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Abstract

Background: Ultrasound (US) imaging is an efficient, easy to use and inexpensive tool allowing
for facilitated diagnosis and management of the painful shoulder. It remains primarily used by
radiologists and rheumatologists, despite having shown excellent diagnostic accuracy when used
by different medical specialities in their office-based consultation. It also has advantages over
other imaging modalities in the evaluation of the postoperative shoulder for rotator cuff integrity
and correct anchor and suture placement, as well as rotator cuff analysis following arthroplasty.
Integration of US imaging into the orthopaedic surgeon’s toolbox can be aided by a basic
understanding of US principles, accompanied by a guide outlining basic techniques for
evaluation of the healthy, pathological and postoperative shoulder as well as US-guided
treatment possibilities.
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1. Introduction

Diagnostic ultrasound (US) is an undeniably helpful and essential resource in musculoskeletal medicine.
Being rapid, accessible, dynamic, noninvasive, with rare side-effects and few demands on the patient, it has
been widely integrated into the rheumatologist’s and sport medicine physicians’ toolbox [1,2]. Moreover,
this investigation is relatively inexpensive. Parker et al. estimated that replacing magnetic resonance
imaging (MRI) with US for the evaluation of specific shoulder pathology would save the United States $6.9
billion in health care costs between 2006 and 2020 [3]. The different specialists use US imaging to their
advantage, for rapid analysis and diagnosis of easily accessible structures. It allows for office-based triage
of lesions and pathologies, with those needing more in-depth investigation being sent on to radiology.
When used as a guide, US also allows for more accurate joint injections, and is even advantageous over
fluorosocopic guided joint injections [4,5]

2. Although it has a few disadvantages (being operator dependent with a relatively long learning
curve and with little use in obese or severely limited mobility patients), it clearly has its place for
use by the orthopaedic community as a first line diagnostic and treatment tool. Shoulder pain is a
common complaint in an orthopaedic surgeon’s consult. Finding what is responsible for the pain is
evaluated through history taking, clinical examination, as well as further imagery. Rotator cuff
lesions, although not solely responsible for the majority of shoulder pain, are often suspected, and
their implication generally must be confirmed by further investigations, the choice of which is
argued between US and MRI. It has been shown that US and MRI have comparable accuracy in
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identifying fullthickness rotator cuff tears, and that US is accurate in predicting rotator cufftear
reparability [2,6]. However, US seems to have lower accuracy compared to magnetic resonance
arthrography (MRA) for measuring these rotator cuff tears and differentiating between partial and
fullthickness tears [2,6].Whentaking into account accuracy, cost, and safety, Roy et al.[7]found
that US was the best option compared with MRI and MRA. Additionally, it has been shown that
the diagnostic accuracy of US in the characterisation of partial- and full-thickness rotator cuff
tears, as well as tendinopathy, is similar
whether done by a trained radiologist, sonographer or orthopaedic surgeon, and efficacy of rotator cuff tear
determination is increased after the introduction of shoulder US [7,8]. These findings encourage its use as a
first-line screening tool for suspected rotator cuff tears by the orthopaedic surgeon.
Many resources are available reviewing US examination of the shoulder. However, few authors discuss
techniques of US imaging in the surgical shoulder. This article will briefly review healthy shoulder US
before outlining pathological imaging and mostimportantly, post-operativefindings, in order for the
orthopaedic surgeon to more easily integrate this useful tool into his or her consultation. 2. US
characteristics of regularly encountered structures in the shoulder As more thoroughly outlined by lagnocco
[9], it is important to understand the basic principles of how US imaging works in order to accurately
interpret images and be able to differentiate between not only healthy and pathological structures, but also
between endogenous tissues and exogenous materials. US imaging is possible due to waves that are
reflected and absorbed differently, depending on a tissue’s density and the velocity of sound within it,
giving the tissue its unique acoustic impedance value. These reflected waves are then translated into a black
and white image. Structures that show as bright white images are termed hyperechoic (having a high
percentage of reflection, for example bone), darker images are given by hypoechoic structures (having a
low percentage of reflection) and structures shown by a black image are known to be anechoic (having little
or no reflection, for example, liquid). It is therefore clear that all tissues and materials will have different
appearances depending on their respective characteristics (Fig. 1).

Deltoid
(muscie)

Humeral
head (bone)

Fig. 1. Long head of the biceps tendon within the bicipital groove, visualised on its transverse axis. US
image (a) with superimposed anatomy (b) and patient/probe position (c).

5776
Eur. Chem. Bull. 2023,12( issue 1),5775-5788



Possible Role of Ultrasound in Assessment of Repaired Shoulder Joint

Section A-Research paper

When a transducer is placed on a patient's shoulder, there must be direct contact with the skin, using gel to
avoid an air gap, which would create an intense reflection and allowing little or no energy to penetrate for
further imaging, due to the large difference of acoustic impedance between air and skin. Underneath the
superficial hyperechoic skin layer lies the sub-cutaneous tissue, or fat, which is hypoechoic and contains a
few hyperechoic striae of connective tissue, followed by muscle, also hypoechoic, and containing many
either hyperechoic lines (on a longitudinal image) or hyperechoic dots (on a transverse image), representing
the endomysium, perimysium and epimysium.

Some of the most important structures to analyse in the surgical shoulder are the rotator cuff tendons. On
longitudinal images, these are seen as linear hyperechoic fibrillar patterns (only when perfectly
perpendicular, avoiding anisotropy artefact), representing the endotendineal and peritendineal septa. It is
important to differentiate between a tendon that is hypoechoic due to pathology or due to anisotropy.
Finally, the deepest anatomic structure visualised is bone, which produces a bright white image due to the
large difference in acoustic impedance between it and soft-tissue, with very little (if no) energy continuing
on. The same can be seen with calcifications within soft tissue, creating an anechoic shadow behind the
calcification. Articular cartilage on the other hand, is seen as anechoic.

In the post-operative shoulder, different non-organic structures can be seen, such as sutures, anchors, metal,
and certain plastics, each creating different effects. One such is shadowing, as seen with bone, when there is
an absence of signal deeper to a hyperechoic structure. Sutures and polyethylene generate this sort of
artefact due to the large impedance difference between them and the surrounding structures [10]. Another
effect, this time encountered with metallic and glass objects, is the comet tail artefact, seen as hyperechoic
bands deeper to the object, created by multiple internal reverberations occurring within these types of
objects [11]. The last non-organic objects likely to be encountered in the postoperative shoulder are
anchors, composed primarily of metal, polyether ether ketone (PEEK), polylactic acid but also calcium
triphosphate [12]. These can have various aspects depending on the exact composition but are generally
highly anisotropic, and are therefore difficult to see; as already mentioned, metal creates a comet tail
artefact, as does polyactic acid and calcium triphosphate, while PEEK is much less visible, creating (when
visible) a hyperechoic image of multiple aligned dots.

3. Basic examination of the healthy shoulder

US examination of the shoulder should be carried out using a systematic approach, analysing structures
sequentially. The easiest position in which to carry out the entire examination is having the patient sitting
on a seat with no backrest, in order to be able to have posterior access for the probe and to be able to move
the shoulder in all directions [13]. As examiner, one can be standing or sitting, depending on personal
preference. The various structures to be examined, the objectives as well as patient and probe positioning
are outlined below.

3.1. Long head of the biceps tendon (LHB)

When examining the biceps tendon, place the patient's arm and probe as depicted in Fig. 1. This will allow
transverse visualisation of the biceps tendon as well as its internal structure, to ensure that it lies within the
bicipital groove and that there is no excess fluid surrounding it. Chang et al. suggest that <1 mm of fluid
being normal while >3 mm is a severe effusion [14]. Anisotropy can be avoided by ensuring the probe is
perpendicular to the tendon. The probe can then be rotated by 90 degrees in order to examine the tendon on
its long axis, to ensure its integrity (Fig. 2).
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Fig. 2. Long head of the biceps tendon, visualised on its longitudinal axis. US image (a) with superimposed
anatomy (b) and patient/probe position (c).

3.2. Subscapularis tendon and coracoid process

The subscapularis tendon, which inserts on the medial border of the bicipital groove and is a large group of
tendons (8 cm superiorly to inferiorly) coming from a mutltipennate muscle, is best visualised with the
shoulder in external rotation, elbow kept firmly by the thorax (Fig. 3), drawing the tendon out from beneath
the coracoid process. While looking at the tendon's long axis, its integrity can be analysed, as well as its
relationship with surrounding structures by dynamically performing internal and external rotation of the
shoulder. Examination of the short axis of the tendon (by rotating the probe by 90 degrees) reveals its
multifascicular pattern, and allows complete analysis from its upper border (with the biceps tendon lying
supero-laterally), where injuries often begin, to its lower border.
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Fig. 3. Subscapularis tendon, visualised on its longitudinal axis. US image (a) with superimposed anatomy
(b) and patient/probe position (c). Moving the probe cranio-caudally will allow for full analysis of the
tendon.

3.3. Rotator cuff interval

The space through which the LHB passes as it leaves the glenohumeral jointis called the rotator cuff
interval. The patient position is the same as for evaluation of the LHB, with the probe being placed slightly
superiorly to the bicipital groove and in the axial plane (Fig. 4). The LHB is thus visualised with the
subscapularis medially and the supraspinatus laterally, while the coracohumeral and superior glenohumeral
ligaments surround it.

Fig. 4. Rotator cuff interval, containing the long head of the biceps, with a longitudinal view of the
subscapularis medially and transverse view of the supraspinatus laterally, while the coracohumeral and
superior glenohumeral ligaments surround it. US image (a) with superimposed anatomy (b) and
patient/probe position (c).

3.4. Supraspinatus tendon and subacromial-subdeltoid bursa

The supraspinatus tendon is best visualised with the shoulder in abduction and internal rotation, by asking
the patient to place the palm of their hand on their back pocket, elbow pointed backwards (Fig. 5). In
patients presenting with reduced range of motion (adhesive capsulitis for example), maximal internal
rotation with the arm hanging by the side of the thorax can be sufficient. The long axis of the tendon is most
useful for analysing integrity of the tendon on the footprint (measuring approx. 2 cm medially to laterally),
and is visualised by holding the probe in a tilted position (therefore not a true coronal plane but at an
approx. 45 degree angle, following the line of the humerus—Fig. 5). This position also allows visualisation
of two other structures: the subacromial-subdeltoid bursa (and the presence of excessive liquid, see below)
and the humeral head along with its articular cartilage (and possible surface defects). In the axial plane
(again not truly axial but at 90 degrees to the previous plane), the leading edge of the supraspinatus can be
identified laterally to the biceps tendon. Moving the probe laterally will reveal the midportion of the tendon,
with the anterior part of the infraspinatus eventually coming into view as an anisotropic and dark image (as
the fibres run in a different plane).
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Rotator Cuff Tears
The rotator cuff can present partial- or full-thickness tears, the former having no communication between
the glenohumeral joint and the subacromial-subdeltoid bursa while the latter does [11]. Recognising these
tears on US images can be difficult, and there are various signs that can aid in their recognition (Fig.5, ),
outlined in the table below (Table 2). Diagnosing incomplete tears can be particularly challenging if they
are partially or completely shielded by bony structures (acromion) [15]. Normal supraspinatus tendon
thickness evaluated by US (Fig. 5), varies between 4.4-5.75 mm [16], [17], [18], [19]. This variability is
probably due to lack of standardisation of examiner position as well as transducer, recording and
measurement parameters, and differences in population and their health status [17]. Injured supraspinatus
tendon thickness documented by MRI has been found to be 5.4 £1.3 mm [20]. Any doubt concerning
tendon tears should of course be further investigated by MRA. A suspraspinatus thickness above 9 mm is
suspicious of a Fosbury lesion [21], [22].

~—

Fig.5. Supraspinatus partial thickness tear: anechoic tendon changes, focal tendon thinning.

C—————
| ——————— - — —— D — . ——
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Fig. 6. Supraspinatus full thickness tear: naked tuberosity. US image (a) with superimposed anatomy (b).

p— = ~ C—

Fig. 7. Supraspinatus full thickness tear: “sagging peribursal fat sign” and cortical irregularities. US image
(a) with superimposed anatomy (b).

Fig. 8. Effusion surrounding the long head of the biceps, an indirect sign of rotator cuff pathology. US
image (a) with superimposed anatomy (b).
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Analysis of the rotator cuff muscles is important before determining indications for operative repair of the
rotator cuff tendons. Muscle atrophy is not always easy to evaluate using US and requires expertise, but can
be visualised by comparing the rotator cuff muscle to the surrounding muscles (for example, the deltoid) in
regards to its bulk and reflectivity, and by analysing the central tendon, as fatty atrophy absorbs the US
beam more than muscle tissue therefore blurring the margins of the central tendon and of the muscle
itself [23], [24]. Additionally, because of the atrophy, fibrofatty septa become closer and therefore more
prominent, and superficial muscles can create an indentation in atrophied muscles (Fig. 9) [11]. Wall et
al. [24], having found the diagnostic performance of US to be comparable with that of MRI, propose a

Fig. 9. Supraspinatus muscle atrophy, grade 2. The supraspinatus muscle is hyperechoic, with no
discernible intramuscular tendon or muscle pennate pattern, in comparison with the trapezius and deltoid
muscles visualised superficially. US image (a) with superimposed anatomy (b).

4.2. Calcifying tendinopathy

Calcific deposits can be recognised on US images as hyperechoic structures within the body of a tendon
(Fig. 10). Although US can aid in localising these calcifications, it cannot identify and differentiate between
the various phases; however, large calcific deposits, showing positive power Doppler signal and provoking
subacromial-subdeltoid bursal reactions, have shown to be associated with shoulder pain [25], [26].
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Fig. 10. Calcific deposit within the supraspinatus tendon, visualised as a hyperechoic structure within the
body of the tendon. US image (a) with superimposed anatomy (b).

4.3. Subacromial-subdeltoid bursopathy

Thickening and distension of the subacromial-subdeltoid bursa can be a sign of different pathologies. To the
best of our knowledge, there has yet to be an accurate definition of subacromial bursopathy on US. Normal
bursal fluid thickness has been proposed but varies greatly, depending on whether the peribursal fat tissue is
included, and due to the intra- and intervariability associated with US as discussed above. It is generally
measured using as a landmark the hypoechoic strip within a hyperechoic layer of peribursal fat, located
between the deltoid muscle and supraspinatus tendon (Fig. 5), and can range from 0.66 mm to 2 mm in
normal conditions [17], [18], [19], [27], [28]. The only criterion for bursopathy published to date, using
MRI, appears to be by White et al. [29], who define an abnormal amount of liquid in the subacromial-
subdeltoid bursa to be present when the bursa fluid thickness is superior to 3 mm. This abnormal amount of
liquid can result from full thickness rotator cuff tears, creating communication between the glenohumeral
joint space and the subacromial-subdeltoid bursa, and from irritation of the bursa due to subacromial
impingement [29]. These entities can therefore be considered local bursal reactions and not true
inflammatory bursitis, which is due to other entities such as certain rheumatological diseases, crystal
deposit, infection or haemorrhage [30], [31]. Thickening of the bursa synovial lining is also a sign of bursal
reaction or true inflammation, and like effusion, there is no normal range defined for thickness, although a
difference between both shoulders of over 2 mm has been proposed to be significant [13]. Thickening can
also be seen as “bunching”, described below. By what has been described thus far in the literature, we can
suggest a definition of bursopathy as being a subacromial-subdeltoid bursa measuring more than 3 mm or
showing a difference of more that 2 mm compared to the healthy shoulder.

4.4. Impingement

There are numerous types of impingement syndromes, each having various aetiologies and
consequences [32], [33]. Visualising the impingement itself through dynamic analysis is more challenging
and requires more expertise

The most common is subacromial impingement, due to anatomical shape, os acromialis
or acromioclavicular joint osteophytes [34]. Dynamic analysis involves abduction of the shoulder during
imaging. Four signs have been described, including “bunching” of the subacromial-subdeltoid bursa or of
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the supraspinatus tendon beneath the acromium, “bulging” of the acromioclavicular ligament, and rarely
“blocking” of the supraspinatus tendon [35].

Posterior internal impingement occurs often in overhead athletes and involves pinching of the supra- and
infraspinatus tendons with the posterosuperior portion of the glenoid labrum when the shoulder is in
abduction/external rotation/hyperextension [33]. Dynamic imaging of this pathological impaction is carried
out with the patient's arm adducted and making external and internal rotation movements (Fig. 11) [36].

Fig. 11. Posterior impingement can be suspected when a partial thickness lesion of the articular surface of
the infraspinatus tendon (arrow) is associated with cortical erosions of the humeral head (arrow head). US
image (a) with superimposed anatomy (b). Adapted from Pesquer et al. [36].

A less common type of impingement concerns the subscapularis tendon during its passage between the
coracoid and humeral head [36]. As with subacromial impingement, this can be dynamically visualised by
internally rotating the shoulder when in position 2, revealing thickening and even snapping of the
subcoracoidal bursal tissue [23], [24], as well as narrowing of the coracohumeral interval [24].

4.5. Acromioclavicular joint arthropathy

Acromioclavicular joint pathology is relatively easy to analyse using US imaging. Pathological signs can be
detected (osteophytes, erosions, effusion and geyser phenomenon, being a large synovial cyst extending
into the supraclavicular fossa) and joint tenderness evaluated by applying pressure on the probe whilst
above the joint line [24]. Dynamic analysis (the patient's arm being brought from neutral position to a
“cross arm” position) can reveal joint subluxation [37].

4.6. Fractures

US has shown to have comparable sensitivity and specificity to x-ray for the diagnosis of fractures
following acute trauma, and in particular humeral fractures (sensitivity of 76.2%) [38], [39], [40]. It can
therefore be useful in identifying subtle greater tuberosity fractures that have gone undiagnosed.

5. Joint injections

In the shoulder, there are three spaces in which joint injections can be done, and these are facilitated by US
guiding [4], [5], especially when using cortisone as its entry into whichever space is seen as hyperechoic
particles, ensuring accurate placement of the medication. The needle is generally inserted in the same plane
as the probe, allowing for it to be followed until reaching the area needed to be injected. The specific
techniques will not be outlined in this article.

The most common is in the subacromial bursa, with the patient being in position 3, and injection of the
liquid is easily visualised as the bursa inflates The acromioclavicular joint space can also benefit from joint
injection, with easy visualisation of the needle within the joint space. Lastly, glenohumeral joint injection,
carried out posteriorly in position 4, can be more challenging, especially in patients with excess adipose
tissue, as the structures are deeper. It is important to visualise the posterior glenoid and labrum medially and
the humerus laterally, in order to correctly insert the needle into the intra-articular space (Fig. 18). Two
paramount signs to know that one is within the joint capsule is the disappearance of the injected liquid into
the joint, and the lack of resistance when injecting the liquid [13].
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Fig. 12. Subacromial-subdeltoid bursa joint injection. The needle is inserted at the mid-line of the lateral
edge and parallel to the probe, allowing it to be visualised entering the subacromial-subdeltoid bursa. US
image (a) with superimposed anatomy (b).

6. The surgical shoulder

US imaging is a useful tool for analysing the post-operative shoulder, particularly following rotator cuff
reparation. US classification of rotator cuff integrity has shown some prognostic value, aiding in prediction
of postoperative shoulder function [15]. It can also reassure patients with persistent pain as to adequate
tendon healing, and if it is not the case, diagnose complications such as anchor displacement or recurrent
tear; for this use, US has shown similar statistical strength as MRI, and even has certain advantages over
MRI, on which a recurrent tear can be difficult to diagnose due to repaired tendons showing persistent
altered signals for over 6 months due to tissue remodelling, liquid leakage from the glenohumeral to the
subacromial space being normal after surgery (opening of the rotator interval and passage of instruments
through the tendons) and foreign structures creating considerable artefacts [42]. Additionally, before
deciding whether a surgical revision is necessary, the quality of the bone, tendon and muscle can be
evaluated.

Post-operative tendons have been described as being hypoechoic with an absence of the normal fibrillar
pattern, as well as showing peritendinous vascularity (the tendon itself remaining relatively avascular), with
these three characteristics normalising over a period of 6 months [43], [44]. Additionally, the supraspinatus
tendon’'s anatomical footprint increases (7 mm to 9.3 mm) while its thickness has been shown to stay
constant or decrease, being within a range of 4.3 mm to 5.75 mm, over the 6-12 month postoperative
period [43], [44], [45]. Caution is proposed in patients showing postoperative US supraspinatus thickness of
less than 4 mm with regards to activities of daily living and rehabilitation. Different aspects can also be
present at the reinsertion zone, depending on the surgical technique used, such as persistent “sagging
peribursal fat sign” of the repaired tendon insertion and hyperechoic modifications due to the presence of
tendon reinforcement [34]. The Sugaya classification (Table 4), on the other hand, proposes sufficient
tendon thickness to be >2 mm; this classification, the only one to date validated for US evaluation of tendon
healing (originally developed for MRI), also takes into account tendon echostructure (echogenicity,
heterogenicity, continuity) [15], [46]. Concerning the subacromial-subdeltoid bursa following rotator cuff
repair (otherwise termed neo-bursa as subacromial-subdeltoid bursectomy is practically always carried out),
it shows effusion and increased thickness, which also decreases over time (from 1.9 mm at 1 week to
0.7 mm at 6 months) [34], [45]
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Fig. 13. Postoperative evaluation of rotator cuff repair using the Sugaya classification. A type Il tendon
shows insufficient thickness but does not show discontinuity (a), while in a type IV tendon there is the
presence of a minor discontinuity, suggesting a small tear (b).

The appearance of anchors and sutures has already been discussed previously, in the section concerning US
characteristics, and its analysis can be of particular interest in evaluating biodegradable suture and anchor
displacement, an uncommon complication of rotator cuff repair (Fig. 14) [47].

Fig. 14. Postoperative evaluation of rotator cuff repair, with visualisation of a suture and the posterior
shadow it creates (*).
Rotator cuff analysis by US following arthroplasty, although rarely carried out, can also be of importance
essentially for the subscapularis (Fig. 15). This tendon is a dynamic stabiliser of the humeral head, its
failure therefore having an effect on shoulder strength and function; imaging cannot, however, differentiate
between functional and non-functional structurally intact repairs [45]. US can also be useful for first-line
evaluation of other complications such as infection of the prosthesis, visualised by intra- or juxta-articular
effusion/liquid masses with hypervascularity on the Doppler, or migration of prosthetic fragments [34].

5786
Eur. Chem. Bull. 2023,12( issue 1),5775-5788


https://www.sciencedirect.com/science/article/pii/S1877056818302251?via%3Dihub#fig0100
https://www.sciencedirect.com/science/article/pii/S1877056818302251?via%3Dihub#bib0470
https://www.sciencedirect.com/topics/medicine-and-dentistry/arthroplasty
https://www.sciencedirect.com/science/article/pii/S1877056818302251?via%3Dihub#fig0105
https://www.sciencedirect.com/science/article/pii/S1877056818302251?via%3Dihub#bib0460
https://www.sciencedirect.com/topics/medicine-and-dentistry/hypervascularity
https://www.sciencedirect.com/science/article/pii/S1877056818302251?via%3Dihub#bib0405

Possible Role of Ultrasound in Assessment of Repaired Shoulder Joint
Section A-Research paper

Fig. 15. Postarthrosplasty evaluation for the presence of effusion, hypervascularity, migration of prosthetic
fragments, and of the rotator cuff tendons. US image (a) with superimposed anatomy (b).

US imaging is an excellent tool for evaluation of a painful shoulder, being easily accessible, rapid and
inexpensive and causing little or no discomfort to the patient. It has uses not only for initial diagnoses, but
also importantly for a surgeon, postoperative analysis, allowing earlier and more accurate recognition of
complications and bringing prognostic value and reassurance to patients.

This work was following results the study was demonstrated by Plomb et al. [48] who assessed guide to
ultrasound imaging of the postoperative rotator injured shoulder.
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