
 1 

Diagnostic Value of the Clinical Investigation in Acute 2 

Meniscal tears Combined with Anterior Cruciate Ligament 3 

Injury using Arthroscopic Findings as Golden Standard 4 

Andrea Speziali
1,2

, Giacomo Placella
1
, Matteo Maria Tei 

1
, Anastasios Georgoulis

3
, Giuliano 5 

Cerulli
1,2 6 

1
Translational Research Institute for Musculoskeletal System ‘Nicola Cerulli’, Arezzo, Italy 7 

2
Institute of Orthopedic and Traumatology, Catholic University, ‘Agostino Gemelli’ Hospital, 8 

Rome, Italy 9 

3
Orthopaedic Sports Medicine Center, Department of Orthopedic Surgery, University of 10 

Ioannina, Ioannina , Greece 11 

 12 

Corresponding Authors: 13 
 14 
Giuliano Cerulli MD  15 
 16 
Translational Research Institute for Musculoskeletal 17 

System ‘Nicola Cerulli’, A.Einstein 12, 52100, Arezzo, Italy 18 

Institute of Orthopedic and Traumatology,  19 

Catholic University, ‘Agostino Gemelli’ Hospital, Rome, Italy 20 

g_cerulli@tin.it 21 

Andrea Speziali MD  22 

Translational Research Institute for Musculoskeletal 23 

System ‘Nicola Cerulli’, Arezzo, Italy 24 

Institute of Orthopedic and Traumatology,  25 

Catholic University, ‘Agostino Gemelli’ Hospital, Rome, Italy 26 

andrea.speziali@gmail.com  27 

 28 

Title Page

mailto:g_cerulli@tin.it
mailto:andrea.speziali@gmail.com


Abstract 1 

Introduction 2 

The main purpose of our study was that to evaluate the accuracy of clinical 3 

investigation for meniscal tears associated with ACL injuries. We hypothesized that 4 

combined ACL injury can decrease the accuracy of clinical examination in acute 5 

onset.  6 

Material and Methods  7 

One hundred and thirty seven patients with a mean age of 28.5 years (from 12 to 55), 8 

were prospectively examined for acute combined ACL and meniscal injuries, between 9 

March and November 2012 at our department. For meniscal tears, clinical 10 

examination was performed using McMurray test, Apley test and Medial and Lateral 11 

Joint Line Tenderness. The diagnoses of ACL tear was made using Lachman test, Jerk 12 

test and Pivot-shift test, Anterior drawer test and KT-2000 side to side difference. 13 

Each patient was examinated by X-ray and MRI. All the patients underwent 14 

arthroscopic surgery performed by the same surgeon within 6 weeks by the injury. 15 

Finally, using the arthroscopic findings as gold standard, the sensitivity, specificity, 16 

accuracy, positive predictive value and negative predictive value of clinical 17 

investigation and MRI were evaluated.  18 

Results  19 

The specificity of clinical investigation was 63.5% and 46.0% and the sensitivity was 20 

74.4% and 77.3% for the medial meniscus and the lateral meniscus , respectively. 21 

Overall, the accuracy of the clinical investigation was 70.3 % for the MM and 65.5% 22 

for the lateral meniscus. The accuracy of MRI investigation 76.4 % and 69.5% for 23 

medial and lateral meniscus, respectively.   24 

Discussion 25 

Manuscript (excluding authors' names and affiliations)



In combined acute ACL injury and meniscal tears, we have found a decreased 26 

accuracy of the clinical investigation. The remnants of the torn ACL and the synovitis 27 

increased the rate of false positives and it could simulate meniscal tears. However, 28 

clinical investigation can provide sufficient information for the treatment decision and 29 

MRI can be avoided as a routine diagnostic tool.  30 

Level of evidence: II, prospective study 31 

Keywords: Meniscal tears, ACL injury, Clinical Investigation,  Arthroscopy, 32 

combined injuries  33 

 34 

 35 

Introduction  36 

Combined Meniscus and Anterior Cruciate Ligament (ACL) tears are commonly 37 

reported sport-contact injuries.  38 

The clinical tests more adopted for identifying the meniscal tears are McMurray test, 39 

Apley test, Medial and Lateral Joint Line Tenderness (JLT)
[1, 2]

. MRI is commonly 40 

used after acute knee injuries to support the clinical diagnosis 
[3-5]

 .  41 

However, when clinical diagnosis is in favor of meniscal or ACL injuries, MRI is 42 

unlikely to be of significance and change the treatment decision 
[2, 6]

. Additionally, 43 

some studies have found that MRI is not superior to physical examination in the 44 

diagnosis of meniscal tears
[7] [8-10]

 .  45 

The sensitivity of MRI is even worse in meniscal tear associated with ACL injury as 46 

demonstrated by De Smet and colleagues
[11]

 .  47 

First, timing from injury to surgery is a key point and early surgery is needed to avoid 48 

degenerative changes of the knee joint affected by  anterolateral rotatory instability 49 

[12]
. In acute setting, bypassing second level investigation as MRI and performing 50 



arthroscopic surgery in suspected cases can be helpful to provide an earlier treatment 51 

of the pathology.   52 

Second, the decrease of the social cost is another aspect to consider. As reported by 53 

Bridgman
[13]

  and Brooks 
[7]

  MRI did not reduce arthroscopy rates in comparison to 54 

the clinical examination.  55 

The purpose of our study was that to evaluate the diagnostic value of the clinical 56 

examination in acute combined ACL and meniscal injuries using the arthroscopic 57 

findings as gold standard. We hypothesized that combined ACL injury can decrease 58 

the accuracy of clinical examination for acute meniscal tears. 59 

 60 

 61 

Materials and Methods  62 

One hundred and thirty seven patients with a mean age of 28.5 years (from 12 to 55), 63 

out of one hundred and seventy initially included, were prospectively examined for 64 

acute traumatic injuries of the knee, between March and November 2012 at our 65 

orthopedic department.  66 

All the patients included had an history of knee injury with an initial clinical diagnosis 67 

of combined ACL and meniscus tears and inclusion criteria was age less than 55 68 

years, an acute trauma less than 6 weeks by the injury.  69 

Clinical examination was performed by the experienced knee surgeon ( G.C.) and  70 

included McMurray test, Apley test, MJLT and LJLT for identifying the meniscal 71 

tears.   72 

Exclusion criteria included multi ligamentous injuries, previous surgery for partial 73 

meniscectomy, radiographic sign of osteoarthritis III-IV based on Ahlbäck 74 



classification, injury to surgery more than 6 weeks, neuropathies and inflammatory 75 

diseases.  76 

The diagnosis of the ACL injury was made by the senior author ( G.C.) performing a 77 

clinical investigation with Pivot-Shift test, Jerk test, Lachman test, Anterior drawer 78 

test and KT-2000 side to side difference.  79 

After clinical investigation, the patients were radiographically screened by weight 80 

bearing X-ray ( AP and lateral views ) and 1.5 T MRI investigation within 7 days by 81 

the injury. All the patients underwent arthroscopic surgery performed by the same 82 

surgeon ( G.C. ) within 6 weeks by the injury.  83 

 Then, the clinical tests were compared to arthroscopic findings in order to estimate 84 

their sensitivity, specificity, accuracy,  and lastly their positive and negative predictive 85 

value. The arthroscopic finding was used as gold standard for diagnosis of a meniscal 86 

tear. On arthroscopy, a meniscal tear was defined as a complete tear or unstable tear 87 

over 10 mm in length.  88 

The accuracy is the percentage of patients with correct diagnosis [(True Positive+True 89 

Negative)/Number of all cases]. The specificity assesses the healthy patients that are 90 

correctly identified [True Negative/(False Positive + True Negative)], whereas the 91 

sensitivity measures the proportion of positives that are correctly identified [True 92 

Positive / ( True Positive + False Negative )]. The Positive Predictive Value = True 93 

Positive/ (True Positive + False Positive)  is the proportion of patients with positive 94 

tests who are correctly diagnosed. The Negative Predictive Value = True Negative / 95 

(True Negative + False negative) is the proportion of patients with negative test who 96 

are correctly diagnosed.  97 

 98 

 99 



Results  100 

During the arthroscopic investigation we found 42 cases of MM tears: 17 longitudinal 101 

tears, 12 bucket handle tears, 11 complex tears and  2 flap tears. Arthroscopy showed 102 

42 cases of LM tears: 20 longitudinal tears, 11 complex tears, 4 flap tears, 4 radial 103 

tears and 3 bucket handle. The diagnostic validity of the clinical examination was 104 

based on arthroscopic findings as standard.  105 

The mean KT-2000 side to side difference was 5.4 ± 1.3 mm. All the patients had 106 

ACL injury.  107 

The results for each individual meniscal clinical test are illustrated in Table 1, whereas 108 

the diagnostic value of the clinical investigation and MRI is shown in table 2 and 109 

table 3, respectively.  110 

8 cases of meniscal tear were misdiagnosed by MRI, all of them were longitudinal 111 

tears ( Fig.2 A-B). 112 

 113 

Discussion 114 

In combined ACL injury and meniscal tear, we  found 74.4 % sensitivity and 63.5 % 115 

specificity for MM tears and 77.3 % sensitivity and 46% specificity for LM tears.  116 

In our study we found 70.3% accuracy for MM tears, and 65.5% for LM tears. 117 

Rayan and colleagues
[2]

 had demonstrated that clinical investigation showed 86% 118 

sensitivity and 73% specificity for MM tears, and 56% sensitivity  and 95% 119 

specificity for LM tears, whereas the accuracy was 79% for MM and 85% for LM, 120 

respectively .   121 

Our results confirmed the initial hypothesis. The accuracy was lower than that 122 

achieved by others authors for isolated meniscal tears 
1,3,10,15

. 123 

The false positives decreased the specificity of the meniscal tests.  124 



During the arthroscopic investigation we found patients in whom the torn ACL 125 

simulated a bucket handle meniscal tear ( Fig.1 A ), especially when the injury was 126 

located at the femoral insertion. 127 

 In addition, acute knee injury is characterized by reactive synovitis at the 128 

anteromedial and anterolateral chambers of the knee ( Fig.1 B).  129 

Thus synovial inflammation such as a torn ACL could mimic a medial or lateral 130 

meniscal tears and consequently increase the false positives rate. 131 

MRI investigation showed 76.4 % and 69.5% accuracy for medial and lateral 132 

meniscus respectively ( Table 3 ).  133 

8 meniscal tears were misdiagnosed by MRI. All of the cases were longitudinal tears, 134 

which could be neglected during arthroscopic investigation without accurate probing 135 

(Fig.2 A-B).  136 

 Focusing on isolated meniscal tears, Ercin
 [1]

  demonstrated that MRI had 95% 137 

sensitivity and 60% specificity for MM tears, whereas 67% sensitivity and 88% 138 

specificity for LM tears. However, the clinical investigation reached 93% accuracy for 139 

MM tears, and 80% accuracy for LM tears. The author concluded that clinical 140 

investigation provide sufficient information and performing MRI as a routine 141 

diagnostic support is unnecessary. 142 

Mohan et al.
[8]

  demonstrated that clinical diagnosis of meniscal tear is as reliable as 143 

the MRI scan. Alioto and colleagues 
[14]

 determined that MRI altered the treatment 144 

plan in only 18% of their patients.  145 

Furthermore, Jee et al. 
[15]

 demonstrated that MRI in the presence of ACL tears had 146 

lower sensitivity for detecting meniscal tears due to missed lateral meniscal tear.  147 

De Smet and Graf  
[11]

 concluded that sensitivity of MRI was reduced for meniscal 148 

tears in the presence of ACL injury. The sensitivity decreased from 94% to 69% for 149 



medial meniscal tears. In a recent study, Nam and colleagues
[16]

 demonstrated that if  150 

patient had an acute ACL tear, the sensitivity and negative predictive value of MRI for 151 

a meniscal tear were less than if there was no ACL tear, which led to the low 152 

diagnostic accuracy of MRI.  Nam found 28 cases of meniscus tears misdiagnosed by 153 

MRI before surgery, all of which were longitudinal tears.   154 

Focusing on acute knee injury, combined ligament and meniscal tears can decrease 155 

the diagnostic value of MRI cause the presence of hemarthrosis and swelling.   156 

Lundberg and colleagues
[17]

  found that high field ( 1.5 T ) MRI done 3 days after the 157 

trauma had a 74 % sensitivity and 66% specificity for medial meniscal tears, and 50 158 

% sensitivity and 84 % specificity for lateral meniscal tears. Furthermore, MRI 159 

missed 10 significant meniscus ruptures requiring surgical treatment.   160 

MRI has low diagnostic validity for intraarticular pathology with hemarthrosis may be 161 

attributed to the shifting paramagnetic properties of the blood remains and catabolic 162 

processes in meniscal tissues during the hemoglobin degradation process.  163 

The author concluded that MRI could neither replace arthroscopy in the diagnosis and 164 

screening of acute knee injuries, nor select patients with need for immediate 165 

arthroscopic meniscal surgery. 166 

Bohnsack
[18]

  and Ercin
[1]

  found that an experienced surgeon can diagnose adequately 167 

meniscal tears combined with ACL injury better than MRI.  168 

However, a careful investigation is needed cause the high number of false positives 169 

due to the presence of synovitis and the remnants of the torn ACL.  170 

We observed that remnants of the torn ACL and synovitis of the knee can simulate a 171 

meniscal tear, in acute injury.  172 



A correct diagnoses of combined meniscal and ACL tears is challenging cause the 173 

increase of the false positives rate in acute knee injury that reduce the accuracy of the 174 

clinical examination.  175 

Also, we observed that MRI can achieve better accuracy than clinical investigation. 176 

However 8 cases of meniscal tears were misdiagnosed by MRI due to false negative 177 

findings of longitudinal meniscus tears.  178 

In conclusion, clinical investigation can provide sufficient information for the 179 

treatment decision and MRI can be avoided as a routine diagnostic tool due to several 180 

limitations in acute injury of the knee and it should be reserved only for a restricted 181 

pool of patients who have unclear diagnoses.  182 

MRI investigation should not be done only for legal issue but should be supported by 183 

a scientific rationale.  184 

 185 
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 1 

 2 

 3 

Fig.1 A. Arthroscopic findings of a false-positive patient shows that a complete torn 4 

ACL, at the femoral insertion ( on the left side ), mimics a bucket-handle meniscus 5 

tear. The medial meniscus is intact ( on the right side ) but the clinical investigation is 6 

positive for medial meniscus tear.  7 

 8 

 9 

 10 

 11 

Fig.1 B. Arthroscopic findings: synovitis at the anteromedial pocket of the knee after 12 

an acute injury.  13 
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Figure



 1 

 2 

Fig.2 A 3 

 4 

Fig.2 B 5 

Fig.2 A-B Arthroscopic investigation. (A) Longitudinal tear of the posterior horn of 6 

the lateral  meniscus ( white-red zone) not detectable by MRI, (B) showed only 7 

probing the meniscus.  8 
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 11 
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Figure 2
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  3 

 MJLT LJLT Apley test 

( MM )  

Apley test 

( LM ) 

McMurray 

test (MM) 

McMurray 

test (LM) 

Specificity  71.4  35.7 50 50 69.1 52.4 

Sensitivity  62.3 81.2 82.6 82.6 78.3 68.1 

Accuracy  65.8 64.0 70.3 70.3 74.8 62.2 

PPV 53.6 53.6 63.6 63.6 65.9 50 

NPV 78.2 67.5 73.1 73.1 80.6 70.2 

 4 

Table.1 Diagnostic value for each individual meniscal test. PPV positive predictive 5 

value; NPV negative predictive value; MM medial meniscus; LM lateral meniscus; 6 

MJLT medial joint line tenderness; LJLT lateral joint line tenderness.  7 
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Table



 1 

 2 

 3 

 4 

 MM tear LM tear ACL injury* 

Specificity 63.5 46.0 100 

Sensitivity  74.4 77.3 100 

Accuracy  70.3 65.5 100 

PPV 61.0 55.7 100 

NPV  77.3 70.3 100 

 5 

Table.2 Diagnostic value of the clinical examination ( % ). PPV positive predictive 6 

value; NPV negative predictive value; MM medial meniscus; LM lateral meniscus; *  7 

diagnoses of ACL injury included Jerk test 2+ and 3+, Pivot-shift test 2+ and 3+, 8 

Lachman test 2+ and 3+, Anterior Drawer test 2+ and 3+ and KT-2000 > 4 mm .  9 
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Table



 1 

 2 

 3 

 4 

 MM tear LM tear 

Specificity 79.6 78.8 

Sensitivity  72.0 70.4 

Accuracy  76.4 69.5 

PPV 84.2 80.7 

NPV  74.5 71.4 

 5 

Table.3 Diagnostic value of MRI ( 1.5 T ) investigation ( % ). MM medial 6 

meniscus; LM lateral meniscus; PPV Positive Predictive value; NPV Negative 7 

predictive value.  8 
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