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1. INTRODUCTION
The knee joint is a common site of injury, mainly 

due to trauma, repetitive activities and sports activi-
ties (1).

Disruption of the anterior crucial ligament (ACL), a 
major stabilizer of the knee, leads to loss of stability 
of the knee and potentially significant dysfunction, 
although the ACL is the most frequently torn liga-
ment of the knee; the ACL tear has remained clini-
cally elusive. Additionally, ruptures near ligaments’ 
insertion may be missed and magnetic resonance im-
aging (MRI) examination reveals an intact ACL. The 
accuracy, sensitivity and specificity values for knee 
lesions vary widely in literature (2).

The clinical relevance of MRI, however, is deter-
mined in one way by its value in the selection of pa-
tients for or exclusion of patients from treatment with 
therapeutic arthroscopy. This overall assessment of 
the entire joint, also called composite diagnosis (3), is 
more relevant than the accurate diagnosis of all spe-
cific lesions of the various anatomic structures.

Determination of the clinical relevance of MRI can 
be affected by selection bias. Selection criteria for ar-
throscopy, results of which are used as the reference 
standard, play a role in most studies and potentially 
have a major influence on the interpretation of MRI 
results. MRI has a better soft tissue contrast and multi 
planar slice capability which has revolutionized and 

has become the ideal modality for imaging complex 
anatomy of the knee joint (4).

Advanced modality in the management of internal 
derangement of knee joint is arthroscopy, which can 
be used in its dual mode, either as diagnostic and/or 
as therapeutic tool. Arthroscopy offers direct visual-
ization of all interarticular structures with high di-
agnostic accuracy, the possibility to examine the sta-
bility of the knee under anesthesia and the possibility 
to perform a therapeutic procedure in the same ses-
sion (5).

In this study ACL tears were clinically diagnosed by 
positive Anterior Drawer Test and positive Lachman 
test. Arthroscopy was used to assess the reliability of 
clinical diagnosis.

2. PATIENTS AND METHODS
In our study we involved 103 patients with history 

of knee injuries who were admitted in the Clinic of 
Traumatology, Clinical Center-Majka Tereza, Skopje. 
MRI of the knee joint was done before the admission 
and some of them before the clinical examination.

Patients were subjected to physical examination 
involved assessing Anterior Drawer Test and posi-
tive Lachman test. The major difference between 
these is the degree of knee flexion (90 degrees in the 
drawer sign and 20-30 degrees in Lachman). All clini-
cally diagnosed patients underwent diagnostic and 
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therapeutic knee arthroscopy to assess the accuracy 
of clinical diagnosis after required investigations 
and consent in the Clinic of Traumatology, Clinical 
Center-Majka Tereza, Skopje during the years 2009 
and 2013.

However some patients who had been referred 
from outside or taken treatment and MRI being done 
prior to admission in our hospital are considered 
with same MRI report and not subjected to fresh MRI 
investigation.

Images of magnetic resonance were performed 
with 1.0-T system (Phillips Medical Systems) at Insti-
tute of Radiology in Skopje.

The standardized MR imaging protocol consisted 
of sagitt al, coronal and axial sequences, in section 
thickness of 3-5 mm. ACL was considered normal 
when it appeared as a band of fi bers of low to inter-
mediate signal intensity on both sagitt al and coronal 
dual images. The ACL was considered to be par-
tially torn when there was abnormal signal intensity 
within the ligament or when otherwise intact fi bers 
appeared wavy on sagitt al or coronal dual images. 
The ACL was considered to be completely torn if 
there was disruption of all fi bers or if it was not dis-
cernible at all on MRI. For statistical analysis, we con-
sidered normal as one group and complete tears and 
partially torn ligaments as another group.

All arthroscopic procedures were performed in a 
standard manner by experienced arthroscopic sur-
geon who was blinded to the radiologist’s diagnosis, 
using an infero-lateral and medial portal. Operative 
fi ndings were documented in the offi  cial patient’s 
document, which included the survey of the entire 
joint and anatomical structure, lesions involved with 
the presence or absence of tear, its location, status of 
the articular cartilage and others. The composite data 
was tabulated and studied for correlation with MRI 
fi ndings and grouped into four categories:

1. True-positive -if the MRI diagnosis was con-
fi rmed by arthroscopic evaluation.

2. True-negative -when MRI negative for lesion and 
confi rmed by arthroscopy.

3. False-positive -when MRI shows lesion but the 
arthroscopy was negative

4. False-negative-result when arthroscopy was pos-
itive but the MRI showed negative fi nding

Statistical analysis
Statistical analysis was used to calculate the sensi-

tivity, specifi city, accuracy, positive predictive value 
(PPV) and the negative predictive value (NPV), in 
order to assess the reliability of the MRI results.

Categorical variables were summarized using fre-
quency and were compared using the chi-square or 
McNemar test as appropriate. p-value of less than 0.05 
was considered to be statistically signifi cant.

3. RESULTS
The study group of 103 patients consisted of 81 

men (79%) and 22 women (21%). All underwent ar-
throscopic knee surgery. The average age was 29.7 

years (range: 16–58 years). Maximum number of pa-
tients (n=34) who suff ered knee injuries were in the 
age group of 21-30 years (Figure 1). The right knee 
was involved in 56 cases (54.4%) and the left knee in 
47 (45.6%) (Figure 2).

Table 1. show the methods and formulas used to 
calculate the reliability of clinical diagnosis. Clinical 
diagnostic test characteristics:
 • Sensitivity: how good the test is at detecting ACL 

tear
 • Specifi city: how good the test is at identifying nor-

mal knee
 • Positive predictive value: how often a patient with 

a positive test has the ACL tear
 • Negative predictive value: how often a patient 

with a negative test does not have ACL tear
 • Accuracy: proportion of test which correctly iden-

tifi es ACL injuries

Value Calculation

Sensitivity TP/(TP+FN)×100

Specifi city TN/(TN+FP)×100

Positive predictive value 
(PPV) TP/(TP+FP)×100

Negative predictive value 
(NPV) TN/(TN+FN)×100

Accuracy TP+TN/
TP+TN+FP+FN×100

Table 1. Formulas for calculation

Comparison of the arthroscopic and MRI fi ndings 
yielded the following results. MRI fi ndings for the ACL 
yielded 60 true-positives (were confi rmed on arthros-
copy) and 25 true-negatives (without evidence of ACL) 
with 5 false positive (were miss interpreted to have ACL) 
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Figure 2.Side involved in examination 

 

Table 1. show the methods and formulas used to calculate the reliability of clinical diagnosis. 
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Comparison of the arthroscopic and MRI findings yielded the following results. 
MRI findings for the ACL yielded 60 true-positives (were confirmed on arthroscopy) and 25 
true-negatives (without evidence of ACL) with 5 false positive (were miss interpreteted to 
have ACL) and 13 false negative (were not diagnosed clinically) (Tab.2; Fig.3), which 
resulted in  83% sensitivity, 88.37% specificity, 93% positive predictive value, 74.5% 
negative predictive value and 82.5% accuracy (Tab.3).  
 

Side involved

Left knee 45.6 %

Right knee 54.4 %

Value Calculation 
Sensitivity TP/(TP+FN)×100 

Specificity TN/(TN+FP)×100 

Positive predictive value (PPV) TP/(TP+FP)×100 

Negative predictive value (NPV) TN/(TN+FN)×100 

Accuracy TP+TN/TP+TN+FP+FN×100 

Figure 2. Side involved in examination
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and 13 false negative (were not diagnosed clinically) 
(Table 2; Figure 3), which resulted in 83% sensitivity, 
88.37% specifi city, 93% positive predictive value, 74.5% 
negative predictive value and 82.5% accuracy (Table 3).

 Arthroscopy fi ndings in ACL
Positive fi nd-

ings
Negative fi nd-

ings Total

MRI Positive 
fi ndings 60 (TP) 5 (FP) 65

MRI Negative 
fi ndings 13 (FN) 25 (TN) 38

73 30 103
TP(true positive); TN(true negative); FP(false positive); 
FN( false negative)

Table 2. MRI and Arthroscopy fi ndings

Test ACL
(%)

Sensitivity 83
Specifi city 88.37 
Positive predictive value (PPV) 93
Negative predictive value (NPV) 74.5
Accuracy 82.5

Table 3. ACL fi ndings

McNemar test showed that x2=3.55, DF=1, p>0.05, 
i.e. There are no statistical diff erences in distribution 
of frequencies in positive and negative patients with 
MRI and arthroscopy or perceived diff erence is not 
statistically signifi cant (Figure 4).

4. DISCUSSION
The purpose of this study was to assess the reli-

ability of clinical diagnosis in ACL tear injuries. In 

the study we evaluated 103 patients with history of 
knee injuries who were admitt ed at Clinic of Trauma-
tology in Skopje.

The age group ranging from 16 to 58 years. The 
youngest male patient was aged 16 years and the 
oldest female was 58 years. This showed that there 
was a tendency of males being injured and gett ing 
operated at the earlier age. A study done by Avcu et 
al. (6) showed males are most likely to suff er knee 
injuries since they are active in sports and the right 
knee was more frequently injured than left.

Rubin et al. (7) reported 93% sensitivity for diag-
nosing isolated ACL tears. Similarly several prospec-
tive studies have shown a sensitivity of 92-100% and 
specifi city of 93-100% for the MR imaging diagnosis 
of ACL tears (8).

We obtained 83% sensitivity and 88.37% specifi city 
of MRI with respect to fair correlation with arthros-
copy in diagnosing ACL tears. Identifi cation of ACL 
tears in our study was presented with 82.5% accuracy 
of MRI, ranged in ”very good” (80-90%) interpreta-
tion group. The results of this study is in accordance 
to the literature which suggests an accuracy of 80 to 
94 % for the crucial ligament tears (9). PPV of MRI is 
93% NPV of MRI is 74.5%

Meta-analysis by Oei and colleagues (10) combined 
29 studies from 1991 to 2000 that evaluated the va-
lidity of MRI with respect to miniscule and crucial 
ligament disorders of the knee. The pooled sensitivity 
of medial and lateral menisci was 93% and 79% while 
pooled specifi cities were 88% and 95% respectively. 
For ACL and PCL tear, pooled sensitivities and speci-
fi cities were 94%, 91% and 94%, 99% respectively.

There is no doubt that the radiologist’s experience 
and training are very important factors in interpre-
tation of MRI. At the same time, reliable statistical 
data of the diagnostic value of the MRI are also re-
lated to the independent base of reference. Regarding 
knee MRI, in most of the studies and in our study 
as well, the base of reference is arthroscopy (11, 12). 
This presupposes that arthroscopy is 100% accurate 
allows for the diagnosis of every possible knee pa-
thology. This is not always the case (13). Arthroscopy 
is a technically demanding procedure and the results 
are varying according to surgeon’s experience, espe-
cially in diffi  cult cases.

MRI is the most helpful diagnostic technique. The 
reported accuracy for detecting tears of the ACL has 
ranged from 70-100%. (14). Because the ACL crosses 
the knee joint at a slightly oblique angle, the complete 
ligament rarely is captured in its entirety by a single 
MRI scan in the true sagitt al plane.

Arthroscopy should be considered a diagnostic aid 
used in conjunctions with a good history, complete 
physical examination and appropriate radiographs. It 
should serve as an adjuvant to, not as a replacement 
for, a thorough clinical evaluation. With increased 
profi ciency in examination of extremities and more 
accurate adjuvant tests, including MRI, we rarely per-
form simple “diagnostic arthroscopy.” Surgical alter-

 

 

 
 
 
 
 
Table.2  

      Arthroscopy findings in ACL 
Positive 
findings 

Negative 
findings 

Total 

MRI Positive findings 60 (TP) 5 (FP) 65 
MRI Negative findings 13 (FN) 25 (TN) 38 

 73 30 103 
TP(true positive); TN(true negative); FP(false positive); FN(false negative) 

Table 3. 

                                                                
 

Test 

 
ACL 
(%) 

Sensitivity  83 
Specificity 88.37  

Positive predictive value (PPV) 93 
Negative predictive value (NPV) 74.5 

Accuracy 82.5 
 
Figure 3. MRI and Arthroscopy findings in ACL of the knee 
. 

 

 

0
10
20
30
40
50
60
70
80

MRI findings Arthroscopy findings

Fr
eq

ue
nc

ie
s

Negative findings

Positive findings

Figure 3. MRI and Arthroscopy fi ndings in ACL of the knee
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natives are discussed thoroughly with the patient be-
fore the procedure, and the definitive surgical proce-
dure is performed at the time of an arthroscopic ex-
amination.

5. CONCLUSION
Our study revealed high sensitivity and speci-

ficity and almost high accuracy for ACL injuries of 
knee joint in comparison to arthroscopy. Findings of 
this small scale study of our population are consis-
tent with larger studies in this field. So we have suf-
ficient evidence to conclude that MRI is highly accu-
rate in the diagnosis of ACL. MRI is an appropriate 
screening tool for therapeutic arthroscopy, making 
diagnostic arthroscopy unnecessary in most patients.

Magnetic resonance imaging is accurate and non 
invasive modality for the assessment of ligamentous 
injuries. It can be used as a first line investigation in 
patients with soft tissue trauma to knee.

CON F LIC T OF IN T EREST: NON E DEC LA RED
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