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Abstract

Background Meniscal pathology is a commonly seen

orthopedic condition that can affect a wide age range of

patients. Athletes subject their menisci to an increased

amount of stress during their careers and may increase their

risk of meniscal pathology.

Objective The purpose of this systematic review is to

evaluate the prevalence of isolated meniscal pathology in

asymptomatic athletes.

Methods A systematic review was undertaken to deter-

mine the prevalence of meniscal pathology in asymp-

tomatic athletes. A search of multiple databases was

conducted. Recreational and higher-level athletes were

included. Fourteen articles including 295 athletes (208

male, 87 female) were identified for inclusion (age range

14–66 years, mean 31.2 years). Meniscal pathology was

visualized with magnetic resonance imaging and graded on

a 1–4 scale (grades 1 and 2 indicating intrasubstance

damage, grades 3 and 4 indicating a tear).

Results There was an overall prevalence of 27.2 % (105/

386) of knees with intrasubstance meniscal damage (grades

1 and 2), and 3.9 % (15/386) of knees with a tear (grades 3

and 4). When athletes were split into those who participate

in pivoting sports versus non-pivoting sports, pivoting ath-

letes showed an overall prevalence of 15.3 % (31/202) of

knees with intrasubstance meniscal pathology and 2.5 % (5/

202) of knees with a tear. Non-pivoting athletes showed a

prevalence of 54.5 % (61/112) of knees with intrasubstance

meniscal pathology and 5.4 % (6/112) of knees with a tear.

Conclusion The overall prevalence of isolated meniscal

pathology in asymptomatic athletes was 31.1 % (27.2 %with

intrasubstance meniscal damage and 3.9 % with a meniscal

tear). More studies of age-comparable, non-athletic popula-

tions are necessary for direct comparison with these groups.

Key Points

Meniscal injuries are one of the most common

orthopedic injuries, and can affect a wide age range

of patients.

Athletes subject their menisci to an increased amount

of stress during their careers and may increase their

risk of acute traumatic tear (pivot athletes) or

degenerative tear (non-pivot athletes).

Asymptomatic athletes have a relatively high

prevalence of meniscal pathology on magnetic

resonance imaging.

1 Introduction

Meniscal pathology is among the most common orthopedic

diagnoses, and can be seen in all age groups [1]. The mean

annual incidence of meniscal tears is reported to be 60–70

per 100,000, and a male predominance has been shown in
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all age groups ranging from 2.5:1 to 4:1 [2–4]. The peak

incidence for traumatic meniscal tears in men is between

21 and 30 years, and in women is between 11 and 20 years

[3]. Arthroscopic treatment of meniscal injuries has

become one of the most common orthopedic surgical

procedures in the USA, constituting 10–20 % of all

orthopedic surgeries [4, 5].

The meniscus is essential to the long-term health of the

knee, providing a surface for transfer of weight and shock

absorption, especially during high-impact activities [6–8].

All athletes, whether high-level or recreational, subject

their knees to a greater amount of stress than the general

population [9]. A potential consequence of this increased

demand is an increased risk for osteoarthritis (OA). It has

been reported that the incidence of OA in retired athletes is

12 times greater than that in the general population [9–11].

In a study by Creaby et al. [12], peak knee adduction

moments were associated with cartilage defects and sub-

chondral bone area in patients with medial knee OA,

suggesting that increased mechanical loading may play a

role in the pathological changes in articular cartilage and

subchondral bone [12]. In addition, injury to the meniscus

has a detrimental effect on load transmission, leading to

further pressure on the articular cartilage [6]. Furthermore,

the cartilage-to-cartilage contact area and peak contact

pressure substantially increase following partial, sub-total,

and total meniscectomy [12, 13]. These two factors have

been shown to be significant parameters for evaluating

degenerative OA [13].

Symptoms of meniscal tears include pain, swelling,

locking catching, and loss of motion; however, not all

meniscal pathology is symptomatic. In Framingham, Mas-

sachusetts, USA, meniscal pathology was identified via

magnetic resonance imaging (MRI), and the majority (180

of 297; 61 %) of subjects did not have any pain, aching, or

stiffness in the previous month (average age 62.3 years,

range 50–90 years) [14]. Studies documenting the incidence

of meniscal pathology in the general population have largely

been performed in the elderly population. The prevalence of

meniscal tears has been shown to increase with age and be as

high as 56 % in men aged 70–79 years [14]. The Knee

Osteoarthritis Initiative (OAI) identified signal change

suggestive of mucoid degeneration in over 25 % of patients

with an average age of 63.2 years [15]. It is difficult to

determine from prior studies which condition (OA or

meniscal injuries) precedes the other as they share many of

the same risk factors and are associated with the same bio-

logical processes such as cartilage defects and alterations in

bone size [16]. However, when comparing a group with pre-

existing OA versus a control group without radiographic

evidence of OA, the incidence of signal change suggestive

of mucoid degeneration was reported to be 17.2 % higher in

the OA group than in the control group [15].

Full-thickness focal chondral defects in the knee are

more common in athletes than the general population, with

more than one-half of asymptomatic athletes having a full-

thickness defect [16]. Based on the similar loads borne by

cartilage meniscal tissue, one would anticipate a relatively

high prevalence of meniscus pathology in athletes. The

purpose of this systematic review is to evaluate the

prevalence of isolated meniscal pathology in asymptomatic

athletes.

2 Methods

A systematic review including levels 1 through 4 evidence

was performed as determined by the Oxford Centre for

Evidence-Based Medicine [17]. A literature search of

PubMed, MEDLINE, EMBASE, The Cochrane Collabo-

ration of Systematic Reviews, the Cumulative Index for

Nursing and Allied Health Literature (CINAHL), and

SPORTDiscus was carried out on 25 February 2014. The

authors of this review manually reviewed all articles, and

references were reviewed for possible inclusion. Any dis-

agreements among the authors regarding inclusion of an

article were resolved by consensus. The search terms were

knee, epidemiology, incidence, prevalence, occurrence,

athlete(s), athletic, sport(s), meniscus, meniscal, tear(s),

torn, injury, injuries, and lesion(s).

2.1 Inclusion Criteria

Inclusion criteria for studies in the analysis were (i) written

in English language; (ii) human subject sample; (iii) levels

1–4 evidence; (iv) meniscal tears or signal changes sug-

gestive of mucoid degeneration identified by MRI; and

(v) investigated athletes.

2.2 Exclusion Criteria

Criteria for exclusion of articles from the analysis were

(i) non-English-language studies; (ii) animal studies; (iii)

level 5 evidence; (iv) studies evaluating meniscal pathol-

ogy only in the setting of anterior cruciate ligament

reconstruction; and (v) studies reporting a sample popula-

tion only of athletes with known meniscal pathology (ex-

cluding athletes within the same population without

meniscal pathology).

2.3 Imaging Techniques

The description of meniscal pathology in most of the

studies identified used a system described by Crues et al.

[18] (Table 1). The remaining studies [19, 20] held to the

Crues grading system but reported their findings as tear or
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no tear. The meniscus was evaluated in six locations: the

medial anterior horn, medial body, medial posterior horn,

lateral anterior horn, lateral body, and lateral posterior

horn. Meniscal tears were classified as oblique, horizontal,

vertical, or radial.

Although there have been many described MRI tech-

niques for diagnosing meniscal lesions, there is no uni-

versally accepted standard. We therefore included all

meniscal lesions identified by MRI and documented the

specific protocol used in each study. The specific study

MRI techniques as well as the level of evidence of the

paper are listed in Table 2.

3 Results

An initial search yielded 1728 citations. Limiting the

studies to those including isolated meniscal tears yielded

373 citations. Further limitation to just athletes yielded 179

citations. For the purposes of this review, an ‘‘athlete’’ was

defined as a subject who trains and competes in games or

exhibitions. Both competitive recreational and high-level

(high school, collegiate, and professional) athletes were

included. Further limiting of studies to those including

asymptomatic populations within this search yielded 30

citations. Limiting duplicate studies found in multiple

databases resulted in 19 articles (Fig. 1). Upon further

application of exclusion criteria (articles solely reporting

on the asymptomatic population, or distinct separation of

results from symptomatic/asymptomatic athletes), 14 arti-

cles were included in this systematic review (Table 2).

Fourteen studies were identified for inclusion, primarily

case series (level 4 evidence). Within all studies, there

were 295 athletes (386 knees) identified. MRI was used to

identify meniscal pathology in all 14 studies. Images were

reviewed by at least one musculoskeletal or experienced

staff radiologist in all studies. The meniscal changes were

classified according to the system proposed by Crues et al.

Table 1 Magnetic resonance imaging meniscal pathology classification

Grade

0 1 2 3 4

Description Signal change suggestive of

mucoid degeneration

Signal change suggestive of

mucoid degeneration

Tear Tear

Pathology Normal Intrameniscal globular focus of

signal that is not adjacent to

either the superior or inferior

surface

Intrameniscal linear or wedge-

shaped signal that does not

extend to an articular surface

Linear or globular signal

extending to an articular

surface, indicating a tear

Tear demonstrating

architectural

distortion of the

meniscus

Table 2 Included articles and level of evidence

Study Level of evidence [17]

Kaplan et al. [34] 3 (retrospective review)

Krampla et al. [35] 3 (case series)

LaPrade et al. [36] 3 (case series)

Ludman et al. [37] 2a (case-controlled trial)

Major and Helms [20] 3 (case series)

Schueller-Weidekamm et al. [38] 3 (case series)

Schueller-Weidekamm et al. [39] 2a (case-controlled trial)

Shellock et al. [40] 3 (case series)

Soder et al. [19] 2a (cross-sectional controlled)

Stahl et al. [41] 2a (case-controlled trial)

Walczak et al. [42] 3 (case series)

Reinig et al. [43] 3 (case series)

Hagemann et al. [44] 3 (retrospective case series)

Shellock et al. [45] 2a (case-controlled trial)

Fig. 1 Systematic review design and results. ACL anterior cruciate

ligament
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[18] (Table 1). Of the subjects, 208 were male and 87

female. The age range of the subjects was 14–66 years, and

the average age was approximately 31.2 years; however,

there was one study that did not include an average age/

range (Table 3).

The overall prevalence of meniscal signal change sug-

gestive of mucoid degeneration that did not have a com-

plete tear (grade 1 or 2 lesions) was 27.2 % (105/386) of

knees (range 0–61 %), and the overall prevalence of

meniscus tears (grade 3 or 4 lesions) was 3.9 % (15/386) of

knees (range 0–37.5 %). Seven of the 14 studies focused on

endurance athletes (marathon runners/Ironman athletes).

Other types of athletes ranged from recreational to pro-

fessional (i.e., National Basketball Association players)

and various collegiate athletes (Table 3). In the seven

studies that included only runners/long distance athletes,

54.5 % (61/112) of knees showed meniscal signal change

suggestive of mucoid degeneration and 5.4 % (6/112) of

knees showed a tear. Six of the studies reported primarily

on athletes who participated in mostly pivoting/cutting

types of sports. In this population, 15.3 % (31/202) of

knees showed meniscal signal change suggestive of mucoid

degeneration and 2.5 % (5/202) of knees showed a tear

(Table 4).

Table 3 Study demographics and patient characteristics

Study Number of

subjects

(knees)

Meniscal

identification

Meniscal

classification

system

Image review Age range

[years

(mean)]

Sex Type of

athlete

Previous

injury to

knee? (n)

Kaplan et al.

[34]

20 (40) 1.5 T MRI Crues/

Lotysch

MSK radiologist 21–36 (26) 20 M NBA None

Krampla et al.

[35]

8 1.0 T MRI Crues MSK radiologist 27–46 (37) 8 M Marathon

runners

25 % (2)

LaPrade et al.

[36]

54 (72) 1.0 T MRI Crues NR 18–39

(28.5)

25 M,

29 F

Recreational None

Ludman et al.

[37]

14 (24) 1.5 T MRI Crues/

Lotysch

MSK radiologist 18–22 (20) 10 M,

4 F

Collegiate

gymnasts

None

Major and

Helms [20]

17 (34) 1.5 T MRI ± Tear 2 MSK radiologists NR 12 M,

5 F

Varsity

college

basketball

None

Schueller-

Weidekamm

et al. [38]

22 1.5 T MRI Crues 2 MSK radiologists 22–45 (32) 16 M,

6 F

Marathon

runners

9 % (2)

Schueller-

Weidekamm

et al. [39]

26 1.5 T MRI Crues 2 MSK radiologists 22–45 (33) 19 M,

7 F

Long distance

runners

None

Shellock et al.

[40]

23 1.5 T MRI Crues 3 MSK radiologists 25–55 (40) 8 M,

15 F

Marathon

runners

None

Soder et al.

[19]

28 (56) 0.35 T MRI

open field

unit

± Tear 2 experienced

radiologists

14–15 28 M Junior

professional

soccer

None

Stahl et al. [41] 10 3.0 T MRI Modified

Crues

2 MSK radiologists (31) 4 M,

6 F

Marathon

runners

NR

Walczak et al.

[42]

14 (28) 0.3, 0.7, and

1.5 T MRI

Crues 6 staff radiologists, 1

MSK-trained

radiologist

20–36 (26) 14 M NBA 21 % (3)

Reinig et al.

[43]

20 (20) MRI

unspecified

Crues/

Lotysch

Experienced

radiologist

19–21 17 M Collegiate

football

None

Hagemann

et al. [44]

10 (10) 1.5 T MRI Mink 2 MSK radiologists 32–44 (37) 7 M,

3 F

Marathon

runners

NR

Shellock et al.

[45]

29 1.5 T MRI Mink NR 35–66 (47) 20 M,

9 F

Ironman

athletes

55 % (16)

[group 2]a

F female, M male, MRI magnetic resonance imaging, MSK musculoskeletal, NBA National Basketball Association, NR not reported, T MRI

tagged magnetic resonance imaging
a The findings were analyzed collectively and categorized into group 1 (n = 13) [subjects without prior knee injuries and symptoms] and

group 2 (n = 16) [subjects with prior knee injuries and/or current symptoms]
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4 Discussion

The most important finding of this study is that asymp-

tomatic athletes have a high incidence of meniscus

pathology. There is a paucity of epidemiologic data on the

prevalence of meniscal pathology in the general population

in this age group. Further research is needed in this area to

place these numbers in more complete context (Table 5).

The prevalence of meniscal tears has been well-docu-

mented in the elderly. The menisci degenerate with

increasing age and are at increased risk for tears. The

prevalence of meniscal tears for women from aged

50–59 years was reported to be 19 %, and for men aged

70–79 years as high as 56 %, showing a progression with

age [14]. A study conducted through the Knee OAI found

the incidence of meniscal myxoid degeneration (grade 1

and 2) in patients with an average age of 63.2 years to be

26.6 % [15]. In the same study, those with OA had a

17.2 % increased incidence of meniscal signal change

suggestive of mucoid degeneration compared with those

without OA [15]. As expected, the average age of patients

in the current review (31.2 years) was younger than the

average age of patients in the aforementioned studies of

meniscal tears and signal change suggestive of mucoid

Table 4 Meniscal findings

Study Meniscal lesion resultsa Comparison with non-athlete? Other lesions?

Kaplan et al. [34] Grade 1: 4 (10 %)

Grade 2: 2 (5 %)

Grade 3: 2 (5 %)

Y N

Krampla et al. [35] Grade 1: 8 (50 %)

Grade 2: 4 (25 %)

Grade 3: 3 (18.8 %)

N N

LaPrade et al. [36] Grade 2: 13 (24.1 %)

Grade 3: 3 (5.6 %)

N N

Ludman et al. [37] Grade 3: 6 (13 %) Y, control group N

Major and Helms [20] Discoid meniscus: 4 (12 %) N, only inferences made by the author

without direct comparison

Y

Schueller-Weidekamm

et al. [38]

Grades 1 and 2: 13 (59 %)

Grades 3 and 4: (0 %)

N N

Schueller-Weidekamm,

et al. [39]

Grade 1: 10 (38.5 %)

Grade 2: 6 (23 %)

Grades 3 and 4: (0 %)

N (comparison between high

and low trained)

N

Shellock et al. [40] Grade 0: 49 (53 %)

Grade 1: 29 (32 %)

Grade 2: 12 (13 %)

Grade 3: 2 (2 %)

Y N

Soder et al. [19] No meniscal abnormalities Y, control group Y, bone marrow edema

and contusion increased

in study group

Stahl et al. [41] Grades 1 and 2: 2 (20 %) Y, control group N

Walczak et al. [42] Degeneration: 15 (53.6 %)

Tear: 1 (3.6 %)

N (but compares with other athletes) N

Reinig et al. [43] Grades 1 and 2: 10 (58.8 %) N N

Hagemann et al. [44] Grade 1: 4 (40 %)

Grades 2–4: (0 %)

N N

Shellock et al. [45] Group 2 (previous injury): 11 (69 %)

Group 1 (previous healthy): 5 (38 %)

N Y, Group 2b

MRI magnetic resonance imaging, N no, Y yes
a MRI grading system: grade 0–4, where 0 is normal, 1 is an intrameniscal globular focus of signal that is not adjacent to either the superior or

inferior surface, 2 is an intrameniscal linear or wedge-shaped signal that does not extend to an articular surface, 3 is a linear or globular signal

extending to an articular surface, indicating a tear, and 4 is a tear demonstrating architectural distortion of the meniscus
b The findings were analyzed collectively and categorized into group 1 (n = 13) [subjects without prior knee injuries and symptoms] and

group 2 (n = 16) [subjects with prior knee injuries and/or current symptoms]
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degeneration. Interestingly, this review demonstrates a

higher prevalence of meniscal signal change suggestive of

mucoid degeneration (grade 1 or 2) in this younger athletic

population [14, 21]. In a subset of patients without radio-

graphic evidence of OA from the ages of 45 to 60 years

there was a 27.6 % prevalence of meniscal pathology,

lower than that of our younger, athletic population [22].

There are concerning implications of the relatively high

prevalence of meniscal pathology in the asymptomatic

athlete population. Numerous clinical and biomechanical

studies have shown the long-term consequences of the

meniscus-deficient knee, which include increased loading

of the cartilage, and meniscal injuries have long been

associated with osteoarthritic changes and increased mor-

bidity [8, 14, 23]. Incidental (asymptomatic) meniscal

findings on MRI were found in 95 % of persons with

radiographic evidence of severe OA (Kellgren and Lawr-

ence grade 3 or higher) [14]. The prevalence of incidental

meniscal signal change suggestive of mucoid degeneration

decreased with less severe OA (Kellgren and Lawrence

grade 2) and normal knees (82 vs. 25 %, respectively;

P\ 0.001) [14, 24]. This suggests that asymptomatic

meniscal signal changes suggestive of mucoid degenera-

tion are at least one factor in the development of OA.

Symptomatic meniscal injuries have also been shown to be

associated with higher rates of OA, and a high prevalence

of meniscal damage (67–91 %) among patients with

symptomatic OA of the knee has previously been reported

[25–28]. Knees with meniscal damage (grade 2 intrasub-

stance change) have been shown to have higher rates of

symptomatic knee OA [29]. Previous studies have also

documented the influence of meniscectomy on the likeli-

hood of progression to radiographic OA [30–32]. Another

study investigated patients with symptomatic OA and

found a strong association between meniscal tears, signal

change suggestive of mucoid degeneration, and cartilage

loss [29]. This points to meniscus integrity (symptomatic or

asymptomatic) as a key factor in the development of OA.

Age and body mass index (BMI) likely play a critical

role in the degeneration of the meniscus. Limitations of the

available data precluded stratification of data by patient

age. A study by Hwang et al. [33] showed a 4.9-fold

increase in medial meniscus posterior root tears in patients

with a BMI over 30 kg/m2. Although most of the studies

included in this review did not document BMI, those that

did had no subjects with a BMI of 30 kg/m2 or greater.

With the recent increase in the popularity of distance cross

training and running, further studies are needed to elucidate

the effects of age and BMI on the athlete’s meniscus.

This review documented a higher prevalence of

asymptomatic meniscal pathology in the non-pivot athletes

(60 %) (distance runners, Ironman athletes, etc.) than in

athletes whose sport requires consistent pivoting (18 %)

(football, basketball, etc.) This finding likely highlights the

effect of recurrent impact activities (distance running,

endurance sports) on the meniscus. Interestingly, meniscal

tears were also higher in the non-pivot athletes, suggesting

that early meniscal degeneration may predispose the

meniscus to unrecognized (asymptomatic) tears and further

propagate the risk of early-onset OA.

Limitations of this review include those derived from

the included studies, which were primarily small series of

sport-/training-specific populations. This review found that

classification of MRI meniscal findings in asymptomatic

athletes was often not as specific as in the general popu-

lation. There are also methodological differences such as

various MRI protocols used in the studies that may influ-

ence their sensitivity for detection of meniscal mucoid

degeneration and meniscal tears. The studies in this review

clearly defined grade 1 and 2 lesions as a meniscal signal

change suggestive of mucoid degeneration, and grades 3 or

4 as tears. Some studies in the general population either did

not report grade 1 and 2 changes or reported them and

grade 3/4 tears as one group.

5 Conclusions

The overall prevalence of meniscal pathology in asymp-

tomatic athletes was 31.1 % (27.2 % with meniscal change

suggestive of mucoid degeneration and 3.9 % with a

meniscal tear). More studies of the general population in

this age group are necessary for direct comparison of these

groups.

Table 5 Pivot versus non-pivot athletes

Athlete type Mean age (years) Intrasubstance meniscal

damage (grades 1 and 2)a
Meniscal tear

(grades 3 and 4)a

Non-pivot athletes (runners/Ironman competitors) 34.9 61/112 (54.5 %) 6/112 (5.4 %)

Pivot athletes (e.g., basketball, soccer) 20.6 31/202 (15.3 %) 5/202 (2.5 %)

MRI magnetic resonance imaging
a MRI grading system: grade 0–4, where 0 is normal, 1 is an intrameniscal globular focus of signal that is not adjacent to either the superior or

inferior surface, 2 is an intrameniscal linear or wedge-shaped signal that does not extend to an articular surface, 3 is a linear or globular signal

extending to an articular surface, indicating a tear, and 4 is a tear demonstrating architectural distortion of the meniscus
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