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Detecting Meniscal  
Tears in Primary Care:  

Reproducibility and Accuracy  
of 2 Weight-Bearing Tests and  

1 Non–Weight-Bearing Test

I
n the UK, 15% of general 
practitioner consultations are 
related to musculoskeletal 
disorders.8 In the Netherlands, 

knee injuries are the second 
most common musculoskeletal 
condition that requires a general 

TT STUDY DESIGN: Diagnostic accuracy study 
using a cross-sectional design.

TT 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.

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

TT 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.

TT RESULTS: The Thessaly test and the deep squat 
test had a moderate level of interexaminer reliabil-
ity, with kappas of 0.54 and 0.46, respectively. The 
joint-line tenderness test had poor interexaminer 

reliability and was therefore not assessed for diag-
nostic 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 likeli-
hood 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).

TT 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.

TT LEVEL OF EVIDENCE: Diagnosis, level 3b.  
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practitioner 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 disor-
ders in primary care would enable gen-
eral practitioners to more accurately refer 
patients with a high index of suspicion of 
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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 menis-
cal tears is important. The joint-line ten-
derness test, 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 per-
formed by the examiner have limited 

diagnostic accuracy.1,21,23,27,28,31 A recent 
meta-analysis by Ockert et al23 found that 
the joint-line tenderness test, McMurray 
test, and Apley test had a sensitivity of 
64%, 51%, and 38%, respectively, and a 
specificity of 61%, 78%, and 84%, respec-
tively. Radiological confirmation with 
magnetic resonance imaging (MRI) scan 
is typically required for accurate diag-
nosis.6,25,32 Magnetic resonance imaging 
has been reported to have a sensitivity of 
91.4% and 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 general prac-
titioners.7,23,30,32 Weight-bearing tests 
have been proposed to counter the short-

Eligible patients referred by general 
practitioner or physical therapist, n = 133

JLT test
• Rater 1, n = 121
• Rater 2, n = 92

Rater 1
• Negative test, 

n = 51
• Positive test, 

n = 70
• Inconclusive 

result, n = 0

Reference 
standard,  
n = 121

Inconclusive 
result, n = 0

Negative 
for MT, 
n = 69

Positive 
for MT, 
n = 44

Positive 
for MT, 
n = 52

Negative 
for MT, 
n = 48

Positive 
for MT, 
n = 52

Negative 
for MT, 
n = 69

Positive 
for MT, 
n = 44

Negative 
for MT, 
n = 48

Positive 
for MT, 
n = 52

Negative 
for MT, 
n = 69

Positive 
for MT, 
n = 44
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for MT, 
n = 48

Reference 
standard,  
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Inconclusive 
result, n = 0

Reference 
standard,  
n = 121

Inconclusive 
result, n = 0

Reference 
standard,  
n = 92

Inconclusive 
result, n = 0

Reference 
standard,  
n = 121

Inconclusive 
result, n = 0

Reference 
standard,  
n = 92

Inconclusive 
result, n = 0

Rater 2
• Negative test, 

n = 22
• Positive test, 

n = 70
• Inconclusive 

result, n = 0

Rater 1
• Negative test, 

n = 42
• Positive test, 

n = 75
• Inconclusive 

result, n = 4

Rater 2
• Negative test, 

n = 41
• Positive test, 

n = 48
• Inconclusive 

result, n = 3

Rater 1
• Negative test, 

n = 41
• Positive test, 

n = 76
• Inconclusive 

result, n = 4

Rater 2
• Negative test, 

n = 27
• Positive test, 

n = 63
• Inconclusive 

result, n = 2

Thessaly test
• Rater 1, n = 121
• Rater 2, n = 92

Deep squat test
• Rater 1, n = 121
• Rater 2, n = 92

Patients excluded, n = 12
• Missed appointment, n = 2
• No MRI, n = 6
• Met exclusion criteria, n = 4

FIGURE 1. Flow chart of the recruitment process. Abbreviations: JLT, joint-line tenderness test; MRI, magnetic resonance imaging; MT, meniscus tear.
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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 sug-
gested 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 ac-
curacy 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 interexaminer re-
liability 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 ( joint-line ten-
derness test) for the detection of meniscal 
tears in primary care.

METHODS

Procedure

U
sing a cross-sectional design, 
the results of 3 meniscal tests (in-
dex tests) were compared to those 

of MRI (reference test). Twenty-four gen-
eral practitioners from 12 clinics and 28 
physical therapists 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 ev-
ery participant, irrespective of the index 

test results. Depending on planning and 
scheduling of the medical center per-
forming the imaging, MRI could be per-
formed before or after the meniscal tests.

Participants were screened for inclu-
sion and exclusion criteria and enrolled 
in the study after giving their written in-
formed consent. Subsequently, baseline 
demographic characteristics were record-
ed and the meniscal tests were conducted 
by 3 trained physical therapists 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 
physical therapists in alternating pairs 
to evaluate reproducibility. At each re-
search center, the tests were performed 
by the same selected physical therapists. 
The meniscal tests were performed inde-
pendently and without knowledge of the 
test results from the other examiners or 
knowledge of the MRI results. Test re-
sults were recorded on identical but sepa-
rate 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 radi-

ologist was blinded to patient history and 
meniscal clinical test results. The Dutch 
medical ethics authority Centrale Com-
missie Mensgebonden Onderzoek ap-
proved the study protocol and provided 
ethical approval.

Participants
The inclusion criteria were that partici-
pants 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 general practitioner 
guidelines for nontraumatic and traumat-
ic knee problems.3,4 Potential participants 
could not have had a radiographic evalu-
ation of their knee within the previous 6 
months and were excluded if they under-
went knee arthroplasty or other surgical 
interventions for the knee joint in the 
past. The exclusion criteria also included 
all MRI contraindications (eg, pacemak-
er, claustrophobia, intracranial aneurysm 
clips, or orbital metallic foreign body).

Test Procedure
We evaluated 2 existing tests for menis-
cal tears (the Thessaly test and joint-line 
tenderness test) and 1 newly introduced 
test (the deep squat test), which was spe-
cifically designed to have high sensitivity 
to help in the diagnosis of meniscal tears.
Thessaly Test The Thessaly test is per-
formed with the patient standing flat-
footed on the affected limb, with the knee 
in 20° of flexion (FIGURE 2).15 With the ex-
aminer 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 always per-

FIGURE 2. Thessaly test.

FIGURE 3. Joint-line tenderness test.
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formed initially on the unaffected knee, 
enabling the patient to recognize a pos-
sible 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 exam-
iner passively positions the knee joint in 
90° of flexion (FIGURE 3) before systemati-
cally 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 tibiofemo-
ral 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 com-
pared 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, caus-
ing knee pain in the presence of a torn 
meniscus (FIGURE 4).20,28 The deep squat 
test is performed with the patient stand-

ing 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 dif-
ferent hospitals, the Rijnland Ziekenhuis 
in Leiderdorp and the Rode Kruis Ziek-

enhuis in Beverwijk, the Netherlands. 
The scanning protocol at the Rijnland 
Ziekenhuis, using a 1.5-T Achieva or In-
genia 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 se-
quence, and a coronal PD-weighted 
sequence with fat suppression. The scan-
ning protocol at the Rode Kruis Zieken-

TABLE 1 Participant Baseline Characteristics*

Abbreviations: MRI, magnetic resonance imaging; VAS, visual analog 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.

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 1 h/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

FIGURE 4. Deep squat test.
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huis, 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 pa-
thology was based on the appearance of 
any meniscal tear or detachment of the 
meniscus from its supportive structures. 
If no abnormalities on MRI were found, 
this was classified as a normal, intact 
meniscus. The radiologist was not in-
formed 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.

To evaluate interexaminer reliability, 
kappa statistics were calculated separate-
ly for each test.5 In addition, to determine 
the level of agreement between the 3 clin-
ical tests, kappa statistics comparing posi-
tive 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 interexaminer agree-
ment (κ>0.40) were analyzed further for 
diagnostic accuracy.5,24 Diagnostic accu-
racy 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 re-
gression analysis.9,16 All analyses were per-
formed using the statistical program SPSS 
Version 20.0 (SPSS Inc, Chicago, IL).

RESULTS

Study Population

W
e recruited 121 participants 
between October 2009 and De-
cember 2013 (FIGURE 1). Baseline 

characteristics of those participants are 
summarized in TABLE 1. Magnetic res-
onance imaging results indicated that 
there were 69 participants without and 
52 with a meniscal tear. Of the 93 partici-
pants who engaged in sporting activities, 
31 (33%) were involved in contact sports. 
Thirty-four (28%) participants per-
formed work activities that involved more 
than 1 hour per day of kneeling or squat-
ting. Seventy-one participants (59%) had 
a body mass index greater than 25 kg/m2. 
The data in TABLE 1 show statistically sig-
nificant 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 par-
ticipants consulted a general practitioner 
or physical therapist 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. 

TABLE 2
Results of Magnetic  

Resonance Imaging (n = 121)

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.

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)
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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 ra-
tio was 1.29 (95% CI: 0.97, 1.68) and 1.20 
(95% CI: 0.92, 1.58), and negative likeli-
hood ratio was 0.60 (95% CI: 0.35, 1.04) 
and 0.64 (95% CI: 0.33, 1.25) for exam-
iners 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 exam-
iner 2; for a lateral meniscal tear, sensitiv-
ity 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 

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 exam-
iner 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 ex-
aminer 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 menis-
cal tears, sensitivity was 74.5% (95% 

The MRI scan revealed that 41 partici-
pants had medial meniscal tears (78.8% 
of the tears) and 11 participants had lat-
eral 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 cruci-
ate ligament tear had an isolated injury 
to the cruciate ligament (TABLE 2).

Reproducibility of Meniscal Tests
As indicated in the Methods section, the 
second examiner was added starting with 
the 30th participant. In addition, for the 
Thessaly and deep squat tests, the results 
for 4 participants could not be inter-
preted and were consequently excluded. 
Therefore, interexaminer reliability re-
sults for the joint-line tenderness 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 interex-
aminer reliability (κ = 0.54), followed by 
the deep squat test (κ = 0.46). The joint-
line tenderness 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 be-
tween the clinical tests was poor (TABLE 7).

Diagnostic Accuracy of Meniscal Tests
The levels of agreement between MRI 
test results and meniscal tear test re-
sults, with their associated test accuracy 
parameters (sensitivity, specificity, posi-
tive 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% confi-
dence interval [CI]: 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% 

TABLE 3
Interexaminer Reliability  

of the Clinical Tests

*Values in parentheses are 95% confidence interval.

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)

TABLE 4
Interexaminer Agreement  

for the Thessaly Test (n = 88)

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

TABLE 5
Interexaminer Agreement  

for the Deep Squat Test (n = 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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52.4% for examiner 2. Given a negative 
clinical test result, the probability of a 
meniscal tear decreased to 31.7% for ex-
aminer 1 and 37.0% for examiner 2.

In univariate analysis, DOR was mea-
sured 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 pres-
ence 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

O
ur study suggests that 2 
weight-bearing tests for menis-
cal tears, the Thessaly test and the 

deep squat test, have moderate interex-
aminer reliability. Because the joint-line 
tenderness test has poor interexaminer 
reliability, it was not further analyzed for 
accuracy.24 The level of agreement be-
tween the Thessaly and deep squat tests 
was poor.

With low diagnostic accuracy, as re-
flected by positive likelihood ratios and 
negative likelihood ratios around 1, the 
Thessaly test could not predict a menis-

cal tear for patients seen in primary care. 
The likelihood ratios of the deep squat 
test indicated only a small and nonsignif-
icant change in the probability that par-
ticipants 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 specific-
ity 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). Differ-
ences may be explained by the spectrum 
of participants in these earlier studies. 
Differences in patient spectrum and re-
ferral 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 in-
dividuals15 or to the healthy, noninjured 
knee of the injured participants,14 which 
might have resulted in overestimation 
of the test accuracy.18 Later studies per-
formed 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 ob-
served 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 ra-
tios 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 com-
bination 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 menis-
cal tears from this study could be used 
for that purpose. For example, partici-
pants 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 find-
ings of the previously published review, 
the present study found that work-relat-
ed kneeling and squatting were equally 
reported by participants with and with-
out meniscal tears. This may be because 
no information on the duration in years 
of work-related kneeling and squatting 
was collected and, therefore, could not 
be adjusted for.

There are several limitations in this 
study. First, MRI was used as a refer-
ence 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 alter-
native because of its reported accuracy.6 
However, the use of MRI could have led 
to more false-positive and false-negative 

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

Abbreviation: JLT, joint-line tenderness test.

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

TABLE 7 Level of Agreement Between Clinical Tests*

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

Tests 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
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For some participants, the MRI 
could have been performed more than 2 
weeks before or after the meniscal clini-
cal 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 pro-
gression. 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 pro-
voked symptoms on the affected knee, the 
examiner who performed the test had to 
wait until the symptoms resolved (eg, 
pain, locking) before the second examin-
er performed a test. However, we cannot 
rule out that the provocation of one test 
could have led to a positive result on an-
other 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 ex-
aminers. The decision to analyze results 
for the 2 examiners separately resulted in 

which is in contrast to other reports.19,31 
One possible explanation is that par-
ticipants might not have interpreted the 
question correctly during history taking. 
Another possible explanation is that the 
finding was due to chance.

Third, we asked general practitioners 
and physical therapists to refer partici-
pants according to the inclusion and ex-
clusion criteria but could not be sure if 
the referrals were consecutive. For exam-
ple, some participants with more severe 
knee complaints might have been directly 
referred for MRI by their general practi-
tioner, 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 organiza-
tion 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 be-
fore undergoing the meniscal tests, 2 of 
them were aware of their MRI results be-
fore the meniscal tests. The examiner who 
performed the meniscal tests and the in-
vestigator who recorded the clinical char-
acteristics were blinded to the MRI results.

TABLE 8 Diagnostic Accuracy Statistics for the Thessaly Test*

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

Sensitivity, % Specificity, % PPV, % NPV, % Diagnostic OR Positive LR Negative LR

Rater 1 (n = 117) 66.7 (53.0, 78.0) 37.9 (27.2, 50.0) 45.3 (34.6, 56.6) 59.5 (44.5, 73.0) 1.22 (0.57, 2.62) 1.07 (0.82, 1.41) 0.88 (0.54, 1.45)

Rater 2 (n = 89) 51.2 (36.8, 65.4) 43.5 (30.2, 57.8) 45.8 (32.6, 59.7) 48.7 (34.3, 63.5) 0.81 (0.35, 1.86) 0.91 (0.62, 1.33) 1.12 (0.72, 1.76)

results. To evaluate the influence of MRI 
on the interpretation of the results, we re-
quested arthroscopy reports of all partici-
pants who underwent knee surgery. Of 41 
identifiable participants who received ar-
throscopy 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 par-
ticipant 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 find-
ing 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 al-
ready diminished at the time of inclusion. 
Therefore, most participants with menis-
cal tears who were included in this study 
had a prolonged duration of knee symp-
toms. Another typical finding was that 
relatively fewer participants with menis-
cal tears experienced locking of the knee 
than participants without meniscal tears, 

TABLE 9 Diagnostic Accuracy Statistics for the Deep Squat Test*

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

Sensitivity, % Specificity, % PPV, % NPV, % Diagnostic OR Positive LR Negative LR

Rater 1 (n = 117) 74.5 (61.1, 84.5) 42.4 (31.2, 54.4) 50.0 (39.0, 61.0) 68.3 (53.0, 80.4) 2.15 (0.97, 4.78) 1.29 (0.97, 1.68) 0.60 (0.35, 1.04)

Rater 2 (n = 90) 76.7 (62.3, 86.9) 36.2 (24.0, 50.5) 52.4 (40.3, 64.2) 63.0 (44.2, 78.5) 1.87 (0.74, 4.71) 1.20 (0.92, 1.58) 0.64 (0.33, 1.25)
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wider CIs than would have been observed 
with pooled results. Precision would have 
improved if analyses had been performed 
on the pooled data.

CONCLUSION

O
ur study suggests that 2 
weight-bearing tests for menis-
cal tears, the Thessaly test and the 

deep squat test, have moderate interex-
aminer reliability. Agreement between 
these tests was poor. For the Thessaly test 
as well as the deep squat test, diagnostic 
accuracy values were poor, which indi-
cated 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. t

KEY POINTS
FINDINGS: Both the Thessaly test and the 
deep squat test demonstrated insuf-
ficient diagnostic accuracy for use in 
primary care. The joint-line tenderness 
test had poor interexaminer reliability, 
and diagnostic accuracy of this test was 
therefore not evaluated. The level of 
agreement between the 3 tests was poor.
IMPLICATIONS: Current clinical tests for 
the diagnosis of meniscal tears have lim-
ited clinical utility.
CAUTION: In the present study, MRI, 
instead of arthroscopy, was used as the 
reference test to diagnose meniscal 
tears. This could have led to more false-
positive and false-negative results. Also, 
we cannot be sure that referrals were 
consecutively sent to our research cen-
ter. As individuals with more acute knee 
symptoms might have been directly 
referred for MRI without inclusion into 
this study, this could have led to an un-
derestimation of test results.
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