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Abstract

Background: Rotator cuff tears are among the common causes of shoulder pain and functional limitation. Accurate imaging is important for
confirming the presence of a tear, determining its type and extent, and guiding appropriate management. Ultrasonography (USG) is widely
available, cost-effective, and permits dynamic evaluation, whereas magnetic resonance imaging (MRI) provides detailed multiplanar
assessment of the rotator cuff and associated shoulder structures. Previous systematic reviews have demonstrated good diagnostic
performance of ultrasonography, particularly for full-thickness tears, although MRI remains valuable for comprehensive assessment and
complex or partial-thickness lesions. Aim: To evaluate the correlation and agreement between ultrasonography and magnetic resonance
imaging in detecting rotator cuff tears. Methods: A prospective comparative imaging study was conducted among 120 adult patients presenting
with shoulder pain and clinical suspicion of rotator cuff pathology at a tertiary care centre in India over a period of 18 months. All patients
underwent shoulder ultrasonography followed by MRI. The presence, type, location, and extent of rotator cuff tears were documented on both
modalities. MRI was used as the reference imaging modality for comparative analysis. Agreement between USG and MRI was assessed using
Cohen's kappa coefficient, while the diagnostic performance of USG was determined by calculating sensitivity, specificity, positive predictive
value, negative predictive value, and overall diagnostic accuracy. Results: Of the 120 patients evaluated, MRl demonstrated rotator cuff tears
in 82 patients (68.3%). Ultrasonography identified tears in 78 patients. There was concordance between USG and MRI in 104 patients (86.7%).
USG correctly identified 72 of the 82 MRI-confirmed tears, while 10 tears were missed and 6 patients had false-positive USG findings. The
overall sensitivity, specificity, positive predictive value, negative predictive value, and diagnostic accuracy of USG were 87.8%, 84.2%, 92.3%,
76.2%, and 86.7%, respectively. Agreement between USG and MRI was substantial (Cohen's kappa = 0.70). The correlation was stronger for
full-thickness tears than for partial-thickness tears. Conclusion: Ultrasonography demonstrated substantial agreement with MRI in detecting
rotator cuff tears and showed high diagnostic accuracy, particularly for full-thickness tears. USG may serve as an effective first-line imaging
modality in patients with suspected rotator cuff pathology, while MRI remains important for equivocal findings, partial-thickness tears,
associated intra-articular abnormalities, and preoperative assessment.
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Key Message: Ultrasonography shows substantial agreement with MRI for detecting rotator cuff tears, particularly full-thickness tears. Its
accessibility and lower cost support its role as a first-line investigation, while MRI provides more comprehensive assessment when detailed
characterization is required.

INTRODUCTION

Rotator cuff disorders are among the most common causes of shoulder pain, restricted movement, and functional disability in adults. The
rotator cuff comprises the supraspinatus, infraspinatus, subscapularis, and teres minor tendons, which collectively contribute to glenohumeral
stability and shoulder movement [1]. Tears involving these tendons may occur because of acute trauma, repetitive mechanical stress,
degenerative changes, or a combination of these factors. Accurate identification of a rotator cuff tear is important because the type, location,
and extent of tendon involvement influence clinical management and functional outcome [2,3]. Rotator cuff tears may be classified as partial-
thickness or full-thickness tears. Partial-thickness tears involve incomplete disruption of the tendon fibres, whereas full-thickness tears extend
through the entire thickness of the tendon [4]. The supraspinatus tendon is most commonly involved. The clinical presentation may include
shoulder pain, weakness, reduced range of motion, difficulty with overhead activities, and nocturnal symptoms [5]. However, clinical
examination alone may not reliably determine the presence and extent of a tear, particularly in patients with chronic degenerative shoulder
disease or associated musculoskeletal abnormalities [6].
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Imaging therefore plays a central role in the evaluation of suspected rotator cuff pathology. Conventional radiography may identify associated
osseous abnormalities but has limited ability to directly visualize tendon tears [7]. Ultrasonography and magnetic resonance imaging are the
two commonly used non-invasive modalities for assessment of the rotator cuff. Ultrasonography offers several practical advantages, including
wide availability, relatively low cost, absence of ionizing radiation, real-time dynamic assessment, and the ability to compare the affected
shoulder with the contralateral side during examination [8]. Advances in high-frequency transducers and imaging techniques have improved
the diagnostic capability of ultrasonography for musculoskeletal disorders. Ultrasound can demonstrate tendon discontinuity, focal defects,
altered echotexture, tendon thinning, fluid-filled gaps, and associated subacromial-subdeltoid bursal abnormalities [9,10]. Evidence from
systematic reviews has demonstrated high diagnostic performance of ultrasonography for rotator cuff tears, particularly full-thickness
supraspinatus tears, although diagnostic performance may vary according to operator expertise and the type of tear being assessed [11].

Magnetic resonance imaging provides excellent soft-tissue contrast and multiplanar visualization of the shoulder. MRI permits detailed
assessment of individual rotator cuff tendons and can identify partial- and full-thickness tears, tendon retraction, muscle atrophy, fatty
infiltration, joint effusion, labral abnormalities, and other associated intra-articular pathology [12,13]. This comprehensive assessment is
particularly valuable in complex cases and during preoperative planning. Contemporary evidence continues to support MRI as an important
modality for comprehensive evaluation, particularly when partial-thickness tears or associated shoulder abnormalities are suspected [14].
Despite the advantages of MR, its availability and cost may limit its routine use as the initial imaging modality in all patients with shoulder
pain, particularly in resource-constrained healthcare settings. Ultrasonography may offer a practical and cost-effective alternative for initial
evaluation [15]. Several systematic reviews and meta-analyses have reported comparable diagnostic performance between experienced
ultrasound examination and MRI for selected rotator cuff tears, especially full-thickness tears. However, variation in performance has been
reported for partial-thickness tears and for tendons other than the supraspinatus [16].

The clinical value of comparing USG and MRI lies not only in determining the diagnostic accuracy of ultrasonography but also in assessing
the degree of concordance between the two imaging modalities [17]. A high level of agreement would support the use of USG as an initial
diagnostic investigation in appropriately selected patients, while discordant or equivocal findings may identify patients who require further
evaluation with MRI [18]. There remains a need for institutionally relevant comparative data regarding the agreement between USG and MRI
in the detection and characterization of rotator cuff tears, particularly in tertiary care settings where both imaging modalities are routinely
available. Such studies can help define the practical role of ultrasonography in the diagnostic pathway and identify the types of tears for which
MRI provides additional diagnostic value [19,20]. Therefore, it is of interest to evaluate the correlation and agreement between ultrasonography
and magnetic resonance imaging in detecting rotator cuff tears at a tertiary care centre.

MATERIALS AND METHODS

Study Design and Setting

This prospective comparative imaging study was conducted in the Department of Radiodiagnosis at a tertiary care centre in India over a period
of 18 months. The study was designed to evaluate the correlation and agreement between ultrasonography (USG) and magnetic resonance
imaging (MRI) in detecting rotator cuff tears.

MRI was considered the reference imaging modality for the comparative analysis because of its ability to provide multiplanar visualization of
the rotator cuff tendons and associated shoulder structures. Evidence indicates that both USG and MRI have high diagnostic performance for
full-thickness tears, whereas MRI provides additional value in partial tears and complex shoulder pathology.

Study Population

A total of 120 consecutive adult patients presenting with shoulder pain and clinical suspicion of rotator cuff pathology were included in the
study.

All eligible patients underwent ultrasonographic examination followed by MRI of the affected shoulder. The proposed sample size of 120 was
considered appropriate for a single-centre comparative imaging study and allowed assessment of overall agreement as well as subgroup
analysis according to tear type and tendon involvement.

Inclusion Criteria
Patients fulfilling the following criteria were included:

®  Patients aged 18 years and above.

Patients presenting with shoulder pain, weakness, restricted movement, or other clinical features suggestive of rotator cuff pathology.
Patients with clinical suspicion of a rotator cuff tear.

Patients undergoing both USG and MRI of the same shoulder during the study period.

Patients willing to provide written informed consent.

Exclusion Criteria
The following patients were excluded:

e  Patients with a previous surgical procedure involving the affected rotator cuff.

Patients with known fractures or dislocations of the shoulder that could interfere with assessment.
Patients with severe degenerative joint disease causing substantial distortion of the shoulder anatomy.
Patients with contraindications to MRI.

Patients with incomplete or technically inadequate USG or MRI examinations.

Patients unwilling to participate in the study.

Study Procedure

After obtaining written informed consent, demographic and relevant clinical details were recorded. Each patient underwent a standardized
ultrasonographic examination of the affected shoulder followed by MRI.

USG and MR findings were documented separately. The presence or absence of a rotator cuff tear, tendon involved, tear type, and associated
abnormalities were recorded. Wherever possible, the radiologist interpreting the USG findings was blinded to the final MRI interpretation at
the time of ultrasound reporting to minimize interpretation bias.

The findings obtained by USG were subsequently compared with MR findings to determine the level of agreement and diagnostic performance
of ultrasonography.

Ultrasonography Technique

Ultrasonographic examination was performed using a high-frequency linear-array transducer. The examination was carried out according to a
standardized shoulder ultrasound protocol.

The following structures were systematically assessed:

(] Long head of the biceps tendon.
®  Subscapularis tendon.
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Supraspinatus tendon.
Infraspinatus tendon.
Teres minor, where adequately visualized.
Subacromial-subdeltoid bursa.

Adjacent soft-tissue structures.

Both static and dynamic examinations were performed as appropriate.
The following ultrasonographic findings suggestive of a rotator cuff tear were recorded:

®  Focal or complete tendon discontinuity.
Hypoechoic or anechoic defect within the tendon.
Tendon thinning.

Retraction of tendon fibres.

Fluid within the tendon defect.

Cortical irregularity at the tendon insertion.

Associated subacromial-subdeltoid bursal fluid.
Rotator cuff tears were categorized as partial-thickness or full-thickness tears based on the extent of tendon involvement.

MRI Technique

MRI of the affected shoulder was performed using the available MRI system and dedicated shoulder imaging protocol. Images were acquired
in multiple planes, including oblique coronal, oblique sagittal, and axial planes.

Appropriate pulse sequences were used to assess the rotator cuff tendons and associated structures. MRI evaluation included assessment
of:

Supraspinatus tendon.
Infraspinatus tendon.

Subscapularis tendon.

Teres minor tendon.

Long head of the biceps tendon.
Tear location and extent.

Tendon retraction.

Muscle atrophy and fatty infiltration.
Subacromial-subdeltoid bursal fluid.
Joint effusion.

®  Associated labral or other shoulder abnormalities.
MRI provides comprehensive evaluation of rotator cuff pathology and is particularly valuable in partial-thickness tears, multi-tendon
involvement, and preoperative assessment.

Definition and Classification of Rotator Cuff Tears
For the purpose of the study, a rotator cuff tear was defined as structural disruption of one or more rotator cuff tendons.
Tears were classified as follows:

Partial-thickness tear: Incomplete disruption of tendon fibres without extension through the entire thickness of the tendon.
Full-thickness tear: Complete disruption extending from the articular surface to the bursal surface of the tendon.
The tendon involved was recorded as:

®  Supraspinatus.
® |Infraspinatus.
®  Subscapularis.

®  Teres minor.
Where more than one tendon was involved, the lesion was categorized as a multiple tendon tear.

Reference Standard

MRI findings were used as the reference imaging standard for the primary comparative analysis.

The study specifically aimed to assess the degree of agreement between USG and MRI and the diagnostic performance of USG relative to
MRI. This differs from studies evaluating the absolute diagnostic accuracy of both modalities against arthroscopy or surgical findings, which
represent a different reference standard. Systematic reviews have reported that USG can demonstrate diagnostic performance comparable
with MRI in experienced hands, particularly for supraspinatus and full-thickness tears.

Outcome Measures
The primary outcome measure was the agreement between USG and MRI in detecting rotator cuff tears.
Secondary outcome measures included:

®  Detection rate of rotator cuff tears on USG and MRI.

Agreement according to tear type.

Agreement according to tendon involved.

Sensitivity of USG.

Specificity of USG.

Positive predictive value (PPV).

Negative predictive value (NPV).

Overall diagnostic accuracy.

Cohen's kappa coefficient for agreement between USG and MRI.

Diagnostic Classification
The following diagnostic categories were used:

®  True positive: Tear detected on both USG and MRI.
®  False positive: Tear detected on USG but not confirmed on MRI.
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e  False negative: Tear not detected on USG but confirmed on MRI.

®  True negative: No tear detected on either USG or MRI.
The following diagnostic parameters were calculated:

Sensitivity (%) = TP / (TP + FN) x 100

Specificity (%) = TN / (TN + FP) x 100

Positive Predictive Value (%) = TP / (TP + FP) x 100

Negative Predictive Value (%) = TN / (TN + FN) x 100

Diagnostic Accuracy (%) = (TP + TN) / Total Number of Patients x 100

Assessment of Agreement
Agreement between USG and MRI findings was assessed using Cohen's kappa coefficient (k).
Kappa values were interpreted as:

®  <0.20: Slight agreement

®  0.21-0.40: Fair agreement

®  0.41-0.60: Moderate agreement
®  (0.61-0.80: Substantial agreement

e  0.81-1.00: Almost perfect agreement
Correlation and agreement analysis is particularly relevant when comparing two imaging modalities because percentage agreement alone
does not account for agreement occurring by chance.

Statistical Analysis

Data were entered into a Microsoft Excel spreadsheet and analysed using appropriate statistical software.

Continuous variables were expressed as mean + standard deviation, while categorical variables were expressed as frequency and percentage.
USG findings were compared with MRI findings using a 2 x 2 contingency table. Sensitivity, specificity, PPV, NPV, and overall diagnostic
accuracy were calculated.

The level of agreement between USG and MRI was assessed using Cohen's kappa coefficient. The association between imaging detection
and selected characteristics, including tear type and tendon involved, was analysed using the Chi-square test or Fisher's exact test, as
appropriate.

A P value <0.05 was considered statistically significant.

Ethical Considerations
The study was conducted after obtaining approval from the Institutional Ethics Committee. Written informed consent was obtained from all
study participants. Patient confidentiality was maintained throughout the study, and all clinical and imaging data were used solely for academic
and research purposes.

Study Flow

A total of 120 patients with suspected rotator cuff pathology underwent evaluation with both USG and MRI of the affected shoulder. MRI
confirmed the presence of a rotator cuff tear in 82 patients (68.3%), while 38 patients (31.7%) showed no rotator cuff tear on MRI.

The subsequent analysis compared USG findings with MRI findings and evaluated agreement according to the presence and type of rotator
cuff tear.

RESULTS

A total of 120 patients with clinically suspected rotator cuff pathology who underwent both USG and MRI of the affected shoulder were included
in the final analysis. The age of the participants ranged from 19 to 78 years, with the majority belonging to the fifth and sixth decades of life.
There was a slight male predominance. Shoulder pain was the most common presenting complaint, followed by difficulty in overhead activities,
weakness, and restriction of movement. MRI confirmed the presence of a rotator cuff tear in 82 patients (68.3%), whereas USG detected a
tear in 78 patients (65.0%). The supraspinatus tendon was the most frequently involved tendon on both imaging modalities.

Partial-thickness and full-thickness tears constituted the major tear categories, with better concordance between USG and MRI observed for
full-thickness tears. USG correctly identified 72 of the 82 MRI-confirmed tears, while 10 tears were missed and 6 patients had false-positive
USG findings. Overall concordance between USG and MRI was observed in 104 patients, corresponding to an agreement of 86.7%.

The calculated sensitivity, specificity, positive predictive value, negative predictive value, and diagnostic accuracy of USG were 87.8%, 84.2%,
92.3%, 76.2%, and 86.7%, respectively. Cohen's kappa coefficient demonstrated substantial agreement between the two modalities. These
findings indicate that USG performs well as an initial imaging modality for rotator cuff tears, although MRI remains superior for comprehensive
assessment and identification of subtle or partial-thickness tears.

Table 1: Age Distribution of Study Participants
The majority of patients were between 41 and 60 years of age.

Age Group (Years) | Number of Patients (n=120) | Percentage
18-30 10 8.3

31-40 18 15.0

41-50 30 25.0

51-60 32 26.7

61-70 21 17.5

>70 9 7.5

Total 120 100.0

The mean age of the study participants was 52.8 + 13.6 years.
The majority of patients were in the age group of 41-60 years (51.7%), indicating that rotator cuff pathology was most frequently encountered
among middle-aged adults in the present study.

Table 2: Gender Distribution of Study Participants
A slight male predominance was observed.

Gender | Number of Patients (n=120) | Percentage
Male 66 55.0
Female | 54 45.0

Total 120 100.0

Male patients constituted 55.0% of the study population, while females accounted for 45.0%, with a male-to-female ratio of approximately
1.2:1.
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Table 3: Clinical Presentation of Study Participants
Shoulder pain was the most frequently reported symptom.

Clinical Feature* Number of Patients | Percentage
Shoulder pain 112 93.3
Difficulty in overhead activities | 78 65.0
Restriction of movement 71 59.2
Shoulder weakness 64 53.3
Nocturnal pain 49 40.8
History of trauma 36 30.0

*More than one clinical feature could be present in an individual patient.
Shoulder pain was nearly universal among the study participants. Difficulty in overhead activities and restriction of movement were also
common, reflecting the functional impact of suspected rotator cuff pathology.

Table 4: Laterality of the Affected Shoulder
The right shoulder was more frequently affected.

Affected Shoulder | Number of Patients (n=120) | Percentage
Right 73 60.8

Left 47 39.2

Total 120 100.0

The right shoulder was involved in 60.8% of patients. The greater involvement of the right side may be related to dominant upper-limb use in
a substantial proportion of the study population.

Table 5: Detection of Rotator Cuff Tears on USG and MRI
MRI demonstrated a slightly higher detection rate than USG.

Imaging Finding USG MRI

Rotator cuff tear detected 78 (65.0%) 82 (68.3%)
No rotator cuff tear detected | 42 (35.0%) 38 (31.7%)
Total 120 (100.0%) | 120 (100.0%)

MRI detected rotator cuff tears in 68.3% of patients compared with 65.0% on USG. The relatively small difference in overall detection rates
indicates good agreement between the two modalities.

Table 6: Distribution of Rotator Cuff Tear Type on MRI (n=82)
Partial-thickness tears were more common than full-thickness tears.

Tear Type Number (n=82) | Percentage
Partial-thickness tear | 47 57.3
Full-thickness tear 35 42.7

Total 82 100.0

Partial-thickness tears constituted 57.3% of MRI-confirmed rotator cuff tears, while full-thickness tears accounted for 42.7%. The
predominance of partial-thickness tears is clinically important because these lesions may be more difficult to identify accurately on USG.

Table 7: Distribution of Tendon Involvement on MRI
The supraspinatus tendon was the most frequently involved tendon.

Tendon Involved* Number (n=82) | Percentage
Supraspinatus 64 78.0
Infraspinatus 21 25.6
Subscapularis 16 19.5

Teres minor 3 3.7

Multiple tendon involvement | 22 26.8

*More than one tendon could be involved in an individual patient.
The supraspinatus tendon was involved in 78.0% of MRI-confirmed cases, making it the most commonly affected component of the rotator
cuff. Multiple tendon involvement was observed in more than one-fourth of patients.

Table 8: Comparison of USG and MRI According to Tear Type
USG demonstrated better agreement with MRI for full-thickness tears.

Tear Type on MRI MRI-Confirmed Cases | Comrectly Detected on USG | Detection Rate
Partial-thickness tear | 47 38 80.9%
Full-thickness tear 35 34 97.1%
Total 82 72 87.8%

P =0.018
USG demonstrated significantly better detection of full-thickness tears (97.1%) compared with partial-thickness tears (80.9%). Most of the
missed tears on USG were partial-thickness lesions.

Table 9: Comparison of USG Detection According to Tendon Involved
The diagnostic performance of USG varied according to the involved tendon.

Tendon Involved on MRI | Cases | Cormrectly Identified on USG | Detection Rate
Supraspinatus 64 59 92.2%
Infraspinatus 21 17 81.0%
Subscapularis 16 12 75.0%
Teres minor 3 2 66.7%

*Some patients had involvement of more than one tendon.
USG demonstrated the highest detection rate for supraspinatus tears (92.2%). Detection was comparatively lower for subscapularis and teres
minor involvement, reflecting the greater technical difficulty in evaluating these tendons sonographically.

Table 10: Comparison of USG Findings with MRI Findings for Detection of Rotator Cuff Tears
MRI findings were used as the reference imaging standard.

USG Finding Rotator Cuff Tear Present on MRl | No Rotator Cuff Tear on MRI | Total
Tear detected 72 6 78
Tear not detected | 10 32 42
Total 82 38 120

USG correctly identified 72 of the 82 MRI-confirmed tears. Ten tears were missed on USG, while six patients demonstrated false-positive USG
findings. Overall concordance was observed in 104 patients (86.7%).
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Table 11: Diagnostic Performance of USG Using MRI as the Reference Imaging Standard
The diagnostic parameters were calculated from the comparative imaging findings.

Diagnostic Parameter Value
Sensitivity 87.8%
Specificity 84.2%
Positive Predictive Value 92.3%
Negative Predictive Value 76.2%
Overall Diagnostic Accuracy | 86.7%

USG demonstrated high sensitivity and positive predictive value for detecting rotator cuff tears. The overall diagnostic accuracy of 86.7%
supports its usefulness as an initial imaging modality in patients with suspected rotator cuff pathology.
Table 12: Agreement Between USG and MRI
The degree of agreement between the two imaging modalities was assessed using Cohen's kappa coefficient.

Parameter Value
Observed agreement 86.7%
Cohen's kappa coefficient (k) | 0.70

Level of agreement Substantial
P value <0.001

The Cohen's kappa value of 0.70 indicated substantial agreement between USG and MRI in the detection of rotator cuff tears. The agreement
was statistically significant.

Table 13: Associated Shoulder Findings on MRI
MRI provided additional information regarding associated shoulder abnormalities.

Associated MRI Finding* Number (n=120) | Percentage
Subacromial-subdeltoid bursitis 34 28.3
Long head of biceps tendinopathy 27 225
Glenohumeral joint effusion 23 19.2
Acromioclavicular joint degeneration | 29 24.2
Tendon retraction 18 15.0
Muscle atrophy/fatty infiltration 14 11.7

*More than one associated finding could be present in an individual patient.
MRI demonstrated several associated abnormalities that contributed to the comprehensive evaluation of shoulder pathology. Subacromial-
subdeltoid bursitis and acromioclavicular joint degeneration were among the most common associated findings.

Summary of Results

Table 1 demonstrated that the majority of participants were between 41 and 60 years of age, with a mean age of 52.8 years. Table 2 showed
a slight male predominance, while Table 3 identified shoulder pain and difficulty in overhead activities as the most common clinical complaints.
Table 4 demonstrated more frequent involvement of the right shoulder. Table 5 showed that MRI detected rotator cuff tears slightly more
frequently than USG. Table 6 demonstrated that partial-thickness tears were more common than full-thickness tears among MRI-confirmed
cases. Table 7 identified the supraspinatus tendon as the most commonly involved tendon. Table 8 demonstrated significantly better USG
detection for full-thickness tears compared with partial-thickness tears. Table 9 showed that USG had the highest detection rate for
supraspinatus tendon tears, with relatively lower detection for other tendons. Table 10 provided the primary comparison between USG and
MRI and demonstrated concordance in 104 of the 120 patients. Table 11 showed that USG had a sensitivity of 87.8%, specificity of 84.2%,
PPV of 92.3%, NPV of 76.2%, and overall diagnostic accuracy of 86.7%. Finally, Table 12 demonstrated substantial agreement between USG
and MR, with a Cohen's kappa coefficient of 0.70, while Table 13 highlighted the additional diagnostic information obtained through MRI.
Overall, the findings indicate that USG correlates well with MRI for detecting rotator cuff tears, particularly full-thickness and supraspinatus
tears, whereas MRI remains valuable for subtle, partial-thickness, and associated shoulder abnormalities.

DISCUSSION

The present prospective comparative imaging study evaluated the correlation and agreement between ultrasonography and magnetic
resonance imaging in detecting rotator cuff tears among 120 patients with clinically suspected rotator cuff pathology. MRl demonstrated rotator
cuff tears in 82 patients (68.3%), whereas USG identified tears in 78 patients (65.0%) [1]. Overall concordance between the two imaging
modalities was observed in 104 patients (86.7%). USG demonstrated a sensitivity of 87.8%, specificity of 84.2%, positive predictive value of
92.3%, negative predictive value of 76.2%, and overall diagnostic accuracy of 86.7%. The Cohen's kappa coefficient of 0.70 indicated
substantial agreement between USG and MRI [2]. The majority of patients in the present study were middle-aged, with more than half belonging
to the 41-60-year age group. The mean age was 52.8 + 13.6 years, and a slight male predominance was observed. Shoulder pain was the
most common presenting complaint, followed by difficulty in overhead activities, restricted movement, and weakness. These findings are
consistent with the typical clinical presentation of rotator cuff disorders, which commonly affect individuals in middle and older age groups
because of degenerative tendon changes, repetitive mechanical stress, and traumatic injury [3].

The right shoulder was more commonly affected than the left shoulder in the present study. This may be related to increased use of the
dominant upper limb and repetitive mechanical loading of the shoulder. However, laterality alone does not determine the presence or severity
of a rotator cuff tear, and imaging remains essential for confirming structural tendon abnormalities [4]. MRI detected rotator cuff tears in 68.3%
of the study participants, while USG detected tears in 65.0%. The relatively small difference in the overall detection rate demonstrates that
ultrasonography can provide clinically useful information in the assessment of suspected rotator cuff pathology. However, the difference also
indicates that some tears, particularly subtle or partial-thickness lesions, may remain undetected on ultrasound [5].

In the present study, USG correctly identified 72 of the 82 MRI-confirmed rotator cuff tears. Ten tears were missed on USG, while six patients
had findings suggestive of a tear on USG that were not confirmed on MRI. The sensitivity of 87.8% observed in the present study indicates
that USG was capable of detecting a large proportion of MRI-confirmed tears. The specificity of 84.2% further demonstrated that most patients
without a tear on MRI were correctly classified by USG [6]. The positive predictive value of USG was high at 92.3%. This indicates that when
USG demonstrated a rotator cuff tear, the finding was confirmed on MRI in the majority of cases. The negative predictive value was
comparatively lower at 76.2%, indicating that a negative ultrasound examination did not completely exclude the presence of a tear. This finding
has practical importance because patients with persistent clinical suspicion despite a negative or equivocal USG examination may require
further assessment with MRI [7].

The overall diagnostic accuracy of USG was 86.7%, supporting its role as an effective first-line imaging modality for suspected rotator cuff
tears. Ultrasonography offers important practical advantages, including lower cost, wider availability, absence of ionizing radiation, real-time
examination, and the possibility of dynamic assessment. These advantages are particularly relevant in tertiary care and resource-conscious
healthcare settings [8]. A major finding of the present study was the difference in USG performance according to tear type. USG correctly
identified 34 of the 35 MRI-confirmed full-thickness tears, resulting in a detection rate of 97.1%. In comparison, 38 of 47 partial-thickness tears
were correctly identified, corresponding to a detection rate of 80.9%. This difference was statistically significant [9].

The superior detection of full-thickness tears on USG can be explained by the more obvious structural abnormalities associated with complete
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tendon disruption. Full-thickness tears may demonstrate a definite tendon defect, fluid-filled gap, tendon retraction, and marked alteration in
tendon contour, making them relatively easier to identify on ultrasound [10]. In contrast, partial-thickness tears may produce subtle focal
abnormalities that are more difficult to differentiate from tendinopathy or degenerative changes. Published evidence has similarly reported
strong diagnostic performance of ultrasonography for full-thickness tears, with comparatively greater diagnostic challenges in partial-thickness
lesions [11]. The supraspinatus tendon was the most commonly involved tendon in the present study, being affected in 78.0% of MRI-confirmed
cases. USG demonstrated a high detection rate of 92.2% for supraspinatus tears. This finding is clinically relevant because the supraspinatus
tendon is readily accessible to sonographic examination and is commonly involved in degenerative and traumatic rotator cuff pathology [12].

The detection rate of USG was comparatively lower for tears involving the infraspinatus, subscapularis, and teres minor tendons. These
differences may be related to anatomical location, difficulty in obtaining optimal sonographic windows, patient positioning, and the relatively
smaller number of cases involving these tendons. MRI provides multiplanar imaging and detailed visualization of the complete rotator cuff,
thereby offering an advantage when multiple tendons or less accessible structures are involved [13]. The Cohen's kappa coefficient of 0.70
demonstrated substantial agreement between USG and MRI. This finding is important because simple percentage agreement does not
account for the possibility of chance agreement. The substantial kappa value supports the reliability of USG in the routine evaluation of
suspected rotator cuff tears when performed using an appropriate standardized technique [14].

Despite the good overall agreement, MRI provided additional diagnostic information beyond the simple identification of a tendon tear.
Associated findings in the present study included subacromial-subdeltoid bursitis, long head of biceps tendinopathy, glenohumeral joint
effusion, acromioclavicular joint degeneration, tendon retraction, and muscle atrophy or fatty infiltration. These associated abnormalities may
influence treatment planning and are particularly important in patients being considered for surgical intervention [15]. MRI also provides greater
information regarding the extent of tendon retraction, muscle quality, fatty degeneration, and associated intra-articular abnormalities. Such
findings may not be assessed with the same degree of completeness on USG. Therefore, while US G may be highly useful as an initial imaging
investigation, MRI retains an important role in comprehensive evaluation, equivocal cases, preoperative assessment, and patients with
suspected complex shoulder pathology [16].

The findings of the present study have important clinical implications. In patients with typical symptoms and clinical suspicion of a rotator cuff
tear, USG can be considered an effective and practical first-line imaging modality. A clearly demonstrated full-thickness tear on a high-quality
ultrasound examination may provide sufficient diagnostic information for initial clinical decision-making [17]. However, MRI should be
considered when USG findings are negative or equivocal despite strong clinical suspicion, when a partial-thickness tear is suspected, or when
detailed assessment of tendon retraction and associated shoulder structures is required [18]. The present study has several strengths. It used
a prospective comparative design and included a reasonable number of patients undergoing both imaging modalities. The study evaluated
not only the overall detection rate but also tear type, tendon involvement, diagnostic performance, and statistical agreement between USG
and MRI. This allowed a comprehensive assessment of the practical relationship between the two modalities [19].

Certain limitations should also be considered. First, the study was conducted at a single tertiary care centre, and the findings may not be fully
generalizable to all clinical settings. Second, MRI was used as the reference imaging standard rather than arthroscopic or surgical findings.
Therefore, the study primarily evaluated agreement and comparative diagnostic performance between imaging modalities rather than their
absolute diagnostic accuracy against direct surgical visualization. Third, ultrasonography is operator-dependent, and diagnostic performance
may vary according to the experience of the examiner and the quality of the equipment. Finally, the relatively smaller number of tears involving
certain tendons limited detailed tendon-specific analysis [20]. Overall, the present study demonstrates a strong relationship between USG and
MRI findings in the evaluation of rotator cuff tears. Ultrasonography showed substantial agreement with MRI and high diagnostic accuracy,
particularly for full-thickness and supraspinatus tendon tears. MRI, however, remained superior for comprehensive characterization of partial-
thickness tears, multi-tendon involvement, tendon retraction, muscle changes, and associated shoulder abnormalities. The findings support a
complementary approach in which USG serves as an accessible first-line investigation and MRI is reserved for cases requiring further
anatomical characterization or clarification of equivocal findings.

CONCLUSION

Ultrasonography demonstrated substantial agreement with magnetic resonance imaging in detecting rotator cuff tears. USG showed high
sensitivity, specificity, positive predictive value, and overall diagnostic accuracy when MRI was used as the reference imaging modality. The
agreement between USG and MRI was particularly strong for full-thickness tears and supraspinatus tendon involvement. However, USG was
comparatively less effective in detecting subtle partial-thickness tears and involvement of less readily accessible rotator cuff tendons.

USG offers important advantages as a first-line imaging modality because it is widely available, cost-effective, radiation-free, and permits
dynamic assessment of the shoulder. MRI remains valuable for comprehensive evaluation of equivocal cases, partial-thickness tears, multiple
tendon involvement, tendon retraction, muscle atrophy or fatty infiltration, and associated intra-articular abnormalities. Therefore,
ultrasonography can be effectively utilized as an initial imaging investigation in patients with suspected rotator cuff tears, while MRI should be
reserved for detailed characterization and cases in which ultrasound findings are inconclusive or do not correlate with clinical findings.

Limitations

The present study was conducted at a single tertiary care centre, which may limit the generalizability of the findings. MRI was used as the
reference imaging modality rather than arthroscopy or surgical findings; therefore, the study evaluated comparative agreement and diagnostic
performance rather than absolute diagnostic accuracy against a definitive operative standard. Ultrasonography is operator-dependent, and
variations in examiner expertise, equipment quality, and patient-related factors may influence diagnostic performance. The relatively smaller
number of tears involving certain tendons also limited detailed tendon-specific analysis.

Recommendations
(] Ultrasonography may be considered the preferred first-line imaging modality for patients with clinically suspected rotator cuff tears.
(] MRI should be performed when USG findings are negative or equivocal despite persistent clinical suspicion.

(] MRI should be considered for detailed assessment of partial-thickness tears, multi-tendon involvement, tendon retraction, and muscle
fatty infiltration.

Standardized ultrasound examination protocols and adequate operator training are important to improve diagnostic consistency.

Larger multicentric studies with arthroscopic correlation may further establish the comparative diagnostic performance of USG and MRI.
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