of the current study is that the 3D turbo spin echo
(VISTA) MRI protocol was used to evaluate joint cartilage.
Changes in T2 values and cartilage thickness in the tibio-
femoral joint of both dominant and nondominant knees were
observed by the VISTA MRI technique in healthy individu-
als following running. The main finding of our study was
that 30 minutes of aerobic running exercise caused T2 val-
ues to decrease significantly in the tibial plateau and femoral
condyle of both the dominant and nondominant knees. This
result is therefore in line with previous studies evaluating T2
values.*'** Nishii ef al.** found a reduction in T2 values only
in areas where the femur was in direct contact with the
opposing tibial cartilage, whereas a significant decrease in
T2 values of the tibia were observed in every region. It is
noteworthy that there were no changes in the femur in
regions under the meniscus. Similarly, another study showed
reduction in T2 values after axial loading and this decrease
was returned to normal immediately after the application of
axial loading.”' We noticed that the decrease was more obvi-
ous in the dominant knee compared to the nondominant
knee. However, there was a different situation with the patel-
lar cartilage. In the dominant knee, T2 values in the medial
patellar cartilage decreased, while in the nondominant knee,
T2 values for both LP and MP increased. It is possible that
this difference between knees was the 30 minutes of time
difference between the 2 MRI sessions. During these 30
minutes, the nondominant knee was at rest; thus, T2 values
started to return to their original values. In this situation, the
increase of T2 values in the nondominant knee and patella
might be due to water rushing back into the patella cartilage.
Another possible reason may be that there was a difference
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Figure 2. (a) Coronal plane 3-dimensional isotropic T2-weighted fast spin echo (VISTA) was used to evaluate the thickness
measurements of femoral condyles. (b) Coronal plane 3-dimensional isotropic T2-weighted fast spin echo (VISTA) was used to
evaluate the thickness measurements of tibial condyles.
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Figure 3. (a) Signal intensity measurements of the femoral condyles. Coronal plane 3-dimensional isotropic T2-weighted fast spin
echo (VISTA) was used for evaluation. (b) Signal intensity measurements of the tibial condyles. Coronal plane 3-dimensional isotropic

T2-weighted fast spin echo (VISTA) was used for evaluation.
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Figure 4. (a) Axial plane 3-dimensional isotropic T2-weighted fast spin echo (VISTA) was used to evaluate the thickness
measurements of the patellar cartilage. (b) Signal intensity measurements of the patella at axial plane.

between kinetics and kinematics of the dominant and non-
dominant knees during running. However, there are different
considerations for this second reason. The most recent stud-
ies show no evidence of any significant kinetic or kinematic
differences between the dominant and nondominant lower
limbs of female runners,>> while the dominant and nondomi-
nant lower limbs of male runners show greater maximal
ground reaction force (stance phase) and swing phase differ-
ences the dominant limb.>* In this case, the reduction in T2
values in the dominant tibiofemoral joint of the knee can be
explained by the excess burden on the dominant side,

although there is no response to T2 changes in the patella.
Cha et al*® further compared T2 relaxation on 3.0-T MR
images of the knee articular cartilage before and after run-
ning and compared these data between young and old ama-
teur athletes. These authors did not find any significant
changes in global cartilage T2 values after running between
the age groups in response to exercise. However, they did
report relatively higher T2 values in the older group, mainly
in the superficial layers of the femoral and tibial cartilage (P
< 0.05) where collagen matrix degeneration was primarily
initiated. In our comprehensive review of the literature, we
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Table I. Thickness Measurements of Lateral Femoral Condyle (LFC), Medial Femoral Condyle (MFC), Lateral Tibial Plateau (LTP),

Medial Tibial Plateau (MTP), and Patella.

Thickness Right Knee Before Right Knee Left Knee Left Knee

(mm) Running After Running  Change % P Before Running  After Running  Change % P
LFC (K1-K3) 1.77 1.65 -6.7 <0.001* 1.73 1.70 -1.73 0.120
MFC (K4-K6) 1.46 1.46 — 0.400 1.49 1.49 — 0.601
LTP (K1-K3) 1.81 1.87 +3.31 0.072 1.78 1.82 -0.25 0.056
MTP (K4-Ké) 1.40 1.49 +6.42 <0.001* 1.51 1.47 -2.64 0.105
Patella (K1-K5) 3.52 3.53 — 0.890 3.59 3.59 — 0.398

*Statistically significant (P < 0.05).

Table 2. Signal Intensity Measurements of Lateral Femoral Condyle (LFC), Medial Femoral Condyle (MFC), Lateral Tibial Plateau

(LTP), and Medial Tibial Plateau (MTP).

Signal Intensity Right Knee Left Knee

(Mean Pixel Before Right Knee Before Left Knee

Value) Running  After Running  Change % Running  After Running  Change % P
LFC (Al-A4) 1256.0 1176.5 -6.32 <0.001* 1293.9 1255.9 -2.93 <0.001*
MFC (A5-A8) 993.5 903.2 -9.09 <0.001* 998.9 955.4 -4.34 <0.001*
LTP (Al-A4) 1092.4 1009.3 -7.60 <0.001* 1086.8 1029.8 -5.24 <0.001*
MTP (A5-A8) 949.8 849.0 -10.61 <0.001* 956.9 892.7 -6.71 <0.001*
LP (AI-A3) 1249.0 1218.1 —-2.48 0.094 1290.4 1320.2 +2.32 0.002*
MP (A4-A6) 1081.3 1048 -3.03 0.039%* 1170.4 1204.0 +2.90 0.001*

*Statistically significant (P < 0.05).

failed to find any study relating to the 2 dominant and non-
dominant legs.”® The current study is therefore the first to
evaluate the severity effects of running on both dominant
and nondominant knees.

Various studies have investigated structural knee changes
after running, but with conflicting results. In studies mea-
suring thickness and volume, Mosher et al.*° observed thin-
ning of the tibial and femoral cartilage thickness after
running, whereas Subburaj ez al.*” did not detect any differ-
ence. Mosher ef al.*® calculated that the cartilage thickness
and T2 values of 22 marathon runners, and 15 sedentary
controls, from the central femoral and tibial cartilage, using
a 3.0-T scanner before and after 30 minutes of running.
After running, MR T2 values decreased in the superficial
femoral and tibial cartilage, along with a decrease in carti-
lage thickness (femoral, 4%-8%; tibial, 0%-12%). A smaller
decrease in cartilage T2 values was observed in the middle
zone of the cartilage, and no change was observed in the
deepest layer.”® The study by Kessler et al.*® on 30 healthy
men showed a significant reduction in patella, tibia, and
meniscal volumes after a 5-km run, and as the running dis-
tance increased to 10 and 20 km, only the medial meniscal
volume continued to decrease. In their second study, Kessler
and colleagues reported that these changes returned to nor-
mal within one hour, even after a 20-km run. In our study,
we observed a reduction in the thickness of the joint carti-
lage on the lateral femoral condyle on the dominant leg and

an increase in thickness of the joint cartilage on the medial
tibial plateau. In the nondominant knee, no statistically sig-
nificant difference was found. The absence of a change in
the thickness of the nondominant knee after 30 minutes is
similar to the findings of Kessler and colleagues. Joint car-
tilage thickness and signal intensity has the potential to
recover to their preexercise state rapidly in young healthy
males. Fluid circulation during and after exercise can
explain this volume and thickness change.

There are, to our knowledge, no previously published
studies investigating both the dominant and the nondomi-
nant knees following running and how load such as a
30-minute running changes the thickness and signal inten-
sity of both knee joints.

Furthermore, there is no standardization of running exer-
cise intensity (80% of the maximal heart rate) in the litera-
ture. Another original aspect of the current study is that the
3-dimensional turbo spin echo (VISTA) MRI protocol was
used to evaluate knee joint cartilage. Changes in T2 values
and cartilage thickness in the tibiofemoral joint of both the
dominant and the nondominant knees were observed by the
VISTA MRI technique in healthy individuals following
running. Thus, the results suggest that 3-dimensional turbo
spin echo (VISTA) MRI protocol might be helpful to iden-
tify early cartilage degeneration and a potential progression.
Our overall results could help understand how exercise can
influence cartilage volume and thickness changes.
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A limitation of our study is that no biomechanical evalu-
ation was conducted on participants during running and we
did not measure alignment of the lower extremities. If such
data were collected, we may have been able to interpret dif-
ferent outcomes in different regions of the joint cartilage in
a more substantial manner. The fact that females were not
included in this study also created a lack of data for the
female gender. Similarly, we cannot arrive at any conclu-
sions for healthy older subjects or osteoarthritic patients.
These limitations, however, give a sound background for
our future studies. Our MR measurements furthermore were
very detailed and thus required a significant period of time
for evaluation. Because of this, only the load-bearing sec-
tions of the knee joint cartilage were mapped. There was a
30-minute time difference between MR imaging of the 2
knees. This gave us some time lapse information form the
contralateral joint. In the future, however, it might be better
a good idea to assess recovery of joint cartilage changes by
obtaining later MR images. Results of this study should be
therefore considered as early joint changes after 30 minutes
moderate running on a treadmill.

Conclusion

Joint cartilage thicknesses changed after 30 minutes of
moderate intensity running in healthy participants. The
right but not the left lateral femoral condyle thickness
decreased while it increased at the medial tibial plateau.
Signal intensity decreased at all locations but not at the lat-
eral patella in both knees after running. The most obvious
decrease in signal intensity (10.6%) was at the medial tibial
plateau from 949.8 to 849.0 at the right knees. Decrease in
signal intensity was less in the femoral condyles and tibial
plateau under the menisci that may enhance the protective
effect of meniscus on joint cartilage.
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