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Abstract

Background
Shoulder pain is one of the most prevalent musculoskeletal complaints encountered in orthopaedic
practice. Rotator cuff disorders represent the most common cause. High-resolution ultrasonography
(HRUSG) is a readily available, cost-effective, dynamic imaging modality, while 3 Tesla (3T) MRI is widely
regarded as the reference standard. This prospective study aimed to evaluate the diagnostic accuracy of
HRUSG in detecting rotator cuff tendon pathologies and to correlate its findings with 3T MRI.

Methods
Fifty-nine patients with chronic shoulder pain (duration ≥ 6 months) and clinical suspicion of rotator cuff
pathology were prospectively enrolled between March 2021 and August 2022 at a tertiary care centre in
eastern India. All patients underwent HRUSG followed by 3T MRI of the affected shoulder. Findings were
classified as full-thickness tear, partial-thickness tear, intrasubstance tear, tendinosis, or normal for each
tendon. Diagnostic accuracy indices and kappa agreement statistics were calculated.

Results
The study population comprised 59 patients (mean age range 26–65 years; 56% male). The supraspinatus
was the most commonly affected tendon. For full-thickness tears, HRUSG demonstrated sensitivity of
100%, specificity of 92.31%, positive predictive value (PPV) of 86.96%, negative predictive value (NPV) of
100%, and overall accuracy of 94.92%. For partial-thickness tears: sensitivity 93.55%, specificity 78.57%,
PPV 82.86%, NPV 91.67%, and accuracy 86.44%. For tendinosis: sensitivity 86.36%, specificity 80.00%,
PPV 92.68%, NPV 66.67%, and accuracy 84.25%. Kappa agreement was ‘almost perfect’ for full-thickness
tears (k = 0.89) and tendinosis (k = 0.85), and ‘substantial’ for partial-thickness tears (k = 0.72).

Conclusions
HRUSG shows high sensitivity and specificity for detecting rotator cuff tears and compares favourably
with 3T MRI. It can serve as a reliable first-line imaging modality for chronic shoulder pain. MRI should be
reserved as a problem-solving tool, particularly for labral and capsular pathologies and pre-surgical
planning.

Background
Shoulder pain is the third most prevalent reason for attendance at an orthopaedic clinic [1]. Common
causes include tendon inflammation, tendon tears, joint instability, arthritis, and fractures. Rotator cuff
disorders represent the most frequent cause of painful shoulder [2]. The rotator cuff tendons are
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vulnerable to degeneration due to constant active and passive mechanical forces, resulting in tendon
swelling and subluxation [3].

Ultrasonography (USG) and magnetic resonance imaging (MRI) are the two most widely used modalities
for evaluating shoulder pathologies. The shoulder joint is the most common site for musculoskeletal USG
evaluation [4]. USG offers an easy, inexpensive, quick, non-invasive assessment of rotator cuff and non-
rotator cuff abnormalities [5, 6]. It permits dynamic examination in multiple planes and allows rapid
targeting of areas of concern. However, its limitations include significant operator dependence, restricted
evaluation of labral lesions and the rotator cuff interval, an inability to detect subtle bone lesions, and
inter-observer variability.

MRI, with its excellent contrast resolution, enables a thorough non-invasive assessment of soft tissues. It
provides detailed information about rotator cuff pathology including tear size, extent of retraction, and
degree of muscle atrophy, facilitating surgical planning [7]. MRI also detects ganglion cysts, labral injuries,
and biceps tendon abnormalities. Despite being the reference standard, MRI is costly, time-consuming,
less universally accessible, and contraindicated in patients with pacemakers, cochlear implants, or
claustrophobia.

High-resolution USG (HRUSG) has seen increasing application in sports medicine and musculoskeletal
radiology over recent decades [35]. Its widespread availability and growing use have prompted
investigators to determine its diagnostic accuracy against MRI for rotator cuff lesions. Published studies
have produced variable results, particularly in elderly patients with chronic degenerative conditions. A
recent meta-analysis suggested MRI had the highest sensitivity and specificity for diagnosing full- and
partial-thickness rotator cuff tears. This study was therefore designed to prospectively compare HRUSG
findings with 3T MRI in patients presenting with chronic shoulder pain at a tertiary care centre in eastern
India.

Methods

Study design and setting
This was an institution-based, prospective, observational cross-sectional diagnostic accuracy study
conducted in the Department of Radiodiagnosis at a tertiary care teaching hospital in eastern India,
between March 2021 and August 2022 (18 months including preparatory, data collection, analysis, and
writing phases).

Ethical approval
The study was approved by the Institutional Ethics Committee (IEC) of the study institution (IEC approval
reference withheld for blind review). Written informed consent was obtained from all participants prior to
enrolment. The study was conducted in accordance with the Declaration of Helsinki.
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Participants
Patients of either sex referred from the Department of Orthopaedics with shoulder pain and restricted
shoulder movement were prospectively enrolled. Inclusion criteria were: (1) history of pain in either
shoulder; (2) history of restricted range of motion; (3) clinical suspicion of rotator cuff tear with symptom
duration of at least 6 months. Exclusion criteria were: (1) contraindication to MRI; (2) known fracture or
dislocation on plain radiography; (3) previous shoulder surgery.

 A minimum sample size of 50 (±10) was determined by convenience sampling based on an estimated 3–
5 eligible referrals per week during the data collection period.

Imaging protocols

High-Resolution Ultrasonography (HRUSG)
HRUSG was performed using a GE LOGIQ P9 machine with a high-frequency linear array probe (3–12
MHz). Patients were seated on a rotating stool, allowing examination of all shoulder regions. Standard
examination included: (1) anterior region – long head of biceps tendon (LHBT) and subscapularis with the
arm in slight internal rotation and elbow flexed at 90°; (2) anterolateral region – supraspinatus with the
patient’s palm placed on the ipsilateral iliac wing (modified Crass position); (3) posterior region –
infraspinatus and teres minor with the transducer over the posterior glenohumeral joint. All tendons were
evaluated in both longitudinal and transverse planes to avoid anisotropy artefact.

 3 Tesla MRI

MRI was performed on a GE Signa HDxt 3T machine using a dedicated shoulder coil. The patient lay
supine with the arm in neutral position, thumb pointing upward. Multiplanar images were acquired in axial,
oblique coronal, and oblique sagittal planes. Sequences included: Coronal PD (TR 4500/TE 32/slice 2.0
mm/FOV 140×140/matrix 320×75), Coronal T2 FS (TR 3500/TE 72/slice 3.0 mm), Sagittal T1 (TR 600/TE
11/slice 2.5 mm), Sagittal T2 FS (TR 5000/TE 62/slice 2.5 mm), and Axial PD (TR 3030/TE 33/slice 2.0
mm/FOV 140×140/matrix 256×100).

Diagnostic criteria
USG diagnostic criteria: full-thickness tear – focal or complete non-visualisation of the tendon, or an
anechoic defect extending from the bursal to the articular surface; partial-thickness tear – anechoic or
hypoechoic defect extending to either the bursal or articular surface without through-and-through
involvement; intrasubstance tear – intratendinous fluid-filled longitudinal split not exiting either surface;
tendinosis – tendon thickening and/or hypoechoic appearance with effacement of the fibrillar pattern.
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 MRI diagnostic criteria: full-thickness tear – tendon defect extending from articular to bursal surface
filled with fluid signal on T2-weighted sequences; partial-thickness tear – focal region of fibre
discontinuity with fluid signal not extending the full thickness; intrasubstance tear – intratendinous T2
hyperintensity not reaching either surface; tendinosis – increased signal on proton density sequences
without corresponding T2 fluid signal (magic angle artefact excluded by comparison with long-TE
sequences).

Statistical analysis
HRUSG findings were compared with 3T MRI (reference standard) to calculate sensitivity, specificity,
positive predictive value (PPV), negative predictive value (NPV), and overall accuracy for each
pathological category. Inter-modality agreement was assessed using the weighted kappa statistic (k).
Kappa values were interpreted as: 0.21–0.40 = fair; 0.41–0.60 = moderate; 0.61–0.80 = substantial; >0.81
= almost perfect agreement (Landis and Koch criteria).

Results

Demographics and clinical characteristics
Fifty-nine patients with chronic shoulder pain were enrolled (age range 26–65 years). The majority (37.3%)
were aged ≤40 years, followed by 33.9% in the 41–50 year group, and 28.8% aged >50 years. Males
comprised 55.9% (n=33) and females 44.1% (n=26). Right shoulder involvement was more frequent
(61.0%, n=36) than left (39.0%, n=23). Most patients (77.97%, n=46) presented between 6 and 9 months
after symptom onset. A history of trauma was recalled by 44.1% (n=26). Comorbidities included diabetes
mellitus (25.4%, n=15) and rheumatoid arthritis (6.8%, n=4); 67.8% (n=40) had no comorbidity.

Table 1 summarises the demographic and clinical profile.
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Variable Category n %

Age group ≤40 years 22 37.3%

41–50 years 20 33.9%

>50 years 17 28.8%

Sex Male 33 55.9%

Female 26 44.1%

Laterality Right shoulder 36 61.0%

Left shoulder 23 39.0%

Duration 6–9 months 46 78.0%

>9 months 13 22.0%

Trauma history Yes 26 44.1%

No 33 55.9%

Comorbidity Diabetes mellitus 15 25.4%

Rheumatoid arthritis 4 6.8%

None 40 67.8%

Table 1. Demographic and clinical characteristics of the study population (n=59).

Imaging findings by tendon
Table 2 provides a detailed comparison of HRUSG and 3T MRI findings for all rotator cuff tendons.
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Tendon Pathology USG n (%) MRI n (%)

Subscapularis Full-thickness tear 10 (16.9%) 8 (13.6%)

Partial-thickness tear 16 (27.1%) 12 (20.3%)

Intrasubstance tear 3 (5.1%) 3 (5.1%)

Tendinosis 18 (30.5%) 15 (25.4%)

Normal 12 (20.3%) 21 (35.6%)

Supraspinatus Full-thickness tear 10 (16.9%) 9 (15.3%)

Partial-thickness tear 13 (22.0%) 15 (25.4%)

Intrasubstance tear 5 (8.5%) 8 (13.6%)

Tendinosis 7 (11.9%) 9 (15.3%)

Normal 24 (40.7%) 18 (30.5%)

Infraspinatus Full-thickness tear 1 (1.7%) 1 (1.7%)

Partial-thickness tear 0 (0%) 0 (0%)

Intrasubstance tear 0 (0%) 1 (1.7%)

Tendinosis 1 (1.7%) 3 (5.1%)

Normal 57 (96.6%) 54 (91.5%)

LHBT Full-thickness tear 2 (3.4%) 2 (3.4%)

Partial-thickness tear 4 (6.8%) 2 (3.4%)

Intrasubstance tear 0 (0%) 0 (0%)

Tendinosis 9 (15.3%) 11 (18.6%)

Normal 44 (74.6%) 44 (74.6%)

Teres minor All categories Normal (0%) Normal (0%)

Table 2. Comparative distribution of pathologies on HRUSG and 3T MRI for all rotator cuff tendons (n=59).
LHBT = long head of biceps tendon.

Diagnostic accuracy of HRUSG
Table 3 summarises the overall diagnostic performance of HRUSG across all pathological categories
using 3T MRI as the reference standard.
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Pathology TP FP TN FN Sensitivity Specificity PPV NPV Accuracy

Full-thickness
tear

20 3 36 0 100% 92.31% 86.96% 100% 94.92%

Partial-
thickness tear

29 6 22 2 93.55% 78.57% 82.86% 91.67% 86.44%

Tendinosis 38 3 12 6 86.36% 80.00% 92.68% 66.67% 84.25%

Intrasubstance
tear

12 0 43 4 75.00% 100% 100% 91.49% 93.22%

Table 3. Overall diagnostic accuracy of HRUSG for rotator cuff pathologies (MRI as reference standard). TP =
true positive; FP = false positive; TN = true negative; FN = false negative; PPV = positive predictive value; NPV
= negative predictive value.

Inter-modality agreement (kappa statistics)
Table 4 presents weighted kappa values for agreement between HRUSG and 3T MRI.

Pathological finding Kappa (k) Interpretation

Full-thickness tear 0.89 Almost perfect

Tendinosis 0.85 Almost perfect

Partial-thickness tear 0.72 Substantial

Intrasubstance tear 0.40 Fair

Table 4. Weighted kappa agreement between HRUSG and 3T MRI for rotator cuff pathologies.

Discussion
This prospective cross-sectional study evaluated the diagnostic accuracy of HRUSG against 3T MRI for
rotator cuff tendon pathologies in 59 patients with chronic shoulder pain at a tertiary care centre in
eastern India. The key finding was that HRUSG demonstrated excellent sensitivity and specificity for full-
thickness tears (100% and 92.31%, respectively) with almost perfect kappa agreement (k=0.89), and high
sensitivity for partial-thickness tears (93.55%) with substantial agreement (k=0.72), supporting its role as
a reliable first-line imaging modality.

The demographic profile of our study differed slightly from some Western series. Singh et al. [12] reported
predominance in the 56–65 year age group, whereas in our cohort the majority (37%) were aged under 40,
possibly reflecting the younger, more physically active population presenting to our tertiary orthopaedic
service and a higher prevalence of traumatic rather than purely degenerative pathology. The male
predominance (56%) and right shoulder preponderance (61%) are consistent with dominant-limb overuse
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being an important aetiological factor, in agreement with Elaassar et al. [24] who reported 72% right-hand
dominance in their series.

The supraspinatus tendon was the most frequently affected structure on both modalities (69.5% on MRI),
consistent with its anatomical position between the greater tuberosity and the acromion, subjecting it to
repeated impingement during overhead activity – a finding corroborated by Zlatkin et al. [29] who reported
supraspinatus involvement in approximately 80% of cases. Partial-thickness tear was the most common
supraspinatus pathology, while tendinosis predominated in the subscapularis and LHBT. No teres minor
pathology was identified in this series.

The diagnostic accuracy for full-thickness tears in our study (sensitivity 100%, specificity 92.31%,
accuracy 94.92%) is comparable to findings reported by Bashir et al. [31] and Fischer et al. [9] (accuracy
91.1% for supraspinatus). Our results also accord with Cullen et al. [33] who found sensitivity of 89% and
specificity of 100% for full-thickness tears, and El-Shewi et al. [18] who demonstrated sensitivity of 90%
for full-thickness tears on dynamic USG. For partial-thickness tears, our sensitivity of 93.55% and
specificity of 78.57% compare favourably with those of Singh AP et al. [13] (sensitivity 78.04%, specificity
89.47%) and Netam et al. [14] (sensitivity 92.9%, specificity 86%).

The relatively lower accuracy for intrasubstance tears (kappa 0.40, fair agreement) reflects the inherent
limitation of HRUSG in detecting intratendinous pathology that does not breach either the articular or
bursal surface, a finding consistent with the literature. Similarly, the lower NPV for tendinosis (66.67%)
indicates that HRUSG can miss mild tendinopathic changes better appreciated on MRI proton density
sequences.

MRI demonstrated superior sensitivity for intrasubstance tears and tendinosis, and retains its unique
advantage for evaluating labral pathologies, glenohumeral ligaments, and bone marrow changes, which
are inaccessible to USG. Consistent with Wengert et al. [17] and Narra et al. [11], our findings support a
complementary role for the two modalities: HRUSG as the initial cost-effective dynamic screening tool,
with MRI reserved for cases with diagnostic uncertainty or where surgical planning requires
comprehensive joint assessment.

Limitations of this study include the relatively small sample size, the lack of arthroscopic correlation as
the ultimate reference standard, operator dependence of HRUSG, and the absence of MR arthrography
which would have allowed more precise labral evaluation. Future multicentre studies with surgical
correlation are warranted.

Conclusion
HRUSG demonstrates high sensitivity and specificity for full-thickness and partial-thickness rotator cuff
tears when compared with 3T MRI, with almost perfect agreement for full-thickness tears. It can reliably
serve as the first-line imaging modality for evaluating chronic shoulder pain given its wide availability,
lower cost, and patient tolerance. MRI should be reserved as a complementary problem-solving tool,
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particularly where labral or capsular pathologies are suspected or surgical intervention is planned. Further
improvement in HRUSG diagnostic accuracy is expected with increasing operator experience and
technologic advances.
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False negative
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Figure 1

Imaging equipment used in the study

A GE Healthcare Signa HDxt 3 Tesla MRI machine used for all MRI examinations. B Dedicated shoulder
surface coil used during 3T MRI acquisition. C GE Healthcare LOGIQ P9 ultrasound machine employed for all
HRUSG examinations. D High-frequency linear array transducer (3–12 MHz) used for rotator cuff evaluation.
HRUSG = high-resolution ultrasonography; MRI = magnetic resonance imaging.
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Figure 2

Full-thickness tear of subscapularis tendon on HRUSG and 3T MRI

A High-resolution ultrasound image of the subscapularis tendon in longitudinal view demonstrating a
complete (full-thickness) tear with tendon retraction (arrow). B Corresponding axial proton density fat-
suppressed (PDFS) MR image confirming full-thickness tear of the subscapularis tendon with surrounding
fluid and retraction of the torn tendon (arrow). HRUSG = high-resolution ultrasonography; PDFS = proton
density fat suppressed.

Figure 3
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Full-thickness tear of supraspinatus tendon on HRUSG and 3T MRI.

A Longitudinal HRUSG image showing a complete tear of the supraspinatus tendon with retraction of the
torn end (arrow). B Sagittal PDFS MR image demonstrating full-thickness tear of the supraspinatus tendon
with joint effusion and retraction of the torn part (arrow). PDFS = proton density fat suppressed.

Figure 4

Tendinosis of supraspinatus tendon: HRUSG and 3T MRI correlation.

A Longitudinal HRUSG image showing focal hypoechogenicity (arrow) with thickening of the supraspinatus
tendon, consistent with tendinosis. B Coronal PDFS MR image demonstrating focal hyperintensity and
thickening of the supraspinatus tendon. C Coronal T2-weighted MR image confirming focal hyperintensity
and tendon thickening in keeping with tendinosis. The absence of fluid-equivalent T2 signal distinguishes this
from a tear. PDFS = proton density fat suppressed.
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Figure 5

See image above for figure legend 
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Figure 6

Complete tear of the long head of biceps tendon on HRUSG and 3T MRI.

A Longitudinal HRUSG image demonstrating a completely torn and proximally retracted long head of biceps
tendon (LHBT) with absence of the tendon in the bicipital groove (arrow). B Axial PDFS MR image confirming
absence of the LHBT at the level of the bicipital groove (arrow) without evidence of subluxation or
dislocation, indicating complete tear with proximal retraction. LHBT = long head of biceps tendon; PDFS =
proton density fat suppressed.
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Figure 7

See image above for figure legend 
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Figure 8

Full-thickness tear of infraspinatus tendon on HRUSG and 3T MRI.

A HRUSG image of the infraspinatus tendon demonstrating a full-thickness hypoechoic gap within the tendon
fibres (arrow). B Axial PDFS MR image confirming full-thickness tear of the infraspinatus tendon with
peritendinous fluid signal intensity (arrow). PDFS = proton density fat suppressed.
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Figure 9

See image above for figure legend 
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