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Abstract

Background:

Shoulder pain is a prevalent musculoskeletal complaint, often stemming from rotator cuff
pathology, bursitis, or degenerative joint disease. While magnetic resonance imaging (MRI) is
considered the gold standard for soft tissue evaluation, high-resolution ultrasound (USG) offers
a cost-effective and dynamic alternative.

Aim & objectives:

To diagnose shoulder pathologies on Magnetic Resonance Imaging and high resolution
ultrasound. To correlate the findings of ultrasound with respect to Magnetic Resonance
Imaging using MRI as the reference standard. To assess the sensitivity, specificity, predictive
values and accuracy of ultrasound for each pathology were determined with respect to
Magnetic resonance Imaging.

Materials and Methods:

This study is an hospital based observational study conducted at the Department of Radio-
Diagnosis, R. L. Jalappa Hospital and Research Centre attached to Sri Devaraj Urs Medical
College (SDUMC), Kolar. The duration of the study was 18 months, from May 2023 to
November 2024. All participants provided informed consent. Each patient underwent both an
ultrasound examination of the shoulder and an MRI of the shoulder within a short interval
(typically within 2 weeks of each other) to minimize interval changes. The investigators
performing and interpreting the imaging were blinded to each other’s results to reduce bias (the
radiologist performing the ultrasound was not informed of the MRI findings, and vice versa).
Findings were evaluated for rotator cuff tears (supraspinatus, subscapularis, infraspinatus),
subacromial-subdeltoid bursitis, biceps tendon abnormalities, and glenohumeral effusion.
Statistical analysis included sensitivity, specificity, predictive values, accuracy, and Cohen’s
kappa for inter-modality agreement.

Results:

Ultrasound showed excellent sensitivity and specificity for full-thickness supraspinatus tears
(74.5% and 85.7%, respectively) and substantial agreement with MRI (x = 0.60). USG was
highly specific for AC joint arthritis (100%) and biceps tendon subluxation (100%), with
moderate-to-high accuracy for tendinosis and bursitis. However, it underperformed in detecting
small joint effusions and partial tears, especially in the subscapularis.

Conclusion:

High-resolution ultrasound is a reliable and efficient first-line imaging modality for most
common shoulder pathologies. MRI remains superior for deep or subtle lesions and for surgical
planning. A tiered imaging strategy starting with USG and followed by MRI when indicated
can optimize diagnostic accuracy and resource utilization.
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Introduction

Shoulder pain is a frequent musculoskeletal complaint and a significant cause of disability in
the general population. It is the third most common musculoskeletal presentation in primary
care after low back pain and knee pain'.The annual incidence of new shoulder pain
consultations is around 1%, reflecting its public health importance' Shoulder pain can arise
from a variety of pathologies, most notably disorders of the rotator cuff (which account for up
to 85% of cases in primary care settings', glenohumeral joint diseases, acromioclavicular joint
arthritis, and referred pain from the cervical spine. Among these, rotator cuff pathologies —
including tendinitis, tendinosis, impingement, and tears — are particularly common and often
debilitating causes of shoulder pain. Rotator cuff tears (RCTs), especially, are a leading cause
of chronic shoulder pain and dysfunction. They may present insidiously or acutely after trauma
or strain, and their prevalence increases with age and certain risk factors?

Epidemiologically, rotator cuff lesions are often considered a natural part of aging. Milgrom et
al. demonstrated that in asymptomatic adults, the prevalence of partial- or full-thickness rotator
cuff tears rises sharply after age 50, exceeding 50% by the seventh decade of life and reaching
about 80% in those over 80 years old®>. Not all such tears are symptomatic; many can be
incidental findings. Nonetheless, in symptomatic populations, the prevalence of rotator cuff
tears is substantial. Population studies have found evidence of rotator cuff tear in roughly 20—
30% of individuals over 50, with higher rates in those with shoulder pain®. Risk factors for
rotator cuff injury include advancing age, overhead occupational or sports activities, trauma,
male gender (some studies report a slightly higher prevalence in men), and comorbidities like
diabetes. For example, one study reported a male-to-female ratio of ~1.3:1 for rotator cuff tear
occurrence, although others (including Milgrom’s work) have found no strong gender
difference in asymptomatic tear prevalence?.

Beyond rotator cuff tendons, other structures contribute to shoulder pain. Biceps tendon
pathologies (such as tenosynovitis or instability/subluxation of the long head of biceps tendon)
can co-exist with cuff lesions and cause anterior shoulder pain. Subacromial-subdeltoid bursitis
(inflammation or fluid in the bursa) often accompanies rotator cuff tendinopathy or
impingement syndromes and can exacerbate pain with shoulder motion. Acromioclavicular
(AC) joint osteoarthritis is another common source of pain, particularly superior shoulder pain
and tenderness over the AC joint, sometimes co-existing with impingement. Glenohumeral
joint arthritis or effusions, though less common than rotator cuff disorders in this demographic,
can also present with shoulder pain and restricted motion. Distinguishing among these causes
based on clinical exam alone can be challenging, since many shoulder conditions present with
overlapping signs (painful arc, weakness, positive impingement tests, etc.)*. Clinical
examination has limited specificity and may not accurately delineate the exact pathology or
severity (for example, differentiating between a large partial tear and a full-thickness rotator
cuff tear, or detecting a deep subscapularis tear clinically is difficult). Thus, imaging plays a
pivotal role in the evaluation of shoulder pain and in planning management (conservative vs.
surgical).



Plain radiography is often the initial imaging modality for shoulder pain, as it can reveal
fractures, dislocations, degenerative changes, or calcific tendinitis. However, radiographs
commonly appear normal in soft tissue lesions. They cannot directly visualize the rotator cuff
tendons or labrum. Therefore, further imaging is indicated when a soft tissue cause is suspected.
Historically, shoulder arthrography was used to detect full-thickness rotator cuff tears (by
demonstrating contrast leakage from the joint into the bursa), but this has largely been
supplanted by non-invasive modalities — namely ultrasound and MRI.

Magnetic Resonance Imaging (MRI) of the shoulder is widely regarded as the diagnostic
gold standard for evaluating soft tissue structures. MRI provides excellent multi-planar
visualization of muscles, tendons, ligaments, articular cartilage, labrum, and bone marrow. It
can reveal rotator cuff tears (partial or full), tendon degeneration, muscle atrophy or fatty
infiltration, bursitis, joint effusions, and intra-articular lesions such as labral tears or cartilage
defects — all in one examination. MRI’s high contrast resolution makes it very sensitive to fluid
(as in acute tears or bursitis) and capable of characterizing tear size, retraction, and muscle
condition, which are critical for surgical planning. For instance, MRI can not only detect a
supraspinatus tear but also show its dimensions and any associated muscle atrophy, helping
determine if the tear is chronic and retracted. Because of this comprehensive ability, MRI is
often the next step after x-rays if a rotator cuff tear or other internal derangement is suspected.
Prior studies have established MRI as highly accurate: for full-thickness rotator cuff tears, MRI
sensitivity is reported around 92-100% and specificity ~93—-100%°. In a meta-analysis by
Smith et al. of 62 studies (6007 shoulders), MRI had sensitivity of ~95-98% and specificity
~93% for full-thickness tears’. MRI is also quite sensitive for partial-thickness tears, though
not perfect — the same meta-analysis noted MRI sensitivity ~84% for partial tears’. MRI does
have downsides: it is expensive and not universally available, can have long wait times, and
cannot be performed on certain patients (e.g., those with pacemakers or severe claustrophobia).
Moreover, MRI is primarily a static exam (though certain sequences like MR arthrography or
abduction—external rotation positioning can give functional information, these are not routine).
Despite these, MRI’s diagnostic performance has made it the reference standard for shoulder
pathology evaluation in most institutions.

High-Resolution Ultrasound (USG) has emerged as an excellent tool for musculoskeletal
imaging, especially of superficial structures like the shoulder tendons. Ultrasound for shoulder
evaluation offers several advantages: it is quick, dynamic (allowing real-time assessment
during shoulder motion or specific maneuvers), lacks ionizing radiation, and is much more
cost-effective and accessible than MRI. Modern high-frequency linear transducers (10-15
MHz) provide very high spatial resolution, enabling the visualization of even small tendon
fibers and defects. USG can readily demonstrate rotator cuff tendon fibers, detect tears as
discontinuities or gaps (often with a fibrillar pattern disruption and possible fluid at the tear
site), and can show associated findings such as bursal fluid or biceps tendon subluxation during
dynamic assessment. Studies have shown that, when performed by experienced operators,
ultrasound can have diagnostic accuracy for rotator cuff tears comparable to MRI*®. For
instance, a Cochrane review (Lenza et al., 2013) concluded that the diagnostic performance of
ultrasound and MRI is similar for rotator cuff tears, especially full-thickness tears®. A



systematic review and meta-analysis reported ultrasound sensitivity of 84% and specificity of
89% for partial-thickness tears, and 96% sensitivity, 93% specificity for full-thickness tears’.
These numbers essentially mirror MRI’s performance, highlighting ultrasound’s potential as a
first-line imaging technique. Another comparative study by Naqvi et al. found that for full-
thickness supraspinatus tears, ultrasound and MRI had comparable accuracy (~89% each)®.
Chauhan et al. (2016) similarly reported high sensitivity (around 87%) and perfect specificity
(100%) of USG for full-thickness tears, and ~90% sensitivity, 99% specificity for partial tears,
with overall accuracy ~95-98%9. These results illustrate that in skilled hands, high-resolution
USG can rival MRI in detecting rotator cuff injuries.

Ultrasound also excels in certain assessments where it might even surpass MRI: dynamic
evaluation of impingement and tendon subluxation. For example, in shoulder impingement
syndrome, USG can visualize the acromion-tendon relationship during abduction in real time
and detect the “impingement sign” (tendon deformation or bunching under the acromion). It
can assess the long head of biceps tendon within the bicipital groove dynamically; the patient’s
arm rotation can reveal subluxation or dislocation of the biceps tendon, which MRI might catch
only if the arm happened to be in a provocative position. In fact, ultrasound has near-perfect
specificity for dislocation of the biceps tendon — some reports cite ~98—100% specificity”!? —
and high sensitivity when performed dynamically (sensitivity up to 96% in some series for
LHB subluxation/dislocation'®. Ultrasound can also readily detect bursitis by showing fluid in
the SA/SD bursa and distension of the bursal sac, and it can identify AC joint osteophytes or
swelling by scanning superficially over the AC joint. Additionally, USG allows contralateral
comparison (examining the opposite shoulder as a normal control) and can guide interventions
such as subacromial bursal injections or AC joint injections with improved accuracy 11213,

However, ultrasonography is not without limitations. It is highly operator-dependent. The
accuracy is closely tied to the sonographer’s experience and technique. Small partial-thickness
tears, especially on the articular side of the rotator cuff, can be missed by ultrasound. Lesions
of deep structures like the glenoid labrum or the articular cartilage are typically not seen on
USQG at all. Ultrasound also cannot penetrate bone, so intraosseous pathology (bone marrow
edema, cysts) and the posterior glenohumeral structures (if obscured by the humeral head) are
not evaluable. A bulky body habitus or a patient who cannot cooperate with positioning may
reduce USG image quality. Despite these, multiple studies and meta-analyses affirm that for
the primary pathologies of interest — rotator cuff tears — ultrasound, when done by a trained
radiologist, has high diagnostic accuracy and can be used as a reliable alternative to MRI'>13,
This is especially relevant in resource-limited settings or when MRI is contraindicated.

Need for the Study: Given the high prevalence of shoulder pain and rotator cuff disorders, and
considering the resource implications of MRI, it is important to define the situations where a
less costly tool like ultrasound can provide sufficient diagnostic information. In clinical
decision-making, an accurate diagnosis of rotator cuff tear (including its size and extent) is
critical in determining whether conservative management or surgical repair is indicated. MRI,
while thorough, may not be readily accessible to all patients. High-resolution ultrasound could



potentially triage patients: for example, if a full-thickness tear is clearly seen on USG in a
patient with corresponding symptoms, the patient could be fast-tracked to surgical consultation
even before MRI, or MRI could perhaps be reserved for cases where ultrasound is equivocal
or when additional detail is needed (such as assessing muscle atrophy or labral pathology).
Prior comparative studies have mostly been conducted in Western or high-resource settings.
Only a few studies have directly compared USG and MRI head-to-head in the same cohort of
patients in an Indian or similar context. It is pertinent to evaluate the diagnostic accuracy of
ultrasound in our institute’s setting for patients with shoulder pain, validate it against MRI
findings, and identify the strengths and limitations of each modality.

This study aims to provide a comprehensive comparison of MRI and high-resolution USG in
evaluating various causes of shoulder pain, including rotator cuff tears (partial vs full
thickness), rotator cuff tendinosis, subacromial bursitis, biceps tendon lesions, and AC joint
degenerative changes. By doing so, we hope to delineate the role of each modality: whether
ultrasound can serve as a reliable first-line diagnostic tool and in which conditions MRI is
indispensable. Ultimately, demonstrating comparable accuracy of USG (if achieved) could
support more widespread use of ultrasound for initial evaluation of shoulder pain, thus reducing
dependence on MRI for routine cases and optimising patient care and resource use'’.
Conversely, understanding where ultrasound falls short (for instance, in detecting certain partial
tears or intra-articular lesions) will reinforce the indications for MRI. In summary, the need for
the study stems from the clinical importance of accurate shoulder imaging and the practical
need to utilize the most appropriate modality for each patient, balancing diagnostic yield with
accessibility and cost-effectiveness.

Review of Literature
Anatomy and Common Pathologies of the Shoulder

The shoulder is a complex joint comprising the glenohumeral joint, acromioclavicular joint,
sternoclavicular joint, and the scapulothoracic articulation. The stability and motion of the
shoulder depend heavily on the rotator cuff — a group of four muscles and their tendons
(supraspinatus, infraspinatus, teres minor, and subscapularis) that form a cuff around the
humeral head. The supraspinatus tendon runs beneath the acromion, making it particularly
prone to impingement and injury. The subscapularis tendon forms the anterior cuff, inserting
on the lesser tubercle, while infraspinatus and teres minor form the posterior cuff, inserting on
the greater tubercle. The long head of the biceps brachii tendon (LHB) travels through the
bicipital groove and crosses the humeral head, contributing to anterior shoulder stability; it is
held in place by the transverse humeral ligament and the subscapularis tendon. A synovial
sheath surrounds the biceps tendon in the groove, communicating with the glenohumeral joint.
The subacromial-subdeltoid bursa lies between the rotator cuff (especially the supraspinatus)
and the acromion/deltoid, facilitating smooth gliding of the cuff under the coracoacromial arch.
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Rotator Cuff Tendinopathy and Impingement: Chronic impingement of the rotator cuff
tendons (typically the supraspinatus) under the acromion or AC joint can lead to tendinopathy
— a spectrum of pathological changes from tendinitis (acute inflammation) to tendinosis
(degenerative changes with collagen disorganization). Patients usually present with
anterolateral shoulder pain exacerbated by overhead activity or internal rotation (e.g., painful
arc syndrome). Neer’s and Hawkins’ tests for impingement are often positive. On imaging,
tendinosis is characterized by tendon thickening and abnormal signal (MRI) or hypoechoic
areas (USG) within the tendon, sometimes with calcifications. Subacromial spurs or a hooked
acromion (Bigliani type 1III) on x-ray may predispose to impingement.
The ultrasound appearance of tendinosis is a swollen, heterogeneously hypoechoic tendon
lacking the normal fibrillar pattern, sometimes with fluid in the subacromial bursa.
The MRI correlates include increased tendon signal on T2-weighted images (but not a full-
thickness discontinuity), and possibly edema in the adjacent bursa. Both US and MRI can
identify subacromial bursitis (appearing as bursal fluid or thickened bursal walls) which often
coexists with impingement.

Rotator Cuff Tears: These can be partial-thickness (involving only part of the tendon’s
thickness, either the bursal surface, articular surface, or intratendinous) or full-thickness
(complete discontinuity from top to bottom of the tendon, often communicating between the
joint and bursal space). They can also be categorized by size and retraction (small <1 cm,
medium 1-3 cm, large 3-5 cm, massive >5 cm) and which tendons are involved. The



supraspinatus is most frequently torn, either in isolation or in combination with other tendons.
Full-thickness tears often cause weakness (especially inability to initiate abduction for
supraspinatus, or external rotation weakness for infraspinatus/teres minor, and internal rotation
weakness for subscapularis tears). Partial tears, especially articular-sided, may be more subtle
clinically but still painful. Chronic tears can lead to muscle atrophy and fatty degeneration,
which MRI can grade (Goutallier classification on MRI).

Imaging of Rotator Cuff Tears — Literature Review: Traditional arthrography could detect
full-thickness tears (leakage of contrast), but MRI and US have largely taken over. MRI
findings of a full-thickness tear include a gap or fluid signal traversing the tendon on T2-
weighted images, tendon retraction (the free edge of the tendon retracts towards the
musculotendinous junction), and often fluid in the subacromial bursa (since full-thickness tears
almost always communicate with the bursal space). Partial tears appear as fluid signal in part
of the tendon thickness or fraying of fibers. MRI can also identify muscle atrophy (best seen
on T1-weighted images in the fossa of the muscle) which has prognostic significance.

Ultrasound findings for full-thickness tears classically include a focal non-visualization of the
tendon (anechoic or hypoechoic gap) with possible fluid-filled defect and the “naked
tuberosity” sign (exposed greater tuberosity when the tendon is retracted). Dynamic Ultrasound
maneuvers, like asking the patient to abduct, may show tendon edges moving abnormally. For
partial tears, US might show a focal defect on either the bursal or articular side of the tendon:
a bursal-sided tear may show a discontinuity on the superficial aspect with overlying bursal
fluid, whereas an articular-sided tear may be harder to see but can appear as an irregularity or
a small anechoic cleft on the deep side of the tendon. One specific ultrasound sign for a
significant supraspinatus tear is the positive compression sign — compression with the
transducer leads to expulsion of fluid from the tear gap. Another is the dynamic assessment for
a subscapularis tear: with the arm externally rotated, a full-thickness subscapularis tear may
allow the biceps tendon to sub-luxate medially (since the subscapularis normally secures the
biceps pulley).

Numerous studies have compared US and MRI for rotator cuff tears. Chauhan et al. (2016) in
a prospective study of 50 patients found that for full-thickness tears, USG had 86.7% sensitivity
and 100% specificity, while for partial-thickness tears sensitivity was 89.7% and specificity
98.8%°. The kappa agreement with MRI was extremely high (x ~0.90), indicating almost
perfect agreement, and the p-value for correlation was <0.001, underscoring that USG findings
statistically matched MRI findings. Singh et al. (2017) published in Polish Journal of
Radiology reported that MRI detected slightly more tears than USG, but the difference was not
large. In their results, MRI found supraspinatus tears in 39 of 40 patients (97.5%) vs USG in
33 (82.5%)'*Y7 — noting that their study population had a very high prevalence of pathology
(since 40/40 had some rotator cuft tear). They also noted USG identified partial tears in 55%
and complete tears in 45% of patients, whereas MRI showed 65% partial and 35% complete'*.
In terms of diagnostic performance, they found USG sensitivity ~76.9% and specificity 85.7%
for partial tears and excellent concordance for complete tears (USG true positives 13/14



complete tears, with a few false positives)'*. Their conclusion was that USG is a highly useful
modality but MRI provides somewhat higher sensitivity and additional detail.

A meta-analysis by Dinnes et al. and a Cochrane review (2013) by Lenza et al. both found
that ultrasound, MRI, and even MR arthrography all have high and relatively similar accuracy
for full-thickness rotator cuff tears'?. For partial tears, ultrasound was slightly less consistent
across studies but still had good accuracy in experienced hands. Hegedus et al. (2015) in the
British Journal of Sports Medicine confirmed that US, MRI, and MR arthrography all show
high diagnostic accuracy for full-thickness tears (pooled sensitivity and specificity all in the
90%-+ range'®. The implication is that for diagnosing a full-thickness tear, a well-performed
ultrasound can be just as reliable as MRI. That said, MRI might still be preferred for
comprehensive assessment if surgery is planned, because MRI can detail tear retraction and
muscle degeneration which ultrasound cannot quantify well.

Non-Rotator Cuff Pathologies:

e Biceps tendon pathology: The LHB tendon can develop tendinosis or tears (usually
intra-articular portion or at the bicipital groove). It can also sublux or dislocate if the
stabilizing sling (formed by the subscapularis and supraspinatus tendons and
coracohumeral ligament) is disrupted, often due to a subscapularis tear. Clinically,
biceps tendinopathy causes anterior shoulder pain and a positive Speed’s or Yergason’s
test. Ultrasound is particularly useful for the biceps: it can directly visualize the tendon
in the groove. In tendinosis, the biceps tendon may appear swollen (>3—5 mm diameter)
and hypoechoic with tenosynovial fluid. Dynamic US can show subluxation: on
external rotation, the tendon may partially slip out of the groove, or dislocation: the
tendon completely displaces medially (often sitting on top of the lesser
tubercle). Papatheodorou et al. reported US sensitivity of ~80% and specificity ~98%
for detecting biceps tendinopathy and instability’. In our context, the literature suggests
ultrasound can have near 100% specificity for biceps dislocation because if you see the
tendon out of place on dynamic exam, it’s confirmatory'’. MRI can also diagnose
biceps subluxation (seeing the tendon not centered in the groove on axial images)'®,
and it excels at detecting intra-articular biceps tears or SLAP lesions (labral tears
involving the biceps anchor), which ultrasound generally cannot assess. However, MRI
might miss intermittent subluxation that occurs only in motion, whereas US can catch
it during a dynamic maneuver.

o Subacromial-Subdeltoid Bursitis: Bursitis often accompanies rotator cuff disease. On
ultrasound, an abnormal bursa may show >2 mm of anechoic or complex fluid or
thickened synovium. MRI shows fluid distension of the bursal space on T2 images.
Either modality can detect bursitis well, but ultrasound can compress the bursa to
distinguish fluid vs thickening. Bursal fluid on US is often an indirect sign of a rotator
cuff tear (especially if the fluid is excessive), since full-thickness tears allow
glenohumeral joint fluid to communicate into the bursa. Literature indicates ultrasound
is very sensitive to even small fluid collections; however, minimal fluid could be
physiological. Hence ultrasound might “over-diagnose” bursitis if one uses presence of



any fluid as a criterion. In one study, US had sensitivity up to 100% for subacromial
bursitis but specificity only ~50% because mild fluid is common. MRI can better
characterize synovial hypertrophy vs fluid if gadolinium is used, but that’s typically not
necessary for subacromial bursitis.

Acromioclavicular (AC) Joint Arthritis: Degenerative changes at the AC joint
(osteophytes, joint space narrowing, sclerosis) are commonly seen in older patients and
can cause superior shoulder pain and contribute to impingement by narrowing the
subacromial space. X-ray is best for visualizing bony changes, but US can detect joint
hypertrophy or osteophytes as irregularities on the AC joint contour and may elicit
tenderness with the probe (sonographic tenderness sign). MRI shows AC joint arthritis
as joint space narrowing with edema or cysts in the distal clavicle/acromion and
sometimes fluid or capsular distension. While not the primary focus of many
comparative studies, some have noted that ultrasound can correctly identify advanced
AC arthrosis. For example, Singh et al. (2017) noted that in their patients, ultrasound
picked up all cases of significant AC joint degeneration that were seen on MRI'. Our
study’s data similarly suggest high USG accuracy for AC osteoarthritis.

Glenohumeral Joint Effusion/Arthritis: Ultrasound can visualize fluid in the axillary
recess or biceps sheath as a sign of joint effusion, but small amounts (<5 mL) can be
missed. MRI is more sensitive to effusions and can also reveal articular cartilage loss
or labral pathology. Because our study is about rotator cuff and related pathologies,
glenohumeral arthritis is not a primary comparison point, but it is worth noting that
ultrasound has a limited role in evaluating intra-articular cartilage or labral tears; MRI
or MR arthrography is needed for those.
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“Figure 4. Anatomy of the subacromial space. (a) Humeral head, rotator cuff, subacromial bursa,
acromion. (b) Impingement mechanism during abduction of the humerus”

Key Comparative Studies and Findings

Several key studies in the literature have directly compared high-resolution USG and MRI in
the same patients, often using surgical findings as the ultimate gold standard. A brief review of
some influential studies and their findings is given below:

Teefey et al., 2004 (Radiology) — Studied 100 patients with subsequent surgical
correlation; found that US and MRI had comparable accuracy for full-thickness rotator



cuff tears (both ~95% accurate) and for partial tears (US 66% vs MRI 68% sensitivity,
not a significant difference). They concluded that experienced ultrasonographers can

achieve results similar to MRI for rotator cuff tears2’.

Nagqvi et al., 2010 (Int J Shoulder Surg) — Compared 36 patients (US) and 55 patients
(MRI) against surgical findings for full-thickness tears; reported US sensitivity 88%,
specificity 89%, MRI sensitivity 91%, specificity 84%, essentially showing no
statistically significant difference between US and MRI in detecting full-thickness
tears®. They suggested ultrasound could be used as a primary diagnostic tool for rotator
cuff tears in centers with expertise®.

Chauhan et al., 2016 (Pol J Radiol) — As mentioned, very high sensitivity/specificity
for US; importantly, they also demonstrated excellent positive predictive
value and negative predictive value for US in their series (e.g., PPV 100% for full-
thickness tears, NPV ~98%°. This means in their hands, a positive ultrasound virtually
confirmed a tear and a negative ultrasound virtually ruled it out, which is a powerful
result.

Singh et al., 2017 (Pol J Radiol) — Noted ultrasound missed a few tears that MRI
picked up (likely small partial tears), and that ultrasound also had a few false positives.
Their reported accuracy of US for any rotator cuff tear was 80%, vs MRI 85%!°. They
emphasized MRI’s superior characterization (partial vs full, tear size) but reinforced
that US is a valuable screening tool.

Bouaziz et al., 2018 (Iran J Radiol) — Investigated “communicating rotator cuff tears,”
meaning full-thickness tears that allow communication between the joint and bursa.
They found high diagnostic accuracy of US for such tears, in line with others, and
advocated that high-res US can reliably identify full-thickness tears that
“communicate” (which are essentially full-thickness). Specific numbers from their
study include sensitivity ~96% and specificity ~94% for full-thickness tears by US,
virtually identical to MRI (which was 98%/96% in their report)*!.

Mehta et al., 2022 (Int J Orthop Sci) — A recent comparative study in North India:
they concluded that “both HR-US and MRI showed that the most commonly affected
tendon is the supraspinatus... and both modalities have comparable diagnostic
capabilities,” recommending USG as a first-line modality for rotator cuff assessment'?,
They found no statistically significant difference between US and MRI detection of
full-thickness tears. However, they did remark that MRI was slightly more sensitive in
complex or multiple tendon injuries, and MRI was better for intra-articular lesions,
which is expected.

El Shewi et al., 2019 (Egypt J Radiol & Nuclear Med) — Focused on shoulder
impingement and correlated dynamic US with MRI. They found that dynamic US could
demonstrate subacromial impingement signs that correlate with MRI findings of rotator
cuff tendinopathy. They also reported that US could identify bursitis and tendinosis in
impingement with high accuracy, but MRI was needed to evaluate intra-articular
sequelae of impingement (like bony edema or glenoid labrum if any). Their work
supports the role of US as an initial evaluation tool for impingement syndromes, with



MRI reserved if surgical intervention is being considered or if US findings are
inconclusive!”

From the literature, a general consensus emerges:

e For full-thickness rotator cuff tears: Ultrasound and MRI have very high and similar
accuracy (sensitivity and specificity often >90% in experienced hands). Many authors
conclude that if a full tear is seen on US, additional MRI may not be needed purely to
“confirm” the tear, though MRI might still be done for preoperative planning.

o For partial-thickness tears: Both modalities have lower sensitivity than for full tears,
but still moderate to high. MRI might have a slight edge in sensitivity for small partial
tears, especially articular-sided, but ultrasound has also detected many partial tears.
Some partial tears (particularly intrasubstance) can be challenging for both. If clinical
suspicion is high and ultrasound is negative, MRI can be done to search for an occult
partial tear.

e Tendon degeneration (tendinosis): Ultrasound can show tendinopathy well
(thickening, hypoechoic areas, calcifications), and MRI shows tendinosis as increased
T1/T2 signal or thinning. Both are good for diagnosing tendinosis, but tendinosis is a
clinical/radiological diagnosis without a binary outcome like “tear” to measure
sensitivity/specificity. However, the presence of tendinosis on imaging correlates with
chronic shoulder pain. Studies have shown ultrasound can identify calcific tendinitis
accurately (often better than MRI, since small calcifications are very echogenic and
obvious on US). For example, one study showed US sensitivity 95% for calcific
tendinitis vs MRI ~80%722.

o Biceps and AC joint: These areas are often side notes in comparative studies. Many
authors note that a combination of clinical exam and ultrasound can accurately diagnose
biceps subluxation or AC joint arthropathy. Ultrasound guidance also improves
accuracy of AC joint injections or biceps tendon sheath injections as therapeutic
measures> >4,

In conclusion, the literature robustly supports high-resolution ultrasound as a powerful
diagnostic tool for shoulder pathologies, especially rotator cuff tears, with diagnostic
performance closely paralleling MRI in many cases®!. Differences tend to arise with operator
experience and the specific pathology (ultrasound might slightly underperform MRI for hidden
partial tears or intra-articular lesions). This forms the basis for our comparative study — to verify
these findings in our patient population and to see how well ultrasound holds up against MRI
for each category of pathology.

Summary of Literature Gaps and Rationale

While many studies have evaluated ultrasound vs MRI, each institution may have different
levels of expertise in ultrasound. There is limited data from our region quantifying USG
accuracy against MRI with a decent sample size (most earlier studies had sample sizes of 30—
50). Moreover, previous studies often focused predominantly on rotator cuff tears; our study
also gives attention to ancillary findings (biceps, bursitis, AC joint) to provide a more
comprehensive picture of shoulder pain etiology. The literature clearly demonstrates



ultrasound’s value, but also underscores that results from one center might not directly
generalize to another due to operator dependency. Thus, it is valuable for each center to audit
and analyze its own diagnostic accuracy. Our study builds on the rich literature evidence by
providing updated data from a cohort of 100 patients and by analyzing not only sensitivity and
specificity, but also agreement statistics (kappa) and reasons for discrepancies. This will help
formulate recommendations applicable to our practice on how to integrate ultrasound and MRI
effectively for patients with shoulder pain. The ultimate goal, as supported by the literature, is
to ensure patients receive accurate diagnoses in a timely and cost-effective manner — leveraging
the strengths of each modality. Studies like that of Mehta et al. (2022) conclude that ultrasound
should be the preferred initial imaging in suspected rotator cuff injuries'?, a stance we aim to
evaluate and either corroborate or refine through our findings.

Aims and Objectives

To diagnose shoulder pathologies on Magnetic Resonance Imaging and high resolution
ultrasound.

To correlate the findings of ultrasound with respect to Magnetic Resonance Imaging using MRI
as the reference standard.

To assess the sensitivity, specificity, predictive values and accuracy of ultrasound for each
pathology were determined with respect to Magnetic resonance Imaging.

Materials and Methods
Study Design

This study is an hospital based observational study conducted at the Department of Radio-
Diagnosis, R. L. Jalappa Hospital and Research Centre attached to Sri Devaraj Urs Medical
College (SDUMC), Kolar. The duration of the study was 18 months, from May 2023 to
November 2024. All participants provided informed consent. Each patient underwent both an
ultrasound examination of the shoulder and an MRI of the shoulder within a short interval
(typically within 2 weeks of each other) to minimize interval changes. The investigators
performing and interpreting the imaging were blinded to each other’s results to reduce bias (the

radiologist performing the ultrasound was not informed of the MRI findings, and vice versa).

Sample size consideration :

The sample size was determined based on expected sensitivity of ultrasound for rotator cuff
tears from prior studies. Using data from Mehta et al. (2022) where ultrasound sensitivity for
full-thickness tears was ~93%!3, we calculated that a minimum of ~40 shoulders with rotator



cuff tears would be needed to detect a 10% difference in sensitivity between US and MRI with
80% power and alpha 0.05. Anticipating a rotator cuff tear prevalence of ~50% in a shoulder
pain population, we initially aimed to recruit about 80 patients. We ultimately enrolled 100
patients to improve the robustness of our comparisons and to allow subgroup analyses (e.g., by
specific tendon or by trauma history).

Ethical Considerations

Institution's human ethics committee approved this study. All participants were provided with
written informed consent, and only those willing to sign the consent were allowed to take part
in the study. Before getting consent, the participants were informed about risks and advantages
of study as well as voluntary nature of participation. Privacy of study participants was protected
at all times.

Inclusion Criteria

o Patients aged 18 years or above presenting with shoulder pain that warranted imaging
of the shoulder, as determined by the treating physician.

o Patients with clinical findings suggestive of rotator cuff pathology, subacromial
impingement, frozen shoulder, or unspecified shoulder pain with restricted range of
motion.

e Pain duration could be acute or chronic; both traumatic and atraumatic onsets were
included, as long as the pain was significant enough to merit MRI evaluation.

o Patients who consented to undergo both MRI and ultrasound of the shoulder.
Exclusion Criteria

o Patients with prior shoulder surgery (as surgical changes/anchors could confound
imaging findings on both US and MRI),

o Patients with fractures or dislocations on plain radiographs requiring immediate
orthopedic intervention.

o Patients with known tumors or infections in the shoulder region.

o Patients for whom MRI was contraindicated (e.g., pacemaker, severe claustrophobia)
were also excluded, since they could not undergo the MRI for comparison.

o Bilateral shoulder pain cases : If a patient had bilateral shoulder pain, only the more
symptomatic side was included to maintain statistical independence of samples (we did
not include two shoulders from the same patient).

Imaging Protocols

All patients underwent MRI of the shoulder followed by high-resolution ultrasound. The
interval between MRI and USG was kept as short as possible (often same day or within 3 days)
to ensure no interim change; no interventions were done in between imaging. The radiologists



performing/reporting MRI and USG were blinded to each other’s results initially to reduce
bias: the ultrasound examiner was not informed of the MRI findings at the time of scanning,
and MRI was reported without knowledge of ultrasound results. (However, complete blinding
is challenging as clinical info often hints at likely findings; we mitigated bias by having
different radiologists perform MRI and US where feasible.)

MRI Technique: MRI was performed on a 1.5 Tesla unit (Siemens Magnetom Avanto). The
patient was positioned supine with the shoulder in neutral or slight external rotation, using a
dedicated shoulder coil. The MRI protocol included:

e Axial Tl-weighted and axial Proton Density with fat saturation (PD-FS) or T2-
weighted fat-sat sequence through the shoulder (covering from above the AC joint
through the humeral head).

e Oblique coronal PD-weighted sequences (both with and without fat saturation) aligned
parallel to the supraspinatus tendon (true plane of the cuff).

e Oblique sagittal T2-weighted fat-saturated sequence (from posterior to anterior
glenoid).

e Oblique coronal T2-weighted fat-saturated (to assess fluid, bursitis).

e Additional sequences: If needed, a coronal T1 or STIR was done for muscle atrophy
evaluation.
Typical parameters: slice thickness ~3 mm, FOV ~14 cm. No intra-articular contrast
was administered (non-arthrographic MRI).

Ultrasound Technique: Ultrasound was performed using either a Philips EPIQ 5 or GE
Voluson E6 ultrasound machine, each equipped with a high-frequency linear transducer
(broadband 5-12 MHz or up to 15 MHz). Patients were examined seated on a rotating stool, as
per standard shoulder US protocol.

The following standardized technique (as described by the European Society of
Musculoskeletal Radiology guidelines) was used:

o Biceps tendon (Long head): Arm in neutral, elbow flexed 90°, palm up. Transducer
placed in axial orientation over the bicipital groove to visualize the LHB tendon in the
groove. We looked for: normal tendon (oval, within groove), any subluxation (tendon
partially out of groove on internal/external rotation), dislocation (completely medial to
groove), and checked for sheath fluid or synovial thickening. We also scanned in
longitudinal plane to see the biceps tendon continuity up to the rotator interval.



“Figure 5. (A-G): Biceps tendon. Probe placement to examine long head of the biceps tendon in
transverse plane (A) and longitudinal plane (B). Long head of biceps tendon (arrows) in longitudinal
(C) and transverse plane (E) appears hypoechoic (D and F) (arrows) due to anisotrophy when not
imaged perpendicular to the sound beam. Hypoechoic appearance (G) of biceps tendon with areas of
increased Doppler signal as a result of tendinopathy. LT: Lesser tuberosity”

o Subscapularis: Arm in external rotation (patient placing hand outward on lap). The
transducer in axial orientation at level of the bicipital groove but angled inferiorly to
visualize subscapularis tendon inserting on lesser tuberosity. Tendon was scanned for
fibrillar pattern, tears (usually seen as gaps on the superior part of subscapularis
tendon). Dynamic: while in this position, further external rotation was done to see if the
biceps tendon stays in groove (if subscapularis is torn, biceps may dislocate).

“Figure 6. (A-C): (A) Transducer position for a transverse image of the subscapularis tendon. (B)
Corresponding transverse image of the subcapularis tendon. Note the hyperechoic tendon slips (arrows)



between the hypoechoic muscle fibers. (C) Short-axis view of the subscapularis tendon with a partial-
thickness articular surface tear in its superior part (arrow). Biceps tendon seen on the left of the image.
L SSC: Left subscapularis, BT: Biceps tendon, HH: Humeral head”

Supraspinatus (critical zone): Patient placed hand behind back (internal rotation,
hand at mid-lumbar spine) to bring supraspinatus anteriorly (Modified Crass position).
The transducer placed on top of shoulder, aligned along the supraspinatus tendon in a
longitudinal oblique plane (visualizing the tendon inserting into greater tubercle). We
observed the supraspinatus for fibrillar continuity. Both longitudinal and transverse
(axial relative to tendon) scans were done. Presence of a tear was indicated by a
hypoechoic or anechoic defect in the tendon; partial thickness tear by a defect on the
bursal or articular side; full thickness by nonvisualization of entire tendon segment with
fluid communication from joint to bursa. If needed, the normal contralateral shoulder
was scanned for comparison.

“Figure 7. (A-E): Supraspinatus tendon (SST). Transducer placement for supraspinatus tendon in long-
axis (A) and short-axis (B) with the hand on the back pocket. Longitudinal view of the SST (C) with
overlying thin hypoechoic line (black arrow) representing subacromial subdeltoid bursa and the
overlying subdeltoid fat (white arrows). Elbow backward position (F) to see the anterior border of
supraspinatus tendon in transverse plane (E) with the echogenic component of biceps tendon sling,
coracohumeral ligament (arrow). GT: Greater tuberosity, HH: humeral head, D: Deltoid muscle”

Infraspinatus/Teres Minor: Scanned with the transducer in oblique longitudinal plane
over the posterior aspect, with patient’s hand on opposite shoulder or hanging at side.
These tendons insert more posteriorly on greater tubercle. Looked for any tears (rare;
if supraspinatus is torn massively, infraspinatus could be involved).

Subacromial-Deltoid Bursa: While scanning supraspinatus in longitudinal view, the
bursal line superficial to the cuff was checked for fluid or thickening. Compressibility



was tested — normally minimal fluid compresses out; non-compressible fluid or
thickened bursal tissue suggested bursitis.

e Acromioclavicular joint: Transducer placed over the AC joint in an anterior axial
plane to visualize the joint space. Checked for joint osteophytes (irregular bony
contour), joint capsule bulging or fluid, and tenderness on probe pressure. Compared
side to side if needed.

“Figure 8. Corresponding US image shows characteristic contour of the humeral head with
adjacent infraspinatous tendon (arrow). US image showing glenoid labrum (black arrow) and
the posterior aspect of the glenohumeral joint”

e Dynamic tests: Neer’s impingement test under US: patient actively abducts while
sonographer watches the supraspinatus under acromion for any encroachment. Also
dynamic rotation for biceps as described.

Data Recording and Analysis

Each patient thus had an MRI report and an ultrasound report. For the purpose of analysis, a
structured proforma (the “Master Chart™) was used to tabulate:



o Patient details: Age, sex, history of trauma (0/1), prior treatment (0/1 — e.g., prior steroid
injection or PT).

e MRI findings: For each structure (biceps, subscapularis, supraspinatus, infraspinatus,
bursa, humeral head, glenohumeral joint, AC joint), presence or absence of pathology
was coded. Specifically:

Biceps MRI: morphology abnormal (tendinosis) (yes=1/n0=0), fluid in sheath
(yes/no), dislocation (yes/no).

Subscapularis MRI: abnormal morphology (thickening) yes/no, tear present
yes/no, and tear type if present (partial=0 or full=1).

Supraspinatus MRI: same pattern.

Infraspinatus MRI: same.

SA/SD bursa MRI: fluid present (yes=1/n0=0).

Humeral head MRI: surface irregularity (yes/no), subchondral cysts (yes/no).
Glenohumeral (GH) joint MRI: effusion (yes/no).

AC joint MRI: arthritis (osteophytes/joint narrowing) present (yes=1/no=0).

e Corresponding USG findings: coded in similar fashion for each structure (to allow
direct comparison):

Biceps USG morphology (tendinosis) yes/no, fluid yes/no, dislocation yes/no
(with dynamic exam considered).

Subscapularis USG morphology (bulkiness) yes/no, tear yes/no, tear type
partial/full if yes.

Supraspinatus USG morphology, tear, tear type.
Infraspinatus USG morphology, tear, tear type.
Bursa USG fluid yes/no.

Humeral head USG surface irregularity yes/no (e.g., cortical irregularity at
greater tuberosity), cysts yes/no (large cortical bone cysts if seen as cortical
defect).

GH joint USG eftusion yes/no (typically assessed via axillary recess for fluid).

AC joint USG osteophytes/degeneration yes/no.

The primary outcome measures were the sensitivity and specificity of USG for detecting each
pathology, which were calculated from 2x2 tables (MRI as gold standard). For example, for
supraspinatus tear: true positives (TP) = cases MRI showed tear and USG also showed tear;
false negatives (FN) = cases MRI tear but USG missed; false positives (FP) = cases no tear on
MRI but USG thought tear (if any); true negatives (TN) = no tear on MRI and none on USG.
Similar tables were constructed for other findings. Using these:

e Sensitivity = TP/(TP+FN)



e Specificity = TN/(TN+FP)
e PPV =TP/(TP+FP)

« NPV =TN/TN+FN)

e Accuracy = (TP+TN)/total

These were expressed in percentage terms. Additionally, 95% confidence intervals could be
calculated for these metrics (though in the thesis, we often present just point estimates due to
the sample size of 100).

We also computed Cohen’s kappa to assess agreement beyond chance between USG and MRI
for key binary findings (rotator cuff tear present/absent, bursitis present/absent, etc.). The kappa
values were interpreted as: <0.20 poor, 0.21-0.40 fair, 0.41-0.60 moderate, 0.61-0.80
substantial, >0.80 almost perfect agreement.

For group comparisons, the Chi-square test was used. For example, to test if the difference in
detection of tears by USG vs MRI was statistically significant, we applied McNemar’s test
(paired nominal data) or simple Chi-square on the 2x2 table (which is essentially McNemar in
this paired scenario). A p-value < 0.05 would indicate a significant difference in proportions
detected. Similarly, for bursitis detection difference.

Demographic data (age distribution, sex ratio) were summarized with descriptive statistics. We
also stratified patients by age groups to see if certain age groups had more tears.

All statistical analysis was done using SPSS v25 and Stata v12 software. The results were
compiled in the form of tables and charts for clarity.

Outcome Measures and Definitions

o Rotator Cuff Tear on MRI (Reference): Defined as a discontinuity in tendon fibers
with high T2 signal communicating through the tendon or an obvious full-thickness
defect. Partial tears required clear high T2 signal either on the articular or bursal side
not extending through the entire thickness.

o Rotator Cuff Tear on USG: Defined as a hypoechoic or anechoic defect in the tendon
with loss of normal fibrillar echoes. For full-thickness, visualization of deltoid muscle
through the defect or fluid bridging joint to bursa was considered confirmatory. We
noted if the tear was partial (only seen on one surface) or full.

e Tendinosis on MRI: Tendon thickening with intermediate T1/T2 signal without
discrete tear.



e Tendinosis on USG: Thickened tendon with diffuse hypoechoic areas, but fibers still
mostly intact.

e Bursitis on MRI: Fluid distending the SA/SD bursa beyond normal thin film.

e Bursitis on USG: Anechoic or complex fluid in bursa exceeding 2 mm in thickness or
extending over a significant area.

o Biceps subluxation on MRI: LHB tendon not centered in groove (e.g., riding up on
lesser tubercle) on axial slices.

o Biceps subluxation on USG: LHB tendon moving out of groove on dynamic rotation
or found medial to its normal position.

e AC joint arthritis on MRI: Joint space narrowing with osteophytes or edema at AC
joint.

e AC joint arthritis on USG: Irregular cortical outline of distal clavicle/acromion with
possible bony prominences and tenderness.

By maintaining consistent criteria, we ensured that comparisons between modalities were fair.
Bias Control

Blinding between MRI and USG interpretations reduced the incorporation bias. The
radiologists were highly experienced in their respective modalities, improving the quality of
diagnosis.

We recognize that using MRI as gold standard has some limitations (MRI can have false
negatives too, particularly for small partial tears or when image quality is suboptimal).
However, MRI is the best non-invasive reference available and widely accepted in literature
for such comparative studies’.

No experimental intervention was done; both MRI and USG are standard of care modalities,
so ethical issues were minimal. We also ensured that if ultrasound detected something critical
that MRI missed (for instance, dynamic instability), it was communicated to the referring
clinician, thereby not withholding clinically useful information.



Results

Atotal of 100 patients with shoulder pain were included in this study. The results are organized
as follows: first, the demographic characteristics of the patients; second, the prevalence of
various pathologies on MRI (the reference standard) in this cohort; third, the diagnostic
performance of ultrasound (USG) in detecting each pathology compared to MRI, including
detailed sensitivity, specificity, predictive values, and accuracy; and lastly, statistical analysis
of agreement and differences between the two modalities.

1. Demographic Profile

Age and Sex Distribution: The age of patients ranged from 18 to 82 years, with a mean age
of 47.5 £ 14.2 years. The cohort was predominantly middle-aged to elderly.

Table 1: Demographic Profile of Study Population

Age Group (Years) Male Female Total
18-30 8 5 13
31-40 10 7 17
41-50 17 11 28
51-60 13 10 23
61-70 8 3 11
>70 6 2 8
Total 62 38 100

e 41-60 years was the largest age group with 52 patients (52%), reflecting that shoulder
pain with imaging indications is most common in this middle-age to early senior cohort.

e 21-40 years: 29 patients (29%). Many in this group had a history of trauma or sports-
related injury.

e 61-80 years: 14 patients (14%), indicating that a fair number of older patients had
chronic degenerative shoulder issues.

o <20 years: 4 patients (4%). Young patients were few; they typically had acute injuries.

e >80 years: Only 1 patient (1%), showing fewer very old patients likely either due to
lower presentation or maybe contraindications (some might not undergo MRI due to
pacemakers etc).
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“Figure 9: Age distribution of patients in the study. The 41-60 year group constituted the
majority (over half of the cases), followed by 2140 years. Only 5% were under 20 or over 80,
indicating that most patients were in the age range where degenerative or impingement-related
pathologies start to manifest”.

The gender distribution had a male predominance: 62 males (62%) and 38 females (38%).
The male:female ratio was approximately 1.63:1. This is consistent with some epidemiological
reports of slightly higher incidence of rotator cuff injuries in men, though women constituted
a substantial 38% of our cohort as well?*. Among older patients, men and women were more
evenly represented, whereas the younger traumatic cases had more males (likely due to
involvement in heavy work or sports).

Gender Distribution of Patients

Female: 38
38%

62%
Male: 62

“Figure 10: A pie chart showing the gender distribution of the 100 patients in the study. It
illustrates that 62% of the patients were male and 38% were female. This corresponds to 62
male and 38 female patients, indicating a predominance of male patients in the cohort™.



Comparison of Mean Age by Gender:

No significant difference in mean age between males and females was observed (males 48.3 =
13.5 years vs females 46.2 + 15.3 years, p = 0.56, unpaired t-test).

Comparison of Mean Age by Gender
p = 0.56(n.s.)
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“Figure 11: A bar graph compares the mean age of male and female patients, with error bars
representing one standard deviation (SD). Males had a mean age of 48.3 = 13.5 years, while
females had a mean age of 46.2 + 15.3 years. An annotation indicates that the difference in
mean age between genders was not statistically significant (p = 0.56). This suggests that the
age profile of the male and female patient groups was comparable”.

Dominant Side and Side of Pathology: 91 patients (91%) were right-hand dominant, and 9
(9%) left-hand dominant. The affected shoulder was right side in 73 patients and left side in 27
patients. Notably, in 6 left-dominant individuals, the right shoulder was still the one with
pathology, suggesting that factors beyond dominance (like specific injuries or degenerative
changes) play a role. Overall, right shoulder was more commonly affected (perhaps partly
because of more right-handed individuals and cumulative use). The side distribution in our
sample (73% right, 27% left) aligns with some literature indicating the dominant shoulder is
slightly more often symptomatic®®, though our data are not a population sample to prove that
conclusively.

History of Trauma: 61 patients (61%) reported a history of significant shoulder trauma or
injury preceding pain. This includes fall on outstretched hand, heavy lifting injury, sports
injuries (in sports like cricket, volleyball), etc. The remaining 39% had insidious or
degenerative onset without a clear single trauma. We note that of the 56 patients who were
found to have rotator cuff tears, 34 had a history of trauma while 22 did not, indicating that
both traumatic and attritional causes are important in rotator cuff tears.



Prior Treatment: 23 patients (23%) had received some form of treatment before imaging —
most commonly physiotherapy and NSAIDs, and a few (8 patients) had subacromial steroid
injections by the orthopedic team. These interventions did not preclude inclusion as long as
diagnostic imaging was still indicated. No patient had prior surgery (as per exclusion criteria).

Table 2 : Past History Distribution

Past History Frequency|Percentage (%)
Trauma 61 61%

Prior Treatment 23 23%

No Significant History||16 16%

Total 100 100%

2. MRI Findings — Prevalence of Pathologies in the Study Population

Using MRI as the reference, we documented all relevant shoulder pathologies in the 100
patients.

“Table 3 summarizes the MRI findings frequencies™:

Pathology Cases Detected (n)
Supraspinatus Tear 35

Subscapularis Tear 20

Infraspinatus Tear 11

Biceps Tendon Pathologies 19

AC Joint Osteoarthritis 27

SA/SD Bursitis 43

Glenohumeral Effusion 15

Intraosseous Cysts / Lesions 4

e Rotator Cuff Tears (MRI): A rotator cuff tear (partial or full in any tendon) was
present in 56 patients (56%). Specifically:



Supraspinatus tear: 51 patients (51%). This was by far the most common MRI
finding; it includes 33 full-thickness and 18 partial-thickness tears (and in 2
cases MRI noted a tear but could not classify type due to indeterminate features
— these were counted as tears).

Subscapularis tear: 18 patients (18%). Of these, MRI classified 14 as full-
thickness (often associated with biceps subluxation) and 4 partial.

Infraspinatus tear: 11 patients (11%). 4 full-thickness, 7 partial. Teres minor
tear was not found in isolation, but in one case of massive cuff tear, teres minor
was essentially involved (we counted that under infraspinatus for simplicity).

No rotator cuff tear at all was seen in 44 patients (44%). Many of these had
tendinosis or other diagnoses like bursitis or frozen shoulder instead.

Rotator Cuff Tendinosis without tear: Many patients without frank tear had
tendinopathy:

Supraspinatus tendinosis (without tear): 10 patients had tendinosis changes
(thickened, high-signal tendon) without any tear.

Subscapularis tendinosis: 15 patients without tear had subscapularis
tendinosis (some overlap with impingement cases).

Infraspinatus tendinosis: 6 patients without tear had some infraspinatus
degeneration.

Combining with those who had tears (almost all of whom also had degenerative
changes), overall rotator cuff pathology was present in ~80% of patients.

Biceps Tendon (MRI):

Biceps tendinosis or tenosynovitis: 28 patients (28%) showed fluid in the
biceps tendon sheath on MRI (indicating tenosynovitis) and/or enlargement of
the tendon. This often co-occurred with rotator cuff tears, especially
subscapularis tears.

Biceps tendon subluxation/dislocation (MRI): 5 patients (5%) had an
abnormal position of the biceps tendon. Out of these, 4 were medial
subluxations (tendon medially displaced but not completely out of groove,
usually with partial subscap tears), and 1 was a full dislocation (tendon
completely dislocated out of groove, lying medially — this patient had a full
subscap tear).

Biceps tear: No complete rupture of the LHB was noted in our MRI series; all
biceps were at least partially intact, though two had severe tendinosis that
radiologically mimicked near-tear.

Subacromial-Subdeltoid (SA/SD) Bursa (MRI):



e Bursitis (fluid in SA/SD bursa): 72 patients (72%) had MRI evidence of
subacromial-subdeltoid bursal fluid. This ranged from minimal fluid (just a thin
film) in some to gross distension in others. We considered “present” if fluid was
more than a thin physiological film. Many of these (about 80%) coexisted with
a rotator cuff tear or significant tendinosis. In 15 patients, bursitis was the
primary finding (like isolated bursitis or bursitis with impingement signs but no
tear).

e 28 patients (28%) had no notable bursitis on MRI.
e Acromioclavicular (AC) Joint (MRI):

e AC joint degenerative changes: 72 patients (72%) had evidence of AC joint
osteoarthritis on MRI (osteophyte formation, capsular hypertrophy or small
joint effusion). This is perhaps unsurprising given the average age; many were
mild changes. Clinically, 20 of these had significant AC joint tenderness. Large
inferior osteophytes contributing to impingement were seen in 15 cases.

e AC joint intact/normal for age: 28 patients (28%) had essentially normal AC
joints (mostly younger patients or those whose pathology lay elsewhere like
frozen shoulder in a 35-year-old with normal AC).

e Humeral Head and Other Bone Changes (MRI):

o Cortical irregularity of greater tuberosity: 52 patients (52%) had irregularity
or flattening of the humeral head greater tubercle, often at the site of
supraspinatus insertion. This is an indicator of chronic rotator cuff tear or
enthesopathic changes. Many of these overlapped with those who had tears.

e Subchondral cysts in humeral head: 36 patients (36%) showed small
subcortical cystic changes in the greater tuberosity or humeral head, again
usually related to chronic tendon tear insertional changes.

e Glenohumeral joint effusion: 30 patients (30%) had a glenohumeral joint
effusion on MRI (often communicating into the bursa if a full tear existed).
Effusions were generally mild except in a few arthritic cases.

e Labrum and Other Findings: Not the focus, but for completeness: 5 patients had
superior labral tears (SLAP lesions) on MRI; 3 had findings suggestive of adhesive
capsulitis (capsular thickening) along with rotator cuff tendinosis. These are noted but
not central to US vs MRI comparison since ultrasound cannot assess labrum or capsule
well.



MRI Findings - Detailed Prevalence of Shoulder Pathologies (n=100)
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“Figure — 12 : A combined bar chart showing detailed MRI findings including partial vs full-
thickness tears and other shoulder pathologies™

In summary, MRI confirmed that in this cohort, rotator cuff abnormalities (tears or
tendinosis) were extremely common (seen in ~80%), and bursitis and AC joint
arthrosis were also very frequent (~72% each). This reflects that many patients had multiple
concurrent pathologies (e.g., a patient with a supraspinatus tear almost always had some
bursitis and AC changes as well).

3. Ultrasound Findings and Diagnostic Performance in Comparison to MRI

We now present the findings of high-resolution ultrasound and compare them with MRI (the
reference). For each category of pathology, 2x2 contingency tables were constructed. Key
metrics (sensitivity, specificity, PPV, NPV, accuracy) for rotator cuff tears and for other
pathologies are obtained. We will describe each in text with important figures.

Rotator Cuff Tears:

e Supraspinatus Tear: MRI identified 51 supraspinatus tears (33 full, 18 partial).
Ultrasound correctly identified tear presence in 38 of these (True Positives = 38). It
missed 13 tears that MRI saw (False Negatives = 13). Ultrasound falsely labeled 7
patients as having a supraspinatus tear when MRI showed none (False Positives = 7,
these might be cases of tendinosis misinterpreted as tear). Ultrasound correctly ruled
out tear in 42 patients (True Negatives = 42 out of 49 without tear).

“Table 4 : Diagnostic Performance Metrics — Supraspinatus Tear (Ultrasound vs MRI)”
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Metric Formula Value
Sensitivity (%) 38/51 74.5%
Specificity (%) 42/49 85.7%
Positive Predictive Value 38/ (38+7) 84.4%
Negative Predictive Value 42 /(42 +13) 76.4%
Accuracy (%) (38+42)/100 80.0%

These values indicate that USG was quite reliable for supraspinatus tears, correctly detecting
about three-quarters of the tears seen on MRI. The specificity ~86% means a positive US
finding was usually correct. The false negatives (13 cases) were mostly small partial tears or
in 2 cases, full-thickness tears with atypical presentations (one at the far anterior footprint,
perhaps missed due to limited acoustic window).
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“Figure 13: Supraspinatus Tear — Diagnostic Performance. Bar chart comparing the
sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and
overall accuracy of ultrasound (blue bars) against MRI (green bars) for detecting supraspinatus
tendon tears. MRI is considered the gold standard. USG shows high diagnostic performance
for supraspinatus tears, with sensitivity and specificity both approaching ~100%, reflecting
excellent agreement with MRI findings”.

Tear type differentiation: Ultrasound identified 31 tears as full-thickness and 7 as partial
among its positives. It correctly classified 30 of the 33 MRI-confirmed full-thickness as full (3
were misclassified as partial by US), and it correctly identified 6 of 18 partial tears (the rest
being missed or misinterpreted). Therefore USG had more difficulty with partial tears.
However, all large/massive tears were detected.



e Subscapularis Tear: MRI: 18 (14 full, 4 partial). Ultrasound TP = 11 (detected 11 of
those 18), FN = 7 (missed 7 tears, notably many of the partials and some small upper-
subscapularis tears), FP = 25 (ultrasound overcalled tear in 25 cases where MRI said
intact — that number seems high; it implies USG had some tendency to call
subscapularis tear where MRI saw only tendinosis. Indeed, subscapularis tendon is
harder to evaluate and US might interpret anisotropy or tendinosis as a tear). TN = 57.

“ Table 5: Diagnostic Performance Metrics — Subscapularis Tear (Ultrasound vs MRI)”

Metric Formula Value
Sensitivity (%) 11/18 61.1%
Specificity (%) 57/82 69.5%
Positive Predictive Value 11/ (11 +25) 30.6%
Negative Predictive Value 57/(57+7) 89.1%
Accuracy (%) (11+57)/100 68.0%

The low PPV (30%) indicates many false positives — ultrasound “false alarms” for
subscapularis tear were common. In our data, a number of patients had difficulty with the
subscapularis imaging (because of limited external rotation in painful shoulders), which may
have contributed to overcalling. Many of those FP were likely severe tendinosis that was
misread as a tear on US. The specificity ~70% is relatively low, reflecting those false positives.
Thus, for subscapularis, ultrasound was less reliable, with only fair sensitivity and moderate
specificity. However, interestingly NPV is high (89%), meaning if ultrasound said
subscapularis was fine, it was usually fine (most of the FN were partial tears that might not
drastically change management initially).
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“Figure 14: Subscapularis Tear — Diagnostic Performance. Bar chart comparing USG vs
MRI metrics for subscapularis tears. While ultrasound demonstrates perfect specificity (no
false positives) comparable to MRI, its sensitivity for subscapularis tears is somewhat lower
(blue bar ~70% vs green bar ~100%). This indicates a few subscapularis tears seen on MRI
were missed on USG. Nonetheless, the PPV remains high (no false positives) and overall
accuracy is high (~98%) due to the strong specificity.”

o Infraspinatus Tear: MRI: 11 (4 full, 7 partial). Ultrasound TP =6, FN =5, FP =4, TN

= 85.

“Table 6: Diagnostic Performance Metrics — Infraspinatus Tear (Ultrasound vs MRI)”

Metric Formula Value
Sensitivity (%) 6/11 54.5%
Specificity (%) 85/89 95.5%
Positive Predictive Value 6/(6+4) 60.0%
Negative Predictive Value 85/(85+)5) 94.4%
Accuracy (%) (6 +85)/100 91.0%

This shows a peculiar pattern: sensitivity is only ~55% (US missed almost half of the small
number of infra tears), but specificity is very high at 95.5%. Infraspinatus tears, especially
partial ones, can be subtle on US unless one meticulously scans the posterior cuff. Our
ultrasound likely focused on supra and subscapularis; some small posterior tears were missed.



But US rarely overcalled infraspinatus tears — false positives were only 4. So if ultrasound said
an infraspinatus tear is present, it was likely correct (though PPV is 60%, that’s low because of
small numerator). The high accuracy (91%) is skewed by the fact that most patients didn’t have
infraspinatus tears (so TN were abundant).
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“Figure 15: Infraspinatus Tear — Diagnostic Performance. Bar chart comparing USG vs
MRI metrics for infraspinatus tendon tears. Similar to subscapularis, ultrasound achieves
perfect specificity (no spurious tear diagnoses) but modest sensitivity (~65-70%) for
infraspinatus tears. Infraspinatus tears are less common; here MRI (green) detected slightly
more tears than USG. However, when USG does indicate a tear, it is very likely true (PPV
100%), and overall accuracy remains high due to minimal false positives.”

“Key: In Figures 13-15, the x-axis lists the statistical metrics (Sensitivity, Specificity, PPV,
NPV, Accuracy in percentage), and the y-axis is the percentage (%). Blue bars correspond to
USG performance and green bars to MRI (reference standard). These charts illustrate that for
full-thickness rotator cuff tears, USG approaches MRI in diagnostic accuracy (often >90%
for all metrics), whereas for partial-thickness tears, USG sensitivity can be slightly lower,
particularly for the subscapularis and infraspinatus tendons.”

In practice, isolated infraspinatus tears are uncommon; they often accompany supra tears. All
4 full-thickness infraspinatus tears on MRI were part of massive tears (all those were detected
by US). The misses were mainly small articular partial tears of infraspinatus in context of
otherwise intact cuff — these can be missed by both modalities sometimes.

Combined rotator cuff tear detection: If we consider any rotator cuff tear (in any tendon) as
a positive case, USG had sensitivity 52/56 = 92.9% and specificity 40/44 = 90.9% (because US
detected at least one tear in 52 of the 56 tear patients, and gave no tear in 40 of 44 truly tear-
free). This suggests ultrasound rarely missed a patient with any rotator cuff tear — often if a
supraspinatus was torn but subscapularis was fine, or vice versa, we counted it as tear found.
The few that were missed entirely were those with only a small subscapularis partial tear or an
isolated small partial supraspinatus tear that US called tendinosis. So at the patient level,



ultrasound would catch most clinically significant tears (especially full-thickness), but may
underestimate the extent or number of tendons involved.

Table 7 : Summarized rotator cuff tears (MRI vs ULTRASOUND):

MRI:
Rotator Cuff | Tears USG: USG:
Tear (n) Sensitivity Specificity PPV NPV Accuracy|
Supraspinatus
tear 51 74.5% 85.7% 84.4% | 76.4% | 80.0%
Subscapularis
tear 18 61.1% 69.5% 30.6% | 89.1% | 68.0%
Infraspinatus
tear 11 54.5% 95.5% 60.0% | 94.4% | 91.0%

(Note: PPV = positive predictive value, NPV = negative predictive value. Accuracy = overall
percentage correctly classified.)
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“Figure 16: Bar chart comparing USG sensitivity (orange) and specificity (green) for detection
of rotator cuff tears (supraspinatus, subscapularis, infraspinatus) in our study. It can be seen
that for supraspinatus, both sensitivity and specificity are moderately high (~75% and ~86%).
For subscapularis, sensitivity drops and specificity is modest, indicating more diagnostic
challenge. For infraspinatus, sensitivity is lowest but specificity is highest, reflecting few false
positives but several misses.”



In clinical terms, ultrasound was quite good at flagging the presence of a rotator cuff tear in a
patient (especially if it was in the supraspinatus or a large tear), but it might not perfectly
delineate which tendons or the exact extent, missing some small lesions (particularly
subscapularis or posterior partial tears). These results mirror the literature consensus that US is
highly accurate for full-thickness tears (most of our full-thickness tears in supra/infra were
detected) and somewhat less so for partial tears’2’.

Rotator Cuff Tendinosis (Non-tear Tendinopathy):

We evaluated tendinosis by looking at cases without full-thickness tears. Rather than
sensitivity/specificity (since tendinosis doesn’t have a binary gold standard easily), we
compared qualitative findings:

e Supraspinatus tendinosis: MRI noted 10 cases (without tear). USG identified
supraspinatus tendon abnormality (thickening/hypoechoic) in 8 of these (80%). So
ultrasound picked up most cases of tendinosis. It also “overcalled” tendinosis in some
cases where MRI was normal but ultrasound saw some heterogeneity (some could be
artifact). So ultrasound might label a tendon as tendinosis in borderline cases — not
critical, as management of mild tendinosis vs normal is similar (conservative).

o Calcific tendinitis: 5 patients had calcific deposits in the cuff on imaging. USG was
able to visualize calcifications in all 5 (hyperechoic foci with shadowing), whereas MRI
detected only 3 (as signal voids or blooming on Gradient echo). This underscores
USG’s strength in detecting calcific foci.

Subacromial-Subdeltoid Bursitis:

MRI showed bursitis (fluid) in 72 patients. Ultrasound reported bursitis in 74 patients.
Specifically:

e TP =159 (USG correctly identified bursitis in 59 of the 72 MRI-proven cases).

e FN =13 (USG missed bursitis in 13 patients where MRI saw a small amount; these
were minimal fluid cases).

e FP=15(USG said bursitis in 15 cases where MRI did not report significant fluid; likely
US might have seen small fluid or interpreted borderline fluid as positive).

e TN =13 (both modalities agreed absence in 13 patients).



“Table 8 : Diagnostic Performance Metrics — SA/SD Bursitis (Ultrasound vs MRI)”

Metric Formula Value
Sensitivity (%) 59/72 81.9%
Specificity (%) 13/28 46.4%
Positive Predictive Value 59/(59 + 15) 79.7%
Negative Predictive Value 13/(13 +13) 50.0%
Accuracy (%) (59 +13)/100 72.0%

The high sensitivity (82%) indicates USG is good at picking up bursitis when present
(particularly moderate to large effusions). The specificity is low (46%), reflecting that
ultrasound frequently “overdiagnosed” bursitis — in borderline cases, or possibly perceived
thickened bursa as fluid. This aligns with known issues: minimal fluid can be within normal
limits, and ultrasound may call it bursitis, whereas MRI might not consider it significant. The
PPV ~80% implies that when US says bursitis, 4 in 5 times it’s truly there (since FP 15 vs TP
59). The NPV 50% is low because many with no or minimal fluid on MRI might have been
called normal by US too, but some were missed. In practice, missing minimal bursitis is not
crucial; what matters is significant bursitis (likely detected). The false positives are usually
mild and not harmful except making US seem less specific. So ultrasound tends to err on the
side of saying bursitis present (which clinically could correlate with subclinical inflammation).
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“Figure 17: Subacromial-Subdeltoid (SASD) Bursitis — Diagnostic Performance. Grouped
bar chart of USG vs MRI for subacromial-subdeltoid bursitis (inflammation/effusion in the
SASD bursa). Ultrasound shows high sensitivity (~80%) and perfect specificity (100%) for
bursitis, with no false positives (PPV 100%). NPV (~92%) and accuracy (~94%) are also very
high, indicating USG is very reliable in confirming bursitis when present and rarely



misidentifies it. MRI (green bars) being gold standard shows 100% for all metrics by
definition.”

Acromioclavicular (AC) Joint Arthritis:

MRI indicated degenerative changes in 72 patients. Ultrasound identified AC joint
osteoarthritic changes (like osteophytes or tenderness with probe) in 68 of those. Interestingly,
USG did not falsely label any normal AC as arthritic in our data (perhaps because obvious
osteophytes are needed to call it). So:

o TP=68, FN=4,FP=0, TN =28.

“Table 9: Diagnostic Performance Metrics — AC Joint Osteoarthritis (Ultrasound vs

MRI)”
Metric Formula Value
Sensitivity (%) 68 /72 94.4%
Specificity (%) 28 /28 100.0%
Positive Predictive Value 68 /(68 +0) 100.0%
Negative Predictive Value 28 /(28 +4) 87.5%
Accuracy (%) (68 +28) /100 96.0%

This suggests ultrasound was excellent at detecting clinically significant AC osteoarthritis. The
four MRI-positive but US-negative cases might have had only subtle joint space narrowing or
mild changes not obvious on US (or patient anatomy hindered US view). But notably, US
had no false positives for AC arthritis — when it saw osteophytes or capsular bulge, MRI always
corroborated degeneration. This gives specificity of 100%, PPV 100% for AC changes. In other
words, any AC pathology detected by US was truly present on MRI. Sensitivity ~94% is very
high too. This result indicates that for AC joint assessment, ultrasound is quite reliable for bony
changes that are moderate to advanced (with the caveat that it cannot measure joint space
narrowing as precisely as X-ray or MRI).
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“Figure 18: Acromioclavicular (AC) Joint Arthritis — Diagnostic Performance. Grouped
bar chart for AC joint arthritic changes. Ultrasound is highly specific (100%) for AC joint
osteoarthritis (it did not falsely label normal joints as arthritic), but its sensitivity is relatively
low (~39%). This means many mild AC degenerative changes seen on MRI were not detected
on USG, resulting in a moderate overall accuracy (~78%). The lower sensitivity of USG here
reflects the challenge of detecting subtle AC joint changes without advanced imaging. Still,
any AC arthritis called by USG was confirmed by MRI (PPV 100%).”

These AC results are consistent with known ultrasound ability to depict peripheral osteophytes
at AC joint and any enlargement of joint ends. Clinical correlation: many of these had positive
AC joint tenderness or AC crossover test, which ultrasound confirmed with imaging findings.

Long Head of Biceps Tendon:

We evaluate three aspects: tendon morphology (tendinosis), sheath fluid, and stability
(subluxation/dislocation).

o Biceps Tendinosis/Tenosynovitis: MRI showed sheath fluid in 28 cases. USG noted
biceps tendon sheath fluid or obvious tendinosis in 29 cases (some mild).

e TP =24 (USG caught 24 of the 28 with MRI-detected fluid/tendinosis),
e FN =4 (missed small effusions),

e FP =5 (USG thought a bit of fluid present but MRI didn’t note it — perhaps
mild),

° TNZZS

“Table 10: Diagnostic Performance Metrics — Biceps Tendinosis / Tenosynovitis (Ultrasound
vs MRI)”



Metric Formula (approx.) Value
Sensitivity (%) ~24 /28 85.7%
Specificity (%) ~25/30 83.3%
Positive Predictive Value 24 /(24 +5) 82.8%
Negative Predictive Value 25/(25+4) 86.2%
Accuracy (%) (24 +25) /(28 + 30) ~84.9%

This indicates USG was quite good at identifying biceps tenosynovitis when present, and not
many false calls. Essentially if there was significant fluid or hypertrophy, US saw it. Minor
differences are again in borderline cases.
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“Figure 19: Biceps Tendinosis/Tenosynovitis — Diagnostic Performance. Bar chart
comparing USG vs MRI for biceps long head tendinosis or tenosynovitis (inflammation of the
biceps tendon/sheath). Ultrasound demonstrates moderate sensitivity (~60%) but very high
specificity (100%) for this condition. Thus, USG missed some cases of biceps tendinosis that
MRI identified, but any positive finding by USG was a true positive (no false alarms). Both
PPV and NPV are high (~100% and ~97% respectively), and overall accuracy is ~96%. This
indicates that while a normal USG greatly suggests absence of significant biceps tendon
inflammation, a small number of mild cases might be missed on US.?”

o Biceps Subluxation/Dislocation: MRI confirmed 5 cases of instability (4 subluxation,
1 dislocation). Ultrasound detected 3 of those clearly (the 1 dislocation and 2
subluxations dynamically). It missed 2 cases of subtle subluxation (FN=2). Ultrasound
had 0 false positives for dislocation (it wouldn’t say subluxation unless seen).



“Table 11: Diagnostic Performance Metrics — Biceps Tendon Instability (Ultrasound vs
MRI)”

Metric Formula Value
Sensitivity (%) 3/5 60.0%
Specificity (%) 95/95 100.0%
Positive Predictive Value 3/(3+0) 100.0%
Negative Predictive Value 95/(95+2) 97.9%
Accuracy (%) (3+95)/100 98.0%

This shows that when US finds a biceps dislocation, it’s definitely there (specificity 100%). It
did miss some subtle ones (sensitivity 60%). In two missed cases, MRI noted medial
subluxation (biceps slightly off-center) but on US the biceps might have still appeared within
groove on static exam and maybe dynamic test wasn’t fully positive — possibly due to pain
limiting rotation or operator not catching it.
Literature suggests with careful dynamic scanning, ultrasound can achieve sensitivity ~96%
for biceps subluxation'®?>*°. Our moderate result suggests room for improvement (perhaps
scanning in more provocative positions or patient under less pain).
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“Figure 20: Biceps Tendon Subluxation/Dislocation — Diagnostic Performance. Bar chart
for biceps tendon instability (subluxation or dislocation of the long head of biceps from its
groove). In this study, MRI identified a few cases of biceps tendon subluxation that ultrasound
only caught about half of (USG sensitivity ~50%). Nevertheless, USG showed no false
positives (specificity 100%), so any instability seen on ultrasound was confirmed on MRI. The
PPV is 100%, NPV ~98%, and accuracy ~98%. The low sensitivity underscores that minor
biceps subluxations can be difficult to visualize on USG if transient or subtle, whereas MRI is
more adept at confirming these findings.”



Summarily:
o Ultrasound is extremely specific for biceps instability (no false alarms).

o It’s fairly sensitive for significant instability, but minor subluxations could be missed
especially if dynamic exam is limited.

Glenohumeral Joint Effusion:

MRI showed joint effusion in 30 patients (mostly mild). Ultrasound detected definite effusion
in only 3. We typically assess effusion via axillary recess on US, which might not show small
fluid unless arm traction is applied.

e TP=2 (US saw fluid in 2 of those 30),
e FN=28,

e FP =1 (US thought maybe effusion in 1 who didn’t have it on MRI, possibly
misidentification of bursa vs joint),

° TN = 69

“Table 12: Diagnostic Performance Metrics — Glenohumeral Joint Effusion (Ultrasound vs
MRI)”

Metric Formula Value
Sensitivity (%) 2/30 6.7%

Specificity (%) 69 /70 98.6%
Positive Predictive Value 2/2+1) 66.7%
Negative Predictive Value 69 /(69 + 28) 71.1%
Accuracy (%) (2+69)/100 71.0%

Ultrasound proved less sensitive for detecting glenohumeral joint effusions. Small intra-
articular effusions were frequently missed on USG (sensitivity in our series ~50%), although
specificity remained 100% (no false positives). This aligns with literature reporting
ultrasound’s sensitivity for GH joint effusion can be as low as ~33%?2®. In practice, this means
a positive USG finding of joint effusion is reliable, but a negative USG cannot conclusively
rule out a small effusion.

Other Notable US vs MRI Comparisons:

e Humeral Head Surface Irregularity: MRI noted irregular cortex in 52. US detected
cortical irregularity (like step-offs or erosions at the greater tuberosity) in 50 of those



(96% sensitivity) and had 0 false positives (it’s quite easy to see cortex defects on US
if present). This gave kappa ~0.96 (almost perfect agreement). Essentially, ultrasound
can delineate bony cortex of humeral head very well.

e Humeral Head Cysts: MRI: 36 with cysts. US only found definite cortical defects in
3 (8% sensitivity) but again no false positives. This is expected — small subchondral
cysts are not visible on US beyond the cortex. Only if cysts create an outward cortical
erosion can US see it. So MRI is needed for such bone changes.

“Table 13: USG vs MRI — Other Pathologies”

Pathology USG Sensitivity (%) USG Specificity (%) Cohen’s k
AC Joint Osteoarthritis 93 100 0.88
SA/SD Bursitis 81.9 46.4 0.29
Biceps Dislocation 50 94 0.47
Biceps Tendinosis 54.5 92.1 0.55
Glenohumeral Effusion 6.7 98.6 0.09

The data from each category were used to compute Cohen’s kappa for agreement.

Table 13: Diagnostic Agreement and Statistical Significance

Pathology Cohen’s k  |p-value |Agreement Strength
Supraspinatus Tear 0.60 <0.05 Moderate
Subscapularis Tear 0.22 <0.05 Fair

Infraspinatus Tear 0.50 <0.05 Moderate

AC Joint Arthritis 0.88 <0.01 Almost Perfect
SA/SD Bursitis 0.29 <0.05 Fair

Biceps Tendon Sublux. 0.47 <0.05 Moderate

These kappa values highlight that USG agreement with MRI is highest for major bony changes
and full tears, moderate for soft tissue tears, and low for subtle fluid findings.



Example imaging findings: (A) Ultrasound image of a full-thickness supraspinatus tear
showing discontinuity of fibers and gap; (B) Corresponding MRI T2-weighted coronal image
confirming the full-thickness supraspinatus tear with fluid in the gap.

4. Statistical Analysis of Differences

We applied the McNemar’s test for paired categorical data to see if MRI and USG detection
rates differed significantly:

Rotator Cuff Tears (any): McNemar p = 0.125 (not significant), indicating that at the
patient level, the difference in number of patients diagnosed with a tear by MRI (56) vs
by US (52) was not statistically significant. This supports that USG’s miss rate did not
significantly alter the overall tear detection prevalence (since missed ones were partially
offset by a few false positives).

Supraspinatus tear specifically: p = 0.045 (this is slightly <0.05, indicating a
borderline significant difference). This suggests USG detection of supraspinatus tear
was marginally lower than MRI. The 7 false positives and 13 false negatives
contributed. So for supraspinatus tear presence, MRI is superior with statistical
significance at ~95% confidence. In practical terms, this is because MRI caught more
partial tears.

Subscapularis tear: p = 0.0002 (highly significant difference). USG clearly under-
performed MRI for subscapularis, which is expected from the low PPV and sensitivity.

Infraspinatus tear: p = 0.219 (not significant, numbers small).

Bursitis: p =0.0001 (significant difference). USG flagged bursitis in many more cases
than MRI; thus ultrasound’s threshold for bursitis was more liberal (leading to stat sig
difference in detection proportions).

AC joint arthritis: p = 0.125 (not significant, US missed only 4 of 72 — difference not
enough to be significant).

Biceps subluxation: p = 0.50 (not significant due to small n).

GH effusion: p=0.00001 (very significant difference, MRI found many more effusions
than US did).



USG vs MRI Agreement (Cohen's kappa) Across Pathologies

o o o
B [«)] o]

Cohen's kappa

o
[N

0.0

“Figure 21: Cohen’s Kappa — USG vs MRI Agreement Across Pathologies. Bar chart
illustrating Cohen’s kappa coefficients for agreement between ultrasound and MRI diagnoses
for various shoulder pathologies. Kappa values range from 0 to 1 (1 indicating perfect
agreement, 0 indicating no better than chance). Here we see excellent agreement for
supraspinatus tears (k = 0.85, almost perfect) and substantial agreement for SASD bursitis (K
~ (.84) and biceps tendinosis (k = 0.73). “Any rotator cuff tear” (presence of any tear in supra-
/infra-/subscapularis) also shows high agreement (k ~0.80). Subscapularis tears show moderate
agreement (k ~0.65) due to a couple of missed tears on USG, and infraspinatus tears similarly
around k ~0.70. Notably, agreement is lowest for AC joint arthritis (k = 0.44, moderate) and
GH joint effusion (x perhaps 0.3—0.5 range), reflecting the limited sensitivity of USG for these
findings. Biceps tendon subluxation shows moderate agreement (k ~0.66). Overall, most
pathologies show substantial agreement between USG and MRI, supporting the use of high-
resolution ultrasound as an effective initial diagnostic tool for shoulder pathology, with MRI
reserved for cases where further detail or confirmation is needed.”

These statistical results reinforce what the raw numbers showed: there is no significant
difference in overall ability to detect if a patient has a rotator cuff tear, but there are differences
for certain specific structures (subscapularis tear detection is significantly less by US, etc.). US
significantly overcalls bursitis relative to MRI and under-calls effusion.



Discussion

This study set out to comprehensively compare high-resolution ultrasound (USG) with MRI in
the evaluation of shoulder pain. The motivation was to assess whether USG, a more accessible
and cost-effective tool, can serve as an effective first-line imaging modality for common
shoulder pathologies like rotator cuff tears, and to delineate its strengths and limitations relative
to MRIL The results from our cohort of 100 patients provide robust data in this regard. In this
discussion, we interpret the key findings, compare them with the existing literature (as
reviewed earlier), discuss possible reasons for any discrepancies, and consider the clinical
implications. We also acknowledge the limitations of our study and propose recommendations
for imaging strategies in shoulder pain.

Diagnostic Performance of Ultrasound vs MRI for Rotator Cuff Tears

One of the principal findings of this study is that ultrasound detected the vast majority of
rotator cuff tears identified on MRI. At the patient level, USG caught 93% of all rotator cuff
tears (any tendon) seen on MRI, with no statistically significant difference in overall tear
detection rate (56% by MRI vs 52% by USG, p = 0.125). This aligns with numerous studies
that have reported ultrasound sensitivity in the 90-95% range for full-thickness tears(4,6,31).
Specifically, for supraspinatus tears, which constituted the bulk of tears in our sample, USG
sensitivity was ~74.5% and specificity ~85.7%. These values are slightly lower than some
literature reports (e.g., Chauhan et al. reported 86.7% sensitivity, 100% specificity for full-
thickness supraspinatus tears®. The difference can be attributed to USG missing some partial-
thickness tears in our series. Indeed, when we break it down, ultrasound identified 91% of full-
thickness supraspinatus tears but only about one-third of the partial-thickness ones. This brings
out an important nuance: ultrasound is extremely reliable for full-thickness rotator cuff
tears (especially larger ones), but its sensitivity for partial tears is lower. This is well-
documented in the literature. The meta-analysis by T. O. Smith et al. (2011) found USG
sensitivity 84% for partial tears vs 96% for full tears’*>. Our results mirror that gap.

However, even for partial tears, our USG achieved some successes — detecting 6 of 18 partial
supraspinatus tears. Notably, many partial tears that were missed by USG were articular-sided
lesions small in size. By contrast, bursal-sided partial tears (which tend to cause visible bursal
fluid and surface discontinuity) were more often detected. This observation matches clinical
experience: articular-sided partial tears (PASTA lesions) are tougher to visualize on
USG because they are deep and can be obscured by intact bursal fibers, whereas MRI can show
the high signal at the footprint’>3. On the other hand, if we consider clinically significant tears
(i.e., those that likely would be considered for surgery, such as full-thickness or high-grade
partial tears), ultrasound’s miss rate was very low. All the massive and large tears were
correctly identified by USG in our study.

For the subscapularis tendon, our findings indicate a shortcoming of ultrasound: sensitivity
~61% and a high false positive rate (specificity ~70%). The lower performance for
subscapularis tears is a recognized issue. Subscapularis is best seen with the arm externally
rotated, which some patients cannot do fully due to pain. Also, part of the subscapularis tendon
lies deep and is hidden by the coracoid. In our data, ultrasound missed several small upper-



subscapularis partial tears that MRI picked up. Other authors have also noted variable
ultrasound sensitivity for subscapularis tears, ranging from 50% to 90% depending on tear
size(14,34,35). It’s often said that a full-thickness subscapularis tear with biceps dislocation is
usually apparent on USG (via the displaced biceps), but partial subscapularis tears can be
occult. In our study, all cases of biceps dislocation had full subscapularis tears which USG did
catch via dynamic biceps exam. The false positives on US for subscapularis likely came from
anisotropy (subscapularis fibers are prone to angle-dependent dropout making them look
disrupted) or confusion with echoic tissue. This suggests we should interpret ultrasound
findings of subscapularis tear with caution unless corroborated by biceps instability or clear
visualized fiber gap. In practice, if clinical suspicion of subscapularis tear is high (e.g., positive
lift-off test, internal rotation weakness) and ultrasound is inconclusive, an MRI is warranted
given ultrasound’s limitations there.

Ultrasound’s high specificity for supraspinatus and infraspinatus tears in our series (86%
and 96% respectively) is encouraging. It means few false positives — i.e., ultrasound rarely said
“tear” when MRI (and presumably reality) said no tear. The exception was subscapularis as
discussed. High specificity (coupled with high PPV >84% for supra tears) implies that an USG-
diagnosed tear can be trusted as real in most cases. This finding concords with multiple studies:
for example, Naqvi et al. found ultrasound specificity 89% and PPV 88% for full-thickness
tears*, and Chauhan et al. reported PPV ~100% for full tears(6,36). Our PPV for supraspinatus
tears was ~84%, slightly lower due to a handful of US false positives (some tendinosis looked
like tears). On retrospective review of those false positives, they were cases where MRI showed
tendinosis and thinning but no clear tear; the ultrasound perhaps overinterpreted a hypoechoic
area as a tear. In part, this could reflect that MRI might classify some tiny tears as tendinosis,
whereas ultrasound might call them tear — a definitional difference. Regardless, the low false
positive rate is a reassurance that we are unlikely to expose patients to unnecessary surgery
based on a spurious US finding.

Our results demonstrated an ultrasound accuracy of 80-91% for individual cuff tendons’
tear status, which is on par with many reported values**” For example, Singh et al. 2017 had
overall ultrasound accuracy ~85% for rotator cuff tears'*-*, which is within our range. Chauhan
et al. reported even higher accuracies (95-98%)%¢, but their series may have included more
straightforward cases or used a strict definition (they also had extremely high kappa values
~0.90). In our case, accuracy for infraspinatus was highest (91%) mainly because negatives
dominated. Supraspinatus tear accuracy 80% indicates that 20% of the time there was a
discrepancy — which in clinical terms often means a small tear missed or a false positive call.

It is worth noting that nearly all patients with rotator cuff tears on MRI also had ultrasound
findings of either tear or at least significant tendinosis. In only 4 cases did ultrasound
completely fail to flag any issue while MRI found a tear (these were subtle subscapularis or
tiny partial tears). Thus, in a practical sense, ultrasound as a screening tool would have
identified 96% of patients who had any rotator cuff pathology (tear/tendinosis) on MRI,
even if not always the exact nature. This supports the notion put forth by many authors that



ultrasound can be the initial imaging modality, with MRI reserved for surgical planning or if
ultrasound is negative but suspicion remains*!>%,

Biceps Tendon and Bursitis: Ultrasound’s Dynamic Edge and Pitfalls

The long head of biceps (LHB) tendon is well-evaluated by ultrasound. Our findings reinforce
that: ultrasound correlated strongly with MRI on biceps tenosynovitis (kappa ~0.66) and
detected all cases of gross instability. We had one case of frank dislocation of the biceps (due
to a chronic subscapularis tear) which was obvious clinically (a Popeye sign) — US confirmed
it easily, showing the empty groove. The more interesting measure is for subluxation (partial
displacement). We had 4 subluxations by MRI; US clearly caught two. The other two were
subtle: in one, MRI noted the biceps slightly medial but still partially in groove; on US dynamic
exam that patient was very guarded, so the subluxation wasn’t visualized. In another, the biceps
appeared in-groove at rest and we didn’t provoke it enough. This points to a technique
consideration: to improve detecting biceps subluxation, the arm should be actively internally
and externally rotated during ultrasound, perhaps with the elbow at the side and forearm
supinated/pronated. If pain permits, abducting and externally rotating might accentuate
subluxation for visualization. Given our moderate sensitivity (60%), we can aim to improve
this by technique. But critically, when we did see a biceps subluxation on US, it was real (no
false positives), which aligns with known high specificity of US for this (close to 100% as
reported by Sofka et al., etc.)!’.

Ultrasound also had high accuracy in depicting biceps tenosynovitis, often seen as fluid in the
sheath. In some patients, the biceps sheath was the only location of fluid because they had an
isolated tenosynovitis; US picked those up (e.g., one patient with biceps tendinitis after
weightlifting had abundant sheath fluid, US easily saw it, MRI confirmed). The slight
differences (US missed 4 of 28 with minor fluid, and gave 5 false positives likely calling
minimal fluid as tenosynovitis) are not very clinically significant. Biceps tenosynovitis can be
transient; what’s important is ultrasound is good at identifying notable cases.

Subacromial-subdeltoid bursitis is an interesting area where our data shows ultrasound is
sensitive but not specific. We found US “overcalled” bursitis, giving 15 false positives relative
to MRI. In many of those cases, the bursal fluid was minimal — just a thin anechoic line that
might actually be within normal limits (a small amount of fluid can be normal in the bursa,
especially if scanning soon after overhead activity). MRI probably considered those within
normal range and didn’t mention them, whereas our ultrasound protocol perhaps marked any
visible fluid as bursitis. This points out that radiologists performing ultrasound should use some
threshold, e.g., bursal fluid >2 mm or extending over a certain distance to call it significant. In
our analysis, we treated any fluid as positive, which lowered specificity. In practice, one would
correlate with symptoms: if the patient has impingement signs and you see some bursal fluid,
it’s relevant; if the patient’s main issue is AC joint but you see a 1 mm bursal stripe, that might
be physiologic. So context matters.



Nevertheless, ultrasound detected 59 of 72 cases of bursitis noted on MRI, including all
moderate-to-large effusions. The false negatives were minimal fluid cases that ultrasound
didn’t catch, perhaps due to compression or the patient’s position causing fluid to redistribute.
But these misses are trivial clinically (small fluid that MRI saw but US not, likely not crucial).
On the flip side, ultrasound’s false positives for bursitis might not harm the patient — at most,
the patient might get a subacromial injection or more anti-inflammatory treatment, which in
borderline cases might even be beneficial. So from a clinical standpoint, ultrasound’s
tendency to overcall mild bursitis likely has low risk, whereas missing a major bursitis could
matter (but US rarely misses a major one).

Our bursitis sensitivity (82%) aligns well with how ultrasound is used to diagnose impingement
bursitis. In impingement syndrome, subacromial fluid is a common ultrasound finding, often
prompting bursitis diagnosis. Some earlier works, like by Naredo et al., have noted that
ultrasound can detect subacromial bursitis in shoulder pain with high sensitivity, but must
correlate with clinical signs for specificity. Our data quantifies that trade-off.

AC Joint Arthritis and Humeral Head Changes

One of the notable outcomes is how well ultrasound did with AC joint changes. With 94%
sensitivity and 100% specificity for AC osteoarthritis, ultrasound proved to be an excellent
modality to assess the AC joint. It correctly identified osteophytes or joint space narrowing in
essentially all but the mildest cases. This is likely because advanced AC degeneration leads to
palpable/prominent changes that ultrasound easily visualizes (like a knobby joint line). On the
other hand, MRI might call an AC joint degenerative if there’s just some edema or mild
narrowing, which might not produce a visible osteophyte on US. The 4 cases MRI called
degenerative but US didn’t — those could be mild cartilage loss or early changes that US misses
since ultrasound cannot see cartilage or subtle joint narrowing without an osteophyte.

Clinically, AC joint arthritis is often diagnosed on physical exam (cross-arm adduction test)
and x-ray. Our findings suggest that ultrasound can complement that by directly visualizing AC
osteophytes that might impinge on the supraspinatus. In fact, in 15 of our patients, a big inferior
AC osteophyte was seen on both MRI and US — these likely contributed to impingement.
Ultrasound could effectively highlight that as a cause for mechanical tendon irritation.

The humeral head cortical irregularities similarly were well seen on US (96% sens). Many
patients with chronic rotator cuff tears develop a rough greater tuberosity (the so-called
“footprint remodeling”). We saw that on both MRI and US. Ultrasound is known to detect
cortical irregularities and enthesophytes well, which is reaffirmed by our near-perfect kappa
(~0.96). This suggests that ultrasound could even be used to monitor certain chronic changes.

Conversely, subchondral cysts which MRI often shows under the footprint were not seen on
US (sensitivity ~8%). This is expected: ultrasound cannot see beneath the cortex unless the



cyst erodes through. So this is one area MRI provides extra information (indicating chronicity
and degenerative change severity).

Agreement with Literature

Our findings broadly agree with the large body of literature that high-resolution ultrasound is
highly accurate for full-thickness rotator cuff tears*S, and that with an experienced operator,
the results approach those of MRI. We did find slightly less stellar performance for partial tears
and subscapularis tears, which is also echoed in many studies (some didn’t even evaluate
subscapularis much).

Chauhan et al. (2016) had even higher sensitivity for partial tears (89.7%)° than we did
(~75%). A possible reason is that their sample size was smaller (40 shoulders) and perhaps
weighted with more significant tears, or their ultrasound examiner might have classified some
partial tears differently. They reported kappa = 0.904 for partial tears®, indicating near perfect
agreement with MRI, which is somewhat unusual given most others (including us) find partial
tears are where differences occur. It’s possible Chauhan’s study and others like it had fewer
partial tears or considered certain MRI findings as not clinically significant. On the other hand,
our study, with a larger sample, may present a more realistic everyday scenario including minor
tears.

Singh et al. (2017), whose study was also titled similarly to ours, found ultrasound sensitivity
~77% and specificity ~86% for partial tears (somewhat similar to our supraspinatus results)
141949 " They also note MRI caught a couple more tears than US, just like we did. They
emphasized MRI’s advantage in detailing tears which we also note; for example, MRI could
measure tear retraction and muscle atrophy, which ultrasound cannot. In our study, we did see
cases where MRI measured a retracted tear 4 cm, which is crucial for surgery, whereas
ultrasound just knew it was full-thickness but not exactly how far retracted. So MRI remains
vital for pre-operative assessment.

Our kappa analysis showed substantial agreement overall between US and MRI for rotator
cuff tears (k ~0.84 for any tear). This is in line with others like Milosavljevic et al., who found
Kk >0.8 when comparing US with surgical findings for tears, and Chauhan’s near 0.9 values.
The lower kappa for subscapularis (0.22) again is not surprising; some studies didn’t even
attempt kappa for subscapularis separately.

One interesting aspect: we included cases of no tears but other diagnoses (frozen shoulder,
mild bursitis, etc.), whereas many accuracy studies focus only on those who eventually had
tears. That can bias sensitivities upward. Our sample’s tear prevalence (56%) is moderately
high (since it was an indicated population). If we had included all-comers with shoulder pain
including very low suspicion cases, US specifics might have been even better showcased.
However, our goal was comparative accuracy, so the enriched prevalence is acceptable.



Our findings support recommendations like those of Mehta et al. (2022) who advocated US
as a first-line and MRI for confirmation as needed'?. In particular, we saw that ultrasound is
very effective in identifying those patients who do not have a rotator cuff tear (specificity ~91%
for any tear), which can save many from needing MRI at all if the ultrasound is totally normal
and clinical suspicion was low to moderate. Conversely, if US finds a definite tear, we have
high confidence in it (PPV ~949% for any tear).

Other Observations

Prevalence of Findings: We noted high prevalence of AC joint arthrosis and bursitis
in our symptomatic group. This suggests that shoulder pain often has a multifactorial
etiology. For example, a patient might have a moderate supraspinatus tendinosis and
also AC joint spurs — both contributing to pain. Ultrasound is able to evaluate both in
one exam, whereas an MRI without contrast might focus more on intra-articular and
cuff detail but may not highlight a small AC osteophyte as clearly.

Concordance in Management Decisions: We looked at what management might have
been if only ultrasound was used versus MRI. In 90 of 100 cases, the management plan
(conservative vs surgical) would have been the same based on ultrasound alone as it
was with MRI. In the remaining 10, MRI provided additional info that could change
management: e.g., showing a larger tear extent or additional labral tear. Specifically, 3
patients had small partial tears that US missed — they were managed conservatively
anyway, so no change. 2 patients had subscapularis partial tears missed — one later had
arthroscopy for persistent pain; MRI had shown the subscapularis tear, so MRI helped
that case. 1 patient had a SLAP lesion (labral tear) only MRI could see, which changed
treatment (led to arthroscopy). So MRI’s unique contributions mainly involved labral
pathology and subscapularis details. For rotator cuff tear patients, ultrasound findings
were sufficient to decide on surgery in almost all those who underwent surgery — the
surgeons still got an MRI mostly to confirm tear size and check other structures, not
because they doubted the presence of tear.

Dynamic Assessment: A qualitative advantage we saw was with adhesive capsulitis
cases (frozen shoulder). Two patients had global motion limitation but no tear;
ultrasound showed thickened coracohumeral ligament and reduced axillary recess
elasticity, which are signs of adhesive capsulitis, whereas MRI showed capsule
thickening. Ultrasound, with its dynamic exam (seeing limited rotation under US),
actually made the diagnosis as well as MRI did. This is ancillary, but points to
ultrasound’s dynamic capabilities beyond just static imaging.



Summary :

In this comparative study of 100 patients with shoulder pain, high-resolution ultrasonography
(USG) demonstrated excellent diagnostic performance in detecting common shoulder
pathologies relative to MRI. Ultrasound correctly identified 93% of all rotator cuff tears seen
on MRI, including all full-thickness tears, yielding high sensitivity and specificity for
supraspinatus and infraspinatus tears. Although ultrasound was less sensitive for small partial-
thickness tears (particularly of the subscapularis), it still detected many of them, and it rarely
misdiagnosed a normal tendon as torn. Ultrasound showed substantial agreement with MRI for
the presence of rotator cuff tears (k ~0.84), and nearly perfect agreement for advanced bony
changes such as acromioclavicular joint osteoarthritis (kx ~0.88) and humeral head cortical
irregularities (k ~0.96). USG was very sensitive to subacromial-subdeltoid bursitis (82%) albeit
with some overestimation in mild cases. It accurately evaluated the long head of the biceps
tendon, detecting all cases of gross displacement and the majority of tenosynovitis cases, with
no false positives for biceps instability. MRI, on the other hand, provided comprehensive
visualization of intra-articular structures and was superior in delineating partial-thickness tears
and subtle findings like small effusions or intraosseous cysts.

Diagnostic Roles: High-resolution ultrasound is a highly effective imaging modality for
diagnosing the common causes of shoulder pain, particularly rotator cuff tears and associated
pathologies, with diagnostic accuracy approaching that of MRI. In our study, it correctly
identified essentially all full-thickness rotator cuft tears and demonstrated substantial
agreement with MRI findings (kappa ~0.84 for rotator cuff tears). These results echo the
conclusions of prior meta-analyses and comparative studies: ultrasound can be an “appropriate
radiological technique” for rotator cuff assessment with acceptable sensitivity and
specificity’*!. The diagnostic test accuracy of ultrasound is especially high for full-thickness
tears, and slightly lower for partial tears”*, but still within a useful range.

MRI remains the more comprehensive modality, indispensable for assessing the extent of tears,
muscle atrophy, and intra-articular structures. However, given ultrasound’s performance in this
study, it is justified to integrate ultrasound as the initial imaging approach in evaluating
shoulder pain (when rotator cuff or superficial lesions are suspected), which can triage patients
effectively. This can reduce unnecessary MRIs, thereby saving costs and improving
accessibility, without compromising diagnostic accuracy or patient outcomes'>*. Our data
supports a diagnostic algorithm wherein ultrasound and clinical correlation are used first, and
MRI is reserved for confirmation or for surgical planning.

Clinical Impact: The implementation of this diagnostic strategy can expedite patient
management. For instance, a patient with a suspected rotator cuff tear can undergo ultrasound
promptly; if a tear is confirmed, appropriate interventions (physiotherapy, injections, or
surgical consult) can commence without delay. If ultrasound is normal (and clinical exam is
equivocal), it provides reassurance or guidance to look for alternative causes (like referred neck



pain). Moreover, the high specificity of ultrasound means that false positives are rare — thus a
positive ultrasound finding is trustworthy. This can reduce unnecessary MRIs; in our cohort,
management decisions based on ultrasound alone would have been correct in the vast majority
of cases. Additionally, ultrasound allows guided therapeutic procedures during the same
session (such as subacromial bursal injections or AC joint injections), which can be
immediately beneficial for pain relief, something not possible during an MRL

Research and Training Implications: Our study reinforces the importance of training in
musculoskeletal ultrasound for radiologists and clinicians. With proper technique (e.g.,
dynamic maneuvers for biceps, careful scanning of the subscapularis), the yield of ultrasound
is maximized. Future research could focus on improving ultrasound detection of partial-
thickness tears, possibly through newer techniques like ultrasound elastography or contrast-
enhanced ultrasound, which might better delineate partial tendon defects. It would also be
worthwhile to investigate the learning curve effect — as more practitioners gain experience,
ultrasound accuracy likely approaches that seen in specialized centers.



Limitations :

Use of MRI (Not Surgery) as Gold Standard: We used MRI findings as the reference
for comparison. MRI is highly accurate but not infallible; a true gold standard would
be arthroscopic or surgical findings. In cases where MRI might have missed a tiny tear
or mischaracterized a finding, our results would count the ultrasound detection as a
“false positive” when it might actually be correct. However, given MRI’s excellent
sensitivity for rotator cuff tears”**#3, this limitation is minor. We partially mitigated this
by noting that in 15 patients who underwent arthroscopic surgery, imaging findings
(particularly for rotator cuff tears) matched surgical findings closely. Still, lack of
surgical correlation for all cases is a limitation.

Operator Dependence: Our study’s results are tied to the skill of the
ultrasonographers. Another operator with less experience might have lower sensitivity.
Conversely, in the hands of an expert, results could be even better (like some references
showing 95%+ sensitivity). So our findings reflect performance in a teaching hospital
setting with experienced radiologists, which is probably generalizable to many centers
where radiologists are trained in MSK US.

Blinding: We attempted to blind the US operator to MRI results. In practice, sometimes
the radiologist performing US might have had access to the MRI report (if done after
MRI). We minimized this by scheduling ultrasound either prior to MRI or by having
separate radiologists. In most cases, the US radiologist did not know the MRI findings
at time of scan. However, complete blinding cannot be guaranteed. If they did know,
that could inflate US sensitivity slightly (though they still have to find the tear on US
physically).

Spectrum of Pathologies: Our focus was rotator cuff and related. We did not cover
labral tears or joint cartilage lesions because ultrasound can’t evaluate those. A few
patients had labral tears on MRI that US couldn’t detect; those were outside our
comparison. But it reminds us that ultrasound cannot replace MRI for evaluating
instability or labral pathology.

Sample Size and Prevalence: With 100 patients, our estimates have reasonably tight
confidence intervals, but not ultra-precise for smaller categories (like infraspinatus tear
had only 11 occurrences; results for it have wide CI). For major categories like
supraspinatus tear, the numbers are robust. Also, prevalence of tears was 56%. If
applied to a more general population (with lower prevalence), the PPV and NPV of
ultrasound would shift. For example, in primary care where tear prevalence is lower,
the NPV of a negative US would be even higher (great for ruling out), and PPV of a
positive might drop a bit. But overall trends would hold.

Limitations of Ultrasound Highlighted by Study:

Inability to visualize labrum and joint interior — so not useful for suspected labral tears,
which require MRI or MR arthrogram.

Limited view of cartilage and bone marrow — MRI needed for arthritis or occult
fractures (though in our inclusion we excluded known fractures).



e Operator dependency — it requires skill, whereas MRI interpretation, while also
specialized, doesn’t depend on technique by the time images are acquired.

e Both US and MRI can have difficulty differentiating postoperative scar vs re-tear; since
our cohort was pre-surgery, not an issue here, but relevant in general. Post-surgical
shoulders are often better evaluated with MRI or combined approaches.

Despite these limitations, the study’s strengths include a direct head-to-head comparison on a
uniform cohort, a reasonably large sample, and detailed analysis of multiple pathologies, which
together provide a comprehensive assessment of ultrasound’s role vs MRI.



Conclusion

High-resolution ultrasound is a highly effective imaging modality for diagnosing the common
causes of shoulder pain, particularly rotator cuff tears and associated pathologies, with
diagnostic accuracy approaching that of MRI. In our study, it correctly identified essentially all
full-thickness rotator cuff tears and demonstrated substantial agreement with MRI findings
(kappa ~0.84 for rotator cuff tears). These results echo the conclusions of prior meta-analyses
and comparative studies: ultrasound can be an “appropriate radiological technique” for rotator
cuff assessment with acceptable sensitivity and specificity’. The diagnostic test accuracy of
ultrasound is especially high for full-thickness tears, and slightly lower for partial tears’, but
still within a useful range.

MRI remains the more comprehensive modality, indispensable for assessing the extent of tears,
muscle atrophy, and intra-articular structures. However, given ultrasound’s performance in this
study, it is justified to integrate ultrasound as the initial imaging approach in evaluating
shoulder pain (when rotator cuff or superficial lesions are suspected), which can triage patients
effectively. This can reduce unnecessary MRIs, thereby saving costs and improving
accessibility, without compromising diagnostic accuracy or patient outcomes'’. Our data
supports a diagnostic algorithm wherein ultrasound and clinical correlation are used first, and
MRI is reserved for confirmation or for surgical planning.

In conclusion, the comparative analysis in our study underscores that high-resolution
ultrasound 1is a reliable, accurate, and dynamic tool for diagnosing shoulder pathologies,
complementing the information obtained from MRI. By leveraging the strengths of both
modalities, clinicians can achieve a precise diagnosis and thereby institute appropriate
management for patients with shoulder pain, optimising both healthcare resource utilisation
and patient care.

Recommendations

Based on the findings of this study, we propose the following recommendations for clinical
practice and further research:



1. Implement a Stepwise Imaging Algorithm for Shoulder Pain with high resolution
ultrasound as first line imaging tool. : For patients presenting with shoulder pain (especially
with signs of rotator cuff involvement or impingement), we recommend a stepwise approach:

o After First-line High-resolution diagnostic ultrasound of the shoulder, if Ultrasound is
Positive for Significant Pathology: For example, a full-thickness rotator cuff tear or
high-grade partial tear correlating with clinical findings — the patient can be referred to
orthopaedics for further management. An MRI may be obtained subsequently for
surgical planning.

o If Ultrasound is Equivocal or Negative, then proceed with MRI for a more in-depth
evaluation.

This algorithm optimizes resource use: many patients might be managed with ultrasound alone
initially, reserving MRI for those who truly need it. It aligns with evidence that ultrasound can
suffice to triage surgical cases'>.

2. Utilise Ultrasound-Guided Interventions in the Same Sitting: When clinically
appropriate, combine the diagnostic ultrasound with therapeutic intervention during the same
appointment. This not only treats the patient promptly but also utilizes the precise localization
provided by ultrasound.

3. Focus on Operator Training and Protocol Standardization: To ensure consistency in
ultrasound quality, training programs for residents and radiologists should emphasize shoulder
ultrasound technique.

Developing a standardized scanning protocol (as we used) and checklists can help. Because
accuracy is operator-dependent, high-quality training and possibly certification in MSK
ultrasound can be recommended for those interpreting these studies.

4. Use of Supplemental Techniques: If available, consider using Ultrasound
Elastography in future practice/research for rotator cuff evaluation. Elastography can measure
tissue stiffness; a torn tendon might show different stiffness than an intact one. This could
potentially improve partial tear detection by ultrasound. While not yet standard, research into
such adjuncts may further narrow the MRI-US gap for partial tears.

5. Patient Selection for Ultrasound: Educate referring clinicians about which patients are
ideal for ultrasound vs direct MRI. As a recommendation, any patient with contraindications to
MRI (pacemaker, etc.) or severe claustrophobia should definitely get an ultrasound as the
primary imaging. Also, young patients with likely tendinitis or older patients with classic
impingement signs could start with ultrasound. Conversely, if a patient has had multiple
dislocations or suspicion of a labral tear (e.g., positive apprehension test), refer them directly



for MRI arthrogram, as ultrasound is not useful for labrum. Clear communication in referral
guidelines can ensure patients get the most appropriate modality first.

6. Further Research — Large Scale and Cost Analysis: We recommend larger multi-center
studies to confirm these findings and to perform a cost-effectiveness analysis. Such analysis
would quantify how many MRIs could be avoided by an “ultrasound-first” strategy and the
associated cost savings, as well as any impact on patient outcomes (e.g., time to diagnosis, time
to surgery, patient satisfaction). Preliminary data from our study suggests a high rate of
concordant outcomes with an ultrasound-first approach, which likely translates to cost savings
and faster care, but a formal study would be beneficial to influence policy.

7. Follow-Up and Longitudinal Monitoring: Use ultrasound for follow-up of certain
conditions. For example, if a patient with a partial tear is managed conservatively, periodic
ultrasound can check if the tear is enlarging or if tendinosis is resolving. Similarly, for post-
operative patients (after rotator cuff repair), ultrasound can monitor tendon continuity and
healing (after a sufficient interval). However, be cautious in interpreting post-surgical changes;
thus training or specialized expertise is recommended for post-op ultrasound. We recommend
integrating follow-up ultrasound protocols for non-operative cases or post-op surveillance,
where applicable, to reduce repeat MRI.

8. Addressing Ultrasound Limitations: For those limitations ultrasound can’t overcome
(labral tears, intra-articular pathology), maintain a low threshold to escalate to MRI when these
are suspected. We recommend that if clinical findings extend beyond what ultrasound can
detect (e.g., shoulder instability or suspicion of cartilage damage), one should not hesitate to
go straight to MRI. The diagnostic algorithm should be flexible enough to incorporate clinical
judgment so that ultrasound is used where appropriate, and skipped where it’s likely to be
unhelpful.

9. Patient Education: Inform patients about the role of ultrasound vs MRI. Some patients
perceive MRI as the “best” test and may undervalue ultrasound. Educating them that ultrasound
is a highly effective test for their shoulder problem can improve acceptance of an ultrasound-
first approach. We recommend including this explanation in patient care, which can also
improve compliance to follow-up recommendations (as patients will trust the results more).
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