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ABSTRACT

Background: Accurate diagnosis of knee injuries is critically dependent on thorough patient history and detailed
clinical examination. Meniscal and ligamentous injuries within the knee are frequently assessed using magnetic
resonance imaging (MRI), which serves as an adjunct diagnostic tool. This study aimed to evaluate the precision of
clinical tests in diagnosing meniscal (Thessaly, joint line tenderness, and McMurray tests) and anterior cruciate
ligament (ACL) (Lachman, Anterior Drawer (ADT), and Pivot Shift tests (PST)) injuries and to compare these
findings with MRI and arthroscopic results, the latter of which is considered the diagnostic gold standard.

Material and methods: This study was done prospectively from October (Year) to October (Year). The study
included a total of 79 individuals who had knee arthroscopy for different reasons at Erbil Teaching Hospital.
Orthopedic doctors conducted clinical assessments using specialized techniques to evaluate meniscal and ACL
damage. MRI was used to validate these clinical symptoms, then followed by arthroscopy to obtain the definitive
diagnosis.

Results: The Lachman test demonstrated high diagnostic accuracy (92.4%) in identifying ACL ruptures. Similarly,
the Thessaly test was highly accurate for detecting tears in the medial (91.1%) and lateral (89.5%) menisci. Joint line
tenderness (JLT) achieved an accuracy of 84.8% for medial and 89.7% for lateral meniscus tears. The validity of these
clinical tests was benchmarked against MRI findings and arthroscopic confirmation. The accuracy of clinical
diagnoses for medial and lateral meniscal lesions was comparable to MRI (91% vs. 89% and 89% vs. 86%,
respectively). Clinical diagnosis of ACL injuries also showed superior accuracy compared to MRI (92.4% vs. 87.3%).

Conclusions: Among the clinical tests evaluated, the Lachman test was the most precise for diagnosing ACL ruptures,
and the Thessaly test, coupled with JLT, was the most reliable for identifying meniscal tears. Clinical examinations
proved as accurate as MRI in diagnosing meniscal injuries, and even more so for ACL injuries, highlighting the
effectiveness of careful clinical assessment in the diagnostic process.
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Introduction

Accurate diagnosis of knee injuries heavily relies on thorough historical documentation and meticulous clinical
examinations (1). Magnetic resonance imaging (MRI) plays a crucial role in identifying meniscal and ligamentous
injuries of the knee by providing detailed images that highlight specific morphological abnormalities (2, 3). It is
recognized as a reliable adjunctive tool for evaluating knee pathologies (4).

Meniscal tears, particularly common among knee injuries requiring surgical intervention, more frequently affect the
medial meniscus (MM) compared to the lateral meniscus (LM) (5). Nevertheless, tears in the LMs are predominantly
associated with concurrent ACL ruptures. Young athletes often sustain traumatic meniscal tears during sports
activities (6).

Anterior tibial translation and internal tibial rotation combined with a valgus load during almost full extension of the
knee is often the etiology of ACL injuries, which account for 40-50% of all knee ligament injuries (7, 8). Posterior
cruciate ligament (PCL) injuries are most often the result of a direct impact to the anterior tibia while the knee is
flexed (the "dashboard injury"), or due to hyperflexion or hyperextension (9).

Historically, special tests have been integral to the physical examination for evaluating musculoskeletal knee pain (9).
Several of these tests, including McMurray's test, JLT, Apley's test, and the more recent Thessaly test, are employed
to diagnose meniscal tears, with the latter showing high diagnostic accuracy (10).

The introduction of MRI for diagnosing knee disorders by Kean et al. in 1980 marked a significant advancement (11).
Continued technical enhancements and growing expertise have established MRI as an essential diagnostic instrument,
achieving average accuracy rates as high as 93% (12, 13). In contemporary clinical practice, MRI scanning is
frequently used to substantiate diagnoses of meniscal or ACL injuries before proceeding to arthroscopic evaluation
and potential surgery (14).

The current study aimed to evaluate the accuracy of clinical tests (including the Thessaly, JLT, and McMurray tests
for meniscal injuries, as well as the Lachman, ADT, and PST for ACL injuries) in comparison to MRI findings and
arthroscopic verification, with arthroscopy considered the definitive standard for diagnosis.

Patients and Methods

In this prospective comparison research, 79 patients who were admitted to Erbil Teaching Hospital in Hawler between
October (year) and October (year) for elective knee arthroscopy were included.

Those with unilateral knee injuries between the ages of 18 and 45 were included. Patients with loose bodies,
degenerative arthritis, chondral injuries, femoropatellar pathological disorders, MRI contraindications, or fracture
sequelae were also excluded from the study.

The study setting

The study encompassed 79 patients admitted for elective knee arthroscopy. Each patient was clinically evaluated
through comprehensive history-taking and a detailed clinical examination. Subsequently, all participants underwent
an MRI of the knee followed by knee arthroscopy. The primary indications for these surgical interventions included
symptoms such as knee pain, locking, giving way, and recurrent knee swelling.

Knee swelling

A specialist orthopedic surgeon, experienced in diagnosing and treating pathological knee conditions, conducted the
clinical examinations. The evaluation of meniscal injuries involved JLT, the McMurray test, and the Thessaly test.
The ACL injuries were assessed using the Lachman test, ADT, and PST. Additionally, the posterior drawer test was
utilized for PCL injuries, along with valgus and varus stress tests. Following these assessments, an MRI was
recommended for all 79 patients to confirm the clinical diagnosis and provide additional information.

MRI Protocol
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Using a 1.5 Tesla strong magnetic extremities coil, four distinct imaging institutes in Erbil city conducted the MRI
scans. T1 and T2 sequences with a 4 mm slice thickness were supplied by each MRI.

An experienced radiologist, who had no prior contact with the patients, interpreted the MRI scans. Meniscal tears
were classified into four grades, with grades three and four considered positive for significant tearing. In order to
improve visibility of the ACL during sagittal imaging, patients were placed supine and the affected knee was
externally rotated 10 to 15 degrees throughout the scans. A consistent low-signal intensity along the length of the
intercondylar notch through origin to insertion suggested that the ACL remained intact. If this signal pattern was
missing, inconsistent, non-homogenous, or had anomalies in origin or insertion, an ACL rupture was indicated.

Data Collection

Data were collected using a questionnaire designed by the researcher, gathering information on age, sex, affected knee
(right or left), chief complaint, injury duration and mechanism, and dates of MRI and arthroscopy. The presence of
tears in the knee menisci and ACL was recorded based on both MRI and arthroscopy findings.

The surgical procedure

All surgeries were conducted under general or spinal anesthesia by four orthopedic surgeons. Ligament stability was
reassessed under anesthesia. Arthroscopy involved two-port anteromedial and anterolateral portals. A systematic
examination of the entire knee was performed during the arthroscopic procedure, assessing areas such as the
suprapatellar pouch, patellofemoral joint, medial and lateral compartments, and the intercondylar notch. Any type of
meniscal tear, regardless of its configuration, was recorded, and the specific meniscus (LM or MM) was noted.
Similarly, the ACL and PCL were evaluated for normalcy or rupture. When assessing meniscal and ligament problems,
arthroscopy was thought to be the best option.

Research ethics

The study obtained permission from the research ethics committee of the College of Medicine at Hawler Medical
University. Before taking part in the experiment, every patient gave written informed permission.

Statistical analysis

The data were analyzed using the SPSS, specifically version 26. Frequency and proportion calculations were
performed, and the McNemar test was used to compare the results obtained from clinical testing and MRI findings
with those obtained via arthroscopy.

Arthroscopy
Characteristics
Positive Negative
Positive TP FP
Clinical test MRI
Negative FN TN
Total TP+FN FP+TN

TP-True positive; TN-True negative; FP=False positive; and FN=False negative

Sensitivity = " x 100

Specificity = % x 100

- . _ TP
Positive predictive value = Trame X 100

. . _ TN
Negative predictive value = NN 100

TP+TN
Accuracy = Total X 100

A p value < 0.05 was considered statistically significant.
Figure 1. Crosstabs for Statistical Analysis
Result

663



Frontiers in Health Informatics

ISSN-Online: 2676-7104

www.healthinformaticsjournal.com

This study involved 79 patients, comprising 68 males (86.1%) and 11 females (13.1%), aged between 19 and 44 years,
with a median age of 29. The patient cohort included 42 individuals (53.2%) with right knee issues and 37 (46.8%)
with left knee issues. Treatment administered to 52 patients included knee support, physiotherapy, and symptomatic
management over a period of 14 to 90 days. The interval between MRI and knee arthroscopy ranged from 3 to 12
weeks, during which no new injuries were reported. The injuries were attributed to sports 51 (64.5%), trauma 18
(22.7%), or idiopathic 10 (12.6%), with no prior history of trauma (Table 2).

Table 2. Distribution socio-demographics and of the Cases According to Etiology
(No. of the cases = 79)

Characteristics Frequency | Percent
Median Age 29 (19-44)
Sex Male 68 86.1
Female 11 13.1
. Right 42 53.2
Location Left 37 46.8
Median interval between MRI and surgery | 8 (3-12)
Sport 51 64.5
Etiology Trauma 18 22.7
Idiopathic 10 12.6

JLT: Clinical examination using JLT indicated suspected MM tears in 32 patients, confirmed via arthroscopy
in 29 cases. This yielded a sensitivity of 76%, specificity of 92%, positive predictive value (PPV) of 90%,
negative predictive value (NPV) of 80%, and an accuracy of 84.8%. Suspected LM tears were identified in
18 patients, with 17 confirmations on arthroscopy, resulting in a sensitivity of 70%, specificity of 98%, PPV
of 94%, NPV of 88%, and an accuracy of 89.7% (Table 3).

McMurray
Application
McMurray
suggested

26 patients,
arthroscopy
21 cases.
sensitivity
specificity
80.7%, NPV
accuracy
LM tears, 17
suspected,
confirmed,
sensitivity of
specificity of
of  76.4%,
82%, and
81% (Table

Table 4.

Table 3. Recordings of JLT at 90-Degree Knee Flexion, and Diagnostic Value of JLT

Arthroscopic decision

‘ Positive ‘ Negative ‘ Total ‘ test

Median meniscus injuries of the
Positive 29 (a) 3 (b) 32 (atb) test
Negative 9(c) 38 (d) 47 (c+d) MM tears in
Total 38 (atc) 41 (b+d) 79 with
LMs injuries confirming
Positive 17 (a) 1 (b) 19 (atb) The
Negative 7 (¢) 54 (d) 61 (ct+d) was  55%,
Total 24 (atc) 55 (b+d) 79 87%, PPV
(a) True positive, (b) False positive, (c) False negative, (d) False positive 67.2%, and
Diagnosis 72%. For

Median LMs patients were

meniscus and 13 were
Sensitivity % 76.3 70.8 resulting in a
Specificity % 92.3 98.1 54.1%,
PPV % 90.6 94.4 92.7%, PPV
NPV % 80.8 88.5 NPV of
Accuracy 84.71 89.7 accuracy of
P-value 0.14 0.7 4).
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Recordings of McMurray Test, and Diagnostic Value of McMurray Test

Arthroscopic decision |
‘ Positive | Negative | Total |
Median meniscus injuries
Positive 24 (a) 5(b) 26 (a+h)
Negative 17 (c) 36 (d) 53 (cd)
Total 38 (a+c) 41 (b+d) 79
LMs injuries
Positive 13 (a) 4 (b) 17 (ath)
Negative 11 (c) 55 (d) 62 (c+d)
Total 24 (at+c) 55 (btd) 79
(a) True positive, (b) False positive, (c) False negative, (d) False positive
Diagnosis
Median LMs
meniscus
Sensitivity % 55.26 54.1
Specificity % 87.8 92.7
PPV % 80.7 76.4
NPV % 67.2 82.2
Accuracy 724 81
P-value 0.01 0.11

Thessaly Test

The Thessaly test indicated suspected MM tears in 37 patients, with 34 confirmed by arthroscopy, reflecting a
sensitivity of 89.4%, specificity of 92.6%, PPV of 91.8%, NPV of 90.4%, and accuracy of 91.1%. Suspected lateral
tears were seen in 20 patients, with 18 confirmed, providing a sensitivity of 75.2%, specificity of 96.3%, PPV of 90%,
NPV of 89.8%, and accuracy of 89.8% (Table 5).

Table 5. Recordings of Thessaly at 20 Degree Knee Flexion, and Diagnostic Value of Thessaly
Arthroscopic decision

‘ Positive ‘ Negative ‘ Total
Median meniscus injuries
Positive 34 (a) 3 (b) 37 (atb)
Negative 4 (c) 38 (d) 42 (ct+d)
Total 38 (atc) 41 (b+d) 79
LMs injuries
Positive 18 (a) 2 (b) 20 (atb)
Negative 6 (c) 53 (d) 59 (ct+d)
Total 24 (atc) 55 (b+d) 79
(a) True positive, (b) False positive, (c¢) False negative, (d) False positive
Diagnosis
Median LMs
meniscus
Sensitivity % 89.4 75.2
Specificity % 92.6 96.3
PPV % 91.8 90

665



Frontiers in Health Informatics www.healthinformaticsjournal.com
ISSN-Online: 2676-7104

NPV % 90.4 89.8
Medial Accuracy 91.1 89.8 Meniscus
Injuries P-value 1 0.11
Among 37 knees with

clinically suspected MMs tears, arthroscopy confirmed 34 cases, including 12 bucket handle tears. The sensitivity was
89.4%, specificity 92.6%, PPV 91.8%, NPV 91.4%, and accuracy 91%. MRI identified MM tears in 35 cases, with
32 confirmations via arthroscopy, resulting in a sensitivity of 84.2%, specificity of 92.6%, PPV of 91.4%, NPV of
86.3%, and accuracy of 89% (Table 7).

Lateral meniscus injuries

Clinical examination suspected LMs tears in 20 knees, with 18 confirmed by arthroscopy, including 4 bucket handles
and 2 discoid meniscal tears. This resulted in a sensitivity of 75%, specificity of 96.3%, PPV of 90%, NPV of 89%,
and accuracy of 89%. MRI suggested LM tears in 16 cases, with 15 confirmations on arthroscopy, indicating a
sensitivity of 62%, specificity of 98%, PPV of 93%, NPV of 85%, and accuracy of 87% (Tables 6 and 7).

Table 6. Diagnostic Value of MRI

Median meniscus tear LMs tear
Sensitivity % 84.2% 62%
Specificity % 92.6% 98%
PPV % 91.4% 93%
NPV % 86.3% 85%
Accuracy 88.6% 87%
P-value 0.5 0.02

Table 7. Comparing Clinical Finding with MRI Finding

Median meniscus LMs

Clinical MRI Clinical MRI
Sensitivity % 89 84 75 62
Specificity % 92 92 96 98
PPV % 91 91 90 93
NPV % 90 86 89 85
Accuracy 91 89 89 87
P-value 1 0.5 0.11 0.02

ACL Injuries

Clinical assessments for ACL tears were conducted using three tests. The Lachman test, applied to 54 patients,
detected 52 ACL tears, yielding a sensitivity of 92.8%, a specificity of 91%, a PPV of 96.2%, a NPV of 84%, and an
overall accuracy of 92.4% (Tables 8 and 9). The ADT, conducted on 37 patients, identified 35 ACL tears, resulting in
a sensitivity of 62.5%, specificity of 91.3%, a PPV of 94.6%, a NPV of 50%, and an accuracy of 70.8% (Tables 8 and
9). The PST was performed on 33 patients, revealing 32 ACL tears, with a sensitivity of 57.1%, specificity of 95.6%,
a PPV of 88.8%, a NPV of 47.8%, and an accuracy of 68.3% (Tables 8 and 9). The Lachman test demonstrated the
highest sensitivity and specificity among the tests evaluated (Table 9).

Table 8. Recordings of Lachman, ADT and PST
Arthroscopic decision
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Table | Positive | Negative ‘ Total
Lachman test
Positive 52 (a) 2 (b) 54 (atb)
Negative 4 (c) 21 (d) 25 (c+d)
Total 56 (atc) 23 (b+d) 79
ADT
Positive 35 (a) 2 (b) 37 (ath)
Negative 21 (c) 21 (d) 42 (ctd)
Total 56 (atc) 23 (b+d) 79
PST
Positive 32 (a) 1 (b) 33 (ath)
Negative 24 (c) 22 (d) 46 (ct+d)
Total 56 (atc) 23 (b+d) 79
(a) True positive, (b) False positive, (c) False negative, (d) False positive
Diagnostic Value of Lachman, ADT and PST
§/§ns1t1v1ty §/i)ec1ﬁc1ty PPV % NPV % Accuracy P-value
tLethma” 92.8 91 96.2 84 92.4 0.68
ADT 62.5 91.3 94.6 50 70.3 0
PST 57.1 95.6 88.8 47.8 68.3 0

The MRI evaluations revealed ACL ruptures in 56 patients, of which 51 were confirmed by arthroscopy. This resulted
in a 91.1% sensitivity, 78.3% specificity, 91.1% positive and NPVs, and an accuracy of 87.3%. Therefore, clinical
examinations exhibited slightly higher diagnostic accuracy than MRI (Table 10).

Table 10. Comparative Analysis of Clinical Examination and MRI in Detecting ACL Rupture

Clinical finding MRI finding
Sensitivity % 92.8 91.2
Specificity % 91 78.3
PPV % 96.2 91.1
NPV % 84 78.3
Accuracy 924 87.3
P-value 0.68 1

Table 11. Recordings of MRI regarding MM, LM and ACL

Arthroscopic decision

| Positive | Negative ‘ Total
Median meniscus injuries
Positive 32 (a) 3 (b) 35 (atb)
Negative 6 (c) 38 (d) 44 (ct+d)
Total 38 (atc) 41 (b+d) 79
LMs injuries
Positive | 15(a) | 9(b) | 16 (atb)
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Negative 9(c) 54 (d) 63 (ctd)
Total 24 (atc) 55 (b+d) 79

ACL injuries

Positive 51 (a) 5(b) 56 (atb)
Negative 5(c) 18 (d) 23 (ctd)
Total 56 (atc) 23 (b+d) 79

(a) True positive, (b) False positive, (c) False negative, (d) False positive

Combined Injury

In the present research, 56 instances of ACL injuries were found; of these, 16 cases additionally included a MMs
damage, 9 cases had a LMs injury, 7 cases involved injuries to both menisci and 24 cases were isolated ACL injuries.
ACL injuries were linked to 23 out of the 38 occurrences of MMs injury. ACL tears were linked to 16 of the 24
occurrences of LMs injuries. Medial and LM tears were seen in nine instances.

Discussion

This study assessed 79 patients for meniscal and ACL injuries through detailed patient histories, clinical examinations,
MRI, and arthroscopy. Regarding sex distribution, 68 male and 11 female subjects were identified with knee injuries.
It was observed that the right knee was more frequently affected (42 cases) than the left (37 cases), a finding that
aligns with Clayton et al. on the epidemiology of musculoskeletal injuries (15).

Meniscus

The McMurray test, commonly employed to detect torn menisci, exhibited a sensitivity of 55.2% and specificity of
87.8% for MMs tears, and 54% sensitivity with 92% specificity for lateral tears. These findings are comparable to
those reported by Karacholios et al., where sensitivity ranged from 48-65% and specificity from 86-94%. The Thessaly
test at 20 degrees of knee flexion, utilized as a primary diagnostic tool for meniscal tears, demonstrated accuracies of
94% and 96% for medial and LM tears, respectively, in previous studies. However, in this analysis, the accuracy rates
were 91% for medial and 89% for lateral tears (16).

ACL

Differentiating between total and partial ACL ruptures posed challenges in some studies. DeFranco et al. (17), and
Colombet et al. (18), provided definitions for partial ACL tears, which were arthroscopically documented as ligaments
with no loss of competence and the majority of ligament fibers intact, respectively. Based on these criteria, partial
tears were not classified as complete ACL ruptures in this analysis.

Anterior Drawrer test

The ADT demonstrated a sensitivity of 62.5% and a specificity of 91.3%. Morita et al. identified three factors
contributing to false-negative results in this test: hemarthrosis and reactive synovitis limiting knee flexion, protective
hamstring contractions due to joint pain, and the posterior horn of the MMs impeding the tibia's anterior movement
(19).

Lachman Test

The findings of this research demonstrate that the Lachman test has the highest diagnostic accuracy for detecting ACL
damage, with a remarkable sensitivity of 92.8% and a good specificity of 91%. The knee position during this test,
with a flexion of 20-30 degrees, is less unpleasant compared to the knee position during the ADT. This positioning
helps minimize muscular contraction and prevents knee movement throughout the examination (20). Moreover, the
diagnosis of an ACL injury may be challenging, particularly in cases of acute injuries accompanied by hemarthrosis.
When a patient is assessed without general anesthesia for acute ruptures, the Lachman test's diagnostic accuracy is
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higher than the ADT's (21).

PST

The results of the PST indicated high specificity (95.6%) but relatively low sensitivity (57.1%). Indicative of ACL
damage, this test assesses the tibia's combined anterior translation and tibiofemoral internal rotation (22). These
findings align closely with those reported by Scholten et al., wherein the PST demonstrated high specificity (98%)
but notably lower sensitivity (24%). Conversely, the Lachman test emerged as the most sensitive method for
diagnosing ACL tears, with sensitivity and specificity rates of 85% and 94%, respectively (23).

Comparing clinical finding with MRI finding

The findings of an arthroscopic examination corroborated research by Kocabey et al. that found no notable significant
differences between the detection of ligament and meniscal injuries by MRI and physical examination. Competent
orthopedic surgeons may efficiently identify meniscal and ACL problems by relying on clinical exams (24).

Furthermore, a study by Sanjay et al. supported the use of MRI as a complementary tool alongside clinical
examinations for identifying meniscus and ligament injuries. The sensitivity and specificity values for MRI in
diagnosing ACL, MMs, and LMs injuries were 96% 82%, 94% 91%, 93%, and 96%, respectively, when compared to
arthroscopic findings (12).

The current research assessed and compared both clinical evaluation and MRI with arthroscopy. The findings are
expected to be similar to those of earlier investigations. The diagnostic precision of physical tests in detecting MM
injuries was 91%, but MRI accuracy was somewhat lower at 89%. For LM injuries, physical examination accuracy
was 89%, and MRI accuracy was 87%. For ACL injuries, physical examination accuracy was slightly higher at 92%
compared to 87% for MRI.

Notably, physical examinations demonstrated comparable, if not superior, accuracy to MRI for diagnosing meniscal
injuries. However, this was not uniformly the case, as illustrated by Yan et al., who reported higher accuracy,
sensitivity, and NPV s for MRI compared to clinical examinations in diagnosing meniscal injuries. Specifically, the
accuracy, sensitivity, and NPV s for MRI versus clinical examination were 83.33% versus 69.44%, 92.50% versus
75%, and 88.46% versus 66.66% for the MMs; and 81.94% versus 79.16%, 65% versus 47.82%, and 86.79% versus
79.31% for the LMs (25).

A strength of this study was the utilization of multiple clinical maneuvers to assess both menisci and ACL injuries.
The interval between MRI scans and surgical procedures did not exceed 12 weeks. All MRIs were interpreted by
radiology specialists with expertise in knee imaging. However, a limitation was the performance of MRIs in four
different imaging centers in Erbil City, which might have influenced the consistency of film quality and data
dispersion.

Conclusions

1. The Thessaly test performed at a knee flexion angle of 20 degrees is the most precise clinical examination for
identifying meniscal tears, followed by JLT.

2. The Lachman test is highly regarded for its diagnostic accuracy in terms of sensitivity and specificity for ACL
injuries.

3. The PST, with its high specificity, is recommended for suspected cases of ACL tear.

4. A negative Lachman test almost rules out an ACL rupture, while a positive PST strongly confirms an ACL rupture.

5. Clinical examinations performed by well-qualified orthopedic surgeons show superior diagnostic accuracy
compared to MRI for ACL injuries, indicating its utility in guiding decisions for arthroscopy.

6. Clinical examinations are as effective as MRI in diagnosing meniscal injuries, with MRI serving as a supplementary
diagnostic tool.
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7. For inconclusive clinical findings, MRI aids significantly in the decision-making process for arthroscopy.

8. Both clinical and MRI diagnostics demonstrate high accuracy and reliability in the diagnosis of ACL and meniscal
tears.

Recommendations
1. Clinical examinations should remain the cornerstone for diagnosing meniscal and ACL injuries.
2. MRI is valuable for resolving inconclusive clinical findings and assessing complex knee injuries.
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