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Background: High-level basketball athletes at the collegiate level and in the National Basketball Association (NBA) have a greater
proportion of knee cartilage pathology than the nonathlete population. However, little is known as to whether identified pathology
on knee magnetic resonance imaging (MRI) correlates with clinical symptoms or orthopaedic history in these players.

Purposes: (1) To evaluate knee MRI scans in a cross-sectional population of NBA Draft Combine players to establish prevalence
of knee pathology, including that of articular cartilage and meniscus in professional basketball players. (2) To identify independent
variables including demographic characteristics, playing history, previous knee injury, and symptoms that correlate to these MRI
findings.

Study Design: Cross-sectional study; Level of evidence, 3.

Methods: Players from the NBA Draft Combine over a 2-year period voluntarily participated by undergoing bilateral knee MRI
scanning and completing clinical questionnaires. MRI scans were independently and blindly evaluated by 2 radiologists for car-
tilage assessment (using modified Noyes score) and meniscal pathology. Associations between imaging findings and pain/func-
tion scores and orthopaedic history were evaluated.

Results: A total of 43 players (80 knees) were included. Intraclass correlation coefficients were a mean of 0.827 for agreement
and 0.831 for consistency for the modified Noyes score. Cartilage pathology was identified in 48.3% of knees, with the most com-
mon locations being the patella and trochlea. Previous knee surgery was associated with lateral tibial plateau chondral pathology
(odds ratio [OR], 6.58; P = .04). Reduced function scores were predictive of cartilage pathology on the lateral femoral condyle (OR,
0.55; P = .03). Increased pain scores were associated with a nonzero modified Noyes score (OR, 6.11; P < .01).

Conclusion: The incidence of pathology identified on knee MRI scans in players at the NBA Draft Combine without clinical symp-
toms was high, in line with the hypothesis. Little correlation was found between the objective imaging findings and subjective
pain, function, and orthopaedic injury history. Clinicians treating high-level athletes should focus on treating clinically significant
findings and be cautious about treating pathology found on imaging that may not explain or correlate with symptoms. It remains
critical to study the natural history of imaging findings in these athletes to better ascertain the ultimate effect of sport and phys-
iologic load on disease progression.
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Little is known about the effects of activity level on the
incidence and progression of articular cartilage pathology

. N of the knee. Both in vitro and in vivo studies have sought
1‘2 American Journal of Sports Medicine to investigate the effect of physical activity on articular
DOI: 10.1177/03635465251381362 cartilage, with most studies demonstrating that activity
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deleterious effects.'®2122 High-level athletes with more
intense training demands and levels of competition face
greater loads at higher frequency than recreational ath-
letes.!” Higher physical activity level has been associated
with a greater prevalence of focal knee abnormalities in
the meniscus, cartilage, and ligaments on magnetic reso-
nance imaging (MRI) independent of other risk factors.?”
Changes may also be specific to the loading demands by
sport and competition.>11:2%26 Iy the National Basketball
Association (NBA), 62% of injuries are to the lower extrem-
ity; knee injuries are particularly common, and certain knee
injuries such as knee contusion/bone bruise and patellofe-
moral joint injuries are among the most physically and eco-
nomically impactful injuries in terms of subsequent games
missed. 125818 Accordingly, many studies in these high-
level basketball players consistently identify asymptomatic
abnormalities in the knee, and it is possible these will later
become symptomatic given the demands of sport.1%192428
Pappas et al,?* evaluating asymptomatic collegiate-level
male and female basketball players at the beginning and
end of a single season of basketball, found not only
a high incidence of pathology but also a significant increase
in cartilage injury score (P = .0009) and an increase in per-
centage with cartilage findings from 71% to 81% in the pre-
season to postseason. Kaplan et al'* evaluated 40 knees in
20 asymptomatic NBA players with MRI over a 3-year
period, finding a higher incidence of cartilage pathology
(47.5% in total) in both load-bearing and non—load bearing
surfaces relative to a nonathlete asymptomatic population.
These findings are consistent with other studies in colle-
giate and professional basketball players.!®2® Despite
these studies demonstrating knee pathologies in asymp-
tomatic elite-level basketball players, minimal data are
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available correlating such MRI findings with clinical symp-
toms. Furthermore, it is unclear how many of these abnor-
malities were preexisting or when they developed during
the athlete’s career.

The aims of the present study were to (1) evaluate knee
MRI scans in a cross-sectional population of NBA Draft
Combine players to establish prevalence of knee pathology,
including that of articular cartilage, meniscus, and subchon-
dral bone in professional basketball players, and (2) identify
independent variables including demographic characteris-
tics, play history, previous knee injury, and symptoms
that correlate to these MRI findings. We hypothesized
that the prevalence of pathology identified in NBA Combine
athletes’ knees would be high but that there would be few
correlations to pain and function or to orthopaedic history.

METHODS

Study Design and Participant Recruitment

As part of the NBA & GE Healthcare Orthopedics and
Sports Medicine Collaboration, members of the Collabora-
tion’s Steering Committee developed a recommended knee
MRI protocol for the baseline assessment of NBA players.
Participants at the NBA Draft Combine over a 2-year period
(specific years omitted to preserve player anonymity) con-
sented to voluntarily participate in this study by undergoing
bilateral knee MRI using the baseline knee MRI protocol
and completing clinical questionnaires. This cross-sectional
design study was approved by the Northwestern University
Institutional Review Board (IRB No. STU00205087) and the
NBA and Players Association.
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Figure 1. Standardized magnetic resonance imaging (MRI) scoring sheet for assessment of knee pathology among National Bas-
ketball Association Draft Combine participants. Fx, fracture; LFC, lateral femoral condyle; LM, lateral meniscus; LTP, lateral tibial
plateau; MFC, medial femoral condyle; MM, medial meniscus; MTP, medial tibial plateau.

The investigators, the NBA, and NBA teams did not
have access to which players were a part of the study or
any data derived that was soley serving a purpose for the
study. All data were stored in a secured, deidentified data-
base, coded by the study’s Data Coordinating Center.

Participants were administered confidential, validated
questionnaires to review demographic characteristics, cur-
rent medical issues and past medical history, surgical his-
tory, injury history, and playing history (Appendix 1,
available in the online version of this article). For past sur-
gical history, players were asked about prior orthopaedic
issues of the knee requiring surgical intervention. For
injury history, players were asked whether they had a pre-
vious or ongoing knee injury treated with nonoperative
management (eg, physical therapy and intra-articular
injections). They each also completed a visual analog scale
(VAS) for pain and International Knee Documentation
Committee (IKDC) questionnaire.

Of the 47 players who consented for the study, 3 players
were excluded for not undergoing MRI and 1 player was

excluded for not having baseline questionnaire data,
resulting in 43 players ultimately included.

MRI Evaluation

All players underwent 1.5-T MRI, without contrast, of the
bilateral knees (and 6 unilaterally) using the recommen-
ded baseline MRI protocol (Appendix 2, available online).
The 6 unilateral MRI scans were excluded as they were
not evaluable due to motion during image collection. Two
independent radiologists (H.G.P. and J.M.P.) evaluated
each MRI scan blindly using a standardized scoring sheet
(Figure 1). The scoring sheet included evaluation of the lig-
aments, menisci, bone marrow, and tendons and use of the
modified Noyes score for articular cartilage assessment.
The modified Noyes score was selected due to its ability
to provide nuanced evaluation of cartilage lesions and pre-
vious accuracy assessments compared with arthroscopic
evaluation.?® The modified Noyes score attributes a value
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TABLE 1
Intraclass Correlation Coefficient for Modified Noyes Scoring of Intra-articular Knee Cartilage®
Patella Trochlea MFC MTP LFC LTP Mean
Agreement 0.788 0.647 0.812 0.854 0.961 0.898 0.827
Consistency 0.791 0.663 0.815 0.856 0.962 0.898 0.831

“LFC, lateral femoral condyle; LTP, lateral tibial plateau; MFC, medial femoral condyle; MTP, medial tibial plateau.

from 0 to 10 to assess chondral pathology ranging from
mild chondromalacia (score of 0) to complete exposure of
the subchondral bone in a lesion >15 mm (score of 10) (Fig-
ure 1). Separate scores were assigned to the patella, troch-
lea, medial femoral condyle (MFC), medial tibial plateau
(MTP), lateral femoral condyle (LFC), and lateral tibial
plateau (LTP). Signs of osteoarthritis were also evaluated.

Statistical Analyses

Modified Noyes scores and MRI findings were summarized
using descriptive statistics. Intraclass correlation coeffi-
cients were determined for the radiologists’ evaluation of
articular cartilage scoring; values <0.5 were deemed
poor, values between 0.5 and 0.75 were deemed moderate,
values between 0.75 and 0.9 were deemed good, and values
>0.90 were deemed excellent interrater reliability.'® Fur-
thermore, imaging scores were correlated to VAS pain
and IKDC questionnaires using multivariate linear regres-
sion analyses to determine the association between clinical
symptoms and imaging findings. Predictors of absolute
articular cartilage pathology (ie, a modified Noyes score
>0) were determined using multivariate logistic regression
analyses. All statistical analyses were performed with R
(RStudio Version 2023.09.1 + 494). An a priori alpha level
of .05 was used for statistical significance.

RESULTS

Player Demographic Characteristics
and Player-Reported Outcome Scores

A total of 43 players (37 bilateral, 6 unilateral, for a total of
80 knees) were evaluated. The mean player height and
body mass index (BMI) were 200.7 *= 8.6 cm and 24.5 =
1.94 kg/m?, respectively. The mean player age was 20.6
+ 1.72 years. Players reported a mean of 9.9 = 3.0 years
of highly competitive basketball competition (ie, participa-
tion with travel, Amateur Athletic Union (AAU), or other
select youth, high school, or collegiate basketball pro-
grams) before the NBA Draft Combine.

The mean VAS pain score of knees was 1.3 = 1.5 (range,
0-7). The mean IKDC function score was 8.3 *= 2.8 (range,
0-10). Pain and function scores were independent of each
other, with no correlation between the 2 scores (P =
.615). No associations were found between player height
or BMI and the pain and function scores. Notably, no

association was found between a previous orthopaedic his-
tory of knee surgery and VAS pain score (P = .836) or IKDC
function score (P = .824). However, VAS pain scores were
significantly correlated to an ongoing nonsurgical knee
issue being treated with physical therapy or injections
(B = 0.885; P =.039) and the number of years of basketball
participation (8 = 0.211; P = .017).

MRI Assessment of Cartilage

Between the 2 independent radiologists scoring articular
cartilage using modified Noyes scoring, the intraclass cor-
relation coefficients were a mean of 0.827 for agreement
and 0.831 for consistency, signifying good to excellent
interrater reliability for all evaluated anatomic regions of
the knee (Table 1).

The overall prevalence of cartilage pathology was 48.3%
of knees (Table 2). The most common locations of cartilage
pathology were on the patella and trochlea. The most
severe lesions based on modified Noyes scores were found
on the MFC (4.85 = 2.67) and LFC (3.84 * 2.52). Focal car-
tilage injuries in >2 regions of the knee occurred in 38.6%
of the sample.

Association of MRI Findings With Clinical Symptoms
and Orthopaedic History

Linear regression analysis of pain and function scores ver-
sus modified Noyes scores showed no significant associa-
tion between cartilage pathology and clinical symptoms
(Table 3). Pain and function scores did not correlate to
modified Noyes scores in any region of the knee. Logistic
regression analysis revealed minimal predictivity of
pathology by pain and function scores or a previous surgi-
cal history of the knee (Table 4). Reduced function scores
were predictive of cartilage pathology only on the LFC
(odds ratio [OR], 0.55; P = .03). Increased pain scores
were predictive of nonzero total modified Noyes score
(OR, 6.11; P < .01). A previous orthopaedic surgical history
of the knee was predictive of cartilage pathology on the
LTP (OR, 6.58; P = .04).

MRI Assessment of Meniscus

The overall incidence of current meniscal tear pathology
was 10.0% (n = 8) (Table 5). An equal tear prevalence
was found in the medial meniscus (n = 4; 5.0%) and the
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TABLE 2
Prevalence of Cartilage Injury and Modified Noyes Scores for All Evaluated Knee
Magnetic Resonance Imaging Scans®

Patella Trochlea MFC MTP LFC LTP >1 Region >2 Regions
Prevalence, % 30.0 18.8 7.5 3.8 159 18.2 48.3 38.6
Modified Noyes score 2.71 + 1.84 3.13 £ 2.16 4.85 + 2.67 2.40 *= 0.89 3.84 + 2.52 3.25 + 2.49 NA NA

“Presence of cartilage injury defined by a modified Noyes score >0 for the associated region. “>1 Region” column denotes knees with >1
region with nonzero Noyes scores. “>2 Regions” column denotes knees with multiple regions with nonzero Noyes scores. Modified Noyes
score is presented as the mean *= SD of the scores among players identified with cartilage injury in the region. LFC, lateral femoral condyle;
LTP, lateral tibial plateau; MFC, medial femoral condyle; MTP, medial tibial plateau; NA, not applicable.

TABLE 3
Linear Regression Models for Association Between Pain and Function Scores
and Modified Noyes Scores by Knee Region®

Pain Scores Function Scores

B Coefficient P B Coefficient P
Patella score -0.17 .49 0.21 .65
Trochlea score -0.37 .15 0.11 .83
MFC score 0.17 .80 -0.79 .53
MTP score -1.03 .51 2.90 .33
LFC score -0.54 .38 0.25 .83
LTP score -0.37 .42 0.96 27

“LFC, lateral femoral condyle; LTP, lateral tibial plateau; MFC, medial femoral condyle; MTP, medial tibial plateau.

TABLE 4
Logistic Regression Models for Predictivity of Clinical Scores and Orthopaedic Surgical
History for Cartilage Pathology by Region®

Pain Scores Function Scores Orthopaedic Surgical History

Odds Ratio (CI) P Odds Ratio (CI) P Odds Ratio (CI) P
Patella 0.87 (0.51-1.34) .92 1.02 (0.81-1.36) .75 4.19 (0.76-32.15) 12
Trochlea 0.73 (0.35-1.23) 31 0.94 (0.74-1.24) .64 1.34 (0.22-7.05) 73
MFC 0.73 (0.34-1.27) .32 1.13 (0.88-1.38) .99 2.16 (0.20-22.77) .50
MTP 1.01 (0.90-1.04) .47 0.90 (0.68-1.27) .99 3.50 (0.25-9.10) .36
LFC 0.92 (0.44-1.57) .80 0.55 (0.21-0.87) .03% 4.95 (0.68-40.18) 11
LTP 0.83 (0.39-1.43) .59 0.93 (0.73-1.27) .56 6.58 (1.05-49.43) .04°
>1 region 6.11 (1.91-13.84) <.01° 1.14 (0.90-1.51) .28 2.74 (0.51-21.10) 27

“LFC, lateral femoral condyle; LTP, lateral tibial plateau; MFC, medial femoral condyle; MTP, medial tibial plateau. CI, 95% confidence
interval.
bp-value < 0.05.

DISCUSSION

lateral meniscus (n = 4; 5.0%). No players with ongoing
medial meniscal tears had concomitant medial compart-

ment cartilage defects. Players with ongoing lateral menis-
cal tears had a 75% (n = 3) incidence of concomitant LFC
pathology and 50% (n = 2) incidence of concomitant LTP
pathology. A variety of tear types were observed, including
peripheral longitudinal tears (n = 4; 50% of tears), radial
tears (n = 2; 25% of tears), and horizontal cleavage tears
(n = 2; 25% of tears).

The main finding of the present study was that although
a high prevalence of knee pathology was identified on
MRI in NBA Combine athletes, little correlation was seen
between objective MRI findings of chondral injury and sub-
jective measures of clinical pain, function, or a history of
orthopaedic knee problems. This cross-sectional analysis
also provides a prevalence baseline upon entry into their
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TABLE 5
Prevalence of Meniscal Pathology on All Evaluated Knee MRI Scans

Medial Meniscus

Lateral Meniscus

Current Tear

Previous Meniscectomy

Current Tear Previous Meniscectomy

Prevalence, % (n) 5.0 (4) 5.0 (4)

5.0 (4) 1.3 (1)

professional careers for NBA players’ knee MRI findings
using a standardized imaging and scoring protocol. The
results support our hypotheses. Ultimately, clinicians
treating NBA players should focus on discerning symptom-
atic knee pathology correlating with imaging to optimally
treat these high-level athletes.

The highest proportion of MRI findings were related to
the articular cartilage. Articular cartilage pathology was
identified in 48.3% of individuals in this cohort. This is
similar to the overall prevalence of 47.5% of articular car-
tilage pathology in 40 knees of NBA players identified by
Kaplan et al** and 50% of articular cartilage abnormalities
in 28 knees of NBA players identified by Walczak et al.?® In
the Walczak et al study, of the 14 players (28 knees) with
chondral lesions, 44.4% were in the patella and 25.9%
were in the trochlear groove, with each knee with a carti-
lage abnormality involving the patellofemoral joint.2® The
present study demonstrated a similarly higher proportion
of cartilage injuries in the patellofemoral joint, with the
patella (30.0% of all knees) and trochlea (18.8% of all
knees) being the 2 most common locations of cartilage
injury. Importantly, in the present study, the intraclass
correlation coefficients for the modified Noyes score were
good to excellent with 2 specialized musculoskeletal radiol-
ogists, with a mean of 0.827 for agreement and 0.831 for
consistency, demonstrating the reliability of the chondral
findings.

The incidence of meniscal pathology was 10.0%, less
than that of articular cartilage. Tear types included
peripheral longitudinal, radial, and horizontal cleavage
tears. Previous NBA player studies have demonstrated
a prevalence of 20%'* and 3.6%.%% The variability in rates
of meniscal pathology may depend upon the specific sam-
ples of patients. The clinical relevance of meniscal findings
on MRI remains poorly defined. Like articular cartilage
lesions, meniscal tears frequently do not correlate with
knee symptoms and may be asymptomatic. A study by
Zanetti et al®® comparing symptomatic and contralateral
asymptomatic knees found horizontal and oblique tear pat-
terns to be present in both symptomatic and asymptomatic
knees, whereas radial, vertical, complex, and displaced
meniscal tears were more likely to be symptomatic and
clinically meaningful.

Unique to the current study is the correlation of imag-
ing findings to pain and function assessments. However,
despite the high incidence of pathology identified on MRI
scans, we noted few correlations of pathology to other var-
iables. The only predictive factors identified were 1) that
reduced function scores were predictive of LFC cartilage

pathology (OR, 0.55; P = .03), and 2) that increased pain
scores were predictive of nonzero total modified Noyes
scores for cartilage (OR, 6.11; P < .01). We noted an asso-
ciation between previous orthopaedic surgical history of
the knee and cartilage pathology on the LTP (OR, 6.58; P
= .04). Given these findings, it is possible that lateral com-
partment articular cartilage pathology, when present, is
more likely to correlate with previous injury, surgery, or
function than medial-side pathology. However, there was
no association between pain scores and the region of the
specifically identified articular cartilage pathology, and
thus, the significance of these correlations remains
unclear. Additionally, the confidence intervals for these
associations are large, limiting the reliability of the associ-
ations. It is unclear why modified Noyes scores had few
associations with pain and function scores. MRI-detected
cartilage pathology may precede clinical symptoms. Addi-
tionally, although the modified Noyes score has been asso-
ciated with arthroscopic findings with good accuracy,? the
scoring system may not be sensitive enough to discern
what may make a cartilage lesion symptomatic. Players
in the NBA Draft Combine may also be less likely to report
pain or symptoms because they are able to compete at
a high level of sport.

Just as important are the factors that were not found to
be associated with pain and functional assessments,
including patellar, trochlear, MFC, MTP, and LTP chon-
dral lesions. Studies evaluating MRI findings and their
effect have been performed in other professional sports as
well. +1213:16.23 T Major League Baseball (MLB) players,
MRI findings in asymptomatic throwing shoulders have
not predicted injury/disabled list placement but did have
some correlations with performance such as strikeout rates
and innings pitched.*'® However, asymptomatic elbow
MRI findings have mixed results on effect on injuries and
performance in MLB throwers.'®!3 Although in the pres-
ent study we did not identify previous surgery to predict
cartilage lesions, Nepple et al?® found in their study of
NFL Combine Athletes that full-thickness cartilage lesions
were associated with previous knee surgery and specifi-
cally meniscectomy. One reason for the discrepancy
between the NFL study and the present study may be
the higher number of knees (N = 704) included in the
NFL study? relative to the 80 knees in the present study,
allowing for greater detection of associations, or other fac-
tors such as type of training and loading or BMI.

The high prevalence of cartilage pathology in the
absence of clinical symptoms may question the utility of
using screening MRI scans in isolation for evaluation or
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to make decisions related to the findings that may have
developed acutely or over time in elite athletes. However,
using these as a frame of reference, such as obtaining
pre- and postseason MRI scans to understand an athlete’s
new baseline, may be helpful to ascertain relevant
changes. As such, some NBA teams use yearly preseason
MRI as a reference to better assess in-season knee injury
to determine which findings are new versus those that
existed before the onset of knee symptoms. The MRI scans
will also allow for an assessment of those areas most likely
to limit performance during the season, including the
patellar tendon and cartilage of the patellofemoral joint.
It remains important to correlate the history, mechanism
of injury, subjective complaints, and objective findings to
determine the relevance of MRI findings and their effect
on treatment decision-making. What is less known is the
long-term consequence of these imaging-based abnormali-
ties and whether they would ultimately become consequen-
tial for patients either during league play or after their
career ends.

Limitations

Several limitations exist in this study. The study is cross-
sectional, and longitudinal follow-up is important to under-
stand how cartilage injury may affect future symptoms,
development of osteoarthritis, and career length and per-
formance. Data precision and reliability are limited by
the small sample size of the study. The study population
was specific to the NBA Draft Combine over a 2-year
period, and results may not apply broadly to other athletes
of different levels and sports. Combine players may not be
representative of NBA rostered players, especially those
with greater number of years of professional basketball
experience. The NBA Draft Combine attendees are more
likely to be relatively healthier players who can participate
in the Combine activities. Additionally, those participating
in the study did so on a voluntary basis and may have been
more likely to want or need an MRI scan and may have had
less of a barrier to participating in the study. Responses to
survey questions are subject to the athletes, who may
underreport pain or functional limitations during the
NBA Draft Combine. The volume and duration of collegiate
participation in basketball activities that may place them
at risk for cartilage injury vary as well. Although we noted
the prevalence of pathology identified on knee MRI, it is
not possible to determine whether these pathologies were
the result of activity level, years of play, previous injury,’
or other patient history factors. The NBA Draft Combine
is held annually before the NBA draft and typically after
players’ collegiate season, and MRI scans may reflect
states of variable workload that may depend on their level
of collegiate training and participation with NBA clubs
during the predraft period, which may influence imaging
findings.2® Furthermore, in the evaluation of chondral
defects, additional anatomic factors such as lower extrem-
ity alignment are important to consider, and these data
were not available for analysis. Finally, although the mod-
ified Noyes score is a validated measure for assessing knee
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cartilage defects, it is not frequently used in clinical prac-
tice and may limit the clinical interpretability of our
findings.

CONCLUSION

The incidence of pathology identified on knee MRI scans in
players at the NBA Draft Combine without clinical symp-
toms was high. Little association was found between the
objective imaging findings and subjective pain, function,
and orthopaedic injury history. Clinicians treating high-
level athletes should focus on treating clinically significant
findings and be cautious about treating pathology found on
imaging that may not explain or be associated with symp-
toms. It remains critical to study the natural history of
imaging findings in these athletes to better ascertain the
ultimate effect of sport and physiologic load on disease
progression.
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