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ABSTRACT… Objective: To evaluate the diagnostic performance of ultrasonography (USG) compared to magnetic 
resonance imaging (MRI) in diagnosing rotator cuff muscles injuries. Study Design: Cross-sectional, Validation study. 
Setting: Department of Radiology, Combined Military Hospital (CMH), Gujranwala, Pakistan. Period: April 2023 to September 
2024. Methods: A total of 91 patients aged 18 to 75 years, referred for imaging due to clinical suspicion of rotator cuff muscle 
injury were analyzed. All patients underwent shoulder USG, as well as MRI within a two-week interval, and findings were 
compared. Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and diagnostic accuracy 
of USG were calculated using MRI findings as the reference standard. Concordance between USG and MRI findings was 
assessed using Cohen’s kappa coefficient (κ). A p-value < 0.05 was considered significant. Results: Among the 91 patients, 
48 (52.7%) were female. The mean age was 48.85±14.85 years. USG analyzing full-thickness rotator cuff tears demonstrated 
sensitivity, specificity, PPV, NPV, and diagnostic accuracy of 68.4%, 97.2%, 86.7%, 92.1%, and 91.2%, respectively, with 
substantial agreement (κ=0.712, p<0.001). For partial-thickness rotator cuff tears, USG showed sensitivity, specificity, PPV, 
NPV, and diagnostic accuracy of 89.7%, 90.3%, 81.3%, 94.9%, 90.1%, respectively, with substantial agreement (κ=0.778; 
p<0.001).USG detecting rotator cuff tendinopathy, yielding a sensitivity, specificity, PPV, NPV, and diagnostic accuracy of 
96.2%, 96.9%, 92.6%, 98.4%, 96.7%, respectively, with very substantial agreement (κ=0.920; p<0.001). Conclusion: This 
study demonstrated high-resolution ultrasound as a reliable and effective modality for diagnosing rotator cuff muscle injuries.
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INTRODUCTION
Rotator cuff muscle injuries (RCMIs) are one of 
the leading causes of shoulder pain and disability, 
especially among middle-aged and elderly 
populations, athletes, and those performing 
repetitive overhead activity.1 RCMIs account 
for approximately 30-70% of all shoulder pain 
complaints in adults.2,3 Data have shown that 
“partial-thickness rotator cuff tears (PTRCTs)” or 
“full-thickness rotator cuff tears (FTRCTs)” are 
present in over 40% of people over the age of 
60.4,5

“Magnetic resonance imaging (MRI)” is considered 
the gold standard due to its excellent soft tissue 
resolution.6 High cost related to MRI, limited 
availability, and longer scan times, especially 
in resource-constrained settings like Pakistan. 

Ultrasound (USG) is increasingly being used as 
a 1st line modality because of the affordability, 
availability, and non-invasive nature.7 USG allows 
dynamic assessment and comparison with 
the contralateral side in real time, making it an 
attractive tool in evaluating RCMIs.8 International 
studies report that USG has a sensitivity of 84-96% 
and specificity of 90–98% for FTRCTs, depending 
on the operator’s expertise. In clinical settings, 
timely and accurate diagnosis of these injuries 
is crucial for determining appropriate treatment 
plans, whether conservative or surgical. 

USG is an affordable, non-invasive, and 
widely available modality that allows dynamic 
assessment of the shoulder. The diagnostic 
performance of USG is operator-dependent and 
remains underutilized in many clinical settings. 
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This study was therefore undertaken to evaluate 
the diagnostic utility of USG compared to MRI in 
detecting RCMIs, aiming to determine whether 
USG can serve as a reliable initial imaging 
tool, particularly in settings with limited access 
to advanced imaging technologies like MRI. 
This study aimed to evaluate the diagnostic 
performance of USG compared to MRI in 
diagnosing RCMIs.

METHODS
This cross-sectional, validation study was 
conducted at the Department of Radiology, 
Combined Military Hospital (CMH), Gujranwala, 
Pakistan, during April 2023 to September 
2024. Ethical approval was obtained from the 
“Institutional Ethical Committee” (ERB NO. 26-
2023, dated: 22-02-2023). Using online sample 
size calculator OpenEPI, a sample size of 91 
was calculated taking the expected sensitivity of 
USG in diagnosing FTRCTs as 93.7% taking MRI 
findings as the reference10, with 95% confidence 
level and 5% margin of error. Non-probability, 
consecutive sampling technique was adopted. 
Inclusion criteria were patients of any gender, 
aged 18 to 75 years, referred for imaging due to 
clinical suspicion of RCMI, based on symptoms 
such as shoulder pain, weakness, or limited 
range of motion. Informed and written consents 
were obtained from all patients. Patients with a 
history of recent shoulder trauma (within the past 
six weeks), prior shoulder surgery, or congenital 
shoulder abnormalities were excluded. Patients 
with known inflammatory arthritis, malignancies 
involving the shoulder region, or incomplete 
imaging data were also excluded. 

All enrolled patients underwent shoulder USG, as 
well as MRI within a two-week interval to avoid 
changes in pathology between studies. USG 
examinations were performed by an experienced 
radiologist. Standard sonographic criteria were 
used to assess rotator cuff integrity, including 
evaluation for tendon thickness, echotexture, 
continuity, and the presence of fluid-filled 
gaps or retraction. FTRCT was labeled as 
complete discontinuity of tendon fibers with/
without retraction and fluid accumulation. 
PTRCT was described as a focal hypoechoic or 

anechoic defect involving either the bursal or 
articular surface without complete disruption. 
Tendinopathy was labeled when there was 
heterogeneous echotexture and increased 
tendon thickness without fiber discontinuity. MRI 
examinations were performed using a dedicated 
shoulder coil. Standard imaging sequences were 
employing for MRI. Interpretation of MRI was 
carried out by a separate senior radiologist who 
was blinded to the USG findings. A FTRCT on 
MRI was defined as a complete discontinuity of 
tendon fibers with or without tendon retraction 
and associated fluid signal intensity on T2-
weighted images. The PTRCTs were identified 
as focal hyperintense signals in the tendon 
substance on fluid-sensitive sequences without 
complete fiber disruption. Tendinopathy was 
diagnosed based on thickened tendons with 
intermediate T1 and T2 signal changes and lack 
of full-thickness disruption. All findings from both 
imaging modalities were recorded in structured 
data sheets and subsequently compared. 

Statistical analysis was performed using “IBM-
SPSS Statistics, version 26.0”. Sensitivity, 
specificity, positive predictive value (PPV), 
negative predictive value (NPV), and diagnostic 
accuracy of USG were calculated using MRI 
findings as the reference standard. Concordance 
between USG and MRI findings was assessed 
using Cohen’s kappa coefficient (K). “Receiver 
operating characteristic (ROC) curve” analysis 
was performed to determine “area under the 
curve (AUC)” with 95% confidence interval (CI). A 
p-value < 0.05 was considered significant.

RESULTS
Among the 91 patients, 48 (52.7%) were female. 
The mean age was 48.85±14.85 years, while 
there were 56 (61.5%) patients who were aged 
between 46-75 years. The most frequently 
reported presenting symptom was limited range 
of motion, noted in 64 patients (70.3%), followed 
by weakness in 58 (63.7%), and pain 56 (61.5%), 
as shown in Table-I.
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Charactristics Frequency (%)

Gender
Male 43 (47.3%)

Female 48 (52.7%)

Age groups
18-45 35 (38.5%)

46-75 56 (61.5%)

Frequency 
of presenting 
symptoms

Limited range of motion 64 (70.3%)

Weakness 58 (63.7%)

Pain 56 (61.5%)

Table-I. Characteristics of patients (n=91)

USG demonstrated good diagnostic performance 
for detecting FTRCTs when compared with 
MRI, with a sensitivity of 68.4%, specificity 
of 97.2%, PPV of 86.7%, NPV of 92.1%, and 
overall diagnostic accuracy of 91.2% (κ=0.712, 
p<0.001). For PTRCTs, USG showed higher 
diagnostic performance, with a sensitivity of 
89.7%, specificity of 90.3%, PPV of 81.3%, NPV 
of 94.9%, and diagnostic accuracy of 90.1%. 
Substantial agreement with MRI was observed 
(κ=0.778; p<0.001).USG detecting rotator cuff 
tendinopathy yielded a sensitivity of 96.2%, 
specificity of 96.9%, PPV of 92.6%, NPV of 98.4%, 
and diagnostic accuracy of 96.7% (κ=0.920; 
p<0.001). Details about the diagnostic evaluation 
of RCMIs with USG keeping MRI findings as gold 
standard are shown in Table-II.

According to ROC curve, the AUC for USG in 
identifying FTRCTs was 0.828 (95% CI, 0.698–
0.958; p<0.001), as shown in Figure-1.

According to ROC curve, the AUC for USG in 
identifying PTRCTs was 0.900 (95% CI, 0.823–
0.977; p<0.001), as shown in Figure-2.

According to ROC curve, the AUC for USG in 
identifying tendinopathy was 0.965 (95% CI, 
0.916–1.00; p<0.001), as shown in Figure-3.

3

Diagnosis Sensitivity Specificity
Positive 

Predictive 
Value

Negative 
Predictive 

Value
Accuracy

Cohen’s 
Kappa 

Coefficient
P-Value

Full-thickness trear 68.4% 97.2% 86.7% 92.1% 91.2% 0.712 <0.001

Partial-thickness tear 89.7% 90.3% 81.3% 94.9% 90.1% 0.778 <0.001

Tendinopathy 96.2% 96.9% 92.6% 98.4% 96.7% 0.920 <0.001

Table-II. Diagnostic evaluation of rotator cuff muscles injuries with ultrasound keeping MRI findings as gold 
standard

Figure-1. ROC curve analysis for diagnostic utility of 
ultrasound in identifying full-thickness tears

Figure-2. ROC curve analysis for diagnostic utility of 
ultrasound in identifying partial-thickness tears
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DISCUSSION
This study demonstrated that SG, when compared 
with MRI, performed well as a diagnostic tool for 
evaluating RCMIs. Khan et al.11, stated that USG 
showed a sensitivity of 83.3% and specificity 
of 96.4% for FTRCTs, closely aligning with the 
specificity observed in the current study (97.2%), 
although sensitivity in the present study was 
slightly lower (68.4%). The lower sensitivity may 
reflect operator-related variability or differences in 
tear size distribution. For PTRCTs, Khan et al.11, 
reported a sensitivity of 65.22% and specificity 
of 88.24%, which were both lower than those 
reported here (89.7% and 90.3%, respectively), 
indicating a potentially better diagnostic 
performance in the present setting, possibly 
due to equipment resolution or greater operator 
expertise. Nunna et al.12, in a study conducted 
in Central India, also evaluated USG versus MRI 
and found near-perfect agreement for complete 
tears and moderate agreement for PTRCTs. 
Their findings emphasized that although USG is 
less sensitive for PTRCTs, it performs very well 
in detecting complete tears, a conclusion that 
corresponds with the high specificity and PPV 
seen for FTRCTs in the present data. Selvaraj 
et al.13, reported diagnostic accuracy of USG in 
detecting supraspinatus tears to be 93% with a 

specificity of 97%, which is nearly identical to 
the specificity seen in this study, supporting the 
robustness of USG for evaluating supraspinatus 
integrity.

Mourad et al.14, reported very high sensitivity 
(96.6%) and specificity (100%) of USG for RCMIs, 
showing 98.3% diagnostic accuracy, which is 
relatively higher than what this study revealed, 
likely due to smaller sample size (n=30) or 
selection bias favoring more obvious tears. 
Naganna et al.15, reported 100% sensitivity and 
96.4% specificity for FTRCTs, but significantly 
lower sensitivity (58.3%) for PTRCTs, reinforcing 
the established notion that FTRCTs are easier to 
identify via USG, while PTRCTs are more prone 
to underdiagnosis. Farooqi et al.16, analyzing over 
2000 shoulders found that USG had a higher 
median accuracy (0.93) for FTRCTs compared 
to PTRCTs (0.81). The present study findings, 
particularly the AUC values and diagnostic 
accuracy across all three categories of pathology, 
are in agreement with these summary statistics. 
This consistency affirms that USG can approach 
MRI in diagnostic performance under ideal 
conditions, particularly when performed by 
experienced radiologists.17,18

The present study’s findings have critical clinical 
implications. The diagnostic accuracy of USG 
across all categories, especially tendinopathy 
and PTRCTs, supports its role as an important 
imaging modality in these patients.19,20 Given 
its cost-effectiveness, portability, and ability to 
perform dynamic assessments in real-time, USG 
is particularly suited to resource limited settings, 
where access to MRI may be limited due to 
financial or logistical constraints. The high NPV for 
all three pathologies implies that a negative USG 
scan could reliably rule out clinically significant 
pathology in many cases, thereby reducing 
unnecessary referrals for MRI. The findings of 
this study may influence imaging protocols and 
clinical decision-making pathways, particularly 
where resources are constrained. 

Several factors may account for the high 
diagnostic performance observed in this study. 
The study utilized a standardized imaging protocol 

Figure-3. ROC curve analysis for diagnostic utility of 
ultrasound in identifying tendinopathy
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with high-frequency linear transducers and was 
conducted by experienced radiologists, reducing 
inter-operator variability. The MRI interpretation 
was blinded and conducted independently 
to avoid bias. The inclusion criteria ensured a 
clinically relevant population, all presenting with 
shoulder symptoms and undergoing both imaging 
modalities within a two-week window to avoid 
temporal changes in pathology. The study did 
not include arthroscopy as a reference standard, 
which is considered the most definitive diagnostic 
tool for RCMI. Although, MRI is widely accepted 
as the gold standard, minor pathologies or early 
tendinopathy might still be underestimated. The 
study excluded patients with prior surgery, acute 
trauma, or inflammatory arthritis, which could 
be relevant subpopulations in broader clinical 
practice.

CONCLUSION
This study demonstrated high-resolution USG as 
a reliable and effective modality for diagnosing 
RCMIs. In resource-limited settings such as 
Pakistan, incorporating musculoskeletal USG into 
the diagnostic algorithm for shoulder pain can 
enhance access to timely care, reduce healthcare 
costs, and streamline patient management. 
Continued efforts are needed to ensure training, 
standardization of imaging protocols, and access 
to quality USG equipment to maximize the 
diagnostic potential of this modality.
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