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Background: No studies have focused on magnetic resonance imaging (MRI) of the hips of marathoners, despite the popularity
and injury risks of marathon running.

Purpose: To understand the effect of preparing for and completing a marathon run (42 km) on runners’ hip joints by comparing MRI
findings before and after their first marathon.

Study Design: Case-control study; Level of evidence, 3.

Methods: A total of 28 healthy adults (14 males, 14 females; mean age, 32.4 years) were recruited after registering for their first
marathon. They underwent 3-T MRI of both hips at 16 weeks before (time point 1) and 2 weeks after the marathon (time point 2).
After the first MRI, 21 runners completed the standardized, 4 month–long training program and the marathon; 7 runners did not
complete the training or the marathon. Specialist musculoskeletal radiologists reported and graded the hip joint structures using
validated scoring systems. Participants completed the Hip disability and Osteoarthritis Outcome Score (HOOS) at both imaging
time points.

Results: At time point 1, MRI abnormalities of the hip joint were seen in 90% of participants and were located in at least 1 of these
areas: labrum (29%), articular cartilage (7%), subchondral bone marrow (14%), tendons (17%), ligaments (14%), and muscles
(31% had moderate muscle atrophy). At time point 2, only 2 of the 42 hips showed new findings: a small area of mild bone marrow
edema appearance (nonweightbearing area of the hip and not attributable to running). There was no significant difference in HOOS
between the 2 time points. Only 1 participant did not finish the training because of hip symptoms and thus did not run the marathon;
however, symptoms resolved before the MRI at time point 2. Six other participants discontinued their training because of non–hip
related issues: a knee injury, skin disease, a family bereavement, Achilles tendon injury, illness unrelated to training, and a foot
injury unrelated to training.

Conclusion: Runners who completed a 4-month beginner training program before their first marathon run, plus the race itself,
showed no hip damage on 3-T MRI scans.
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Long-distance running is very popular, with >30 million
people annually participating in marathons across the
globe and many of them being novice marathon runners.6

The repetitive loading during running is thought to place a
high amount of stress on musculoskeletal joint structures,
particularly on the articular cartilage and subchondral
bone. The vertical forces exerted by running can reach up

to 8 times the body weight at the knee joint and 5 times the
body weight at the hip joints.22,32 A high dose of running, as
in a marathon (42 km), has anecdotally been associated
with an increased risk of osteoarthritis, although evidence
is inconclusive.13,16-18,21,26-29,31 On the contrary, a large
recent survey-based study demonstrated that the preva-
lence of arthritis in active marathoners was less than that
in the general nonrunning population.25

Magnetic resonance imaging (MRI) is the most effective
noninvasive tool to assess structural and functional joint
changes. Previous studies have used MRI to focus on the
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effect of marathon running on knee joints and found that
the high-impact forces are actually well tolerated in run-
ners with no preexisting injuries because no significant
pathologic alterations were reported after the run.13-

15,20,29,30 However, limited research has been done on hips.
Only 1 previous study used MRI of the hip joints 24 to 48
hours before and after a marathon, and it found no
running-related abnormalities.13 However, the limitations
of this study include small sample size (8 participants),
only experienced long-distance runners achieving 60 to
150 km/wk, and unilateral hip and low-resolution MRI.
To better understand running-related changes, high-reso-
lution 3-T MRI needs to be employed for greater diagnostic
accuracy and effective detection of early signs of lesions.1,9

The objective of this study was to better understand the
effects of a 4-month beginner training program for a mar-
athon run, plus the race itself, on the hip joints and muscles
of 28 first-time marathon runners using high-resolution
3-T MRI before and after marathon running. This will help
to inform whether a marathon run and its preceding
training may harm runners’ hips and how to prevent or
minimize the risk of sustaining running-related injuries.
The hypothesis was that beginner long-distance runners
would show no pathological findings on their MRI scans
after their first marathon run and therefore marathon
running would not be detrimental to their hips.

METHODS

Participants

This was a prospective, longitudinal cohort study with par-
ticipants of the Richmond Marathon 2019. The study was
approved by our ethics committee, and all volunteers gave
written informed consent before participation. The main
inclusion criteria were as follows: no previous marathon
runs, no present or previous history of hip injury or sur-
gery, asymptomatic hip joints, and no contraindications to
MRI. Exclusion criteria included pregnancy, active breast-
feeding, age <18 years, claustrophobia, history of anxiety,
panic attacks, or known hip problems.

We recruited 28 volunteers who had registered to run
their first marathon, the Richmond Marathon 2019 (14
male, 14 female; mean age, 32.4 years; age range, 18-58
years). All participants had similar running experience
before joining the study: they previously had participated
in at least one 10-km race (5 people had run a maximum
10-km distance, the majority [23/28] had run a maximum
21-km distance [half-marathon], and there were no other

values between these) and were running recreationally at
least 2 times per week (mean, 3.4 ± 0.8 times per week;
range, 2-5 times per week) for a total of 3 to 4 h per week
of running (all sessions per week), with distances varying
between 10 and 21 km per week (16.5 ± 2.6 km per week).
All undertook a standardized marathon training program
supplied by the race organizers. Participant characteristics
are summarized in Table 1.

All participants underwent bilateral hip MRI before
starting their formal training (time point 1), a standardized
4-month beginner training program for the marathon (with
gradual increase in mileage per week, available online on
the Richmond Runfest Marathon website). Two weeks after
the marathon, the participants were recalled for a bilateral
hip MRI (time point 2).

Participant Self-Assessment Questionnaire

The Hip disability and Osteoarthritis Outcome Score
(HOOS) was used as a self-reported questionnaire of the
hip condition and associated injuries that can result in oste-
oarthritis.23 The HOOS questionnaire was completed by
participants at both time point 1 and time point 2. The
assessment is divided into 5 categories: pain, other symp-
toms, function in daily living, hip-related quality of life, and
function in sport and recreation. Participants were asked to
complete the questionnaire to assess their perceived hip
joint health. Each question has 5 potential answers and is
marked from 0 to 4. The sum of the scores from each cate-
gory was converted into a scale ranging from 0 to 100, with
0 indicating extreme hip problems and 100 indicating no
hip problems.

All training nonfinishers (those who stopped during
training and did not run on the marathon day) were asked
details about their reasons for training discontinuation and
completed HOOS questionnaires at time point 2.

TABLE 1
Baseline Characteristics of Study Participants (N ¼ 28)a

Variable Value

Age, y 32.4 ± 8.6
Sex, male:female 14:14
Weight, kg 70.4 ± 9.6
Height, cm 174 ± 10.2
BMI 23.2 ± 2.3

aValues are reported as mean ± SD or No. BMI, body mass
index.
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All participants were also contacted via email 6 months
later to verify if they had any hip problems over this period.

MRI Protocol

The participants underwent bilateral hip 3-T MRI (Magne-
tom VidaHealthineers; Siemens), using a dedicated 18-
channel ultraflex coil, 16 weeks before and 2 weeks after
the marathon. The imaging protocol included proton
density-weighted fat-suppressed turbo spin-echo (PD FS
TSE) sequences in the coronal (repetition time/echo time
[TR/TE], 4190/44 milliseconds; image size/acquisition
matrix, 512 � 512 pixels) and sagittal bilateral planes
(TR/TE, 4420/35 milliseconds; image size/acquisition
matrix, 320� 320 pixels); axial T1 TSE (TR/TE, 27/10 milli-
seconds); coronal PD TSE (TR/TE, 3290/39 milliseconds);
axial PD FS TSE (TR/TE, 4400/36 milliseconds; image
size/acquisition matrix, 384 � 384 pixels); axial Dixon (4
phases: in-phase, out-of-phase, water only, fat only) (TR/
TE, 4220/45 milliseconds); and T1 volumetric interpolated
breath-hold examination 3-dimensional coronal (TR/TE,
0.1/4.92 milliseconds). All slices were 3 mm thick. The total
acquisition time per bilateral scan was 30 minutes.

Imaging Analysis

All MRI scans were reviewed and reported using a picture
archiving and communications system workstation by a
senior musculoskeletal radiologist (A.F.) with 10 years of
experience at the consultant level. To assess the reproduc-
ibility of the readings, the MRI scans of a subset of 20% of
the cohort were randomly selected for an additional inde-
pendent evaluation by a second senior musculoskeletal
radiologist (A.C.H.) with 9 years of experience at the con-
sultant level. Previous imaging studies have used a subset
of 10% of the total number of participants for double report-
ing5; to increase reliability, we doubled this to a subset of
20%. In cases of disagreement between the radiologists’
reports, the final score was achieved via consensus reading
in a second MRI reporting session.

MRI findings of the hip joint were analyzed using vali-
dated scoring systems for the presence of any signal
changes or lesions of varying severity for the following
structures: labrum, articular cartilage, bone marrow, ten-
dons, ligaments, and muscles (Table 2).2,11,12,19 Other find-
ings were also specified, including trochanteric bursitis and
hip joint effusion. The labrum was divided in 4 subregions:
anterior, posterior, anterosuperior, and superior. The artic-
ular cartilage and bone marrow were each assessed in both
the acetabular region (4 subregions: anterior, posterior,
superolateral, and superomedial) and the femoral region
(6 subregions: anterior, posterior, lateral, superolateral,
superomedial, and inferior).

Statistical Analysis

Normal distribution was assessed using the following sta-
tistical tests: Shapiro-Wilk, D’Agostino-Pearson, and
Kolmogorov-Smirnov. Characteristics of marathon
finishers and training nonfinishers were compared.

Statistical tests were performed for age, height, body
mass index (BMI), prestudy running experience (unpaired
t test), and sex (w2 test). The paired t test was used to
analyze changes in BMI values between time point 1 and
time point 2 in each group of participants, respectively. The
Wilcoxon signed-rank test was used for time point 1 and
time point 2 scores/grades for each hip structure as well
as HOOS results for each questionnaire item. Hips of the
same participant were treated independently in the
statistical analysis. The unpaired t test was used to
assess significant differences between the prestudy
running experience of participants presenting with MRI
abnormalities and the running experience of those
without MRI abnormalities.

Differences between the marathon finishing times of par-
ticipants who ran up to 10-km race distances before the
study and those with half-marathon running experience
were compared for significance using the unpaired t test.
In addition, the marathon finishing times of participants

TABLE 2
Grading Systems Used for All Assessed Internal

Hip Featuresa

Hip Feature and Grading System

Labrum (SHOMRI19)
0: Normal variant such

as aplasia or
hypoplasia

1: Abnormal signal and/
or fraying

2: Simple tear
3: Labrocartilage

separation
4: Complex tear
5: Maceration

Articular cartilage
(SHOMRI19)

0: No loss
1: Partial thickness loss
2: Full-thickness loss

Bone marrow (SHOMRI19)
Edema

0: No lesion
1: �0.5 cm
2: >0.5 and �1.5 cm
3: >1.5 cm

Cysts
0: No lesion
1: �0.5 cm
2: >0.5 cm

Tendons (Chi et al2)
0: Normal
1: Tendinosis (intermediate

signal, not fluid)
2: Low-grade partial-thickness

tear (<50% tendon fluid
signal)

3: High-grade partial-thickness
tear (�50% tendon fluid
signal)

4: Full-thickness tear (complete
fluid signal)

Ligaments (SHOMRI19)
0: Normal
1: Signal abnormalities or

fraying
2: Partial tear
3: Complete tear

Muscles (Fuchs et al11 and
Goutallier et al12)

0: Normal muscle (no fat)
1: Some fatty streaks (for

minimal atrophy)
2: <50% fatty muscle atrophy

(for mild atrophy: fat
infiltration less than muscle)

3: 50% fatty muscle atrophy
(for moderate atrophy: fat
infiltration equal to muscle)

4: >50% fatty muscle atrophy
(for marked atrophy: fat
infiltration greater than
muscle)

Other findings (binary; eg, present/
absent)

aSHOMRI, Scoring Hip Osteoarthritis with MRI.
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who had a specific type of premarathon abnormality were
compared with the marathon finishing times of partici-
pants who did not have that same abnormality using the
unpaired t test. Interrater agreement for the subset of MRI
scans reviewed by 2 authors (A.F. and A.C.H.) was evalu-
ated using k statistics. Statistical significance was defined
as P < .05 (Prism Version 6.0 c; GraphPad).

Analysis of MRI findings was performed for all hips of
study participants to provide an overall picture of the effect
of marathon running on hips. Further details are available
as Supplemental Material.

RESULTS

The status of the hips of all 28 participants was known at
the end of the study. Some participants did not complete the
training or the marathon, so we present a comparison of
these groups. There was excellent interrater agreement
between the scores reported by the 2 musculoskeletal radi-
ologists for each hip structure on MRI scans (k ¼ 1.000).
Abnormalities on MRI scans at time point 1 were found in
25/28 (90%) participants, and there were only 2 new abnor-
malities on the MRI scans at time point 2, which were not
associated with symptoms or reduced hip function at time
point 2 and 6-month follow-up. Only 1 participant did not
finish the training (and therefore did not undertake the
marathon) because of hip symptoms; this participant had
no abnormality on MRI scans at time point 2, and the
symptoms rapidly resolved. The differences in pretraining
running experience among participants did not affect MRI
findings or running performance.

Participant Completion of the Study

Of 28 participants, 21 participants finished both the training
for the marathon and the marathon itself (marathon fin-
ishers), while 7 participants were considered training non-
finishers. After the marathon, all marathon finishers and 4
of 7 training nonfinishers returned for their second MRI,
thus completing the study. The 3 other training nonfinishers
were not able to attend because of personal issues or avail-
ability, so these did not complete the study (see Figure 1 for
study design).

The 4 training nonfinishers who completed the study
discontinued their training for the following reasons: (1)
minor hip injury, (2) Achilles tendon injury, (3) illness unre-
lated to training, and (4) foot injury unrelated to training.
The remaining 3 participants who did not complete the
study stopped their training because of the following: (1)
knee injury, (2) skin disease unrelated to training, and (3)
family bereavement (see Supplemental Tables S1 and S2
for further details, available online).

MRI Findings at Time Point 1

Abnormalities on MRI scans at time point 1 were found in
90% of the total cohort. For most participants, these were
seen in both hips (71%) and were found in the labrum,
articular cartilage, bone marrow, tendons, ligaments, and
muscles in the study cohort (Figure 2). The differences in
prestudy running experience among participants were not
significant between those participants with MRI abnormal-
ities and those without abnormalities (P ¼ .569).

Figure 1. Flowchart of study design. MRI, magnetic resonance imaging.
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In the case of marathon finishers, time point 1 scans
revealed labral abnormalities in 12 hips (29%). Out of these
12 hips, 7 had grade 1 (abnormal signal), 2 had grade 2
(simple tear), and 3 had grade 3 abnormalities (labrocarti-
lage separation) (Figures 2 and 3C). Four hips (10%) had
paralabral cysts. Cartilage abnormalities were identified in
3 hips (7%) in the acetabular region: 2 with grade 1 (partial-
thickness defect) and 1 with grade 2 (full-thickness cartilage
loss) (Figure 3A). Bone marrow edema was present in 6 hips
(14%) in either the acetabular or femoral region: 4 had grade
1 (�0.5 cm) (Figure 4C), 1 had grade 2 (>0.5 cm but
�1.5 cm), and 1 had grade 3 (>1.5 cm). Grade 1 tendon
abnormalities (tendinosis) were found in 7 hips (17%). Grade
1 ligament abnormalities (abnormal ligament signal) were

found in 6 hips (14%). The tendons showing abnormal signal
were the gluteus, psoas, and hamstring (Figure 5, A and C).
Moderate muscle atrophy was present in 13 hips (31%), spe-
cifically in the gluteal muscles (Figure 6A), tensor fascia
latae muscles, or both. Joint effusion was found in 2 hips
(5%). Trochanteric bursitis was present in 3 hips (7%), and
psoas bursitis was present in 2 hips (5%).

Regarding training nonfinishers, time point 1 results
showed 1 hip (13%) with subchondral bone marrow edema
of up to 0.5 cm in size and 2 hips (25%) with subchondral
cysts. Psoas tendinosis was found in 1 hip (13%), and mod-
erate atrophy was found in 4 hips (50%) in the gluteal mus-
cles, tensor fascia latae muscles, or both. Trochanteric
bursitis was present in 3 hips (38%).

Figure 2. 3-T Magnetic resonance imaging findings in the key hip joint structures including (A) labrum, (B) articular cartilage, (C)
bone marrow, (D) tendons, and (E) ligaments at time point 1 (T1) and time point 2 (T2) in the hips of both marathon finishers and
training nonfinishers. Glut, gluteus; med, medius; min, minimus.
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Marathon Finishing Times

The mean ± standard deviation marathon finishing time
was 4 hours 23 minutes ± 42 minutes. Variation between
individual prestudy running experience among partici-
pants did not affect either marathon finishing times (P ¼
.686) or other postmarathon results. HOOS was similar for
both time points and for individual sections: other symp-
toms (P¼ .780), pain (P¼ .445), function in daily living (P¼
.227), function in sport and recreation (P ¼ .992), and hip-
related quality of life (P ¼ .565).

The presence of labral tears or labrocartilage separation
on the time point 1 MRI scan did not affect marathon fin-
ishing times when compared with no labral lesion (P¼ .310)
(Figure 7). The presence of other time point 1 MRI abnor-
malities also did not affect finishing times, specifically for
cartilage abnormalities (P ¼ .214), bone marrow edema (P
¼ .975), abnormal ligament signal (P ¼ .433), tendinosis (P
¼ .802), effusion/bursitis (P ¼ .378), and moderate muscle
atrophy (P ¼ .992). The differences in pretraining running
experience among participants did not affect marathon fin-
ishing times (P ¼ .872).

Comparison of MRI From Time Points 1 and 2
in Marathon Finishers

There were very few changes in the MRI scans from time
point 2 when compared with time point 1 (Figures 2–6).
There were 2 cases with a small area of bone marrow edema
appearance in the femoral heads: 1 progressed from a grade
of 0 to 2, and the other progressed from a grade of 1 to 2
(Figure 4). Both of these abnormalities were in the non-
weightbearing area of the hip joint and were not associated
with symptoms or a change in HOOS (may have been due to
impingement and not running). In the first case, the par-
ticipant had a concomitant partial-thickness cartilage
defect (which was present on the time point 1 MRI scan and
did not progress on the time point 2 MRI scan) in the same
hip on the acetabular side. In the second case, the

Figure 4. Coronal Dixon magnetic resonance imaging scans
of 2 participants showing all subchondral bone marrow
edema changes after the marathon. (A, B) Participant 1 had
no edema before the marathon (A; arrow) and mild edema
appeared after the marathon (B; grade 2, 0.5-1.5 cm; arrows).
(C, D) Participant 2 had little edema before the marathon (C;
grade 1, �0.5 cm; arrow), but the edema slightly extended
after the marathon (D; grade 2, >0.5-�1.5 cm; arrows). In
both cases, edema changes were seen in the nonweightbear-
ing area and likely due to impingement and not running.

Figure 3. Coronal Dixon magnetic resonance imaging scans
of 2 participants showing damage at time point 1 and no
worsening at time point 2. (A, B) Participant 1 had a full-
thickness acetabular cartilage defect (arrows). (C, D) Partici-
pant 2 had a labrocartilage separation (arrows).
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participant had an enlarged preexisting psoas bursa in the
same hip, which slightly decreased in size at time point 2.
Another participant with a small premarathon psoas bursa
showed a slight increase in size after the marathon.

There was no significant difference between the running
experience of these few participants with minor postmarathon
abnormalities and the running experience of the rest of parti-
cipants with no pre- to postmarathon changes (P¼ .333). All 3
participants were contacted 6 months later and asked about
their perceived hip condition: no hip problems were reported,
and they continued training for other running events.

Comparison Between Marathon Finishers and
Training Nonfinishers

There was no significant difference between marathon fin-
ishers and training nonfinishers in terms of baseline char-
acterstics: age (P ¼ .413), sex (P ¼ .238), BMI (P ¼ .255),
and prestudy running experience (P ¼ .157). There was no
significant change in BMI between the 2 time points for
both marathon finishers (P ¼ .641) and training nonfin-
ishers (P ¼ .391).

MRI findings in training nonfinishers were similar to
those of the marathon finishers in terms of level of damage
at time point 1 and comparison between the 2 time points
(Figure 2).

Figure 5. Axial Dixon magnetic resonance imaging scans of 2
participants showing tendinosis at time point 1 and no wors-
ening at time point 2. (A, B) Participant 1 had psoas tendinosis
(arrows). (C, D) Participant 2 had hamstring tendinosis
(arrows).

Figure 6. Axial Dixon magnetic resonance imaging scans of 1
participant showing (A) moderate atrophy of the gluteus max-
imus muscle (circles) at time point 1 and (B) no worsening at
time point 2.

Figure 7. Marathon finishing times of participants, divided into
2 groups, based on presence or absence of labral tears or
labrocartilage separation on time point 1 magnetic resonance
imaging scans; 21 participants entered and finished the
marathon, with labral abnormalities (n ¼ 8) or normal labrum
(n ¼ 13).
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Only 1 participant did not finish the training because of
right hip pain. A small area of acetabular bone marrow
edema was the only abnormality seen on the time point 1
MRI scan of the contralateral (left) hip. No changes were
seen on the time point 2 MRI scan. The right hip was nor-
mal on MRI scans at both time points, and there was no
difference in HOOS between the 2 time points because the
pain had already resolved by time point 2. This participant
had torn a ligament in the right ankle 6 years previously
and had recovered after having done strengthening work
with a physical therapist; this previous injury may have
indirectly affected the right hip. All other training nonfin-
ishers completed the HOOS questionnaire at time point 2
and confirmed that the reason for stopping their training
was not related to their hip condition (see details in Sup-
plemental Table S1, available online). Six months after
time point 2, they also reported no hip problems.

Study Noncompletion

Regarding training nonfinishers who did not complete the
study and only attended time point 1 scans (3 participants),
no MRI abnormalities were identified. All participants com-
pleted the HOOS questionnaire after not completing the
study and confirmed that the reason for stopping their
training was not related to their hip condition (see details
in Supplemental Table S2, available online). Six months
later, no hip problems were reported.

DISCUSSION

Preexisting abnormalities were common (90%) in asymp-
tomatic runners on 3-T MRI scans before starting their
training for their first marathon. No hip damage was
reported on the MRI scans of the participants after com-
pleting a 4-month beginner training program and the mar-
athon itself. In addition, those preexisting abnormalities
did not disadvantage a runner when compared with some-
one without damage in terms of running performance.

At time point 2, 2 of 42 hips (21 runners) had MRI find-
ings of bone edema in a small area of the nonweightbearing
area of the hip that may have been attributable to impinge-
ment rather than running and were asymptomatic. All run-
ners who completed the standardized training started and
finished the marathon. The number of training nonfin-
ishers in our study was 25%, which was lower than the
expected 30% to 50%.3,4,10 Importantly, only 1 participant
stopped training because of hip problems, and these
problems had resolved, as confirmed in the self-reported
questionnaire completed at time point 2 as well as 6 months
after the marathon.

To our knowledge, this is the only study that has used
high-resolution 3-T MRI to assess the effect of marathon
running on hips in a large cohort of novice marathon run-
ners. Given the increasing participation in marathons and
ultramarathons among recreational runners, the contro-
versially associated risks of injury, and the paucity of sci-
entific evidence on this topic, we believe that this research
is an important step in understanding the effect of high

doses of running on the hip joints. There are several
strengths of our study design and ability to carry out the
study. First, we recruited novice marathon runners who
undertook a standardized, 4-month training program to
minimize the effect of previous running experience. Second,
we optimized MRI using high-resolution (3-T) scanning of
both hips and scored by 2 musculoskeletal radiologists,
with strong agreement, using validated scoring systems.
Third, by the end of the study we knew the status of the
hips of all 28 participants. As expected, but to a lesser level
than that predicted based on other marathons, some parti-
cipants did not complete the training and the marathon, so
we presented a comparison of this group with those who
finished the marathon.

We acknowledge some limitations. First, radiological
assessment of the hip scans may involve a certain level of
bias. In order to reduce bias, 2 radiologists reported the
study results—that is, 1 radiologist reported all scans, a
subset of them was co-reported by a second radiologist, and
perfect interrater agreement was found. Second, 3 training
nonfinishers could not attend the second MRI scan after
discontinuing the marathon training because of reasons of
availability, so we could not compare between the pre- and
posttraining MRI findings. However, only 1 participant had
knee pain during training, while the other 2 did not stop
running because of training-related reasons. Third, only
morphologic 3-T MRI assessments were conducted, and
no biochemical analyses were included in this study. Con-
sidering that the cartilage is a complex structure to study,
further compositional analysis studies using specific quan-
titative MRI sequences may be required to properly under-
stand the effect of marathon running on the cartilage.
Nevertheless, this study was not specifically focused on
cartilage analysis but evaluated all internal structures of
the hip joint. Fourth, a longer-term follow-up study is
needed to assess whether the 2 bone marrow edema
changes reverse over time. Fifth, immediate premarathon
MRI scans (ie, posttraining) were not conducted. This could
have provided useful information on the effect of training
alone on the hip joints; however, the aim of our study was to
assess the effect of a marathon run (including the prepara-
tion for it, altogether) on the hip joints of runners.

Existing literature on the effect of marathon running on
hip joints using MRI is very limited. Previously, only 1
research group13 conducted such a hip MRI study with 8
marathon runners, specifically 6 recreational and 2 semi-
professional runners. Unilateral hip MRI scans were col-
lected 24 to 48 hours before and after running a marathon,
and they did not reveal any pre- or postmarathon bone
marrow edema, cartilage lesions, or other abnormalities.
On the contrary, in our study, we found a number of asymp-
tomatic hips with premarathon joint abnormalities of the
labrum (29%), articular cartilage (7%), bone marrow (14%),
tendons (17%), and ligaments (14%). However, our study
included a larger sample size; first-time marathon runners
instead of experienced long-distance runners with running
distances of 60 to 150 km per week as in the previous study;
and high-resolution MRI instead of low-resolution MRI,
which may detect even subtle early signs of lesions. In addi-
tion, bilateral MRI scans instead of unilateral ones were
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collected. Regarding the postmarathon scans, similar to the
other study, the MRI scans did not demonstrate any signif-
icant changes after the run. All other marathon studies to
date have focused on the effect of running on knees instead
of hips, showing no permanent major changes after the
marathon.13,16,20,29,30

Our results suggest that marathon running does not
induce any acute changes between the pre- and
postmarathon hip MRI scans of first-time marathon run-
ners with no previous hip problems or known injuries. We
showed that running a single marathon is not associated
with damage seen on MRI scans. This is of great impor-
tance given the rising concerns relating running with hip
injuries and arthritis.21,28,31

Our study supports the current evidence showing lack of
hip arthritis in marathon runners, although we acknowl-
edge that the absence of evidence is not evidence of absence.
Some studies actually have shown an improved knee joint
condition after marathon running.14,15 In fact, other studies
have shown that an increased number of marathons may be
associated with decreased joint pain.25 This may be because
of muscle strengthening during training, which can poten-
tially reduce the load effect on the joints and thus decrease
the risk of injury; also, the joints themselves may gradually
develop adaptation mechanisms over time, i.e. joints of run-
ners may be able to adapt to tolerate the high-impact forces
exerted during running, as a result of training on a regular
basis.14,15 In addition, a number of confounding factors need
to be considered, for example running style, running surface,
running shoes, health status of other joints, individual unre-
ported changes to the standardized marathon training plan,
leg alignment, and biomechanics, which may play major
roles in decreasing the stress on the cartilage and subchon-
dral bone. Adaptation mechanisms may limit overloading
and thus lower the risk of joint degeneration.7,8,14,15,24

CONCLUSION

The study findings demonstrated no acute changes after
marathon running on 3-T hip MRI scans. Future research
should focus on the long-term effects of marathon running
over a longer period of time to better understand the impli-
cations of marathon running on the hip joints.
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