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Do knees survive the Comrades Marathon?

Glen J Hagemann, Arie M Rijke, Peter D Corr

Knee pain in runners is commonly secondary to overuse, 
resulting in tendon injuries, bursitis or muscle strain. Runners 
are most prone to these types of injury, which may often be 
associated with repetitive drills or a change in the intensity 
or duration of a workout schedule.1 In marathon and ultra-
marathon runners, muscle oedema without tears can often 
be demonstrated in the adductor muscle, quadriceps and 
hamstring groups. Although the injury can occur anywhere 
within the muscle, its origin or insertion is most likely to be 
affected. This tendinopathy and periostitis in the adductors 
cause the so-called ‘pulled groin’. In pulled hamstrings, these 
are usually found at the site of the ischial tuberosity, and in 
the quadriceps at the patellar tendon insertion on the anterior 
tibia.2

Marathon runners, like other athletes participating in 
extreme sports, are most likely to suffer overuse injury specific 
to their sport.3 However, other injuries such as ligament 
tears, cartilage injuries or fractures mostly occur secondarily 
to accidents such as a fall or collision.4 To what extent such 
secondary trauma is aggravated by marathon running is not 
always evident or predictable, but is of prime concern to the 
treating sports physician and physiotherapist.

Previous studies on the effect of long-distance running on 
the structures of the knee have used serial magnetic resonance 
(MR) images to follow the appearance and resolution of 
joint effusions, abnormal signal intensity in the menisci, and 
marrow changes with conflicting interpretations. Joint effusions 
and increased signal intensity in the menisci were found on 
scans taken within a 10-minute period after a 30-minute jog,5 
but another study showed no alteration in joint fluid and 
meniscal signal in trained runners 24 hours before and after 
the completion of a long-distance race (28 - 80 km).6 Mosher 
et al. reported changes in knee cartilage 10 minutes after a 30-
minute jog in non-athletic males,7 while Scheuller-Weidekamm 
et al. confirmed, using MRI, that running marathon races does 
not cause severe acute lesions of cartilage, ligaments or bone 
marrow in non-professional marathon runners.8

The Comrades Marathon (run annually on 16 June) is over 
a distance of 90 km between Pietermaritzburg and Durban. 
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Objective. To detect by magnetic resonance imaging (MRI) the 
presence and type of knee injuries in non-professional runners 
after running an ultra-marathon, and to determine whether 
ultra-marathon running exacerbates pre-existing knee injuries 
or results in new permanent injuries.

Design. A prospective MRI study of one knee of 10 randomly 
selected participants who completed the Comrades Marathon 
between 1997 and 2002. Their knees were scanned 48 hours 
before the race, and 48 hours and 1 month after the race.

Setting. All scans were performed at the Radiology 
Department, Wentworth Hospital, Durban, and the University 
of KwaZulu-Natal.

Main outcome measures. Scores of all knee injuries detected on 
MRI scans immediately before the race, compared with the 
scores after the race.

Results. All scanned knees demonstrated an abnormal amount 
of joint fluid before the race; this increased immediately after 
the race in 5 runners and remained unchanged in another 
5. At 1 month, 5 knees showed decreased joint fluid and 5 
remained unchanged, but these were not the same runners as 

in the post-race groups. There was increased signal intensity 
in the distal patellar and quadriceps tendons in 4 runners 
before the race, which increased or remained the same on 
post-race scans in 6 knees. There was a decrease in signal 
intensity on scans taken 1 month later in 3 runners, with 
complete resolution in 2 and no change in 1. Old injuries to 
ligaments, tendons or other knee structures were unaffected 
by the race. No bone bruising, cartilage defects or meniscal 
abnormalities were observed. There was no significant 
difference in the pre- and post-race or 1-month scan scores.

Conclusions. The race appears to have had a detrimental 
effect on runners who started the ultra-marathon with 
tendinopathy, which worsened post-race by MRI criteria. 
One month after the race, the scan appearance of the overuse 
injury had either improved or resolved completely. Bone 
bruising or meniscal damage did not appear to occur, and the 
presence of increased joint fluid probably relates to stress or 
injury.
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There are no available documented records of the presence of 
old injuries in Comrades runners, and no accessible records 
of the follow-up of injuries sustained during the race. We 
aimed to determine the effect of ultra-marathon running 
on the structures of the normal knee and any pre-existing 
abnormalities of the knee using MRI. Our hypothesis was that 
the race aggravates the overuse injuries specific to marathon 
running but does not affect the MRI appearance of pre-existing 
or healed knee injuries.

Methods

We prospectively performed MRI studies on the knees of 10 
runners who completed the Comrades Marathon between 1997 
and 2002. They volunteered to have one knee scanned 48 hours 
before, and 48 hours and 4 - 6 weeks after, the Marathon. The 
scanned knee was randomly selected. Runners with previous 
operations or documented injuries were excluded. No runners 
had a known history of injury to the knee to be scanned. The 
age of the runners averaged 37.3 years (range 32 - 44). Three 
runners were women. They provided informed consent in 
compliance with the regulations of the Ethics Board of the 
University of KwaZulu-Natal, who approved this study.

MRI scans were performed on a 1.5 T whole-body scanner 
(GE Signa, GE Medical Systems, Milwaukee, Wisconsin) with 
a dedicated phased array knee coil. Knees were examined 
in a standard position with 20 degrees of external rotation. 
Examinations took 30 minutes per patient. Fast spin echo (FSE) 
T1 and T2 weighted sequences of the knee in the sagittal and 
coronal planes were performed using fat saturation (TE/TR 
30/250 and 90/2 500 msec, field of view 14×14 cm, slice 
thickness 4.0 mm and gap 1.0 mm, and pixel size 0.75 mm2). 

The MRI studies were presented in a random order to, and 
read independently by, two experienced musculoskeletal 
radiologists (AMR, PDC), who were blinded to the subjects’ 
information, and their inter-observer agreement was measured. 
Information recorded from each scan was: the presence of 
injury of the anterior and posterior cruciate ligaments, the 
menisci, medial and lateral collateral ligaments, patellar 
and quadriceps tendons, the presence of joint fluid, and the 
presence of bone marrow bruising (contusion) and cartilage 
injury. We scored lesions in the menisci and cartilage on 
a 5-point scale, while the presence of focal injuries to 
ligaments was scored on a 3-point scale, as used by Scheuller-
Weidekamm et al.8 Meniscal lesions were scored 0 - 4. A 
grade 1 meniscal lesion was considered to be punctate focal 
hyperintensity not contiguous with an articular surface; grade 
2 was defined as a linear intra-meniscal hyperintensity with 
articular surface extension; grade 3 was a tear that reached 
one articular surface; and grade 4 was defined as a complex 
meniscal tear involving the upper or lower articular surface.8 
Cartilage lesions were score from 0 to 4. A grade 1 lesion was 
defined as a focal hyperintense matrix signal with an intact 
surface; grade 2 as an ulcer or fissure <50% of the cartilage 

depth; and a grade 3 lesion involved >50% of the depth of the 
articular cartilage.

Ligaments and tendons were considered to be intact if 
the ligament or tendon were detected as a homogeneous 
low-intensity structure from its origin to its insertion (grade 
0). A partial tear was considered to be have focal increased 
intrasubstance signal with preserved ligament orientation 
and outline (grade 1) while a complete tear was defined as 
discontinuity or non-visualisation of the ligament (grade 2). 
The volume of synovial effusion was scored using a 3-point 
scale: grade 0 was considered to be a normal joint; grade 1 was 
fluid collections of <10 mm depth in the retropatellar bursa 
measured transversely in the midline sagittal T2-weighted 
image; and grade 2 was fluid collection measuring >10 mm 
transversely.

Scores were summated for each study and compared 
to determine if there was a significant difference between 
studies using ANOVA test from a standard statistical software 
programme (SPSS version 15 Chicago, IL). A p-value <0.05 was 
considered significant. Inter-observer variability was measured 
using Pearson’s correlation test with excellent agreement 
defined as k>0.8, good agreement as k=0.61 - 0.8, and poor 
agreement as k<0.2.

Results

There were no significant changes in the meniscal lesions 
between the pre- and post-scan images. Four runners had pre-
existing grade 1 meniscal lesions, involving the posterior horn 
of the medial meniscus in 2 runners and the posterior horn 
of the lateral meniscus in the other 2. There were no grade 
2 - 4 lesions. None had evidence of a symptomatic meniscal 
lesion. No hyaline cartilage or focal bone marrow bruises were 
detected on either the pre- or post-scans.

Five runners had positive grade 1 injuries of the patella 
tendon on their pre-race scans. Following the race, another 2 
runners developed grade 1 injuries (Fig. 1); in one of them, 
the lesions were not visible on the 1-month follow-up scan. 
Two runners had partial tears in the quadriceps tendon (grade 
1) with no new lesions detected following the race (Fig. 2). 
One runner had a grade 1 partial tear of the anterior cruciate 
ligament detected before the race. No additional ligament 
lesions were detected after the race. One runner each had grade 
1 partial tears of the medial and lateral collateral ligaments 
detected before the race, with no additional collateral ligament 
lesions detected after the race.

Eight runners had grade 1 knee joint effusions before 
the race, with all 10 runners developing grades 1 and 2 
joint effusions after the race. The joint effusions decreased 
in 8 runners (grade 1) and disappeared completely in 2 at 
the 1-month follow-up scan. Two runners had pre-existing 
asymptomatic Baker’s cysts, and another 2 had evidence of 
pre-existing partial soleal muscle tears.
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The total score for all knee lesions in each runner on the pre-
race scan was a mean of 2.1 (standard deviation (SD) 1.197); 
the immediate post-race scan score was 3.2 (SD 1.317), and 

the 1-month follow-up scan score was 2.3 (SD 1.16) (Table I). 
In 8 runners, the score increased from the pre- to immediate 
post-race scans, but decreased to the pre-race score levels in all 
runners on the 1-month follow-up scans. There was, however, 
no significant difference between the lesions detected on the 
3 groups of scans (p=0.121). Inter-observer agreement by the 
two radiologists on scoring the MR studies was k=0.8, which is 
defined as good agreement.

Discussion

The knee images of all 10 Comrades runners showed abnormal 
amounts of joint fluid on the pre-race scans. Such fluid is 
nonspecific and can be associated with stress or injury to any 
type of knee structure. All runners but one had evidence of 
some old or new injury, and the joint fluid could have been a 
reaction to that injury.

Post-race, the changes in the amount of joint fluid followed 
the same trend as observed for the patellar and quadriceps 
tendon injuries: immediately following the race, the joint fluid 
appeared to have increased in half of the runners and remained 
unchanged in the other half. A month later, the joint fluid had 
decreased in half and remained unchanged in the other half.

When comparing the findings of the scans performed 
immediately after the race with those performed before 
the race, it is important to appreciate that all runners 
had participated in very intensive training and workout 
programmes before the ultra-marathon. Therefore, it was to be 
expected that old injuries and typical overuse injuries in the 
patellar and quadriceps tendon insertions would be detected 
on the pre-race scans. As a result, the number of runners who 
demonstrated partial tears (grade 1) on their post-race but not 
pre-race scans is small. However, in runners with evidence 
of previous partial tendon and ligament tears, their tendon 
or ligament injuries appear to have either deteriorated or 
remained unchanged after the race. It appears safe to conclude, 
therefore, that old tendon and ligament injuries as a result 
of isolated accidents or trauma do not predispose to overuse 
injuries precipitated by intensive training programmes or ultra-
marathons. From our results, we conclude that overuse injuries 
in marathon running generally tend to subside or resolve 
after a rest of about 4 weeks. However, we are unaware of 
any continued training undertaken by the runners during that 
period.

The presence of a knee joint effusion probably relates to 
stress or injury. Although none of the runners had a known 
history of injury to the knee to be scanned, 8 had MR 

Table I. Total scores for knee lesions pre- and post-race

MR scan performed    Total score           Mean score             Standard deviation

Pre-race scan           21                    2.1            1.2
Post-race scan           32                    3.2            1.3
One month post-race scan          23                    2.3            1.2

Fig. 1. TE/TR 30/2500 sequence scan 48 hours post-race showing increased signal intensity in
distal patellar tendon (white arrow), indicating overuse.

Fig. 1. TE/TR 30/2500 sequence scan 48 hours post-race showing in-
creased signal intensity in distal patellar tendon (white arrow), indicating 
overuse.

Fig. 2. Same sequence scan of the same knee as in Fig. 1 but 48 hours post-race. Increase of
signal intensity in distal quadriceps tendon (white arrow) indicates overuse.

Fig. 2. Same sequence scan of the same knee as in Fig. 1, 48 hours post-
race. Increase of signal intensity in distal quadriceps tendon (white arrow) 
indicates overuse.
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evidence of old injury to that knee. This study demonstrates 
that the presence of old injury does not predispose to acute 
MRI changes during the Comrades Marathon, with changes 
occurring regardless of the presence or absence of old injury. 
Our results are in general agreement with other marathon 
runner studies.5-11 No change in meniscal signal intensity and 
no significant increase in joint fluid were observed, but MRI 
evidence of partial tears was noted in the hamstring muscles 
and tendons. These findings contrast with results of studies 
on occasional joggers and non-athletes where there was no 
evidence of partial tears, but an increased meniscal signal in 
50% of subjects, provided that the knee was scanned within 
minutes of the 30-minute jog.5

The meniscal signal may be a transient finding that has 
escaped the attention of investigators whose subjects were 
imaged 24 hours or more after the race.6 However, it is unlikely 
that joint fluid as a result of the marathon would significantly 
dissipate within a 24-hour period, which is confirmed by our 
study.

We believe that MRI evidence from trained marathon 
runners cannot be compared with that of recreational runners. 
Possibly the time elapsed between the end of the race and the 
post-race scan is of importance for detecting increased meniscal 
signal, but it is consistently absent in trained marathon 
runners. This also suggests an adaptation to marathon running 
stresses.6

Our study showed no evidence of bone bruises. Increased 
signal intensity within bone marrow has, however, been 
observed in MRI studies of the feet and ankles of marathon 
runners.9 As such areas are mostly located in regions atypical 
for stress-related oedema (bone bruise), these findings have 
been attributed to spots of increased haematopoietic activity as 
part of bone marrow hyperplasia in asymptomatic marathon 

runners.11,12 Their absence in our highly trained Comrades 
runners may suggest yet another adaptation to the stresses of 
marathon running.

The study confirmed our hypothesis that the Comrades 
Marathon aggravates the overuse injuries specific to marathon 
running and does not affect the MRI appearance of healed 
old injury. We also found no evidence that the presence 
of old injury contributes to the incidence or the extent of 
overuse injury. Scans before and after the race of all runners 
demonstrated normal cartilage and marrow, which confirms 
the view that damage to cartilage and bone bruising occurs 
primarily in the setting of traumatic events and is not part of 
overuse injury.
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