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ABSTRACT

OBJECTIVE: To find out the accuracy of plain Magnetic Resonance imaging (MRI) 
in comparison with arthroscopy in diagnosing cruciate ligaments and meniscal 
injuries.

METHODS: This prospective study was conducted from June 2019 to June 2020 
at Khyber Teaching Hospital Peshawar, Pakistan. All patients, aging 14-55 years, 
with history of trauma to knee and suspected meniscal and ligament injuries were 
included. Patients with positive findings on clinical examination and MRI were 
sent for arthroscopy. Findings on MRI and arthroscopy were compared for 
diagnostic accuracy.

RESULTS: Out of 100 patients, 87 were males. Fifty-nine patients had anterior 
cruciate ligament injuries (ACLI), one patient had posterior cruciate ligament 
injuries (PCLI), 49 patients had medial meniscus injuries (MMI) and 8 had lateral 
meniscal injuries (LMI) respectively. Sensitivity, specificity, positive predictive 
value (PPV) and negative predictive value (NPV) of MRI was 93.4%, 71.4%, 
82.35% and 88.23% respectively for ACLI and 100%, 96%, 20% and 100% 
respectively for PCLI. Similarly, sensitivity, specificity, PPV and NPV of MRI was 
81.6%, 45.3%, 57.97% and 72.72% respectively for MMI and 37.5%, 91.5%, 
27.27% and 94.5% respectively for LMI. There was no statistically significant 
difference for gender (p=0.43) and side of knee (p=0.22) between MRI vs 
arthroscopy.

CONCLUSION: MRI has high sensitivity and NPV for ACLI and PCLI, low 
sensitivity for LMI, low specificity for MMI and low PPV for PCLI, MMI and LMI. In 
cases of clinical suspicion of meniscal or ligamental injury, clinicians should not rely 
on MRI findings alone but should follow it up with diagnostic arthroscopy.
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INTRODUCTION

nterior Cruciate ligament (ACL) Aruptures of the knee have a 
prevalence of 1 in 3500 people 

per year making them the most 
1common ligament injury.  The typical 

injury pattern flexion with a valgus stress 
2and external rotation.  Typical  

associations of this injury pattern also 
include medial collateral ligament 
ruptures, posterior horn of medial 

3meniscal tears.

A ruptured ACL leads to knee joint 
instability in the anteromedial direction, 
with anterior translocation of the tibia 
over the femur. There is increased 
stress on the menisci which act as 
primary stabil izers against this 
movement and increased damage to 
ar t icu lar  car t i l age  chron ica l l y.  
Secondary injuries to the meniscus have 
been associated with ACL tears in 

4,5around 30 % of these patients. 

The gold standard in the diagnosis of 
ligamentous injuries of the knee is 
widely considered to be the Magnetic 
Resonance imaging (MRI), and has 
achieved widespread popularity. 
Literature reports the sensitivity of MRI 

6,7for ACL tears between 80-100%.  
False negative findings in MRI are 
however still possible due to difficulties 
in interpretation and inter-observer 
variation. Various other possible 
s o u r c e s  o f  e r r o r  h a v e  b e e n  
hypothesized and lase negative findings 

7may approach 20%. 

Arthroscopy of the knee has a reported 
accuracy of as high as 95-98% in the 
diagnosis of soft tissue knee injuries 

8secondary to trauma.  This technique, is 
however more invasive, expensive and 
time consuming than an MRI and may 

9lead to other potential complications. 

The rationale of the study revolves 
around a multi-factorial intent. One of 
the most important was to correlate 
local data with international studies. 
Also our study was to emphasize on the 
fact whether one can proceed to 
arthroscopy directly after clinical 
examination without MRI of the knee 
joint involved. This would also give a 
positive economic impact in terms of 
the population where study is done. 
Our plan in the study was to compare 
the diagnostic accuracy of MRI keeping 
arthroscopy as the conventional 
s tandard in  the eva luat ion of  
ligamentous and meniscal injuries. 
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METHODS

This prospective study was conducted 
from June 2019 to June 2020 in 
department of orthopaedics and 
trauma, Khyber teaching hospital 
Peshawar, Pakistan. All the patients 
w e r e  r e c e i v e d  i n  o u t p a t i e n t  
department and after thorough history 
and physical examinations, consent was 
taken from the patient for inclusion in 
the study and for interventions ordered, 
they were advised MRI. Then depending 
upon the MRI reports given by 
experienced radiologist, decision was 
taken whether to proceed with 
arthroscopy or not. Experienced 
radiologist included an Assistant 
Professor by designation with minimum 
5 years of experience. Multiple 
radiologists were not consulted to 
reduce bias. If arthroscopy was 
performed, then the findings or MRI and 
arthroscopy were compared. All 
patients with history of trauma to the 
knee and suspected meniscal and 
ligament injuries of age 14-55 years 
were included. Patients with associated 
bony injuries like femur condyle or tibial 
plateau fractures were excluded from 
the study. Grading was not done 
because patients with clinical symptoms 
un-resolv ing with conservat ive 
treatment were ordered for MRI. All 
patients with positive clinical findings 
and positive findings on MRI were sent 
for arthroscopy. There were no 
negative MRIs included in the study. 
Other exclusions included patients with 
history of previous surgeries to the knee 
and those in  whom MRI was 
contraindicated. After arthroscopy was 
done and findings noted, the sensitivity, 
specificity along with the positive and 
negative predictive values were 
calculated. 

This study was a cross-sectional study 
and no patient follow up was included in 
the study. The study was approved by 
Institutional Review Board (IREB).

MRI technique: Clinically we ordered 
MRI for patients who had symptoms and 
had pos i t ive  s igns  on c l in ica l  
examination. After obtaining informed 
consent, the patient was placed supine 
on the MRI table. The knee was 
positioned in extension and 15 degrees 
of external rotation. A 1.5 tesla MRI 
machine was used using coronal T2 FSE, 

coronal PD FATSAR and axial STIR 
sequences. The obtained digital images 
were assessed by a radiologist who was 
unaware of the patient and provisional 
diagnosis. The ACL was assessed on all 
available images and categorized as 
intact or torn. An intact ACL was 
described as a hypointense band seen in 
the anatomical location, without 
appearance of a discontinuity, abnormal 
signal intensity or poor definition. A 
meniscus which was hypodense with no 
altered signal intensity was considered 
normal.

Arthroscopic examination: after 
complete preoperative preparation and 
informed consent, the arthroscopies 
were per formed under  sp ina l  
anaesthesia. All procedures were 
performed by a single orthopaedic 
surgeon. A systematic and thorough 
examination of all compartments i.e. the 
suprapatellar pouch, patellofemoral 
j o i n t ,  m e d i a l  g u t t e r,  m e d i a l  
compartment intercondylar notch, 
posteromedial compartment, lateral 
compartment, lateral gutter and 
posterolateral compartment was done. 
On ident i f icat ion of  the tear,  
appropriate surgical intervention was 
done, i .e. ACL reconstruction, 
meniscectomy or meniscal repair.

True and false positives and negatives 
were determined by comparing 
arthroscopic with MRI findings. 
Comparable  pos i t ive  MRI  and 
arthroscopy findings were labelled as 
true positive, while comparable 
negative MRI and arthroscopic findings 
were labelled as true negative. A 
negative arthroscopy after a positive 
MRI were labelled as false positive while 
positive arthroscopies after a negative 
MRI were labelled as false negative. 
SPSS v.20 was used for analysis of all data 
in this study. 

RESULTS

Out of 100 patients of knee injuries with 
both MRI and arthroscopic findings 87 
patients were male and 13 were female. 
Out of these patients, 48 had injuries to 
the right knee while 54 had injuries to 
the left knee with 2 patients having 
bilateral knee involvement hence 
number of knees injured being 102 for 
100 patients. By involvement of types of 
ligament (n=118), we observed that 

most commonly affected ligament was 
the anterior cruciate l igament 
(n=60/102; 58.82%) followed by 
medial meniscus (n=49/102; 48.04%), 
lateral meniscus (n=8/102, 7.84%) and 
posterior cruciate ligament being the 
least affected (n=1/102, 0.98%).  

The correlation of MRI findings with 
arthroscopic findings was done in 100 
patients and was categorized into true 
positive (TP), true negative (TN), false 
positive (FP) and false negative (FN) 
cases. Sensitivity, specificity, positive 
predictive value (PPV) and negative 
predictive (NPV) value of MRI was 
calculated separately for each ligament 
and menisci involved. 

Correlat ion between MRI and 
arthroscopic findings for injuries of 
anterior cruciate ligament (ACL) is given 
in Table I. TP, TN, FP & FN cases for 
injuries of ACL on MRI were 56; 30, 12 
and 4 respectively. MRI for knee joint 
had a sensitivity of 93.4%, specificity of 
71.4%, PPV of 82.35% and NPV of 
88.23% in terms of ACL injury 
assessment (Table 1).

Correlat ion between MRI and 
arthroscopic findings for injuries of 
posterior cruciate ligament (PCL) is 
given in Table II. TP, TN, FP & FN cases 
for injuries of PCL on MRI were 1, 97, 4 
and 0 respectively. MRI for knee joint 
had a sensitivity of 100%, specificity of 
96%, PPV of 20% and NPV of 100% in 
terms of PCL injury assessment (Table 
II). 

Correlat ion between MRI and 
arthroscopic findings for injuries of 
medial meniscus is given in Table III. TP, 
TN, FP and FN cases for injuries of 
medial meniscus on MRI were 40, 24, 29 
and 9 respectively. MRI for knee joint 
had a sensitivity of 81.6%, specificity of 
45.3%, PPV of 57.97% and NPV of 
72.72% in terms of medial meniscus 
injury assessment (Table III). 

Correlat ion between MRI and 
arthroscopic findings for injuries of 
lateral meniscus is given in Table IV. TP, 
TN, FP & FN cases for injuries of medial 
meniscus on MRI were 3, 86, 8 & 5 
respectively. MRI for knee joint had a 
sensitivity of 37.5%, specificity of 
91.5%, PPV of 27.27% and NPV of 
94.5% in terms of lateral meniscus 
injury assessment (Table IV). 
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There was no statistically significant 
correlation between the gender 
(p=0.43) and side of knee (p=0.22) 
with  the accuracy of  MRI  vs  
arthroscopy.  

 DISCUSSION

Our study showed a variable but low 
false positive result when reported in all 
kinds of injuries studied. Patients were 
labelled as false positive when they were 
described as having tear on MR report 
but were found to not have any tear on 
arthroscopy. Two explanations have 
been given for these high false positive 
errors on medial meniscus tears. First 
one being; a healed tear can't be 
differentiated from an acute tear on MR 

imaging as reported in one of the 
10previous studies done.

Second explanation was given by Quinn 
and Brown who proposed that false 
positive errors for medial meniscal tears 
could be because of inability of 
arthroscopy to detect them. They 
rev iewed the  v ideo  tapes  o f  
arthroscopies in their study and 

11correlated them with MR findings.  
They found that in 53% of their false 
positive cases, posterior horn of medial 
meniscus wasn ' t  v isua l ized on 
arthroscopy. In our study however, we 
cannot determine whether false 
positives for meniscal tears were due to 
healed tears or tears missed on 
arthroscopy. If we consider the 

arthroscopy as a gold standard for 
diagnosing meniscal tears, these false 
positive errors become unavoidable 
because MR sequences cannot 
differentiate between a healed tear and 
acute tear.  

Another published report stated that 
interpretational errors were the least 
common errors to occur and two most 
commonly missed tears on MR images 
are posterior horn of medial meniscus 
and peripheral tears of the lateral 
meniscus lying adjacent to the popliteal 

7bursa. 

Equivocal errors in which interpreters 
of MR images don't agree on a diagnosis 
could be a significant cause of errors. 
Arthur et al concluded that 39% of 
errors in his study about MR Diagnosis 
of Meniscal tears and analysis of cause of 

7errors, were due to equivocal errors.  A 
study done about MR images of knee 
showed a range of sensitivity of 74-88% 

12depending on the observer.

Our study included more population of 
males compared to females. This can be 
attributed to several factors including 
less presentation of female population 
with knee involvements to orthopaedic 
outpatient department, less labour 
work compared to male population and 
less involvement in sports activities.

Study conducted by Garneau et al found 
“substantial intra and interobserver 
variability” in the diagnosis of labral tear 

13using MR images.  Sensitivity for 
diagnosing herniated cervical disks 
varied from 79% to 91% among three 
observers while using gradient-echo MR 

14imaging.  The above 4 studies suggest 
that observer variation is a strong factor 
in determining the sensitivity of any 
imaging diagnostic test. An observer 
with greater experience will significantly 
reduce this observer variation.

This study may be limited by the 
relatively lower number of PCL and 
meniscal injuries, and would benefit 
from further investigation. One of the 
limitation of our study included only 
reporting from a single radiologist for 
MRI ordered which could lead to human 
error. 

CONCLUSION 

MRI has high sensitivity and NPV for 
ACLI & PCLI, low sensitivity for LMI, 

TABLE I: DEMONSTRATING A CORRELATION BETWEEN MRI AND 
ARTHROSCOPIC FINDINGS FOR INJURIES OF ANTERIOR 

CRUCIATE LIGAMENT

Arthroscopy Findings

Yes No Total

Yes

No

Total

Magnetic 
Resonance Imaging 
(MRI) Findings

56 (93.3%)

4 (6.7%)

60 (100%)

12 (28.6%)

30 (71.4%)

42 (100%)

68 (66.7%)

34 (33.3%)

102 (100%)
Sensitivity= 93.4%, Specificity= 71.4%, Positive Predictive Value=82.35%, Negative Predictive Value=88.23%

TABLE II: DEMONSTRATING A CORRELATION BETWEEN MRI AND 
ARTHROSCOPIC FINDINGS FOR INJURIES OF POSTERIOR 

CRUCIATE LIGAMENT

Arthroscopy Findings

Yes No Total

Yes

No

Total

Magnetic 
Resonance Imaging 
(MRI) Findings

1 (100.0%)

0 (0.0%)

1 (100.0%)

4 (4.0%)

97 (96.0%)

101 (100.0%)

5 (4.9%)

97 (95.1%)

102 (100.0%)
Sensitivity= 100%, Specificity= 96%, Positive Predictive Value=20%, Negative Predictive Value=100%

TABLE III: DEMONSTRATING A CORRELATION BETWEEN MRI AND 
ARTHROSCOPIC FINDINGS FOR INJURIES OF MEDIAL MENISCUS

Arthroscopy Findings

Yes No Total

Yes

No

Total

Magnetic 
Resonance Imaging 
(MRI) Findings

40 (81.6%)

9 (18.4%)

49 (100.0%)

29 (54.7%)

24 (45.3%)

53 (100.0%)

69 (67.6%)

33 (32.4%)

102 (100.0%)
Sensitivity= 81.6%, Specificity= 45.3%, Positive Predictive Value=57.97%, Negative Predictive Value=72.72%

TABLE IV: DEMONSTRATING A CORRELATION BETWEEN MRI AND 
ARTHROSCOPIC FINDINGS FOR INJURIES OF LATERAL MENISCUS

Arthroscopy Findings

Yes No Total

Yes

No

Total

Magnetic 
Resonance Imaging 
(MRI) Findings

3 (37.5%)

5 (62.5%)

8 (100.0%)

8 (8.5%)

86 (91.5%)

94 (100.0%)

11 (10.8%)

91 (89.2%)

102 (100.0%)
Sensitivity= 37.5%, Specificity= 91.5%, Positive Predictive Value=27.27%, Negative Predictive Value=94.5% 
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low specificity for MMI and low PPV for 
PCLI, MMI and LMI. In cases of clinical 
suspicion of meniscal or ligamental 
injury, clinicians should not rely on MRI 
findings alone but should follow it up 
with diagnostic arthroscopy 
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