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The meniscus is a crescent shaped cartilaginous tissue in the knee, comprised of a medial and 
lateral component.1 The function of the menisci consists of shock absorption, load transmission, 
and to withstand forces as shear, tension, torsion, and compression protecting the cartilage in 
the joint.2 The meniscus can be injured due to trauma or degenerative processes, which result in 
an acute or degenerative meniscal tear.1,2 Meniscal tears can be classified as vertical/longitudinal 
(including bucket handle), flat/oblique, radial transverse, and horizontal/complex tears.1 The 
location of a meniscal tear in the vascular or avascular zone determines the healing capacity of 
the meniscus.3 In the avascular white region the meniscus has no capacity to heal itself, in contrast 
to the vascular red region where the meniscus is able to recover.3 The incidence of meniscal tears 
in the USA has been reported to be 66 per 100,000 inhabitants per year.4 In the Netherlands, the 
incidence of meniscal tears is 2 per 1000 primary care patients per year.5 

MENISCAL TEARS IN PRIMARY CARE
In most countries, patients with a suspected meniscal tear present themselves at their general 
practitioner (GP).6,7,8 Although the role of GPs in the primary care system can differ worldwide, in 

MENISCAL TEARS
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general the GP functions as a gatekeeper and when indicated regulates access to secondary care if 
necessary.7,8 Instead of attending the GP, in the Netherlands it is also possible for patients to directly 
attend a physical therapist (PT) in primary care for their knee complaints without GP referral.9 
In that situation, a PT determines diagnosis and treatment, and is only able to refer a patient to 
secondary care through the GP.9 As an adequate management of patients with meniscal tears can 
improve functional outcomes, it is important that meniscal tears can be accurately diagnosed by 
both GPs and PTs.10

DIAGNOSIS OF MENISCAL TEARS IN PRIMARY CARE
Due to the limited accuracy of most meniscal tests, diagnosing meniscal tears in primary care is 
difficult.11 Radiological confirmation through Magnetic Resonance Imaging (MRI) may assist in 
the meniscal tear diagnosis which improves the management of knee patients in primary care.10 
However, MRI is too expensive to be used as the first diagnostic tool without proper preselection 
of patients with knee complaints.10-14 Nevertheless, it is important to correctly diagnose meniscal 
tears at an early stage to evaluate whether patients should be referred to secondary care for further 
treatment or whether symptoms are likely to be resolved by conservative treatment.10,15,16

TREATMENT OF MENISCAL TEARS
As a result of an early and correct diagnosis for meniscal tears management can be improved, which 
can benefit treatment outcomes. In short term patient’s daily activities can be resumed quickly 
and in long term the risk for knee osteoarthritis (OA) might be decreased.10,15,17 Treatment options 
may be surgical or conservative. Surgical treatment may include partial meniscectomy or meniscal 
repair. Conservative treatment usually consists of physiotherapy and pain relief medication. In the 
Dutch GP guideline for traumatic and non-traumatic knee complaints conservative treatment is 
recommended when no locking complaints exists.5,18 For patients treated with meniscal surgery, it 
is suggested that they recover faster, however at the expense of a higher risk to develop early knee 
OA.19 There is uncertainty on the preferred treatment for both acute and degenerative meniscal 
tears. 

THESIS OUTLINE
If patients are conservatively treated according to the GP guideline, the relevance of a clear 
diagnosis becomes less important. Therefore, to provide a clear understanding of the number of 
patients with a suspected meniscal tear that were conservatively treated or referred to secondary 
care, a retrospective cohort study was performed (chapter 2).

Besides physical examination with incorporated meniscal tests in the diagnosis of meniscal tears, 
it is relevant to include patient history on possible risk factors for meniscal tears. Therefore, a 
systematic review including meta-analysis was performed to identify risk factors for meniscal tears 
(chapter 3).

More accurate diagnosis of meniscal tears can improve the management of knee disorders by GPs. 
As current meniscal tests have limited accuracy, and recent research suggests performing weight-
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bearing tests instead of non-weight-bearing tests, we examined the accuracy of one existing 
weight-bearing meniscal test, one new weight-bearing test, and one frequently used non-weight-
bearing test (chapter 4).

It is suggested that for the diagnosis of meniscal tears in primary care, meniscal testing alone is 
insufficient and that  a combination of physical examination and patient history is more predictive. 
Therefore, we developed and internally validated a prediction model (chapter 5).

After internal validation, the stability and generalizability of the prediction model had to be 
investigated in another primary care setting. Therefore, we externally validated the prediction 
model (chapter 6).

There is uncertainty among GPs on the optimal treatment for patients with meniscal tears. 
Therefore, we compared partial meniscectomy and meniscal repair with exercise therapy, and 
performed a systematic review including meta-analysis (chapter 7). 
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BACKGROUND: Although guidelines advocate conservative treatment, it is 
unclear how general practitioners (GPs) manage patients with a suspected 
meniscal tear. 

AIM: To provide a clear understanding of the frequency of patients that are 
conservatively treated or are referred to secondary care, and whether this 
management is associated with age, trauma and locking complaints, and varied 
between general practices.

DESIGN AND SETTING: Data was extracted from a GP database of routinely 
collected data. Subjects of 18-75 years old who attended their GP from 2005 up to 
and including 2015 in the area of Amsterdam with knee complaints were included. 

METHODS: Based on international classification of primary care codes (ICPC) 
and the GP’s report, information was extracted regarding type of treatment and 
referral of patients with a suspected meniscal tear . Groups were defined as 1) 
conservative treatment, 2) referral to secondary care after conservative treatment 
and 3) instant referral. 

RESULTS: We retrieved 394 records. One hundred and twenty-two (31%) subjects 
were treated conservatively, 107 (27%) were referred after conservative treatment 
and 165 (42% ) subjects were instantly referred to secondary care. This implies that 
of all subjects with a suspected meniscal tear, 69% were referred to secondary care 
of which more than 60% instantaneously. Subjects >40 years of age were more 
often referred than subjects ≤40 years (p=0.013). There was statistically significant 
variation in referral rates of patients with suspected meniscal tear between GP 
practices. The referral rates, instantly or after initial conservative treatment, 
ranged between  56% to 84% (p=0.011). 

CONCLUSION: In Dutch GP practices, the majority of patients with suspicion 
meniscal tear are referred to secondary care. Older subjects are more 
frequently referred than younger subjects. The management of such patients 
varies substantially between GP practices. Findings emphasize the need for 
individualized risk predictions to guide decisions regarding the management of 
suspected meniscal  tears.

ABSTRACT
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Knee injuries are the third most frequent musculoskeletal disorder in general practice in the 
Netherlands.1 The incidence of traumatic and non-traumatic knee injuries amounts to 13.7 per 1000 
patients per year, of which two patients are diagnosed with a meniscal tear.1,2 To detect meniscal 
tears between other knee pathology is difficult for general practitioners (GPs), due to low accuracy 
of meniscal tests.3,4,5 In the Netherlands, the GP functions as a gatekeeper. The GP has to decide 
whether a patient needs referral to secondary care, e.g. orthopedic surgeon, sports physician, for 
further diagnosis and treatment or can be treated conservatively in primary care, e.g. with pain 
medication or by a physical therapist.6,7,8,9,10 Previous research suggested that patients should be 
conservatively treated for meniscal tears before opting for meniscal surgery as functional outcomes 
improve comparably on the short-term as well as the long-term.10,11 In addition, it was suggested 
that patients who undergo meniscal surgery have a higher risk to develop early knee osteoarthritis 
(OA) on the long-term.11,12 Therefore, it is important that GPs only refer patients to secondary care 
when conservative treatment does not seem to resolve the knee problem. Although guidelines 
advocate conservative management, there are signs that GPs do not treat suspected meniscal tears 
conservatively and frequently refer patients to secondary care.1,2,8,13 Studies in the Netherlands 
suggest that about 25% of traumatic knee injuries were referred to secondary care.5,14 It is unknown 
how large this number is for traumatic and non-traumatic knee injuries combined. Therefore, the 
aim of this study is to provide a clear understanding of the frequency of patients that are treated 
conservatively in primary care for a meniscal tear or are referred to secondary care, and whether 
this referral differs by age, trauma and locking complaints. In addition, we investigated to what 
extent variation in referral management exists between GP practices.

INTRODUCTION
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METHODS 
Study Design
A retrospective longitudinal cohort study was conducted using the General Practice Department 
research database of the Academic Medical Center (AMC) in the Netherlands. The database 
includes  routinely collected data from six general practices in the area of Amsterdam containing 49 
GPs and 182,000 patients. The database contains demographic data, medication use, medication 
prescriptions, patients’ medical history and summaries of consultations. The International 
Classification of Primary Care (ICPC) codes reveal the main health problem of patients. The 
data were cleaned by removing duplicates. Data was anonymized, approval of an Ethics Review 
Board was not necessary. Before using the data, a privacy statement was signed by the primary 
investigator (BS).

Subjects
Subjects of 18 through 75 years old who attended their general practitioner from 2005 up to and 
including 2015 in the area of Amsterdam were selected from the database. We extracted records 
with the following ICPC codes: L15 (knee symptoms/complaints), L78 (distortion knee), L90 
(osteoarthritis knee), L96 (acute tears, meniscus and ligaments), and L97 (chronic internal trauma 
knee). Subjects were excluded if they had surgery on the knee joint in the past, had no suspicion 
for a meniscal tear, had severe knee pathology in addition to the meniscal tear that influenced the 
management, and if management of the GP for their complaints was unclear or not registered. 

Study procedures
The primary investigator (BS) selected subjects according to the inclusion criteria, and extracted 
data from the GP’s written report for each subject. Suspicion for meniscal tears was based on the 
written differential diagnosis by the GP. Data extracted contained information about whether 
subjects were conservatively treated, the type of conservative treatment, whether subjects were 
referred to secondary care, to what care subjects were referred to, what the reason for referral was, 
and the length of time between conservative treatment and referral to secondary care. Groups 
were divided into a conservative treatment (CT) group with subjects that only had conservative 
treatment by their GP, a conservative treatment and referral (CT+R) group with subjects that 
were referred to secondary care after conservative treatment, and an instant referral (IR) group 
with subjects that were referred to secondary care without conservative treatment. Conservative 
treatment could consist of physical therapy, prescription of analgesics, and watchful waiting 
including advice, the use of compression bandages, and crutches. Referral to secondary care 
included referral to an orthopedic surgeon, magnetic resonance imaging (MRI), X-ray or a sports 
physician.

Statistical analysis
Absolute and relative frequencies were used to summarize categorical baseline characteristics. 
Numerical data were summarized by their mean and standard deviation or by their median and 
interquartile scores when appropriate. We calculated relative frequencies to summarize the number 
of conservatively treated subjects and the number of subjects that were referred to secondary care, 
either instantly or after conservative treatment including the different reasons for referral. Also, we 
reported the median time between conservative treatment and referral. In Kaplan Meier analysis 
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time was plotted against the proportion referred patients. Differences in referral management for 
age (>40 years versus ≤40 years)9,10, trauma (yes/no) and locking complaints (yes/no), were tested 
with Fisher’s exact test. If data on trauma and locking complaints was missing due to poor reporting 
by the GP, we excluded the patient from the comparison. In sensitivity analysis we assumed that 
without reporting, the subject had no trauma and locking complaints did not occur. To assess the 
extent of variation between GP practices in referral management, we compared the proportion of 
CT, CT+R, and IR between the six GP practices. A two-sided p-value less than 0.05 was considered 
to indicate significance. All analyses were performed in R Studio statistics program (version 3.0.2).

RESULTS
The complete database contained 182,000 patients, of whom 6,261 subjects were selected based 
on ICPC codes. In total, 494 subjects were eligible based on the criteria of a suspected meniscal tear. 
After exclusion of another 100 subjects, 394 subjects remained in analysis (Figure 1).

One hundred and twenty-two (122) subjects (31%) were treated conservatively (CT), 107 (27%) were 
referred after conservative treatment (CT+R) and 165 subjects (42%) were instantly referred to 
secondary care (IR). In total, 69% were eventually or instantly referred to secondary care (Table 1). 

FIGURE 1. Flow chart

Complete database
n=182,000

Database selection on 
period and ICPC codes

n=6,261

Eligible patients
n=494

Included patients
n=394

Excluded patients (n= 100) for reasons:
• Unclear management of the GP (n=22)
• An instant referral to an orthopedic 

specialist or emergency department 
without GP management (n=28)

• An operation to the meniscus in the past 
or a previous tear (n=29)

• No information about the knee 
complaint in the GP’s report (n=7)

• Contradiction between the ICPC code 
indicating a suspected meniscal tear and 
the written report of “no suspicion of 
meniscal tear” by the GP (n=10)

• Other severe knee pathology that 
influenced the referral management of 
the GP (n=1)

• Double entries of records (n=3)
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The CT+R group was slightly older than the CT and IR group with a median age of 53 years. Of the 17 
patients with a distortion of the knee, 11 were conservatively treated. Patients with acute meniscal 
or ligament tears were more frequently present in the referred groups than in the conservatively 
treated group. Seventy-two percent of these patients were eventually or instantly referred to 
secondary care. Except for distortion of the knee, for all other diagnostic categories the majority of 
patients were eventually referred to secondary care.

Of all conservatively treated subjects (CT and CT+R groups), 47% (n=107) were later referred 
to secondary care (CT+R group). Most common reasons for referral to secondary care after 
conservative treatment were suspicion of a meniscal tear (59%) and persistent knee complaints 
(34%) (Table 1). Of all referred subjects (CT+R and IR groups, n=272), 165 (61%) were referred 
instantly to secondary care, 42% of the total sample. One hundred and thirty-five (82%) subjects 
that were instantly referred, were referred to an orthopedic specialist (Table 1). If subjects 
were referred after conservative treatment, the median time between the start of conservative 
treatment and referral was 21 days (range 1-270) (Figure 2). 

Table 2 compares the difference in referral management for age (> 40 years vs. ≤ 40 years),  origin 
of complaints (trauma vs. no trauma) and the presence of locking complaints. Difference in referral 
management was significant for age, as subjects aged older than 40 years were more often referred 

CT group
(N = 122)

CT+R group
(N = 107)

IR group
(N = 165)

Gender (male), n (%) 68 (55.7) 59 (55.1) 94 (57.0)

Age (median, range)* 46 (18-75) 53 (18-74) 49 (19-74)

Diagnosis, n (%)
    Knee symptoms/complaints 32 (26.2) 21 (19.6) 37 (22.4)
    Distortion knee 11 (9.0) 4 (3.8) 2 (1.2)
    Osteoarthritis knee 3 (2.5) 3 (2.8) 4 (2.4)
    Acute tears, meniscus and ligaments 62 (50.8) 67 (62.6) 90 (54.6)
    Chronic internal trauma knee 14 (11.5) 12 (11.2) 32 (19.4)

Reasons for referral (n, %) NA Suspicion of a meniscal tear 63 (58.9)
Persistent knee complaints 36 (33.6)
Worsening 2 (1.9)
Tendon rupture 1 (0.9)
Unclear 5 (4.7)

Suspicion of a meniscal tear 134 (81.2)
Persistent knee complaints 10 (6.1)
Suspicion for osteoarthritis 2 (1.2)
Patient request 1 (0.6)
Unclear 18 (10.9)

Referred to (n, %) NA MRI 5 (4.7)
Orthopaedic specialist 83 (77.6)
X-ray 19 (17.7)

MRI 8 (4.9)
Orthopaedic specialist 135 (81.8)
X-ray 21 (12.7)
Sports physician 1 (0.6)

•  CT group = Conservative Treatment
•  CT+R group = Conservative treatment and Referral to secondary care
•  IR group = Instant Referral to secondary care
•  MRI = magnetic resonance imaging
•  * = p<0.05

TABLE 1. Baseline Characteristics 
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to secondary care than subjects younger than 40 years (74% vs. 60%, Table 2), but not for trauma 
(67% vs. 69%) and locking complaints (71% vs. 81%). When we included all subjects and assumed 
that without reporting trauma and locking complaints did not occur, these percentages were 66% 
and 70% for trauma and 81% and 66% for locking complaints. Referral management between GP 
practices varied significantly (Figure 3). GPs treated patients conservatively with a range from 16-
44%, referred patients after conservative treatment with a range from 22-36%, and initially referred 
patients with a range from 27-57% (p=0.011). We found, except for the type of diagnosis, no notable 
differences in patient characteristics between the six GP practices (Table 3). 

DISCUSSION
Summary
Almost 70% of all patients with a suspected meniscal tear in primary care were referred to 
secondary care. Instant referral to secondary care happened in more than 40% of these patients, 
of which in more than 80% to an orthopedic specialist. In addition, almost half of the patients that 
were initially treated conservatively in primary care were referred to secondary care for their knee 
complaints. The most frequently reported reasons for referral after conservative treatment were 
a suspicion of a meniscal tear and persistent knee complaints. Patients who were not instantly 
referred were treated conservatively for less than one month.  Patients older than 40 years of age 

FIGURE 2. Time against proportion referred patients (n=272)
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were more frequently instantly referred than patients aged ≤40 years. The same goes for patients 
with locking of the knee symptoms. We found much variation in management between the six GP 
practices.

Strengths and Limitations
We should note some limitations of this study. First, our sample contained only patients from the 
south-east area of Amsterdam, The Netherlands. Although guidelines regarding management 
of knee problems are well implemented in most GP practices in the Netherlands, the patient 
population of this area is less representative with higher concentrations of immigrants. Second, 
we had to exclude 20% of the patients, mostly due to omissions in written GP reports regarding 
type of diagnosis, and timing of referral to secondary care. Due to incomplete reporting we 
performed a complete case analysis in the comparison of referral management for trauma and 
locking complaints, as for multiple patients this information was not reported. Lastly, the variation 
in referral management was unadjusted and could also be influenced by differences in case mix of 
individual GP practices. However, only the type of diagnosis was significantly different between 
GP practices. Also, these are practices from the same region within greater Amsterdam  and we 

FIGURE 3. GP treatment for meniscal tears
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therefore do not expect case mix to had due influence. Due to the high referral rate, which is not in 
accordance with current guidelines, and the substantial variation among GP practices, this research 
shows the importance of establishing a meniscal tear diagnosis on which GPs can make an informed 
decision regarding whether or not to refer patients to secondary care.

Comparison with existing literature
Current guidelines advocate conservative treatment for meniscal tears, unless otherwise indicated, 
for example in case of persistent knee instability or pain.2 If GPs treat patients with a suspected 
meniscal tear initially conservatively, the necessity of a diagnosis becomes less relevant since 
treatment management is identical for all patients.8 Our results show that GPs instantly refer 42% 
of patients with suspected meniscal tears to secondary care, which emphasizes the need for an 
accurate diagnosis to distinguish between other knee pathologies.

Previous research suggested that about 25% of patients with knee complaints were referred 
to secondary care, however this was only for traumatic knee injuries.1,2,14 In our study, almost 
70% of patients with knee complaints were eventually referred to secondary care. In this study, 
both traumatic as non-traumatic injuries were included, for which comparable percentages of 
referrals were observed. Other reasons for the overall high referral rate could be explained by the 
uncertainty of GPs about the diagnosis of the knee pathology, and requests by the patient for 
referral to secondary care. Both research and guidelines stress the importance of watchful waiting 
and conservative treatment. From that viewpoint, more than 40% instant referral and almost 70% 
total referral to secondary care is quite considerable.10,13 

CT group
(N = 122)

CT+R group
(N = 107)

IR group
(N = 165) P-value

Age 
     > 40 years (n, %)
     ≤ 40 years (n, %)

70 (27)
52 (40)

81 (31)
26 (20)

112 (42)
53 (40)

0.01

Origin of complaints1

     Trauma (n, %)
     No Trauma (n, %)

46 (33)
60 (31)

42 (31)
54 (27)

49 (36)
83 (42)

0.49

Locking complaints2

     Yes (n, %)
     No (n, %)

14 (19)
20 (29)

15 (20)
21 (30)

45 (61)
28 (41)

0.06

•    CT group = Conservative Treatment, no referral
•    CT+R group = Conservative treatment and Referral to secondary care
•    IR group = Instant Referral to secondary care

1)  Total number of subjects:  n=106 for CT, n=96 for CT+R and n=132 for IR
2)  Total number of subjects:  n=34 for CT, n=36 for CT+R, n=73 for IR

TABLE 2. Differences in referral rates within subgroups based on age, trauma and locking complaints
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The median referral of patients occurred within one month. This is a short term, considering 
the duration of most physical therapy programs for meniscal tears is 6-12 weeks.10 However, 
conservative treatment could also consist of prescription of analgesics and watchful waiting. In 
future research it should be explored which conservative treatment is most effective for meniscal 
tear patients in order to reduce the referral rates. Also, qualitative studies may help to elucidate the 
mechanisms behind the variation in management of meniscal tears.

Patients older than 40 years of age were more often referred than patients <40 years of age 
(74% versus 60%). In older patients the presence of a degenerative meniscal tear is more likely, 
indicating conservative treatment.9,10 Therefore, it remains unclear why the referral rate for this 
patient group was higher than that of younger patients. Patients with locking complaints were 
also more frequently instantly referred to secondary care than those without (61 vs 41%), which 
is in line with the current and previous version of the Dutch GP guideline.2,15 Nevertheless, 39% of 
patients with locking complaints were treated conservatively (CT and CT+R), of which half of the 
patients were not referred at all. It is unclear why GPs did not follow the guideline in these cases, 
and whether this was well considered or mere variation in management. We found no difference in 
referral management for patients with or without a trauma in the different groups. Patients with 
a traumatic injury are often younger patients, with an acute instead of a degenerative meniscal 
tear, for which the optimal management is still unclear.16 This may explain why we observed no 
difference between the referral rates of traumatic and non-traumatic patients in our study. 
We found significant variation between the referral rates of the six GP practices in our sample. This 

GP1

(N = 81)

GP 2

(N = 91)

GP3

(N = 88)

GP4

(N = 53)

GP5

(N = 49)

GP6

(N = 32)

Age (median, range) 52 (11-74) 46 (18-71) 48 (18-70) 51 (20-74) 54 (20-71) 51 (20-74)

Gender (male), n(%) 44 (54) 62 (68) 50 (57) 26 (49) 23 (47) 16 (50)

Diagnosis, n(%)*
    Knee symptoms/complaints 17 (21) 9 (10) 28 (32) 9 (17) 20 (41) 7 (22)
    Distortion knee 7 (9) 1 (1) 5 (6) 1 (2) 1 (2) 1 (3)
    Osteoarthritis knee 2 (2) 2 (2) 3 (3) 1 (2) 2 (4) 0 (0)
    Acute tears, meniscus and ligaments 41 (51) 62 (68) 36 (41) 37 (70) 24 (49) 20 (63)
    Chronic internal trauma knee 14 (17) 17 (19) 16 (18) 5 (9) 2 (4) 4 (12)

Trauma, yes(%)1 33 (49) 30 (44) 35 (43) 19 (39) 11 (30) 9 (30)

Locking complaints, yes(%)2 19 (53) 9 (60) 17 (53) 15 (50) 8 (38) 6 (67)

1) Total number of subjects:  n=68 for GP1, n=68 for GP2, n=82 for GP3, n=49 for GP4, n=37 for GP5 and n=30 for GP6.
2) Total number of subjects:  n=36 for GP1, n=15 for GP2, n=32 for GP3, n=30 for GP4, n=21 for GP5 and n=9 for GP6.
*  p < 0.05

TABLE 3. Patient characteristics of individual GP practices
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could not be explained by differences in patient characteristics. We can therefore conclude that 
between GP practices there was no uniformity in management. 

Implications for research and practice
This study shows that patients with a suspected meniscal tear are too frequently referred to 
secondary care, based on current knowledge and guidelines. If patients are not instantly referred, 
the time for conservative treatment is less than one month. Older patients are more frequently 
referred than younger patients, which is in contrast with the present recommendations. There is 
no clear explanation for the different management strategies between GP practices. This research 
emphasizes the need for a more accurate diagnosis in primary care to distinguish between other 
knee pathologies so that GPs can make an informed management decision. Also, in future research 
we suggest performing a qualitative study in which the management differences can be explained 
by GPs. Finally, in future research conservative treatments should be compared to explore the 
differences in effectiveness.  
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STUDY DESIGN: Systematic review with meta-analysis.

OBJECTIVES: To review and critically appraise the literature for factors that 
increase the risk for meniscal tears.

BACKGROUND: Meniscal tears are an important cause of disability and time lost 
from work, and are associated with a 4-fold increase in the long-term risk of knee 
osteoarthritis. Knowledge of the risk factors that lead to meniscal tears can help to 
correctly diagnose knee injuries and is important to the development of prevention 
strategies for knee osteoarthritis.

METHODS: A search of the Cochrane Database of Systematic Reviews, MEDLINE, 
and Embase, from 1950 to January 2012, and a hand search of reference lists of all 
initially selected studies, without restriction on language or date of publication, 
were conducted. Prospective, retrospective, and case-control studies that 
included individuals over 16 years of age, who had no previous meniscal injuries or 
surgeries, were selected. A meta-analysis for 17 risk factors was performed. Where 
considerable heterogeneity among studies was present or the data did not provide 
sufficient information to perform a meta-analysis, a qualitative synthesis was 
conducted.

RESULTS: Eleven studies, with a total of 7,358 participants, were selected for 
systematic review. Data were available for meta-analysis for 10 of the 11 studies. 
Qualitative analysis was conducted using data from 3 of the 11 studies. Results 
showed strong evidence that age (older than 60 years), gender (male), work-
related kneeling or squatting, and climbing stairs (greater than 30 flights) were 
risk factors for degenerative meniscal tears. We also found strong evidence that 
playing soccer and playing rugby were strong risk factors for acute meniscal tears. 
Waiting longer than 12 months between the anterior cruciate ligament injury and 
reconstructive surgery was a strong risk factor for a medial meniscal tear but not 
for a lateral meniscal tear.

CONCLUSION: The literature indicates a number of risk factors leading to either 
degenerative or acute meniscal tears, with some of these factors being potentially 
modifiable.

ABSTRACT
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Meniscal tears are commonly seen worldwide. In the Netherlands, the incidence of meniscal tears 
is 2 per 1000 patients per year.16 Meniscal tears are responsible for an estimated 25,000 hospital 
admissions per year in England and Wales.5 In the United States, arthroscopic partial meniscectomy 
after meniscal tear is the most frequent orthopaedic surgical procedure.20 Meniscal tears lead to 
disability and time lost from work, and their surgical treatment increases the long-term risk of knee 
osteoarthritis (OA) 4-fold.5,18,21,48 A better understanding of meniscal tears and their causality can 
aid in diagnosing knee disorders.26,32 Despite its importance, little is known about the epidemiology 
of meniscal injury. A previously published systematic review by Reid et al46 described, in addition 
to other knee disorders, risk factors for meniscal tears. The authors suggested that squatting, 
kneeling, crawling, chair sitting while driving, stair climbing, lifting items, and walking were all risk 
factors for meniscal tears. Reid et al46 noted that kneeling was described as a risk factor in multiple 
studies, yet other factors were not described as such. McMillan and Nichols38 systematically 
searched the literature to determine whether kneeling or squatting was causally associated with 
degenerative diseases of the knee. The authors concluded that work occupations involving frequent 
kneeling or squatting doubled the risk for developing knee OA. The authors of both articles limited 
their search to occupational settings and did not perform meta-analysis on the risk factors.

The elapsed time between anterior cruciate ligament (ACL) injury and reconstruction surgery has 
been identified as a risk factor for meniscal tears in multiple studies.1,12,14,24,30 ACL injury leads to 
knee laxity and, consequently, a potentially unstable knee that is more susceptible to meniscal 

BACKGROUND
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FIGURE 1. Flow chart of the study selection process

Overall search and review of 
abstracts, n = 1,709
• Pubmed, n = 835
• Embase, n = 874
• Cochrane, n = 0

1,085 articles after 624 duplicated 
removed

Full-text articles assessed for 
eligibility, n = 40

Articles assessed for eligibility 
identified through references of 
full-text articles, n= 12

Full-text articles excluded, n = 41
• Study design, n = 13
• Age of participants, n = 10
• No control group, n = 2
• Missing data for association of meniscal 

tear and risk factor, n = 7
• No risk factors for meniscal tears, n = 2
• Previous meniscal surgery or damage, 

n = 6
• Primary outcome not specific to 

meniscal tears, n = 1

Full-text articles included, n = 11

Full-text articles included in 
quantatative synthesis (meta-
analysis), n = 10

Full-text articles included in 
qualitative synthesis, n = 3
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injury during dynamic abrupt movements. But the time from ACL injury to ACL surgery as a risk 
factor for meniscal tears in ACL-deficient knees has never been investigated in a systematic review 
with meta-analysis. 

Identifying risk factors can help in establishing correct diagnoses of knee disorders and is important 
in the development of prevention strategies for knee OA. Previous systematic reviews have been 
limited to occupational knee disorders and have failed to include meta-analysis. Nor have previous 
studies assessed whether variation among original studies may be random or due to a systematic 
effect. Therefore, the purpose of this study was to conduct a systematic review of the literature for 
risk factors associated with meniscal tears and a meta-analysis for factors in homogeneous studies. 

METHODS 
Search Strategy 
A search for relevant articles was conducted in MEDLINE, Embase, and Cochrane Database of 
Systematic Reviews, from 1950 to January 2012, using the key words tear, laceration, injury, lesion, 
laesion, torn, impairment, meniscus, menisci, meniscal injury, meniscal tear, meniscal laceration, 
meniscal lesion, risk, and predict. The article types searched included randomized controlled trials, 
prospective and retrospective cohort studies, and case-control studies. The search was conducted 
without restrictions on language or date of publication. For articles written in an unknown foreign 
language, an interpreter with the specific language skills was employed to translate the article. 

Study Selection 
To be included in the analysis, studies had to meet the following inclusion criteria: (1) the subjects 
had to be over 16 years of age and to have knee disorders; (2) the study had to be a randomized 
controlled trial, cohort study, or case-control study; and (3) the study had to describe risk factors for 
meniscal tears, including demographic, sport-related, lifestyle, and physical factors. Studies that 
included subjects with a history of previous meniscal injury or surgery were excluded. When a factor 
investigated in an identified study was associated with an increased incidence or prevalence of 
meniscal tears, the factor was classified as a risk factor. Both risk factors and protective factors for 
meniscal tears were assessed. Based on the clinical course, risk factors were divided into 3 groups: 
degenerative meniscal tears, acute meniscal tears, and meniscal tears associated with knee laxity. 
Degenerative tears were considered to be due to exposure for a longer time. Acute tears were 
considered to occur as a result of a specific event (eg, sports). Joint laxity was either based on an 
assessment of systemic laxity using the Beighton scale or based on a history of an ACL tear.

After the initial search, 2 authors independently applied the selection criteria to
potentially relevant studies from titles and abstracts only. After the first selection, the selection 
criteria were applied to the fulltext articles. Disagreements were  resolved by consensus or, if 
disagreement persisted, by a third reviewer (E.B.). To locate additional articles, reference lists of all 
selected studies were carefully hand searched.

Methodological Quality Assessment
For all included studies, a risk-of-bias table was used to identify potential sources of bias.27 Items of 
the risk-of-bias table consisted of selection bias, information bias, attrition bias, and confounding. 



Source Study Design Country, 
Setting Participant Characteristics Cases/

Controls, n Risk Factor

Baker et al5 Case-control UK, 2 British 
hospitals

Healthy subjects, n = 703; sex 
(men/women, n),
196/47 cases (sex of controls 
unclear); age
range, 20-59 y

202/333
202/333
454/249
202/333
202/333
202/333
202/333
202/333
202/333
202/333
202/333

Work-related squatting and kneeling
Sitting, as a protective risk factor
BMI
Sport
Standing or walking >2 h per d
Driving >4 h per d
Walking >2 mi per d
Climbing >30 flights of stairs per d
Lifting or carrying >10 kg >10 times 
per wk
Lifting or carrying >25 kg >10 times 
per wk
Lifting or carrying >50 kg >10 times 
per wk

Baker et al6 Case-control UK, hospital 
center

Men with primary meniscal 
tear, n = 402; sex (men/
women, n), 402/0; age range, 
20-60 y

67/335
67/335
67/335
67/335
67/335
67/335
67/335
67/335
67/335
67/335

Work-related squatting and kneeling
Sitting, as a protective risk factor
Sport
Standing or walking >2 h per d
Driving >4 h per d
Walking >2 mi per d
Climbing >30 flights of stairs per d
Lifting or carrying >10 kg >10 times 
per wk
Lifting or carrying >25 kg >10 times 
per wk
Lifting or carrying >50 kg >10 times 
per wk

Rytter et al50 Retrospective
cohort

Denmark, 2 
MRI
centers

Floor layers and graphic 
designers, n = 141; sex
(men/women, n), 141/0; age 
range, 42-70 y

92/49
101/40

Work-related squatting and kneeling
Age

Fridén et al23 Retrospective
cohort

Sweden, 
university
hospital

Subjects with acute total ACL 
rupture, n = 100;
sex unclear; age, <40 y

72/28 Weight-bearing during trauma

Englund et al20 Prospective
cohort

US, hospital 
center

Healthy ambulatory subjects, 
n = 991; sex
(men/women, n), 426/565; 
age range,
50-90 y

426/565
543/448
707/271

Gender
Age
BMI

Taunton et al61 Retrospective
cohort

Canada, 
primary care
sports 
medicine
facility

Athletes, n = 2002; sex (men/
women, n), 926/1076; mean 
age, 43.2 y

926/1076 Gender

Church and 
Keating14

Retrospective
cohort

UK, hospital 
center

Subjects after ACL 
reconstruction, n = 183; sex
(men/women, n), 135/48; age 
range, 16-40 y

80/103 
(MM +
LM)

Time from ACL injury to ACL surgery

Kaeding et al29 Prospective
cohort

US, 2 trauma 
centers
and 1 referral 
center

Subjects with multiligament-
injured knees, n = 2265; sex 
(men/women, n), 1394/871; 
mean ± SD age, 26 ± 9.5 y

643/1298 
(MM +
LM from 
ACLonly
group)

Time from ACL injury to ACL surgery

Naranje et al41 Prospective
cohort

India, hospital 
center

Patients with chronic ACL 
tears (injured >6 wk)
who underwent ACL 
reconstruction, n =
50; sex (men/women, n), 
46/4; age range, 18-48 y

29/21 Time from ACL injury to ACL surgery

Bhattacharyya 
et al7

Retrospective
cohort

US, Boston 
University
medical 
center

Men over 45 and women 
over 50 years of age,
n = 204; sex (men/women, n), 
157/47; age, >45 y

157/47 Gender

Yüksel et al67 Retrospective
cohort

Turkey, 
military 
hospital

Military men (19-50 years 
of age), n = 317; sex (men/
women, n), 317/0; age range, 
19-50 y

156/161 Time from ACL injury to ACL surgery

Abbreviations: ACL, anterior cruciate ligament; BMI, body mass index; LM, lateral meniscus; MM, medial meniscus; MRI, 
magnetic resonance imaging.

TABLE 1. Characteristics of All Included Studies in This Systematic Review on Risk Factors for Meniscal Tears
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We considered each item as low risk of bias, high risk of bias, or unclear risk of bias, based on the 
Cochrane Collaboration’s tool for assessing risk of bias.27 

Data Extraction and Analysis
Data were extracted by 2 authors (B.S. and C.K.) independently. Extracted data consisted of 
population characteristics, risk estimate (odds ratio [OR]) adjusted for relevant confounders, 
information on statistical significance, and, where possible, a measure of precision of the point 
estimate (confidence interval [CI]). All results examined with meta-analysis were from binomial 
outcomes. Where studies were missing data, the corresponding authors were contacted. Risk 
factors were categorized as having strong evidence, moderate evidence, or minimal to no evidence, 
according to the following criteria. Factors with strong evidence doubled the risk for meniscal 
tears compared to baseline risk (OR>2.0) or had a strong protective effect (OR< 0.8), and were 
statistically significant (P<.05); factors with moderate evidence had an OR between 1.5 and 2.0, or 
between 0.8 and 0.9 if protective, and were statistically significant (P<.05), and if identified through 
qualitative analysis had an OR greater than 1.5 and were statistically significant (P<.05); factors with 
minimal to no evidence had a nonsignificant OR (P>.05) or presented no plausible explanation for 
being a risk factor for meniscal tears. 

Data Synthesis
Based on the expected homogeneity among studies, it was possible to perform a quantitative 
synthesis. For data analysis, univariate and multivariate outcome data were used. A pooled OR was 
calculated based on available data. 

A meta-analysis was conducted to increase power and to calculate a pooled effect estimate. The 
standard error of the pooled effect estimate was used to assess the precision of the summary 
estimate of the individual studies by CI. For meta-analysis, variation across studies must be 
considered. Heterogeneity was assessed by the P value of chi-square statistics and the I2 statistic 
using random-effects models. The I2 statistic describes the percentage of variability in effect 
estimates due to heterogeneity. We regarded heterogeneity as possibly unimportant when the I2 
value was less than 40% and considerable when more than 75%.27 ORs were calculated from 2-by-2 
tables for each individual study. A pooled effect estimate was calculated as a weighted average of 
the effects estimated in the individual studies. The weights represent the amount of information 
from each study. Studies with larger sample sizes were weighted more heavily in meta-analysis 
than studies with smaller sample sizes. Meta-analysis was conducted using Review Manager 5 (The 
Nordic Cochrane Centre, Copenhagen, Denmark).27 

When considerable heterogeneity between studies occurred or the data did not provide sufficient 
information to perform meta-analysis, a qualitative synthesis was conducted. The qualitative 
analysis was performed using the validity items of the standardized questionnaire for the appraisal 
of cohort studies, available on The Dutch Cochrane Centre website (http://dcc.cochrane.org/dutch-
cochrane-centre). Each study received a total method score, which was the sum of all positive 
ratings on the questionnaire (0-10). A study was considered to be of high methodological quality 
when the total method score was equal to or above 6 points and to be of low methodological 
quality when the total method score was equal to or below 5 points.27 
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RESULTS
Selection of Studies 
The initial search strategy yielded 1709 articles, 11 of which were selected for quantitative as well 
as qualitative analysis. After removing 624 duplicate records, 1085 articles remained for screening 
based on title and abstract. Of these, 40 full-text articles were selected for further review. An 
additional 12 articles were identified from reference lists, yielding a total of 52 articles to assess for 
eligibility, as described in the Methods section. Based on the full-text appraisal, 41 articles were 
excluded. Consensus was immediately reached for 65% of the articles. For 35% of the articles, 
disagreement on whether to include the article for further analysis was resolved by consultation 
with B.S. and C.K. Eventually, 11 articles were included in the analysis, with 10 articles contributing 
to the meta-analysis5-7,14,20,29,41,50,61,67 and 3 to the qualitative analysis5,20,23 (2 articles being used 
in both the meta-analysis and the qualitative analysis).5,20 The entire article-selection process is 
summarized in Figure 1.

Characteristics of the Included Studies 
Studies for this report consisted of 3 prospective cohort studies,20,29,41  6 retrospective cohort 
studies,7,14,23,50,61,67 and 2 case-control studies5,6 (Table 1). Three studies were conducted in the UK,5,6,14 

Article Selection Bias † Information Bias ‡ Attrition Bias § Confounding ll

Baker et al5 - - - -

Baker et al6 - - - -

Rytter et al50 + + - -

Fridén et al23 ? - - -

Englund et al20 - - - -

Taunton et al61 - ? - -

Church and Keating14 - ? - -

Kaeding et al29 - ? - -

Naranje et al41 ? - - -

Bhattacharyya et al7 ? - - -

Yüksel et al67 ? - - -

* Low risk of bias is presented as –, high risk of bias as +, and unclear risk of bias as ?. In the absence
of described bias, the item was rated negative (–). If it was not clear if bias occurred and influenced the results in primary studies, the 
item was rated unclear (?).

† Selection bias was rated positive (+) if systematic differences occurred between baseline characteristics of the groups that were 
compared.

‡ Information bias was rated positive (+) if systematic differences occurred between measurements of the groups that were 
compared.

§ Attrition bias was rated positive (+) if systematic differences occurred between groups in withdrawals from a study.

ll Confounding was rated positive (+) if in primary studies no adjustment was made for possible
confounders.

TABLE 2. Characteristics of All Included Studies in This Systematic Review on Risk Factors  
for Meniscal Tears *
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3 in the United States,7,20,29 and 1 each in Canada,61 Denmark,50 Sweden,23 India,41 and Turkey.67 The 
age of participants ranged from 18 to 90 years. In total, 4135 men and 2663 women were included 
in the studies, with an additional 560 subjects for whom the sex was not reported, yielding a total of 
7358 subjects. Characteristics of the studies are described in Table 1.

Methodological Quality of Studies 
All included studies were rated as high risk of bias, low risk of bias, or unclear risk of bias, according 
to the risk-of-bias table (Table 2).27 For qualitative analysis, all studies were rated as being of high 
methodological quality (Table 3).

Heterogeneity
By analyzing the risk factors for meniscal tears separately, each study assessed the same exposure 
status and the same outcome, which reduced clinical diversity among studies (Table 1). According 
to the risk-of-bias table, methodological heterogeneity was not suspected (Table 2). The potential 
risk factors of age, gender, work-related kneeling or squatting, standing, walking, sitting, driving, 
climbing stairs, lifting or carrying heavy weights (greater than 10 kg and greater than 25 kg), 
soccer, rugby, running, swimming, other sports, and the amount of time between ACL injury and 

Article 1 2 3 4 5 6 7 8 9 10 Score
Fridén et al23 + ? + + + + ? - + - 6

Baker et al5 + + + + + - ? + + + 8

Englund et al20 + + + + + + + - + - 8

Quality Assessment questions:

1. Was the study population clearly defined? Positive if at least the following items were given: place of recruitment, 
time period of recruitment, age, gender, and sampling frame.

2. Could selection bias be sufficiently excluded? Positive if the study population concerned a random sample of the 
source population with a participation rate at baseline of at least 80%, and, in cases of 2 or more groups, if groups 
were similar.

3. Was the exposure clearly defined? Positive if the intensity and duration of exposure were clearly described.
4. Was the exposure assessment adequate? Positive if the method used was standardized or valid (data presented or 

with reference).
5. Was the outcome clearly defined? Positive if the kind of meniscal tear was documented.
6. Was the outcome assessment method adequate? Positive if the outcome of meniscal tear was confirmed with 

magnetic resonance imaging or arthroscopy.
7. Was the outcome assessed blinded for the exposure status? Positive if the method used was performed in a 

blinded or masked fashion.
8. Was the follow-up period sufficiently long or, in retrospective studies, was the retrospective period sufficiently 

long? Positive if the baseline-to-follow-up time period was at least 1 year or, in retrospective studies, if the time 
period of retrospect was at least 1 year.

9. Could selective loss to follow-up be excluded? Positive if total number of dropouts/loss to follow-up was 20% or 
less or if the nonresponse was not selective (data shown).

10. Were the most important confounders identified and adequately considered in the study design and analysis? 
Positive if appropriate univariate or multivariate techniques were used, such as logistic regression analysis or 
survival analysis for dichotomous outcomes or linear regression analysis for continuous outcomes.

*Negative outcome is presented as –, positive outcome as +, and unclear outcome as ?.

TABLE 3. Methodological Quality Assessment of Studies included in Qualitative Analysis *
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reconstruction surgery were pooled in meta-analysis (Table 4). For the risk factors of body mass 
index (BMI), smoking, alcohol consumption, lifting weights (greater than 50 kg), weight-bearing 
during trauma, and systemic joint laxity based on the Beighton scale, a qualitative analysis was 
conducted (Table 3). Qualitative analysis was necessary when heterogeneity was present or when 
the risk factor was only investigated in 1 study.

Risk Factors
Meta-analysis was conducted for 24 subgroups, categorized according to degenerative meniscal 
tears, acute meniscal tears, and meniscal tears associated with knee laxity. ORs with 95% CIs are 
summarized in Table 4. 

Degenerative Meniscal Tears
Body Mass Index 
Pooling results from 2 articles revealed considerable heterogeneity (I2 = 92%, P = .0004).5,20 
Therefore, we decided to perform a qualitative analysis. In the study by Baker et al,5 subjects with 

Condition/Risk factor OR (95% CI) 

Degenerative meniscal tears
Age (>60 y compared to <60 y) 2.32 (1.80, 3.01)
Gender (male compared to female) 2.98 (2.30, 3.85)
Work-related kneeling or squatting (>1 h compared to <1 h per d) 2.69 (1.64, 4.40)
Sitting (>2 h compared to <2 h per d) 0.68 (0.50, 0.92)
Driving (>4 h compared to <4 h per d) 1.37 (0.94, 1.98)
Standing or walking (>2 h compared to <2 h per d)
Walking (>2 mi compared to <2 mi per d) 1.65 (1.22, 2.24)
Stair climbing (>30 flights compared to <30 flights per d) 2.28 (1.56, 3.31)
Lifting or carrying >10 kg (more than 10 times per wk) 1.89 (1.41, 2.55)
Lifting or carrying >25 kg (more than 10 times per wk) 1.58 (1.15, 2.16)

Acute meniscal tears
Playing soccer (compared to nonsports participants for at least 12 mo prior 
to the onset of symptoms)

3.58 (1.87, 6.86)

Playing rugby (compared to nonsports participants for at least 12 mo prior 
to the onset of symptoms)

2.84 (1.48, 5.45)

Running (compared to nonsports participants for at least 12 mo prior to the 
onset of symptoms)

1.24 (0.74, 2.07)

Swimming (compared to nonsports participants for at least 12 mo prior to 
the onset of symptoms)

1.54 (1.09, 2.17)

Other sports (compared to nonsports participants for at least 12 mo prior to 
the onset of symptoms)

1.60 (1.17, 2.19)

Meniscal tears associated with knee laxity
Time from ACL injury to surgery: medial meniscal tears (>12 mo compared 
with <12 mo from injury to ACL surgery)

3.50 (2.09, 5.88)

Time from ACL injury to surgery: lateral meniscal tears (>12 mo compared 
with <12 mo from injury to ACL surgery)

1.49 (0.94, 2.38)

Abbreviations: ACL, anterior cruciate ligament; CI, confidence interval; OR, odds ratio.

TABLE 4. Summary Table for ORs Provided in Meta-Analysis
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a BMI of 24 to 27 kg/m2 and a BMI greater than 27 kg/m2 were compared to subjects with a BMI less 
than 24 kg/m2. This provided ORs of 2.3 (95% CI: 1.5, 3.4) and 1.7 (95% CI: 1.2, 2.6), respectively. 
Calculating the overall OR for a BMI greater than 24 kg/m2 compared to a BMI less than 24 kg/m2, 
the OR was 5.83 (95% CI could not be calculated). In the study by Englund et al,20 an OR of 1.43 was 
calculated for subjects with a BMI greater than 25 kg/m2 compared to those with a BMI less than 25 
kg/m2. Both studies did not adjust for possible confounders. We conclude that there is moderate 
evidence that a BMI greater than 25 kg/m2 is an important risk factor for degenerative meniscal 
tears. 

Age 
Four of the included articles reported data related to age. Two articles did not provide enough 
information to perform a meta-analysis.61,67 Unfortunately, because we were unable to retrieve this 
information from the corresponding authors, only 2 articles were used in the meta-analysis.20,50 
Pooled analysis revealed that individuals who were over 60 years of age had significantly higher 
odds of developing degenerative meniscal tears than those who were under 60 years of age 

FIGURE 2. Forest plots for age and gender as risk factors for degenerative meniscal tears. The squares 
represent point estimates from each cohort; bigger squares indicate larger samples and the lines are 95% CIs. 
The diamond represents the pooled ratio (vertical tips) and pooled 95% confidence interval (horizontal tips).

Individuals Over 60 Years of Age Compared to Those 60 Years of Age and Under*
Cases Controls

Study Events Total Events Total Weight OR IV, Random (95% CI)
Englund et al20 240 543 110 448 89.1% 2.43 (1.85, 3.20)
Rytter et al50 28 40 60 101 10.9% 1.59 (0.73, 3.49)
Totals 268 583 170 549 100.0% 2.32 (1.80, 3.01)

Abbreviations: CI, confidence interval; IV, instrumental variables estimation; OR, odds ratio.
*Heterogeneity: τ2 = 0.00, χ2 = 1.00, df = 1 (P = .32), I2 = 0%. Test for overall effect: Z = 6.40 (P<.00001).

Gender: Male Compared to Female*
Cases Controls

Study Events Total Events Total Weight OR IV, Random (95% CI)
Bhattacharyya et al7 143 157 36 47 8.7% 3.12 (1.31, 7.45)
Englund et al20 375 426 396 565 56.0% 3.14 (2.23, 4.42)
Taunton et al61 69 926 31 1076 35.2% 2.71 (1.76, 4.19)
Totals 587 1509 463 1688 100.0% 2.98 (2.30, 3.85)

Abbreviations: CI, confidence interval; IV, instrumental variables estimation; OR, odds ratio.
*Heterogeneity: τ2 = 0.00, χ2 = 0.28, df = 2 (P = .87), I2 = 0%. Test for overall effect: Z = 8.32 (P<.00001).
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FIGURE 3. Forest plots for kneeling/squatting, sitting, and driving as risk factors for degenerative meniscal 
tears. The squares represent point estimates from each cohort; bigger squares indicate larger samples and the 
lines are 95% CIs. The diamond represents the pooled ratio (vertical tips) and pooled 95% confidence interval 
(horizontal tips).

Work-Related Kneeling or Squatting Greater Than 1 Hour Per Day Compared to Those With 
No Work-Related Kneeling or Squatting*

Cases Controls
Study Events Total Events Total Weight OR IV, Random (95% CI)
Baker et al5 129 202 129 333 44.3% 2.79 (1.95, 4.01)
Baker et al6 43 67 103 335 33.7% 4.04 (2.33, 7.00)
Rytter et al50 74 92 37 49 21.9% 1.33 (0.58, 3.06)
Totals 246 361 269 717 100.0% 2.69 (1.64, 4.40)

Abbreviations: CI, confidence interval; IV, instrumental variables estimation; OR, odds ratio.
*Heterogeneity: τ2 = 0.11, χ2 = 4.76, df = 2 (P = .09), I2 = 58%. Test for overall effect: Z = 3.94 (P<.0001).

Sitting for More Than 2 Hours Per Day Compared to Sitting Less Than 2 Hours Per Day for at Least 
12 Months Prior to the Onset of Symptoms*

Cases Controls
Study Events Total Events Total Weight OR IV, Random (95% CI)
Baker et al5 112 202 220 333 69.1% 0.64 (0.45, 0.91)
Baker et al6 26 67 150 335 30.9% 0.78 (0.46, 1.34)
Totals 138 269 370 668 100.0% 0.68 (0.50, 0.92)

Abbreviations: CI, confidence interval; IV, instrumental variables estimation; OR, odds ratio.
*Heterogeneity: τ2 = 0.00, χ2 = 0.38, df = 1 (P = .54), I2 = 0%. Test for overall effect: Z = 2.53 (P = .01).

Driving More Than 4 Hours Per Day Compared to Less Than 4 Hours Per Day for at Least 12 Months 
Prior to the Onset of Symptoms*

Cases Controls
Study Events Total Events Total Weight OR IV, Random (95% CI)
Baker et al5 52 202 63 333 78.9% 1.49 (0.98, 2.26)
Baker et al6 8 67 40 335 21.1% 1.00 (0.45, 2.25)
Totals 60 269 103 668 100.0% 1.37 (0.94, 1.98)

Abbreviations: CI, confidence interval; IV, instrumental variables estimation; OR, odds ratio.
*Heterogeneity: τ2 = 0.00, χ2 = 0.73, df = 1 (P = .39), I2 = 0%. Test for overall effect: Z = 1.65 (P = .10).
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(OR = 2.32; 95% CI: 1.80, 3.01). Heterogeneity was considered unimportant (I2 = 0%, P = .32)    
(Figure 2). 

Gender 
Three of the included studies compared the influence of gender on meniscal tears.7,20,61 The results 
indicated an almost 3-fold greater risk for men compared to women for degenerative meniscal tears 
(pooled OR = 2.98; 95% CI: 2.30, 3.85). Heterogeneity was considered unimportant (I2 = 0%, P = .87) 
(Figure 2). 

Work-Related Kneeling or Squatting 
Based on information from 3 articles,5,6,50 pooled data revealed statistically significant evidence 
of an increased risk for degenerative meniscal tears in individuals who performed work involving 
kneeling or squatting more than 1 hour per day compared to those whose work does not involve 
kneeling or squatting (pooled OR = 2.69; 95% CI: 1.64, 4.40). Statistical heterogeneity was 
considered moderate (I2 = 58%, P = .09) (Figure 3). 

Sitting (Greater Than 2 Hours Per Day) 
Two articles5,6 compared individuals who sat more than 2 hours per day with those who sat less than 
2 hours per day, with a resulting OR of 0.68 (95% CI: 0.50, 0.92), indicating that those who sat more 
had a reduced risk of degenerative meniscal tears. Heterogeneity was considered unimportant (I2 = 
0%, P = .54) (Figure 3). 

Driving (Greater Than 4 Hours Per Day) 
Driving more than 4 hours per day compared to less than 4 hours per day for at least 12 months up 
to the onset of symptoms was analyzed in 2 articles.5,6 The analysis yielded a nonsignificant OR of 
1.37 (95% CI: 0.94, 1.98). Heterogeneity was considered unimportant (I2 = 0%, P = .39) (Figure 3). 

Standing or Walking (Greater Than 2 Hours Per Day) 
Based on data from 2 articles,5,6 standing or walking more than 2 hours per day compared to less 
than 2 hours per day for at least 12 months up to the onset of symptoms increased the risk for 
degenerative meniscal tears, with an OR of 1.63 (95% CI: 1.17, 2.27). Heterogeneity was considered 
unimportant (I2 = 0%, P = .64) (Figure 4). 

Walking (Greater Than 2 mi Per Day) 
Meta-analysis from 2 articles5,6 that compared walking more than 2 mi (3.2 km) per day to less than 
2 mi per day for at least 12 months up to the onset of symptoms provided an OR of 1.65 (95% CI: 
1.22, 2.24). Heterogeneity was considered unimportant (I2 = 0%, P = .40) (Figure 4). 

Climbing Stairs (Greater Than 30 Flights Per Day) 
Climbing more than 30 flights of stairs per day compared to less than 30 flights per day for at least 
12 months up to the onset of symptoms was compared in 2 articles.5,6 A statistically significant OR 
of 2.28 (95% CI: 1.56, 3.31) indicated an increased risk for degenerative meniscal tears for those 
climbing more than 30 flights of stairs per day. Heterogeneity was considered unimportant (I2 = 
23%, P = .26) (Figure 4). 
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FIGURE 4. Forest plots for standing, walking, and stair climbing as risk factors for degenerative meniscal 
tears. The squares represent point estimates from each cohort; bigger squares indicate larger samples and the 
lines are 95% CIs. The diamond represents the pooled ratio (vertical tips) and pooled 95% confidence interval 
(horizontal tips).

Standing or Walking More Than 2 Hours Per Day Compared to Less Than 2 Hours Per Day for at 
Least 12 Months Prior to the Onset of Symptoms*

Cases Controls
Study Events Total Events Total Weight OR IV, Random (95% CI)
Baker et al5 161 202 231 333 63.2% 1.73 (1.15, 2.62)
Baker et al6 43 67 184 335 36.8% 1.47 (0.85, 2.53)
Totals 204 269 415 668 100.0% 1.63 (1.17, 2.27)

Abbreviations: CI, confidence interval; IV, instrumental variables estimation; OR, odds ratio.
*Heterogeneity: τ2 = 0.00, χ2 = 0.22, df = 1 (P = .64), I2 = 0%. Test for overall effect: Z = 2.91 (P = .004).

Walking More Than 2 mi Per Day Compared to Less Than 2 mi Per Day for at Least 12 Months Prior 
to the Onset of Symptoms*

Cases Controls
Study Events Total Events Total Weight OR IV, Random (95% CI)
Baker et al5 140 202 185 333 68.7% 1.81 (1.25, 2.61)
Baker et al6 25 67 102 335 31.3% 1.36 (0.79, 2.35)
Totals 165 269 287 668 100.0% 1.65 (1.22, 2.24)

Abbreviations: CI, confidence interval; IV, instrumental variables estimation; OR, odds ratio.
*Heterogeneity: τ2 = 0.00, χ2 = 0.71, df = 1 (P = .40), I2 = 0%. Test for overall effect: Z = 3.22 (P = .001).

Climbing More Than 30 Flights of Stairs Per Day Compared to Less Than 30 for at Least 12 Months 
Prior to the Onset of Symptoms*

Cases Controls
Study Events Total Events Total Weight OR IV, Random (95% CI)
Baker et al5 102 202 94 333 68.3% 2.59 (1.80, 3.73)
Baker et al6 18 67 59 335 31.7% 1.72 (0.93, 3.16)
Totals 120 269 153 668 100.0% 2.28 (1.56, 3.31)

Abbreviations: CI, confidence interval; IV, instrumental variables estimation; OR, odds ratio.
*Heterogeneity: τ2 = 0.02, χ2 = 1.29, df = 1 (P = .26), I2 = 23%. Test for overall effect: Z = 4.29 (P<.0001).
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Lifting or Carrying Heavy Weights (Greater Than 10 kg More Than 10 Times Per Week) 
The effects of lifting or carrying more than 10 kg more than 10 times per week were described in 2 
articles.5,6 Subjects who carried more than 10 kg compared to those who carried less than 10 kg for 
at least 12 months up to the onset of symptoms had 1.89 higher odds of developing degenerative 
meniscal tears (95% CI: 1.41, 2.55). Heterogeneity was considered unimportant (I2 = 0%, P = .36) 
(Figure 5). 

Lifting or Carrying Heavy Weights (Greater Than 25 kg More Than 10 Times Per Week)
Based on the results of 2 articles,5,6 lifting or carrying greater than 25 kg more than 10 times per 
week compared to carrying less than 25 kg for at least 12 months up to the onset of symptoms 
was significantly associated with degenerative meniscal tears (OR = 1.58; 95% CI: 1.15, 2.16). 
Heterogeneity was considered unimportant (I2 = 0%, P = .32) (Figure 5). 

Lifting or Carrying Heavy Weights (Greater Than 50 kg More Than 10 Times Per Week)
Carrying heavy weights more than 50 kg more than 10 times per week compared to less than 50 kg 
for at least 12 months up to the onset of symptoms was only described as a risk factor in 1 article.5 
A statistically significant OR of 3.0 was calculated (95% CI: 1.7, 5.1). This OR was adjusted for BMI, 
joint laxity, and participation in sports, looking at their associations with occupational activities. 
When the OR was also adjusted for social class, it was 2.4 (95% CI: 1.4, 4.2), indicating moderate 
evidence that social class is associated with an increased risk for degenerative meniscal tears. 

Smoking 
One study investigated smoking as a risk factor for degenerative meniscal tears.5 Ex-smokers 
were compared to nonsmokers, which provided a nonsignificant OR of 1.1 (95% CI: 0.7, 1.8). Also, 
current smokers were compared to nonsmokers, which yielded a similar OR of 1.3 (95% CI: 0.8, 2.0). 
Smoking was adjusted for BMI and joint laxity, as the authors of the primary study indicated that 
they were possible confounders.5 We conclude that there is no evidence that smoking is a risk factor 
for meniscal tears. 

Alcohol Consumption 
Based on data from 1 article,5 alcohol consumption of 1 to 14 units per week compared to 0 
units per week had an OR of 0.7 (95% CI: 0.4, 1.3) for degenerative meniscal tears. Consuming 
15 or more units per week compared to 0 units per week yielded an OR of 0.9 (95% CI: 0.5, 1.6). 
Alcohol consumption was adjusted for BMI and joint laxity, as the authors of the primary study 
indicated that they were possible confounders.5 We conclude that there is no evidence that alcohol 
consumption is associated with degenerative meniscal tears. 

In summary, strong evidence for increased risk for degenerative meniscal tears was found for the 
following factors: older age (greater than 60 years), being male, work-related kneeling or squatting, 
and climbing stairs. Strong evidence was also found to suggest that sitting longer than 2 hours per 
day was protective of degenerative meniscal tears. Moderate evidence was found for higher BMI 
(greater than 25 kg/m2), standing, walking, and lifting or carrying heavy weights (greater than 10 kg, 
greater than 25 kg, and greater than 50 kg) as risk factors leading to degenerative meniscal tears. 
We found minimal or no evidence that driving, smoking, and alcohol consumption were associated 
with the incidence of degenerative meniscal tears. 
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FIGURE 5. Forest plots for lifting or carrying as a risk factor for degenerative meniscal tears. The squares 
represent point estimates from each cohort; bigger squares indicate larger samples and the lines are 95% CIs. 
The diamond represents the pooled ratio (vertical tips) and pooled 95% confidence interval (horizontal tips).

Lifting or Carrying More Than 10 kg More Than 10 Times Per Week Compared to Controls for at 
Least 12 Months Prior to the Onset of Symptoms*

Cases Controls
Study Events Total Events Total Weight OR IV, Random (95% CI)
Baker et al5 125 202 146 333 68.8% 2.08 (1.45, 2.97)
Baker et al6 31 67 120 335 31.2% 1.54 (0.91, 2.62)
Totals 156 269 266 668 100.0% 1.89 (1.41, 2.55)

Abbreviations: CI, confidence interval; IV, instrumental variables estimation; OR, odds ratio.
*Heterogeneity: τ2 = 0.00, χ2 = 0.84, df = 1 (P = .36), I2 = 0%. Test for overall effect: Z = 4.23 (P<.0001).

Lifting or Carrying More Than 25 kg More Than 10 Times Per Week Compared to Controls for at 
Least 12 Months Prior to the Onset of Symptoms*

Cases Controls
Study Events Total Events Total Weight OR IV, Random (95% CI)
Baker et al5 78 202 88 333 70.5% 1.75 (1.21, 2.54)
Baker et al6 20 67 86 335 29.5% 1.23 (0.69, 2.20)
Totals 98 269 174 668 100.0% 1.58 (1.15, 2.16)

Abbreviations: CI, confidence interval; IV, instrumental variables estimation; OR, odds ratio.
*Heterogeneity: τ2 = 0.00, χ2 = 1.00, df = 1 (P = .32), I2 = 0%. Test for overall effect: Z = 2.84 (P = .004).
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Acute Meniscal Tears 
Weight-Bearing During Trauma 
The risk factor of weight-bearing during trauma was studied in 1 article.23 When compared to no 
weight-bearing during trauma, weight-bearing during trauma had an OR of 4.5 (95% CI could not be 
computed). There was no adjustment for possible confounders. We conclude that there is moderate 
evidence that weight-bearing during trauma is an important risk factor for acute meniscal tears, 
although it is unclear whether the OR of 4.5 is statistically significant. 

Sport 
Overall, sport seems to be a relevant risk factor for acute meniscal tears. From the information 
provided in 2 articles,5,6 we analyzed the following types of sport separately: soccer, rugby, running, 
swimming, and other sports. The reference group consisted of people who were not exposed to 
sport in the previous 12 months. 

Soccer 
The OR of sustaining acute meniscal tears related to playing soccer was 3.58 (95% CI: 1.87, 6.86). 
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The statistical heterogeneity was considered substantial (I2 = 71%, P = .06). Yet the I2 was lower than 
75%, and, given the inability to perform a subgroup analysis based on 2 articles, a meta-analysis 
was conducted (Figure 6).
 
Rugby 
Although the outcomes of the study by Baker et al5 were not significant, the overall risk of acute 
meniscal tears related to playing rugby was significant, with an OR of 2.84 (95% CI: 1.48, 5.45). 
Statistical heterogeneity is considered not important (I2 = 0%, P = .70) (Figure 6). 

Running 
Pooled data from 2 studies5,6 revealed no statistically significant evidence (OR = 1.24; 95% CI: 0.74, 
2.07) of association with acute meniscal tears. There was no important statistical heterogeneity  
(I2 = 0%, P = .76) (Figure 7). 

Swimming 
Although the 2 primary studies5,6 had barely significant and not significant values, the pooled data 

FIGURE 6. Forest plots for soccer and rugby as risk factors for acute meniscal tears. The squares represent 
point estimates from each cohort; bigger squares indicate larger samples and the lines are 95% CIs. The 
diamond represents the pooled ratio (vertical tips) and pooled 95% confidence interval (horizontal tips).

Soccer Players Compared to Nonsports Participants for at Least 12 Months Prior to the Onset of 
Symptoms*

Cases Controls
Study Events Total Events Total Weight OR IV, Random (95% CI)
Baker et al5 61 202 47 333 53.6% 2.63 (1.71, 4.05)
Baker et al6 36 67 62 335 46.4% 5.11 (2.94, 8.90)
Totals 97 269 109 668 100.0% 3.58 (1.87, 6.86)

Abbreviations: CI, confidence interval; IV, instrumental variables estimation; OR, odds ratio.
*Heterogeneity: τ2 = 0.16, χ2 = 3.44, df = 1 (P = .06), I2 = 71%. Test for overall effect: Z = 3.85 (P = .0001).

Rugby Players Compared to Nonsports Participants for at Least 12 Months Prior to the Onset of 
Symptoms*

Cases Controls
Study Events Total Events Total Weight OR IV, Random (95% CI)
Baker et al5 7 202 5 333 31.6% 2.35 (0.74, 7.52)
Baker et al6 11 67 20 335 68.4% 3.09 (1.41, 6.81)
Totals 18 269 25 668 100.0% 2.84 (1.48, 5.45)

Abbreviations: CI, confidence interval; IV, instrumental variables estimation; OR, odds ratio.
*Heterogeneity: τ2 = 0.00, χ2 = 0.15, df = 1 (P = .70), I2 = 0%. Test for overall effect: Z = 3.13 (P = .002).
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FIGURE 7. Forest plots for running, swimming, and other sports as risk factors for acute meniscal tears. The 
squares represent point estimates from each cohort; bigger squares indicate larger samples and the lines 
are 95% CIs. The diamond represents the pooled ratio (vertical tips) and pooled 95% confidence interval 
(horizontal tips).

Runners Compared to Nonsports Participants for at Least 12 Months Prior to the Onset of 
Symptoms*

Cases Controls
Study Events Total Events Total Weight OR IV, Random (95% CI)
Baker et al5 19 202 27 333 70.2% 1.18 (0.64, 2.18)
Baker et al6 6 67 22 335 29.8% 1.40 (0.54, 3.59)
Totals 25 269 49 668 100.0% 1.24 (0.74, 2.07)

Abbreviations: CI, confidence interval; IV, instrumental variables estimation; OR, odds ratio.
*Heterogeneity: τ2 = 0.00, χ2 = 0.09, df = 1 (P = .76), I2 = 0%. Test for overall effect: Z = 0.82 (P = .41).

Swimmers Compared to Nonsports Participants for at Least 12 Months Prior to the Onset of 
Symptoms*

Cases Controls
Study Events Total Events Total Weight OR IV, Random (95% CI)
Baker et al5 58 202 70 333 73.1% 1.51 (1.01, 2.26)
Baker et al6 14 67 47 335 26.9% 1.62 (0.83, 3.15)
Totals 72 269 117 668 100.0% 1.54 (1.09, 2.17)

Abbreviations: CI, confidence interval; IV, instrumental variables estimation; OR, odds ratio.
*Heterogeneity: τ2 = 0.00, χ2 = 0.03, df = 1 (P = .87), I2 = 0%. Test for overall effect: Z = 2.46 (P = .01).

Participants in Other Sports Compared to Nonsports Participants for at Least 12 Months Prior to 
the Onset of Symptoms*

Cases Controls
Study Events Total Events Total Weight OR IV, Random (95% CI)
Baker et al5 112 202 155 333 67.4% 1.43 (1.01, 2.03)
Baker et al6 38 67 132 335 32.6% 2.02 (1.19, 3.43)
Totals 150 269 287 668 100.0% 1.60 (1.17, 2.19)

Abbreviations: CI, confidence interval; IV, instrumental variables estimation; OR, odds ratio.
*Heterogeneity: τ2 = 0.01, χ2 = 1.12, df = 1 (P = .29), I2 = 11%. Test for overall effect: Z = 2.91 (P = .004).
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revealed a statistically significant outcome for swimming as a risk factor for meniscal tears  
(OR = 1.54; 95% CI: 1.09, 2.17). We found no important statistical heterogeneity (I2 = 0%, P = .87) 
(Figure 7). 

Other Sports 
Unfortunately, the primary studies5,6 did not define what “other sports” included. Nevertheless, an 
OR of 1.60 (95% CI: 1.17, 2.19) would indicate that sport activities are a risk factor for acute meniscal 
tears. Statistical heterogeneity was considered not important (I2 = 11%, P = .29) (Figure 7). 

In summary, strong evidence for an increased risk for meniscal tears was found for the factors of 
playing soccer and playing rugby. Moderate evidence was found for weight-bearing during trauma, 
swimming, and other sports. We found minimal evidence for running as a risk factor. 

Meniscal Tears Associated With Knee Laxity 
Systemic Joint Laxity 
Based on the results of 1 study5 that used the Beighton scale to estimate systemic joint laxity, 
individuals with a score of 1 compared to a score of 0 on the scale had a greater OR for meniscal 
tears (OR = 1.9; 95% CI: 1.2, 3.0). This risk did not rise progressively as scores on the Beighton 
scale increased to 2 and higher (OR = 1.9; 95% CI: 1.3, 2.9). There was no adjustment for possible 
confounders. We found moderate evidence that systemic joint laxity is a risk factor for meniscal 
tears. 

Time From ACL Injury to ACL Surgery: Medial Meniscal Tears 
Eight articles were potentially eligible for our meta-analysis. We were unable to obtain information 
to calculate an OR and to perform meta-analysis for 4 of the articles.1,8,58,62 The remaining 4 
articles14,29,41,67 provided an overall OR of 3.50 (95% CI: 2.09, 5.88) for medial meniscal tears when 
ACL surgery was performed more than 12 months after the ACL injury compared to less than 12 
months after ACL injury. Statistical heterogeneity was considered substantial (I2 = 73%, P = .01) 
(Figure 8). 

Time From ACL Injury to ACL Surgery: Lateral Meniscal Tears 
Four of the 8 relevant articles were also excluded from the meta-analysis due to missing data.1,8,58,62 
The remaining 4 articles provided data for a meta-analysis.14,29,41,67  An overall OR of 1.49 was found 
when ACL surgery was provided more than 12 months after ACL injury compared to less than 
12 months after ACL injury, but it was not statistically significant (95% CI: 0.94, 2.38). Statistical 
heterogeneity was substantial, with an I2 value of 71% (P = .02) (Figure 8). 

In summary, strong evidence for an increased risk for medial meniscal tears was found when time 
between ACL injury and reconstruction surgery was greater than 12 months. Moderate evidence 
was found for systemic joint laxity of 1 or more on the Beighton scale being a risk factor for 
meniscal tears. Minimal to no evidence was found for the amount of time between ACL injury and 
reconstruction surgery being a risk factor associated with lateral meniscal tears.
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DISCUSSION 
We systematically searched the literature for studies that reported risk factors for meniscal 
tears. Eleven studies met our inclusion criteria, of which 10 contributed to meta-analysis and 3 
to qualitative analysis. The conclusions of these analyses were based on a total sample of 7358 
individuals who participated in the 11 studies analyzed. 

This literature review provides strong evidence that age (greater than 60 years), gender (being 
male), work-related kneeling or squatting, and climbing stairs (greater than 30 flights) are risk 
factors for degenerative meniscal tears. Moderate evidence was found for BMI (greater than 25 
kg/m2), walking (greater than 2 mi), standing (greater than 2 hours per day), and lifting or carrying 
heavy weights (greater than 10 kg, greater than 25 kg, greater than 50 kg) as risk factors. There 
was minimal to no evidence for driving (greater than 4 hours per day), smoking, and alcohol 
consumption as risk factors. Finally, there was strong evidence that sitting greater than 2 hours per 
day reduces risks of degenerative meniscal tears. 

FIGURE 8. Forest plots for time between an anterior cruciate ligament injury and reconstruction as a risk 
factor for meniscal tears. The squares represent point estimates from each cohort; bigger squares indicate 
larger samples and the lines are 95% CIs. The diamond represents the pooled ratio (vertical tips) and pooled 
95% confidence interval (horizontal tips).

Medial Meniscus: More Than 12 Months Compared to Less Than 12 Months*
Cases Controls

Study Events Total Events Total Weight OR IV, Random (95% CI)
Church and Keating14 41 80 25 103 24.7% 3.28 (1.75, 6.15)
Kaeding et al29 401 643 538 1298 36.9% 2.34 (1.93, 2.84)
Naranje et al41 18 21 16 29 9.9% 4.88 (1.17, 20.26)
Yüksel et al67 124 156 66 161 28.5% 5.58 (3.38, 9.19)
Totals 584 900 645 1591 100.0% 3.50 (2.09, 5.88)

Abbreviations: CI, confidence interval; M-H, Mantel-Haenszel method; OR, odds ratio.
*Heterogeneity: τ2 = 0.18, χ2 = 11.21, df = 3 (P = .01), I2 = 73%. Test for overall effect: Z = 4.75 (P<.00001).

Lateral Meniscus: More Than 12 Months Compared to Less Than 12 Months*
Cases Controls

Study Events Total Events Total Weight OR IV, Random (95% CI)
Church and Keating14 25 80 22 103 22.1% 1.67 (0.86, 3.26)
Kaeding et al29 323 643 669 1298 37.6% 0.98 (0.81, 1.18)
Naranje et al41 15 21 12 29 11.0% 3.54 (1.07, 11.77)
Yüksel et al67 96 156 78 161 29.3% 1.70 (1.09, 2.66)
Totals 459 900 771 1591 100.0% 1.49 (0.94, 2.38)

Abbreviations: CI, confidence interval; M-H, Mantel-Haenszel method; OR, odds ratio.
*Heterogeneity: τ2 = 0.14, χ2 = 10.25, df = 3 (P = .02), I2 = 71%. Test for overall effect: Z = 1.68 (P = .09).
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For acute meniscal tears, there was strong evidence that playing soccer and playing rugby are 
risk factors. Moderate evidence was found for weight-bearing during trauma, swimming, and 
participation in other sports as risk factors. Finally, there was minimal evidence for running as a risk 
factor for acute meniscal tears. 

The literature investigating the association between joint laxity and the risk of meniscal tears 
indicated that there is moderate evidence linking systemic laxity, rated as a score of 1 or higher on 
the Beighton scale, and an increased incidence of meniscal injuries. There is also strong evidence 
that waiting longer than 12 months between ACL injury and reconstruction surgery is a risk factor 
for tear of the medial meniscus, but there is no evidence of such an association for the lateral 
meniscus. 

Previously, McMillan and Nichols38 described kneeling and squatting as a risk factor for meniscal 
tears in mine workers (25-54 years). In this specific population, a 4-fold higher risk (OR = 4.0, 95% 
CI unknown) was found for meniscal tears compared to the general population. The reported 
prevalence of 10.4% for meniscal tears among miners was presumably caused by kneeling.38 In 
contrast, we found an overall OR for meniscal tears for work-related kneeling and squatting of 2.69 
(95% CI: 1.64, 4.40). This effect estimate is lower than the one reported by McMillan and Nichols,38 
for several reasons. The studies included in the review by McMillan and Nichols38 were also 
identified by our literature search but were excluded in our review because they were not cohort or 
case-control studies,3 or because the age of the participants was not greater than 16 years.54 Also, 
the review by McMillan and Nichols38 focused on risk factors for knee OA as the primary outcome. 
A separate systematic review by Reid et al46 concluded that squatting should be considered an 
occupationally based risk factor, which is consistent with our findings. 

Similar to squatting and kneeling, the other risk factors for degenerative meniscal tears, such as 
lifting or carrying heavy weights and climbing stairs, are likely related to an increased mechanical 
loading on the knee during these activities. Accordingly, our review leads to the conclusion that 
sitting is a protective factor for meniscal tears, which is contrary to the findings by Baker et al,5 who 
reported an increase in risk with driving; however, this might have been, as the authors suggested, a 
spurious finding. 

The present review found moderate evidence for BMI as a risk factor for degenerative meniscal 
tears. Due to the heterogeneity of the data, a qualitative analysis was conducted. When individuals 
with a BMI of 24 to 27 kg/m2 and those with a BMI greater than 27 kg/m2 were separately compared 
to those with a BMI less than 24 kg/m2, the ORs were 2.3 (95% CI: 1.5, 3.4) and 1.7 (95% CI: 1.2, 2.6), 
respectively.5 In another study included in the present systematic review, individuals with a BMI 
greater than 25 kg/m2 had an increased risk for meniscal tears compared to those with a BMI less 
than 25 kg/m2 (OR = 1.43).20 Laberge et al35 found significantly greater prevalence rates of meniscal 
tears (76% and 74%, respectively) in individuals who were overweight (BMI 25-30 kg/m2) or obese 
(BMI greater than 30 kg/m2), compared to 34% in individuals with a BMI less than 25 kg/m2 (P = .03). 
The higher risk reported by Laberge et al35 could be explained by the fact that their population was 
older (45-55 years of age) and, therefore, already had a higher risk for degenerative meniscal tears. 

As expected, we found a significantly increased risk for acute meniscal tears in individuals who 
participated in sports such as rugby (OR = 2.84; 95% CI: 1.48, 5.45) and soccer (OR = 3.58; 95% 
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CI: 1.87, 6.86). This higher risk for meniscal tears may be related to the frequent occurrence of a 
combination of greater weight-bearing stresses and twisting moments occurring on a semiflexed 
knee during such sports.17 In contrast, running, despite the need for greater load absorption by 
the menisci, was not a risk factor.51 This could be explained by the absence of pivoting motion on a 
semiflexed knee during running and the lack of contact with other players. 

Multiple studies have indicated that a longer time between ACL injury and surgical reconstruction 
leads to an increased risk of meniscal tears.12,14,29,30,41,44,67  This literature review is consistent with 
these findings for injuries to the medial, but not the lateral, meniscus. Because the lateral meniscus 
is not as firmly attached to the joint capsule as the medial meniscus, the lateral meniscus is more 
mobile, which may explain this difference.63 

The strengths of this systematic review include a search strategy that made use of 3 electronic 
databases, searching the gray literature, and hand searching the references of all included studies 
without restrictions on language or date of publication. Patients of the primary studies were, except 
for those with ACL injuries, all from the general population or general practice settings. Therefore, 
findings are representative of the general population. All factors reported in this review have 
previously been described in individual studies or in systematic reviews but were never analyzed 
with meta-analysis methods.38,46 

Our systematic review is limited by the fact that most of the findings were derived from a very  
small number of studies. This was, in part, the result of excluding articles based on study  
design3,9,10,12,38,47,49,51-53,63,64,66 and the age of participants.13,30,31,36,37,40,44,54,57,60 For a factor to be 
considered as a “risk” for meniscal tears, the prospective and retrospective period of exposure to 
the risk had to be sufficiently long. A plausible time of exposure is necessary for a causal  
relationship between risk factor and meniscal tear, according to the criteria for causality by Hill.28 
Therefore, we excluded cross-sectional studies. Also, we set strict inclusion and exclusion criteria 
on age, as other factors may be associated with an increased risk for meniscal tears in children 
compared to adolescents and adults.2 

The results of this systematic review may be helpful in better understanding the factors that lead 
to meniscal tears. Also, these risk factors can be used to design preventive strategies for knee 
OA. To improve the diagnostic accuracy of meniscal pathology, it could be beneficial to consider 
risk factors. We recommend that future studies assess whether combining these risk factors with 
clinical diagnostic tests could improve accuracy in the diagnosis of meniscal tears. 

CONCLUSION 
For degenerative meniscal tears, this literature review provides strong evidence that age (greater 
than 60 years), gender (being male), work-related kneeling or squatting, and climbing stairs (greater 
than 30 flights) are risk factors for meniscal tears. Also, there was strong evidence that sitting 
greater than 2 hours per day may reduce the risk of degenerative meniscal tears. For acute meniscal 
tears, there was strong evidence that playing soccer and playing rugby are risk factors. There was 
also strong evidence that waiting more than 12 months between ACL injury and reconstruction 
surgery is a risk factor for a tear of the medial meniscus.
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STUDY DESIGN: Diagnostic accuracy study using a cross-sectional design.

OBJECTIVES: To determine the interexaminer reliability and the diagnostic 
accuracy in primary care of 1 existing weight-bearing meniscal test, the Thessaly 
test, 1 new weight-bearing test, the Deep Squat test, and 1 non-weight-bearing 
test, the joint-line tenderness test.

BACKGROUND: Meniscal tears are difficult to detect in primary care. Although 
valuable in secondary care, weight-bearing physical examination tests require 
validation in primary care in unselected patients.

METHODS: Between October 2009 and December 2013, 121 patients (age range, 
18-65 years) seen in primary care and suspected of having internal derangement of 
the knee of less than 6 months in duration were included in the study. Diagnostic 
accuracy of the 3 meniscal tests was determined based on assessment with 
magnetic resonance imaging. The meniscal tests were performed by 3 trained 
physical therapists, who were not informed about the patient history and magnetic 
resonance imaging results. Each test was performed independently by 2 of the 3 
trained physical therapists in alternating pairs.

RESULTS: The Thessaly test and the Deep Squat test had a moderate level of 
interexaminer reliability, with kappas of 0.54 and 0.46, respectively. The joint-line 
tenderness test had poor interexaminer reliability and was therefore not assessed 
for diagnostic accuracy. The following results are reported separately for both 
examiners. The Thessaly test had a sensitivity of 66.7% (95% confidence interval 
[CI]: 53.0%, 78.0%) and 51.2% (95% CI: 36.8%, 65.4%), a specificity of 37.9% (95% 
CI: 27.2%, 50.0%) and 43.5% (95% CI: 30.2%, 57.8%), a positive likelihood ratio of 
1.07 (95% CI: 0.82, 1.41) and 0.91 (95% CI: 0.62, 1.33), and a negative likelihood 
ratio of 0.88 (95% CI: 0.54, 1.45) and 1.12 (95% CI: 0.72, 1.76). Similarly, the Deep 
Squat test had a sensitivity of 74.5% (95% CI: 61.1%, 84.5%) and 76.7% (95% CI: 
62.3%, 86.9%), a specificity of 42.4% (95% CI: 31.2%, 54.4%) and 36.2% (95% CI: 
24.0%, 50.5%), a positive likelihood ratio of 1.29 (95% CI: 0.97, 1.68) and 1.20 (95% 
CI: 0.92, 1.58), and a negative likelihood ratio of 0.60 (95% CI: 0.35, 1.04) and 0.64 
(95% CI: 0.33, 1.25).

CONCLUSION: Although the Thessaly and Deep Squat tests have a moderate 
level of reliability, neither test is sufficiently accurate to help in the diagnosis of 
meniscal tears in primary care. Future research should focus on other relevant 
patient variables instead of on physical examination tests in the detection of 
meniscal tears.

ABSTRACT
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In the UK, 15% of general practitioner (GP) consultations are related to musculoskeletal disorders.8 
In the Netherlands, knee injuries are the second most common musculoskeletal condition that 
requires a GP consultation (48 out of 1000 consultations per year). The incidence of consultations 
related to meniscal tears is 2 per 1000 annually.10 In the short term, meniscal tears lead to disability 
in daily functioning, absenteeism from work, and inability to perform sports.2 In the long term, 
meniscal tears may lead to knee osteoarthritis.11 Meniscal tears are difficult to detect in primary 
care.14,15,30 More accurate diagnosis of knee disorders in primary care would enable GPs to more 
accurately refer patients with a high index of suspicion of internal derangement to secondary care, 
or to provide conservative treatment for patients with a low suspicion of internal derangement.7,8 
Both strategies aim to get the patients back to their normal level of functioning as quickly as 
possible.11,26 

An accurate early diagnosis of meniscal tears is important. The joint-line tenderness test (JLT), 
McMurray test, and Apley test are the clinical tests most often used to detect meniscal tears in 
primary care.21 However, several studies have concluded that these non-weight-bearing tests 
performed by the examiner have limited diagnostic accuracy.1,21,23,27,28,31 A recent meta-analysis 
by Ockert et al23 found that the JLT test, McMurray test, and Apley test had a sensitivity of 64%, 
51%, and 38%, respectively, and a specificity of 61%, 78%, and 84%, respectively. Radiological 
confirmation with magnetic resonance imaging (MRI) scan is typically required for accurate 
diagnosis.6,25,32 Magnetic resonance imaging has been reported to have a sensitivity of 91.4% and 

BACKGROUND



58

a specificity of 81.1% for the diagnosis of medial meniscal tears, and a sensitivity of 88.8% and 
specificity of 76% for lateral meniscal tears.6 While the use of MRI may assist in the diagnosis and 
management of patients with knee pathologies seen in primary care,8 MRI is too expensive to be 
used as the first-option diagnostic procedure. Therefore, clinical tests to help determine the need 
for imaging are warranted.7 

The use of more sensitive physical examination tests in primary care could improve the 
management of patients with knee pathologies by GPs.7,23,30,32 Weight-bearing tests have been 
proposed to counter the short comings of non-weight-bearing tests, in particular their limited 
sensitivity. With weight-bearing tests, such as the Thessaly test, the menisci are compressed by the 
patient’s body weight while performing rotation of the knee, a movement suggested to mimic a 
common mechanism of injury for the menisci.15,29 

Previous studies have shown that the Thessaly test is more reproducible than non-weight-bearing 
tests, with kappa coefficients exceeding 0.85.14,15 The same studies reported accuracy measures 
with sensitivity and specificity greater than 90%.14,15 However, these studies were on selected 
patients awaiting arthroscopy, with healthy individuals as controls, and the results are therefore 
subject to spectrum bias.18 In primary care, the accuracy of such tests may be lower due to less 
contrast among study participants, all individuals having knee symptoms/ pathologies.14,18,28 

Therefore, the purpose of this study was to estimate the inter-examiner agreement and diagnostic 
accuracy of 2 weight-bearing tests (the Thessaly test and the Deep Squat test14,15,23,28,30) and 1 non-
weight-bearing test (JLT test) for the detection of meniscal tears in primary care.

METHODS 
Procedure
Using a cross-sectional design, the results of 3 meniscal tests (index tests) were compared to those 
of MRI (reference test). Twenty-four GPs from 12 clinics and 28 physical therapists (PTs) from 3 
clinics from the cities of Leiden, Leiderdorp, and Voorschoten, the Netherlands were asked to 
refer patients fulfilling inclusion and exclusion criteria to our research centers (Figure 1). Magnetic 
resonance imaging generally took place within 2 weeks of performing the meniscal tests, with the 
maximum duration between clinical tests and MRI being 5 weeks. To avoid partial verification, MRI 
was performed for every participant, irrespective of the index test results. Depending on planning 
and scheduling of the medical center performing the imaging, MRI could be performed before or 
after the meniscal tests. 

Participants were screened for inclusion and exclusion criteria and enrolled in the study after giving 
their written informed consent. Subsequently, baseline demographic characteristics were recorded 
and the meniscal tests were conducted by 3 trained PTs in 1 of the research centers, who were 
blinded to the participants’ baseline characteristics and history of knee symptoms. From the 30th 
participant onward, each test was performed independently by 2 of the 3 PTs in alternating pairs to 
evaluate inter-examiner agreement. At each research center, the tests were performed by the same 
selected PTs. The meniscal tests were performed independently and without knowledge of the 
test results from the other examiners or knowledge of the MRI results. Test results were recorded 
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FIGURE 1. Flow chart of the recruitment process
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Abbreviations: JLT, joint-line tenderness test; MRI, magnetic resonance imaging; MT, meniscus tear.
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FIGURE 2. Thessaly test FIGURE 3. Joint-line tenderness test

on identical but separate knee report forms. The participants were not told whether the test 
results were positive or negative. For the MRI scan, the radiologist recorded the results on a knee 
report form that was sent to the primary investigator (B.S.). The radiologist was blinded to patient 
history and meniscal clinical test results. The Dutch medical ethics authority Centrale Commissie 
Mensgebonden Onderzoek approved the study protocol and provided ethical approval.

Participants
The inclusion criteria were that participants had to be between 18 and 65 years of age, to have 
knee symptoms for less than 6 months, and to be suspected of having internal derangement of 
the knee, based on the Dutch GP guidelines for non-traumatic and traumatic knee problems.3,4 
Potential participants could not have had a radiographic evaluation of their knee within the previous 
6 months and were excluded if they underwent knee arthroplasty or other surgical interventions 
for the knee joint in the past. The exclusion criteria also included all MRI contraindications (eg, 
pacemaker, claustrophobia, intracranial aneurysm clips, or orbital metallic foreign body).

Test procedure
We evaluated 2 existing tests for meniscal tears (the Thessaly test and JLT test) and 1 newly 
introduced test (the Deep Squat test), which was specifically designed to have high sensitivity to 
help in the diagnosis of meniscal tears. 

Thessaly Test 
The Thessaly test is performed with the patient standing flatfooted on the affected limb, with the 
knee in 20° of flexion (Figure 2).15 With the examiner holding the patient’s hands, the patient rotates 
the knee and body 3 times in each direction, while keeping the knee in 20° of flexion. The test is 
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always performed initially on the unaffected knee, enabling the patient to recognize a possible 
positive result in the symptomatic knee when questioned about symptoms during and following 
the test. The test is positive if the patient experiences medial or lateral joint-line discomfort or has a 
sense of locking or catching. 

Joint-Line Tenderness Test 
The examiner passively positions the knee joint in 90° of flexion (Figure 3) before systematically 
palpating the tibiofemoral joint line for the presence of tenderness.12 For the medial meniscus, 
palpation is performed starting near the medial border of the patellar tendon, following the 
tibiofemoral joint line toward the posterior aspect of the knee. The same technique is used on the 
lateral aspect of the knee for the lateral meniscus. A positive test result is defined as a local area of 
tenderness that exceeds normal discomfort when compared to the unaffected knee. 

Deep Squat Test 
The Deep Squat test is based on the biomechanical theory that a Deep Squat increases the 
compression of the posterior horn of the meniscus, causing knee pain in the presence of a torn 
meniscus (Figure 4).20,28 The Deep Squat test is performed with the patient standing flatfooted on 
the floor. The patient squats as deeply as possible while the examiner holds the patient’s hands for 
balance. The test is considered positive if the patient experiences internal knee pain during flexion 
or a sense of locking.

MRI as Reference Standard 
The MRI scans were performed in 2 different hospitals, the Rijnland Ziekenhuis in Leiderdorp and 
the Rode Kruis Ziekenhuis in Beverwijk, the Netherlands. The scanning protocol at the Rijnland 
Ziekenhuis, using a 1.5-T Achieva or Ingenia system (Koninklijke Philips NV, Eindhoven, the 

Netherlands), consisted of a sagittal 
T2-weighted sequence, a sagittal 
proton density (PD)-weighted 
sequence, a coronal PD-weighted 
sequence, and a coronal PD-weighted 
sequence with fat suppression. The 
scanning protocol at the Rode Kruis 
Ziekenhuis, using a 1.5-T Philips 
Intera system (Koninklijke Philips NV), 
consisted of a sagittal PD-weighted 
sequence and an axial and coronal 
PD-weighted sequence with fat 
suppression. Two radiologists with 
more than 8 years of experience with 
musculoskeletal MRI interpreted all 
MRI films. 

A positive diagnosis for meniscal 
pathology was based on the 
appearance of any meniscal tear or 
detachment of the meniscus from its 

FIGURE 4. Deep Squat test
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Characteristic Overall
(n = 121)

Meniscal Tear
Based on MRI

(n = 52)

No Meniscal 
Tear Based on 

MRI (n = 69)
P Value

Age, y 43.2 ± 12.2 46.4 ± 11.4 40.8 ± 12.2 .01
Sex (male), n (%) 68 (56) 39 (75) 29 (42) <.001
Mass, kg 81.8 ± 15.2 85.0 ± 11.9 79.2 ± 17.0 .03
Height, m 1.76 ± 0.10 1.80 ± 0.08 1.74 ± 0.10 .003
Body mass index, kg/m2 26.1 ± 4.0 26.3 ± 3.0 25.9 ± 4.6 .69
Pain severity, VAS† 49.4 ± 25.9 42.5 ± 24.3 54.6 ± 26.1 .01
Duration of symptoms,  
      wk‡

7.0 (0.5-27.0) 7.5 (0.5-27.0) 5.0 (1.0-27.0) .90

Symptom side (right),  
      n (%)

62 (51) 27 (52) 35 (51) .78

Performing sports (yes),  
      n (%)

93 (77) 44 (85) 49 (71) .08

Weight-bearing during  
      trauma (yes),  
      n (%)

41 (34) 25 (48) 16 (23) .001

Work-related kneeling or  
      squatting more than  
      1h/d (yes), n (%)

34 (28) 17 (33) 17 (25) .33

Pain during passive  
      extension (yes), n (%)

79 (65) 36 (69) 43 (62) .431

Mechanism of injury, n (%) .775
       Unknown 42 (35) 14 (27) 28 (41)
       (Rotation) trauma 48 (40) 24 (46) 24 (35)
       After sports 31 (26) 14 (27) 17 (25)
Effusion, n (%)§ .068
       No effusion 44 (36) 11 (21) 33 (48)
       Effusion+ 66 (55) 36 (69) 30 (44)
       Effusion++ 11 (9) 5 (10) 6 (9)
Locking (yes), n (%) 30 (25) 8 (15) 22 (32) .04
Giving way (yes), n (%) 70 (58) 32 (62) 38 (55) .47

Abbreviations: MRI, magnetic resonance imaging; VAS, visual analogue scale.
*Values are mean ± SD unless otherwise indicated.
†Zero means no pain and 100 means worst pain possible for pain in the previous week.
‡Values are median (minimum-maximum).
§Effusion+, minimal displacement of effusion with ballottement test; effusion++, significant
displacement of effusion with ballottement test.

TABLE 1. Participant Baseline Characteristics*

supportive structures. If no abnormalities on MRI were found, this was classified as a normal, intact 
meniscus. The radiologist was not informed of the findings from the physical examination. 

Statistical Analysis 
Absolute and relative frequencies were used to summarize categorical patient characteristics. 
Normally distributed numerical data were summarized using means and standard deviations. Data 
not normally distributed were summarized using medians and interquartile scores. 
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To evaluate inter-examiner agreement, kappa (κ) statistics were calculated separately for each 
test.5 In addition, to determine the level of agreement between the 3 clinical tests, kappa statistics 
comparing positive and negative results of one test versus the results of another test were 
calculated based on the results of the first examiner.5 The agreement between test procedures was 
performed for all test combinations. 

Only the clinical tests with at least a moderate level of inter-examiner agreement (κ>0.40) 
were analyzed further for diagnostic accuracy.5,24 Diagnostic accuracy of the individual tests 
was evaluated against the MRI results and quantified using sensitivity and specificity rates,9,16 
which were calculated separately for the medial and lateral meniscus, as well as for both menisci 
combined. Positive and negative predictive values and likelihood ratios were used to compute 
posttest probability for a meniscal tear.9,16 As test results were obtained from 2 examiners, 
the sensitivity, specificity, and predictive values for each examiner were calculated separately. 
Diagnostic odds ratios (DORs) for overall accuracy of a meniscal test were obtained using univariate 
logistic regression analysis.9,16 All analyses were performed using the statistical program SPSS 
Version 20.0 (SPSS Inc, Chicago, IL). 

RESULTS
Study Population
We recruited 121 participants between October 2009 and December 2013 (Figure 1). Baseline 
characteristics of those participants are summarized in Table 1. Magnetic Resonance Imaging (MRI) 
results indicated that there were 69 participants without and 52 with a meniscal tear. Of the 93 
participants who engaged in sporting activities, 31 (33%) were involved in contact sports. Thirty-four 
(28%) participants performed work activities that involved more than 1 hour per day of kneeling or 
squatting. Seventy-one participants (59%) had a body mass index greater than 25 kg/m2. 

The data in Table 1 show statistically significant differences between those with and without 
meniscal tears for age (46.4 versus 40.8 years), sex (75% versus 42% male), mass (85.0 versus 79.2 
kg), height (1.80 versus 1.74 m), pain severity (42.5 versus 54.6 on a 100-mm visual analog scale), 
engaging in sports (84.6% versus 71.0%), weight-bearing during trauma (48.1% versus 23.2%), and a 
history of knee locking (15.4% versus 31.9%). The median duration of symptoms before participants 
consulted a GP or PT was 7 weeks (range, 0.5-27 weeks). 

MRI Results 
The median time between the clinical meniscal tests and the MRI was 4 days, with the MRI as 
many as 25 days before to 38 days after the clinical examination. The MRI scan revealed that 41 
participants had medial meniscal tears (78.8% of the tears) and 11 participants had lateral meniscal 
tears (21.2% of the tears). Of all participants with meniscal tears, 9 (17.3%) also had a cruciate 
ligament tear. Five of the 14 participants with a cruciate ligament tear had an isolated injury to the 
cruciate ligament (Table 2).

Inter-Examinar Agreement of Meniscal Tests 
As indicated in the Methods section, the second examiner was added starting with the 30th 
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participant. In addition, for the Thessaly and Deep Squat tests, the results for 4 participants 
could not be interpreted and were consequently excluded. Therefore, inter-examiner agreement 
results for the JLT test were from 92 participants and those for the Thessaly and Deep Squat tests 
were from 88 participants (Tables 3 through 6). The Thessaly test had the highest inter-examiner 
agreement (κ = 0.54), followed by the Deep Squat test (κ = 0.46). The JLT test had poor reliability  
(κ = 0.17). 

Agreement Between Clinical Tests 
The level of agreement between clinical tests was based on the results from the first examiner, with 
a total of 114 and 117 participants. The level of agreement between the clinical tests was poor  
(Table 7). 

Diagnostic Accuracy of Meniscal Tests 
The levels of agreement between MRI test results and meniscal tear test results, with their 
associated test accuracy parameters (sensitivity, specificity, positive predictive values, negative 
predictive values, and DORs), are provided in Tables 8 and 9 for both examiners separately. 

For the Thessaly test for both meniscal tears, sensitivity was 66.7% (95% confidence interval [CI]: 

Characteristic Value *
Median (minimum-maximum) duration of symptoms, wk 7 (0.5-27)
Median (minimum-maximum) duration between meniscal clinical tests and MRI, d 4 (–25 to 38)
Meniscal tears† 52 (43.0)

Medial meniscus 41 (78.8)
Lateral meniscus 11 (21.2)
Anterior horn 5 (9.6)
Posterior horn 41 (78.8)
Combination of CL and meniscal tear 9 (17.3)
Combination of chondropathy and meniscal tear 20 (38.4)

CL tears‡ 14 (11.6)
Isolated ACL tears 3 (21.4)
Isolated PCL tears 2 (14.3)

Chondropathy in medial and lateral compartment 31 (25.6)
Participants with chondropathy for all those without meniscal tears 16 (23.2)
Patellofemoral chondropathy 7 (5.8)
No knee pathology 42 (34.7)

Abbreviations: ACL, anterior cruciate ligament; CL, cruciate ligament; MRI, magnetic resonance
imaging; PCL, posterior cruciate ligament.
*Values are n (%) unless otherwise indicated.
†Participants could have more than 1 condition.
‡Nine of the 14 participants had concurrent injuries.

TABLE 2. Results of Magnetic Resonance Imaging (n = 121)
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53.0%, 78.0%) and 51.2% (95% CI: 36.8%, 65.4%), specificity was 37.9% (95% CI: 27.2%, 50.0%) 
and 43.5% (95% CI: 30.2%, 57.8%), positive likelihood ratio was 1.07 (95% CI: 0.82, 1.41) and 0.91 
(95% CI: 0.62, 1.33), and negative likelihood ratio was 0.88 (95% CI: 0.54, 1.45) and 1.12 (95% CI: 
0.72, 1.76) for examiners 1 and 2, respectively. For a medial meniscal tear, sensitivity was 65.9% 
(95% CI: 51.1%, 78.1%) for examiner 1 and 50.0% (95% CI: 34.5%, 65.5%) for examiner 2; for a 
lateral meniscal tear, sensitivity was 72.7% (95% CI: 43.4%, 90.3%) for examiner 1 and 54.5% (95% 
CI: 28.0%, 78.7%) for examiner 2. Given a positive clinical test result, for both meniscal tears, the 
probability increased from 43.6% to 45.3% for examiner 1 and decreased from 48.3% to 45.8% for 
examiner 2. Given a negative clinical test result, the probability for a meniscal tear decreased to 
40.5% for examiner 1 and increased to 51.2% for examiner 2. 

For the Deep Squat test for both meniscal tears, sensitivity was 74.5% (95% CI: 61.1%, 84.5%) 
and 76.7% (95% CI: 62.3%, 86.9%), specificity was 42.4% (95% CI: 31.2%, 54.4%) and 36.2% (95% 
CI: 24.0%, 50.5%), positive likelihood ratio was 1.29 (95% CI: 0.97, 1.68) and 1.20 (95% CI: 0.92, 
1.58), and negative likelihood ratio was 0.60 (95% CI: 0.35, 1.04) and 0.64 (95% CI: 0.33, 1.25) for 
examiners 1 and 2, respectively. For a medial meniscal tear, sensitivity was 72.7% (95% CI: 58.1%, 
83.7%) for examiner 1 and 72.2% (95% CI: 56.0%, 84.2%) for examiner 2; for a lateral meniscal tear, 
sensitivity was 81.8% (95% CI: 52.3%, 94.9%) for examiner 1 and 90.9% (95% CI: 62.3%, 98.4%) for 
examiner 2. Given a positive clinical test result, for both meniscal tears, the probability increased 
from 43.5% to 50.0% for examiner 1 and from 47.7% to 52.4% for examiner 2. Given a negative 
clinical test result, the probability of a meniscal tear decreased to 31.7% for examiner 1 and 37.0% 
for examiner 2. 

In univariate analysis, DOR was measured for the association between the test result and the 
presence of a meniscal tear (Tables 8 and 9). The Deep Squat test was not significantly associated 
with the presence of a meniscal tear (DOR = 2.15; 95% CI: 0.97, 4.78 for examiner 1 and DOR = 1.87; 
95% CI: 0.74, 4.71 for examiner 2).

DISCUSSION 
Our study suggests that 2 weight-bearing tests for meniscal tears, the Thessaly test and the Deep 
Squat test, have moderate inter-examiner agreement. Because the JLT test has poor inter-examiner 
agreement, it was not further analyzed for accuracy.24 The level of agreement between the Thessaly 
and Deep Squat tests was poor. 

With low diagnostic accuracy, as reflected by positive likelihood ratios and negative likelihood 
ratios around 1, the Thessaly test could not predict a meniscal tear for patients seen in primary 
care. The likelihood ratios of the Deep Squat test indicated only a small and nonsignificant change 
in the probability that participants had or did not have a meniscal tear after a positive or negative 
test result. Therefore, the Deep Squat test alone is not sufficiently accurate to detect or rule out 
meniscal tears in primary care.9 

Contrary to previous studies that have reported sensitivity and specificity rates exceeding 90%,14,15 
we observed a much lower sensitivity and specificity for the weight-bearing Thessaly test in our 
primary care sample (less than 68% and less than 44%, respectively). Differences may be explained 
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TABLE 3. Inter-Examiner Agreement of the Clinical Tests

TABLE 6. Interexaminer Agreement for the Joint-Line Tenderness Test (n = 92)

TABLE 7. Level of Agreement Between Clinical Tests*

TABLE 4. Interexaminer Agreement for the Thessaly Test (n = 88)

TABLE 5. Interexaminer Agreement for the Deep Squat Test (n = 88)

Test Kappa *
Thessaly test (n = 88) 0.54 (0.37, 0.72)

Deep Squat test (n = 88) 0.46 (0.26, 0.65)

Joint-line tenderness test (n = 92) 0.17 (–0.02, 0.36)

*Values in parentheses are 95% confidence interval.

Positive JLT: 
Examiner 1

Negative JLT: 
Examiner 1 Total

Positive JLT: examiner 2 44 9 53

Negative JLT: examiner 2 26 13 39

Total 70 22 92

Abbreviation: JLT, joint-line tenderness test.

Test Kappa † Agreement
Deep Squat versus Thessaly test (n = 114) 0.10 (–0.09, 0.29) Poor

Deep Squat versus Joint-line tenderness test (n = 117) 0.14 (–0.04, 0.32) Poor

Joint-line tenderness test versus Thessaly test (n = 117) 0.18 (0.00, 0.36) Poor

*Results based on the first examiner.
†Values in parentheses are 95% confidence interval.

Positive Thessaly:
Examiner 1

Negative Thessaly: 
Examiner 1 Total

Positive Thessaly: examiner 2 38 11 49

Negative Thessaly: examiner 2 9 30 39

Total 47 41 88

Positive Deep Squat: 
Examiner 1

Negative Deep Squat: 
Examiner 1 Total

Positive Deep Squat: examiner 2 49 9 58

Negative Deep Squat: examiner 2 12 18 30

Total 61 27 88
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by the spectrum of participants in these earlier studies. Differences in patient spectrum and referral 
filter may lead to overestimation of the sensitivity and specificity of a test.18 In these previous 
studies, the knees of individuals already awaiting arthroscopy were compared to the knees of 
healthy individuals15 or to the healthy, noninjured knee of the injured participants,14 which might 
have resulted in overestimation of the test accuracy.18 Later studies performed in secondary care 
reported lower sensitivity and specificity rates for the Thessaly test.13,17,22 In our primary care setting 
with unselected patients, we observed substantially lower accuracy of the meniscal tests. 

Compared to the Thessaly test, the Deep Squat test was more sensitive as a screening test for 
meniscal tears in our primary care sample. However, with small and nonsignificant likelihood ratios 
and a nonsignificant DOR, the Deep Squat test seemed insufficient to detect or rule out meniscal 
tears.9 Various authors have suggested that a single test cannot predict meniscal tears and that a 
combination of tests should be used.17,19,26-28 Unfortunately, the modest accuracy and reproducibility 
of the 2 tests observed in our study suggest that combining the Thessaly and Deep Squat tests 
would not improve prediction. 

To improve prediction, variables that describe important differences between participants with and 
without meniscal tears from this study could be used for that purpose. For example, participants 
with and without meniscal tears differed in age, sex, body mass index, sports participation, 
and weight-bearing status during trauma. These findings are consistent with the results of an 
earlier systematic review on the risk factors for meniscal tears.29 In contrast to the findings of 
the previously published review, the present study found that work-related kneeling or squatting 
were equally reported by participants with and without meniscal tears. This may be because no 
information on the duration in years of work-related kneeling or squatting was collected and, 
therefore, could not be adjusted for. 

There are several limitations in this study. First, MRI was used as a reference standard, not 
arthroscopy, as it was unethical to perform arthroscopy in unselected individuals in primary care. 
Although arthroscopy is more accurate, we considered MRI to be a valid alternative because of 
its reported accuracy.6 However, the use of MRI could have led to more false-positive and false-
negative results. To evaluate the influence of MRI on the interpretation of the results, we requested 
arthroscopy reports of all participants who underwent knee surgery. Of 41 identifiable participants 
who received arthroscopy after MRI (34%), only 4 had a meniscal tear identified with arthroscopy 
that was not identified with MRI. For 3 of these 4 participants, the Deep Squat test yielded positive 
test results, and for 1 participant the Thessaly test was positive. All participants who underwent 
arthroscopy had a meniscal tear. 

Second, the assessment of pain could have limited the findings. A typical finding was that 
participants with meniscal tears reported less pain at baseline than those without meniscal tears. 
Those with meniscal tears had a longer duration of pain (median, 7.5 weeks versus 5 weeks). As 
participants were asked to rate their pain in the previous week on the visual analog scale, their pain 
might have already diminished at the time of inclusion. Therefore, most participants with meniscal 
tears who were included in this study had a prolonged duration of knee symptoms. Another typical 
finding was that relatively fewer participants with meniscal tears experienced locking of the knee 
than participants without meniscal tears, which is in contrast to other reports.19,31 One possible 
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TABLE 8. Diagnostic Accuracy Statistics for the Thessaly Test*

TABLE 9. Diagnostic Accuracy Statistics for the Deep Squat Test*

Examiner Rater 1 (n = 117) Examiner Rater 2 (n = 89)
Sensitivity, % 66.7 (53.0, 78.0) 51.2 (36.8, 65.4)

Specificity, % 37.9 (27.2, 50.0) 43.5 (30.2, 57.8)

PPV, % 45.3 (34.6, 56.6) 45.8 (32.6, 59.7)

NPV, % 59.5 (44.5, 73.0) 48.7 (34.3, 63.5)

Diagnostic OR 1.22 (0.57, 2.62) 0.81 (0.35, 1.86)

Positive LR 1.07 (0.82, 1.41) 0.91 (0.62, 1.33)

Negative LR 0.88 (0.54, 1.45) 1.12 (0.72, 1.76)

Abbreviations: LR, likelihood ratio; NPV, negative predictive value; OR, odds ratio; PPV, positive 
predictive value.
*Values in parentheses are 95% confidence interval.

Examiner Rater 1 (n = 117) Examiner Rater 2 (n = 90)
Sensitivity, % 74.5 (61.1, 84.5) 76.7 (62.3, 86.9)

Specificity, % 42.4 (31.2, 54.4) 36.2 (24.0, 50.5)

PPV, % 50.0 (39.0, 61.0) 52.4 (40.3, 64.2)

NPV, % 68.3 (53.0, 80.4) 63.0 (44.2, 78.5)

Diagnostic OR 2.15 (0.97, 4.78) 1.87 (0.74, 4.71)

Positive LR 1.29 (0.97, 1.68) 1.20 (0.92, 1.58)

Negative LR 0.60 (0.35, 1.04) 0.64 (0.33, 1.25)

Abbreviations: LR, likelihood ratio; NPV, negative predictive value; OR, odds ratio; PPV, positive predictive value.
*Values in parentheses are 95% confidence interval.

explanation is that participants might not have interpreted the question correctly during history 
taking. Another possible explanation is that the finding was due to chance. 

Third, we asked GPs and PTs to refer participants according to the inclusion and exclusion criteria 
but could not be sure if the referrals were consecutive. For example, some participants with more 
severe knee complaints might have been directly referred for MRI by their GP, and were therefore 
not included in our study. This might have led to a lower contrast between participants with and 
without meniscal tears, and therefore to an underestimation of test accuracy. 

Due to the planning and organization of the involved hospital, the MRI scan could have been 
performed before the participants underwent the meniscal tests. Although we asked participants to 
remain unaware of their MRI results before undergoing the meniscal tests, 2 of them were aware of 
their MRI results before the meniscal tests. The examiner who performed the meniscal tests and the 
investigator who recorded the clinical characteristics were blinded to the MRI results. 
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For some participants, the MRI could have been performed more than 2 weeks before or after the 
meniscal clinical tests. The decision to limit the time of the MRI to within 2 weeks before or after the 
meniscal test was to prevent biased test results due to disease progression. However, the median 
delay for receiving MRI was only 4 days, and the few participants who had longer delays could not 
have influenced the results significantly. 

The results of one test could have been influenced by another test. If a test provoked symptoms on 
the affected knee, the examiner who performed the test had to wait until the symptoms resolved 
(eg, pain, locking) before the second examiner performed a test. However, we cannot rule out that 
the provocation of one test could have led to a positive result on another test. Nevertheless, this 
was equally likely for every test result, as tests were randomly performed. 

Finally, for the reliability analysis, our sample size was reduced, as the second examiner for every 
test was added from the 30th participant. So, 88 participants had all tests performed effectively 
by 2 examiners. The decision to analyze results for the 2 examiners separately resulted in wider CIs 
than would have been observed with pooled results. Precision would have improved if analyses had 
been performed on the pooled data.

CONCLUSION 
Our study suggests that 2 weight-bearing tests for meniscal tears, the Thessaly test and the Deep 
Squat test, have moderate inter-examiner agreement. Agreement between these tests was poor. 
For the Thessaly test as well as the Deep Squat test, diagnostic accuracy values were poor, which 
indicated that both tests were not sufficiently accurate to detect or rule out meniscal tears in 
primary care. Future research should focus on other relevant patient variables instead of physical 
examination tests in the detection of meniscal tears. Better detection of meniscal tears could 
improve the management of patients with knee pathologies in primary care. Therefore, a prediction 
model will be developed and validated by our research group.
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BACKGROUND: In primary care, meniscal tears are difficult to detect. A quick and 
easy clinical prediction rule (CPR) based on patient history and a single meniscal 
test may help physicians to identify high-risk patients for referral for magnetic 
resonance imaging (MRI).

AIM: The study objective was to develop and internally validate a CPR for the 
detection of meniscal tears in primary care.

DESIGN AND SETTING: In a cross-sectional multicentre study, 121 participants 
from primary care were included if they were aged 18-65 years with knee 
complaints that existed for <6 months, and who were suspected to suffer from a 
meniscal tear.

METHOD: One diagnostic physical meniscal test and 14 clinical variables were 
considered to be predictors of MRI outcome. Using known predictors for the 
presence of meniscal tears, a ‘quick and easy’ CPR was derived.

RESULTS: The final CPR included the variables sex, age, weight-bearing during 
trauma, performing sports, effusion, warmth, discolouration, and Deep Squat 
test. The final model had an AUC of 0.76 (95% CI = 0.72 to 0.80). A cut-point of 
150 points yielded an overall sensitivity of 86.1% and a specificity of 45.5%. For 
this cutpoint, the positive predictive value was 55.0%, and the negative predictive 
value was 81.1%. A scoring system was provided including the corresponding 
predicted probabilities for a meniscal tear.

CONCLUSION:  The CPR improved the detection of meniscal tears in primary 
care. Further evaluation of the CPR in new primary care patients is needed, 
however, to assess its usefulness.

ABSTRACT
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Knee symptoms are the tenth most common reason to visit a primary care physician in the US.1 It is 
most important to evaluate at an early stage if a patient needs referral to secondary care, whether 
intra-articular lesions can be ruled out, and whether symptoms are likely to be resolved with 
conservative treatment.1 As meniscal tears in the short term lead to disability in daily functions, 
absenteeism from work, and inability to perform sports, and in the long term lead to an increased 
risk of knee osteoarthritis (OA), early diagnosis and treatment of meniscal tears is important.2,3 

Previous studies indicate that the Joint Line Tenderness (JLT) test4 and Thessaly test4,5 are accurate 
for detection of meniscal tears in secondary care, but not in primary care.6 A new weight-bearing 
test, the Deep Squat test, performed better in primary care.6 Nevertheless, without additional 
information, it was found that the Deep Squat test had limited sensitivity.6 As a single test 
result cannot predict a meniscal tear in primary care,6 combining the Deep Squat test with other 
predicting variables may improve its detection of meniscal tears.7

In several studies, predictive variables for meniscal tears were identified. Shrier et al suggested 
that effusion can be a useful sign in a young person with an acute meniscal tear, but not in older 
individuals with a degenerative non-traumatic tear.5 In a recent systematic review,8 strong evidence 
was provided that age >60 years, male sex, work-related kneeling or squatting, and climbing stairs 
are risk factors for degenerative meniscal tears. Also, strong evidence was found that prolonged 
waiting time for anterior cruciate ligament (ACL) reconstruction surgery after ACL injury is a risk 

INTRODUCTION
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factor for a medial meniscal tear. For acute meniscal tears there is strong evidence that playing 
soccer and playing rugby are risk factors. 

It is unclear, however, whether some risk factors (for example, age, sex, work-related kneeling 
or squatting, stair climbing, performing sports) also could be usefully combined to detect a 
meniscal tear. Lowery et al evaluated the effectiveness of a composite examination, determining 
the presence of a meniscal tear.7 Five variables were included: a history of catching or locking of 
the knee, pain with forced hyperextension, pain with maximum flexion, pain or audible click with 
McMurray’s test, and joint line tenderness. A positive predictive value of 92.3% was found. Patients 
were already scheduled for arthroscopy, however, meaning that results are not applicable for 
primary care screening as the spectrum of disease was not comparable. 

If early and correct detection of meniscal tears could be provided, the primary care physician could 
make a more informed selection for Magnetic Resonance Imaging (MRI) referral and subsequent 
diagnosis. Patients with low suspicion for a meniscal tear or with degenerative meniscal tears 
can be treated conservatively. Therefore, as part of a full clinical assessment by the primary care 
physician, the clinical prediction rule (CPR) may improve the management of knee patients.9,10 
Therefore, the purpose of this study was to develop and validate a prediction model for the 
detection of meniscal tears in primary care.

METHODS
Study Design
Data on the history and physical examination of participants with knee complaints visiting their 
general practitioner (GP) or physical therapist (PT) including the results of MRI were used to develop 
the CPR. Data were collected from October 2009 until December 2013 in 14 primary care centres in 
the Netherlands, where 24 GPs and 28 PTs referred participants with knee complaints and suspicion 
of a meniscal tear to one of the research centres in Leiderdorp. The four meniscal tests were the 
Thessaly test, JLT test, Deep Squat test, and Squat Lunge test. In earlier data analyses, it was found 
that only one test result was predictive in primary care, the Deep Squat test.6 Therefore, only this 
meniscal test was taken into account for the current study. Patient characteristics were obtained 
during interview and physical examination (for example, effusion, warm knee, discolouration, and 
extension of the knee) by an investigator who did not perform any meniscal test. The meniscal test 
was performed by a PT without knowledge of patient history or MRI results. A radiologist with more 
than 8 years of experience with musculoskeletal MRI interpreted the MRI studies. The radiologist 
was blinded to patient history and the meniscal test result.

Participants
Participants were included in the study if they were aged 18-65 years and had knee complaints that 
had existed for <6 months. The knee complaints had not yet been diagnosed through radiologic 
examination (for example MRI). Those who had had a knee arthroplasty or other intra-articular 
knee operations in the past, or MRI contraindications, were excluded. 

Predictors for meniscal tears 
Potential predictive variables were selected through a systematic literature review, and other 
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TABLE 1. Baseline characteristics

Characteristics Overall
(n = 117)

Meniscal tear
(n = 51)

No meniscal 
tear (n = 66) P-Value

Age, years, mean (SD) 43.0 (12.2) 46.43 (11.55) 40.36 (12.06) 0.006
Sex, male (%) 67 (57.3) 38 (74.5) 29 (43.9) 0.002
Weight, kg, mean (SD) 81.2 (14.9) 84.63 (11.74) 78.49 (16.54) 0.021
Length, m, mean (SD) 1.76 (0.1) 1.79 (0.08) 1.75 (0.11) 0.006
BMI, mean (SD) 25.9 (3.8) 26.26 (3.07) 25.60 (4.25) 0.337
Pain severity VASa, mean (SD) 48.5 (25.6) 42.16 (24.43) 53.42 (25.56) 0.017
Duration of complaints in weeks,  
median (range)

6 (0.5–27) 8 (0.5–27) 5 (1–27) 0.858

Symptom side, right (%) 59 (50.4) 27 (52.9) 32 (48.5) 0.771
Performing sports, yes (%) 91 (77.8) 43 (84.3) 48 (72.7) 0.204
Weight-bearing during trauma, yes (%) 40 (34.2) 24 (47.1) 16 (24.2) 0.017
Work-related kneeling or squatting 
>1 hour/day, yes (%)

32 (27.4) 16 (31.4) 16 (24.2) 0.517

Pain during passive extension, yes (%) 75 (64.1) 35 (68.6) 40 (60.6) 0.482
Origin of complaints

Unknown (%) 41 (35.0) 14 (27.5) 27 (40.9) 0.188
(Rotation) Trauma (%) 76 (65.0) 37 (72.5) 39 (59.1)

Ability to walk the stairs, no (%) 7 (6.0) 3 (5.9) 4 (6.0) 0.99
Effusion, yes (%) 75 (64.1) 40 (78.4) 35 (53.0) 0.008
Warmth, yes (%) 46 (39.3) 25 (49.0) 21 (31.8) 0.090
Colour red/blue, yes (%) 8 (6.8) 6 (11.8) 2 (3.0) 0.137
Locking, yes (%) 30 (25.6) 8 (15.7) 22 (33.3) 0.051
Giving way, yes (%) 66 (56.4) 31 (60.8) 35 (53.0) 0.515
Meniscal tears, n (%) 51 (43.6) NA NA NA

Medial meniscal tears, n (%) 40 (78.4) NA NA NA
Lateral meniscal tears, n (%) 7 (13.7) NA NA NA
Medial and lateral meniscal tears, n (%) 4 (7.8) NA NA NA
Anterior horn tears, n (%) 6 (11.7) NA NA NA
Posterior horn tears, n (%) 41 (80.4) NA NA NA

Combination of CL and meniscal tears, 
n (%)

11 (9.4) NA NA NA

Combination of chondropathy in medial 
or lateral compartment and meniscal tear, 
n (%)

20 (17.1) NA NA NA

CL tears, n (%) 13 (11.1) NA NA NA
Isolated ACL tears, n (%) 3 (23.1) NA NA NA
Isolated PCL tears, n (%) 2 (15.4) NA NA NA

No knee pathology, n (%) 40 (34.2) NA NA NA

ACL = anterior cruciate ligament. BMI = body mass index. CL = cruciate ligament. PCL = posterior cruciate
ligament. VAS = visual analogue scale. For meniscal tears and horn tears, n = 51; for isolated CL tears, n = 
13.
aVAS pain: 0 = no pain, 100 = worst pain possible in the previous week.
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literature.7,8,11 The following candidate predictors were collected: age, sex, Body Mass Index (BMI), 
origin of complaints, locked knee (yes/no), giving way, weight-bearing during trauma, performing 
sports, workrelated kneeling or squatting (>1 hour per day), ability to walk the stairs, effusion, warm 
knee, discolouration of the knee, pain during extension, and Deep Squat test. If a predictor was not 
interpretable or contradictive according to current knowledge, the predictor was excluded from the 
model. 

Statistical analysis
From all potential predictor variables, the set of most predictive variables was selected using the 
LASSO (least absolute shrinkage and selection operator), after controlling for multicollinearity 
of variables (r >0.8).12,13 To control the shrinkage procedure, a penalty parameter was used. The 
optimal penalty value λ was determined through bootstrap samples (n = 100) and was chosen 
for the highest area under the curve (AUC) to develop the ‘best model’. The penalty value was 
increased if necessary to derive a more parsimonious model, the ‘tolerance model’. This tolerance 
model had 2% less AUC than that of the best model. After developing the best model and the 
tolerance model, discrimination and calibration of both models were compared to choose the final 
model. 

To discriminate between those with and without a meniscal tear on MRI, an ROC-AUC (Receiver 
Operating Characteristic-Area Under The Curve) with consecutive cut-offs for the predicted 
probability was used. The AUC is reasonable above 0.7, and strong above 0.8, and was presented 
with 95% confidence intervals [CIs].14 A false-negative rate of maximum 15% was deemed 
acceptable, as the CPR will be used as a screening tool. Calibration of the model, which measures 
the ability of a model to agree between observed and predicted outcomes, was assessed through 
goodness-of-fit with a calibration plot.

TABLE 2. Univariate analysis of candidate predictor variables

Variable OR 95% CI P-Value
Sex, male 3.73 1.71 to 8.48 0.001
Age 1.05 1.01 to 1.08 0.009
BMI 1.05 0.95 to 1.16 0.354
Origin of complaints: [Rotation] trauma versus unknown cause 1.83 0.84 to 4.09 0.132
Weight-bearing during trauma 2.78 1.28 to 6.20 0.011
Kneeling > 1 hour per day 1.43 0.63 to 3.25 0.392
Ability to walk stairs 1.03 0.22 to 5.45 0.968
Performing sports 2.02 0.82 to 5.35 0.139
Locking 0.37 0.14 to 0.90 0.034
Giving way 1.37 0.66 to 2.90 0.402
Effusion 3.22 1.44 to 7.59 0.006
Warmth 2.06 0.97 to 4.43 0.061
Red/blue colour 4.26 0.93 to 30.04 0.084
Pain during extension 1.42 0.66 to 3.11 0.371
Deep Squat test, positive 2.15 0.98 to 4.89 0.059

OR = odds ratio. OR >1 indicates an increased risk for meniscal tear when a predictor variable is present or has a higher value.
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TABLE 3. Regression coefficients for each predictor in the Best model versus the Tolerance 
model with stronger penalty value

Covariates Best model Tolerance Model
[Intercept] –4.91653467 –2.79919116
Sex 1.28572876 0.84259980
Age 0.05039379 0.02998058
BMI 0.00000000 0.00000000
Origin of complaints 0.00000000 0.00000000
Weight-bearing during trauma 0.72989997 0.49265311
Work-related kneeling or squatting 0.17248521 0.00000000
Performing sports 0.64439602 0.15366088
Giving way 0.00000000 0.00000000
Effusion 0.81467548 0.60284532
Warmth 0.30654251 0.04124769
Colour of knee [red/blue] 0.77047589 0.29820922
Pain during passive knee extension 0.05231282 0.00000000
Deep Squat test 0.19395546 0.03263309

Internal validation
To correct for over-optimism of the prediction model, bootstrap resampling was used.13 The model 
was fitted repeatedly using LASSO regression in 200 bootstrap samples of the same size as the 
original sample, and was compared with the performance of the model in the original model. After 
calculating the amount of optimism by the difference between bootstrap AUC and model AUC in 
the original sample, the optimism corrected AUC was obtained.13 All analyses were performed in R 
Studio statistics program (version 3.0.2), and the caret, glmnet and rms packages in R. 

RESULTS
One-hundred and twenty-one participants were included. The Deep Squat test results could not 
be interpreted for four participants, and they were excluded from the analysis. Therefore, in the 
development cohort as well as in the internal validation cohort, 117 participants were analysed. 
Baseline characteristics are summarised in Table 1. MRI confirmation indicated 51 participants with 
meniscal tears and 66 without meniscal tears. Participants with meniscal tears were significantly 
older (46.43 years versus 40.36 years) and were more often male (74.5% male with a meniscal 
tear versus 43.9% male without a meniscal tear). There were also noticeable differences between 
participants with and without meniscal tears in pain severity on a visual analogue scale (VAS) scale 
(42.16 versus 53.42 points), performing sports (84.3% versus 72.7%), weight-bearing during trauma 
(47.1% versus 24.2%), and effusion (78.4% versus 16.6%). Of the 51 meniscal tears, 80.4% were 
posterior horn tears (Table 1).

In univariate analysis, the candidate predictor variables ‘locking’ and ‘ability to walk the stairs’ 
were not interpretable (Table 2). Ability to walk the stairs was more predictive for the presence of a 
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meniscal tear than if a participant had no ability to walk the stairs, which was counterintuitive. Also, 
both variables were not significantly different between the two patient groups. Therefore, both 
variables were excluded from the model.
 
As no multicollinearity of the remaining variables was found, all other candidate predictor variables 
were included in the full model. After deletion of predictors guided by the LASSO procedure, only 
eight predictor variables remained in the final model (‘tolerance model’), after the accuracies of the 
‘best model’ and more parsimonious ‘tolerance model’ were compared through their AUCs  
(Table 3, Figure 1). The AUC was 0.81 (95% CI = 0.74 to 0.89). After correction for over-optimism, 
the final model had an AUC of 0.76 (95% CI = 0.72 to 0.80). The calibration of the model was good. 
The final model includes the variables sex, age, weight-bearing during trauma, performing sports, 
effusion, warmth, discolouration, and Deep Squat test. 

The resulting prediction rule of these variables including a scoring system is shown in Figure 2. 
Scores from individual participants ranged from 15 to 320 points. The distribution of the prediction 
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Attribute Value Points
Sex

Female
Male

0
84
o
o

Age
18-28
29-38
39-48
49-58
59-65

0
30
60
90

108

o
o
o
o
o

Weight-bearing
No
Yes

0
49
o
o

Performance sport
No
Yes

0
15
o
o

Effusion
No
Yes

0
60
o
o

Warmth
No
Yes

0
4
o
o

Discolouration
No
Yes

0
30
o
o

Deep Squat
Negative
Positive

0
3
o
o

Total

      Total points:

      0     20     40    60    80   100   120   140   160   180   200   220   240   260   280   300   320   340   360

             0.10     0.13 0.17 0.19  0.22  0.29  0.34  0.40  0.44  0.52 0.57   0.62  0.69  0.75  0.79

FIGURE 2. Final CPR model including scoring system

Scoring system relating the predictors of the final model to the probability of presence of a 
meniscal tear. For example, consider a male patient (which corresponds to 84 points) of 48 
years (60 points), without weight-bearing during trauma (0 points), who performs sports (15 
points), with effusion (60 points), without warmth of the knee (0 points), discolouration of 
the knee (30 points), and a positive Deep Squat test (3 points). The patient’s total point score 
is 252 points, corresponding to a probability of meniscal tears of about 62%.

scores of individual participants against the predicted probabilities according to the final model 
is shown in Figure 3. A higher risk score on the CPR indicates a higher predicted probability, and a 
lower risk score indicates a lower predicted probability for a meniscal tear. Predicted probabilities 
ranged from 8.83% to 81.5%. A cut-point of 150 was selected, which produced a sensitivity of 
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86.1% and a specificity of 45.5%. For this cut-point, the positive predictive value (PPV) was 55.0%, 
and the negative predictive value (NPV) was 81.1%. Although the c-statistic was 0.76, indicated 
as a reasonable model for discriminative ability, some overlap between prediction scores for 
participants with and without meniscal tears occurred.

DISCUSSION
Summary
The final model contained an AUC of 0.76 with a 95% CI = 0.72 to 0.80. A score of 150 points yielded 
an overall sensitivity of 86.1% and a specificity of 45.5%. For this cut-point, the PPV was 55.0%, 
and the NPV was 81.1%. With a false-negative rate of 14%, participants with a meniscal tear can be 
managed efficiently. 

Strengths and limitations
Some limitations should be noted. First, arthroscopy was not used as a reference standard, 
although it is more accurate than MRI. MRI was considered to be a valid and ethical alternative 
because of its reported accuracy.15 To indicate whether MRI results were affected, the results of 
participants receiving arthroscopy after MRI were requested. In the present sample only four of 41 
identifiable participants receiving arthroscopy after MRI (9.8%) had a positive finding for a meniscal 
tear after a negative finding on MRI. Second, it is not certain that participants were consecutively 
referred to the study research centre. Participants may have been directly referred for MRI by their 
GP without inclusion in the present study. 

FIGURE 3. Risk score versus predicted probability
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Another limitation could be that MRI was performed in 18.8% of the cases before the included 
participants underwent the meniscal tests because of organisational aspects. Participants were 
asked to wait with requests for their MRI results before undergoing the meniscal tests. Blinding was 
therefore maintained and also for PTs who performed the test and obtained patient characteristics. 
Considering the small contribution of only one physical test that was particularly suited to detect 
posterior horn tears (while the other predictors included in the model are as useful for posterior 
as for anterior horn tears) the CPR appears to be useful for both tears. Last, predictors to derive 
a more parsimonious CPR were excluded. However, after the reduction of predictor variables the 
AUC remained largely similar. A strength of the present study is that it was the first performed to 
develop and internally validate a CPR for meniscal tears in a primary care setting. The CPR is useful 
in primary care, where decisions must be made with minimal time. Another strength is that the 
predictors were selected through LASSO analysis, a method that improves the validation of the 
model.12,13 

Comparison with existing literature 
An earlier performed systematic review suggested that age and sex are strong factors indicating an 
association with a meniscal tear.8 As it was believed that several of the risk factors investigated also 
could be predictive factors for meniscal tears, in this study next to the variables age and sex, the 
variables BMI, performing sports, stair climbing, work-related kneeling or squatting, and weight-
bearing during trauma were measured. 

In other primary studies, weight-bearing during trauma was, similar to the present findings, 
associated with the presence of a meniscal tear.11,16 The factor performing sports was a relevant 
risk factor for meniscal tears from a previous systematic review.8 As a predictive factor, however, 
performing sports stands for an increased active life, without the necessity for a moment of 
trauma during sports. The known risk factors BMI, work-related kneeling or squatting, and stair 
climbing were not included in the final CPR, because they did not add much to the accuracy with 
the variables already in the model or because the results could not be interpreted because of 
counterintuitive findings. 

The Deep Squat test is the only physical examination test included in the final model. Previous 
research stated that a single test could not predict a meniscal tear accurately.5,7,17-19 In the final 
model the contribution of this test is low, with only three points added for a positive test result. 
For a physician, however, it is important to perform a physical examination test for an overall 
conclusion and patient expectancy.

In a previous study, effusion was a useful sign for a meniscal tear, just as a red or blue colour of the 
knee, and warmth.5 These signs were not specified, however, for younger and older participants, or 
subdivided for acute or degenerative tears. Therefore, the contribution of these signs for different 
patient groups is unclear. 

A typical finding was that locking was not interpretable, as comparatively fewer participants with 
meniscal tears experienced locking of the knee than participants without meniscal tears, which is in 
contrast with other reports.7,11 Participants may not have interpreted the question correctly during 
history taking, or it could be that the finding was a result of chance.
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Implications for research and practice
A CPR was developed and internally validated for detection of meniscal tears in primary care. 
Variables included in the model are sex, age, weight-bearing during trauma, performing sports, 
effusion, warmth, discolouration, and Deep Squat test. Correct detection of meniscal tears leads 
to informed selection for MRI referral by the primary care physician, which in turn may improve 
management of knee patients. The CPR should be a first step in selecting patients for MRI referral 
in primary care. In future research the CPR should be externally validated, to assess its accuracy in 
other primary care settings. Also, the CPR needs further development and validation to distinguish 
between acute and degenerative meniscal tears. Finally, the use of the CPR in a management 
pathway should be explored, including time to referral for radiologic evaluation and choice of 
treatment.



Ch
ap

te
r 5

85

1. Grover M. Evaluating acutely injured patients for 
internal derangement of the knee. Am Fam Physician 
2012; 85(3): 247–252.

2. Baker P, Coggon D, Reading I, et al. Sports injury, 
occupational physical activity, joint laxity, and meniscal 
damage. J Rheumatol 2002; 29: 557–563.

3. Englund M, Roemer FW, Hayashi D, et al. Meniscus 
pathology, osteoarthritis and the treatment 
controversy. Nat Rev Rheumatol 2012; 8(7): 412–419.

4. Ockert B, Haasters F, Polzer H, et al. Value of the clinical 
examination in suspected meniscal injuries. A meta-
analysis. Unfallchirurg 2010; 113: 293–299.

5. Shrier I, Boudier-Reveret M, Fahmy K. Understanding 
the different physical examination tests for suspected 
meniscal tears. Curr Sports Med Rep 2010; 9(5): 284–9.

6. Snoeker BA, Lindeboom R, Zwinderman AH, et al. A 
new weight-bearing test for diagnosing meniscal tears 
in primary care: Deep Squat test. J Orthop Sports Phys 
Ther 2015; in press.

7. Lowery DJ, Farley TD, Wing DW, et al. A clinical 
composite score accurately detects meniscal pathology. 
Arthroscopy 2006; 22(11): 1174–1179.

8. Snoeker BA, Bakker EW, Kegel CA, Lucas C. Risk factors 
for meniscal tears: a systematic review including meta-
analysis. J Orthop Sports Phys Ther 2013; 43(6): 352–367.

9. DAMASK Trial Team. Effectiveness of GP access to 
magnetic resonance imaging of the knee: a randomised 
trial. Br J Gen Pract 2008; DOI: 10.3399/bjgp08X342651.

10. DAMASK Trial Team. Cost-effectiveness of magnetic 
resonance imaging of the knee for patients presenting 
in primary care. Br J Gen Pract 2008; DOI: 10.3399/
bjgp08X342660.

11. Wagemakers HPA, Heintjes EM, Boks SS, et al. 
Diagnostic value of history taking and physical 
examination for assessing meniscal tears of the knee in 
general practice. Clin J Sport Med 2008; 18: 24–30.

REFERENCES
12. Moons KGM, Donders ART, Steyerberg EW, Harrell FE. 

Penalized maximum likelihood estimation to directly 
adjust diagnostic and prognostic prediction models for 
overoptimism: a clinical example. J Clin Epidemiol 2004; 
57: 1262–1270.

13. Steyerberg EW. Clinical prediction models. A practical 
approach to development, validation and updating. New 
York, NY: Springer, 2009.

14. Hosmer DW, Lemeshow S. Applied logistic regression 
(second edition). New York, NY: John Wiley, 2000.

15. Crawford R, Wally G, Bridgman S, Maffulli N. Magnetic 
resonance imaging versus arthroscopy in the diagnosis 
of knee pathology, concentrating on meniscal lesions 
and ACL tears: a systematic review. Br Med Bull 2007; 
84:5–23.

16. Fridén T, Erlandsson T, Zätterström R, et al. 
Compression or distraction of the anterior cruciate 
injured knee. Variations in injury pattern in contact 
sports and downhill skiing. Knee Surg Sports Traumatol 
Arthrosc 1995; 3: 144–147.

17. Konan S, Ravan F, Haddad FS. Do physical diagnostic 
tests accurately detect meniscal tears? Knee Surg Sports 
Traumatol Arthrosc 2009; 17(7): 806–811.

18. Ryzewicz M, Peterson B, Siparsky PN, Bartz RL. The 
diagnosis of meniscus tears: the role of MRI and clinical 
examination. Clin Orthop Relat Res 2007; 455: 123–133.

19. Scholten RJ, Devillé WL, Opstelten W, et al. The 
accuracy of physical diagnostic tests for assessing 
meniscal lesions of the knee. J Fam Practice 2001; 
50(11):938–944.





87

EXTERNAL VALIDATION AND NEW 
DEVELOPMENT OF A CLINICAL 

PREDICTION RULE FOR MENISCAL 
TEARS IN PRIMARY CARE

Chapter 6

BARBARA A.M. SNOEKER, MSc 
VASCO ESMAN, MSc

AEILKO H. ZWINDERMAN, PhD
CEES LUCAS, PhD

JORIS A. JANSEN, MD
PATRICE W.J. VINCKEN, PhD
ROBERT LINDEBOOM, PhD

Submitted



88

BACKGROUND: A clinical prediction rule (CPR) for the detection of meniscal 
tears in primary care was derived and internally validated. External validation is 
necessary to assess performance and transportability of the model. With poor 
performance, the prediction rule needs updating. 

AIM: To determine the performance of the CPR in primary care settings other than 
where the CPR has been developed, and to update the CPR if necessary.

DESIGN AND SETTING: Fifty-seven new patients aged 18-65 years with a 
suspicion for meniscal tears and knee complaints that existed <12 months 
were included. For the update of the CPR, these patients were combined with 
the original sample that was used to derive the CPR, resulting in a total of 167 
participants.

METHOD: Performance of the rule was assessed by the area under the curve 
for discrimination and by calibration plots. For the update, 15 clinical variables 
including the original predictors and one diagnostic meniscal test were used to 
select the final predictors in the model. 

RESULTS: Performance of the original CPR was poor in new patients (area under 
the curve 0.53, 95%CI: 0.37-0.70). The updated CPR included sex, age, weight-
bearing during trauma, performance sport, effusion, origin of complaints and Deep 
Squat test as predictors (area under the curve of 0.66 (95%CI: 0.59-0.74)) and had 
good calibration. The optimal cut-off had a sensitivity of 90.7% and a specificity 
of 46.7%. A scoring system with corresponding predicted probabilities for the 
updated model is provided.

CONCLUSION:  The updated CPR showed acceptable discrimination and good 
calibration and has predictors that are easily obtainable for the management 
referral of patients with meniscal tears in primary care.

ABSTRACT
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Meniscal tears are frequently observed in general practice and a common reason for patient referral 
to secondary care for confirmation through Magnetic Resonance Imaging (MRI).1-5 When results 
from a MRI scan indicate internal derangement of the knee and the meniscal tear is symptomatic, 
arthroscopic surgery will be performed.6 However, recent research suggests that costly surgical 
treatment is not superior to conservative treatment in patients with degenerative meniscal tears.5,6,7 
Therefore, it is important that the general practitioner (GP) can diagnose meniscal tears in primary 
care and to consider conservative treatment before referral for MRI.3,8 Unfortunately, meniscal tears 
are difficult to detect clinically and no single test is accurate enough for this goal. 9,10,11

In a previous study we combined the Deep Squat test with predictor variables for meniscal tears 
to develop a clinical prediction rule (CPR) that was internally validated.8 With an area under the 
curve (AUC) of 0.76 after correction for overoptimism of the model, and a sensitivity of more than 
86% for a cut-point of 150 points, we concluded that the GP can use the CPR before considering 
MRI referral. In order to assess transportability of the prediction model to new patients in other 
primary care settings prospective external validation of the CPR is warranted.12,13 Also, the CPR 
was obtained using a relatively small sample (n=120), which may limit its predictive performance in 
new patients.12-14 Therefore, the aim of this study was to determine the accuracy of the CPR in new 
patients from primary care settings other than where it was developed, and to develop a new CPR if 
needed.

INTRODUCTION
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METHODS
Study Design
In a cross sectional multicentre study, 18 GPs of seven GP centres and 18 physical therapists (PT) 
of five physical therapy centres in mid-west region of the Netherlands were asked to refer eligible 
patients with suspicion of a meniscal tear to our research centres. The GP and PT centres were 
geographically distinct from where the CPR was developed.8 After the patient signed informed 
consent, one investigator obtained patient characteristics, including seven of the eight predictors 
that were included in the original CPR through questioning (gender, age, weight bearing during 
trauma, performing sports) and physical examination, (effusion, warmth, and discolouration). An 
investigator who did not obtain patient characteristics performed the 8th predictor, the Deep Squat 
test. A sense of locking or catching or provocation in pain and discomfort was recorded as a positive 
Deep Squat test.11 For every participant MRI was performed in one centre, within two weeks after 
the patient characteristics and CPR results were obtained. The MRI was performed using a 1.5-T 
Achieva or Ingenia system (Philips Medical Systems, Best, the Netherlands). The scanning protocol 
consisted of a sagittal T2-weighted sequence, a sagittal PD-weighted sequence, a coronal  
PD-weighted sequence and a coronal PD-weighted sequence with fat suppression. A radiologist 
(PV) who had more than nine years of experience with musculoskeletal MR imaging interpreted the 
MRI studies, blinded to patient characteristics and CPR results. Positive meniscal pathology was 
diagnosed as any meniscal tear or detachment from its supportive structures. 

Participants
Participants were included in the study if between 18 and 65 years old and with knee complaints 
that existed less than 12 months. The method of selection was identical with the original sample, 
only the timing of sampling differed.8 Subjects with a suspicion for a meniscal tear by their PT 
were referred to the GP for inclusion. Possible internal derangement of the knee was evaluated by 
the GP following the Dutch general practitioner guidelines for non-traumatic and traumatic knee 
problems.15,16 We excluded participants with total knee arthroplasty, MRI contraindications (e.g. 
pregnancy, pacemaker, claustrophobia, intracranial aneurysm clips, or orbital metallic foreign 
body), and previously diagnosed knee complaints through MRI.

Statistical analysis
To summarize categorical variables absolute numbers and relative frequencies were used. For 
numerical variables data were summarized with means and standard deviations (SD) if normally 
distributed, and with medians and inter-quartile scores if not normally distributed. External 
validation of the CPR was assessed using discrimination and calibration measures. Discrimination 
assesses the ability to distinguish between those with and without a meniscal tear on MRI and was 
evaluated by a ROC-AUC (Receiver Operating Characteristic-Area Under the Curve). An AUC is 
reasonable above 0.7, and is strong above 0.8.17 Calibration of the model indicates the agreement 
between observed and the model's predicted outcomes, and was assessed through goodness of fit 
in calibration plots. With an expected AUC of 0.65 for the CPR in the new sample and a correlation 
of 0.6 between the two AUCs in both validation samples, we calculated that a sample size of 50 
subjects was needed for external validation.
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Development of the new CPR
The CPR was newly developed when the AUC in the sample of patients was 0.7 or lower.17 For the 
new CPR, we combined the data from the new patient sample with data from the original sample 
(n=117).8 Details of the original sample were described elsewhere.8,11 

Predictor variables were selected through the Lasso (least absolute shrinkage and selection 
operator) procedure after controlling for multicollinearity. The following potential predictor 
variables were considered, including those already present in the original prediction model: gender, 
age, body mass index (BMI), origin of complaints, locked knee, giving way, weight bearing during 
trauma, performing sports, work related kneeling or squatting, negotiate stairs, effusion, warm 
knee, discolouration of the knee, pain during extension, and Deep Squat test.8 The statistical 
procedure for selection of predictors for the new model was described earlier.8 In short, selection 
through the Lasso procedure was done using penalized estimation resulting in a best model and 
a more parsimonious tolerance model after shrinkage of the coefficients. The more parsimonious 
tolerance model was defined as the set of variables with at most 2% lower AUC. The optimal 
shrinkage penalty was obtained through 100 bootstrap samples. The final model was chosen based 
on discrimination and calibration after shrinkage of the predictors. An ROC-AUC was used for 
discrimination of the new CPR. The optimal cut-off point should not exceed 15% false negative rate, 
as the CPR is intended as a screening tool.8 Correction for overoptimism of the new CPR was done 
by 200 bootstrap samples.12 The Hosmer-Lemeshow test and visual inspection of the calibration 
plot with perfect predictions lying on the 45° line were used to examine calibration of the model.12 
All analyses were performed in R Studio statistics program (version 3.0.2), and the caret, glmnet 
and rms packages in R.

RESULTS
External Validation
Between January 2014 and January 2016, 57 participants were selected for inclusion. Due to loss 
to follow up, seven participants did not undergo MRI and were excluded. In total, 50 participants 
were included in analysis (Figure 1). Of the 50 participants, 24 (48%) had a meniscal tear on MRI. 
Median age was 43.5 years with a range from 18-65 years, 52% was male. The median duration of 
complaints before attending the GP or PT was eight weeks. All participants had discolouration of 
the knee (Table 1). The performance of the CPR was poor in the new patient sample (AUC 0.53, 95% 
CI 0.37-0.70), as was the calibration. Therefore, we compared the distribution of the characteristics 
of the new and the original sample (Table 1). Five predictors had significantly different distributions 
in the new sample compared to the original sample: age (43.5 years versus 44 years), performance 
sport (18% versus 78%), weight-bearing during trauma (54% versus 34%), warmth (76% versus 
39%) and discolouration (100% versus 7%). In addition, pain during passive extension occurred 64% 
against 22% respectively, and giving way occurred 56% versus 32% respectively.

Development of the new CPR
Data from the original sample on which the CPR was developed (n=117) was combined with 
data from the new sample (n=50). In the combined sample, meniscal tears were present in 75 
participants (44.9%) (Table 1). Significant differences for participants with meniscal tears versus 
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Characteristics New sample
(n=50)*

Original 
sample 
(n=117)

Combined 
sample
(n=167)

Combined 
sample
Meniscal 
tear (n=75)

Combined 
sample
No meniscal 
tear (n=92)

P-value

Age, years,
Median (range)

43.5 
(18-65)

44                § 
(18-64) 

44 
(18-65)

47 
(19-64)

42.5 
(18-63)

0.003

Sex, male (%) 26 
(52.0)

67                $
(57.3) 

 

93 
(55.7)

49 
(65.3)

44 
(47.8)

0.029

Weight, kg,
Median (range)

80 
(60.0-130.0)

80.5            $ 
(47.3-119.1)

80 
(47.3-130.0)

84.5 
(62.3-118.6)

77.3 
(47.3-119.1)

0.011

Length (m), 
Median (range)

1.72
(1.59-1.99)

1.78             $
(1.51-2.00)

1.76 
(1.51-2.00)

1.78 
(1.64-2.00)

1.73 
(1.51-2.00)

0.004

BMI, 
Median (range)

24.7 
(19.6-38.8)

25.4            $
(19.1-35.5)

25.25 
(19.1-38.8)

25.4 
(21.2-34.4)

25.1 
(19.1-35.5)

0.339

Pain severity, VAS,
Mean (SD)

54.56 
(22.77)

48.5            $
(25.6) 

50.32 
(24.9)

45.95 
(24.0)

53.89 
(25.1)

0.039

Duration of complaints 
in weeks,  
Median (range)

8 
(1-52)

6                  $ 
(0.5-27) 

7 
(0.5-52)

8 
(0.5-52)

5 
(1-52)

0.890

Symptom side,  
right (%)

26 
(52.0)

59                $
(50.4) 

85 
(50.9)

41 
(54.6)

44 
(47.8)

0.437

Performing sports,  
yes (%)

9 
(18.0)

91                §
(77.8) 

100 
(59.8)

48 
(64.0)

52 
(56.5)

0.345

Weight-bearing during 
trauma, yes (%)

27 
(54.0)

40                § 
(34.2) 

67 
(40.1)

38 
(50.7)

29 
(31.5)

0.017

Work related kneeling 
or squatting >1 hour per 
day, yes (%)

27 
(54.0)

32                §
(27.4)

59 
(35.3)

29 
(38.7)

30 
(32.6)

0.422

Pain during passive 
extension, yes(%)

11 
(22.0)

75                §
(64.1) 

86 
(51.5)

41 
(54.7)

45 
(48.9)

0.534

Origin of complaints
• Unknown (%)
• (Rotation) trauma (%)

9 (18.0)
41 (82.0)

§
76 (65.0)
41 (35.0)

50 (29.9)
117 (70.1)

17 (22.7)
58 (77.3)

33 (35.9)
59 (64.1)

0.089

Negotiate stairs, no (%) 21 
(42.0)

7                   §
(6.0) 

36 
(21.6)

18
(24.0)

18 
(19.6)

0.324

Effusion, yes (%) 33 
(66.0)

75                 $
(64.1) 

108 
(64.7)

56 
(74.7)

52 
(56.5)

0.016

Warmth, yes (%) 38 
(76.0)

46                §
(39.3) 

84 
(50.3)

42 
(56.0)

42 
(45.6)

0.214

TABLE 1. Baseline Characteristics
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Characteristics New sample
(n=50)*

Original 
sample  
(n=117)

Combined 
sample 
(n=167)

Combined 
sample
Meniscal 
tear (n=75)

Combined 
sample
No meniscal 
tear (n=92)

P-value

Discolouration, yes (%) 50 
(100.0)

8                 § 
(6.8) 

58 
(34.7)

30 
(40.0)

28 
(30.4)

0.253

Locking, yes (%) 36 
(72.0)

30               § 
(25.6) 

66 
(69.5)

26 
(34.7)

40 
(43.5)

0.269

Giving way, yes (%) 16 
(32.0)

66               § 
(56.4) 

82 
(49.1)

38 
(50.7)

44 
(47.8)

0.757

Meniscal tears, n(%)

• Medial meniscal tears

• Lateral meniscal tears

• Medial and lateral  
   meniscal tears

• Anterior horn tears

• Posterior horn tears

24 
(48.0)

19 
(79.7)

7 
(29.2)

2 
(8.3)

3 
(12.5)

18 
(75.0)

51               $
(43.6) 

 
40               $
(78.4)

 
7                  $
(13.7)

4                 $
(7.8)

 
6                 $
(11.7)

 
41               $
(80.4)

75 
(44.9)

63 
(84.0)

18 
(24.0)

6 
(8.0)

9 
(12.0)

59 
(78.7)

NA NA NA

Combination of CL and 
meniscal tears

3 
(12.5)

11               $
(21.6)

14 
(18.7)

NA NA NA

Combination of 
chondropathy in medial 
or lateral compartment 
and meniscal tear, n(%)

6 
(25.0)

20               $
(39.2)

26 
(34.7)

NA NA NA

CL tears, n (%)

• Isolated ACL tears,  
   n(%)

• Isolated PCL tears,  
   n(%)

7 
(14.0)

2 
(28.6)

2 
(28.6)

13               $
(11.1)

 
3                 $
(23.1)

 
2                 $
(15.4)

20 
(12.0)

5 
(21.7)

4 
(17.4)

NA NA NA

No knee pathology 5 
(10.0)

40               § 
(34.2)

45 
(26.9)

NA NA NA

*= No significant difference between participants with and without meniscal tears for all variables in external validation cohort
§= Significant difference between new and original sample.
$ = No significant difference between new and original sample.
ACL = anterior cruciate ligament. BMI = body mass index. CL = cruciate ligament. PCL = posterior cruciate ligament. VAS = visual 
analogue scale: 0 = no pain, 100 = worst pain possible in the previous week. For isolated CL tears, n=7, based on all CL tears)

TABLE 1 (CONTINUED). Baseline Characteristics
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FIGURE 1. Flow Chart

Potentially eiligible participants
n = 57

Excluded (n = 5), for 
reason: 

   No imbursement for MRI 
(n = 5) 

Excluded (n = 2), for 
reason: 

   No MRI received (n = 1)
LTFU (n = 1)

Eligible participants
n = 52

Index test (CPR)
n = 50

Index test negative 
CPR < 150 points
n = 24

Reference standard
n = 24

Final diagnosis
Target condition present (n = 11)
Target condition absent (n = 13)

Final diagnosis
Target condition present (n = 13)
Target condition absent (n = 13)

Index test positive 
CPR > 150 points
n = 26

Reference standard 
n = 26
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participants without meniscal tears were found for variables age (older), gender (male), weight 
(higher), length (higher), pain severity (lower), weight bearing during trauma (more frequently), and 
effusion (more frequently). Of 75 meniscal tears, 78.7% were posterior horn tears. 

The univariate association between the 15 candidate predictor variables and meniscal tears 
is presented in Table 2. Two candidate predictor variables, “Locking” and “Negotiate Stairs”, 
were removed because of non-interpretable results. Locking complaints occurred more often 
in participants without meniscal tears, and similar proportions of participants with and without 
meniscal tears were able to negotiate stairs. The remaining candidate predictors showed no 
multicollinearity issues and were included in the analysis. After selection of predictors through 
the Lasso procedure, thirteen predictors remained in the best model, and seven predictors in the 
tolerance model (Table 3). The ROC of the best model compared to tolerance model is presented in 
Figure 2. The AUC of the more parsimonious tolerance model was only 0.02 points lower than of the 
best model. Figure 3 shows the new CPR. Two predictor variables from the original prediction model 
were not selected in the new CPR (warmth and discolouration) and one new predictor was included, 
origin of complaints. The AUC of the new CPR was 0.74 with a 95%CI of 0.67-0.81. After correction 
for overoptimism, the AUC of the new CPR was 0.66 (95% CI: 0.59-0.74). Calibration of the new CPR 
was good according to Hosmer-Lemeshow test (p=0.27) and visual inspection of the calibration plot 
with predictions lying on the 45° line. The optimal cut-off point in the scoring system was with a 
predicted probability of 0.31 a risk score of 160 points, with a sensitivity of 90.7% and a specificity  
of 46.7%. 

DISCUSSION
The performance of the original CPR was poor in new participants from other primary care settings. 
Therefore, we developed the new CPR resulting in more precise estimates of predictor variables due 

TABLE 2. Results of univariate analysis for candidate predictor variables

Variable OR 95% CI P-Value
Sex, male 2.056 1.104 - 3.883 0.024
Age 1.038 1.012 - 1.066 0.004
BMI 1.036 0.962 - 1.117 0.351
Origin of complaints 1.908 0.969 - 3.861 0.066
Weight-bearing during trauma 2.231 1.192 - 4.226 0.013
Kneeling > 1 hour per day 1.303 0.688 - 2.470 0.416
Negotiate stairs 1.000 0.517 - 1.933 0.999
Performing sports 1.368 0.733 - 2.573 0.327
Locking 0.690 0.365 - 1.290 0.247
Giving way 1.120 0.608 - 2.066 0.715
Effusion 2.267 1.179 - 4.469 0.016
Warmth 1.515 0.822 - 2.811 0.184
Red/blue colour 1.524 0.803 - 2.904 0.198
Pain during extension 1.258 0.654 - 2.430 0.543
Deep Squat test, positive 1.967 0.988 - 4.031 0.058
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FIGURE 2. ROC Curve 'Best model' versus 'Tolerance model'

to larger sample size. Also, the predictors included had better face validity. Six predictors remained 
in the model, one new predictor was added, and two predictors were no longer selected in the 
new model. The new CPR is comparable in performance with the original CPR with an acceptable 
accuracy and good calibration. The optimal cut-off of 160 points corresponds with a false negative 
rate of less than 10% indicating that the use of the new CPR can be efficient in the management of 
patients with meniscal tears in primary care. 

In external validation, the performance of the original CPR was poor, which was reflected in a 
much lower AUC of 0.53 compared with an AUC of 0.76 in the original sample. The differences in 
the distribution of the characteristics of the new and original sample is a plausible explanation of 
the poor transportability of the original CPR to the different setting.13 The method of referral in 
both samples was however identical, so the difference in characteristics of the patients was not 
expected. Our sample was possibly underpowered, which presumably heightened the probability 
that, by chance, some of the characteristics did vary substantially from the development sample. 
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TABLE 3. Regression coefficients for each predictor in the Best model versus the Tolerance 
model with higher penalty value

Variable Best model Tolerance model
Intercept -4.49051583 -2.39866908
Sex, male   0.63780389   0.33387217
Age   0.04571330    0.02850305
BMI   0.00235037    0.00000000
Origin of complaints   0.29878164    0.14235938
Weight-bearing during trauma   0.79930320    0.56842030
Kneeling > 1 hour per day   0.10855925    0.00000000
Performing sports   0.54045816    0.04704665
Giving way   0.07202332    0.00000000
Effusion   0.69675120    0.46757871
Warmth   0.15694555    0.00000000
Red/blue colour   0.29302711    0.00000000
Pain during extension   0.11207695    0.00000000
Deep Squat test, positive   0.32787001    0.14840108

AUC   0.7562319   0.7392754

Attribute Value Points
Sex

Female
Male

0
33
o
o

Age
18 years
Per year increase

0
3
o
o

Weight-bearing
No
Yes

0
57
o
o

Performance sport
No
Yes

0
5
o
o

Effusion
No
Yes

0
47
o
o

Origin of Complaints
Unknown
Trauma

0
14
o
o

Deep Squat
Negative
Positive

0
15
o
o

Total

      Total points:

      0     20     40    60    80   100   120   140   160   180   200   220   240   260   280   300   320   340   360

                                   0.15 0.19  0.20  0.24  0.27  0.32  0.37  0.42  0.46  0.50  0.56  0.61  0.66  0.70  0.72

FIGURE 3. Clinical Prediction Rule (new)
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We combined both samples to optimise the model on a sample that better reflects the population 
with meniscal tears as a whole. Regression coefficients were re-estimated and a new predictor 
was added to the model. The variables locking and negotiate stairs that were not included in the 
original CPR after univariate analysis for results were not interpretable, were also excluded in the 
total sample for the same reason.8 We suggested in previous research that the question during 
history taking was not interpreted correctly.8 Therefore, we can conclude that locking is not a 
useful predictor in primary care. After selection of the predictors, six variables from the original 
CPR remained in the new CPR. In the original CPR, the contribution of gender was larger with 84 
points for male, 26% of the total score.8 Due to the cut-off of 150 points every male (84 points) 
with age above 39 years (60 points) had to be referred for MRI according to our original model. In 
the new model, the contribution of gender is smaller with a score of 33 points, which is 10% of the 
total score. The predictor age remained stable with three points per year increase starting with zero 
points at 18 years. To obtain a more accurate prediction, points in the new CPR were calculated per 
year increase instead of per ten years increase in the original CPR.8,12 The predictor “performing 
sport” had five points in the new model compared to 15 points in the original CPR. However, we 
did not exclude this predictor, as it was a strong risk factor for meniscal tears in previous research.18 
Effusion remained a strong predictor in the new CPR, as was suggested in earlier research.19 
Warmth and discolouration were not selected in the new CPR. Perhaps, these variables are more 
subjective to different interpretation among physicians, and therefore not stable in other settings. 
To illustrate, discolouration occurred for all participants (100%) in the new sample, and for only 
7% of participants in the original sample. The variable warmth had already a low contribution to 
the original CPR with only four points.8 The predictor “weight-bearing during trauma” received 
eight more points in the new CPR, indicating a steady and strong predictor for meniscal tears, as 
was suggested in earlier research.2,20 The Deep Squat test increased fivefold in contribution, from 
three to 15 points. As single test, the Deep Squat test could not predict meniscal tears sufficiently 
accurate.11 However, as was suggested in previous research, this physical test contributes well 
to the prediction of meniscal tears in combination with other patient variables.11 Lastly, a new 
predictor was selected, “origin of complaints”. It is plausible that the probability for a meniscal tear 
increases after a traumatic injury.2 Because the majority of participants had degenerative meniscal 
tears, we could not derive a prediction model specific for acute and degenerative meniscal tears.8 
Although, compared to the original CPR, the new developed and internally validated CPR had a 
lower discriminative performance (AUC of 0.76 versus 0.66), the new CPR is a useful tool for the 
screening and management of meniscal tears in primary care. With its high sensitivity and lower 
specificity the risk score with its predicted probability from the CPR should be used as an indicator 
to select patients for MRI referral. Only patients for whom the establishment of diagnosis remains 
uncertain and additional testing is necessary should be referred for MRI. To use the CPR for this 
purpose with confidence, it needs external validation in other primary care settings.

The strength of this study is that we derived a prediction model with more general applicability, 
as data from the original sample on which the CPR was developed was combined with data from 
the new sample, resulting in a total sample of 167 subjects. Several limitations should be noted. 
As previously described, MRI was used as reference standard leading to less accurate results 
than arthroscopy.8,11 However, accuracy of MRI was sufficient to detect meniscal tears and a valid 
alternative for the detection of meniscal tears in our primary care research instead of arthroscopy.21 
Also, in this cross sectional design, we cannot be sure that participants were consecutively selected. 
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It is possible that participants with severe complaints were directly referred for MRI by their GP, 
without referral to our research centre. This could have underestimated the discriminative ability of 
the new model (AUC). 

Conclusion
The new CPR had adequate discrimination and good calibration and can be efficiently used in 
primary care for the management of patients with meniscal tears. In future research, this CPR 
should be further developed and externally validated in other primary care settings by researchers 
not involved in the derivation of the prediction model.
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BACKGROUND AND PURPOSE: It is unclear which treatment is recommended 
for patients with meniscal tears. To determine the optimal approach for both 
short-term and long-term consequences, we compared the results of exercise 
therapy to those of arthroscopic partial meniscectomy (PM) and meniscal repair 
in adults for the outcomes pain, functional recovery, return to work and sports 
activities, post-operative complications, degree of osteoarthritis, re-intervention 
rate and Health related Quality of Life (QoL).

METHODS: After an electronic search was performed to find relevant studies, 
two reviewers independently screened titles and abstracts based on inclusion- 
and exclusion criteria, independently checked the remaining full-text reports and 
extracted data. Outcome data were divided into short-term (<six months) and 
long-term (>six months to five years). Two reviewers independently assessed the 
risk of bias of each included study to investigate methodological heterogeneity 
and used the GRADE approach to rate the overall quality of the evidence for 
each outcome. To assess for statistical heterogeneity, we checked I2 statistics 
and the p-value of chi-square using random effects models. In meta-analysis 
a standardized mean difference (SMD) was reported to adjust for the use of 
different scales. In case of excessive heterogeneity (I2 > 75%), we only presented a 
qualitative analysis.

RESULTS: We included seven randomized clinical trials (RCT) for the comparison 
of arthroscopic PM versus exercise therapy and one retrospective study for the 
comparison of meniscal repair versus exercise therapy. We found no difference 
between arthroscopic PM and exercise therapy in the treatment of degenerative 
meniscal tears in short-term  and in long-term  with moderate quality for the 
outcome measures pain, functional recovery, return to work and sports activities, 
degree of osteoarthritis, re-intervention rate, and Health related QoL, and with 
low quality for the outcome measure post-operative complications. This study 
also suggests that in long-term, with very low quality for the outcome, functional 
recovery was more improved in the meniscal repair group compared to exercise 
therapy in the treatment of degenerative meniscal tears. 

CONCLUSIONS:  This systematic review suggests that there is no difference 
between arthroscopic PM and exercise therapy in short-term and long-term. With 
very low quality, functional recovery was more improved in the meniscal repair 
group. It needs to be considered to start with exercise therapy at first instead of 
routinely providing surgery for patients with degenerative meniscal tears.

ABSTRACT
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Partial meniscectomy (PM) is the most frequent executed surgical procedure in the United States 
with arthroscopic access as the current gold standard.1,2 However, it is unclear whether surgical 
treatment or conservative treatment is recommended for patients with meniscal tears. To 
determine the optimal approach in the treatment of meniscal tears for both short-term and long-
term consequences, it is essential to know how the results of conservative treatment compare to 
those of arthroscopic PM and meniscal repair. If the optimal treatment can be provided, in short-
term patient’s daily activities might be resumed more quickly and in long-term the risk for knee 
osteoarthritis (OA) might be decreased. Previous research has shown that PM results in faster 
functional recovery, however it sets the knee joint at greater risk of developing knee OA.3,4 In 
earlier research, it was suggested that meniscal repair aims to save the meniscus and to decrease 
the amount of degenerative changes in the knee joint as seen after meniscectomy. However, it is 
a new technique and no long-term results have been reported yet.5,6,7,8 Research has also shown 
that of multiple non-surgical conservative treatment options for meniscal tears, only an exercise 
program increases the functional capacity of the knee by improving proprioception, stability, 
coordination, and muscle strength to create optimal conditions for tissue healing and to reduce 
symptoms, however complete functional recovery takes longer compared to surgical treatment.9 
No comparisons between both surgical treatments and exercise therapy have been systematically 
investigated. Although several systematic reviews have been performed on this topic, only one 
systematic review reported the three treatment options combined with a single study concerning 
exercise therapy, without methodological quality assessment.10 Other systematic reviews focused 
on a comparison between two treatment options11,12, different techniques for one single treatment 
option10,13,14,15,16, post-operative rehabilitation17,18, or excluded studies comparing non-surgical 
techniques.19

INTRODUCTION
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Only our systematic review offers a direct comparison between two surgical treatment options 
and exercise therapy as non-surgical conservative treatment with most recent literature from 
high quality methodological research (eg RCT) for this number of important outcome measures. 
Furthermore, we provided a methodological quality assessment.

In this study, we compared partial meniscectomy with exercise therapy and meniscal repair with 
exercise therapy for the treatment of meniscal tears in adults for the outcome measures pain, 
functional recovery, return to work and sports activities, post-operative complications, degree of 
OA, re-intervention rate, and Health related Quality of Life (QoL).

METHODS
Identification of studies
We performed an electronic search in The Cochrane Central Register of Controlled Trials 
(CENTRAL), MEDLINE (Ovid), EMBASE (Ovid) and PEDro using the key words menisci*, 
surg*, operat*, arthroscop*, meniscectom*, resect*, repair*, nonoperat*, physical therap*, 
physiotherapy*, exercis*, analgesic*, non-steroidal anti-inflammatory agent* and NSAID*to find 
relevant trials. All databases were searched up to September 2015 without restrictions on language 
or date of publication. Reference lists of included articles were screened to further detect eligible 
articles that were not identified through electronic searches. 

Assessment of study eligibility and data collection
Randomized controlled trials (RCTs), and non-randomized studies (NRS) that directly compare the 
interventions of interest were included. Patients aged >18 years diagnosed with medial  
and/or lateral meniscal tear either acute or degenerative and either with or without ACL-deficiency 
detected by MRI or arthroscopy were included. Studies without comparison, cross-sectional 
studies, case series, and case reports were excluded. Furthermore, we excluded studies that focus 
on discoid meniscus, in which patients receive a concomitant intervention (i.e. ACL-reconstruction), 
studies exploring different interventions than those considered in this review (i.e. transplantation) 
and studies assessing two techniques for the same intervention (i.e. screw vs. arrow for all-inside 
repair). 

Two reviewers (BS and BH) independently screened titles and abstracts based on inclusion- and 
exclusion criteria. Subsequently, the same reviewers independently checked the remaining full-
text reports for eligibility. After completing the definitive inclusion of articles, data from full text 
articles were extracted independently. A study flow diagram according to the PRISMA statement 
is included (Figure 1).20 In all stages, disagreements were solved by discussion or by consulting an 
independent third reviewer (CL). 

Outcomes
Data on the outcomes were collected and divided into short-term (<six months), long-term (>six 
months to five years) and extended long-term (>five years). Primary outcome measures contain 
pain, functional recovery, return to work and sports activities, post-operative complication and 
degree of OA. Secondary outcomes contain re-intervention rate and Health Related QoL. The scales 
used to measure the outcomes were the Visual Analogue Scale (VAS), the Numeric Rating Scale 
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(NRS), and the subscale pain of the Knee injury and Osteoarthritis Outcome Score (KOOS) for the 
outcome pain, the Lysholm Score, the Western Ontario and McMaster Universities Arthritis Index 
(WOMAC), the subscale function in daily living of the KOOS, the Tegner and Lysholm activity scale 
and the International Knee Documentation Committee (IKDC) score for the outcome functional 
recovery, the subscale function in sport and recreation of the KOOS for the outcome return to work 
and sports activities, the subscale function in daily living of the KOOS, the WOMAC, the Kellgren-
Lawrence classification, and the Ahlbäck radiographic classification for the outcome degree of OA, 
and the subscale knee related QoL of the KOOS for the outcome Health Related QoL.

Assessment of risk of bias 
Two reviewers (BS, BH) independently assessed the risk of bias for methodological quality of 
each included study, using the Cochrane Collaboration’s Risk of Bias (ROB) tool for RCTs21 and 
the ‘Checklist for measuring quality’ by Downs and Black for NRS.22 Disagreement was solved by 
discussion or by the third reviewer (CL). 

Data synthesis 
Methodological heterogeneity was investigated through the risk of bias assessment using the 
Cochrane Collaborations tool.21 We used the GRADE approach23 to rate the overall quality of 
the evidence per outcome as high, moderate, low or very low, with RCTs starting as high quality 
evidence and NRS as low quality evidence. To assess for statistical heterogeneity, we checked 
the p-value of chi-square statistics and I2 statistics using random effects models from meta-
analysis.21 If meta-analysis could be performed, a standardized mean difference (SMD) was 
reported to adjust for the use of different scales per similar outcome. To weigh the SMDs by 
sample size, random effects models based on the inverse variance method were used. Scores were 
transformed according to the original scale if several authors reported different score indications 
of improvement on a similar instrument. When an article reported only confidence intervals (CI), 
standard deviations (SD) were calculated.21 If a primary study could not be included in meta-
analysis due to heterogeneity of presentation (e.g. mean and median for the same outcome), the 
results from this study were reported separately. In case of excessive heterogeneity (I2 >75%), we 
presented a qualitative analysis.21 To compare the results from similar instruments between studies 
without meta-analysis graphically, we presented a mean/median plot. We assessed publication bias 
and small study effects by visually inspecting a funnel plot.

RESULTS
Selection of studies
The initial database search yielded 8060 articles, of which 5586 articles remained when duplicates 
were removed. After screening titles and abstracts, 66 full-text articles were evaluated, of which 
57 articles were excluded.24-80 We excluded a Hungarian, Lithuanian, and Chinese article due to 
the lack of a translator.81,82,83 Finally, eight studies from nine articles were included in the review, 
four articles included in quantitative analysis84,85,86,87, and seven articles included in qualitative 
analysis.84,85,87,88,89,90,91 The article process has been summarized in Figure 1.
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Study ID Study design Comparison Country, 
Setting Participants Outcomes relevant for 

review
Ahn 2015 Retrospective 

study
Arthroscopic 
pull-out repair 
vs. pain control, 
physical therapy 
and exercise

Korea, 
university 
hospital

Patients with 
medial meniscus 
root tear, n = 38; 
age 35-69

• Functional recovery

Gauffin 
2014

RCT APM + exercise 
vs. exercise alone

Sweden, 
university 
hospital

Patients with pain 
from the knee joint 
where the general 
practitioner 
suspects meniscal 
injury, n = 150;  
age 45-64

• Pain
• Functional recovery
• Return to work and 
sports activities
• Re-intervention
• Health-related quality 
of life

Herrlin 
2007

RCT APM + supervised 
exercise vs. 
supervised 
exercise alone

Sweden, 
sports 
trauma 
center

Subjects with 
degenerative 
medial meniscal 
tear and Ahlbäck 
grade 0 or 1, n=99; 
age 45-64

• Pain
• Functional recovery
• Return to work and 
sports activities
• Health-related quality 
of life

Herrlin 
2013

RCT APM + supervised 
exercise vs. 
supervised 
exercise alone

Sweden, 
sports 
trauma 
center

Subjects with 
degenerative 
medial meniscal 
tear and Ahlbäck 
grade 0 or 1, n=99; 
age 45-64

• Pain
• Functional recovery
• Return to work and 
sports activities
• Degree of osteoarthritis
• Re-intervention
• Health-related quality 
of life
• Re-intervention
• Ahlbäck radiographic 
classification

Katz 2013 Multicenter 
RCT

APM + physical 
therapy vs. 
physical therapy 
alone

US, seven 
hospitals 
/ clinics / 
university 
hospitals

Symptomatic 
subjects with 
meniscal tear and 
mild-to-moderate 
OA on imaging, 
n=351; age 45 and 
older

• Pain
• Functional recovery
• Postoperative 
complications
• Degree of osteoarthritis
• Re-intervention

Østerås 
2012

RCT Pain modulating 
medical exercise 
therapy vs. APM

Norway, 
2 hospitals

Subjects 
diagnosed with 
degenerative 
meniscal tear, 
n=17; mean ± SD 
age 49.7 ± 9.3

• Pain

Sihvonen 
2014

RCT APM plus 
instructions 
for graduated 
exercise program 
vs. sham surgery 
plus instructions 
for graduated 
exercise program

Finland, 5 
orthopedic 
clinics

Subjects with knee 
pain unresponsive 
to conventional 
conservative 
treatment with 
confirmed medial 
meniscus tear, 
n = 146; age 35-65

• Pain
• Functional recovery
• Re-intervention

TABLE 1. Baseline Characteristics
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Characteristics of the included studies
We included seven RCTs and one retrospective study involving eight articles concerning 
arthroscopic PM versus exercise therapy84-87,89-92 and one article concerning meniscal repair versus 
exercise therapy.88 Two of the articles comparing PM versus exercise therapy described the same 
cohort at different follow-up times.89,90 In total, 988 subjects with an age of 35 years and older were 
included. Characteristics of the included studies are presented in Table 1.

Risk of bias and methodological quality
For subjective outcomes, five RCTs (out of six articles)84,85,86,89,90,91 were judged as high risk of bias 
due to lack of blinding of participants and personnel as well as of outcome measurement, and 
one RCT87 as low risk of bias (Table 2). The only retrospective study88 was rated as high risk of 
bias on subjective outcomes, also due to lack of blinding of participants, personnel and outcome 
assessment (Table 3).

Data synthesis
For the comparison of arthroscopic PM versus exercise therapy, we performed meta-analyses for 
the outcomes pain84,85,86,87 and functional recovery84,85,87 in short-term and in long-term. For both 
outcomes, three articles were not included in meta-analysis.89,90,91 Yim et al91 reported a range 
instead of SD, and Herrlin et al89,90 reported a median instead of a mean. For articles not included in 
meta-analysis, results from primary studies were compared with the pooled results and reported 
separately. Østerås et al.86 only reported global Knee Injury and Osteoarthritis Outcome Scale 
(KOOS) scores, so we could not extract a subscale score for functional recovery. In Stensrud et 
al92 only functional recovery by means of isokinetic knee extension peak torque was reported. As 
exclusively patient reported outcome measures (PROMs) for functional recovery were included in 
this systematic review, we could not extract any data from this article for our analysis. For the other 
outcomes meta-analysis could not be performed because only one study reported the outcome 
of interest85 or the method of reporting rendered the data unsuitable for meta-analysis.84,87,89,90,91 
Therefore, for those comparisons qualitative analyses were necessary. For the comparison of 

Study ID Study design Comparison Country, 
Setting Participants Outcomes relevant for 

review
Stensrud 
2015

RCT APM vs. exercise 
therapy

Norway, 
university 
hospital

Patients with 
degenerative 
meniscal tear, 
n = 82; age 35-60

• None

Yim 
2013

RCT APM + physical 
exercise vs. 
physical exercise

Korea, 
university 
hospital

Subjects 
diagnosed with 
degenerative 
horizontal medial 
meniscal tear, 
n = 108; age 43-62

• Pain
• Functional recovery
• Degree of osteoarthritis

APM = Arthroscopic Partial Meniscectomy
OA = Osteoarthritis

TABLE 1 (CONTINUED). Baseline Characteristics
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meniscal repair versus exercise therapy, only the outcome functional recovery could be extracted 
from Ahn et al.88 No within-study subgroup analyses were found. 

Arthroscopic PM versus exercise therapy
Pain - Based on four studies84,85,86,87 where pain is measured through the VAS, NRS, and the subscale 
pain of the KOOS score, we found no statistically significant difference in pain between arthroscopic 
PM and exercise therapy at short-term (SMD=0.20; 95%CI: -0.06-0.46) (Figure 2.1). At long-term, 
three studies84,85,87 found a non-statistically significant SMD for pain of -0.08 with 95% CI of  
-0.15-0.32 (Figure 2.2). For both meta-analyses, statistical heterogeneity was considered moderate 
(respectively I2=51%, p=0.11 for short-term, and I2=49%, p=0.14 for long-term). In Herrlin et al89,90, 
pain was measured on the subscale pain of the KOOS score, and showed no statistically significant 
difference in short-term (after 8 weeks) and in long-term (after 6 months) between arthroscopic 
PM group and exercise therapy. At follow-up examinations at 24 and 60 months, no significant 
group differences in the VAS score were found. In Yim et al91, pain was measured through the VAS 
score. Although the mean difference in pain at 6 months was highest with 0.6 points in favor of the 
PM group, in long-term no significant difference was found between the PM group and exercise 
therapy. The overall quality of evidence for this outcome was moderate.23

Functional recovery - Based on three studies84,85,87 where functional recovery is measured through 
the Lysholm score, the WOMAC physical function score and the subscale function in daily living of 
the KOOS score, we found no statistically significant evidence of superior effectiveness of either 
arthroscopic PM or exercise therapy for functional recovery in short-term (SMD=-0.01; 95%CI: 
-0.32-0.30) and in long-term (SMD=-0.01; 95%CI: -0.17-0.15) (Figure 2.3 and Figure 2.4). For 
short-term, statistical heterogeneity was moderate (I2=69%, p=0.04), and for long-term, statistical 
heterogeneity was low (I2=0%, p=0.47). In Herrlin et al89,90, functional recovery was measured on 
the subscale function in daily living of the KOOS, and showed no statistically significant difference 
in short-term (after eight weeks) and long-term (after six months) between PM plus exercise 
therapy and exercise therapy alone. These non-significant group differences in the KOOS subscale 
maintained in long-term at 24 and 60 months. In Yim et al91, functional recovery was measured 
through the Lysholm score, and showed a statistically significant difference in short-term with a 
mean difference of 4.8 points in favor of the PM group. In long-term, no significant differences were 
shown, with 83.2 points for the arthroscopic PM group and 84.3 points for the exercise group. The 
overall quality of evidence for this outcome was moderate.23 

Return to work and sports activities - Three articles84,89,90 measured this outcome on the subscale 
function in sport and recreation of the KOOS. Because authors used different methods of reporting 
this outcome (mean and median), meta-analysis could not be performed. Therefore, a qualitative 
analysis was conducted. Herrlin et al89 found in short-term (after eight weeks) a median of 70 
(range: 35-85) for the PM group, and a median of 70 (range: 50-90) for exercise therapy, not 
statistically significant. In long-term (after six months), a median of 70 (range: 30-90) for the 
arthroscopic PM group, and a median of 65 (range: 35-85) for exercise therapy was found, again not 
statistically significant. At follow-up90, the non-significant group differences in the KOOS subscale 
maintained at 24 and 60 months. In Gauffin et al84, in short-term a mean of 53 (95%CI: 46-59) for the 
PM group and a mean of 46 (95%CI: 38-53) for exercise therapy was found with a p-value of 0.159.  
In long-term, a mean of 59 (95%CI: 52-65) was found for the arthroscopic PM group and a mean 
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FIGURE 1. Study flow diagram
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synthesis
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Article

Key domain for
entire study

Selection bias

Key domain 
only for 

subjective 
outcomes 

Performance 
bias

Key domain 
only for 

subjective 
outcomes 

Detection bias Attrition bias Reporting bias
Gauffin 2014 ? + + + -
Herrlin 2007 - + + - +
Herrlin 2013 - + + - -
Katz 2013 - + + - ?
Østerås 2012 ? + + - -
Sihvonen 2014 - - - - -
Stensrud 2015 - ? - - -
Yim 2012 ? + ? - +

- = low risk of bias, + = high risk of bias, ? = unclear risk of bias. 

Selection bias  Was there adequate generation of randomised sequence, and were the  
  allocations adequately concealed?
Performance bias  Were participants and personnel blinded to which intervention participants were 
  allocated?
Detection bias  Was there blinding of outcome assessment?
Attrition bias  Was there bias due to the amount, nature or handling of incomplete outcome  
  data?
Reporting bias  Was there bias due to selective reporting?

TABLE 2. Risk of Bias of included RCTs

Article

Key domain 
for

entire study

Selection 
bias

Key domain 
only for 

subjective 
outcomes 

Performance 
bias

Key domain 
only for 

subjective 
outcomes 

Detection 
bias

Attrition 
bias

Reporting 
bias

Key domain for 
entire study 

Confounding

Ahn 2015 + + + - - +

- = low risk of bias, + = high risk of bias, ? = unclear risk of bias

Selection bias  Were the patients in different intervention groups (trials and cohort studies) or  
  were the cases and controls (case-control studies) recruited from the same 
  population?
Performance bias  Was an attempt made to blind study subjects to the intervention they have 
  received?
Detection bias  Was an attempt made to blind those measuring the main outcomes of the 
  intervention?
Attrition bias  Are the main findings of the study clearly described? Have the characteristics of 
  patients lost to follow-up been described? Were losses of patients to follow-up 
  taken into account?
Reporting bias  Are the main outcomes to be measured clearly described in the Introduction or 
  Methods section?

TABLE 3. Methodological quality of included NRS
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of 55 (95%CI: 48-62) for exercise therapy with a p-value of 0.450. To compare the results between 
studies graphically, results are presented in a mean/median plot (Figure 3.1). The overall quality of 
evidence for this outcome was moderate.23

Postoperative complications - This outcome was only reported by Katz et al.85 Four subjects in the 
arthroscopic PM group suffered thromboembolic complications (including one fatal pulmonary 
embolism) against none of the subjects in the exercise therapy group. Taking other serious and 
non-serious adverse events into account, there were no significant differences in the frequencies of 
adverse events. The overall quality of evidence for this outcome was low.23 

Degree of osteoarthritis - Two studies85,90 measured patient reported disability concerning knee OA 
on the WOMAC and the subscale function in daily living of the KOOS. For both studies, we found no 
statistically significant evidence of a difference in short-term between arthroscopic PM or exercise 
therapy. Data on the progression of knee OA in radiographic classification was reported in two 
studies according to Kellgren-Lawrence classification91 or the Ahlbäck radiographic classification90 
in long-term at respectively 24 and 60 months. In the study of Yim et al91, two subjects in the PM 
group and three in the exercise therapy showed progression in OA by more than one grade at 24 
months follow up. In Herrlin et al90, in each treatment group two subjects showed progression of 
knee OA in the medial compartment. Three subjects progressed from grade 1 to grade 2 and one 
subject progressed from grade 1 to grade 3, but it is not reported to which group each subject 
belongs. The overall quality of evidence for this outcome was moderate on patient reported 
disability as well as on radiographic classification.23

Re-intervention - In four studies re-intervention was reported. Herrlin et al90 reported that 13 of 46 
subjects (28.2%) randomized to exercise therapy crossed over to arthroscopic PM on an average 
of 6.5 months after the initial intervention and that three of 46 subjects (6.5%) of the arthroscopic 
PM group had an additional arthroscopy. Katz et al.85 reported that 59 of 169 subjects (34.9%) 
randomized to exercise therapy crossed over to arthroscopic PM and that nine of 161 subjects 
(5.6%) randomized to arthroscopic PM did not undergo surgery. Total knee replacement was 
performed in five participants assigned to arthroscopic PM and three participants assigned to 
exercise therapy. Gauffin et al84 reported that of 123 subjects randomized to exercise therapy 16 
subjects (13.0%) crossed over to arthroscopic PM and that nine of 123 subjects (7.3%) randomized to 
surgery did not proceed with the operation. This study also described one subject who underwent 
a new arthroscopy after the initial one. In Sihvonen et al87 two subjects underwent additional knee 
surgery after arthroscopic PM: one had a total knee replacement after diagnosis of aseptic necrosis 
of the medial femoral condyle, and the second one a resection of the meniscus five months after 
the index procedure because of recurrence of symptoms. The overall quality of evidence for this 
outcome was moderate.23

Health Related Quality of Life - Three articles84,89,90 measured Health Related QoL through the 
subscale knee related QoL of the KOOS. For Herrlin et al89,90 in short-term (after eight weeks), 
the QoL estimate was equally between the arthroscopic PM group and exercise therapy, with 
respectively a median of 63 (range: 50-75) and 63 (range: 44-69). In long-term (after six months), 
QoL was not statistically significant higher in the PM group with a median of 69 (range 44-88)  
compared to exercise therapy with a median of 63 (range: 44-75). The QoL remained not 
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FIGURE 2.1. Meta-analysis for outcome pain in short-term 

FIGURE 2.2. Meta-analysis for outcome pain in long-term 

FIGURE 2.3. Meta-analysis for outcome functional recovery in short-term 

FIGURE 2.4. Meta-analysis for outcome functional recovery in long-term 

APM Exercise therapy Std. Mean Difference 

Study or subgroup Mean SD Total Mean SD Total Weight IV, Random (95% CI) IV, Random (95% CI)
Gauffin 2014 77 16.2714 66 69 18.8441 57 26.2% 0.45 (0.10, 0.81)
Katz 2013 78.9 17.98 161 74.8 18.44 169 38.6% 0.22 (0.01, 0.44)
Osteras 2012 2.6 1.1 8 2 1.4 9 6.3% 0.45 (-0.52, 1.42)
Sihvonen 2013 1.6 2.5163 70 1.9 2.1881 76 28.9% -0.13 (-0.45, 0.20)

Total (95% CI) 305 311 100.0% 0.20 (-0.06, 0.46)

Heterogeneity: Tau2 = 0.03, Chi2 = 6.10, df = 3 (P = 0.11); I2 = 51%. 
Test for overall effect: Z = 1.49 (P= 0.14).

APM Exercise therapy Std. Mean Difference 

Study or subgroup Mean SD Total Mean SD Total Weight IV, Random (95% CI) IV, Random (95% CI)
Gauffin 2014 84 12.5817 70 78 19.3553 60 27.4% 0.37 (0.02, 0.72)
Katz 2013 80.9 17.3473 161 80.7 17.7795 169 43.0% 0.01 (-0.20, 0.23)
Sihvonen 2013 2.7 2.5163 70 2.9 2.6257 76 29.6% -0.08 (-0.40, 0.25)

Total (95% CI) 301 305 100.0% 0.08 (-0.15, 0.32)

Heterogeneity: Tau2 = 0.02, Chi2 = 3.95, df = 2 (P = 0.14); I2 = 49%. 
Test for overall effect: Z = 0.69 (P= 0.49).

APM Exercise therapy Std. Mean Difference 

Study or subgroup Mean SD Total Mean SD Total Weight IV, Random (95% CI) IV, Random (95% CI)
Gauffin 2014 81 16.1428 65 76 18.8441 57 29.3% 0.28 (-0.07, 0.64)
Katz 2013 14.7 17.3473 161 19 17.7795 169 39.1% -0.24 (-0.46, -0.03)
Sihvonen 2013 82.8 15.9368 70 82.7 14.4414 76 31.5% 0.01 (-0.32, 0.33)

Total (95% CI) 296 302 100.0% -0.01 (-0.32, 0.30)

Heterogeneity: Tau2 = 0.05, Chi2 = 6.47, df = 2 (P = 0.04); I2 = 69%. 
Test for overall effect: Z = 0.06 (P= 0.95).

APM Exercise therapy Std. Mean Difference 

Study or subgroup Mean SD Total Mean SD Total Weight IV, Random (95% CI) IV, Random (95% CI)
Gauffin 2014 86 16.7756 70 83 15.4842 60 21.3% 0.18 (-0.16, 0.53)
Katz 2013 13.7 16.0623 161 14.5 16.4625 169 54.6% -0.05 (-0.26, 0.17)
Sihvonen 2013 82.2 15.9368 70 83.4 13.5662 76 24.1% -0.08 (-0.41, 0.24)

Total (95% CI) 301 305 100.0% -0.01 (-0.17, 0.15)

Heterogeneity: Tau2 = 0.00, Chi2 = 1.52, df = 2 (P = 0.47); I2 = 0%. 
Test for overall effect: Z = 0.09 (P= 0.93).
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significantly different between groups at follow-up examinations at 24 and 60 months. For Gauffin 
et al84 in short-term, the mean QoL for the arthroscopic PM group was 56 (95%CI: 51-61) and 
for exercise therapy 49 (95%CI: 43-55) with a p-value of 0.066. In long-term, the mean QoL for 
both groups respectively was 66 (95%CI: 60-71) and 59 (95%CI: 53-65) with a p-value of 0.090. To 
compare these results between studies graphically, results are presented in a mean/median plot 
(Figure 3.2). The overall quality of evidence for this outcome was rated as moderate.23

Meniscal repair versus exercise therapy
Functional recovery - In Ahn et al88, functional recovery was measured on the Tegner and Lysholm 
activity scale and the IKDC. In long-term, Tegner and Lysholm score were higher for the repair 
group with a mean of 73.44 (SD=21.58) compared to exercise therapy with a mean of 51.15 
(SD=22.67). This was comparable with long-term results on the IKDC, where the repair group 
showed a mean of 59.18 (SD=22.89) and exercise therapy a mean of 45.85 (SD=14.00). The overall 
quality of evidence for this outcome was very low.23

DISCUSSION
Our study suggests that there is no difference between partial meniscectomy and exercise therapy 
in the treatment of degenerative meniscal tears in short-term and in long-term with moderate 
quality evidence for the outcome measures pain, functional recovery, return to work and sports 
activities, degree of OA, re-intervention rate, and Health related QoL, and with low quality evidence 
for the outcome measure post-operative complications. This study also suggests that in long-term, 
based on very low quality evidence, functional recovery improved more in the meniscal repair group 
compared to exercise therapy in the treatment of degenerative meniscal tears. 

For the outcome pain, we included Osteras et al86 in meta-analysis, although VAS scores were 
not adjusted for baseline differences. Possibly, more men were included in exercise therapy, and 
complaints in this group existed shorter compared to the arthroscopic PM group. However, the 
adjusted VAS score is 0.1 less compared to the unadjusted VAS score, and in sensitivity analysis 
our conclusions without the study of Osteras et al86 did not change. In the comparison of primary 
study results89,90,91 to the result from meta-analysis, it was confirmed that no significant differences 
occurred in pain between the two treatment groups in short-term and in long-term. 

For the outcomes pain and functional recovery, Gauffin et al84 was included in meta-analysis, with 
some concern about clinical heterogeneity. Subjects included in the study of Gauffin et al84 were 
selected in general practice, and the meniscal tear was only confirmed through X-ray instead of 
MRI. Nevertheless, we decided to include this article, as it investigated the comparison of interest 
and met all other selection criteria. As the general population was different from the selected 
population in secondary care, we performed sensitivity analyses for both outcomes. Without the 
study of Gauffin et al84, the SMD diminished slightly to a maximum of 0.16 SMD, which resulted in 
less contrast between interventions consequently the findings remained not significant. The study 
of Sihvonen et al87 was also included in each meta-analysis although it compared arthroscopic PM 
with sham surgery. However, instructions for a graduated exercise program in both groups were 
given. As both groups underwent surgery, we could guarantee blinding of subjects, presenting a 
less biased estimation of the additional effect of arthroscopic PM to exercise therapy. 
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FIGURE 3.1. Mean/median plot for outcome return to work and sports activities in  
short-term and in long-term 

FIGURE 3.2. Mean/median plot for outcome Health related QoL in short-term and in  
long-term 
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For the outcome functional recovery, heterogeneity in short-term is substantial (I2=69%), whereas 
with the same included studies heterogeneity in long-term is not important (I2=0%). An explanation 
could be that in short-term, study effects range from -0.24 to +0.28. In long-term, outcomes are 
more identical and close around zero presenting no difference. Confidence intervals are therefore 
smaller in long-term than in short-term, whereas in short-term more uncertainty around the effect 
exists.

For the other outcomes, no meta-analysis could be performed. For the outcomes return to work 
and sports activities and Health Related QoL in short-term and in long-term the arthroscopic PM 
group showed higher scores on the KOOS subscales compared to the exercise group, however a 
significant difference was not indicated as 95% CIs overlapped for each comparison. 

In previous research it has been suggested that arthroscopic PM results in faster knee OA.3,4,93 
With this suggestion in mind and without a difference in effect between arthroscopic PM and 
exercise therapy in this systematic review, exercise therapy could be a valuable treatment option 
for degenerative meniscal tears. However, Herrlin et al.90 provided the longest follow up period by 
reporting outcomes at five years. For knee OA, this is still a fairly short time period to assess the 
degree of progression. No extended long-term results (> five years) could be detected in studies 
included in this systematic review. In general, a longer follow up is needed to determine the degree 
of knee OA after arthroscopic PM and exercise therapy.  

In the included RCTs84,85,90, the number of subjects that crossed over from exercise therapy to 
arthroscopic PM ranged from 13.0% to 34.9%. Contrary, this percentage is much lower in the 
crossover from arthroscopic PM to exercise therapy, ranging from 5.6% to 7.3%. Possibly, the 
intention to treat analysis underestimated the results of arthroscopic PM. However, as it was 
strongly suggested that for all outcomes no difference between interventions was found in 
short-term and in long-term, taking the impact of surgery on patients into account, it has to be 
considered to start with exercise therapy at first instead of routinely providing surgery. After 
arthroscopic PM, only a few subjects needed re-operation. 

We found low quality evidence for the outcome postoperative complications as it was only reported 
in one study85 with high risk on bias. However, this was not a subjective outcome measure, and 
the performance and detection bias could in this situation therefore have had less influence on the 
results. Although exercise therapy does not result in serious complications, with only four cases 
of postoperative complications reported in one study85, we cannot detect a difference that prefers 
exercise therapy to arthroscopic PM.

The last finding, that meniscal repair led to higher improvement for functional recovery than 
exercise therapy in long-term, was based on very low quality evidence.88 First, the study was an 
observational cohort study, and not a RCT.88 Secondly, a high risk for selection bias occurred, as 
only subjects that refused to undergo surgery or had irreparable complex root tears were treated 
with exercise therapy.88 Therefore, it is unclear whether meniscal repair leads to better results than 
exercise therapy or that these subjects simply had a better prognosis to start with. More research 
is needed for this comparison, especially as already has been established that meniscal repair is 
beneficial compared to arthroscopic PM on long-term patient reported outcomes and activity levels 
on top of a lower failure rate.94
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Limitations
Moderate instead of high quality evidence for the outcome measures pain, functional recovery, 
return to work and sports activities, degree of OA, re-intervention rate, and Health related QoL was 
caused by a higher risk of performance and detection bias in multiple included RCTs due to the lack 
of blinding of participants and personnel, and of the outcome measurement.84,85,86,89,90 As subjective 
outcomes were reported, results could have been influenced, especially if the same person that 
supervised the subjects over time also had influence on the outcome assessment. This chance was 
higher for exercise therapy, and could therefore have overestimated the outcome results for this 
intervention. 

We did not report all instruments that measured functional recovery in studies, to preserve clear 
overview of the results and to guarantee that results between meta-analysis and primary studies 
are more comparable. Instruments that were also used to measure functional recovery include the 
WOMET (Western Ontario Meniscal Evaluation Tool) score in Sihvonen et al87, the SF-36 (Short 
Form-36) in Katz et al85 and the Tegner score in Yim et al.91 However, results on these instruments 
did not differ from the results we described.

Conclusions
This systematic review suggests that there is no difference between arthroscopic PM and exercise 
therapy in short-term and long-term with moderate quality evidence for the outcomes pain, 
functional recovery, return to work and sports activities, degree of OA, re-intervention rate, and 
Health related Quality of Life, and with low quality for post-operative complications. For meniscal 
repair versus exercise therapy very low quality evidence suggested that in long-term functional 
recovery improved more in the meniscal repair group. Caregivers should consider starting with 
exercise therapy at first instead of routinely providing surgery for patients with degenerative 
meniscal tears.
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Although meniscal tears are a very common phenomenon uncertainty exists about the diagnosis 
and treatment of meniscal tears in primary care. This thesis aims to provide evidence regarding the 
diagnosis and management of general practitioners (GP) and physical therapists (PT) for patients 
with a suspected meniscal tear, to reduce the uncertainty about the diagnosis and to improve 
successful management of meniscal tears in primary care. 

In chapter 2, we performed a retrospective cohort study describing the frequency of patients with 
a suspected meniscal tear conservatively treated in primary care or referred to secondary care for 
additional diagnostic procedures and treatment. The study also investigated whether this referral 
management was associated with age, trauma and locking complaints, and whether management 
varied between GP practices. We reviewed 394 patients between 18-75 years attending the GP 
between 2005-2015 with a suspicion for a meniscal tear from a GP database of routinely collected 
data by the department of family medicine in the Academic Medical Center (AMC) in Amsterdam. 
In total, 69% (272/394) of patients with a suspected meniscal tear were eventually referred to 
secondary care of whom 165/394 (42%) were directly referred without conservative treatment.  Of 
the 107/394 patients (27%) initially treated conservatively, 50 (47%) were referred to secondary 
care. Most common reasons for secondary referral were a suspicion for a meniscal tear (n=29, 59%) 
and persistent knee complaints (n=16, 33%). The median time between conservative treatment 
and referral was 21 days with a range from 1-270 days. Patients older than 40 years were more 
frequently referred than younger subjects (<40 years). There was much variation in referral rates 
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between practices, ranging from 5 to 30%. We concluded that meniscal tear patients are too 
frequently referred to secondary care and that management strategies between GP practices 
differed substantially.  More accurate diagnostic strategies are needed to distinguish meniscal tears 
from other knee pathologies in order to make an informed decision about diagnosis and subsequent 
management of patients.

Chapter 3 presents a systematic review on risk factors for meniscal tears. We included prospective, 
retrospective and case-control studies with a total sample of 7,358 individuals over 16 years of 
age who had no previous meniscal injuries or surgeries. Eleven studies published up to January 
2012 were included of which ten articles were eligible for meta-analysis. In the meta-analysis, 
seventeen risk factors were identified: ten risk factors for degenerative meniscal tears, five risk 
factors for acute meniscal tears and two risk factors for meniscal tears associated with knee laxity. 
In qualitative analysis we identified four risk factors for degenerative meniscal tears, one factor 
for acute meniscal tears, and one factor for meniscal tears due to knee laxity. We divided factors 
into strong, moderate and minimal to no evidence, which was determined by the strength and 
significance of the effect. Risk of bias of included studies was overall low, with only one study 
that contained high risk on selection and information bias. As it did not result in methodological 
heterogeneity this study was included in the meta-analysis. Results showed strong evidence that 
age (older than 60 years), gender (male), work-related kneeling or squatting, and climbing stairs 
(greater than 30 flights per day) were risk factors for degenerative meniscal tears. Sitting more than 
two hours per day reduced the risk for a meniscal tear. We found strong evidence for acute meniscal 
tears that playing soccer and playing rugby were risk factors. There was also strong evidence that 
waiting more than 12 months between anterior cruciate ligament injury and reconstruction surgery 
is a risk factor for a medial meniscus tear. We concluded that identifying risk factors is important for 
prevention strategies and can aid in establishing a correct diagnosis when combined with diagnostic 
tests for meniscal tears. 

In chapter 4, a multicenter cross sectional study was performed to determine the inter-examiner 
agreement and diagnostic accuracy of two meniscal weight-bearing tests; the Thessaly test and 
Deep Squat test, and one non-weight-bearing meniscal test; the Joint Line Tenderness (JLT) test. 
Between October 2009 and December 2013, we included 121 patients aged 18-65 years with a 
suspicion of internal derangement of the knee. To compare the meniscal test results the reference 
standard magnetic resonance imaging (MRI) was used. Three trained PTs performed the meniscal 
tests. Each test was performed by two PTs in alternating pairs. The interexaminer agreement was 
poor for JLT test with a kappa of 0.17 and moderate for Thessaly test and Deep Squat test with 
kappas of 0.54 and 0.46 respectively.  Due to poor reliability, JLT test was not further analyzed for 
accuracy. Diagnostic accuracy of both the Thessaly test and the Deep squat test was insufficient, 
indicating that weight-bearing meniscal tests on their own are not useful to detect meniscal tears in 
primary care. 

In chapter 5, we report on the internal validation of a clinical prediction rule (CPR) to detect 
meniscal tears. We used participants from the cross sectional study described in the previous 
chapter. Fourteen primary care centers participated in this study. To develop the CPR, one meniscal 
test and fourteen clinical variables were considered as predictors. The least absolute shrinkage 
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and selection operator (LASSO) was used to select variables for the model. Discrimination of the 
model was tested with a Receiver Operating Characteristic-Area Under the Curve (ROC-AUC). 
Calibration of the model was assessed through goodness of fit with a calibration plot. In the final 
CPR the following variables were included: sex, age, weight-bearing during trauma, performing 
sports, effusion, warmth, discolouration and Deep Squat test. The attribution of each predictor 
was determined by the regression coefficients and visualized by a scoring system including the 
predicted probabilities. The final model had an AUC of 0.76 (95% Confidence Interval  
(CI) = 0.72-0.80) with a sensitivity of 86.1% and a specificity of 45.5% for a cut-point of 150 points. 
The calibration of the model was good. We concluded that this CPR is a first step to improve the 
detection of meniscal tears leading to an informed selection for MRI referral in primary care. 
However, the CPR is not specific for acute meniscal tears, because our sample included primarily 
degenerative meniscal tears. Therefore, the CPR needs further development to be sensitive to both 
acute and degenerative meniscal tears. 

In chapter 6 we externally validated the CPR from the previous chapter in a multicenter cross 
sectional study including twelve primary care centers. We included 57 participants between 
January 2014-January 2016. Participants were between 18-65 years old and with possible internal 
derangement of the knee. Fifty participants remained in analysis. Due to poor performance of the 
CPR in the external validation sample (ROC-AUC of 0.53, 95% CI = 0.37-0.70) and poor calibration, 
we developed a new CPR with data from the original sample (chapter 5) combined with data 
from the new sample. After the LASSO procedure for the selection of variables, seven predictors 
remained in the final model. The predictors warmth and discolouration were discarded, while 
origin of complaints was selected as a new predictor. The ROC-AUC of the new amended CPR was 
0.66 (95% CI = 0.59-0.74). Calibration of the model was good. For a risk score cut-off of 160 points 
the sensitivity was 90.7% and the specificity was 46.7%. We conclude that the amended CPR can 
be used as an efficient tool in the management of patients with meniscal tears in primary care, 
however it needs further validation in other primary care settings.

We performed a systematic literature search in chapter 7 to compare the effectiveness of exercise 
therapy for meniscal tears to that of arthroscopic partial meniscectomy (PM) and meniscal repair 
as well as their short-term and long-term consequences. We included seven randomized clinical 
trials (RCTs) that compared arthroscopic PM with exercise therapy for patients with degenerative 
meniscal tears and one retrospective study that compared meniscal repair with exercise therapy for 
patients with a medial meniscal root tear (MMRT) older than 18 years. Databases were searched up 
to September 2015. The GRADE approach was used to rate the (moderate) quality of each outcome. 
For the outcome measures pain, functional recovery, return to work and sports activities, degree of 
osteoarthritis (OA), re-intervention rate, and Health related Quality of Life, we found no statistically 
significant difference in the short-term and the long-term between arthroscopic PM and exercise 
therapy. For articles having low quality, no difference was found for postoperative complications. 
For the comparison of meniscal repair versus exercise therapy, only the outcome long-term 
functional recovery was more improved for the meniscal repair group. This outcome was rated as 
very low quality evidence. Also considering previous research suggesting increased risk of knee OA 
after arthroscopic PM, we conclude that for patients with degenerative meniscal tears clinicians 
must opt for exercise therapy over surgery.
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GENERAL DISCUSSION

Diagnosis of meniscal tears in primary care
In primary care, meniscal tears are difficult to detect.1-4 We observed little uniformity in referral 
management, reflecting the difficulties GPs experience in distinguishing between a meniscal 
tear and other knee pathology.5 Although current guidelines advocate conservative treatment 
for reasons of efficiency and cost,6,7 our study shows that the majority of patients are directly 
referred to secondary care.5 Therefore, GPs need to establish a more accurate diagnosis to make an 
informed management decision.  

Previous research suggested to improve detection by performing weight-bearing instead of 
non-weight-bearing tests.8,9 However, weight-bearing meniscal tests on their own have limited 
accuracy.10-14 Our CPR combines a weight-bearing meniscal test with patient variables that can 
be obtained from physical examination and patient history.15 The addition of patient variables 
to detect meniscal tears was also suggested in earlier research1,16 but was never formally derived 
and validated as a CPR. Patient variables that could predict a meniscal tear were obtained from 
the literature including our systematic review on risk factors for meniscal tears.4,16,17 After internal 
validation with shrinkage of the model coefficients, the CPR had acceptable accuracy,15 but 
external validation showed a poor performance of the CPR in other primary care settings.18 There 
were notable differences in the distribution of patient characteristics in the samples, which may 
explain the poor external performance of the CPR.19,20 With the purpose to reflect the total primary 
care population with suspected meniscal tears, we combined the two samples and estimated an 
amended CPR.18 In the amended CPR the predictor “origin of complaints” was added to indicate the 
distinction between acute and degenerative meniscal tears. Acute tears originate more frequently 
in younger patients after trauma, while degenerative meniscal tears often originate gradually 
in older patients.6,7,11,17,21 Due to this different origin it seems plausible that the contribution of 
predictors such as age, sport performance and effusion in the CPR differs for patients with acute 
and degenerative meniscal tears. In future research it should therefore be explored whether a 
prediction model sensitive for both acute and degenerative meniscal tears should be developed.1,18 

A typical finding in both the original as in the cross-validation sample was that “locking” was not 
predictive for a meniscal tear, which is contrary to earlier research and the current GP guideline.1,6,16 
We argue that information on locking complaints during the intake cannot be reliably assessed 
since it is liable to misinterpretation. Therefore, our advice is to avoid using locking complaints as 
an indicator for referral. 

With a sensitivity of more than 90.7% and a specificity of 46.7% for a cut off of 160 points, the CPR 
can be applied as a pre-screening tool to select presenting patients for radiological confirmation by 
MRI.22,23 If the use of the CPR results in an informed management decision by GPs, the treatment of 
meniscal tears can be optimized for the individual patient which might improve patient outcomes. 
Also, it might reduce health care costs with the decrease of unnecessary referrals. In future research 
the CPR needs further modification and validation in other primary care settings. Cost-effectiveness 
and feasibility of the CPR in primary care should be further examined in pragmatic (randomized) 
trials.
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Treatment of meniscal tears 
With the detection of meniscal tears the appropriate treatment can be provided. Our study 
indicates that, for degenerative meniscal tears, conservative treatment is recommended before 
opting for arthroscopic surgery.24 However, due to the lack of information in current research, it 
remains unclear how patients with an acute meniscal tear should be treated. These are younger 
patients with another etiology of the meniscal lesion, mostly trauma.6,11,21 

A wide variety in conservative non-operative treatment options is available such as watchful 
waiting, non-steroidal anti-inflammatory drugs (NSAIDs), intra-articular steroid injection and 
exercise programs.25 Of all non-surgical treatment options, exercise therapy is the only option to 
increase the functional capacity of the knee, including improvement of stability, proprioception, 
coordination, and muscle strength.26 Our study focused on the efficacy of exercise programs 
compared to surgery and our findings support the recommendation from GP guidelines to start 
with exercise therapy instead of routinely providing surgery for patients with degenerative meniscal 
tears.6,7,24,26 However, this finding was only applicable to the comparison of arthroscopic partial 
meniscectomy (PM) versus exercise therapy. It remains unclear whether meniscal repair is beneficial 
over exercise therapy.24 Meniscal repair is indicated for meniscal tears in the vascular region where 
the meniscus has the ability to recover.27,28 Arthroscopic PM is indicated for meniscal tears in the 
avascular region, where the meniscus has no capacity to heal itself and cannot be repaired.29,30,31 
Further research is necessary to explore whether meniscal repair or an exercise program is more 
beneficial for meniscal tears in the vascularized region. It should also be explored whether tears 
in the vascularized region contain more frequently acute meniscal tears and should therefore be 
treated differently than degenerative meniscal tears. 

To improve the management of meniscal tear patients, it is important that meniscal tears, including 
tear location, can be diagnosed in primary care. In future research it should be explored whether GP 
access to MRI would support the decision-making in primary care. This research should take into 
account whether GP access to MRI reduces health care costs.2 ,32

Conclusion
Current physical examination tests cannot accurately detect meniscal tears in primary care. A 
CPR that combines a meniscal test with patient variables improves the selection of meniscal tear 
patients for MRI and optimizes the management pathway. However, it needs further validation 
before implementation. In contrast with current guidelines, locking complaints should not be 
used as indication for referral. Our research supports the recommendation in GP guidelines to 
treat degenerative meniscal tears conservatively instead of routinely opting for surgery. For acute 
meniscal tears it is unclear whether conservative treatment is more beneficial than surgery, or 
vice versa. Further investigation is warranted to determine which meniscal tears need surgical 
treatment instead of conservative treatment. We conclude that it is important for the management 
and treatment of meniscal tear patients to correctly diagnose meniscal tears in primary care. 
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Ondanks dat meniscusletsel een veel voorkomend probleem betreft is er onzekerheid over de 
diagnose en behandeling van meniscusletsel in de eerstelijnspraktijk. Dit proefschrift heeft als 
doel om evidentie te verkrijgen ten aanzien van de diagnose en management van huisartsen en 
fysiotherapeuten voor patiënten met een meniscusletsel, om onzekerheid over de diagnose te 
reduceren en om management van meniscusletsel in de eerste lijn te verbeteren. 

In hoofdstuk 2 hebben we een retrospectieve cohort studie uitgevoerd waarin we beschrijven hoe 
vaak patiënten met een verdenking op meniscusletsel conservatief behandeld zijn in de eerste 
lijn, of verwezen zijn naar de tweede lijn voor aanvullende diagnostiek en behandeling. De studie 
onderzocht ook of dit verwijs beleid was geassocieerd met leeftijd, trauma en slotklachten, en of 
management varieerde tussen huisartspraktijken. We onderzochten 394 patiënten uit een database 
van de afdeling Huisartsgeneeskunde in het Academisch Medisch Centrum (AMC) tussen 18-75 jaar 
die tussen 2005-2015 hun huisarts bezochten met een verdenking op een meniscusletsel. In totaal 
werden 69% (272/394) van de patiënten met een verdenking op meniscusletsel verwezen naar de 
tweede lijn, waarvan 165/394 (42%) direct verwezen werd zonder conservatief behandeld te zijn. 
Van de 107/394 patiënten (27%) die initieel conservatief behandeld werden, zijn 50 (47%) verwezen 
naar de tweede lijn. De meest voorkomende redenen voor verwijzing naar de tweede lijn waren 
verdenking op meniscusletsel (n=29, 59%) en aanhoudende knieklachten (n=16, 33%). De mediane 
duur tussen conservatieve behandeling en verwijzing was 21 dagen met een range van 1-270 dagen. 
Patiënten ouder dan 40 jaar werden vaker verwezen dan patiënten jonger dan 40 jaar. Er was veel 
variatie in aantal verwijzingen, variërend van 5% tot 30%. We concludeerden dat patiënten met een 
meniscusletsel te frequent verwezen worden naar de tweede lijn en dat management strategieën 
tussen huisartspraktijken substantieel verschilden. Meer accurate diagnostische strategieën zijn 
nodig om onderscheid te kunnen maken tussen meniscusletsel en andere knie pathologie, zodat 
een geïnformeerd besluit genomen kan worden betreffende de diagnose en daaropvolgend 
management van patiënten. 

In hoofdstuk 3 presenteren we een systematic review naar risicofactoren op meniscusletsel. 
We hebben prospectieve, retrospectieve en case-control studies geïncludeerd met een totale 
steekproef van 7.358 individuen die ouder zijn dan 16 jaar, geen meniscusletsel hebben in 
de voorgeschiedenis en geen operatie aan de knie hebben ondergaan. Elf studies werden 
geïncludeerd tot januari 2012, waarvan tien artikelen geschikt waren voor meta-analyse. In 
de meta-analyse werden zeventien risicofactoren geïdentificeerd: tien risicofactoren voor 
degeneratief meniscusletsel, vijf risicofactoren voor acuut meniscusletsel, en twee risicofactoren 
voor meniscusletsel dat geassocieerd is met laxiteit van het kniegewricht. In de kwalitatieve analyse 
identificeerden we vier risicofactoren voor degeneratief meniscusletsel, één risicofactor voor acuut 
meniscusletsel, en één risicofactor voor meniscusletsel dat geassocieerd is met laxiteit van het 
kniegewricht. We verdeelden de factoren onder in sterke evidentie, matige evidentie en slechte tot 
geen evidentie, wat werd vastgesteld door de sterkte en de significantie van het effect. Risico op 
bias in de geïncludeerde studies was over het algemeen laag, met één studie die een hoog risico op 
selectie- en informatiebias had. Omdat dit niet leidde tot methodologische heterogeniteit hebben 
we de studie geïncludeerd in de meta-analyse. De resultaten toonden een sterke evidentie dat 
leeftijd (ouder dan 60 jaar), geslacht (man), werk gerelateerd knielen of hurken, en traplopen (meer 
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dan 30 treden) risicofactoren waren voor degeneratief meniscusletsel. Meer dan twee uur per dag 
zitten reduceerde het risico op een meniscusletsel. We vonden sterke evidentie dat voetballen en 
rugbyen risicofactoren waren voor een acuut meniscusletsel. Er was ook sterke evidentie dat langer 
wachten dan 12 maanden tussen een voorste kruisband letsel en de operatie ter reconstructie 
een risicofactor is voor mediaal meniscusletsel. We concludeerden dat het identificeren van 
risicofactoren belangrijk is voor preventie strategieën en kan helpen bij het vaststellen van een 
correcte diagnose wanneer de factoren gecombineerd worden met diagnostische testen voor 
meniscusletsel. 

In hoofdstuk 4 voerden we een cross-sectionele studie uit met meerdere centra om de  
interbeoordelaarsbetrouwbaarheid en de diagnostische accuratesse van twee belaste 
meniscustesten vast te stellen; de Thessaly test en de Deep Squat test, en van één onbelaste 
meniscustest; de Joint Line Tenderness (JLT) test. Tussen oktober 2009 en december 2013 werden 
121 patiënten geïncludeerd met een leeftijd van 18-65 jaar en een verdenking op intra-articulaire 
knie problematiek. We vergeleken de meniscustest resultaten met de referentie test MRI (magnetic 
resonance imaging). Drie getrainde fysiotherapeuten voerden de meniscustesten uit. Elke test werd 
door twee fysiotherapeuten uitgevoerd in wisselende paren. De interbeoordelaarsbetrouwbaarh
eid was slecht voor de JLT test met een kappa van 0.17, en matig voor de Thessaly test en de Deep 
Squat test met respectievelijk een kappa van 0.54 en 0.46. Door de slechte betrouwbaarheid is de 
JLT test niet verder onderzocht op accuratesse. De diagnostische accuratesse van zowel de Thessaly 
test als de Deep Squat test was insufficiënt wat indiceerde dat belaste meniscustesten op zichzelf 
niet bruikbaar zijn om meniscusletsel te detecteren in de eerste lijn. 

In hoofdstuk 5 rapporteren we over de interne validiteit van een klinische predictieregel (CPR) 
om meniscusletsel te detecteren. We gebruikten hiervoor participanten uit de eerder beschreven 
cross-sectionele studie. Veertien eerste lijn centra participeerden in dit onderzoek. Om de CPR 
te ontwikkelen werden één meniscustest en veertien klinische variabelen als predictoren in 
overweging genomen. De LASSO (least absolute shrinkage and selection operator) procedure werd 
gebruikt om variabelen te selecteren voor het model. We testten de discriminatie van het model 
middels de ROC-AUC (Receiver Operating Characteristic-Area Under the Curve). Kalibratie van het 
model werd getoetst door de goodness of fit van het model middels een kalibratie plot. In de finale 
CPR werden de volgende variabelen geïncludeerd: geslacht, leeftijd, belasting van het gewricht 
tijdens een trauma, het uitvoeren van sport, hydrops, warmte, verkleuring en de Deep Squat test. 
De bijdrage van elke predictor werd vastgesteld door de regressiecoëfficiënten en gevisualiseerd 
middels een score systeem waarin de voorspelde kansen zijn meegenomen. Het finale model had 
een AUC van 0,76 (95% betrouwbaarheidsinterval (BI) = 0,72-0,80) met een sensitiviteit van 86,1% 
en een specificiteit van 45,5% bij een afkappunt van 150 punten. De kalibratie van het model was 
goed. We concludeerden dat deze CPR een eerste stap is om de detectie van meniscusletsel te 
verbeteren, ter onderbouwde selectie voor MRI verwijzing in de eerste lijn. Echter, de CPR is niet 
specifiek voor acuut meniscusletsel aangezien onze steekproef vooral patiënten met degeneratief 
meniscusletsel heeft geïncludeerd. Daarom is verdere ontwikkeling van het CPR nodig om sensitief 
te zijn voor zowel acuut als degeneratief meniscusletsel. 

In hoofdstuk 6 hebben we de CPR, zoals in het vorige hoofdstuk beschreven, extern gevalideerd 
in een multicenter cross-sectionele studie waarin twaalf eerste lijn centra participeerden. Van 
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januari 2014-januari 2016 includeerden we 57 patiënten. Patiënten waren tussen 18-65 jaar oud 
met een verdenking op intra-articulaire knie problematiek. Vijftig patiënten werden geanalyseerd. 
Doordat de CPR in de externe validatie steekproef slecht discrimineerde (ROC-AUC van 0,53, 95%BI 
= 0,37-0,70) en slecht kalibreerde, ontwikkelden we een nieuwe CPR met data uit de originele 
sample (hoofdstuk 5) gecombineerd met data van de nieuwe sample. Na de LASSO procedure om 
variabelen te selecteren bleven zeven predictoren in het finale model. De predictoren warmte en 
verkleuring werden niet meer geselecteerd voor het model, terwijl de ontstaanswijze van klachten 
als nieuwe predictor in het model werd opgenomen. De ROC-AUC van de nieuwe aangepaste CPR 
was 0,66 (95% BI = 0,59-0,74). Kalibratie van het model was goed. Voor het risico score afkappunt 
van 160 punten was de sensitiviteit 90,7% en de specificiteit 46,7%. We concludeerden dat de 
aangepaste CPR gebruikt kan worden als een efficiënte manier om de management van patiënten 
met een meniscusletsel in de eerste lijn te verbeteren, echter verdere validatie in andere eerste lijn 
centra is nodig.

We voerden een systematisch literatuur onderzoek uit in hoofdstuk 7 om zowel de effectiviteit 
van oefentherapie bij patiënten met een meniscusletsel te vergelijken met artroscopische 
partiële meniscectomie (PM) en meniscus reparatie als de korte en lange termijn effecten. We 
includeerden zeven gerandomiseerde klinische trials (RCT’s) die artroscopische PM vergeleken 
met oefentherapie voor patiënten met een degeneratief meniscusletsel en één retrospectieve 
studie welke meniscus reparatie vergeleek met oefentherapie voor patiënten met een MMRT 
(medial meniscus root tear). Geïncludeerde patiënten waren ouder dan 18 jaar. Databases werden 
doorzocht tot en met september 2015. We gebruikten het GRADE instrument om de (moderate) 
kwaliteit van elke uitkomst te beoordelen. Voor de uitkomstmaten pijn, functioneel herstel, 
terugkeer naar werk en sportactiviteiten, gradering van osteo-artrose (OA), aantal re-interventies, 
en gezondheid gerelateerde kwaliteit van leven vonden we geen statistisch significante verschillen 
op korte en op lange termijn tussen artroscopische PM en oefentherapie. We vonden geen verschil 
in de uitkomst postoperatieve complicaties welke op basis van GRADE beoordeeld werd als laag 
kwalitatief. In de vergelijking tussen meniscus reparatie en oefentherapie was alleen de uitkomst 
functioneel herstel verbeterd op de lange termijn voor de meniscus reparatie groep. Deze uitkomst 
werd op basis van GRADE beoordeeld als laag kwalitatief. Eerder onderzoek in acht nemend, 
waarbij een verhoogd risico op knie OA na artroscopische PM wordt gesuggereerd, concludeerden 
we dat clinici moeten opteren voor oefentherapie alvorens een operatie te overwegen bij patiënten 
met een degeneratief meniscusletsel.
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professions, Hogeschool van Leiden, The Netherlands

2013-2014

Tutoring, Mentoring, Supervising
• Thesis mentoring students, master Evidence Based Practice 

in Health Care, University of Amsterdam
Since 2013

• Thesis coordinator, master Evidence Based Practice in Health 
Care, University of Amsterdam

Since 2015

• Coordinator and co-developer of Health Economics Module, 
Master Evidence Based Practice in Health Care, University of 
Amsterdam

Since 2015 1

Other
• Reviewing manuscripts for international medical journals, 

like the British Journal of General Practice (BJGP) and British 
Medical Journal (BMJ) Open.

Since 2014 0.8

• Reviewing grant proposal for the Dutch Arthritis Foundation 
(‘Reumafonds’). 

2017 0.2
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• Snoeker BA, Lindeboom R, Zwinderman AH, et al. Detecting meniscal tears in 
primary care: reproducibility and accuracy of two weight-bearing tests and one 
non-weight-bearing test. JOSPT 2015 Sep;45(9):693-702 **

2015

• Snoeker BA, Zwinderman AH, Lucas C, Lindeboom R. A clinical prediction rule 
for meniscal tears in primary care: development and internal validation using a 
multicentre study. BJGP 2015 Aug;65(637):e523-529

2015

               * selected as “Read For Credit” paper for the June 2013 issue of JOSPT
               ** selected as “Read For Credit” paper for the September 2015 issue of JOSPT

Other
• Jansen JA, Lameijer J, Snoeker BAM. Combined intravenous, topical and oral 

tranexamic acid administration in total knee replacement: evaluation of safety in 
patients with previous thromboembolism and effect on haemoglobin level and 
transfusion rate. The Knee 2017. Accepted

2017

• Meijer RPJ, Jasper J, Snoeker BAM, Jansen JA. A pseudotumour of the thigh: tensor 
fasciae latae muscle hypertrophy due to an underlying abductor tendon tear. BMJ 
Case Rep 2017: doi:10.1136

2017

Dutch publications
• Dutch Summary of “Detecting meniscal tears in primary care: reproducibility and 

accuracy of two weight-bearing tests and one non-weight-bearing test” titled 
“Meniscusletsel diagnosticeren in eerstelijn” published in FysioPraxis

2016

• Review by general practitioners of “A clinical prediction rule for meniscal tears 
in primary care: development and internal validation using a multicentre study” 
published in Huisarts & Wetenschap

2016

NB: 1 ECTS = 28 hours according to the European Credit Transfer System

3. Publications Year

Peer reviewed

• Snoeker BA, Bakker EW, Kegel CA, Lucas C. Risk factors for meniscal tears: 
a systematic review including meta-analysis. J Orthop Sports Phys Ther 
2013;43(6):352-367 *

2013
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Onderzoek doe je niet alleen. Hoewel een promotietraject soms eenzaam kan voelen, zijn er velen 
die bij hebben gedragen aan de totstandkoming van dit proefschrift. Hen wil ik op deze plaats zeer 
hartelijk bedanken.

Prof. Dr. A.H. Zwinderman, hooggeachte Promotor, beste Koos.
Veel dank dat je als Promotor wilde optreden in mijn promotietraject. Voor iemand met zoveel 
kennis vind ik het altijd bijzonder hoe duidelijk je uitleg kan geven over zeer ingewikkelde materie. 
Ondanks een volle agenda was je goed benaderbaar en altijd bereid met me mee te denken. Onze 
gezamenlijke presentatie op het EBP-symposium vond ik een geweldige eer en een mooie afronding 
van dit traject.

Prof. Dr. C. Lucas, hooggeachte Promotor, beste Cees.
Dit promotietraject was niet gestart zonder jouw inmenging. Nadat ik de Master EBP in Health Care 
had afgerond, opperde je direct de mogelijkheid om een promotietraject te starten. Terwijl ik zelf 
nog niet overtuigd was, gaf je hiermee het impliciete vertrouwen dat ik dit succesvol zou kunnen 
voltooien. Bedankt voor dit vertrouwen, voor de kans die je me gaf op ‘onze’ geweldige master EBP 
te doceren, en voor de steun die ik van je kreeg als werkgever én als persoon in moeilijker tijden.

Dr. R. Lindeboom, co-promotor, beste Robert.
Korter is beter en gezegd is al gezegd. Het is de quote die je veelvuldig gebruikt, en ook op mijn 
stukken regelmatig van toepassing is. Je kritische blik is goud waard geweest, het samen sparren 
over de inhoud maakte elk hoofdstuk beter dan de primaire versie. Robert, wat heb ik veel van je 
mogen leren, dank daarvoor. Ik zal onze momenten van overleg gaan missen.

Beste Sander, de start van mijn promotietraject viel samen met de start als universitair docent aan 
de master EBP in Health Care. Je bent in de afgelopen tijd voor mij niet alleen een collega, maar ook 
een coach geweest. Converseren kun je als de beste, en naast de vakinhoudelijke gesprekken mocht 
het soms ook over weetjes en het leven gaan. Bedankt voor je luisterend oor en de inzichten die je 
me hebt gegeven. En bovenal, dat je mijn paranimf wil zijn.

Beste Martijn, het gezamenlijke docentschap, de kritische blik op ons vak fysiotherapie in 
combinatie met een gedeelde humor resulteerde al snel in de BAMA-structuur, zoals Cees het 
mooi omschreef. De manier waarop jij geen uitdaging uit de weg gaat en jezelf blijft motiveren om 
de kennis die je nog niet hebt te vergaren, is voor mij een geweldig voorbeeld. Bedankt voor het 
meedenken en je steun bij de totstandkoming van dit proefschrift. En bovenal, dat je mijn paranimf 
wil zijn.

De leden van de promotiecommissie, Prof. dr. Bossuyt, Prof. dr. Engelbert, Prof. dr. Koes, Prof. dr. 
Nelissen, Prof. dr. de Vos en Dr. Hooft, hartelijk dank voor uw tijd om mijn proefschrift te lezen en te 
beoordelen en voor het zitting nemen in de oppositiecommissie.

De onderzoeken beschreven in dit proefschrift hadden niet plaats kunnen vinden zonder de inzet 
van velen. Heel veel dank aan de deelnemende huisarts- en fysiotherapiepraktijken in de omgeving 
van Leiden, Leiderdorp, Voorschoten, Beverwijk, Lisse en Teylingen voor het includeren van 
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patiënten, het verrichten van de metingen en het beschikbaar stellen van ruimte. Het verrast mij 
steeds positief hoe welwillend eenieder is om de patiëntenzorg te verbeteren middels het doen van 
wetenschappelijk onderzoek. Ook veel dank aan de afdeling orthopedie en de afdeling radiologie 
van het Alrijne ziekenhuis te Leiderdorp en het Rode Kruis ziekenhuis te Beverwijk voor hun inzet bij 
de organisatie van dit onderzoek en de medewerking ter beoordeling van de MRI’s.

Bovenal wil ik de patiënten danken die bereid waren deel te nemen aan dit onderzoek. De 
flexibiliteit om dezelfde testen meerdere malen te ondergaan terwijl zij pijn hadden in hun knie was 
indrukwekkend.

De totstandkoming van mijn predictiemodel was zeker niet gelukt zonder het geduld en de bijdrage 
van Dr. Jammbe Musoro. Mijn eerste poging een nieuw statistiekprogramma te gebruiken viel 
samen met het uitvoeren van de LASSO procedure. Veel dank voor het delen van je kennis en je hulp 
bij het schrijven van het R script.

Collega’s van de Master EBP, bedankt voor alle inhoudelijke discussies en de interesse die jullie 
toonden in mijn afzonderlijke studies. Vooral ook bedankt voor het luisterend oor dat, zoals velen 
van jullie weten, af en toe prettig kan zijn bij de intensiteit van een promotietraject. Wat een 
voorrecht is het om onderdeel te mogen uitmaken van dit team. Eric, specifiek dank aan jou voor je 
begeleiding bij het schrijven van de systematic review over risicofactoren naar meniscusletsel.

Lieve vrienden, wat heb ik jullie soms tekortgedaan de afgelopen jaren door mijn beperkte 
tijd, maar wat zijn jullie een onbeschrijfelijke steun geweest in dit traject. Naast de momenten 
van ontspanning kon ik ook inhoudelijk op jullie bouwen. Carienke, heel veel dank dat je de 
tweede lezer was bij de systematic review naar risicofactoren op meniscusletsel. Het was mijn 
afstudeeronderzoek aan de Master EBP in Health Care, en er moest in korte tijd veel werk verzet 
worden. Jij stond voor me klaar, en hoewel ik je daar al uitgebreid voor heb bedankt, herhaal ik dit 
graag nog eens in dit dankwoord.

Lieve (schoon)familie, bedankt voor jullie support en interesse de afgelopen jaren. In het bijzonder 
wil ik mijn ouders bedanken. Door mij van jongs af aan te motiveren alles uit mijzelf te halen, 
hebben jullie het vertrouwen gegeven dat ik ook dit promotietraject aan kon. Jullie trots is een 
beloning van dit harde werken. Lieve broer, heel veel dank voor het ontwerpen van de kaft en lay-
out van dit proefschrift. In een onrustige tijd waarin jij je eigen bedrijf startte wist je toch hiervoor 
tijd vrij te maken.

Last, but not least. 
“Life is what happens to you, while you’re busy making other plans”-John Lennon. 
Tijdens dit promotietraject heb ik helaas een groot verlies moeten dragen. Lieve Sarah en Gijs, onze 
prachtige tweeling, bedankt dat jullie mij leerden om sterk te zijn door lief te hebben. Ik hoop dat 
in mijn kracht jullie liefde en aanwezigheid zichtbaar zullen blijven. Lieve Teun, ons grote wonder 
waarin we altijd zijn blijven geloven. Je bent een verrijking van ons leven, wat zijn we blij dat jij bij 
ons bleef. Elke dag geniet ik volop van jou. Lieve Tom, wat jij voor mij betekent is niet in enkele 
zinnen te vangen. Wat ben ik dankbaar dat je me hebt gesteund in dit traject. Je gaf me fysiek de 
ruimte en klaagde nooit over alle uren die ik niet beschikbaar voor je was. Je onvoorwaardelijke 
steun en nimmer aflatende geloof in mij hebben geresulteerd in dit proefschrift. Je bent mijn alles.
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Barbara Anna Maria Snoeker werd geboren op 4 november 1986 in Leiderdorp. Zij behaalde in 2004 
haar Gymnasiumdiploma aan het Adelbert College te Wassenaar. 

Van 2004-2008 volgde zij de opleiding Fysiotherapie aan de Hogeschool van Amsterdam, waar 
zij cum laude afstudeerde. Tijdens de opleiding Fysiotherapie volgde zij als minor student twee 
modules bij de Master Evidence Based Practice aan de Universiteit van Amsterdam. Na haar 
afstuderen vervolgde ze deze opleiding, en behaalde in Februari 2011 haar Master of Science in 
Evidence Based Practice. 

Sinds September 2011 is zij verbonden aan deze opleiding als universitair docent en inmiddels 
tevens thesiscoördinator. Ook startte zij in 2011 haar promotietraject. Van 2008-2013 is zij 
werkzaam geweest als fysiotherapeut in twee eerstelijns fysiotherapiepraktijken. 

Sinds april 2016 is zij naast universitair docent tevens werkzaam als onderzoekscoördinator op de 
afdeling orthopedie in het Alrijne ziekenhuis te Leiden. 

Barbara woont met haar man Tom Wijnands in Sassenheim samen met haar zoon Teun (2017). 
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