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H I G H L I G H T S  

• Cartilage damage is frequently observed on MRI in Olympic Athletes. 
• Patellofemoral cartilage damage is most common and associated with certain sports including volleyball and weightlifting. 
• Meniscal tears are associated with localized cartilage damage. 
• Trend for prevalence of cartilage damage to increase with increasing age of the athlete.  
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A B S T R A C T   

Purpose: To report the MRI patterns of knee cartilage damage and concomitant internal derangement in athletes 
participating at the Rio de Janeiro 2016 Olympic Games. 
Methods: Knee MRIs obtained at the core imaging facility of the International Olympic Committee were blindly, 
retrospectively reviewed by a board-certified musculoskeletal radiologist for meniscal, ligamentous, and tendon 
abnormalities. Cartilage assessment was based on the modified Outerbridge criteria. 
Results: Of 122 athletes who received a knee MRI, 64 (52.4 %) had cartilage damage. Cartilage damage was more 
prevalent in the patellofemoral compartment (52 athletes, 42.6 %), followed by lateral (23 athletes, 18.9 %) and 
medial tibiofemoral compartments (12 athletes, 9.8 %). Patellofemoral cartilage damage was most prevalent in 
beach-volleyball (100 %), followed by volleyball (8 athletes, 66.7 %) and weightlifting (7 athletes, 70 %). 
Patellofemoral cartilage damage was most prevalent with quadriceps (8 athletes, 72.7 %) and patellar tendinosis 
(11 athletes, 61.1 %). Medial and lateral tibiofemoral cartilage damage was significantly associated with medial 
(8 athletes, 29.6 %) and lateral meniscal tears (16 athletes, 55.2 %), respectively. There was a trend for the 
percentage of athletes with cartilage damage to increase with age. 
Conclusion: The majority of athletes at the 2016 Rio Summer Olympics who had a knee MRI showed cartilage 
damage. Patellofemoral compartment cartilage damage was most common and frequently observed in certain 
sports including volleyball, beach volleyball, and weightlifting. Overuse in these sports can contribute to 
patellofemoral cartilage damage and subsequent development of anterior knee pain. Cartilage damage was also 
observed with concomitant meniscal tears and older age.  
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1. Introduction 

Elite athletes throughout the world convened in Rio de Janeiro for 
the 2016 Summer Olympics. These athletes, who have trained intensely 
for years, are highly susceptible to injuries (acute and overuse) and 
cartilage damage; MRI often provides a highly sensitive and specific tool 
for identifying and grading these abnormalities [1–4]. Such information, 
including type of internal knee derangement and epidemiology [3,5–9], 
has been reported at prior Olympic games, with knee abnormalities 
being among the most common [7,10,11]. At the Rio 2016 Olympic 
Games, 40 % of all injuries led to at least one day of missed participation 
and 20 % led to at least 7 days missed [9]. A previous study has shown 
that among the different knee abnormalities in elite athletes, cartilage 
damage is commonly observed and is associated with a high degree of 
pain and subsequent functional impairment [12]. Furthermore, cartilage 
damage, whether caused by repetitive use or acute trauma, can lead to 
accelerated osteoarthritis if left untreated, potentially limiting mobility 
[13]. 

Kompel et al. [14] previously evaluated this same cohort of knee 
MRIs performed on athletes participating in the 2016 Rio Olympics and 
showed that cartilage damage was the most frequently observed knee 
abnormality. However, the location (knee compartment i.e. medial 
tibiofemoral, lateral tibiofemoral and patellofemoral) of cartilage 
damage was not specified and the relative prevalence of cartilage 
damage in each sport was not described. Additionally, there was no 
correlation performed on athletes with cartilage damage and the pres-
ence of additional internal derangement in the knee. Finally, these 
cartilage abnormalities were not stratified by age and gender. 

Therefore, the purpose of this descriptive study is to further detail 
cartilage damage on MRI in athletes who participated in the 2016 Rio 
Olympics including the location (stratified by sport), additional internal 
derangement in athletes with cartilage damage, and to evaluate the 
prevalence of cartilage damage depending on the athletes’ age and 
gender. 

2. Materials and methods 

2.1. Subjects’ MRIs 

Knee MRI studies of the Rio 2016 Summer Olympic athletes were 
systematically reviewed as they were obtained from the Radiological 
Information System (RIS) and Picture Archiving and Communication 
System (PACS). These knee MRIs were performed for either injuries 
sustained during the 2016 Olympic Games or for knee pain during the 
Games without an inciting event. Medical information was sorted by the 
athlete’s accreditation number to prevent duplication of results from 
both NOC data and information from the other medical venues. If 
duplication was found, the NOC data was retained. The International 
Olympic Committee (IOC) approved our study and intent to publish this 
data. 

2.2. Confidentiality and ethical approval 

For those IOC athletes who obtained a knee MRI, the athlete 
accreditation number was used to obtain the athlete’s age, gender, na-
tionality, and sport. This data was then de-identified and treated with 
the strictest confidentiality once the Olympic games concluded. Our 
study was approved by the medical research ethics committee of the 
South-Eastern Norway Regional Health Authority (#S-07196C). 
Informed consent was waived as the epidemiologic data was anony-
mized and de-identified. The IOC granted approval to use the anony-
mized imaging and demographic data for publication. A second IRB was 
obtained from Boston University (#H-36593). 

2.3. Data collection 

MRI was performed with a 3 T Discovery MR750w or a 1.5 T Optima 
450 MRw MR scanner at the official IOC clinic within the Olympic 
village. The images were then collected retrospectively through RIS. 
Concurrently, the anonymized epidemiologic data was obtained for the 
corresponding knee MRI, and then stratified according to gender, age, 
country, type of sport, and internal derangement classification. Axial, 
sagittal, and coronal proton density with fat suppression and sagittal T2 
and T1-weighted MRI sequences were acquired. 

2.4. Imaging interpretation 

All knee MRIs were independently reviewed by a board-certified 
Musculoskeletal Radiologist (AJK) with 7 years of subspecialized 
musculoskeletal experience, blinded to the initial reports. Reliability 
was determined by a second reader with 25 years of musculoskeletal 
experience (AG) through 30 randomly selected cases using prevalence- 
adjusted and bi-adjusted kappa (PABAK) and overall % agreement 
(Appendix). 

The MRI assessment was similar to that described in Kompel et al. 
[14]. Cartilage assessment was based on a modified Outerbridge grading 
system with Grade 1 — areas of intrachondral hyperintensity with 
normal surface contour; Grade 2 — cartilage loss < 50 % of the thick-
ness; Grade 3 — cartilage loss > 50 % of the thickness; and Grade 4 — 
full thickness loss [15]. Given the potential low diagnostic accuracy for 
Grade 1 lesions, only Grades 2, 3, and 4 were considered abnormal [16]. 
Medial and lateral collateral ligament injury was described as Grade 1 –– 
intact fibers with high signal on both sides of the ligament; Grade 2 –– 
high signal around the ligament and partial disruption of the fibers; and 
Grade 3 –– high signal around the ligament and complete disruption of 
the fibers [17]. Only grade 2 and 3 ligament sprains were included in the 
analysis as to only include definite ligament abnormalities [18]. Ante-
rior and posterior cruciate ligament injuries were graded as partial or 
complete tears [17] however, both injuries types were grouped together 
for this analysis. Mucoid degeneration of the anterior or posterior cru-
ciate ligaments without tear were not included in the analysis. Meniscal 
tears were diagnosed based on linear hyperintense signal on two 
consecutive MRI “slices” extending to an articular surface or abnormal 
morphology of the meniscus (flap or displaced tear) [19]. Mucoid 
meniscal degeneration without tear were not included in the analysis 
(for which there were 2 of the medial meniscus and 0 in the lateral 
meniscus). Tendon injuries were scored as either partial or complete 
disruption of the fibers and the presence of tendinosis was recorded [20, 
21]. The presence of an anterior cruciate ligament (ACL) graft was also 
noted. 

2.5. Statistical analysis 

Athletes were categorized based on the absence or presence of 
structural damage in the knee (other than cartilage damage) including 
ligament, meniscal, tendon tears, tendinosis, and presence of an ACL 
graft. Descriptive statistics were used to tabulate the frequency of the 
presence or absence of these abnormalities with the presence of 
compartment specific (medial, lateral or patellofemoral) cartilage 
damage. Fisher exact test was applied to evaluate for significant asso-
ciations (contingency) between the presence/absence of internal 
derangement (i.e. torn versus intact medial meniscus) and compartment 
specific cartilage damage. 

3. Results 

There were 11,274 athletes at the Rio Olympics 2016; 113 received 
at least one knee MRI and 9 received bilateral knee MRIs or a second MRI 
of the same knee. Athletes taking part in Athletics (i.e. Track and Field) 
received the most MRIs, followed by Handball, Volleyball, and 
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Wrestling. 
More athletes had cartilage damage involving the patellofemoral 

compartment as opposed to the medial and lateral compartments, as 
demonstrated in Table 1. Out of 122 MRIs, 64 (52.4 %) had some degree 
of cartilage damage. Out of this group, 52 athletes (42.6 %) had patel-
lofemoral cartilage damage versus medial (12 athletes, 9.8 %) and 
lateral (23 athletes, 18.9 %) cartilage damage. Patellofemoral cartilage 
damage was most prevalent among beach volleyball (100 %), volleyball 
(66 %) and weightlifting athletes (70 %) (Table 1). 

As shown in Table 2, medial tibiofemoral cartilage damage was 
significantly more prevalent among those with medial meniscal tear (8 
athletes, 29.6 %, p < 0.05 compared to an intact medial meniscus. 

Similarly, lateral cartilage damage was significantly (16 athletes, 55.2 
%, p < 0.05) associated with lateral meniscal tears. However, patello-
femoral cartilage damage was most prevalent in athletes with quadri-
ceps tendinosis (8 athletes, 72.7 %) and patellar tendinosis (11 athletes, 
61.1 %). Ligament tears did not demonstrate any significant association 
with compartment specific (i.e. medial, lateral and patellofemoral) 
cartilage damage. However, athletes with an ACL graft demonstrated 
tricompartmental cartilage damage occurring more often in the lateral 
(8 athletes, 66.7 %, p < 0.05) and patellofemoral (6 athletes, 50 %) 
compartments (Table 2). The distribution of cartilage damage in 
different combinations of meniscal and ligamentous abnormalities is 
presented in Table 3. Concomitant medial and lateral meniscal tears 

Table 1 
Number (%) of athletes in each sport with cartilage loss on MRI and compartment specific location of the cartilage loss.  

Sport # athletes with 
MRI 

#of athletes with any cartilage 
loss (%) 

Medial cartilage loss 
(%) 

Lateral cartilage loss 
(%) 

Patellofemoral cartilage loss 
(%) 

Athletics 27 13(48.1 %) 4(14.8 %) 4(14.8 %) 10(37.0 %) 
Beach volleyball 7 7(100.0 %) 0(0.0 %) 0(0.0 %) 7(100.0 %) 
Handball 13 7(53.8 %) 1(7.7 %) 4(30.8 %) 4(30.8 %) 
Hockey 9 2(22.2 %) 1(11.1 %) 0(0.0 %) 1(11.1 %) 
Judo 8 4(50.0 %) 1(12.5 %) 2(25.0 %) 2(25.0 %) 
Volleyball 12 9(75.0 %) 2(16.7 %) 3(25.0 %) 8(66.7 %) 
Weightlifting 10 7(70.0 %) 0(0.0 %) 3(30.0 %) 7(70.0 %) 
Wrestling 11 4(36.4 %) 1(9.1 %) 2(18.2 %) 3(27.3 %) 
Combined sportsa 21 11(52.4 %) 2(10.0 %) 5(23.8 %) 10(47.6 %) 
Aquatics - Water polo, Rowing, Shooting, 

Tennisb 
4 0(0.0 %) 0(0.0 %) 0(0.0 %) 0(0.0 %) 

Total 122 64(52.5 %) 12(9.8 %) 23(18.9 %) 52(42.6 %)  

a Sports with 4 athletes or less, and sports with 1 athlete with cartilage damage were combined. 
b Sports with 1 athlete each without cartilage damage. 

Table 2 
Compartment specific cartilage damage and associated internal derangement.   

# 
athletes 

Medial 
cartilage 
damage (%) 

Lateral 
cartilage 
damage (%) 

Patellofemoral 
cartilage damage 
(%) 

ACL     
Intact 91 8(8.8 %) 13(14.3 %) 40(44.0 %) 
Tear 17 2(11.8 %) 3(17.6 %) 4(23.5 %) 
ACL graft  # *  
Absent 96 10(10.4 %) 16(16.7 %) 44(45.8 %) 
Present 12 3(25.0 %) 8(66.7 %) 6(50.0 %) 
PCL     
Intact 112 10(8.9 %) 21(18.8 %) 50(44.6 %) 
Tear 4 1(25.0 %) 0(0.0 %) 0(0.0 %) 
MCL     
Intact 90 5(5.6 %) 14(15.6 %) 40(44.4 %) 
Sprain 6 1(16.7 %) 2(33.3 %) 1(16.7 %) 
LCL     
Intact 114 12(10.5 %) 22(19.3 %) 50(43.9 %) 
Sprain 5 0(0.0 %) 0(0.0 %) 1(20.0 %) 
Medial 

meniscus  
* #  

Normal 93 4(4.3 %) 14(15.1 %) 41(44.1 %) 
Tear 27 8(29.6 %) 9(33.3 %) 10(37.0 %) 
Lateral 

meniscus   
*  

Normal 93 7(7.5 %) 7(7.5 %) 39(41.9 %) 
Tear 29 5(17.2 %) 16(55.2 %) 13(44.8 %) 
Quadriceps 

tendon   
* # 

Normal 108 11(10.2 %) 17(15.7 %) 43(39.8 %) 
Tendinosis 11 1(9.1 %) 6(54.5 %) 8(72.7 %) 
Tear 3 0(0.0 %) 0(0.0 %) 1(33.3 %) 
Patella 

tendon   
*  

Normal 96 8(8.3 %) 14(14.6 %) 38(39.6 %) 
Tendinosis 18 4(22.2 %) 7(38.9 %) 11(61.1 %) 
Tear 8 0(0.0 %) 2(25.0 %) 3(37.5 %) 

*p < 0.05; # p = .0.05− 0.1 

Table 3 
Compartment specific cartilage damage in athletes with multi-ligamentous and/ 
or meniscal tears.  

Multiple 
abnormalities in 
the same knee on 
MRI 

# 
athletes 

Medial 
cartilage 
damage 

Lateral 
cartilage 
damage 

Patellofemoral 
cartilage damage 

1 ligament and 1 
meniscal tear 

7 2 (28.6 %) 2(28.6 %) 2(28.6 %) 

2 ligament and 1 
meniscal tear 

2 0(0.0 %) 0(0.0 %) 0(0.0 %) 

1 ligament and 
both menisci torn 

5 2(40.0 %) 3(60.0 %) 2(40.0 %) 

Both menisci torn, 
no ligament tear 

4 1(25.0 %) 4(100.0 %) 3 (75.0 %) 

Multi-ligamentous, 
no meniscal tear 

1 0(0.0 %) 0(0.0 %) 0(0.0 %)  

Table 4 
Compartment specific cartilage damage and association with gender and age.  

Gender 
and Age 

# athletes 
with MRI 

Medial 
cartilage 
damage 

Lateral 
cartilage 
damage 

Patellofemoral 
cartilage damage 

Male <20 2 0(0.0 %) 0(0.0 %) 0(0.0 %) 
Male 

20− 25 
15 0(0.0 %) 1(6.7 %) 5(33.3 %) 

Male 
26− 30 

27 2(7.4 %) 6(22.2 %) 11(40.7 %) 

Male >30 16 2(12.5 %) 4(25.0 %) 11(68.8 %) 
Female 
<20 

2 1(50.0 %) 0(0.0 %) 0(0.0 %) 

Female 
20− 25 

24 2(8.3 %) 3(12.5 %) 7(29.2 %) 

Female 
26− 30 

28 5(17.9 %) 9(32.1 %) 15(53.6 %) 

Female 
>30 

8 0(0.0 %) 0(0.0 %) 3(37.5 %)  
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Fig. 1. MRI of the left knee with axial 
proton density-weighted fat-suppressed 
(a) and sagittal T1-weighted non-fat- 
suppressed (b) sequences. 34-year-old 
male beach volleyball player with a 
full thickness cartilage defect over the 
central sulcus of the trochlea (a, white 
arrow, Grade 4). The is associated mild 
subchondral bone marrow edema (a, 
blue arrow), sclerosis (b, red arrow) and 
subchondral osteophyte. This athlete 
had no ligament, meniscal injury or 
cartilage damage in the medial or 
lateral compartments. (For interpreta-
tion of the references to colour in this 
figure legend, the reader is referred to 
the web version of this article.)   

Fig. 2. MRI of the left knee with sagittal 
(a), axial (c) and coronal (d) proton 
density-weighted fat-suppressed and 
sagittal T1-weighted non-fat-suppressed 
(b) sequences. 30 year-old female 
basketball player with multiple abnor-
malities including full thickness 
trochlea cartilage defect (Grade 3) with 
delamination (a,c, white arrow), full 
thickness cartilage fissure (d, blue 
arrow, Grade 4) over the lateral tibia 
with associated bone marrow edema 
and cystic change (d, red arrow), patella 
tendon partial tear (a,c, green arrow), 
and quadriceps tendinosis (b, purple 
arrow). (For interpretation of the refer-
ences to colour in this figure legend, the 
reader is referred to the web version of 
this article.)   
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showed higher prevalence of cartilage damage than any combination of 
ligamentous and single meniscal tears (Table 3). 

When stratifying these athletes by age and gender (Table 4), older 
men had more cartilage damage. A similar trend was seen in the female 
population but only with lateral and patellofemoral cartilage abnor-
malities, noting a peak in the 26− 30-year old population. 

4. Discussion 

Our study found that in those athletes who received an MRI, the 
patellofemoral joint was the compartment most frequently exhibiting 
cartilage abnormalities especially in volleyball, beach volleyball, and 
weightlifting. These sports, such as volleyball, have previously been 
reported to be associated with patellofemoral cartilage abnormalities 
[22]. Volleyball players clinically have demonstrated anterior knee 
pain, especially at the patellar attachments of the quadriceps and 
patellar tendons, which is likely secondary to repeated jumping and 
squatting. In a prior study, cartilage damage within volleyball pop-
ulations (Fig. 1) was also theorized to be due to repetitive jumping [23] 
as well as distance traveled during a game and the short-term explosive 
force of the legs [24]. 

Knee injuries are common in weightlifting athletes, with a higher 
likelihood of developing knee osteoarthritis, especially in the patello-
femoral compartment [25]. In addition to volleyball sports, our study 
demonstrated that weightlifters frequently showed patellofemoral 
cartilage damage which is supported by the literature [25]. Weightlift-
ing has been related to patellofemoral pain syndrome, or anterior knee 
pain; the proposed mechanism is the sudden extension of the knee when 
lifting a weight from a squatting position [26] similar to the injury 
mechanism seen in volleyball players as described by Kujala et al. [22]. 
The squat, a fundamental technique in weightlifting, has been found to 
increase compressive forces onto the extensor mechanism (patella, 
quadriceps and patellar tendons) as the patella moves against the 
femoral condyles [27] especially when performed in an explosive 
manner [28]. So, in addition to patellofemoral cartilage damage, these 
same athletes who participate in volleyball and weightlifting (Fig. 2), 
are more likely to incur injuries to the patella and quadriceps tendons 
[22,29–31]. 

The question remains whether patellofemoral chondral abnormal-
ities are secondary to sport specific repetitive motion or pre-existing 
variant anatomy, such as trochlear geometry and patellofemoral align-
ment [32]. Given these certain sports had a higher prevalence of 
patellofemoral cartilage loss when compared to others, the repetitive 
movements likely contributed or exacerbated any underlying 

maltracking problem leading to patellofemoral cartilage damage and 
potentially anterior knee pain [33]. The addition of meniscal pathology 
can also lead to patellofemoral osteoarthritis as seen by MRI-detected 
cartilage damage [34]. Furthermore, increased cartilage damage in 
the patellofemoral compartment has been seen to not only lead to 
patellofemoral osteoarthritis but to arthritis in all three knee joint 
compartments, as was seen by Stefanik et al. over a 7-year time period 
[35]. 

Kompel et al. previously demonstrated athletics, handball, judo, and 
wrestling (Fig. 3) had the highest proportion of meniscal tears at the Rio 
2016 Summer Olympics [14]. These sports concomitantly had a higher 
percentage of cartilage damage in the medial and lateral compartments 
when compared to a majority of the remaining sports. Previous research 
has shown that meniscal tears lead to cartilage loss [36] and that there 
can be a localized effect where the cartilage most damaged is adjacent to 
the region of meniscal tear [37]. Our study supported this localized ef-
fect by demonstrating a significant association between medial and 
lateral meniscal tears and concomitant cartilage damage in the respec-
tive compartment. 

Age also remains a factor in cartilage loss; as age increases, cartilage 
abnormality increases [38]. In the data presented, females and males 
generally exhibited a higher percentage of patellofemoral cartilage ab-
normalities as age increased (noting the small sample size for females 
older than 30 years could account for the lower numbers of cartilage 
loss). Studies have found that osteoarthritis, as demonstrated by carti-
lage loss, usually occurs 10 years after an initial injury such as meniscal 
or ACL tear [39]. Additionally, athletes with ACL grafts, indicating a 
more remote ACL injury, had a higher percentage of cartilage loss 
compared to an intact ACL and those with more recent non-repaired ACL 
tears [40]. 

Our study was limited by the lack of clinical information. While MRIs 
were obtained for either an acute injury during the Games or for pain 
unrelated to a recent discrete injury while at the Games, this information 
for specific athletes was not known when retrospectively reviewing the 
MRIs. For instance, we did not have access to the physical exam findings 
and mechanisms of injury, nor did we have any clinical follow-up to 
correlate our findings with subsequent clinical management or surgical 
treatment. Also, the MRIs evaluated in this study were those obtained at 
the Olympics polyclinic; any MRIs obtained outside the Olympic village 
(e.g. if an athlete was transferred to a hospital for a severe or life- 
threatening injury) would not have been included. Obtaining this data 
at future Olympic games would help better understand the mechanism 
of cartilaginous damage and better assess return to play and an athlete’s 
performance during their trials. 

Fig. 3. MRI of the right knee with 
sagittal proton density-weighted fat- 
suppressed (a) and T1-weighted non-fat- 
suppressed (b) sequences. 29-year-old 
male wrestler with a complex tear of 
the posterior horn of the lateral 
meniscus (a, white arrow). There is 
partial thickness cartilage loss in the 
adjacent femoral condyle (a, blue ar-
rows, Grade 3) and focal full thickness 
cartilage loss over the tibia (a, red 
arrow, Grade 4) with associated sub-
chondral sclerosis (b, yellow arrows). 
(For interpretation of the references to 
colour in this figure legend, the reader is 
referred to the web version of this 
article.)   
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In conclusion, knee MRIs obtained for injury or pain at the Olympic 
Games can assist in the diagnosis of cartilage damage and concomitant 
internal derangement of the knee. Patellofemoral cartilage damage is a 
frequently observed abnormality, especially in such sports as volleyball, 
beach volleyball and weightlifting. Repetitive overuse, especially in 
jumping and squatting sports, likely contribute to the development of 
patellofemoral cartilage loss. Medial and lateral compartment cartilage 
damage occurred significantly more often in knees that also had 
concomitant meniscal tears. Age did play a role in the prevalence of 
cartilage damage, which correlates to the literature about previous 
injury and subsequent development of osteoarthritis. 
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