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Foreword

Ultrasound is a rapidly expanding imaging tool. Initially reserved for radiolo-
gists only, it was gradually adopted by other specialties: anesthetists, rheuma-
tologists, general practitioners. The noninvasive, nonradiant, portable, and
dynamic real-time imaging character makes this tool a real extension of the
practitioner's senses.

In recent years, surgeons of the upper limb, whether they are plastic sur-
geons or orthopedists, have more and more become aware of the potential of
this tool. Some classical techniques have already been converted under ultra-
sound control, such as the release of the median nerve to the carpal canal or
the cure of the trigger finger. The term ultrasonosurgery has thus been conse-
crated. Much remains to be discovered and codified, though.

The future of upper limb ultrasound surgery now depends on the research
and teaching of this transversal discipline requiring long learning. This is how
the interuniversity diploma (IUD) in ultrasonosurgery saw its creation in
2012, which has gathered a growing number of practitioners, ranging from
the intern to experienced senior surgeon. In the same logic, Thomas Apard
and Jean Louis Brasseur offer us, in this book, an already existing knowledge
base in ultrasound, as well as various ways of development. This book is
probably just the beginning of a long and exciting story that remains to be
written.

Marc Soubeyrand

Conservative and Traumatological
Surgeon Service, Bicétre Hospital
Le Kremlin-Bicétre, France

vii



Preface

Ultrasonography is one of the best examinations to explore upper limb disor-
ders from the shoulder to the digit. It is the only dynamic and comparative
tool easily accessible for the surgeon without side effects.

Indeed, ultrasonography is actually available in all the departments of
your hospital: in the operating room with the anesthesiologists, in the hospi-
talization area thanks to the radiologists, and in the emergency room with the
traumatologists.

Recent innovations permit to see superficially (high-frequency probes),
precisely (smaller probes), and with greater software for an effective Mode B
or Doppler mode. The screens are smaller and more convenient as in the past
in order to propose a better panel of machines for the practitioner from the
pocket scan to the big machine with rollers.

All these evolutions involve a good exploration and as the result, a relevant
education: it is the purpose of this book to unify all these talented ultrasound
practitioners to teach you how to get the better of the machines for your
patients.

Versailles, France Thomas Apard
Paris, France Jean Louis Brasseur
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Ultrasound in the Pathology
of the Rotator Cuff

Jean Louis Brasseur

1.1 Introduction

Performing the ultrasound of the shoulder can
only be done after a clinical examination
directed toward a pathology of the rotator cuff,
because in case of instability or articular pathol-
ogy, the role of ultrasound examination is much
less important.

It should also never be forgotten that in case of
pain evoking a damage to the cuff, the aim of
imaging investigations is to determine the cause
of this pain, which is not always easy, and the big
mistake is to stop at the first pathological picture
discovered, forgetting that the majority of the
lesions are asymptomatic (e.g., ruptures and cal-
cifications) [1, 2].

In this diagnostic approach, several elements
must be taken into account, inflammatory or
mechanical character, sudden and progressive
onset, but also the age of the patient, because the
prevalence of symptomatic but above all asymp-
tomatic ruptures increases progressively to
become very frequent after the age of 65 years
[3,4].

The evolutionary stage of discovery is also
decisive in the analysis of pain since calcification
causes a hyperalgesic crisis when it disappears

J. L. Brasseur (D<)

G.H. Pitié-Salpétriere, Service de Radiologie,
Paris, France

e-mail: jlbrasseur @impf.fr

[5], whereas a rupture leads to symptomatology
when the tendon tears and becomes the most
asymptomatic afterwards [1].

Finally, the various pathologies of the tendons
and their sheath are sometimes multiple, which
further complicates the determination of the pain
factor; thus the hypertrophic character of an
enthesopathy may cause an anterosuperior
impingement itself which generates bursitis.

The etiological assessment of cuff pain is
therefore not only the search for a rupture or a
preoperative assessment, it is much more com-
plex if one wishes to perform a correct analysis of
painful pathologies to guide the treatment
satisfactorily.

Let’s see how far ultrasound is able to bring
certain elements of response to the only impor-
tant question: what is the cause of the patient’s
pain?

1.2  Why Use Ultrasound?
After the clinical examination, the diagnostic
strategy, in case of a painful shoulder, first
uses standard X-ray images, but this combina-
tion (clinic + XR) is rarely sufficient to ana-
lyze the different painful etiologies of the cuff
[6-8].

Clinically, the differentiation of these patholo-
gies is difficult because, even if some elements
are specific, the same lesion often has a very dif-

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022 3
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ferent symptomatology from one patient to
another, and on the other hand, the anatomical
layering of the elements of the cuff limits the
clinical discrimination because painful palpation
can correspond to either bursitis or tendinopathy
[1,9-11].

Standard X-ray shots are essential to see joint
spacing and eliminate underlying pathology, but
in the case of cuff lesions they show only two
important elements:

e The thinning of the subacromial space which
testifies to a large image of ancient trans-
fixing rupture [7]

e The blurred and fragmented appearance of the
contours of a calcification oriented toward its
“active” character [8]

For the remainder, these are indirect signs
pointing to a pathology of the cuff that are
present:

e Irregularity of facets and subacromial densifi-
cation [8, 11]

e Importance of the frontal overhang of the
acromion since a very overlapping acromion
favors lesions of the cuff [12]

Then, in order to choose an imagery to prop-
erly explore a cuff, some prerequisites are indis-
pensable because the technique used must be
capable of:

e Differentiating the different anatomical ele-
ments between the insertion facets and the
deltoid

e Visualizing the two sides (joint and bursal) of
the cuff

* Showing the very structure of the tendons

Only two techniques meet these requirements:
ultrasound and MRI (or arthro-MRI).

In addition to the noninvasive and non-
irradiant nature, the advantages of ultrasound are
well known:

e The availability
e The cost (ten times cheaper!)

Fig. 1.1 Spatial resolution of the ultrasound allowing to
analyze the different tendon “layers”

T Maj;

Coiffe D

Fig. 1.2 Asymptomatic rupture (perforation) of the
supraspinatus cuff

But it is also necessary to add in connection
with these cuff lesions

e The importance of its spatial resolution
(Fig. 1.1).

e Its dynamic character very useful in the study
of this mobility articulation.

e The possibility of systematic comparison on
the opposite side given the numerous asymp-
tomatic lesions (Fig. 1.2) [1-4] requiring
bilateral examination. This last point is cru-
cial, often unknown, and if only one cuff is
examined, it is often the first anomalous image
discovered that makes the diagnosis and not
the true painful etiology.

The main pitfall of ultrasound is its great dif-
ficulty at the root of its reputation as an operator-
dependent examination. It requires a long
learning curve and the use of a high-performance
machine; these two elements are fundamental,



1 Ultrasound in the Pathology of the Rotator Cuff

and their lack of knowledge is at the root of many
disillusionments [13, 14].

For these reasons, the other limitations men-
tioned are most often problems of operator confi-
dence and understanding of the images; this
distrust is reinforced by the numerous errors
encountered.

It should also be borne in mind that ultrasound
of the shoulder never makes a comprehensive
assessment of this joint and that its isolated use is
dangerous and reprehensible. It is useful, after
standard X-rays, when the clinical examination
suspects a pathology of the cuff and has much
less interest in instability, a little more in the case
of articular pathology [15].

1.3 How Do You Do

an Ultrasound of the Cuff?

It must be repeated; it is a difficult examination
which, in order to be effective, requires a long
apprenticeship and the use of efficient equipment
[14, 16].

It is therefore essential, first of all, to learn
how to do this ultrasound on many asymptomatic
people of varying age and different morphology
before considering examining a patient; the many
variants must be known before approaching the
pathology because it is impossible without this
prerequisite: to assert that an image is abnormal.

For the same reason, it is better to start the
examination with the supposedly healthy shoul-
der to visualize how non-painful anatomical
structures are in this patient. Bursaries can be
thick, effusions are visible in a non-negligible
number of people, and there are many asymp-
tomatic calcifications (Fig. 1.3).

In addition, acromioclavicular changes and
irregularities of entheses are usually present after
35 years in patients with significant sports or
manual activity. There is also a high number of
asymptomatic, partial, or transfixative ruptures,
the percentage of which increases with age [1, 2].

Regardless of the painful topography and the
presumed clinical diagnosis, the examination
must be systematic, carried out always in the
same way to be complete and not stop at the first

Fig. 1.3 Voluminous calcification of the subscapularis in
an asymptomatic patient on this side

abnormal picture encountered; the biggest mis-
take in ultrasound is to directly put the probe on
the painful area.

Keyframes must always be identical, well
documented, understandable by all, and capable
of being reread. The number of these images may
be limited, but all the pathological elements rel-
evant to the diagnosis should be included. It is
necessary to be able to report the examination
solely on the basis of the documents given to the
patient; indeed, even within a dynamic sequence,
it is always possible to identify the instructive
shot, and the ultrasound shots must be reread as
in other techniques of imaging.

The use of a high-performance device is also
essential. The quality of the resources is increas-
ing, but the differences remain important.

In this context, it should never be forgotten,
when choosing an ultrasound device, that the
reflexogenous appearance of the subcutaneous
tissue progresses significantly depending on the
age of the patient and the essentially fat thickness
of the tissue. The beautiful images made on the
models are therefore of no interest because they
are not the ones we get in real life. It is necessary
to try the devices on elderly people and prefera-
bly obese!

The best criterion for choosing a machine for
a rotator cuff study is to differentiate in all
patients (and therefore mainly in obese and
elderly patients) the boundary between the super-
ficial slope of the supraspinatus and the subacro-
miodeltoid bursa (SADB). This differentiation is
crucial because it is one of the main elements of
the orientation of therapy (see below).
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1.4  Analysis of Painful Etiologies

After these indispensable elements:

* Clinical suspicion of damage to the cuff
e Standard X-rays performed

e Competent operator

e Conducting a bilateral review

e Using high-performance equipment

Let’s see how far ultrasound can differentiate
different symptomatic etiologies.

It is necessary first of all to separate acute
pathologies from chronic ones because their
ultrasound semiology differs fundamentally.

1.5 The Various Acute Disorders
Whether the acute lesion is posttraumatic, occurs
“in a serene environment,” or is the brutal aggra-
vation of a chronic injury, clinical examination is
often difficult, and the diagnostic contribution of
ultrasound is very important. Different lesions
can be found: tendon and bursal lesions are ana-
lyzed but also lesions of bone cortices and some-
times associated capsuloligamentous lesions, the
detection of which complements the ultrasound
assessment [16-18].

Bone and Osteoarticular
Lesions

1.5.1

If the spongy bone and the joint intervals are not
analyzable, the cortical lesions are perfectly
seen by ultrasound, which shows the interrupt-
ing images very clearly, especially in the case of
a fracture of the greater tubercle. These lesions
are sometimes ignored by the radiographic
assessment, which is often negative at the early
stage in usual cases. Fracture is detected on
ultrasound by an interruption of the hyperecho-
genic line of the cortex, sometimes accompa-
nied by displacement and in the overwhelming
majority of cases a neighboring hypoechogenic
zone (Fig. 1.4). It is important because it differ-

Coiffe.D Frontal

Fig. 1.4 Fracture of the greater tubercle. Interruption of
the cortex and hypoechoic neighborhood remodeling

Fig. 1.5 Fracture of the greater tubercle with disinsertion

of peripheral supraspinatus fibers and neighboring

bursitis

entiates old and recent lesions [19]. These
lesions are electively painful on an ultrasound
palpation and are most often accompanied by a
hematic bursal effusion with, in some cases, the
disinsertion of peripheral fibers of the supraspi-
natus (Fig. 1.5). Sometimes, if the line reaches
the joint side of the insertion, it will be an intra-
articular effusion that will be observed.
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Fig. 1.6 Posttraumatic irregularity of lesser tubercle
(bone edema through MRI) without cortical detachment

However, in some cases, the fracture line is pro-
longed by cracking in the thickness of the ten-
don, and in this case no effusion accompanies
the lesion.

A small irregularity of the cortex can also be
observed with a small remodeling of the neigh-
boring tendinous insertion expressing a bruise
(Fig. 1.6), but some of them are only visible in
MRI when they are not accompanied by any
change in the periphery of the bone. Anamnesis
helps to differentiate these lesions from degener-
ative irregularities.

Images of disinsertion of ossification nuclei
can be found in adolescents, particularly at the
subscapularis attachment; these lesions are
detected by a hypoechogenic range detaching the
nucleus from the superficial side of the cortex.
Their consolidation is quick at this age if care is
taken to prohibit any external rotational move-
ment of the arm.

Impactions are correctly detected, especially
those of the posterior side of the head after
anteroinferior dislocation (Fig. 1.7). Their dis-
covery is interesting to confirm a spontaneously
reduced dislocation, but the role of ultrasound is
primarily to check the integrity of the adjacent
tendon. Ultrasonic examination, however, is in no
way capable of making an overall assessment of
an accident of instability because the damage to

N ETR
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Fig. 1.7 Impaction on the posterior-superior side of the
head after spontaneously reduced dislocation

the labrum is only incompletely visualized, espe-
cially anterior; abnormal mobility is, on the other
hand, well analyzed on a posterior axial section
in dynamic ultrasound.

1.5.2 The Effusion and Bursitis

In ultrasound, effusions are indirect signs direct-
ing the diagnosis to either intra (effusion within a
scapulohumeral recess) or periarticular (effusion
within the SADB) pathology. Their recognition is
imperative in acute pathology.

As the examination is performed in a sitting
position, intra-articular effusion most often
results in the occurrence of a distension from the
bicipital recess leading to the appearance of an
anechoic area surrounding the long biceps at its
side. In some cases, the effusion is also visual-
ized at the posterior part of the interval (mainly in
external rotation) which lifts the deep slope of the
infraspinatus [20].

Detection of periarticular effusions (in the
subacromiodeltoid bursa) can be carried out at
several levels. We know the classical image of the
distended bursa facing the superficial slope of the
supraspinatus and extending along the lateral
slope of the humerus. However, some bursitis is
also observed under the acromiocoracoid liga-
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Fig. 1.8 Significant bursitis extending to the front of the
subscapularis
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Fig. 1.9 Simultaneous intra- and periarticular effusion
indicating, in acute form, a communication between the
two compartments

ment or in front of the anterior surface of the sub-
scapularis (the subscapular bursa communicates
in most cases with the subacromial and subdel-
toid bursas) (Fig. 1.8) [21].

In acute form, the presence of a double effu-
sion (coexistence of an intra effusion and a peri-
articular effusion) is almost pathognomonic of
transfixing lesion of the rotator cuff since the
existence of this double effusion means either
that there is a communication between the two
compartments or a double pathology (Fig. 1.9)
[22, 23].

In addition to its role as an indirect sign, post-
traumatic bursitis can also be painful; pain usu-
ally appears in the night following an indirect
trauma such as a fall on the wrist or elbow result-
ing in an impact between the humeral head and
the underside of the acromion.

Fig. 1.10 Sprain of the acromioclavicular joint with
painful removal of capsular insertion

1.5.3 Capsuloligamentous Lesions

At the scapulohumeral level, ligamentous dam-
age is only rarely detected during an ultrasound
examination of the shoulder, and the glenohu-
meral ligaments are very poorly visualized. On
the other hand, a lesion of the rotator interval
may be detected by hypoechogenic thickening or
disinsertion of the coracohumeral ligament at its
attachments on the upper part of the bicipital
groove with sometimes small bone avulsion sur-
rounded by a hypoechogenic zone and lowering
of the head (this is the aforementioned ligament
of this head).

Subluxation of the tendon of the long biceps
(LBT (long biceps tendon)), which then has a
normal fibrillar structure, in front of the anterior
surface of an intact subscapularis may be visible
in the event of rupture of this coracohumeral
ligament.

The capsuloligamentous lesions of the acro-
mioclavicular interval are often clinically
unknown and are well accessible to ultrasound.
It is the capsular detachments at the origin of a
hypoechogenic sleeve surrounding the extrem-
ity of the clavicle that cause the most severe
pain (Fig. 1.10), but simple joint distension can
be painful; these changes must be interpreted
according to the clinic (pain on palpation by
the probe) and compared to the opposed side
given the large number of asymptomatic
changes.
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1.5.4 Tendon Pathologies

They are rare in posttraumatic conditions, and
acute damage occurs most often on a “back-
ground” of chronic pain. They originate from sig-
nificant lesions and from different locations, the
detection and quantification of which are impor-
tant at this stage in order not to delay the initia-
tion of treatment.

1.6  Transfixing Ruptures
Posttraumatic damage on healthy tendon is rare
but easy to detect because, in addition to a “dou-
ble” effusion, a clear solution of continuity is
often clearly visible.

But the most frequent acute lesions occur in
case of aggravation of a preexisting lesion (inter-
est of anamnesis). In these cases, a transfixative
lesion is painful when it is formed, that is, when
a partial lesion is aggravated or when it occurs on
a field of chronic tendinopathy. These acute
transfixing lesions of the supra and/or infraspina-
tus, which aggravate another lesion (tendinopa-
thy and/or partial rupture), are difficult to
visualize in ultrasound because the classical cri-
teria (flat and/or tendon disappearance) are not
present in the acute phase. The borders of a recent
injury are often poorly defined, and there is usu-
ally a simple diffuse hypoechogenic swelling of
the tendon within which the zone of interruption
is not visible (Fig. 1.11). Stretching and compres-
sion maneuvers should be carried out in order to
best unmask this rupture passing through the ten-
don and thus communicating the two joint com-
partments through an anechoic area rarely visible
in this type of lesion [16].

It is therefore the indirect signs that are most
important to spot, allowing to suspect this trans-
fixing lesion:

e The presence of effusion on either side of the
tendon, that is, both intra-articular and within
the subacromiodeltoid bursa (sign of double
effusion) [22, 23].

e The absence of a junction between the superfi-
cial slope of the supraspinatus and the lateral

Fig. 1.11 Recent rupture of the supraspinatus with no
visible “gap” between the borders of the rupture

T Maj,
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Fig. 1.12 Absence of crossing at the periphery of the
insertion facet = indirect sign of recent rupture

part of the insertion zone: this is the sign of
absence of a crossing and the space then visi-
ble between the extremity of the facet and the
upper surface of the tendon is filled by the
SADB which extends, distended, to the lateral
side of the humerus (Fig. 1.12).

e Another indirect sign is a highly reflexogenic
cartilaginous surface (“too well seen” carti-
lage), which indicates the existence of a path-
ological tendon (too trans-sonic) often present
in case of a recent transfixing rupture
(Fig. 1.13).

1.7 Partial Ruptures

Partial damage visualized acutely can affect one
of the two sides of the cuff (deep, articular or
superficial, bursal) or even lead to an
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Fig. 1.13 Too clear visualization of cartilage sur-
face = indirect sign of recent rupture

intratendinous cleavage not joining one of the
two tendon surfaces [16, 24].

e On the deep, articular slope, the lesion is
almost systematically located at the junction
of the cephalic cartilage and the insertion
zone; it is visible in the case of acute damage
in the form of a poorly systematized hypoecho-
genic range associated with tendon thickening
and tendon effusion localized only intra-
articularly (i.e., most often in the bicipital
recess). It undertakes the medial part of the
insertion zone, and this topography makes it
possible to differentiate it from the enthesopa-
thies that reach the entire area of insertion.
The hypoechoic zone does not pass through
the tendon in any place, leaving a normal
fibrillar contingent in the area of the tendon
(Fig. 1.14).

e Partial ruptures affecting the superficial, bur-
sal, side of the supraspinatus and resulting in
the occurrence of an effusion in the SADB are
disinsertions of peripheral fibers; this type of
lesion is very common, aggravating enthesop-
athy; it occurs in isolation or, sometimes, in
association with lateral contusion of the
greater tubercle. It should be noted that these
acute non-transfixing lesions of the peripheral
slope are in fact disinsertions and not ruptures
(Fig. 1.15).

INFRAEPINEUG
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Fig. 1.14 Partial rupture of the deep surface of the
supraspinatus

Coiffe D

Fig. 1.15 Disinsertion of superficial, bursal, supraspina-
tus fibers

e Purely intratendinous cleavages are rare in
acute; they usually accompany a fracture of
the greater tubercle, the cleavage extending
the fracture line in some way. No effusion is
detected in this type of lesion.

1.8 Disinsertions

of the Subscapularis

Apart from the tearing of the apophyseal nucleus
in adolescents (see above), the importance of
the disinsertion of the subscapularis is often dif-
ficult to specify in ultrasound examination per-
formed in the acute phase, only marked by
heterogeneous and hypoechogenic swelling,
poorly circumscribed, adjacent to the insertion
facet of the minor tubercle. This disinsertion
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Fig. 1.16 Sign of the triangle. A hypoechogenic triangu-
lar zone (arrow) separating the LBT (long biceps tendon)
from the medial side of the groove that attests to the nor-
mal position of this tendon

may be partial or complete, but as with other
tendon lesions, swelling is observed at this
stage, not a flat plane.

It is primarily the associated dislocation of the
long head of the biceps that must be detected
with the spread of the LBT (long biceps tendon)
on the medial edge of the groove or subluxation
in the thickness of the subscapularis. Note that a
subluxation in front of the anterior surface of an
intact subscapularis may accompany a lesion of
the interval strap (see above).

It is therefore essential to check whether the
tendon of the long head of the biceps is in place
at the top of the groove and whether the sub-
scapularis fits into its vicinity. The most impor-
tant sign to look for is the presence of the
hypoechogenic triangle on the medial side of
the upper part of the groove. It consists of col-
lagen tissue, as it forms the insertion of the cora-
cohumeral ligament and disappears as soon as
the tendon subluxes on the inner border of the
groove. This sign of the triangle is therefore
indispensable to affirm the correct position of
the long head of the biceps in the groove
(Fig. 1.16) [25].

1.8.1 SLAP (Superior Labrum

Antero-Posterior)

The visualization of the insertion of the long
head of the biceps on the upper bead can be dif-

ficult in the case of a posterior attachment, and
the analysis of this region constitutes one of the
limitations of the possibilities of the technique.
The view of this insertion requires retropulsion
of the arm and maximum external rotation to
clear the upper pole of the head. Partial disinser-
tion of the head along the biceps (falling under
SLAP) may be suspected if a hypoechoic image
is visualized near its upper glenoid attachment
knowing that ultrasound can only suspect such a
lesion, which will be assessed by the
Arthoscanner or Arthro-MRI. Ultrasound can,
on the other hand, clear this junction if it is per-
fectly identified without hypoechogenic neigh-
borhood remodeling.

The Dislocation of the Head
Along the Biceps

1.9

This dislocation can be the cause of acute
symptomatology.

As we have seen, it most often accompanies
an injury to the subscapularis but can also occur
during an isolated lesion of the ligament strap of
the rotator interval. In this case, the tendon of the
biceps is visualized on the anterior surface of the
subscapularis, and there is no remodeling
(Fig. 1.17) [26-28].

Deltoide

Fig. 1.17 Rupture of the rotator interval strap with the
presence of LBT (long biceps tendon) in front of the intact
subscapularis on this sagittal section
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1.10 Calcification

It may be surprising to cite calcification in acute
cases, but alteration of the crystalline structure of
calcification or its migration results in, in some
cases, a significant hyperalgesic reaction (pseudo-
gout attack), and the patient presents himself
urgently with a frozen shoulder, unexaminable.

The “active” character of a calcification is
marked by its fragmented appearance, comple-
mented by heterogeneous remodeling of the
neighboring tendon. In addition, in case of migra-
tion, the superficial slope of the tendon is
interrupted, and at least part of the calcification
migrated into a thickened and heterogeneous
SADB (Fig. 1.18). Hyperechogenic sludge (cal-
cium milk) can even be found there as well as
hypervascularization of bursal walls in the color
Doppler study [29, 30]. More rarely, calcification
migrates intra-articularly with calcium fragments
in a distended recess, sometimes intraosseous
with focal defect of the facet (often with a pseudo
tumor image in MRI) or, in some cases, distal to
the tendon near its myotendinous junction.

The Different Chronic
Conditions

1.11

Apart from acute impairment, two clinical situa-
tions are observed each with a particular ultra-

Fig. 1.18 Migration of supraspinatus calcification within
BSAD (subacromiodeltoid bursa)

sound semiology: pain due to overuse of the
young subject and aggravation of a degenerative
change in the older patient. In both cases, the
most important point is whether the cause of the
pain is of tendon (in general non-inflammatory)
or bursal (inflammatory) origin, without forget-
ting the possibility of arthropathy or early
capsulitis.

1.11.1 Enthesopathy

The involvement of the tendon insertion on the
bone is common, mainly after 35 years in manual
workers and sportsmen. The change always
begins on the dominant side and is not always
symptomatic. Enthesopathy essentially leads to
hypoechogenic remodeling, sometimes hypertro-
phic, of the entire insertion zone, most often with
no intra-articular effusion (Fig. 1.19); later, we
observe the occurrence of fine curvilinear calcifi-
cation, an irregularity of the facet, or small ossi-
fied spicules joining the cortex (often irregular in
these cases) in the center of the enthesopathy
zone (Fig. 1.20). This is the pathology of the

T
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Fig. 1.19 Enthesopathy at the attachment of the supra-
spinatus on the facet of the greater tubercle
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Fig. 1.20 Ossified spicule of enthesopathy at the attach-
ment of the supraspinatus
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overtrained young athlete, of the resumption of
sport after a stop (pregnancy for example), but it
is in fact extremely common after 35 years, espe-
cially among manual workers. Its symptomatic
character can therefore be asserted only with
great caution and after comparison with the
opposite side [1, 16, 31].

This enthesopathy corresponds to a dissocia-
tion of collagen fibers which continues by a
chondroid transformation of the insertion zone
and therefore contains no inflammatory
components.

There is, however, a continuum in histology
and imaging between these enthesopathies and
the more severe lesions: disinsertion and rupture.
Small cracks lengthening of the spicules, or even
partial disinsertions, aggravating enthesopathy,
can be visualized, causing often painful progres-
sive laceration of a tendon.

Another sign, a hyperechogenic line doubling
the cortex (sign of the double line), is important
to look for because it testifies to the disinsertion
of calcified fibrocartilage from the enthesis, com-
plicating enthesopathy (Fig. 1.21) [32].

1.11.2 Impingements

Three impingements are mainly found in the
rotator cuff, and their detection is facilitated by
the dynamic specificity of the ultrasound, which
shows in this case the consequences of these
impingements but also its exact location and
origin.

Fig. 1.21
layer causing a “double line”

“Detachment” of the calcified fibro-cartilage

1.11.2.1 Anterosuperior
The most common impingements are the result
of abnormal contact between the superficial side
of the supraspinatus and the arch formed poste-
rior to the acromion and anterior to the acromio-
coracoid ligament. It leads to thickening of the
walls of the subacromiodeltoid bursa often
responsible for the painful symptomatology of
the patient [16, 32, 33]. It is screened in dynamic
ultrasound; the abduction maneuver internal rota-
tion of the arm positioned in slight retropulsion
shows deformation of the superficial side of the
tendon with focal thickening of the walls of the
SADB opposite the site of impingement
(Fig. 1.22). A significant difference from the
opposite side must be found in conjunction with
these changes to assert that this impingement is
indeed the cause of the painful symptomatology.
Conventionally, in addition to muscle dys-
function, this anterosuperior impingement may
result from the prominent aspect of the lower
slope of the acromion or the acromioclavicular
interval coming from “aggression” on the super-
ficial side of the tendon (interest of the cuff pro-
file), but deformation of the facet or hypertrophy
of the contents of the subacromial space and in
particular hypertrophic calcification may also be
the cause of this impingement.

Fig. 1.22 Thickness of the BSAD (subacromiodeltoid
bursa) during the dynamic test showing anterosuperior
impingement
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Fig. 1.23 Impingement anterior to the passage of the
subscapularis, thickened by calcification, under the cora-
coid process

1.11.2.2 Anterior Impingement
Several anterior impingements have been
described, but the most common is the cause of
abnormal contact between the anterior side of the
subscapularis and the coracoid, which is detected
by internal rotation maneuver (Fig. 1.23). It is
conventionally the result of a decrease in the
space separating the coracoid tip from the
humerus, but, in fact, in most cases, it is a hyper-
trophic calcifying tendinopathy of the upper part
of the subscapularis tendon that constitutes the
etiological factor of the impingement [16, 34].
Anterior subluxation of the head may also occur.
It is detected on an axial section by an internal
rotation maneuver of the arm, sliding the sub-
scapularis under the coracoid hook in search of
tendon deformation and/or thickening of the
bursa in front of the subscapularis. Any thicken-
ing or effusion within this bursa, however, is not
a sign of anterior impingement given its frequent
communication with the subdeltoid bursa.

1.12 Posterosuperior
Impingement

This impingement described by Walch [35] is of
different topography since it involves the joint
slope of the posterior portion of the supraspinatus
tendon and the upper part of the infraspinatus
tendon. It occurs mainly in throwing sports, ten-
nis and baseball, and results in non-transfixing
damage to the joint side of the tendon associated

with irregularity of the adjacent bone contour and
often intra-articular effusion.

1.12.1 Tendon Ruptures

Tendon ruptures are very common, often bilateral
and asymptomatic, especially after 50 years. It is
known that it is mainly the formation and aggra-
vation of the rupture that are painful as well as
the associated lesions (LBT (long biceps tendon)
and SADB). The challenge of imaging is to deter-
mine whether tendon perforation is the cause of
the symptomatology of the patient. For this pur-
pose, ultrasound analysis must detect these rup-
tures but above all carry out a global, comparative
assessment, analyzing the main causes of pain in
case of rupture, i.e., the walls of the SADB and
the bicipital tendons [1, 13, 14, 16, 36-39].

Several studies have shown that the sensitivity
and specificity of ultrasound are similar to that of
MRI for the detection of transfixing ruptures
[40-42].

1.13 The Transfixative Rupture

It is often well tolerated when it remains local-
ized in the median and posterior parts of the
supraspinatus, especially in patients with a satis-
factory thickness of the deltoid. Indeed, in this
type of limited rupture, the anterior portion of the
supraspinatus, which is more important function-
ally, protects, by its thickness, the reflective area
of the tendon of the long head of the biceps to the
upper part of the groove. In addition, the anterior
(subscapularis) and posterior (infraspinatus)
shrouds are respected allowing for satisfactory
stability of the head in the anteroposterior plane.

In the chronic stage, these ruptures are
detected on ultrasound by a flat plane if the dam-
age is small (Fig. 1.24) and by the disappearance
of the tendon image replaced by a capsule bursa
(sometimes with contact between the major pro-
cess and the acromion) if the rupture is wide and
the tendon is retracted (Fig. 1.25). This image
must be differentiated from a tendon that is sim-
ply thinned but continuous as it is encountered in
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Fig. 1.24 Old transfixing rupture of small size with flat
part of supraspinatus attachment

polyarthritis but also after adhesive capsulitis and
on any antero-inferior dislocation.

Recall that there is a continuum between the
lesions of the cuff. Thus, enthesopathies or tendi-
nopathies do not turn overnight into rupture or
disinsertion; stages of passage exist.

The rupture usually occurs gradually, and this
lesion in the process of being formed is painful
because residual tendon fibers persist on which
all the tensile forces arise (Fig. 1.26).

However, when this rupture is formed, it is not
the “hole” in the tendon that is painful but what is
around the “perforation” (LBT (long biceps ten-
don), SADB), and it is these elements that are
interesting to analyze to determine the causes of
painful symptomatology. For this reason, as rup-
tures are frequently bilateral, it is the analysis of
the opposite cuff that is the essential element of
the workup because it is the difference between
the two ruptures that will determine what is the
factor causing the pain.

To perform a rupture check on ultrasound:

e It is measured in the frontal and anteroposte-
rior plane.

e The number of lesioned tendons is determined;
in order to determine whether the rupture
extends to the infraspinatus, this is based on
the angulation between the facets of the greater
tubercle in the sagittal plane or a rupture size
greater than 2 cm in this plane because this
value corresponds to the width of the antero-
posterior insertion of the supraspinatus.

teta hum
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Fig. 1.25 Large transfixing rupture with disappearance
of the cuff and ascent of the head that comes in contact
with the underside of the acromion

Fig. 1.26 Only a few residual fibers persist after partial
lesions of the surface but also of the deep surface of the
supraspinatus

e A preserved anterior supraspinatus fragment
is detected, which is a favorable element
because, by its thickness, it protects the long
head of the biceps from contact with the lower
slope of the acromion.

e Intra-articular effusion or bursitis is sought to
explain the etiology of the painful
symptomatology because these elements often
accompany a mild rupture.

e There is also an associated tendinopathy of the
long head of the biceps (another cause of mild
damage in case of rupture), especially in rela-
tion to the upper pole of the humeral head (see
chapter tendinopathy) as well as:

e The existence of a posterior cleavage in the
thickness of the infraspinatus tendon to be
sought in the external rotation of the arm so as
not to collide the edges of this cleavage.
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* An associated disinsertion of the subscapu-
laris whose presence may alter the therapeutic
strategy.

* Anteroposterior instability is detected by per-
forming a rotational maneuver on a posterior
axial section because an unstable humeral
head in the anteroposterior plane is a sign of
unfavorable evolution.

e Similarly, fatty degeneration of the fleshy bod-
ies of the supra and infraspinatus, since sig-
nificant damage (higher than grade 2 of the
Bernageau and Goutallier classification) may
cause a surgical repair to be rejected [43]. The
lack of complete visualization of the subscap-
ularis muscle is, on the other hand, a limiting
factor of ultrasound and does not allow a com-
plete assessment of the rupture when it has an
earlier extension.

These transfixing ruptures rarely undertake
the infraspinatus in isolation except after antero-
inferior dislocation in relation to the impaction
detected on the posterosuperior side of the
humeral head. Ultrasound semiology is then sim-
ilar to that described above. Damage to the myo-
tendinous junction of this muscle is sometimes
detected, especially after repeated infiltration.

Chronic disinsertions of the subscapularis,
often asymptomatic, can occur in isolation, espe-
cially when a traumatic history (back fall, epilep-
tic seizure, etc.) is found at the anamnesis. Most
often, they prolong a rupture of the supraspinatus
and rotator interval, which is an unfavorable
prognosis because the long head of the biceps is
affected as well as the anterior stability of the
joint due to the loss of this anterior shroud. The
ultrasound aspect of chronic lesion of the sub-
scapularis is the disappearance of the tendon
“stripping” the anterior facet of the Ilesser
tubercle.

1.14 Partial Ruptures

Rupture of one of the sides of the supraspinatus,
as well as partial disinsertion of the individual, is
also frequently asymptomatic, and its frequency
increases with the age of patients. In these cases

Fig. 1.27 Disinsertion of deep fibers with shrinkage and
thinning of the insertion area

Supraep
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Fig. 1.28 Abrasion of the supraspinatus surface in
chronic impingement

too, the effusion, associated signs, and compari-
son on the opposite side will make it possible to
assert the symptomatic character of these rup-
tures [1, 16, 24].

Lesions of the articular side. In the chronic
stage, this type of lesion leads to a thinning of the
insertion zone with “bare” appearance of the
medial portion of the facet (Fig. 1.27). A cleav-
age is often visible in the depth of the insertion
area.

Lesions of the superficial slope are practically
always located at the supraspinatus. Two types of
ultrasound images can be visible, systematically
accompanied by bursitis when the lesion is
symptomatic:

* An irregularity, or even a digging zone, at a
distance from the facet, in case of chronic
anterosuperior impingement ‘“abrading” the
surface slope (Fig. 1.28).
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Peripheral disinsertion similar to that
described in acute lesions

These two types of lesions must be differenti-
ated because the second (peripheral disinsertion)
does not have any impingement during the
dynamic test and its treatment is therefore
different.

Both peripheral and deep damage can also be
seen in the chronic stage. In some cases, only a
few fibers persist, which explains the painful
symptom because all the pulling forces concen-
trate on these few remaining fibers.

Purely intratendinous damage is visualized as
a central hypoechogenic zone extending by an
intratendinous fissure respecting the peripheral
slopes of the tendon. This type of lesion is best
detected when the tendon is relaxed with slight
abduction. No effusion is added in these intraten-
dinous cleavages, and their symptomatic charac-
ter is therefore difficult to assert.

1.14.1 Calcifying Tendon Disease

Calcification images are frequently found on
X-ray photographs; the predominance of female
images is known, which mainly affect the shoul-
ders of patients aged 30-60 years. Vascular origin
is sometimes advanced to explain the occurrence
of these calcifications, which in our experiment
predominate (such as ruptures) in the posterior
part of the supraspinatus. The existence of an
evolutionary cycle has been proposed to explain
the occurrence and disappearance of these calci-
fications which pass successively through a stage
of formation followed by a state phase where cal-
cification is stable to arrive at the stage of frag-
mentation allowing resorption of calcium
deposits [5].

In addition to the often significant pain accom-
panying the resorption phase (see above), this
calcification can be symptomatic in two different
ways:

e By “irritating” the neighboring tendon that
becomes hypoechogenic and sometimes
hypervascular in power Doppler when calcifi-
cation breaks and resorbs.

Fig. 1.29 Voluminous hypertrophic calcification causing
an impingement resulting from tendon hypertrophy

* When calcification is hypertrophic causing
anterosuperior impingement (Fig. 1.29).

Ultrasound is also used to guide a possible
puncture/washout of this calcification [16, 28, 29,
441], the effectiveness of which is recognized by
everyone to date.

1.14.2 Tendinopathy

Tendinopathy is mainly degenerative with several
etiologies and should be discussed with caution
in ultrasound. The term “tendinitis” must be
banned because the inflammatory component is
in fact virtually zero; it is above all the difference
with the opposite side that allows us to discover
an echostructure modification with disorganiza-
tion of the fibrillar structure, sometimes hypertro-
phic and the presence of ranges hyper and
hypoechogenic plaques at the origin distinctly
heterogeneous in appearance [38, 44]. It must be
differentiated from enthesopathy because
tendinopathy takes the whole tendon and not just
the enthesis.

We sometimes find a very hypoechogenic
appearance of this tendon, which seems to us to
constitute a stage of pre-rupture (Fig. 1.30).

Late, punctiform hyperechogenic calcifica-
tions, rarely interrupting the ultrasonic wave,
may appear following an acidophilic necrosis
reaction; they are associated with a very fragile
stage of tendon degeneration. These calcifica-
tions should not be punctured, and this appear-
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Fig. 1.30 Hypoechogenic tendinopathy corresponding to
a pre-rupture stage

ance of calcium punctuation is completely
different from the calcifying tendon disease
described above.

Moreover, this hypertrophic character of the
tendon in this case must be distinguished from a
normal tendon covered with a thickened bursa as
can be seen in case of impingement because the
therapeutic direction is different; this tendinopa-
thy does not involve an inflammatory lesion such
as bursitis. The perfect visualization of the super-
ficial side of the tendon is therefore extremely
important to differentiate these two types of
lesions (see technical chapter).

Bicipital tendinopathy often causes severe
pain and needs to be identified.

LBT (long biceps tendon) tendinopathy is
rarely an inflammatory process (less than 10%,
according to Streit [45]) but most often a degen-
erative process. On the other hand, it is accompa-
nied by peritendinous inflammatory damage,
and, in the chronic phase, both are associated,
especially since inflammation leads to fibrous
degeneration, associated with a decrease in tendi-
noblastic capacity and an increase in pain media-
tors such as calcitonin gene-related peptide
(CGRP) or substance P [46]. This tendinopathy
can be complicated by fissures (well differenti-
ated from duplication or ancillary insertion of the
supraspinatus).

Partial and total ruptures are then observed.

Considering the severe pain caused by tendi-
nopathy and the nonfunctional appearance of the

“inflamed” tendon, this rupture is often consid-
ered as “saving” because, like the tendon section,
it ends a long painful period.

In addition to glenoid insertion lesions
(SLAP), this tendinopathy should be investigated
along the entire length of the tendon. In ultra-
sound, the signs are [47, 48]:

e Loss of fibrillar structure.

e A decrease in anisotropy artifact.

* Hypoechogenic appearance of the tendon.

e Swelling at the level of the groove or upper
pole of the head compared to the opposite
side. Renoux showed in ultrasound that the
maximum thickness of the tendon was 2.5 mm
at the upper pole of the head [49]. When
hypertrophy is important at the upper pole, the
tendon may have an “hourglass” appearance
and no longer mobilize correctly at the upper
part of the groove because it “gets stuck™ at
this level due to its hypertrophy during abduc-
tion of the arm [50].

e Thinning can, paradoxically, also be a sign of
tendinopathy (most often severe). Like the
posterior tibial tendon that stretches in case of
pre-rupture, thinning by “stretching” can be
visualized in chronic tendinopathies as shown
by Rasselet [51] (Fig. 1.31). This sign can be
distinguished from flattening and is therefore
valid only in the absence of compression of
the LBT (long biceps tendon) on a hard base
(caused by isolated retropulsion of the arm
without external rotation for the upper part
and by retropulsion of the elbow for the verti-
cal part) because these positions can lead to a
flattening especially in case of a pathological
tendon (more deformable).

e A cleavage (longitudinal cracking) not to be
confused with duplication or ancillary inser-
tion [52] (Fig. 1.32).

* A synovial thickening (sometimes vascular-
ized with Doppler) surrounding the tendon in
its vertical portion (Fig. 1.33).

Other factors that may promote the develop-
ment of LBT (long biceps tendon) tendinopathy
should be investigated:
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Subscap

Fig. 1.31 Thinning of the right LGB (long biceps tendon) on this comparative axial section evoking stretching to be
related to severe tendinopathy

Fig. 1.32 Cracking of the LGB (long biceps tendon)
close here to the myotendinous junction

Fig.1.34 LGB (long biceps tendon) tendinopathy spread
over the medial edge of the groove due to partial disinser-
tion of the subscapularis

or its “spread” on the medial edge of the
groove [53] (Fig. 1.34). In case of tendon mal-
position, the most important sign to look for is
the disappearance of the hypoechogenic tri-
angle normally present between the tendon
and the medial side of the groove.

e A rupture of the cuff reaching the anterior por-
tion of the supraspinatus because it often
accommodates a disinsertion of the lateral
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Fig. 1.33 Significant vascularized synovitis from the
bicipital recess

An osteochondromatous nodule incarcerated
within the bicipital recess.

A disinsertion of the subscapularis causing
subluxation of the LBT (long biceps tendon)

bundle of the LCH, resulting in an impinge-
ment between the LBT (long biceps tendon)
and the acromio-coracoidal ligament or even
the underside of the acromion.
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Fig. 1.35 Thickness of capsulosynovial folds on axillary
view

1.14.3 Adhesive Capsulitis

Common in diabetics, but can also occur in other
patients especially postoperatively, after trauma
or after illness or emotional shock, capsulitis
develops for about 2 years. It begins with an
inflammatory phase affecting all shoulder struc-
tures (tendon, synovial, capsule bursa) during
which the clinical symptomatology is often noisy,
contrasting with the poverty of the signs detected
on ultrasound:

e Discreet intra-articular effusion.

* Hypoechoic halo surrounding LBT (long
biceps tendon).

* Greater vascularization of rotator interval and
recess region under coracoid.

e Thickening of the axillary recess compared to
the opposite side (Fig. 1.35).

These signs are inconsistent, and it is more the
echoclinical disproportion that must attract atten-
tion and suggest the diagnosis that is important to
make at this early inflammatory stage and to con-
firm it as soon as possible by arthro-infiltration,
in order to reduce pain and thus facilitate reha-
bilitative treatment [16].

Then, the retraction phase sets in, and the
diagnosis is purely clinical, only an important
omarthrosis easily discovered on standard images
can also be the cause of such painful retraction.

1.15 Conclusion

A difficult but highly performing examination,
shoulder ultrasound is an ideal complement to
standard radiological X-rays. It takes stock of

tendon lesions and makes it possible to dismantle
the catch-all term of scapulohumeral periarthritis
because it often explains the exact cause of the
painful symptomatology, allowing the treatment
to be directed in a specific way. On the other
hand, it requires great rigor, systematization in
the conduct of the examination, and above all a
high-end device that alone allows the reliable
study of these pathologies.
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Ultrasound of the Tendon
of the Long Biceps Operated

H. Ghersi, O. Mares, R. Coulomb, A. Laborde,

and L. Moscato

2.1 Biceps Brachial Muscle

in Ultrasound

The biceps is inserted on the scapula proximally
and on the forearm distally; the biceps brachial
muscle has several tendons that exhibit several
anatomical features making their ultrasound
study very “varied.” Proximally, the tendon of the
short head of the biceps presents a straight path
and inserts at coracoid level; no lesions are to our
knowledge described at this level. The tendon of
the long head of the biceps inserts on the upper
slope of the glenoid, has a virtually horizontal
path to the superior pole of the humeral head, and
passes within the rotator intervals. Then, before
entering the intertubercular bicipital groove, it
has an angulation that results from the rotation of
the humerus.

Distally, an Italian-Canadian study [1] showed
that the distal tendon insertion on the radial
tuberosity is bifid; thanks to the presence of a
bursa allowing a harmonious sliding, it wraps
around this tuberosity during prono-supination.
In addition to this bifid tendon, there is a third
structure distally, the lacertus fibrosus, aponeu-
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rotic lamina detached from the medial side of the
tendon. It crosses over the humeral artery and the
median nerve to insert into the superficial fascia
of the flexor muscles.

Bridging the scapulohumeral joint and elbow
joint, the biceps muscle, bi-articular, “passes” to
the anterior side of the arm having only an apo-
neurotic attachment with the brachialis located
on its deep slope. The ultrasound study can there-
fore be divided into nine areas of interest:

. Long head’s attachment on the glenoid

. Passage to the upper pole of the head

. Rotator interval

. Reflection at the top of the bicipital groove
. Behind the scenes

Upper myotendinous junction

Lower myotendinous junction

. Distal tendon(s)

. Lower enthesis

O 0NN AW~

This article deals only with points 1-5.

2.2 Insertion of the Long Head
of the Biceps to the Upper
Pole of the Glenoid

and on the Upper Labrum
This insertion has many anatomical variants; the

most important for the ultrasound practitioner is
its anterior or posterior topography, since only
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previous insertions are accessible to ultrasound
by putting the arm in retropulsion and external
rotation.

Thanks to Mathari [2], the relationship between
the topography of this insertion and the depth of
the bicipital groove was analyzed. The more poste-
rior the insertion is, the deeper the groove. It is
only possible to visualize the insertion of the
supra-spinatus and subscapularis tendons sur-
mounting a little groove with an anterior insertion
with the probe at the anterior part of the shoulder.

Ultrasound is also very limited in this area,
and no precise lesion diagnosis can be per-
formed. Hypoechogenic swelling compared to
the opposite side may be considered as an indi-
rect sign of insertion pathology of the long head
of the biceps (SLAP) justifying the use of
another technique (Arthro-MRI or Arthro-CT in
this case) to confirm the diagnosis [3].

2.3  Transition to the Upper Pole

of the Head

With the arm in the same position (retropulsion
and external rotation), a long perpendicular cut is
performed at the height of the cephalic cartilage;
this cut must be comparative. Renoux [4] showed
that a tendon of more than 2.5 mm thick at this
level is pathological (Fig. 2.1). This is a valuable
sign because this type of bicipital tendinopathy is
difficult to highlight.

Other ultrasound signs are pain when passing
the probe and a clash of the tendon at the
entrance to the bicipital groove, shown by
Boileau [5], because the thickened tendon can-
not fit into the groove when the arm is raised
(hourglass effect).

24 Passagein the Interval

of the Rotators

The long head then passes into the space separat-
ing the supraspinatus (posterolateral) from the
subscapularis (anteromedial); this passage is cov-

Fig. 2.1 Ligamentous strap holding the tendon of the
long head within the interval. The strap is formed of the
coracohumeral ligament (blue) in surface, biceps (green
arrow), and subscapularis (red arrow)

ered by the coracohumeral ligament. The latter
merges with the upper glenohumeral ligament to
form a strap preventing the medial dislocation of
the tendon (Fig. 2.1).

Tendinopathies of the long head can be
observed at this level mainly in case of rupture
affecting the anterior part of the supraspinatus.
This causes a retraction of the coracohumeral
ligament, and the tendon directly conflicts with
the lower slope of the acromion generating
microtraumas inducing tendinopathy [6].

The tendon is thickened, hypoechoic, and its
contours are less well defined (Fig. 2.4); this
pathology is associated with inflammatory pain-
ful phenomena. A tendon rupture may result in a
significant decrease in painful symptomatology
but may cause an ascent of the head disrupting
scapulohumeral mobility. In addition to tendi-
nopathy and rupture, disinsertion or rupture of
the coracohumeral ligament may also cause a dis-
location of the long head of the biceps on the
anterior part of the subscapularis (Fig. 2.2).
Traumatic ligament lesions and calcifications can
also generate pain in the area of the interval, and
it should not be forgotten that an increase in the
thickness of the coracohumeral ligament is an
excellent indirect sign of adhesive capsulitis as
we learned from Homsi [7].
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Fig. 2.2 Coracohumeral ligament rupture causing a dis-
location of the long head of the biceps on the anterior
slope of the subscapularis

2.5 Reflection at the Top

of the Groove

Tendon subluxation is the main pathological ele-
ment to be sought at this level. It is favored by
angulation of the tendon generating its attraction
medially. The ligament strap of the interval is a
holding element of the biceps, at the upper part of
the groove. The integrity of the subscapularis,
inserted on its medial side, is a major factor of
stability, and its superficial fascia lines the groove
and inserts into its lateral side; this expansion
constitutes the transverse humeral ligament.

The depth of the groove is the other element of
stability at this level [2]. The ultrasonographic
element sought is the hypoechoic triangle, con-
sisting of collagen histologically [2], between the
tendon of the long head and the medial edge of
the upper end of the bicipital groove. This trian-
gle is present regardless of the depth of the
groove. Its presence signs the correct position of
the tendon of the head, and its disappearance is
an excellent indirect sign of subluxation.

The disinsertion of the subscapularis is the
other element to be sought; it is favored by the
fasciculation of this tendon facilitating partial
disinsertion, which often begins in front of the

Fig. 2.3 Biceps in its groove: blue arrow

Fig. 2.4 Biceps subluxed: blue arrow

upper part of the groove and then extends down-
wards. The tendon of the long head then “spreads
out” on the medial border, then subluxes itself on
the anterior facet of the lesser tubercle, and finally
dislocates intra-articularly [3] (Figs. 2.3 and 2.4).
This results in bicipital tendinopathy. Partial dis-
insertion can be detected by dynamic analysis of
the shoulder under ultrasound guidance by
instructing the patient to perform an internal rota-
tion agents resistance to detect instability at a
minimum, especially in high-performance sports
patients practicing throwing sports (handball,
javelin) [8-10].
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2.6 Inthe Background

Ultrasound visualization of the tendon is not
always easy due to the anisotropic artifact and its
oval section with a large oblique axis anteriorly
and medially; in the longitudinal plane, the study
plan must be sagittal oblique, and the tendon
must be parallel to the probe requiring mobiliza-
tion of the elbow forward. In the axial plane we
look at the cross section surface and sharpness of
the tendon contours, whereas in the longitudinal
plane the fibrillar structure is the important
element.

A peritendinous effusion, intra-articular, is
often visible in the lower part of the bicipital
recess since the examination is performed in a
sitting position and the fluid mobilizes in a
declining position. This is an indirect sign of
joint, capsular, ligamentous, or capsulolabral
pathology and sometimes bicipital tendinopathy.

This last point is absolutely not the rule
because the tendon of the long head, enlarged by
tendinopathy, can “occupy” the whole recess pre-
venting the reactional effusion from collecting
there. Signs of tendinopathy at this level are
mainly the disappearance of the fibrillar structure
in the longitudinal plane and the hypoechoic and
heterogeneous thickening of the tendon in the

Fig. 2.5 Tenodesed biceps in its groove: biceps (green
arrow), tenodesis anchor (blue arrow)

axial plane; it often loses its oval section and
becomes rounded (Fig. 2.5).

The causes of this bicipital tendinopathy are
multiple: subluxation, foreign bodies, bone irreg-
ularities in the groove, sequelae of tenodesis, but
also the presence of a cyst pushing back on the
long head of the biceps.

2.7 Conclusion

The ultrasound-guided examination allows static
and dynamic analysis of the biceps in its bicipital
groove portion. Ultrasound also makes it possible
to carry out ultrasound guidance infiltrations into
the groove in case of localized inflammation and
also to carry out tenotomy procedures with local
anesthesia.
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Ultrasound of Coracoid Process

A. Moraux

3.1 Introduction

The coracoid is a central structure of the anterior
side of the shoulder involved in the acromiocla-
vicular arch, acromioclavicular joint stability,
and glenohumeral stability. It is the seat of many
tendon and ligamentous insertions. While it is
easily accessible to ultrasound over a whole part
of its length, the coracoid process remains an
unexplored element in routine ultrasound exami-
nation of the shoulder.

3.2 Anatomy

The coracoid is a bony, hook-shaped process
developed at the expense of the anterior side of
the scapula neck. It consists of a base, an ascend-
ing segment facing upwards and inwards, and a
descending segment facing downwards and out
(Fig. 3.1).

It is derived from two main ossification nuclei
that merge around 15 years old with the scapula
[1]. The angle and apex can be the seat of acces-
sory ossification centers. Non-fusion should be
differentiated from a pseudo-arthritis fracture [2].
The size and shape of the coracoid vary widely
[3]. Anatomy and pathology can be segmented by
the function:

A. Moraux (D<)
Medical Imaging Jacquemars Giélée, Lille, France

Fig. 3.1 Volume reconstruction of a shoulder scanner
showing the different segments of the coracoid (B base, As
ascending segment, Ds descending segment, A apex)

e Stabilization of the acromioclavicular joint
on the upper side by coracoclavicular
ligaments

e Stabilization of the glenohumeral joint by the
coracohumeral ligament

e Procession under the coracoid on the lower
and deep slope

e Acromiodeltoid arch on the upper side with
acromiocoracoid ligament

e Brachial muscle insertions: short head of the
biceps (or coracobiceps), coracobrachialis,
and pectoralis minor

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022 29
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3.3 Coracoid and

Acromioclavicular Joint
3.3.1 Anatomy

On the upper and medial slope of the ascending
segment of the coracoid, insert the extrinsic liga-
ments of the acromioclavicular joint, the trape-
zoid ligament outside, and the conoid ligament
inside (Fig. 3.2) [4, 5]. At the clavicle, the trape-
zoid ligament is inserted on the trapezoid line,
and the conoid ligament is inserted on the conoid
tubercle. These ligaments form a fan with upper
clavicular base and lower coracoid apex. They

Fig. 3.2 Diagram of tendon and ligament inserts on the
coracoid (ACL acromiocoracoid ligament, CHL coracohu-
meral ligament, 7 trapezoid ligament, C conoid ligament,
Shb short head of the biceps, CB coracobrachial, Pm pec-
toralis minor)

are responsible for the vertical and horizontal sta-
bility of the acromioclavicular joint.

3.3.2 Ultrasound Technique

These ligaments are deep and can be difficult to
study. They are also silhouetted by hyperecho-
genic fat [6]. The positioning of the shoulder is
crucial for their study; the retropulsion of the
shoulder, hand on the buttock, and the elbow
back greatly facilitate their study [7]. However,
this position is difficult to achieve on a trauma-
tized shoulder. The ligaments are visualized on
the deep side of the deltoid just below the acro-
mial vascular pedicle [8]. The trapezoid ligament
is studied on an oblique sagittal oblique cut
upward and outward (Fig. 3.3). The conoid liga-
ment is studied on an oblique sagittal cut upward
and inward (Fig. 3.4). The probe is initially
placed in the axial plane, and its lateral edge is
then turned toward the clavicle to obtain the lon-
gitudinal section of the trapezoid ligament, about
1 cm inside the acromioclavicular joint. The
probe is then slightly translated and oblique
within 20-30° to study the conoid ligament.

3.3.3 Pathology

3.3.3.1 Acromioclavicular Sprain

These ligaments can be lesioned in cases of acro-
mioclavicular sprain. Their study makes it possi-
ble to differentiate grades 2 and 3 of the

Fig.3.3 (a) Position of the probe for the study of the trapezoid ligament and (b) corresponding ultrasound image show-
ing the trapezoid ligament (arrows) under the acromial vascular pedicle (arrowhead) (CI clavicle, C coracoid)
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Fig. 3.4 (a) Position of the probe for the study of the conoid ligament and (b) correlating ultrasound image showing
the conoid ligament (arrows) under the acromial vascular pedicle (arrowheads) (CI clavicle, C coracoid)

Rockwood classification [9], a differentiation
which is not reliable in radiography [10].
Ultrasound semiology is not specific; these liga-
ments can be elongated, ruptured (Fig. 3.5), or
avulsed at their clavicular insertion as well as
coracoid [11]. Even if these ligaments are not
directly visualized, the increase in the coracocla-
vicular space on a comparative sagittal section
should suggest their rupture [6].

34 Coracoid and Glenohumeral
Joint
3.4.1 Anatomy

The coracoid serves as an anchor for the coracohu-
meral ligament (CHL). The CHL helps to
strengthen the capsule of the interval of the rota-
tors of which it is the keystone. It participates in
the glenohumeral stability limiting the posterior-
inferior translation of the humeral head [12]. Jost
et al. [13] identified different functions for each
anatomical component, with the medial part con-
trolling the lower translation of the humeral head
and the lateral part controlling the lateral rotation.
LCH contributes to the stability of the long biceps
tendon. It has the particularity of being histologi-
cally a capsular attachment and functionally a liga-
ment [14]. This ligament is trapezoidal in shape; it

inserts on the upper side of the coracoid. Its fibers
can be separated into two quotas [13]. The medial
band will merge with the superior glenohumeral
ligament to support the medial and inferior slope
of the intraarticular horizontal portion of the long
biceps before inserting onto the lesser tubercle by
merging with the upper fibers of the subscapularis.
A number of anatomical variants are known for
the interpretation of the pathology of the interval.
The coracohumeral ligament would correspond to
a remnant of the tendon of the pectoralis minor
which initially passed in bridge over the coracoid
to fit directly into the humeral head. In about
2-11% of the population, the pectoralis minor
retains this vestigial insertion, which is responsi-
ble for a thickened appearance of the CHL [15,
16]. This ligament may also be absent.

3.4.2 Ultrasound Technique

The arm is placed in external rotation and dis-
creet retropulsion. The proximal insertion of the
medial bundle of the CHL is visible on the
oblique sagittal section of the acromiocoracoid
ligament, just below the coracoid insertion of this
ligament (Fig. 3.6) [17].

Then it is sufficient to tilt the probe horizon-
tally to lengthen the ligament body [18]. Once
the main axis is identified, it can be studied and
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Fig. 3.5 Rockwood classification grade 3 sprain with (a)
complete rupture (asterisk) of the acromioclavicular upper
capsule (arrow heads) with spontaneous upper subluxation
of the clavicle (double arrow), (b) partial rupture (asterisk)

of the trapezoid ligament (arrowheads), which appears
hypoechogenic and very relaxed, and (¢) partial rupture
(asterisk) of the conoid ligament, which is very thickened
and hypoechogenic (CI clavicle, Ac acromion, C coracoid)

Fig. 3.6 (a) Position of the probe for study of the coraco-
humeral ligament and (b) corresponding ultrasound image
showing the coracoid insertion and proximal segment of

the CHL (arrowhead) under the acromiocoracoid ligament
(arrows) (C coracoid, Hh humeral head)
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Fig. 3.7 (a) Axial section on the coracoid showing an
anatomical variant of the pectoralis minor (arrows) which
extends outside the place and place of the coracohumeral
ligament, with a thin bursa (arrowhead) in the area of con-

measured in a cross section. In the normal state,
this ligament is thin and difficult to visualize. To
differentiate a vestigial insertion of the pectoralis
minor (Fig. 3.7) from a pathological thickening,
for example, in the case of retractile capsulitis,
the dynamic study in an oblique axial section
on the coracoid in the internal-external rotation
of the arm is indispensable and will show a slip-
page of the tendon on the upper edge of the cora-
coid in case of anatomical variant.

3.4.3 Pathology

3.4.3.1 Retractile Adhesive Capsulitis

A hypoechogenic thickening of CHL (Fig. 3.8)
which appears too clearly visible [18], compared
to the contralateral side [19], is a very good argu-
ment in favor of retractile adhesive capsulitis.
However, an insertional variant of the pectoralis
minor should not be confused with a thickening
of the CHL by performing dynamic maneuvers of
rotation of the arm [18]. Hyperechogenic infiltra-
tion of subcoracoid fat with hyperemia (Fig. 3.8)
and periarticular hyperechogenic infiltration may
also be suggestive.

3.4.3.2 Traumatic Injury
LCH and interval may be lesioned in anterior gle-
nohumeral dislocation, but there appear to be iso-

tact with the coracoid (C) and (b) MRI section sagittal in
T2 weighting with saturation of the corresponding fat sig-
nal (Scf subcoracoid fat, Hh humeral head)

Fig. 3.8 Longitudinal section of a very thickened and
hypoechogenic CHL (arrows) vascularized in energy
Doppler with adjacent subcoracoid fat hyperemia (C cora-
coid, Hh humeral head)

lated traumatic lesions without dislocation with
elongation or rupture of one or more components
of the interval (Fig. 3.8). In our experience, the
anamnesis often found trauma with lowering and
forced external rotation of the arm (Fig. 3.9).

3.5 Coracoid and Subscapular
Tendon/Subcoracoid Bursa
3.5.1 Anatomy

The underside of the coracoid is smooth and
devoid of tendon or ligamentous insertion unlike
the other faces. Under the coracoid runs the ten-
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Fig. 3.9 (a) Longitudinal section of a thickening sequa-
lae of CHL which is hyperechoic and fibrous. (b) Sagittal
section MRI in T1 weighting corresponding with T1 iso-

Fig. 3.10 Diagram of subcoracoid space with subcora-
coid/subscapular recess. (1) bordering the upper slope of
the subscapularis tendon (Ss) and the subcoracoid bursa
overlying the tendon (2)

don of the subscapularis. The superficial face of
the subscapularis tendon is covered by a synovial
bursa, the subcoracoid bursa, the function of
which is to reduce friction between the tendon
and the coracoid (Fig. 3.10). Some consider it the
anterior segment of the subacromiodeltoid bursa
with which it can communicate physiologically.
However, it never communicates physiologically
with the glenohumeral joint [20, 21]. The upper
slope of the subscapularis tendon is bordered by
the subcoracoidal or subscapular recess, also

signal thickening of CHL (arrows) (Ss subscapularis,
Lhb long head biceps, SS supraspinatus, IS infraspinatus,
H humerus)

known as the subscapular bursa (Fig. 3.10). This
recess communicates with the glenohumeral joint
through an orifice located between the upper and
median glenohumeral ligament or between the
superior and median glenohumeral ligament. It
has very close relations with the subscapularis
tendon to which it is fixed by loose connective
tissue [22].

3.5.2 Ultrasound Technique

The subcoracoid space is essentially studied on
an axial section corresponding to the longitudinal
section of the subscapularis. The probe can be
shifted inside to also study the medial slope of
the space. The coracohumeral space is defined
as the smallest distance between the coracoid
and the lesser tubercle. It is measured on an axial
section centered on the coracoid, with the arm
rotating internally. The subscapular recess can be
visualized as a water drop-shaped liquid groove
in internal rotation at contact with the upper edge
of the subscapularis tendon (Fig. 3.11). It com-
pletely erases in rotation because the subscapu-
laris then puts itself in tension and compresses
the recess. In the normal state, the subcoracoid
bursa is not or very difficult to visualize. As with
the subacromial impingement, dynamic study is
indispensable in order to explore the subcoracoid
impingement, with internal and external rotation
maneuvers in slight elevation.
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Fig.3.11 Internally rotating oblique axial section with a
rounded liquid image (arrows) below the coracoid (C) and
the CHL (arrows) corresponding to the subcoracoidal
recess

-
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3.5.3 Pathology

3.5.3.1 Impingement Under
the Coracoid

This is a rare but well-known cause of pain in the
anterior side of the shoulder [23, 24]. It is the
result of compression of the subscapularis tendon,
subcoracoid bursa, and anterior capsule between
the coracoid process and the lesser tubercle [25,
26]. It can be a result of a long coracoid
(Fig. 3.12), posttraumatic stigma, and volumi-
nous calcifications of the upper fascicles of the
subscapularis tendon (Fig. 3.13), iatrogenic (sur-
gical equipment) [27] or secondary to a massive

Fig.3.12 (a) Axial/longitudinal section of the subscapu-
laris tendon (Ss) with a discrete hypoechogenic thicken-
ing of the subcoracoid bursa (arrows) in a swimmer with

Fig. 3.13 (a) Axial/longitudinal section in external rota-
tion of the subscapularis tendon which is the seat of a
voluminous calcification (Ca) and (b) longitudinal sec-

anterior scapulalgia with (b) coracoid incidence in corre-
sponding false profile showing a long coracoid process
(arrows) promoting impingement

tion in internal rotation with calcification which stops on
the coracoid (C), responsible for a subcoracoid bursitis
(arrows) (Lt Lesser tubercule)
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rupture of the superior cuff with ascent of the
humeral head [28].

Repeated coracoid pressure on the surface of
the tendon would create an elastic tensile stress
on the deep side of the tendon by a roller winger
effect described by Burkhart [29], responsible for
degenerative lesions at the deep side of the ten-
don called TUFF (tensile undersurface fiber fail-
ure). The diagnostic criterion is the decrease in
coracohumeral distance [30], although its diag-
nostic value is discussed in the literature [31, 32].
Coracohumeral distance is decreased in symp-
tomatic patients from the contralateral side and

Fig. 3.14 Impingement under coracoid with a sharp
decrease in the coracohumeral space (double arrow), the
subcoracoid purse outside the coracoid (C), and a long
biceps (Lhb) facing the coracoid (Hh Humeral head)

asymptomatic subjects (Fig. 3.14) [32, 33]. The
normal value of the coracohumeral distance pro-
posed in ultrasound is 12 mm [32], but more than
the absolute value of the coracohumeral distance,
it seems appropriate to carry out a bilateral com-
parative measurement in search of an asymmetri-
cal reduction of the space. Impingement can be
referred to as subacromial impingement with
subcoracoid bursitis involving varying degrees of
hypoechogenic thickening and liquid effusion,
impinging dynamic maneuvers in adduction, ele-
vation, and internal rotation [32, 34].

3.5.3.2 Effusion/Secondary

Osteochondromatosis

of Subcoracoid Recess
The subcoracoid bursa can be distended by gle-
nohumeral effusion. It is not always easy to dif-
ferentiate the subcoracoid bursa from the
subscapular/subcoracoid recess. Attention should
be paid to studying the relations of the fluid range
in front of the subscapularis tendon with the joint
cavity and the subscapularis tendon on a sagittal
section just outside the coracoid: if the liquid
range communicates with the articular cavity
above the subscapularis tendon, the image corre-
sponds to the subcoracoid recess, otherwise to
the subcoracoid bursa (Fig. 3.15). It is most often
associated with effusion of other glenohumeral
recesses. This recess can also be the site of sec-
ondary osteochondrosis on centered or eccentric

Fig. 3.15 (a) Axial section showing an effusion of the
subcoracoidal recess (arrows) between the subscapularis
tendon (Ss) and the coracoid (C); (b) corresponding sagit-
tal section showing the communication (double arrow)

between the recess (arrows) and the joint cavity (Jc) at the
upper edge of the subscapularis (Ss) and allowing the dif-
ference between the bursa and the recess (Hh Humeral
head)
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omarthrosis. They are most often difficult to
visualize because they are quite deep and par-
tially masked by the coracoid (Fig. 3.16).

3.6 Traumatic Coracoid

Fractures of the coracoid are rare, accounting for
about 1-3% of shoulder fractures [35-37]. It is
possible to differentiate between stress fractures
that are encountered almost exclusively in rifle
shooters [38, 39] and acute traumatic lesions.
These acute lesions result from three different
mechanisms: direct trauma to the anterior side of
the shoulder [35, 37], direct trauma to the
humeral head in the event of anterior glenohu-
meral dislocation, and traction by maximum
eccentric contraction of the short head of the
biceps and coracobrachialis muscles. Direct
trauma is usually responsible for fracture of the
base, while traction trauma is responsible for
apex avulsion fractures [35, 40, 41]. The avul-
sions of the upper side of the coracoid corre-
spond to coracoid avulsion of the coracoclavicular
ligaments (see above). Radiographic diagnosis
of coracoid fractures is difficult given the bony
overlays, and these fractures are often unknown

in radiography [42]. Radiography is nevertheless
an obligatory step in case of traumatic shoulder
pain, especially to explore the base of the
coracoid.

3.6.1 Ultrasound Technique

The coracoid should be systematically explored
in the case of a painful posttraumatic shoulder
with an oblique sagittal section, “apical oblique”
view, in the longitudinal axis of the process [42]
by analogy with the apical radiographic inci-
dence [6] as the standard anterior sagittal view
only reveals the apex and the distal part of the
descending segment (Fig. 3.17a). The “oblique
apical” view allows you to explore a larger part of
the upper surface of the process and aids in the
detection of fractures (Fig. 3.17b).

3.6.2 Pathology

The fracture will be evoked in front of a cortical
continuity solution with a per-fractural hema-
toma (Fig. 3.18a), hyperechogenic edematous
infiltration with hyperemia of the soft parts in

Fig.3.16 (a) Axial section centered on the coracoid with
a hypoecho-gene synovial thickening on either side of the
coracoid containing a difficultly visualized secondary

osteochondroma (arrowhead) and (b) corresponding
false-profile incidence highlighting the osteochondroma
(arrowheads) more easily
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Fig. 3.17 (a) Standard sagittal section of the coracoid
showing only the apex (A) and the distal part of the
descending segment (DS) with the insertion of the short
head of the biceps and coracobrachialis (curved arrow).

contact in case of a recent fracture as opposed to
a semi-recent fracture (Fig. 3.19). The traction
exerted by the short head of the biceps and cora-
cobrachialis during a thwarted bending of the
elbow leads to a lower displacement of the distal
fragment, which enhances the effect of the upper
cortical release and facilitates detection. Isolated
posttraumatic subscapularis bursitis also requires
an occult fracture of the coracoid (Fig. 3.18b).

3.7 Coracoid and Tendinous
Insertions (Coracobiceps/
Coracobrachialis
and Pectoralis Minor)

3.7.1 Anatomy

The short head of the biceps and the coracobra-
chialis insert on the apex of the coracoid. The
anteroposterior extension of the coracoid is a
lever arm for these muscles with an anterior
insertion on the anterior edge of the clavicle. The
tendon of the short head of the biceps is inserted
on the lateral side of the apex of the coracoid, and
the insertion of the coracobrachialis is directly
myo-osseous on the medial side of the apex [43]
(Fig. 3.19). The two muscles then head down,
passing through the back of the pectoralis major.
The pectoralis minor tendon is inserted on the
medial side of the descending segment (Fig. 3.19).

(b) The probe is then tilted upwards and inwards to obtain
the “apical oblique” view freeing the entire descending
segment with the insertions of the pectoralis minor
(arrows) and coracoclavicular ligaments (arrows)

3.7.2 Ultrasound Technique

The proximal insertion of the short head of the
biceps and coracobrachialis is easily accessible
by ultrasound. The longitudinal section consists
of a strict sagittal section (Figs. 3.20 and 3.21)
passing through the apex of the coracoid and the
transverse section through a strict axial section.
The pectoralis minor tendon is visualized on an
oblique sagittal cut at the below and medially
(Fig. 3.22).

3.7.3 Pathology

3.7.3.1 Tendinopathy/Enthesopathy
Tendinopathy or ruptures of tendons inserting
into the coracoid process are unusual compared
to long biceps tendon and cuff tendons [44]. The
most common involvement is enthesopathy at the
insertion of the short head of the biceps and cora-
cobrachialis with cortical irregularities and/or
intratendinous calcifications at the apex. The
three muscles taking insertion on the coracoid
can nonspecifically be the site of myo-aponeurotic
or myotendinous lesions.

3.7.3.2 Traumatic Avulsion

The short head of the biceps and coracobrachialis
can avulse the apex of the coracoid in case of
large eccentric contraction (Fig. 3.23), as the pec-
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Fig.3.18 (a) Coracoid sagittal section showing a recent
fracture of the horizontal segment with widening of the
fracture focus (double arrow) and partially fibrous
hypoechogenic hematoma (asterisk) and (b) axial section
on the coracoid distension of the subcoracoid bursa

toralis minor can avulse the medial slope of the
descending segment (Fig. 3.24).

3.7.3.3 Coracobrachialis Accessory

An accessory muscle called accessory coracobra-
chialis (ACB) can be inserted on the lower side of
the coracoid. In the literature, the proximal origin
of ACB is described as the lower surface of the
coracoid process, with an anterior and inferior

(arrows) on either side of the coracoid (C) associated with
the fracture (A apex of the coracoid). (¢) Corresponding
Bernageau incidence. This incidence was achieved after
ultrasound diagnosis, since the fracture was not visible on
the standard effects

oblique path to the subscapularis. It maintains a
close relationship with the anterior circumflex
humeral artery and musculocutaneous nerve
proximally and median nerve and brachial artery
distally [45—49]. The ACB is easily visualized in
ultrasound, with a typical muscular body appear-
ance, hypoechogenic containing thin internal
hyperechogenic linear echoes with fascicular
echostructure, sitting in front of the subscapularis
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tendon and under the subacromiodeltoid bursa
and deltoid (Fig. 3.25) [50]. It is separated from
the deltoid and the subscapularis by a fine hyper-
echogenic linear interface. It is important to know
this variant so as not to confuse it with subcora-
coid bursitis. This anatomical variant may com-
plicate the anterior surgical approach of the
shoulder and must therefore be specified in the
case of accidental discovery. ACB may be respon-
sible for syndromes of cervicothoracobrachial
crossing by compression or impingement on adja-
cent neurovascular structures. Kopuzc et al. [48]
and Flatow et al. [51] reported lesions to the mus-
culocutaneous nerve, median nerve, and lateral
trunk of the brachial plexus by this accessory
muscular body. When voluminous, the accessory

Fig. 3.19 Semi-recent fracture with a fibrous case
(arrows) and a rough bone callus (arrowhead) (A coracoid
apex)

Fig.3.21 Sagittal section on the medial slope of the apex
of the coracoid (A) showing mixed insertion of the cora-
cobrachialis (arrowheads) with a thin anterior fascia and a
bone-muscle junction insertion behind

Fig. 3.22 Oblique sagittal section on the anterior and
medial slope of the descending segment showing the
insertion of the pectoralis minor tendon (arrows) and its
muscular body (Pm) (C coracoid, Pm muscular body of
the pectoralis minor)

Fig.3.20 (a) Positioning of the probe to study the proxi-
mal insertions of the short head of the biceps and coraco-
brachialis and (b) corresponding sagittal section on the

lateral side of the apex of the coracoid (A) showing the
insertion of the short head of the biceps (arrows)
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Fig.3.23 Sagittal section of the coracoidal (arrow) disin-
sertion of the coracobrachialis (COR BR). (COR cora-
coid, CB short head of the biceps)

Fig. 3.25 (a) Axial ultrasound section of a right shoulder
ACB (arrows) anterior to the subscapularis tendon (Ss)
and below the deltoid, with a fine hyperechogenic border
between these structures (asterisk). (b) The comparative

coracobrachialis may be responsible for subcora-
coid impingement with the coracoid end and
proximal segment of the short head of the biceps
and coracobrachialis tendons. In dynamic study,

Fig. 3.24 Oblique longitudinal sagittal section of cora-

coid insertion avulsion (CORAC) of the tendon of the
pectoralis minor (PPECT)

ultrasound cut of the left shoulder does not show ACB. (¢)
Corresponding ultrasound sagittal section of the same
ACB (arrows) in front of the subscapularis tendon (Ss)
and under the deltoid (C coracoid, Lt lesser tubercule)

the accessory muscular body deforms as it passes
under these structures, with a fine subcoracoid
bursitis on the surface (Fig. 3.26).
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Fig. 3.26 Axial ultrasound section in internal rotation of
a right ACB with progressive deformation at the very
beginning of internal rotation (a) and later internal rota-
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Ultrasound of the
Acromioclavicular Joint

Guillaume Mercy

The conditions of the acromioclavicular joint
(AC) including traumatic and degenerative
pathologies are some of the most common causes
of a painful shoulder. However the involvement of
this joint is underestimated, which is nicknamed
for this reason “the forgotten articulation” [1].

4.1 Anatomy

The scapula and clavicle form the bony base of
the upper chest wall, a V-shaped articulation
whose tip is formed by the AC joint (Fig. 4.1).

4.1.1 General

This is a plane joint [2, 3]. The articular surface
of the acromion is oval, slightly concave, vertical,
almost sagittal, discreetly oriented forward and
inward, facing the slightly convex clavicle sur-
face [3, 4].

In half of the cases, the joint is not strictly ori-
ented in the sagittal plane but slightly oblique
downwards and inwards, so that the clavicular
surface slightly overlaps the acromial surface, up
to 50° from the vertical [2, 5].

G. Mercy (D<)

G.H. Pitié-Salpétriere, Service d’Imageries
Spécialisées et des Urgences, Boulevard de 1’hopital,
Paris, France

e-mail: guillaume.mercy @aphp.fr

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022

It is elongated in the anteroposterior direc-
tion and measures about 19 mm in length and
9 mm in height [6]. The width of the joint space
varies from 1 to 3 mm, decreasing with age,
reaching down to 0.5 mm after 60 years
[1,4,7].

4.1.2 Content

The joint contains a capsule, a synovium, a joint
cavity, articular cartilages, and an intra-articular
disc.

e The disc is discoid or meniscoid in shape
ranging from 1 to 4 mm, with its thickness
decreasing with age [3, 4, 8-10]. Testut
describes up to eight different types of vari-
able development, size, and shape. When
complete, it can separate the joint cavity in
half or be adherent to the acromion and delimit
a single cavity on its clavicular side [3].

e The joint cavity appears only from the age of
23 years [9].

e The cartilage is thicker on the acromial slope
[3]. Initially hyaline is gradually trans-
formed into a fibrocartilage from 17 years on
the clavicular side and 23 years on the acro-
mial side [3].

e The capsule is thin on the lower side, so
that the synovium can easily communicate
with the subacromial bursa [11].
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Fig. 4.1 Anatomy of the
acromioclavicular joint
according to Testut. (1)
clavicle; (2) acromion; (3)
coracoid process (hidden
by 12: short head of the
biceps and 13:
coracobrachialis); (6)
conoid ligament (and 6’
accessory ligament); (7)
trapezoid ligament; (8)
superior acromioclavicular
ligament; (9) inferior
acromioclavicular
ligament; (10)
acromiocoracoid ligament

4.1.3 Ligaments

4.1.3.1 AC Ligaments
The capsule, loose, is strengthened by joint liga-
ments. Conventionally there are four: superior,
inferior, anterior, and posterior [12].

In reality only two are present, one of which is
constant [3, 13]:

e The posterosuperior (or “superior”) ligament
is constant, wide, slightly oblique from the
anterior edge of the acromion to the posterior
edge of the clavicle, “wrapping” around the
distal clavicle [8, 14]. Its insertions are in con-
tinuity with the periosteum [15], at about
3 mm on the acromial side and 4 mm on the
clavicular side [16].

e The anteroinferior (or “inferior”) ligament is
inconstant, thin, and variable in width and ori-
entation [13]. It merges laterally with the acro-
mial insertion of the acromiocoracoid ligament
[8]. When present it often does not cover the
lower edge of the AC joint, which is therefore
usually devoid of ligaments [13].

4.1.3.2 Coracoclavicular Ligaments (CC)
Two other extra-articular ligaments stabilize the
AC joint, the coracoclavicular ligaments [2—4,
13, 15, 17-20].

e The anterolateral or trapezoid CC ligament: it
inserts on the lateral edge of the base of the
coracoid, about 2 cm from the tip of the cora-
coid. It forms a quadrilateral sagittal shaft
broadly flared upwards and oriented upwards
and outwards to the lower edge of the distal
1/3 of the collarbone. It is inserted on an
extended bone ridge from the conoid tubercle
of the clavicle medially, up to 1 cm of the
articular edge of the clavicle laterally. Its
length is very variable, about 15 mm [20].

e The posteromedial CC ligament or conoid: it
inserts on the medial edge of the base of the
coracoid inside the previous one with which it
mixes. Then it flares slightly into a cone and
turns upwards and slightly backwards to the
junction of the medial and lateral third of
the clavicle. It is inserted about 4 cm from
the joint edge, on an area narrower than the
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trapezoid ligament, centered by a small conoid
tubercle located on the posterior edge of the
clavicle. Its length is variable, in the order of
10 mm [20].

The posterior edge of the trapezoid ligament
can merge with the lateral edge of the conoid
ligament or leave a gap filled with a serous bursa
[3, 4].

4.1.3.3 Variants

e Sometimes a third additional CC ligament
starts from the coracoid insertion of the conoid
ligament and moves up and out to insert
behind the trapezoid ligament [3, 18].

* An additional ligament can line the lower
edge of the AC joint and would be a remaining
insertion of the subclavian muscle on the acro-
mion [3].

e In some populations (Asia, Africa), the CC
space is replaced by a plane neo-articulation
[2,3].

4.1.4 Muscles

The stability of the joint is ensured by these dif-
ferent ligaments but also by the deltoid and trape-
zius muscles, which have both clavicular and
spinoacromial insertions.

On the clavicle, the deltoid is inserted on the
anterior side of the lateral third, and the trapezius
is inserted on the posterior side [3].

The superficial fascia of the deltoid muscle
and trapezius muscle join above the clavicle and
extend over the AC joint in the form of a delto-
trapezoid fascia [2, 3, 8, 15].

It is commonly referred to as the muscular and
conjunctive “deltotrapezial cap,’ covering the AC
joint.

4.1.5 Vascularization
and Innervation

The AC joint is irrigated by the suprascapular
(subclavian branch) and thoraco-acromial (axil-
lary branch) arteries.

Innervation is provided by the suprascapular
and lateral pectoral nerves [21].

4.2 Biomechanics

4.2.1 Function

The clavicle and scapula serve as the original
muscular and ligamentous suspension apparatus
of the arm. The clavicle is the only bone that
brings together the axial skeleton and the upper
limb.

Participation of the AC joint in shoulder
mobility is low. Indeed, this is largely ensured
by scapulothoracic and glenohumeral mobility.
The clavicle follows the movements of the scap-
ula, in a synchronism of the scapular and cla-
vicular movements [22-24]. Thus, for
Rockwood, when the clavicle rotates 45° in the
sternoclavicular, only 5-8° occur in the AC joint
[23]. In addition, even after arthrodesis of these
two bones, shoulder movements remain possi-
ble [25].

4.2.2 Movements

Three types of joint movements are described by
Worcester [26]:

* An anterior and posterior slide of the scapula
on the clavicle with internal or external rota-
tion around a vertical axis, bringing the
branches of the acromioclavicular “V” closer
to or away from each other, like a compass
(accompanies the internal and external rota-
tions of the scapula in the axial plane).

* A superior rotational movement, around the
AC joint axis, like a hinge, during abduction
of the scapula to the clavicle (accompanies the
superior rotation of the scapula).

e An axial rotational movement around the axis
of the clavicle (accompanies the anterior or
posterior inclination of the scapula).

e The range of movements is restricted. In com-
plete abduction of the shoulder, the scapula
has a movement around the clavicle of the
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order of 8° internal rotation, 11° upper rota-
tion, and 19° posterior axial rotation [27].

* However, the amplitude of the upper rotation
of the joint during abduction of the shoulder is
poorly known: between 5° and 30° according
to the authors [2, 12, 23, 27-31].

e In the next chapters, the movement of the AC
Jjoint will be referred to as a displacement of
the clavicle relative to the acromion for
convenience.

4.2.3 Stability

4.2.3.1 Ligament Resistance

In vitro tests show that the capsule and AC liga-
ments are the most resistant, followed by the
conoid ligament and then the trapezoid ligament
[15].

4.2.3.2 Capsule and Ligaments AC

Capsule and AC ligaments exhibit three times
more stability in the anteroposterior plane than in
the superior-inferior plane [4, 32].

e In the anteroposterior plane (horizontally),
they constitute the primary stabilizer, limit-
ing the posterior clavicular movement
largely due to the superior AC ligament [13,
14].

e In the superior-inferior plane (vertically), for
displacements of small amplitude, the capsule
and superior AC ligament contribute half to
joint stabilization, in combination with CC
ligaments [14, 15, 33].

e In the axial plane, the superior AC ligament
restricts the posterior rotation around the cla-
vicular axis, thanks to its orientation with
slight “winding” around the clavicle [13, 14].

 Finally, the capsule and AC ligaments restrict
distraction forces (rare) [14, 22].

4.2.3.3 CC Ligamentous Complex
Different ligaments strain differently depending
on the direction of movement.

e Vertically, CC ligaments are the primary stabi-
lizer. During weak movements, they absorb

about half of the stresses in combination with
the capsule and the superior AC ligament.
During larger amplitude movements, they take
care of 2/3 of the stresses, especially via the
conoid ligament [14].

e Horizontally, after section of the capsule and
of the AC ligaments, tensions increase in CC
ligaments [28]. During posterior stress on the
clavicle, the trapezoid ligament undergoes
greater tensions than the conoid and vice versa
during anterior stress [28, 33].

e In compression, the trapezoid ligament
absorbs 3/4 of the stress [14].

In general, experimentally, the conoid liga-
ment undergoes greater tension during anterosu-
perior loading of the clavicle; the trapezoid
ligament undergoes more tension during poste-
rior loading of the clavicle [34].

4.2.3.4 Trapezius and Deltoid Muscles

¢ Due to its insertion and orientation, the deltoid
directly restricts the upper and posterior
movements of the clavicle when the ligaments
are ruptured [2].

e The trapezius, extended from the axial skele-
ton to the edge of the acromion, contributes to
AC stability by its wide fascial attachment to
the upper collarbone [2, 23].

4.2.3.5 Summary
In the experience of Urist [35]:

» Isolated section of coracoclavicular ligaments
does not lead to laxity.

e The section of the superior AC ligament with
resection of the capsule allows subluxation of
the articulation. In case of additional detach-
ment of the deltoid and trapezius, it is possible
to displace the clavicle upwards.

e In case of section of the superior AC ligament,
with detachment of the deltoid and trapezius
muscles, and section of the trapezoid liga-
ment, dislocation of the collarbone upwards
but especially backwards is possible.

e In case of section of the superior AC ligament,
with detachment of the deltoid and trapezius
muscles, and section of the conoid ligament,
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the dislocation of the collarbone upwards is
major.

In summary, a lesion of acromiocoracoid liga-
ments is not sufficient to cause laxity but must be
combined with a lesion of the capsule and CC
ligaments. Lesion of the conoid ligament and/or
deltotrapezial fascia aggravates superior dis-
placement. Lesion of the trapezoid ligament
aggravates posterior displacement [22].

4.3 Normal Ultrasound

4.3.1 Normal Ultrasound

The reference section plane is frontal, on the upper
side of the shoulder stump [36]. Other sagittal sec-
tions (disc, CC ligaments, muscle fascia, ultrasound-
guided joint infiltration) and axial sections (posterior
displacement) may be useful in addition.

4.3.1.1 AC Joint (Anterior Frontal

and Sagittal Sections)

(Figs. 4.2 and 4.3)
The upper edge of the clavicle and acromion has
regular borders. These borders are highly vari-
able in morphology: protruding, planar, or con-

cave [37]. In addition, the joint is slightly more
open anteriorly [38].

The joint space, visible as a hypoechoic gap,
can be measured at the superficial joint opening.
It should be compared to the normal side due to
large individual variations [37-39] (average
3 mm, normal <6 mm) [37, 40].

The acromial and clavicular joint edges are
normally aligned vertically and horizontally, but
in practice slight shifts are frequent and justify
the comparison to the normal side [38, 41].

The joint capsule is usually convex but should
not bulge more than 3 mm thick, from the tangent
to the upper edges of the joint [37, 40].

An articular effusion may be incidentally vis-
ible [42].

Disk analysis is possible, although hampered
by artifacts [39]. The superficial part of the artic-
ular fibrocartilage is constantly visible [37]. It
forms a hypoechoic structure under the AC liga-
ment, ovoid in the sagittal plane.

4.3.1.2 Superior AC Ligament (Frontal
Section) (Fig. 4.2)

The superior AC ligament is superficial, therefore

easily visible on the same frontal section, in the

form of hyperechoic thickening of the upper

capsule.

Fig. 4.2 Frontal section on AC joint and superior AC
ligament. (a) Positioning of the probe. (b) Corresponding
ultrasound image. The capsule appears thick as it is rein-
forced on its upper and posterior side by the hyperechoic
superior AC ligament, located on the surface of the
hypoechoic fibrocartilage (arrowheads). A thin superficial

hyperechoic band corresponds to the muscular fascia (hol-
low arrow). On a comparative section, the width of the
surface joint space (double dotted arrow) and the upper
capsular thickness (double solid arrow) can be measured.
ClI clavicle, Acr acromion



50

G. Mercy

Fig. 4.3 Sagittal section on the AC joint: articular fibro-
cartilage. (a) Position of the probe. (b and ¢) Corresponding
images in two asymptomatic subjects (b: male 33 years; c:
female 27 years). Fibrocartilage is visible, elliptical in

4.3.1.3 CC Ligaments (Anterior Sagittal
Sections) (Fig. 4.4)

Visualization of CC ligaments is difficult in
ultrasound but possible for trained operators.
The trapezoid ligament unlike the conoid lig-
ament is constantly accessible. They are
located deep under the anterior deltoid mus-
cle. The passage of the lateral acromial artery,
branch of the thoraco-acromial artery, super-
ficially to the ligaments, is an excellent land-
mark [43].

CC ligaments appear on a more or less oblique
sagittal section as elongated structures, often
hypoechoic because of the anisotropic artifact
due to their obliquity [39], which helps to locate
them in adjacent fat:

e The conoid ligament, is vertically oriented
band, from the base of the coracoid to the
clavicle [39]. Its clavicular insertion may not

shape, discoid in one case, meniscoid in the other. Note
the presence of some anechogenic effusion at the center
without clinical translation

be visible on the posterior edge of the
clavicle.

e The trapezoid ligament can be spotted from
the previous one by rotating the probe later-
ally [43]. Is has a more oblique, lateral orien-
tation, a flared shape, and inserts next to the
AC joint [39].

4.3.1.4 Muscle Cap (Upper Sagittal
Sections) (Fig. 4.5)

In a traumatic lesion, it is indispensable to study
the condition of the deltotrapezial muscular cap.
On a sagittal section medial to the joint, the mus-
cular attachment of the deltoid muscle is located
on the anterior side of the clavicle while that of
the trapezius is located on the posterior side [44].
Between the two, the deltopectoral fascia forms a
hyperechoic line in continuity with the superfi-
cial fascia of the two muscles, which merges lat-
erally with the superior AC ligament [44].
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Fig. 4.4 Anterior sagittal sections on the coracoclavicu-
lar ligaments. (a) Probe positioning: strictly sagittal for
the conoid ligament, slightly oblique laterally for the trap-
ezoid ligament. (b) Anterior sagittal cut. Conoid ligament
(between the two thick arrows). It forms a vertical rectilin-
ear strip, slightly widening upwards. Its proximal part is
partially masked by the clavicle, on the posterior edge of

4.3.1.5 Joint Mobility (Dynamic
Maneuvers, Frontal Sections)

The analysis is always done by comparison to the

normal side.

Joint space is evaluated on a frontal section in
search of vertical (frontal plane) or horizontal
(axial plane) joint displacement (see above).

Some authors also measure the coracocla-
vicular distance on a sagittal section that
reflects the upper clavicular displacement,

which it inserts. (¢) Oblique anterior sagittal cut, more lat-
eral. Trapezoid ligament (between the two thick arrows).
It has a more oblique path, a thicker and more flared
appearance than the conoid. The passage of the lateral
acromial artery (arrow) into the area of the ligament is a
useful landmark. CL clavicle, corac coracoid, LC conoid
ligament, LT trapezoid ligament

between the base of the coracoid and the lower
edge of the clavicle [39, 45].

Finally, a dynamic “cross arm” maneuver is
performed, encompassing an antepulsion and
adduction of the shoulder, until the ipsilateral
hand reaches the contralateral shoulder [38, 46];
in the normal state, the joint space narrows
slightly, and the offset of the bony margins of the
articulation changes little relative to the normal
side (<1 mm) [38, 46].
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Fig. 4.5 Upper sagittal section on the deltotrapezial cap
above the clavicle. (a) Position of the probe. (b)
Corresponding ultrasound image. The trapezius and deltoid
have direct myo-osseous insertions (arrowheads) on the

4.3.2 Advantages and Disadvantages
of Ultrasound vs MRI

4.3.2.1 Interest of Ultrasound [39, 43, 47]

e Accessible and inexpensive.

* AC joint superficial, thus easily accessible.

¢ No movement artifacts unlike MRI, especially
in acute painful phases.

* Dynamic study.

* Analysis in the plane of the ligaments, unlike
most MRI protocols [48, 49].

* Analysis as reliable as MRI to detect capsulo-
synovial swelling [39, 40].

e Reliable measurements of joint space and
joint swelling (vs. gold standard: MRI or ana-
tomical studies) [50, 51].

e Performed in the sitting position, therefore no
reduction of AC movements, especially hori-
zontal, unlike MRI performed in the supine
position.

* Guidance for intraarticular infiltration: simple
to carry out, controlling on a sagittal section
the displacement of the needle, which is intro-
duced anterosuperiorly where the joint space
is wider. Studies showed a correct, intra-
articular injection in 95-98% of cases, com-
pared with 40-70% without guidance [52-55].

4.3.2.2 Disadvantages of Ultrasound

* No access to the lower edge of the joint.

* Study of the joint disc limited and not as good as
in MRI [39]. However, of little clinical interest,

anterior and posterior edges of the clavicle, respectively. A
superficial fascia (arrows) brings them together and adheres
to the superficial side of the clavicle and superior AC liga-
ment. Trap trapezius, Delt deltoid, Clav clavicle

due to the frequency of changes with age and the
absence of symptomatic correlation.

* More difficult and less reliable analysis of
CC ligaments [39, 43, 48, 49]. In our experi-
ence, the proximal portion and the clavicular
insertion of the conoid ligament are often
inaccessible on ultrasound.

* No appreciation of bone edema (arthropathies
in inflammatory flare, distal osteolysis of the
clavicle, acromial bone, etc.).

44 Pathology

4.4.1 Traumatic: AC Sprain
4.4.1.1 Epidemiology and Mechanism
AC sprain is a frequent pathology, the incidence
of which is 9 per 1000 per year. It affects athletes
in 90% of cases and accounts for 30-50% of
shoulder injuries [56].

Two main mechanisms:

e A direct mechanism, by far the most common,
by direct contact on the stump of the shoulder,
the arm in adduction [4, 25, 57]. It concerns
contact or falls sports (two-wheeled, skiing,
horse-riding, judo, rugby, American football,
hockey, etc.); in rugby they concern one-third
of shoulder trauma.

e Anindirect mechanism, rare: fall with landing
on outstretched hands.
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4.4.1.2 Lesion

Direct Mechanism

The direct application of force to the anterosupe-
rior side of the shoulder, in contact with the acro-
mion, induces a rotation of the scapula on itself
(tilt) resulting in a leverage effect on the clavicle,
the fulcrum being first the coracoid and, then if
the trauma continues, the first rib [58].

The initial lesion corresponds to an elongation
without rupture of the AC capsuloligamentous
structures [59].

Then the rupture of the capsule usually occurs
at the clavicular insertion of the superior AC liga-
ment, above the junction with the fibrocartilage,
which remains attached to the acromion. It may be
associated with a detachment of the capsule and
periosteum at the lower edge of the clavicle [59].

Subsequently, the coracoclavicular ligaments
and deltotrapezial fascia rupture, in a lateral to
medial direction. In the most severe lesions, the
deltoid is torn from the clavicular edge, and the
trapezius tears between the fibers inserted on the
clavicle and those inserted on the scapular spine
[59]. Deltoid is more often lesioned than trape-
zius [58].

The fall of the scapula downwards, more or less
completely disconnected from the clavicle, gives
the impression of an ascent of the clavicle (vertical
instability). Instability can also be horizontal, cor-
responding most often to a posterior displacement
of the clavicle relative to the acromion.

Indirect Mechanism

Much more rarely, the force is applied from
below, the humerus pushing on the acromion.
The scapula rotates around the axis of the AC
joint itself [58]. This mechanism can explain the
anteroinferior displacement of the clavicle in the
exceptional Rockwood grade VI [57].

4.4.1.3 Tossy Classification
Tossy [60] proposed a classification in three
stages:

e Grade I: stretching or partial rupture of AC
ligament. Normal X-ray

e Grade II: complete rupture of AC ligament
and stretching without rupture of CC liga-

ments.  X-ray vertical AC
subluxation

e Grade III: complete rupture of AC ligament
and CC ligaments. X-ray showing a vertical
AC dislocation (“piano key” image), with an

increase in coracoclavicular distance

showing

This classification was virtually abandoned in
favor of the Rockwood classification as it consid-
ered only ligamentous displacements, excluding
those caused by the muscular cap lesions, and
neglected posterior displacements. Thus, in a
series of about 100 patients, 20% of Tossy II
(medical treatment) were reclassified in grade IV
in the Rockwood classification and therefore
operated [44].

4.4.1.4 Rockwood Classification (Fig. 4.6)
It takes that of Tossy by subdividing grade 3. It is
based on a supposed correlation between ana-
tomical lesions and clavicular displacement, in
reality very imperfect [43, 44, 61-63].

The clavicular displacement is evaluated by
standard X-ray, which involves the production of
a front AC view (Zanca type) and an axillary pro-
file (see below) [64, 65].

Grade I

Lesions: stretching or partial rupture of AC
ligament X-ray normal.

Grade II

Lesions: complete rupture of AC ligament and
stretching without rupture of CC ligaments.

X-ray: vertical AC subluxation: slight joint
diastasis, elevation of the clavicle relative to the
contralateral side with an increase in CC space
<25% relative to the contralateral side.

Grade III:

Lesions: complete rupture of AC ligament and
CC ligaments.

X-ray: vertical AC dislocation (piano key), with
increased CC distance between 25 and 100%.

Grade IV:

Lesions: same as grade 3, and trapezius and
deltoid muscles are detached from the distal end
of the clavicle. The clavicle is incarcerated in the
trapezius posteriorly.

Radiography: increase in CC space <100%. In
profile, the clavicle is displaced posteriorly over
more than 100% of the joint width.
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Fig. 4.6 Rockwood classification [61, 62] in six stages

Grade V:

Lesions: same as grade 3, and trapezius and
deltoid muscles are detached from the distal end
of the clavicle.

X-ray: massive vertical AC dislocation, with
increased coracoclavicular distance >100%.

Grade VI (rare):

Lesions: same as grade 3; however, CC liga-
ments may be intact; trapezius and deltoid mus-
cles may be lesioned or intact.

X-ray: the clavicle is moved forward and
down under the acromion (decrease in coracocla-
vicular distance) or even under the coracoid (sub-
coracoid dislocation).

Variant: For the bilateral and comparative
measurement of the CC, one can substitute the
unilateral assessment of the ascent of the clavicle
relative to the height of the acromion: up to half
the acromion in grade II, the entire height of the
acromion in grade III, beyond the acromion in

4

\

Stage Il

P "
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Stage VI

grade V. However, this method seems less repro-
ducible [66].

4.4.1.5 Associated Lesions

In grade III and above, a fracture of the coracoid
can be associated with or substitute for ruptures
of CC ligaments.

Sometimes the rupture of CC ligaments is
replaced by a detachment of the periosteum at
their clavicular insertion [22].

Grade IV should seek an associated disloca-
tion of the sternoclavicular joint (bifocal disloca-
tions or “floating clavicle) [67].

Because grades I'V and VI are often high energy,
vascular or nerve damage to the brachial plexus
and other fractures may be associated [67, 68].

4.4.1.6 Reproducibility and Limitations
Intra-observer and interobserver reproducibility
is moderate to excellent according to studies for
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vertical displacement (on front X-rays) [66, 69—
71] much less good for horizontal displacement
[69, 70].

Thus, grade IV, which accounted for only
0.8% of cases in the initial Rockwood series,
would be underdiagnosed and therefore incor-
rectly operated in the initial phase.

In addition, proper application of the
Rockwood classification requires learning: repro-
ducibility is acceptable for trained surgeons but
poor for unskilled or poorly experienced physi-
cians [72].

4.4.1.7 Standard X-Rays

Front X-Rays
The classical frontal incidence does not allow
the correct visualization of the joint, due to
the superposition of the scapular spine on the
AC joint from the front [22]. To clear it,
either a clavicular view in posterosuperior
incidence [73] or a Zanca view, which is an
anteroposterior incidence centered on the AC
joint with an ascending radius of 15° [1]
(Fig. 4.7).

Anteroposterior radiographs should be bilat-
eral and comparative. It allows to search for:

* A widening of the joint space (pathological
>6 mm [7], but requiring a comparison to the
normal side). It is not specific to instability
and can be noted in other pathologies (erosive
arthropathies, distal osteolysis of the clavicle,
postoperative after acromioplasty).

e A “clavicle ascent”: an increase in CC height
relative to the normal side.

* A significant posterior horizontal displace-
ment of the clavicle (grade IV) may be sus-
pected when a moderate ascent is accompanied
by a widening of the joint space > 60% [74].

e A fracture of the clavicle or coracoid.

Profile X-Rays

For the profile, the axillary incidence is carried
out with the arm abducted at 70-90°, beam ori-
ented by 15° laterally and dorsally [75].1t allows:

e Identification of a posterior displacement of
the clavicle (Rockwood 1V).

* To search for a fracture that has gone unnoticed
on the front view. In particular, an AC disloca-
tion without a change in CC space should cause
a coracoid fracture to be suspected [4].

Stress X-Rays

Comparative front radiographs with abduction
[22] and front stress radiographs (carrying a load
of 10 kg on each side) [22] are intended to raise
awareness of the increase in CC height. In prac-
tice, they only unmask Grade III in a small num-
ber of cases (4% [76]).

Problem of Posterior Displacement

There is no current consensus to assess posterior

clavicular displacement [41]. Axillary view is

used in clinical practice and in most studies.
However, the detection of posterior translation

on the axillary view faces several difficulties:

Fig. 4.7 Front X-rays. (a) Front shoulder snapshot. The AC joint space is projected onto the spine of the scapula. (b)
A snapshot centered on the AC joint with a slightly ascending radius (Zanca) allows to visualize the joint space
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* Difficulty of moving the shoulder to make the
view in the acute phase due to pain.

e Variation of posterior clavicular translation
according to radius inclination [75].

* Physiological shift between acromion and clavi-
cle edges in 40% of subjects, with 20% of cases a
posterior clavicle translation >2 mm [41] expos-
ing the risk of false positives. The threshold of
>100% posterior displacement of the clavicle
relative to the acromion retained in grade IV
(incarcerated) generally corresponds to the most
severe clavicular displacements. In grade 11 with
horizontal instability, therefore less displaced,
some retain a posterior clavicular translation
>10-12 mm relative to the acromion [77].

* Poor reproducibility of measurements due to
curved shape of acromion and clavicle [69].

e The CT scan underestimates horizontal dis-
placements, because it is performed in a
supine position (reduction of mobile Grade III
lesions).

Authors have therefore attempted to develop
“dynamic” X-ray techniques to detect posterior
instability in grade III:

e Tauber proposed to carry out two axillary
radiographs: the usual abduction view as well
as an abduction view with 90° anterior ante-
pulsion, allowing the detection of abnormal
posterior translational movement of the clavi-
cle [78]. The results are discordant [69, 75].

e The incidence of Alexander [22, 77, 79-81]: it
corresponds to a view close to the Lamy pro-
file but with maximum adduction (arm crossed
against chest, shoulder below the contralateral
axillary hollow). The snapshot must be bilat-
eral and comparative. Normally the clavicle
and the acromion overlap. In the case of poste-
rior translation, the clavicle is projected above
and behind the acromion. Quantitative or
semiquantitative measures were proposed [81,
82], which would be repeatable and valid [81].
In addition, this view would be less sensitive
to variations in radius angulation of the beam
than the axillary image [81].

4.4.1.8 Ultrasound and MRI

Ultrasound allows easy study of the superior AC
ligament and rupture of the muscular fascia [44,
50]. In trained hands, it allows a good analysis of
CC ligamentous lesions, although less effective
than MRI [43, 50]. On the other hand, it allows a
better study of displacements and instability (sit-
ting position, contralateral reference, dynamic
study).

Joint

Regardless of grade, joint swelling may be
observed with or without effusion, as well as
Doppler hypervascularization, fibrocartilage
lesions [83], and pain under the probe.

Ligaments

The AC ligament can be thickened (grade I)
(Fig. 4.8) or broken (grade II) (Fig. 4.9). These
are mainly clavicular ligamentous detachments
(2/3 of cases) or oblique ruptures starting from
the clavicle forward and joining the acromion
behind [83]. In high-grade lesions, the ligament
is frequently incarcerated in the joint space
[83].

CC ligaments can be thickened (grade II)
(Fig. 4.10) or broken (grade III) (Figs. 4.11,
4.12, 4.13, and 4.14). CC ligaments are par-
tially visible in ultrasound; however ruptures

AcromioClav

Fig. 4.8 Benign lesion to superior AC ligament during
Rockwood I sprain. The superior AC ligament (arrow) is
thickened (between arrows) and hypoechoic but
continuous
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Fig.4.9 Superieor AC ligament ruptures in Rockwood II
sprain. Frontal section. (a) Complete detachment of the
clavicular side of the superior AC ligament (arrow).
Moderate joint diastasis (double dotted arrow) relative to

Fig.4.10 Lesion without rupture of conoid ligament dur-
ing Rockwood 1II sprain. Anterior sagittal section. The
conoid ligament is thickened, hypoechoic, but well
stretched between the base of the coracoid and the pos-
teroinferior side of the clavicle. L con conoid ligament,
Clav clavicle, Corac coracoid

are usually located in the ligament body, in
areas accessible to ultrasound. In addition, a
relaxed appearance of the ligament is an indi-
rect sign of rupture (Fig. 4.11). Only one of the
two CC ligaments can be ruptured in grade II
[21, 84].

Muscular Cap

Muscle deltotrapezial cap is well analyzed on
sagittal sections in ultrasound, in a series of 92
patients [44]:

the asymptomatic side (not shown here) and slight upper
shift of the clavicle. (b) Other patient. Periosteal detach-
ment in continuity with a detachment of the superior AC
ligament

e Detachment of the fascia without tearing is
possible in grade II, occasionally with a tear of
only one of the three elements of the muscular
cap (fascia tearing, deltoid disinsertion or tra-
pezius disinsertion).

e The rupture of the three elements of the cap is
constant in grade V (Figs. 4.13 and 4.14).

e Ingrades IV as well, yet the disinsertion of the
trapezius (within which the clavicle has
lodged) may be missing.

* In contrast, lesions vary considerably in grade
III: about 50% without significant lesion, 30%
intermediate lesions (Fig. 4.15), and 20% with
extensive lesions comparable to grade V.

Joint Instability

On a frontal section, the joint may show signs of
vertical instability, slight in grade II (often visible
only in dynamics), and greater in higher grades:

e In the neutral position, the jont space may be
widened relative to the normal side, and there
may be a spontaneous superior clavicular shift.

e There may also be an increase in coracocla-
vicular distance on sagittal sections relative to
the normal side [39].

e In dynamic cross arm maneuvers, the joint
space decreases until direct contact between
the two bones, and a joint shift appears (or
accentuates), the clavicle rising higher than
the acromion [85] (Fig. 4.16).
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Fig. 4.11 Rupture of the trapezoid ligament in a
Rockwood III sprain. Comparative anterior sagittal cut.
(a) Pathological side. Interruption in the full body of the

P COR CLAV
14

Fig. 4.12 Proximal rupture of conoid ligament during
Rockwood III sprain. Anterior sagittal section. The liga-
ment is completely relaxed, taking a curved shape, signi-
fying a rupture (arrow)

In grade IV, ultrasound could objectify poste-
rior clavicular displacement on an anterior axial
section, resulting in an increase in the distance
between the acromion and the clavicle [39]. The
sternoclavicular joint should also be analyzed in
these grade IV for bipolar dislocation.

4.4.1.9 Sequelae and Chronic Lesions

In case of persistent symptoms, two nosological
frameworks should be distinguished, especially if
surgery is envisaged: osteoarthritis and instabil-
ity; hence the importance of dynamic analysis
(dynamic X-rays, ultrasound).

trapezoid ligament (arrow). L proximal and distal liga-

ment stumps, Clav clavicle, Corac coracoid. (b) normal
side

Deltoide

Clav

ANTI = G

Sagit

Fig. 4.13 Sprain Rockwood V. (a) Anterior sagittal sec-
tion. Proximal rupture of conoid ligament (white arrow).
Rupture of the clavicular insertion of the deltoid muscle
(orange arrow). (b) Superior sagittal section, same patient.
Clavicular detachment of trapezius muscle, with hetero-
geneous detachment zone (arrow), and heterogeneous
retracted muscle. LCC coracoclavicular ligament
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Trapeze

Fig. 4.14 Rockwood V sprain. (a) frontal AC section.
Detachment of the superior acromioclavicular ligament
from the clavicular edge (arrow), with unstretched appear-
ance of the ligament (arrow heads) and articular diastasis
(double dotted arrow). (b) Anterior sagittal section, same
patient. Proximal rupture of the conoid ligament (white

Fig. 4.15 Partial disinsertion of the muscular cap during
a Rockwood III sprain. Anterior sagittal section. (a)
Pathological side: detachment of the deltoid muscle from

Deltoide
-

arrow) which is otherwise thickened. Lesion of the mus-
cular cap with disinsertion of the clavicular attachment of
the deltoid (orange arrow). (¢) Upper sagittal section,
same patient. Disinsertion of the clavicular attachment of
the trapezius and retraction thereof

the clavicle, without rupture of the fascia (arrow).
Hyperechoic reactive edema of the muscular parenchyma.
(b) Normal side
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Fig. 4.16 Moderate vertical instability during a
Rockwood II sprain of the right shoulder. Bilateral and
comparative frontal sections. (a) Neutral position. Slight
joint diastasis, visible relative to the normal side (dotted
segments: 6 mm on the traumatized side versus 4 mm on

Sagit

Fig. 4.17 Rockwood III sprain sequelae. Anterior sagit-
tal section. Wide ossifications (arrows heads) of the proxi-
mal half of the CC ligament (arrow)

Posttraumatic Osteoarthritis

X-ray and ultrasound: the same presentation as
primitive osteoarthritis (see infra), but instead of
pinching, some widening of the joint space and
vertical AC shift often persist. Ossifications of
CC ligaments can be visible in the CC space [48]
(Fig. 4.17) or at the insertion of the superior AC
ligament (Fig. 4.18).

Chronic Posttraumatic Instability

e Vertical instability, observed in case of a
reconstructed ligament rupture or a loss of
reduction.

e Persistent horizontal instability after CC sur-
gery without AC stabilization; it causes a

the left). (b) Cross arm maneuver. Upper subluxation of
the clavicle during the maneuver with a clavicular shift
higher on the traumatized side than on the normal side
(double arrows)

posterior abutment of the clavicle on the
acromion, progressing toward osteoarthritis
[68].

e Radiography and ultrasound: same abnormali-
ties as in acute (see above) (Fig. 4.19).

4.4.1.10 Perspectives of Imaging

in AC Sprain
Section imaging is not used as a first line in AC
sprains. However, it can be useful in targeted
cases. There are currently two pitfalls:

* Detect posterior displacement of the clavi-
cle: Grade IV not diagnosed in radiography
(incarcerated displacement) and grade III with
posterior instability of the clavicle, which
would have a significant prognostic impact
[77].

ISAKOS proposes to subdivide the
Rockwood grade I1I into IITA (without posterior
instability) and IIIB (with posterior instability),
based on clinical examination and dynamic
X-rays [86].

In practice these dynamic radiographs are
rarely performed routinely. MRI and scanner are
carried out supine, thus reducing horizontal dis-
placement in grade I1IB.

Ultrasound may have an interest, which
remains to be demonstrated, in detecting these
posterior instabilities.
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Fig. 4.18 Calcified sequelae of a disinsertion of the superior AC ligament. (a) Frontal X-ray. (b) Ultrasound, frontal
section. Calcifications (arrows) of the clavicular insertion of the superior AC ligament, as well as of the periosteum in

continuity

AcromioClav

Fig. 4.19 Chronic instability at a distance of Rockwood
III sprain in a 25-year-old judoka. Frontal section. (a)
Neutral position. Spontaneous diastasis and upper shift of

e Determine which grade III is to be oper-
ated, knowing that grade III accounts for 40%
of all AC sprains and that surgery at the outset
could have better results than later surgery of
a chronic instability [87].

In addition to the search for posterior instabil-
ity, which is difficult to identify, a precise assess-
ment of anatomical lesions could be useful.

The study of CC ligament ruptures has little
effect on treatment according to current stan-
dards, since grade III is most often treated medi-
cally. However, it may be useful in targeted cases
where there is a doubt between grade II and grade
IIT when surgery is considered, as X-ray would
frequently underestimate the importance of ana-
tomic lesions [43].

Above all, the study of the muscular cap seems
decisive to better sort out these grade I1I lesions. In
an ultrasound study with operative control, 20% of
grade III had cap lesions identical to grade V [44]

Acrom

AcromioClav

G

the clavicle relative to the acromion. (b) Cross arm.
Reduction of the diastasis (mobile) and accentuation of
the shift of the clavicle upward

and could therefore be candidates for surgery. The
long-term utility of ultrasound (and MRI) in this
indication remains to be demonstrated.

Distal Fractures
of the Clavicle

4.5

Approximately one-quarter of the clavicle frac-
tures are distal [88, 89]. These fractures are more
common than acromion fractures and are a dif-
ferential diagnosis of AC sprains.

They are classified into three types by Neer,
depending on the location of the fracture in rela-
tion to the clavicular insertions of the CC liga-
ments [90, 91]:

e Type I. lateral in relation to the CC
ligaments.
e Type II: medial relative to the CC ligaments,

therefore with displacement of the proximal
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Fig. 4.20 Examples of distal clavicle fractures. (a) Neer I fracture. (b) Neer II fracture

Fig.4.21 Pseudarthrosis of a Neer II distal clavicle frac-
ture. Frontal section on the clavicle. Wide space separat-
ing the two bone fragments (dotted line). Pseudarthrosis
was mobile in movements

fragment. In type IIA, both CC ligaments are
intact, in IIB the conoid ligament is broken (frac-
ture located between the two CC ligaments).

e Type III: distal joint.

The diagnosis is radiographic (Fig. 4.20). The
fracture may however be missed and discovered
incidentally during an ultrasound requested for
AC sprain. It shows an interruption of the cortical
bone of the clavicle (Fig. 4.21). The state of the
CC ligaments can also be specified.

4.6 Degenerative AC Arthropathy
Primary AC joint involvement is extremely com-
mon. Degenerative arthritis changes are present
in 70% before the age of 30 and almost constant
after 40 years [92].

Secondary degenerative disorders may be
sequalae of lesions that are originally traumatic,

microtraumatic, rheumatic, microcrystalline,
septic, etc.
4.6.1 Pathophysiology

The incomplete or absent nature of the joint disc
and its rapid degeneration are, for some, responsible
for the high frequency of degenerative pathology,
due to the lack of congruence of articular surfaces
[12]. In fact, the disc deteriorates as early as the sec-
ond decade, fringes, thins, and then perforates until
it disappears after 50 years [9, 10]. In contrast, the
first lesions of the sternoclavicular articular fibro-
cartilage appear only after 50 years [9].

Transformations from hyaline articular cartilage
to fibrocartilage around the age of 20 may contrib-
ute to this rapid joint degeneration [3]. The exis-
tence of rotating movements on this near-flat
arthrodia and the importance of compression forces
associated with the deltoid action may also be
involved [2].

Osteoarthritis results in joint remodeling with
anteroposterior lengthening of the acromion and
rounding of the clavicular surface in mirror, giv-
ing a “ball and cup” appearance [93]. Osteophytes
developed on the lower slope are implicated in
subacromial impingements [12].

4.6.2 Imaging

Standard radiography on classical frontal view
can show classical signs: narrowing of the joint
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space, sclerosis and subchondral geodes, and
osteophytes. The Zanca incidence should be
preferred, since it allows the clearing of the
scapular spine out of the projection of the AC
joint (Fig. 4.22).

The scanner is more sensitive but irradiating,
not performed in this indication.

Ultrasound (Fig. 4.23) easily highlights osteo-
phytes on the edges of the jont space, narrowing
of the space, heterogeneity of the joint disc,
sometimes intra-articular osteochondromas. Joint
cysts can develop. An effusion has no diagnostic
value [40, 42, 94]. Sometimes the joint space is
widened in the case of associated instability, ero-
sive remodeling, or osteolysis of the distal clavi-
cle [38].

Fig. 4.22 AC Osteoarthritis. Frontal X-ray. Radiograph
with ascending radius clears the joint space, allowing to
find the cardinal signs of osteoarthritis

Since these abnormalities are very common
and often asymptomatic, other signs are neces-
sary to link osteoarthritis to the symptom:

e Swelling with thickening >3 mm of the upper
capsular fold.

e Hypervascularization on Doppler.

e Pain during echopalpation or during mobiliza-
tion in cross arm.

Associated AC instability should also be
sought (see above).

MRI shows the same abnormalities as ultra-
sound [95, 96], but also bone edema during
relapses, which is correlated with pain; it can be
visible on the clavicular side or on both sides of
the joint [92, 94, 97].

Anesthetic test: in case of doubt, the acromio-
clavicular origin of shoulder pain can be con-
firmed by an anesthetic test with lidocaine 1% or
2% injection guided by ultrasound or radioscopy
[12].

4.7 Arthritis

4.7.1 Rheumatic Arthritis

In inflammatory rheumatism (RA), ultrasound
may show hypervascularized articular swelling

Fig. 4.23 Congestive CA osteoarthritis. 60-year-old
woman; sore shoulder on the right. Comparative frontal
sections. (a) Right side. (b) Same patient; left side.
Compared to the asymptomatic side, there is a discreet

joint pinching (double dotted arrows), marginal osteo-
phytes (wide arrow), and especially a hypervascularized
capsular swelling (double arrows) on Doppler
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with effusion, with no specificity compared to an
osteoarthritis in flare. However, widening of the
joint space by bone erosions and static or dynamic
signs of joint instability are more common [39].

MRI also allows for the detection of bone
edema if performed.

Later, secondary osteoarthritis settles with
joint pinching and degenerative changes (see
above).

4.7.2 Septic Arthritis

Rare due to the low vascularization of the AC
joint, it occurs in specific conditions (immuno-
depression, intravenous drug addiction) or in an
iatrogenic setting after puncture, infiltration, or
surgery [98].

Ultrasound has no specificity: joint swelling
of inflammatory appearance (marked hypervas-
cularization, periarticular and adjacent muscle
edema). The absence of effusion makes the diag-
nosis unlikely [40, 98]. MRI shows the same
abnormalities, associated with bone edema.
Diagnosis is based on the analysis of the joint
puncture.

4.7.3 Microcrystalline Arthritis

AC joint involvement is common in chondrocal-
cinosis and rare in gout [98]. Imaging is not spe-
cific. Diagnosis is based on the analysis of the
puncture.

4.8 Joint Cysts
A joint cyst developed on the upper side of the
AC joint can be of two types [98—100]:

e “True” joint cyst, due to a capsular valve, as a
consequence of joint degradation regardless of
its origin (degenerative arthropathy, instabil-
ity, trauma, infection, metabolic). An ultra-
sound guided puncture is useful [99].

e “False” cyst after rupture of the rotator cuff
(Fig. 4.24) resulting in eccentric omarthrosis

Acrom

Fig. 4.24 AC joint cyst. Frontal section. The cyst com-
municates with the joint cavity (arrow). Ultrasound also
showed a complete rupture of the rotator cuff with a “gey-
ser sign.” Ky cyst

and degradation of the lower side of the AC
joint. Communication between the glenohu-
meral, bursal, and acromioclavicular cavities
leads to accumulation of fluid in the upper
recess of the AC joint, which expands without
being encysted. During ultrasound dynamic
maneuvers in cross arm, the volume of the
cyst increases (“geyser sign”) [98, 99, 101].

4,9 Distal Clavicle Osteolysis

(DCO)

It would be the result of compression forces asso-
ciated with shear movements [2].

The mechanism is poorly known: subchondral
microcracks, osteoclastosis, synovial prolifera-
tion, and autonomic dysfunction [2, 94].

The causes of an unilateral DCO are either
traumatic (6% after AC sprain [102]), or micro-
traumatic. Infection and bone tumor are differen-
cial diagnoses.

Bilateral DCOs point at a systemic pathol-
ogy: rheumatoid arthritis, hyperparathyroidism,
scleroderma [98].

The X-ray shows widening of the joint space,
erosions, and demineralization of the distal clav-
icle [102].

MRI further shows bone edema (clavicular +/—
acromial), joint swelling, and periostitis [94, 102].
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Fig. 4.25 Distal osteolysis of the clavicle. MRI, frontal
T2 section with saturation of the fat signal. 38-year-old
man; bike fall 6 weeks ago. Bone edema in hypersignal T2
extended on the clavicular side (full arrow), absent on the
acromial side (dotted arrow). Moderate periclavicular
hypersignal (arrowheads)

The course is generally favorable at 1 year;
distal resection of the clavicle may be proposed
in case of persistent symptoms [103] (Fig. 4.25).

4,10 Os Acromiale

Os acromiale is an anatomical variant resulting
from the non-fusion of a secondary ossification
point of the acromion, present in 3—6% of the
general population [104].

An os acromiale may be complicated by
hypermobility, pain at the junction with acro-
mion, and subacromial impingement in case of
an ossified junction [94, 105]. As such, it is a dif-
ferential diagnosis of AC pain.

The primary ossification nucleus for the cor-
acoid appears at birth. Three or four nuclei of
secondary ossification appear after 8—10 years
and merge with the rest of the scapula before
25 years [2, 104, 106]. Depending on the non-
fusion zone, the positioning of the os acromiale
may vary from the tip of the acromion (terminal
acromial bone) to the junction with the scapular
spine (posterior acromial bone), passing through
intermediate forms that are most common (90%)
[94, 104].

AcromioClav

Fig. 4.26 Os acromiale. Oblique frontal section on the
acromion. Interruption of the cortex of the acromion, with
regular and slightly elevated edges, with pseudo-spacing
corresponding to a syndesmotic junction (arrow). Acrom
bone os acromiale, Acrom acromion

The nature of the union between the scapular
spine and the acromial bone is variable: synchon-
drosis, amphiarthrosis, and sometimes true
arthrodia [3].

In radiography, the os acromiale is clearly
visible on an axillary incidence [12, 94].
However, as this incidence is not usually carried
out immediately on the basic radiographic
assessment, diagnosis is often performed during
ultrasound or MRI.

Ultrasound identifies an os acromiale in 100%
of cases [107], provided is is searched for. It
shows an interruption of the continuity of the
acromion of variable width, between 2 and 8 mm
(Fig. 4.26). Bone edges can be flat, pseudo-
osteophytic protruding, or blunt [107]. A patho-
logical junction with the acromion is manifested
by a local swelling that is vascularized and pain-
ful. Ultrasound may look for an abnormal mobi-
lization when performing a slight pressure onto
acromion [104].

MRI also allows additional detection of bone
edema in case of pain of the junction [94].

4.11 Conclusion

Two acromioclavicular pathologies are particu-
larly common: osteoarthritis and sprains.
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Radio-ultrasound pair has a preponderant

place in degenerative pathology: detection of an

ost

eoarthritis and confirmation of its symptom-

atic character.

In traumatic pathology, cross-sectional imag-

ing may have a role in the future to help choose
between medical and surgical treatments:

By helping to detect grade IV (posterior cla-
vicular displacement), to be operated, espe-
cially when the radiographic profile is
insufficient or not achievable.

By differenciating several types grade III in
operable patients, by analysing posterior
instability (grade “IIIB”), ligament workup,
and muscle cap.

These issues will need to be further explored

in future studies.
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Ultrasound on Shoulder Prosthesis

F. Dordain

Ultrasound is used in common practice in the
shoulder for the evaluation of rotator cuff
pathology.

Its use in shoulder prosthesis is less frequent
[1-3].

Yet the exploration of the soft parts on a pain-
ful shoulder prosthesis, due to the strong metal
presence, cannot be satisfactorily explored other
than by an X-ray, because the MRI or the CT
scan are highly artifacted.

For the exploration of a painful or deficient
shoulder prosthesis, with a normal X-ray, ultra-
sound is therefore the instrument of choice

It will allow us to explore the rotator cuff and
to search for effusions of the subacromial bursa
or the glenohumeral joint.

Ultrasound and Anatomical
Shoulder Prosthesis

5.1

The anatomical prosthesis, to have optimal func-
tion, requires an intact rotator cuff. The appear-
ance of secondary pain on an anatomical
prosthesis is quite common.

Once the causes such as infection, a mechani-
cal problem, or an implant loosening are elimi-
nated, the causes due to the soft tissues must be
investigated.

F. Dordain (D<)
Private Hospital Saint-Martin, Caen, France

However, these are only rarely sought after.

Ultrasound is an easy, noninvasive, and less
expensive examination that will not be disturbed
by the presence of the prosthesis that is deeper.

The first cause of pain is a lesion of the rotator
cuff.

It can be a lesion of the supraspinatus, either
by delamination or even by overstuffing if the
prosthetic humeral head is not well positioned or
by secondary degenerative rupture.

We will, of course, seek by extension a possi-
ble lesion of the infraspinatus.

The other important aspect of the proper func-
tioning of the anatomical prosthesis is the healing
of the subscapularis which was tenotomized and
reinserted (Fig. 5.1) during the surgical proce-
dure [4].

Numerous studies have shown the importance
of healing of the subscapularis to obtain a func-
tional, painless shoulder and to avoid the appear-
ance of an anterior subluxation that promotes the
wear of glenoidal polyethylene [5-7].

Ultrasound of the subscapularis on an anatom-
ical prosthesis therefore normally looks like a
normal shoulder.

The patient should be seated, elbow to the
body, forearm bent at 90°.

Exploration begins with the placement of the
probe in a horizontal position, to find the bicipi-
tal groove and then, by sweeping, the lesser
tubercle and the subscapularis tendon (Figs. 5.2
and 5.3).
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Fig. 5.1 Subscapularis repair in anatomical prosthesis /
Blue Suture; Red SubScapularis; Grey Bicipital Groove;
Black position of ultrasound probe

Fig.5.2 Subscapularis repair in anatomical prosthesis

Fig. 5.3 Subscapularis repair in reverse prosthesis

The humeral head will appear much more
hyperechogenic than in a normal shoulder due to
its metallic composition.

The exploration is then done dynamically by
asking the patient to perform external rotational
movements.

This allows you to see the subscapularis in
length. Suture threads can also be seen, with a
structure that is more echogenic than the tendon.

Exploration will look for a possible impinge-
ment between the subscapularis and the coracoid
or between the humeral head and the coracoid.

An effusion will also be sought, either from
the subacromial space, along the long head of the
biceps, or intra-articular.

This effusion may be punctured, if necessary,
as part of the investigation of an osteoarticular
infection.

5.2 Ultrasound and Reverse

Prosthesis

Literature is very poor on this subject.

Only a few recent studies have been published,
with the search for the healing of the subscapu-
laris tendon to see if this would lead to a better
result [8-10].

But there is no description of the ultrasound
technique used.

The planes of ultrasound cuts are always the
same, according to the standardization of the
shoulder.

However, the decrease and the medialization
of the center of rotation due to the design of
reverse shoulder prosthesis must be taken into
account when performing ultrasound.

Here again, an effusion can be sought, either
from the subacromial space, along the tendon of
the long head of the biceps, or intra-articular.

This effusion may be punctured, if necessary,
as part of the investigation of an osteoarticular
infection.

For the study of the cuff, very often there is a
more or less wide rupture, which has also led to
the realization of an inverted prosthesis.

Its study is therefore limited and of modest
interest.

The main interest is whether the subscapularis
has healed, if it has been reinserted at the end of
the procedure.

It is necessary to take into account several
elements:

e The tendon will have a more oblique direction
inferiorly.
e Its distal insertion will be more medial.
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tmineur

Fig. 5.4 Ultrasound anterior view: superior to inferior.
SSC SubScapularis; Tmineur (Tm) Lesser Tuberosity; GS
glenosphere Fig. 5.6 Ultrasound anterior view: superior to inferior.
SSC SubScapularis; Tmineur (Tm) Lesser Tuberosity; GS
glenosphere

Fig. 5.7 Ultrasound anterior view: superior to inferior.
SSC SubScapularis

Fig. 5.5 Ultrasound anterior view: superior to inferior.
SSC SubScapularis; Tmineur (Tm) Lesser Tuberosity

e It will be hidden more quickly by the coracoid
and coracobiceps.

¢ In external rotational movements, the humeral
epiphysis is guided by the glenoid sphere and
has no sliding, rolling motion as on normal
anatomy.

Identification of the tendon is therefore diffi-
cult, especially when the subject is overweight or
obese (Figs. 5.4,5.5,5.6,5.7,5.8, and 5.9).

The best way to see the joint on an inverted
prosthesis remains the posterior cut of the infra-
spinatus (Figs. 5.10 and 5.11).

Fig. 5.8 Ultrasound anterior view: superior to inferior
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Ultrasound of the Lateral Face

of the Elbow

O. Mares, L. Moscato, P. Kouyoumdijian, N. Cellier,

and R. Coulomb

The lateral slope of the elbow is a crossroads with
many structures. Ultrasound is a simple and quick
examination, which allows an analysis of all the
different structures from superficial to deep:

¢ Subcutaneous structures

e Epicondylar tendons and their main pathol-
ogy, epicondylitis

¢ Bone structures: lateral humerus and radial
head

6.1 Ultrasound Examination
It must take place in a serene atmosphere where
the patient must be comfortably settled, to avoid
the need for an unwanted yoga session [1]. For
this reason, many authors advise to position the
patient in lateral decubitus, which makes it pos-
sible to carry out an examination of the external
side avoiding bad positioning of the patient
(Fig. 6.1). In this position, the patient can follow
on the screen machine the entire examination.
The objective of the review is to analyze the
various structures mentioned above, which will
be the guiding thread of this chapter.

O. Mares (24) - L. Moscato - P. Kouyoumdjian -
N. Cellier - R. Coulomb

Department of Conservative and Traumatological
Surgery, Spine Surgery, CHU Carémeau,

Nimes, France

6.2  Superficial Structures:
Subcutaneous Tissues,
Nerves

6.2.1 Subcutaneous Lesions

The examination should be carried out without
pressure because it may crush soft lesions; it
allows the visualization of subcutaneous tumors
ranging from lipoma to rare glomus tumors [2].
Schwannomas can also be observed.

Tip
To be sure not to perform this examination

with too much pressure, you must be able
to visualize the superficial veins.

Most of these lesions are found as a well-
limited hypoechoic area. Any heterogeneous
lesion requires a supplementary assessment
(MRI) and a specialized test.

6.2.2 Nerve Lesions

6.2.2.1 Superficial Neuromas

The most pathognomonic sign is pain when the
probe is passing the area. A well-defined nodular
hypoechoic zone in longitudinal and transverse

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022 77
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Fig. 6.1 Position for ultrasound: lateral decubitus

section is found on one of the superficial branches
of the lateral surface of the elbow: the terminal
branch of the lateral cutaneous nerve of the arm
or the proximal branch of the lateral cutaneous
nerve of the forearm [3]. This hypoechoic zone is
in continuity with the nerve in longitudinal
section.

6.2.2.2 Radial Nerve
The compression of this branch can be done at
five levels [4]:

e At the level of the ECRB extensor carpi radia-
lis brevis

e At the radio capitellum joint

e At the level of Henry’s fibers

e At the level of arcade of Frohse, which is the
most common

e To the distal edge of the supinator

At the arcade of Frohse, compression is rare
but classic, sometimes requiring a surgical pro-
cedure. In this case, an appearance of nervous
edema is found on ultrasound. The main trunk is
located behind the septum separating the bra-
chioradialis from the ECRL extensor carpi radi-
alis longus, in front of the supinator muscle. Its
appearance is heterogeneous, with the presence
of many vascular formations (Fig. 6.2a and b).
The motor branch moves through the two bun-
dles of the supinator, downwards and
backwards.

The cross section area is between 4.3 and
14.4 mm?; beyond that it is necessary to consider
a compressive pathology. This is one of the most
typical signs of mechanical compression of a
nerve branch. But it is always necessary to look
for a differential with a contralateral examination
in view of interindividual variations.

6.3 Bone Lesions and Entheses
Other Than Epicondylitis
6.3.1 Lesions of the Lateral

Humerus

Ultrasound has a real interest in the detection of
lesions in young children, where it allows to visu-
alize a displacement of the lateral ossification
nucleus with either a loss of the external bone
alignment and very often associated with a hema-
toma under the periosteum. But above all it
allows, thanks to a cross section, to check the
integrity of the growth cartilage which is a major
sign of instability, and if it is present it is then
lawful to stabilize these fractures [5]. There is a
fracture of the intra-articular cartilage with a
large hematoma. If this sign is absent, functional
treatment is required.

In adults, it allows to visualize cortical tearing
or periosteal hematoma linked to direct or indi-
rect trauma, sometimes avoiding misdiagnosis a
lesion.

Posterolateral instability is a syndrome that
occurs in patients performing throwing sports or
may also be present in some cases of epicondyli-
tis. This research is carried out on an oblique sec-
tion, the probe arranged in the longitudinal
direction between lateral epicondyle and radial
head. The examiner impels a supination force;
the cut-off between the distance between the top
of the radial head and the humerus is 4 mm.
Beyond that, the patient presents almost certain
instability [6].

6.3.1.1 Radial Head
Ultrasound has an acute interest in fracture
screening, where it allows to visualize occult
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Fig. 6.2 (a) Longitudinal section: edema of the deep branch of the radial nerve; too clearly visible. (b) Cross section:
edema of the deep branch of the radial nerve; too clearly visible

fractures, i.e., with a normal X-ray. The specific
sign is a hypoechoic hematic effusion at the neck
of the head of the radius with a specificity of 60%
and a sensitivity of 83.3% [7]. It also allows you
to visualize the classic fractures of Mason type,
where effusion is more important and associated
with a typical cortical detachment.

It also allows to visualize a kinetic disorder
with a jump that can be detected by performing
pronosupination movements.

6.3.2 Arthritis Lesions

They are well visualized with effusions and par-
rot beaks at the side compartment. But ultrasound
is of little interest in these lesions compared to
conventional examinations. The interest of ultra-
sound is really in helping to carry out ultrasound-
guided procedures.

6.4  Musculo-aponeurotic
Lesions
6.4.1 Lateral Epicondylitis

Medial and lateral epicondylitis are frequent
pathologies with a significant impact in medico-
economic terms [2]. Ultrasound is a first-time
analytical examination that provides a wealth of

information to best guide therapeutic manage-
ment. It also makes it possible to carry out percu-
taneous lengthening tenotomy procedures,
paving the way for simplified office practice [8].

6.4.2 The Ultrasound-Guided
Review

Its purpose is to analyze the tendino-articular
intersection comprising the following structures:

e Humeral radial joint

» Extensor carpal tendons: extensor carpi radia-
lis longus (ECRL) and extensor carpi radialis
brevis (ECRB)

e The pronator teres and the branch of the radial
nerve

This assessment allows with the Doppler
mode to assess the severity of the lesion and also
to monitor the progression of inflammation and
the effectiveness of the treatments implemented.

The examination takes place with the patient
sitting, the elbow slightly bent 30/40° flexion, the
arm on the table, and the examiner positions him-
self on the side of the arm.

The examination begins with the exploration
of the skin tissue for subcutaneous lesions and
then on cross section, and the patient performs
wrist extension movements in order to identify
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the following three bundles: brachioradialis,
extensor carpi radialis brevis, and extensor carpi
radialis longus. Their analysis is done in two
stages.

6.4.3 Longitudinal Exploration

The first step is a longitudinal exploration in
order to identify the humeral radial joint line. It is
then unrolled to analyze the radial head and the
interval for signs of chondropathy, effusion, and/
or rare synovial plicae [9]. This static workup is
then supplemented by a dynamic workup that
looks for blockage, kinetic disorder, or any other
cause that could explain epicondylitis.

The examination then focuses on the enthesis
of the tendon, looking for signs of tendinopathy:

e In mode B:

— The presence of calcifications with their
classic shadow cone is analyzed in mode B.

— Signs of cracking, longitudinal hypoechoic
images that may evoke partial disinsertion
of the joint tendon. These images associate
with images of fibrillar disorganization. It
is also possible to observe complete disin-
sertions (Fig. 6.3). Images of pseudo-
menisci can also be found in exceptional
ways (Fig. 6.4).

e In Doppler power mode:

— Signs of hypervascularization, which also
allow for a progressive monitoring of the
medical treatment (Fig. 6.5).

e These signs are not specific, and they are
frequently found on the contralateral side
without clinical signs. Moreover the interob-
server variability is great [10]. In daily prac-
tice, two ultrasound signs are essential for
diagnosis: elective pain when passing the
probe and hypervascularization in color
Doppler.

6.4.4 Cross-Sectional Exploration

The assessment is supplemented by an analysis
in the transverse direction which allows to iden-

Fig.6.3 Epicondyle longitudinal section (arrows: calcifi-
cation; round: disinsertion of the common extensor on the
epicondyle)

TETE RADIALH

PSEUDO MENISQUE

Fig. 6.4 Image of pseudo-meniscus

Fig. 6.5 Longitudinal cut power Doppler evidence of
active lesions

tify three important elements: ECRB and ECRL
and the pronator teres (Fig. 6.6).

It is also necessary to make a dynamic assess-
ment to analyze the kinetics of the extensor carpi
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Fig.6.6 Transverse cross section image locating the vari-
ous anatomical elements

muscles vis-a-vis the pronator teres. In pronation,
as in supination, the radius and the supinator
rotate under the superficial epicondyles up to
about 45° on both sides, and the patient is free of
pathology.

If the patient is symptomatic, synkinesis
movements will be found as early as 30° prona-
tion. The partition between ECRB and ECRL
should also be analyzed during active wrist exten-
sion. Apart from pathological cases, the septum
of the ECRB bulges toward the ECRL, while in
pathological cases this fascia works differently.
This assessment must be of course comparative
and bilateral.

6.4.5 Ultrasound in the Treatment
of Epicondylitis

Lateral epicondylitis is the most common condi-
tion affecting the elbow and in most cases
resolves on its own [11]. However, when ortho-
pedic treatment fails, surgical intervention is nec-
essary for resistant cases.

Ultrasound coupled with effective anesthesia
also allows to perform a therapeutic procedures
(Fig. 6.7) by achieving a fascia release of the ECRB
and at the tendon level by performing a dynamic
percutaneous elongation tenotomy [8, 12].

In conclusion, ultrasound makes it possible to
make a thorough assessment and eliminate exter-

Fig.6.7 Transverse image during ultrasound-guided sec-
tion of the joint tendon

nal causes of epicondylitis. In addition, the devel-
opment of guided ultrasound techniques makes it
a new tool in the therapeutic arsenal. The place
that remains to be defined is the view of the vari-
able results obtained by the various means of
medical and surgical treatment in cases of chronic
epicondylitis, as reported in the latest meta-
analysis [12].

6.5 Conclusion
Ultrasound is an essential examination in the
management of elbow pathologies. It makes it
possible to diagnose and eliminate most differen-
tial diagnoses. Its use does not eliminate the use
of an X-ray during the initial assessment to clear
any intra-bone pathology.

In addition, in the case of lateral epicondylitis,
the development of ultrasound-guided proce-
dures of tenotomy offers new treatment options.
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Ultrasound of the Median Nerve

at the Elbow

G. Candelier

Discussions around ultrasound imaging of the
median nerve most often concern carpal tunnel
syndrome, where it has become a relevant, well-
codified, and reproducible diagnostic tool. At the
elbow, the situation is less clear. On the one hand,
the pathology of the median nerve is still being
systematized, and the differences between ante-
rior interosseous nerve syndrome, pronator syn-
drome, and lacertus fibrosus syndrome remain a
source of discussion. In contrast to what happens
at the wrist, where the consequences of nerve
compression can be directly analyzed, the pathol-
ogy of the median nerve at the elbow, except in
particular cases, appears as a dynamic pathology
for which the measurement of static parameters
is faulty.

71 Anatomy of the Median

Nerve at the Elbow [1-3]

The median nerve runs down the arm into the
brachial canal which is bounded by the brachial
fascia medially, the anterior brachialis muscle
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posteriorly, and the biceps on the outside. It is
then most often located inside the brachial artery,
which it crossed during its journey away from the
musculocutaneous nerve. It passes in front of the
medial intermuscular septum (Zone I).

At the bend of the elbow the median nerve,
which is always in front of the anterior brachialis,
lies inside the artery medial to the tendon of the
biceps. The latter gives its aponeurotic expan-
sion, the lacertus fibrosus, which will join the
superficial fascia of the pronator teres (PT). The
biceps tendon marks the separation point from
the musculocutaneous nerve that passes outside
the biceps tendon (Zone II). At the PT, the
humeral artery is divided into several branches,
the two main ones being the radial artery that has
a lateral and superficial path and the ulnar artery
that goes deep. The nerve then passes between
the two bundles of the PT (Zone III). The ulnar
bundle of the PT covers the ulnar artery. The
radial artery passes to the above the ulnar bundle
and under the humeral bundle. The anterior inter-
osseous nerve arises from the posterior surface of
the median nerve as it passes between the two
heads of the PT. The path of the median nerve is
then made under the fibrous arch formed by the
meeting of the humeroulnar and humeroradial
bundles of the superficial flexor muscle (Zone
IV) (Fig. 7.1).

These four anatomical zones will serve as the
basis for ultrasound analysis of the median nerve.
This topographic division corresponds to the
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Processus
supra condylien

Ligament de Struthers

deux faisceauxdu
Pronateur Teres

Fig. 7.1 Anatomical relationships of the median nerve
from proximal to distal, passage through different zones
of possible impingement. BA anterior brachialis, BT

potential sites of anatomical variations and nerve
compression.

Ultrasound of the Median
Nerve at the Elbow

7.2

Ultrasound examination of the elbow is per-
formed with the patient sitting in front of the
examiner. The forearm is placed on a table with
the elbow slightly bent the palm of the hand in
complete supination. The examiner will thus be
able to perform contraction maneuvers in flexion
and pronation.

A linear probe is used with a frequency range
from 6 to 12/15 MHz, allowing examination of
the surface and deep structures (humeroulnar
joint). Color Doppler mode can be used to clarify
vascular structures. The examination will be

biceps tendon, PT pronator teres, LF lacertus fibrosus,
MC musculocutaneous nerve

bilateral and comparative. It starts with a cross
section called the BAM section (Fig. 7.2).

The displacement of the probe in ascension
will allow the analysis of muscle, tendon, vascu-
lar, bone, joint structures, and above all the
monitoring and analysis of the nerve (Videos
7.1 and 7.2).

e Zone I: The probe is placed at the distal part
of the arm; the anatomical reference is the
medial epicondyle. The anterior brachialis,
nerve, artery, and emergence of the tendon
sheath of the biceps are visualized (Fig. 7.3).

e Zone II: Landmark: humeral trochlea.
Exposure of the muscular body of the humeral
bundle of the PT, from the distal portion of the
anterior brachialis, the nerve is placed inside
the PT and outside the artery. On this BAM
section, the lacertus fibrosus starting from the
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Fig. 7.2 The BAM cut is performed elbow in slight flex-
ion; the probe is placed transversely to the fold of the
elbow. The tendon of the biceps (B), the brachial artery
(A), and the median nerve (M) are visualized from outside
to inside. Its anatomical reference is the humeral trochlea
(TH). By moving the probe from top to bottom or from
bottom to top, we visualize the path of the nerve that
passes between first the pronator (humeral bundle) and the
anterior brachialis (BA) and then between the two heads
of pronator teres (PT) (Videos 7.1 and 7.2). Lacertus
fibrosus (LF) is inserted on the medial edge of the biceps
and ends on the superficial fascia of the PT

Fig.7.3 Zone I cross section whose anatomical reference
is the medial epicondyle

medial edge of the biceps and covering the
artery is the nerve and merging with the super-
ficial fascia of the humeral head of the PT. In
dynamics (aggravated flexion of the elbow)
the contraction of the biceps causes tension on
the lacertus, which compresses and moves lat-
erally the muscular body of the PT. The nerve
is then driven under the humeral bundle of the
PT (sign of lobster claw) (Fig. 7.4 and Video
7.3). The basilic vein is laid on the surface of
the lacertus and is an excellent anatomical
landmark.

e Zone III: Coronoid process and radial head.
The two bundles of the PT are then visual-

Fig. 7.4 Syndrome of the median nerve canal at the
elbow (PMNE) is due to dynamic compression of the
median nerve below the PT. This is caused by the traction
exerted on its muscular body by lacertus fibrosus (LF),
which is put into tension by the contraction of the biceps.
This clamp is well highlighted in ultrasound when per-
forming dynamic tests (Video 7.3)

ized. We observe the division of the humeral
artery. The ulnar artery goes under the ulnar
bundle of the PT when the radial artery
remains above it. The nerve passes between
the two muscle bodies; one can sometimes
visualize the emergence of the anterior inter-
osseous nerve to the deep surface of the nerve
(Fig. 7.5).

e Zone IV: Beyond the coronoid process: the
arch of the superficial flexor and the passage
of the median nerve and potentially the path of
the anterior interosseous nerve to the interos-
seous membrane are exposed.

Throughout the examination, longitudinal
sections are performed as well as oblique sec-

tions in the axis of the PT and lacertus
fibrosus.
7.3 Anatomical Variants [1, 4, 5]

Numerous variations in anatomical relationships
from the median nerve to the elbow have been
described.

The median nerve receives a nerve contin-
gent from the musculocutaneous nerve. This
anastomosis occurs in the majority of cases just
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Fig. 7.5 On the longitudinal sections, the passage of the
median nerve between the two bundles of the pronator
teres muscle (PTH and PTU) is visualized. The passage
from a strictly longitudinal section in the forearm axis to a

after the musculocutaneous nerve has passed
through the coraco-biceps. In rare cases (13%)
this anastomosis of the musculocutaneous
nerve to the median nerve occurs at the elbow
in Zone I.

Anatomical variations in the muscular bodies
of the PT are possible. The deep head is absent in
22% of patients (Zone III).

High insertion of the humeral bundle is most
often associated with the existence of a Struthers
ligament. This ligament is stretched from the
supracondylar process to the medial epicondyle
(Fig. 7.6).

This should not be confused with the Struthers
arch, which is a very common reinforcement of
the medial intermuscular septum and which
maintains close anatomical relationships with the
ulnar nerve. The Struthers ligament may be
responsible for vasculo-nervous compression. It
is difficult to see (Zone I) but can be suspected in
the presence of a high insertion of the humeral
bundle of the PT and the presence of a supracon-
dylar process. One can help by visualizing a
damping of the flow from the humeral artery to
the elbow during extending supination of the
forearm.

The humeral artery may also exhibit anatomi-
cal variations. Sometimes the artery can be
located inside the nerve, which can change the
understanding of the BAM cut. An upper division
of the humeral artery is possible and visible from
Zone I (Fig. 7.7).

more oblique positioning of the probe from inside to out-
side and from proximal to distal makes it possible to clear
the path of the median nerve better

7.4  Pathology [6-10]

Pathologies from the median nerve to the elbow
are numerous, be it extrinsic compression of the
nerve or intraneural tumor pathologies, for exam-
ple. Some anatomical problems may cause struc-
tural distress of the median nerve as it travels to
the elbow.

Ultrasound will thus be very useful in flushing
out a compression by a hematoma, a synovial cyst,
a tumor of adjacent structures, a pseudoaneurysm
of the humeral artery or its branches, a fracture
sequelae, a tumor of the median nerve, etc.

Canal syndromes from the median nerve at the
elbow are often unrecognized because their clini-
cal semiology is protean and sometimes unspe-
cific. Interosseous nerve syndrome at the stage of
paralysis of the long flexor of the thumb and deep
flexors of the index finger (and pronator quadra-
tus PQ) is easily diagnosed. Symptomatology of
PMNE (proximal median nerve entrapment) can
be caused by simple pain in the forearm and lack
of grip strength. Sometimes this involvement of
the median nerve at the elbow may mimic a car-
pal tunnel syndrome with which it may otherwise
be associated. The very etiology of these canal
syndromes at the elbow is discussed. Round-
pronator syndrome is a debate. It is now well
established that damage to the anterior interosse-
ous nerve is not due to compression below the
arch of the superficial flexor but may involve
damage to the trunk of the nerve prior to the
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a AB NM

Fig. 7.6 The Struthers ligament is inserted proximal on
the supracondylar process and distal on the medial epi-
condyle. An upper division of the humeral artery (Fig. 7.7)
must cause this anomaly to be suspected. Evidence of the
supracondylar tubercle (PSC) on transverse sections may

emergence of AION. The diagnosis of PMNE is
based on rigorous muscle testing, the search for a
sign of Tinel under the lacertus fibrosus, and the
positivity of the scratch collapse test which nega-
tively affects the application of cold in the lacer-
tus zone. EMG is most often normal (except for
AION paralysis). Ultrasound can explain a
dynamic compression of the median nerve under
the humeral head of the PT by compression of the
latter by pulling the lacertus during the thwarted
flexion of the elbow. The section of the lacertus
fibrosus, whether in open air or in mini open
under ultrasound guidance, allows for the disap-
pearance of symptoms even in the event of paral-
ysis of the AION.

help visualize compression on the nerve. (a) The median
nerve (NM) and the artery move together in the channel
formed by the supracondylar process, the Struthers liga-
ment (LS), and the humerus. (b) Upper division of the
artery

Fig. 7.7 Patient with a clinical picture of paresis of the
anterior interosseous nerve. The consultation ultrasound
found an upper division of the brachial artery suggesting
the possibility of a Struthers ligament. The MRI and
X-ray of the humerus did not reveal it. The ultrasound-
guided release of lacertus fibrosus was followed by a dis-
appearance of symptomatology. LF lacertus fibrosus, PT
pronator teres, circled with red the upper division of the
brachial artery
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7.5 Conclusion

The morphological analysis of the median nerve
enabled by ultrasound is an essential contribution
to the daily routine of a hand surgery consulta-
tion. It helps to highlight the structural anomalies
of the nerve and its environment. Its contribution
to the diagnosis of PMNE and even more in
paralysis of the anterior interosseous nerve must
be clarified but already seems promising. In the
future the functional analysis of muscle bodies
by elastometry will probably be of great interest.
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Ultrasound of the Ulnar Nerve

at the Elbow

Jean Louis Brasseur

The lesions of the ulnar nerve at the elbow are the
most common nerve damage to the upper limb
after that of the carpal tunnel [1].

Thanks to its comparative study, but also its
dynamic specificity and in particular the lift tech-
nique, ultrasound is at the forefront in the screen-
ing and characterization of ulnar nerve damage to
the elbow [2-10].

In addition to general and tumor pathologies,
two types of lesions are particularly sought after:
impingements with numerous conflicting etiolo-
gies and abnormal mobility.

8.1 Anatomy and Sonoanatomy
The ulnar nerve has a complex path [2-7, 11]. We
find it:

e To the lower third of the arm in the Struthers
canal (not to be confused with the ligament of
the same name that can compress the median
nerve) (Fig. 8.1) [12-14]

» To the posterior and medial surface of the dis-
tal humerus where it is plated with a retinacu-
lum (or Osborne ligament) (Fig. 8.2)
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e Next to the humeroulnar interval

e To its passage under the arch of the flexor
carpi ulnaris (Fig. 8.3) formed by the arched
ligament stretched between the two heads of
this muscle

It is easily spotted in ultrasound thanks to its
“honeycomb” structure in the axial plane
(Fig. 8.4) and by the lift technique that sweeps
this area in a comparative way. If there is a suspi-
cion of nerve damage, the nerve is placed in the
middle of the screen and the probe rotated by 90°
to analyze the nerve in its main axis, locate a dis-
parity in caliber, and then measure its surface
comparatively (Fig. 8.5). A comparative bending
maneuver is systematically performed in search
of mobility (anterior translation or compression
against the pallet); changes in pressure on the
nerve are important during this maneuver [15—
20] (Fig. 8.6).

8.2  Pathological Appearances

of the Nerve in Ultrasound
Acutely, the pathological nerve [2—-5], presents:

e Hypoechogenic swelling in the lesioned area
or upstream of the compression zone or fric-
tion zone (Fig. 8.7); the measurement of this
swelling is controversial; an area greater than
10 mm? or a difference of more than 2mm?
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Fig. 8.1 Ulnar nerve in
the Struthers canal
(arrows) (a);
comparative axial view
of the nerve (b) at this
level showing the
deformation of the left
nerve by comparison at
the right

HUM DR

Axial
FLEXION

Fig. 8.2 Ulnar nerve held in place at the posterior face of the distal humerus by the retinaculum (or Osborne ligament)
slightly deformed here in bending (a); corresponding pattern (b) (Dr Lhoste)

Fig. 8.3 Sagittal section of the ulnar nerve passing under the arch (or arched ligament) of the flexor carpi ulnaris (FCU)
(a); corresponding diagram (b) (Dr. Lhoste)
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Fig. 8.4 Axial section showing the “honeycomb” struc-
ture of the ulnar nerve
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Fig. 8.5 Analysis of the nerve in its main axis showing
swelling upstream of the passage under the arch (a); com-
parative measurement of the surface of the nerve on a cut
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between the two sides seems to be the values
to be retained to date [21-27].

* A notch and/or a decrease in size at the area of
compression (Fig. 8.8).

* A disappearance of the “cable” structure with
blurred appearance of the axonal contours
(Fig. 8.9).

e Doppler hyperemia (Fig. 8.10).

Elastography could assist in the detection of
this nerve lesion [28, 29].
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Fig.8.6 Flexion maneuver showing anterior dislocation of right nerve (a) and deformation of the right nerve thickened

against the pallet in another patient (b)
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Fig. 8.7 Significant swelling of the ulnar nerve upstream
of compression (here by the FUC arch)
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Fig. 8.8 Marked deformation in the area of compression with decreased caliber at this level (and upstream swelling)
(a); single notch without caliber asymmetry in another patient (b)

= i

== Arcade :

-

SAGITTAL

COUDE.DT

Fig. 8.9 Disappearance of the “cable” structure of the
nerve upstream of compression
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Fig. 8.10 Hyperemia of ulnar nerve in the vicinity of compression caused by hypertrophic synovitis (a); pronounced
thickening and vascularization of an ulnar nerve in the axial plane in another patient (b)

Fig.8.11 Anterior
dislocation of right ulnar
nerve during
comparative flexion test
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8.3  Etiologies of Ulnar Nerve
Damage at the Elbow
8.3.1 Nervous“Irritation” in Case

of Abnormal Mobility

The flexion maneuver is the great advantage
of ultrasound over other techniques.
Comparatively, the anterior displacement of the
ulnar nerve is visualized (Fig. 8.11). It then
“climbs” the ulnar contour of the humeral pallet
causing a repeated “friction” that generates
nerve irritation.

AXIAL
COUDE.GHE

Congenital insufficiency or absence of the
retinaculum is the cause of this abnormal mobili-
zation; it is common (about 10%), and this abnor-
mal mobilization is often asymptomatic. It is
often associated with the anterior translation of
an accessory bundle of the triceps muscle that
accompanies the nerve in its anterior translation
(Fig. 8.12) [30-33].

Sometimes, in case of simple relaxation of the
retinaculum, compression of the ulnar nerve
against the pallet is observed (Fig. 8.13), which
can lead to a symptomatology especially in thin
patients who do not have a fatty sheath interposed
between the nerve and the cortex.
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FLEXION

Fig. 8.12 Anterior dislocation of an accessory bundle of
the triceps accompanying the anterior translation of the
ulnar nerve in flexion
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8.3.2 Locations and Etiologies
of Nerve Impingement

Etiologies are multiple, and the purpose of ultra-
sound, in addition to visualizing a nervous anomaly,
is the detection of its origin. Here are the main ones.

8.3.2.1 Struthers Arcade [12-14]

This etiology is little known and often seems to
be unrecognized. It was well analyzed by Jacob
[12]. This arch is clearly visible in some patients,
and the deformation of the nerve is then well
visualized (Fig. 8.14).

Triceps

C2 1.46 cm
S2 0.14cm
Coude'G AXIAL

Fig. 8.13 In the flexion maneuver, the left ulnar nerve comes into contact with the humeral cortex, while on the right

a fatty hyperechogenic border “protects” the nerve
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Fig. 8.14 Thickening of the Struthers arch clearly visible in the axial (a) and longitudinal (b) plane
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Fig. 8.15 Accessory muscle (epitrochleo-anconeus) compressing the ulnar nerve in the axial (a) and longitudinal (b)

plane

8.3.2.2 Accessory Muscle

It is mainly the ancillary (or epitrochleo-
anconeus) anconeus muscle, often bilateral,
which can be compressive (Fig. 8.15) [34, 35].
Other muscles have been described, but the
mechanism is identical. Accessory bundles of the
triceps or abnormal insertions of this muscle
were also described.

8.3.2.3 Hypertrophy of the Triceps

Muscle
These congenital anomalies must be differenti-
ated from the hypertrophy of the triceps muscle
that is encountered in some athletes after inten-
sive training leading to a compression of the
nerve limited to the dominant arm.

8.3.2.4 Tumor Formations

These are not nerve tumors but juxta-nerve
tumors that can compress the ulnar nerve; these
are mainly lipomas and lymph nodes that cause
this type of compression (Fig. 8.16).

8.3.2.5 Lesions at Joint Origins

They are multiple and easily detected in ultra-
sound: a cyst [36, 37] (Fig. 8.17), a synovial
swelling, a juxta-articular ossified nodule
(Fig. 8.18), but also an osteophytic spicule or
even a liquid distension of the ulnar recess may
be pathogenic (Fig. 8.19).

NOD

—

N

Fig.8.16 Hypoechogenic nodular formation (here a gan-
glion, as part of a cat scratch disease) causing compres-
sion of the ulnar nerve

COUDE DR

Fig. 8.17 Mucoid cyst deforming the ulnar nerve
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Fig. 8.18 Juxta-articular ossified nodule compressing
the ulnar nerve
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Fig. 8.19 Liquid distension of the joint recess causing
impingement with the ulnar nerve (a); in another patient, it
is an osteophytic spicule that causes the impingement (b)

8.3.2.6 Thickening of the Retinaculum
This anatomical element that keeps the nerve in
place is sometimes thickened (due to chronic
traction phenomena?) compressing the nerve
with each flexion (Fig. 8.20).

COUDE.GHE

Fig. 8.20 Marked thickening of the retinaculum com-
pressing the nerve in its retro-humeral path

8.3.3 Nerve lrritation in Case
of Neighboring Lesion

The ulnar nerve, the insertion of the medial
epicondyle, and the medial collateral ligament
(LCM) (especially its transverse bundle) are
three very close structures, and the involve-
ment of one of them can affect the others.
Thus, swelling of the transverse bundle of the
LCM can lead to a hematic and fibrous neigh-
boring reaction reaching the adjacent nerve
(Fig. 8.21).

8.3.4 DirectTrauma

In addition to posttraumatic shocks and lacera-
tions, it should always be borne in mind that a
simple prolonged compression of the elbow on a
hard plane can cause pain (Fig. 8.22), the origin
of which is sometimes unknown. Scars, espe-
cially postoperative ones, can also cause com-
pression or even traction.
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Fig. 8.21 Sequelae of medial collateral ligament lesion ~ comparison on the opposite side in the axial plane (a); the
causing a right hyperechogenic cicatricial (Z HYPER) conflicting hyperechoic zone is indeed found in the longi-
fibrous patch in conflict with ulnar nerve as shown by  tudinal plane (b)
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Fig. 8.22 After prolonged pressure on a hard plane, there is a hypoechogenic swelling of the right nerve (a) clearly
visible by comparison on the opposite side (b)

8.3.5 Other Lesions of Ulnar
Nerve

Nerves may be subject to tumor damage (mainly
schwannomas and neuromas) (Fig. 8.23) but also
thickened in a diffuse way mainly in the case of
leprosy, which is a growing pathology in our
country [38, 39] (Fig. 8.24).

Fig.8.24 Major and diffuse thickening of the ulnar nerve
as part of leprosy
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Fig. 8.23 Fusiform swelling of the ulnar nerve corre-
sponding to a neuroma

8.4 Conclusion

Ultrasound of the ulnar nerve at the elbow is the
essential asset of the clinician as it can guide a
therapeutic procedure but first specify exactly the
origin of the patient’s symptomatology. In addi-
tion, the appearance of the nerve can also be mon-
itored to assess the return to normal after treatment
and in particular surgical release [40, 41].
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Ultrasound Radial Nerve

of the Elbow

G. Morvan and V. Vuillemin

The radial nerve (NR), the large nerve of the pos-
terior surface of the upper limb (MS), the face of
the extension, manages the extension and supina-
tion. It is mainly a motor nerve that controls the
extensor muscles of the elbow (the powerful tri-
ceps and the small anconeus), the supinators
(supinator and brachioradialis), the extensors of
the wrist (short and long radial carpal extensors,
extensor carpi ulnaris), and the fingers (short and
long extensor of the thumb, common extensor of
the fingers, proper extensors of 2 and 5) and even
the long abductor of the thumb.

It is also the sensory nerve of the posterior
faces of the arm and posterolateral of the elbow,
the median region of the posterior surface of the
forearm, and the dorsal part of the radial edge of
the hand (Fig. 9.1).

Clinical signs of an RN lesion depend on the
level of the lesion. Above all, it is a deficit of
extension: drooping hand and lack of extension of
the first phalanges of the four long fingers that
remain flexed due to the uncompensated action of
the interosseous muscles. The thumb, extended by
the adductor alone, remains stuck to the index fin-
ger, and the first commissure no longer opens.
The extension of the elbow is usually preserved
due to the high origin of the nerves of the triceps.

G. Morvan (<) - V. Vuillemin
Centre d’imagerie de I’appareil moteur Léonard de
Vinci, Paris, France

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022

Radial Nerve Above
the Elbow

9.1

The origin of the RN is very logical, fully in line
with its function: intended for the posterior side
of the MS, it originates from the posterior half
of the brachial plexus [1] (Fig. 9.2) and contains
fibers from all the roots that make up the latter.
It is the only big nerve coming from the poste-
rior plexus. It vertically crosses the axillary hol-
low and joins the posterior compartment of the
arm through the humero-tricipital slit, passing
under the tendons of the teres major and the
latissimus dorsi, accompanied by the deep bra-
chial artery (Fig. 9.3).

As soon as it enters the posterior compart-
ment, it provides motor branches to the three
heads of the triceps (the high origin of these
branches explains that they are usually preserved
during fractures of the humeral diaphysis, more
distally).

A little further, the RN rejoins the humerus.
Covered by the lateral head of the triceps, it
intersects the posterior side of the diaphysis
from top to bottom and from inside to outside in
an elongated X, directly in contact with the
bone, within a shallow groove, the spiral groove.
From medial as it was, it gradually becomes lat-
eral (Fig. 9.4).

Approximately 15 cm above the lateral epi-
condyle, the RN reaches the lateral intermuscular
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Fig. 9.1 The sites
crossed by the RN and
its sensory territory on
the back of the hand. (1)
brachial plexus; (2)
axillary hollow; (3)
posterior surface of arm;
(4) crossing of the
lateral intermuscular
septum; (5) division into
two anterior sensory and
posterior motor branches
at the anterior aspect of
the elbow; (6) radial
tunnel; (7) posterior
motor branches in
posterior compartment
of forearm; (8) anterior
sensory branch in
anterior compartment of
forearm; (9) crossing;
(10) back of the hand

Fig. 9.2 Brachial
plexus. RN is the only
large nerve to be born in
the posterior brachial
hemiplexus (orange).
TPS, TPM, TPI: upper,
middle, and lower
primary trunks. TSAL,
TSAM, TSP:
anterolateral,
anteromedial, and
posterior secondary
trunks

n. circ.

nerf radial
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Fig.9.3 The RN at the posterior surface of the arm, in the spiral groove at immediate contact with the humeral diaphy-
sis, covered by the triceps heads

antérieur

m. deltoide «====ssmmnsnaca : e m. biceps

m. brachial

septum
intermusculaire
18

--=« N. musculocut.

- n. médian

--art. humérale

art. brachiale prof. .. PSRN ) n. ulnaire

nerf radial

chef méd.
m. triceps

chef lat. m. triceps

chef long
Coupe axiale m. triceps
1/3 moyen bras
droit

Fig. 9.4 Axial cut at the median third of the right arm (upper segment of the cut). The RN is in contact with the poste-
rior surface of the humerus, under the triceps, accompanied by the deep brachial artery
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Fig. 9.5 The same axial cut at the distal third of the arm. The RN has just passed through the lateral intermuscular
septum and is found in the anterior compartment, under the brachialis muscle, accompanied by the deep brachial artery

Table 9.1 Etiology of RN neuropathies on the posterior
side of the arm

e Fractures of the humeral diaphysis, especially
spiroid and displaced

e Impingement between RN and osteosynthesis
material [2]

* Humeral lengthening osteotomies [3]

* Prolonged compression of the RN between the
humerus and the head of a partner resting on the
arm of the other (“honeymoon” syndrome)

e Prolonged compression of the RN between the
humerus and a hard plane (chair backrest, bath
edge) or by swinging arm out of bed, favored by the
abuse of alcohol, sleeping pills, or narcotics
(“Saturday evening” syndrome)

e Compression of the RN between the humerus and the
anterior surface of the contralateral knee (milititary
shooters in the knee-to-ground position) [4]

e RN compression by muscle hypertrophy in
bodybuilders [5]

* Intraoperative compression of the RN (thorax
surgery) [6]

septum, crosses it (Fig. 9.5), and thus passes from
the posterior compartment of the arm to the
anterolateral surface of the elbow.

This posterior region of the arm is rich in
potential pathologies, the main ones of which are
listed in Table 9.1.

9.2 Radial Nerve at the Elbow

9.2.1 The Radial Nerve in Front
of the Humeral Pallet and Its
Division

Once the septum is crossed, the RN descends to
the anterior surface of the distal humerus, then
from the capitellum through the lateral bicipital
groove, between the biceps tendon and the bra-
chialis muscle medially and behind, and the bra-
chioradialis and extensor carpi radialis longus
laterally and in front (Fig. 9.6).

At varying height, it divides in this zone into
its two terminal branches: the anterior sensory
branch and the posterior motor branch. The RN
and its splitting branches are easily visible at this
level in E° and in MRI (Fig. 9.7).
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Fig. 9.7 Axial E° and MRI T1 passing through the RN bifurcation. (1) brachioradialis m.; (2) extensor carpi radialis
longus ECRL m.; (3) brachialis m.; (4) biceps tendon; (5) RN bifurcation

In this site, the RN can be lesioned during dis-
placed fractures of the pallet (Fig. 9.8), by ortho-
pedic equipment necessary for their treatment
and due to joint pathologies of the elbow.
Table 9.2 lists the main etiologies of lesions. The
neurological deficit then concerns the extensors
of the wrist and fingers and the brachioradialis,
with the triceps remaining normal.

9.2.2 TheTwo Branches
of the Radial Nerve

The superficial branch, essentially sensory,
continues the course of the nerve and runs
under the brachioradialis muscle along the lat-
eral part of the anterior surface of the forearm
(Figs. 9.9 and 9.10).
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Fig. 9.8 Displaced supracondylar fracture (arrows) with radial deficit

Table 9.2 Etiology of RN neuropathies just above the
elbow

e Supracondylar fractures, mostly displaced (Fig. 9.8)

» Fasciculated osteosynthesis or by broach for
diaphyseal or supracondylar fracture of the humerus

* Repetitive flexion-extension movements (pushups,
mountain biking)

e Humero-radial joint lesions (synovial cysts,
synovial tumors, rheumatoid nodule)

Local masses

Recurrent vessels in front of lateral epicondylar mass

The deep branch, mostly motor, but not exclu-
sively, penetrates between the two heads of the
supinator muscle wrapped around the neck of the
radius (Figs. 9.9, 9.10, and 9.11). It takes the
name of the posterior interosseous nerve (PIN)
upon leaving this muscle and then goes lower to
the posterior surface of the forearm along the pos-
terior surface of the interosseous membrane. This
deep branch, wrongly called motor, is actually a
mixed nerve that contains some sensory fibers [7],
which explains the possibility of confusion
between neurogenic pain and lateral epicondylar
enthesopathy (both of which can be combined).

In addition to the muscles of the six dorsal
compartments of the wrist, the deep branch of
the RN innervates the anconeus, the supinator,
and the brachioradialis. The motor branch of
the extensor carpi radialis brevis, contrary to the
classical notion, can come from the trunk of
the nerve before its bifurcation (20% of cases),
from its deep motor branch before crossing the
supinator (32%), but also from its superficial
branch in its first centimeters (48% of cases) [8].

The immediate subcutaneous and protruding
character of the elbow makes this joint particularly
susceptible to trauma. The same applies to the
vasculo-nervous elements that pass through it.

The majority of nerve lesions at the elbow are
neuropraxias or axonotmesis (lesion of axons
without complete nerve section) linked to stretch-
ing or transient compressions [9].

Displaced supracondylar humerus fractures
account for almost one-third of the limb fractures
in young children [10]. Their usual treatment con-
sists of reduction followed by broaching. In Babal’s
meta-analysis [10], which studied 5194 fractures,



9 Ultrasound Radial Nerve of the Elbow 107

anterieur
branche superf. ---eceaee

g m. rond pronateur
nerf radial 2

-------m. fléch. radial carpe

m. palmaire

m. brachioradial ------- - m. fléch. superf. doigts

m. long. ext. radial : *
du carpe . S n. médian

m. court ext. radial ---

n. ulnaire
du carpe

branche prof. ; _ & _m. fléch. uln. carpe
nerf radial e o j :
m. supinateur : I m. brachial

m. ext. com. doigts e __m. fléch. prof. doigts

m. ext. uln. carpe

Coupe axiale col m. anconé

: ¢ \-. tendon m. biceps
du radius droit

Fig.9.9 The same axial section as Figs. 9.4, 9.5, and 9.6, passing through the neck of the radius and through the supi-
nator muscle between the two heads of which we see the deep branch of the RN
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Pronation

Supination

Fig.9.11 In pronation, the posterior branch of the RN is
free between the two heads of the supinator (yellow
arrow). In supination, contraction thickens the muscle and
compresses the nerve (red arrow)

traumatic neuropraxia was present in 13% of
extended fractures (by far the most frequent) and
17% of flexion fractures, of which 5% were RN or
PIN lesions. Other studies place RN at the forefront
of lesioned nerves [11, 12]. Broaching itself would
cause 4% of iatrogenic neuropraxias [10] most
often reaching the median or ulnar nerves.

9.2.3 Radial Tunnel

The radial tunnel lies between the lateral epicondyle
of the humerus and the distal part of the supinator
muscle [13], about 5 cm [14] (Figs. 9.9 and 9.10).
Its lateral face consists of the brachioradialis
muscle and the short and long carpi radialis mus-
cles and its medial face by the brachialis muscle
and the tendon of the biceps. Its floor is formed
by the capsule of the radiohumeral joint and the
deep head of the supinator muscle [15] and its
ceiling by the superficial head of the supinator
and by the tense aponeurotic expansions from the

lateral epicondyle, the insertion of the short radial
extensor carpi radialis brevis muscle, and the
superficial head of the supinator [13].

The motor branch of the RN creeps between
the two heads of the supinator to which it pro-
vides motor branches. In this gap, it goes around
the neck of the radius to find itself in the posterior
compartment of the forearm, just behind the
interosseous membrane.

Two out of three times [16], the proximal edge
of the superficial head of the supinator muscle
appears as a fibrous band. This resistant fibrous
edge forms the arch of Frohse, the main traumatic
element of the deep branch of the RN upon its
entry into the supinator muscle (Fig. 9.10) [14].
The distal edge of the supinator can also be fibrous.

In pronation, the nerve flows comfortably
between the two heads of the supinator, relaxed.
In contrast, during supination, which strains the
muscle and swells it, it is cramped, especially in
case of muscle hypertrophy (Fig. 9.11).

The incessant alternations of pronation and supi-
nation implied by certain activities (conductor,
musician) can generate repeated microtraumas of
the nerve stuck between two inextensible structures:
most often the arcade of Frohse and the radius.It is
not just this arcade that can compress the nerve in
the radial tunnel. Table 9.3 lists the other potentially
aggressive structures that sit there [13].

Table 9.3 Etiology of RN neuropathies in the radial
tunnel

e Proximal fibrous border of supinator muscle (Frohse
arch)

* Hypertrophy of the supinator muscle by overuse
(athletes, violinists, drummers)

* Thickened cranial border of the ECRB extensor
carpi radialis brevis, especially in case of
enthesopathy of the common tendon of the lateral
epicondylar muscles [14]

* Adhesions or flanges of the anterior capsule of the
radiohumeral joint

e Abnormal recurrent vessels tying the posterior
interosseous nerve (Henry’s bridle)

e Intermuscular septum between ulnar extensor carpi
ulnaris and proper extensor of the fifth finger

* Distal border of the supinator muscle [17]

* Extrinsic compression by a rod, fracture of the head
of the radius, tumor or pseudotumor of soft parts
(cysts (Fig. 9.12), lipoma (Fig. 9.13)), and synovitis
(septic arthritis, synovial chondromatosis,
rheumatoid arthritis) [17]
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IRM T2 axiale
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Fig.9.12 Compression of the motor branch of the RN by an arthrosynovial cyst from the humero-radial joint. Axial E°
and T2 MRI. E coronal. We perfectly see the RN (red arrow), pushed back and flattened by the cyst

Fig.9.13 Compression of the motor branch of the RN by
a lipoma surrounding the neck of the radius (red asterisk).
Axial MRIT1

This syndrome of the deep branch of the NR,
also called the syndrome of the PIN, the supina-
tor, and the radial tunnel, results in muscle pain
and/or weakness. It is usually pain in the lateral
edge of the forearm that can radiate to the first
interdigital commissure. Unspecific, sometimes
reproduced by the aggravated supination or the
aggravated extension of the third finger, they are

similar to those of lateral epicondylalgia, with
which they can be confused.

The fairly frequent coexistence of these two
lesions (enthesopathy and neuropathy) may
lead to misdiagnosis (5% of recurrent epicon-
dylalgia are actually PIN syndromes) [18].
There is no sign of Tinel. The EMG may be
equivocal or normal due to the lack of well-
established criteria. The E° usually resolves the
problem provided that the nerve damage is
sought even in the case of enthesopathy
(Fig. 9.14).

The deep branch of the RN can be followed in
static and dynamic extension (during winding
movements of pronosupination) and in MRI in its
path within the supinator. Sometimes the arcade of
Frohse can be seen in MRI as a hypointense band
at the proximal edge of the supinator muscle.

An increase in the caliber of the nerve at its
entry into the muscle is sought in extension
(Figs. 9.15 and 9.16) and, on T2 MRI, a muscle
hypersignal, an indirect but early sign of muscle
denervation, downstream of the compression
level [19] (Fig. 9.17).
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E-axiale 2 té ale E° coronale

Fig.9.14 Coexistence of compression of the motor branch of the RN under the arcade of Frohse (red arrows) and enthe-
sopathy of the common tendon of the lateral epicondyle, in which power Doppler mode hyperemia is noted

Fig.9.15 Compression of the deep branch of the = et latéral
RN by a hypertrophied supinator muscle
(professional percussionist). Coronal ultrasound.
(1) radius; (2) deep head of the supinator M., very
thickened; (3) superficial head; (4) arcade of
Frohse; (5) deep branch of the RN with an
increased focal caliber; (6) m. extensor carpi
radialis brevis; (7) long extensor and
brachioradialis

jewixoldd

Fig.9.16 Compression of the posterior branch of the RN at the level of the supinator. Coronal and axial E°. The nerve
is increased in volume on 18 mm and hypoE°. The traumatic element is the arcade of Frohse

Fig.9.17 Compression of the posterior branch of
the RN at the level of the supinator. Axial MRI T2
FS. No direct sign of compression, but presence of
an indirect sign: hypersignal of supinator muscle
and extensors (black asterisks)
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9.3  The Radial Nerve Beyond
the Elbow
9.3.1 Distribution of Motor

Branches in the Posterior
Compartment of the
Forearm

At the posterior compartment of the arm, as
soon as the supinator exits, the posterior branch
of the RN leaves a bunch of branches for the
extensor muscles of the fingers and wrist, the
extensor carpi radialis brevis muscle sometimes
receiving its innervation directly from the trunk
of the RN or even its anterior branch. After giv-
ing off these branches, the nerve, reduced to a
thread, descends behind the interosseous mem-
brane until branching on the dorsal surface of
the wrist.

At this level, its pathology boils down to a few
rare extrinsic compressions.

9.3.2 The Path of the Sensory
Branch in the Anterior
Compartment of the Forearm

The superficial sensory branch of the radial
nerve descends vertically along the lateral
region of the anterior surface of the forearm,
within the sheath of the brachioradialis muscle
that covers it (Figs. 9.18 and 9.19). It is flanked
medially by the radial artery, good ultrasound
reference (Fig. 9.19), and crosses the pronator
teres muscles and superficial flexor of the
fingers.

At the distal third of the forearm, it passes
under the tendon of the brachioradialis and then
pierces the superficial fascia, a little behind this
tendon to continue its path into the subcutaneous
fat of the posterolateral region of the forearm. At
this time, it approaches a new critical area: the
crossing region, which is outside the scope of our
subject.

Fig.9.18 Path of the superficial branch of the RN (green
arrow) to the anterior surface of the forearm accompanied
inside the radial artery (red arrow). Axial cuts from top to
bottom (upper segment) passing through the upper 1/3,
the middle part, the lower 1/3, and the lower quarter of the
forearm. BR brachioradial m., square P pronator quadra-
tus m., CERC extensor carpi radialis brevis m., ECI
extensor digitorum brevis m., EC fingers common exten-
sor of fingers m., E2 proper extensor of index finger m.,

E5 extensor of fifth finger m., EUC extensor carpi ulnaris
m., FP fingers flexor digitorum profundus m., FRC flexor
carpi radialis muscle, FS fingers superficial flexor of fin-
gers m., FUC flexor carpi ulnaris m., LA/ m. long abduc-
tor of thumb m., LE] long extensor of thumb m., ECRL
extensor carpi radialis longus m., LP long palmar m., NM
median nerve, NU ulnar nerve, R radius, RP pronator teres
m., supi supinator m., U ulna
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Fig. 9.19 Sensory branch of the RN to the forearm and
its relations with the muscles and radial artery (for legends
see Fig. 9.18)

In its path to the forearm, mechanical damage
to the anterior branch of the RN is infrequent,
apart from a few displaced fractures or penetrat-
ing wounds.

9.4  Conclusion

RN, the nerve of extension and supination, arises
from the posterior part of the brachial plexus.
This nerve or its two branches of division pass
through three dangerous zones: the posterior side
of the arm, the radial tunnel, and the radial edge
of the wrist. The E° allows you to track the RN
along its entire route and to highlight intrinsic
anomalies or compressive factors. MRI may also
show an early indirect sign of denervation: mus-
cle edema. The painful manifestations of this
nerve have the distinction of being often con-
fused with two tendinopathies, lateral epicon-
dylalgia and de Quervain’s tenosynovitis, with
which they can also be associated.
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Ultrasound of the Interosseous
Membrane of the Forearm

Marc Soubeyrand

10.1 Introduction

The interosseous membrane (IOM) is stretched
between the two bones of the forearm. It partici-
pates in the dynamic stabilization of the ante-
brachial frame, in the transverse but also
longitudinal plane. It can be torn by a longitudi-
nal shear mechanism and, in this case, combined
with a fracture-impaction of the radial head and
a tear of the triangular fibrocartilaginous com-
plex (TFCC) of the wrist resulting in Essex-
Lopresti syndrome (Fig. 10.1) [1]. Incomplete
tears can also occur in distal radioulnar disloca-
tion (isolated or associated with fracture of the
radius: Galeazzi-type lesion) or proximal radio-
ulnar dislocation (in Monteggia-type lesion)
(Fig. 10.2).

In the acute phase of trauma to the forearm,
the diagnosis of rupture of the IOM is sometimes
evident before the displacement of the radius
from the ulna, but often the diagnosis is missed at
the initial stage. IOM rupture induces major
destabilization of the antebrachial framework,
and this diagnosis will affect surgical manage-
ment: contraindication to isolated resection of the
radial head, stabilization of the radial ulnar joint,
and ligamentoplasty of the forearm [2].
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Two imaging tests are proposed to explore
IOM: ultrasound [3-5] and magnetic resonance
(MRI) imaging [6, 7]. The purpose of this chapter
is to describe the use of ultrasound as a means of
exploring the IOM.

10.2 Anatomo-pathological
Reminders

Anatomy and Biomechanics: The IOM consists
of two layers of fibers, the most important of
which are oriented up and out (radial)
(Fig. 10.3). Some of these fibers are rather
strained in supination and others in pronation.
This positional fiber recruitment allows continu-
ous operation of the IOM regardless of the rota-
tion of the forearm without impeding the rotation
of the radius around the ulna. The orientation of
the fibers explains the double stability of the
IOM: transverse (prevents the two bones from
moving away) and longitudinal/vertical (pre-
vents the relative ascent of the radius relative to
the ulna). In addition to the IOM, longitudinal
stability of the forearm is ensured by the TFCC
(which also participates in transverse stability)
and by the radial head (which prevents the rise of
the radius by buttressing against the humeral
capitellum) [8].

Anatomical studies distinguish three different
parts of the IOM: proximal, medial, and distal.
The middle portion is the strongest and most
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Fig. 10.1 Essex-Lopresti syndrome in its complete form: IOM tear, radial head fracture, ascension of the radius with

inversion of the radioulnar index

functionally important. It occupies the widest
portion of the interosseous space and stretches
rather in neutral rotation. In pronation it is relaxed
because the two bones are crossed, and the inter-
osseous space is reduced.

10.3 Traumatic Lesions of the IOM

IOM tears can be partial or complete (full height)
and are the result of indirect mechanisms of
longitudinal translation/separation of both forearm
bones. It appears that the rupture occurs preferen-
tially in the middle of the interosseous space, where
the IOM is finer. Three names are to be remem-
bered to describe the traumatic lesions of the IOM:
Essex-Lopresti, Monteggia, and Galeazzi.

Essex-Lopresti Syndrome is the complete form
with longitudinal and transverse destabiliza-
tion. Standard radiographs always have the
same lesion association: fracture of the radial
head usually comminuted and inversion of the
distal radioulnar index, which in summary
corresponds to a proximal migration of the
radius relative to the ulna. This ascent is due to
the transmission of stresses from the carpus to
the radius at the time of a fall on the palm.
Because the IOM is completely ruptured, it no

longer holds the proximal migration of the
radius. Subsequently, this ascent is maintained
by the action of muscles and especially the
biceps brachii. Naturally the radius does not
“g0 down,” and the evolution is toward a limi-
tation of pronosupination (proximal radioul-
nar injury as a result of fracture of the radial
head +/distal radioulnar dislocation), wrist
pain (distal radioulnar damage and ulnocarpal
impingement: long pseudo-ulna), and elbow
(proximal radioulnar injury).

Lesions of the “Monteggia” type conventionally
associate a fracture of the ulna with a complete
dislocation of the proximal radioulnar joint. In
the manner of Maisonneuve fractures of the
leg, the lesion necessarily implies a partial tear-
ing of the proximal part of the IOM: in fact it is
impossible to completely dislocate the proxi-
mal radioulnar without damage to the IOM.

Galeazzi-type lesions associate a fracture of the
radius with a distal radioulnar dislocation.
Again, distal radioulnar dislocation is not
possible without tearing of TFCC and IOM.

It is accepted that the IOM cannot heal sponta-
neously for two mechanical reasons. First, the
IOM is composed of elastin fibers, and once sev-
ered, there is an immediate retraction to its radial
and ulnar bone inserts that prevents spontaneous
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Fig. 10.2 The two classi-
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re-confrontation of the ruptured banks. Secondly,
the surrounding muscles (deep flexors) naturally
tend to enter the IOM gap and thus a mechanical
obstacle to the confrontation of the banks. The
natural evolution is therefore toward a lack of
IOM healing while the interosseous space is
filled with cicatricial fibrosis that no longer has
the mechanical properties of the native IOM
(“ligament elongation callus™). In addition, scar
processes lead to a gradual fixation of the radius
in the upper position relative to the ulna.
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Diagnostic means of IOM rupture: X-ray
examinations, computed tomography (CT), and
standard radiographs don’t allow you to see the
satellite lesions of IOM rupture: fracture of the
radial head, ascent of the radius, and fracture of
the ulnar styloid. In some cases, these signs are
not visible at the outset, which may lead to the
omission of the diagnosis. Direct observation of
IOM is possible only with MRI and ultrasound.
MRI has the advantage of providing functional
information (tissue edema) and not being a
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Fig. 10.3 The most important fibers in the IOM are ori-
ented from the ulna to the radius and from the bottom to the
top. Thus the force vector corresponding to them can be

dependent operator. However, it also has several
limitations in this context: difficult to access in
emergency, degraded images from the moment
the metal material (osteosynthesis plates, screws,
radial head prosthesis) was implanted, no
dynamic examination possible, and high cost. In
the acute phase, MRI can show the interruption
of the membrane in T1 and T2 sequences as well
as edema in the soft parts surrounding the IOM,
signaling the reality of an acute traumatic pro-
cess [7]. In the chronic phase, its interpretation is
more complex because the inflammatory process
has disappeared, and if there is no fiber healing
with effective length, scar tissue can fill the rup-
ture bank without ensuring the normal function
of the IOM (“ligament elongation callus”).
Treatments and issues of diagnosis of
IOM rupture: All authors conform to the
fact that chronic phase treatment has poor func-
tional outcomes [9]. One of the reasons is that
once the rise of the radius is “frozen” at the
chronic phase, it is technically almost impossi-
ble to descend the radius. The ulna should usu-

* = Membrane interosseuse, R = Radius, U = Ulna

broken down into a horizontal vector (transverse stability:
prevents the separation of the two bones) and vertical vector
(longitudinal stability: prevents the rise of the radius)

ally be shortened by osteotomy to correct the
distal radioulnar index. Confirmation of a
complete IOM rupture indicates that the radial
head has become the site of significant longitudi-
nal stresses, which can be considered a risk fac-
tor for failure of head osteosynthesis. Carrying
out arthroplasty will then be preferable. For the
same reasons, isolated resection of the radial
head would be contraindicated. Finally, the diag-
nosis of complete rupture could be an argument
for the complementary execution of an IOM lig-
amentoplasty to stabilize the forearm.

10.4 Ultrasound of the Interosseous
Membrane

10.4.1 When to Perform
an Ultrasound of the IOM?

After trauma to the forearm, in the acute or
chronic phase, and in the presence of the satellite
lesions described above (fracture of the radial
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head, inversion of the distal radioulnar index,
ulnar styloid tearing), a lesion of the IOM should
be evoked and ultrasound performed. Ultrasound
can also be performed after surgery even if metal
equipment has been implanted.

10.4.2 What Is the Normal
Ultrasound Appearance
of the IOM?

When the IOM is intact, it is very easy to visual-
ize in ultrasound: it appears as a hyperechogenic
structure stretched between the interosseous
edges of the two bones. When the forearm rotates,
the interosseous space opens and closes, the [OM
stretching and relaxing accordingly. The upper
part of the IOM is narrower and deeper and there-
fore harder to observe, but its functional impor-
tance is less. The medial part is the most important
and is ideally observed in neutral rotation where
it is stretched. The distal portion is rather tense in
supination. The ideal is to position yourself in
front of the patient who is sitting with both
elbows on the examination table, in neutral rota-
tion of the forearms. This allows easy access to
both forearms.

10.4.3 What Is the Ultrasound
Appearance
of the Disrupted IOM?

The review must be bilateral and comparative. It
is necessary to begin with a morphological exam-
ination and then to conduct a dynamic evaluation.
In the acute phase, asymmetry can be seen, a con-
tinuity solution signaling the tear or the presence
of a hematoma in the interosseous space. In the
chronic phase, it is much more difficult to diag-
nose the rupture on the morphological examina-
tion alone because scar (nonfunctional) fibrous
tissue usually takes place in the interosseous
space and gives an appearance of continuity of
the fibers between the two bones. This scar is
usually a little thicker and may even mistakenly
suggest that the IOM is more resistant on the
lesioned side.

We recommend performing dynamic IOM
testing using the dynamic “muscle hernia sign.”
We initially described this test on the basis of
anatomical work, and it was originally intended
for acute ruptures. However, in the chronic phase
there is an asymmetry between the two sides. The
principle is very simple and is based on the fact
that when there is a rupture, one can pass part of
the deep flexor muscles through the rupture,
toward the posterior compartment of the forearm.
The operator places the probe on the back side of
the forearm and presses the anterior side at the
same time. If the IOM is intact, then the flexor
muscles cannot pass through the interosseous
space. If the IOM is broken, one manages to gen-
erate a real muscle hernia through the interosse-
ous space (test for provoked muscle hernia [3]).

10.5 Conclusion

There is an important stake in making a diagnosis
of IOM rupture. Ultrasound is a valuable tool,
especially since the lesion will be recent. The sur-
geon will be able to visualize the rupture, espe-
cially by testing for the provoked muscle hernia.
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Ultrasound of the Pronator

Quadratus PQ

Jean Louis Brasseur

11.1 Introduction

The pronator quadratus PQ muscle was a muscle
often overlooked by imaging, and only the fat
border bordering its palmar face received atten-
tion in standard radiology as it could be an indi-
rect sign of damage to the distal end of the radius
[1]. Thanks to cross section imaging and espe-
cially the development of ultrasound, other indi-
cations appeared. Let’s see in this chapter the
main ones among them.

11.2 Anatomy and Sonoanatomy

The pronator quadratus PQ muscle is a flat mus-
cle, located transversely to the deep palmar face
of the distal end of the forearm, in contact with
the interosseous membrane and deep into the
flexor muscles. It is located in a specific compart-
ment identified by a fascia, bordered superficially
by a greasy border [2—4].

It is innervated by the anterior interosseous
nerve (AION) and is about 6 cm long and slightly
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more than 3 cm high and consists of two bundles:
one superficial and one deep. These bundles con-
tribute to the gripping force: their direction is dif-
ferent as well as some of their functions [5]:

e The superficial bundle acts on the pronosupi-
nation of the distal radioulnar.

e The deep beam is a stabilizer of this joint with
the triangular complex and the interosseous
membrane.

On average, the thickness of these muscles is
slightly larger in men than in women [6] but is
also (as well as force) more important on the
dominant side [7], which is important to take into
account in the search for atrophy.

In ultrasound, the two bundles are well identi-
fied in both planes of space deep to the flexor
muscles and in the area of the interosseous mem-
brane (Fig. 11.1).

The appearance of the cut differs between pro-
nation and supination. In particular, the contour
of the ulnar cortex is more flattened in pronation
(Fig. 11.2), and the radioulnar distance decreases
(Fig. 11.3).

The superficial fascia of the pronator quadra-
tus PQ muscle merges with the fatty space that
shapes the muscle in other imaging techniques
(Fig. 11.4).
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Fig. 11.1 Axial (a) and sagittal (b) ultrasound section of the pronator quadratus PQ whose surface bundle (CP S) and
deep bundle (CP P) are clearly visible on the palmar face of the interosseous membrane (IOM)

AXIAL SUPIN MIO

AXIAL PRON MIO

Fig. 11.2 Axial section of the pronator quadratus showing a more flattened ulnar cortex (arrows) in pronation (a) than
in supination (b)
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Fig. 11.3 Axial ultrasound section showing a decrease in the radioulnar space in pronation (a) compared to the mea-
sure in supination (b)
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Fig. 11.4 Radiographic sagittal view of the wrist (a) showing the fatty border (arrow) on the palmar face of the prona-
tor quadratus muscle; ultrasound sagittal view at radius (b) in which the border merges with the muscle fascia
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Fig. 11.5 Peripheral disinsertion of the pronator quadratus muscle well seen in hyperextension of the wrist in the axial

(a) and sagittal (b) plane

11.3 The Pronator Quadratus
in Pathology

Lesions of the pronator quadratus PQ are rare,
but its analysis is important because some
pathologies may cause a change in its appear-
ance and may be detected by its analysis. In
addition, it is at the height of this pronator qua-
dratus PQ that it is interesting to spot the median
nerve.

11.3.1 Lesions of the Pronator
Quadratus PQ

Intrinsic lesions of the pronator quadratus PQ
may occur in case of brutal hyperextension of the
wrist resulting in peripheral disinsertion, limited
in our experience; lesions are best seen in hyper-
extension [3] (Fig. 11.5).

Due to the deep topography of the muscle,
direct contusions are rare, but the deep surface of
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Fig. 11.6 Partial incarceration of the pronator quadratus PQ muscle in the callus of a fracture of the palmar surface of
the radius on the X-ray profile (a) and in ultrasound (b) (from 3 with permission)

Fig. 11.7 Reshaping of the pronator quadratus PQ muscle after placing a pin on the wrist image profile (a) and in
ultrasound (b) (from 3 with permission)

the muscle can be incarcerated in the event of a
fracture of an adjacent cortex (most often the
radius) or partially incarcerated in the callus of a
complex fracture (Fig. 11.6) [3].

Postsurgical changes can be detected
(Fig. 11.7), and the value of evaluating and
repairing the pronator quadratus PQ after placing
a palmar synthesis plate has been the source of
several publications [8—12].

Ultrasound may also facilitate the placement
of a palmar plaque [13].

Given the small expansion of the anatomical
compartment in which the pronator quadratus PQ
is located, these traumas and postsurgical remod-
eling, especially in the case of protruding mate-
rial, are likely to cause a compartment syndrome
[2]. Elastography could play a role in detecting
these syndromes [14].

Also noteworthy is the use as a flap of this pro-
nator quadratus PQ in some cases of pseudarthro-
sis or neuroma (aspirin flap) [15-17].

11.3.2 The Pronator Quadratus PQ:
Indirect Sign of Lesion

11.3.2.1 Thickening of the Pronator
Quadratus PQ

On the standard profile picture, the classic sign of
compression of the fat border in the event of an
occult fracture of the adjacent radius [I] is
known; this sign has been questioned [18].

The hypertrophy of the pronator quadratus PQ
on a comparative axial section is another factor in
detecting these occult fractures [19, 20] taking
into account the variations in thickness previ-
ously described [6, 7].

11.3.2.2 Hyperechogenic Changes

of the Pronator Quadratus PQ
The pronator quadratus PQ is innervated by the
anterior interosseous nerve, and in case of dam-
age to this nerve (Kiloh and Nevin syndrome)
neurogenic edema (hyperechogenic hypertro-
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Fig. 11.9 Measurement of the median nerve at the height of the pronator quadratus PQ muscle (a) and within the
carpal tunnel (b). No significant differences were observed in this patient

phy) followed by fibro-fatty degeneration
(hyperechogenic hypotrophy) is an often valu-
able indirect sign (Fig. 11.8) [21, 22]. It is earlier
and easier to detect in MRI, but regardless of the
technique used, one should be wary of hyper-
echogenicity (or hypersignal) sometimes found
in asymptomatic patients [2, 3, 23, 24]; more-
over, due to the orientation of its fibers, the pro-
nator quadratus PQ is often more in hypersignal
than neighboring muscles [2]. Comparing the
opposite side is, of course, the solution to this
difficulty.

11.3.3 The Pronator Quadratus PQ
Used as a Marker

The interest of measuring the surface of the
median nerve at the height of the pronator qua-
dratus PQ has caused this muscle to be covered
by many imagers (Fig. 11.9). This measurement
should be compared with that carried out in the
carpal tunnel. Klauser [25, 26] showed that a dif-
ference of more than 2 mm? between the surface
of the nerve in relation to the pronator quadratus
PQ and that of the swelling in the canal is the
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Fig. 11.10 Measurement of the median nerve at the
height of the pronator quadratus PQ muscle (image on the
left (a)) and within the carpal tunnel (image on the right (b))

most sensitive and specific imaging sign of detec-
tion of compression of the median nerve
(Fig. 11.10). This sign is also valid in case of
bifid nerve [27].

11.4 Conclusion

In addition to the problems that this muscle may
pose in the event of wrist surgery, the pronator
quadratus is important to study in ultrasound
mainly because it may be an indirect sign of a
lesion (distal fracture of the radius or damage to
the AION) but also because it is the main measur-
ing point in case of suspicion of compression of
the median nerve.
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12.1 Introduction

Multiple pathologies can cause pain in the ulnar
side of the carpus, and their clinical differentia-
tion is often difficult mainly because of the close
relationship of anatomical elements present at
this level [1-5]. Pathologies can be tendon (exten-
sor carpi ulnaris tendon (ECU) and extensor of
V) but also ligamentous (ulnocarpal, radioulnar,
ulnotriquetral), articular (lower radioulnar), from
the fibrocartilaginous complex (TFCC), or even
from underlying bone damage. These lesions can
also coexist, which further complicates the diag-
nostic problem.

The role of imaging is therefore to define, as a
first step, the pathological structure(s), knowing
that there are asymptomatic variants and changes.
Each of these elements, and in particular the
ECU, may have different lesions; imaging must
recognize them, define their severity, and specify
whether the lesion is evolutionary or sequellary
[1-6].

Since only ECU lesions are discussed in this
chapter, it should be borne in mind that they often
fit into a broader framework and that other struc-
tures also need to be evaluated to determine the
exact causes of pain on surface of the carpi
ulnaris.

J. L. Brasseur (D<)

G.H. Pitié-Salpétriere, Service de Radiologie,
Paris, France

e-mail: jlbrasseur @impf.fr

12.2 Anatomical Presentation
[7-9]

The ECU has a dual origin: the posterior part of
the common tendon of the lateral epicondyle on
the one hand and the dorsal side of the ulnar
diaphysis on the other. Its muscle sits on the ulnar
surface of the posterior compartment of the fore-
arm and is innervated by the posterior interosse-
ous nerve. Its myotendinous junction is located at
the distal third of the forearm forming a tendon
forming the sixth dorsal column of the wrist. It
passes through an osteofibrous tunnel 15-20 mm
long, whose floor consists of a groove of variable
depth located on the dorsal side of the ulnar
epiphysis (between the head and the styloid), and
itis inserted distal to the dorsal side of the base of
the fifth metacarpal.

A clean synovial sheath surrounds the tendon
until it is inserted to facilitate sliding under the
retinaculum.

The mobility of the lower radioulnar joint in
pronosupination is responsible for that of the
ECU. The elements that stabilize it and hold it in
place against the ulna are

e The proper retinaculum of the ECU formed by
an aponeurotic splitting which is inserted on
the walls of the groove; physiological varia-
tions may be present in part at the level of its
lateral insertion; it is sometimes loose or even
absent at the origin of subluxation or
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T. Apard, J. L. Brasseur (eds.), Ultrasonography for the Upper Limb Surgeon,

https://doi.org/10.1007/978-3-030-84234-5_12


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-84234-5_12&domain=pdf
https://doi.org/10.1007/978-3-030-84234-5_12#DOI
mailto:jlbrasseur@impf.fr

132

J. L. Brasseur

asymptomatic tendon dislocation [10-13]; the
tendon comes in this case to “climb” the ulnar
styloid in supination to find itself on its palmar
side. Longitudinal fibrous elements (linea
jugata) reinforce the insertion of this retinacu-
lum, some of which join the epimysium of the
tendon itself, which is another additional fac-
tor of stability [7].

e The dorsal retinaculum is the thickening of the
fascia that lines the surface side of the preced-
ing one; it is inserted on the radius and then
bypasses the head of the ulna, without insert-
ing on it (to allow pronosupination), to attach
palmar to the pisiform and triquetrum
(Fig. 12.1).

The depth of the groove is an element in the
stability of the ECU; the groove may not be pres-

Fig. 12.1 Ultrasonographic axial section at the height of
the furrow showing the two superimposed retinacula; the
superficial strip corresponds to the common retinaculum
of the extensor tendons and the deep strip to the proper
retinaculum of the ECU

ent or may be slightly dug, facilitating abnormal
mobility (Fig. 12.2).

Ulna length and styloid morphology are
other variables that can also affect tendon stabil-
ity [14].

Morphological variants are described, compli-
cating the study and detection of pathological
elements of the ECU:

e Tendon duplication is not uncommon espe-
cially at the distal insertion level; one of these
replicas described by Barfred [15] unites the
end of the ECU with that of the extensor of the
5 and is considered pathogenic, causing more
frequent lesions of the ECU.

* Tendon cracking (dividing the tendon into two
equal parts) are often found in the absence of
symptomatology especially in athletes (mor-
phological variants or asymptomatic acquired
cracking?) [1, 11, 12] (Fig. 12.3).

e The nonunion of the ulnar styloid (congenital
or sequellary of trauma), which favors the
appearance of tendinopathies and partial rup-
tures [16].

12.3 Imaging Techniques

and Normal Appearance

The two imaging techniques suitable for tendon
study are ultrasound [17-21] and MRI [21-25]
because they both have a density resolution

POIG

Fig. 12.2 Morphological variant with the presence of a shallow groove consisting of a factor favoring tendon disloca-

tion (a); absence of groove in another patient (b)
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Fig. 12.3 Non-symptomatic cracking of the tendon in the axial plane; frequent variant in the athlete (a); the appearance

is similar to that of a crack occurring in a painful context (b)

allowing the tendon and its environment to be
identified in the normal state but especially in
pathology (which cannot be scanned).Ultrasound
has great advantages:

e Systematic bilateral study

¢ Dynamic specificity

e Spatial resolution allowing analysis of the
fibrillar structure of the tendon

* Possibility of bilateral (comparative) vascular
analysis without injecting contrast medium

e Availability

e Price (1015 times cheaper than an MRI)

The big black spot of ultrasound is its diffi-
culty (and the need to have a high-end device)
due to its operator-dependent character.

The MRI also has great advantages:

e Better contrast resolution through the use of
various sequences

* Analysis of bone structures adjacent to the
tendon

* An appreciable “cartographic” appearance
preoperatively

» Excellent vascular sensitivity after injection of
gadolinium

¢ On the other hand, the examination has a less
precise spatial resolution, is one-sided, more
expensive, and static, and requires a puncture
for vascular study.

12.4 Ultrasound Technique
and Normal Appearance

Ultrasound study is systematically comparative
and dynamic. It is carried out with high-end
equipment given the delicacy of the lesions to
explore. A bag of water or other interposition
material (condom filled with ultrasound gel) is
useful for axial cuts and in particular for the
dynamic study carried out in this plane. The oper-
ator is seated in front of the patient; the examina-
tion begins with the elbows in extension for the
pronation study and then the flexed elbows rest-
ing on thighs or on a table in front of the patient
for pronosupination maneuvers [17-19].

Comparative frontal sections are performed as
well as axial sections in pronation and
supination.

In the frontal plane we find the usual hyper-
echogenic fibrillar structure of the tendon, which
is clearly visible in ultrasound in the normal
state from its myotendinous junction to its inser-
tion on the base of M5. On the surface of the
tendon is the tendon sheath covered by the thick-
ened fascia of the extensor retinaculum
(Fig. 12.4); the retinaculum of the ECU is visible
in the normal state, especially in case of effusion
(this increases the contrast between the struc-
tures). At the deep side of the tendon, the hyper-
echoic line of the capsular plane is observed,
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reinforced by the ulnar collateral ligament and
deeper to the TFCC and ulnar recess of the radio-
carpal joint.

Axial cuts are performed in pronation, first at
the height of the groove, then facing the styloid,
and then at the ulnar side of the carpus. The ten-
don has a spotty appearance; it is hyperechogenic
but subject to anisotropic artefact [17]. Its sec-
tional surface is most often oval facing of the
groove to round off more distally. Recall the fre-
quent asymptomatic cracking of this tendon in
two parts, visible in ultrasound in the form of a
thin hypoechogenic line passing through the ten-
don thickness.

This tendon is surrounded by a synovial
sheath whose thickness is appreciated by com-
parison with the opposite side, and the elements

Triquet

Fig. 12.4 Normal frontal section showing the normal
picture of the thickening of the two retinacula in the area
of tendon fibers; the use of anisotropic artefact made these
retinacula hypoechogenic for tendon differentiation

Ulnha

SUPIN

POIG  Axial

described above are found on its deep slope; the
lift technique allows it to be well followed until
its distal insertion. The supination maneuver
shows in the normal state the tendon that deforms
“in comma” but does not extend beyond the edge
of the styloid from which it remains separated by
a small hypoechogenic border; the clean retinac-
ulum is raised during this maneuver, and its
insertion is often well visualized suppression of
233;e. In addition, some cracks are best detected
in supination (Fig. 12.5). Important variants can
be viewed. They are often bilateral at the origin
of subluxation (especially on the tip of the sty-
loid) (Fig. 12.6) or palmar dislocation in supina-
tion (Fig. 12.7). During this maneuver, the
appearance of the proper retinaculum on the lat-
eral surface of the groove is studied, since it is
then perfectly visualized (Fig. 12.8).

The search for a dislocation or subluxation
also involves other maneuvers: aggravated prona-
tion, supination accompanied by possibly antag-
onized extension, but the most effective maneuver
in our experience is to ask the patient to repro-
duce the painful movement (sports gesture by
example) with the probe placed against the
groove in search of abnormal mobilization.

The anisotropic artifact, a generator of
hypoechogenic false images, is the enemy of ten-
don ultrasound, but it can be useful for detecting
tendon contours in hyperechogenic enlargement.
Therefore, small angulation movements of the

SUPINATION

Fig.12.5 In supination, the normal tendon remains separated from the cortex by a hypoechogenic triangle (arrow) (a);
the tendon lifts the retinaculum and clearly shows its insertion on the lateral edge of the groove (arrow) (b)



12 Ultrasound of the Extensor Carpi Ulnaris

135

WRIST
AXIAL VIEW

LEFT CONTRACTION

Fig.12.6 Minimal asymptomatic subluxation of the tendon in relation to the tip of the styloid with partial detachment
of the proper retinaculum (a); greater subluxation in another patient (b)
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Fig. 12.7 Complete dislocation of the ECU in an asymp-
tomatic patient

probe should be carried out at all times when
these axial sections are carried out.

12.5 Pathological Appearances

The ECU shows several pathological changes
especially in athletes (especially instability prob-
lems) [1-4, 6, 21] but also in patients with rheu-
matoid arthritis (RA) who will mainly develop
tenosynovitis and ruptures [26].

12.5.1 Instabilities, Subluxation,
and Dislocation

Pronosupination movements cause mobility of
the ECU tendon whose supporting structures are
subjected to tension forces sometimes leading to
reactional thickening of the retinaculum. In addi-
tion, the friction forces generated by the tendon
climbing on the styloid give rise to tenosynovitis
(see below). However, some people present with
completely asymptomatic subluxations or dislo-
cations [10, 11, 17]; therefore, one should always
compare the appearance on both sides and com-
pare imaging with clinical symptomatology.

These pathologies should also be separated
according to their occurrence: acute injury and
chronic lesion. Racket sports, especially tennis,
are often at the root of this pathology because
they lead to sudden movements of radial inclina-
tion and aggravated pronation. These constraints
are accentuated by the practice of the forehand
lift and the backhand with two hands. The kinetics
of the gestures of tennis ensure that the hand far-
thest from the sieve is subjected to stress and dur-
ing the reverse, the hand that is closest to the
sieve. A right-handed player will therefore have
pain in the right wrist during forehands and in the
left hand on backhands (the opposite is for the
left-handed player) [1, 6, 17].
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Fig. 12.8 In supination, the tendon deforms, a crack may “open,” but the proper retinaculum remains well inserted and
takes on a “‘comma” appearance well seen in ultrasound (a) as in dynamic MRI (b) (Pr Drapé shot)

Fig. 12.9 Permanent dislocation of the tendon after an
acute accident

12.5.1.1 Acute Dislocation of ECU

It occurs mainly in sports pathology, but palmar
dislocations have also been described in RA in
patients with rupture of the extensor tendon of
the fingers [26]. Acute dislocation of the ECU
leads to sudden pain and functional impairment
leading to immediate cessation of activities. This
may be a rupture of the proper retinaculum of the
ECU, a disinsertion of its radial attachment (the
retinaculum may then be subverted under the ten-
don), but most often of its ulnar insertion with
palmar dislocation of the ECU tendon below the
dorsal carpal retinaculum [1, 17, 21] (Fig. 12.9).

<<RETIN-=
—  TUMEFIE

STYL

Fig. 12.10 Tendon returned to normal position in prona-
tion; only hypoechogenic thickening of the retinaculum
should attract attention

One should never lose sight of the fact that the
tendon often returns to place after the acute epi-
sode requiring the realization of dynamic maneu-
vers to highlight this dislocation knowing that
they are mild and that the athlete often hesitates
to perform these movements, making it more dif-
ficult to diagnose (Fig. 12.10) [17].

The rupture or disinsertion of the retinaculum
is detected in ultrasound, but it is the abnormal
mobility of the tendon that confirms the diagno-
sis during supination. Partial ruptures of the reti-
naculum are most common with the preservation
of tendon stability or simple subluxation. Only
complete ruptures lead to frank palmar disloca-
tion of the ECU.
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Associated lesions of the tendon, mainly teno-
synovitis, occur almost systematically in the
acute phase. A hypoechogenic range is also
sought at the periphery of the head of the ulna,
below the reflection zone of the dorsal retinacu-
lum; this image corresponds to the detachment
pocket formed by the tendon when it dislocates
(Fig. 12.11); it sometimes extends to the palmar
reaching the pronator quadratus.

This area exhibits reactive vascularization
during the healing phase to be studied with power
Doppler mode (Fig. 12.12); in the healing phase
it transforms into a hyperechogenic cicatricial
thickening. The disappearance of reactive vascu-
larization is therefore important to identify in
order to assess the stage of healing (Fig. 12.13).

12.5.1.2 Subluxation and Chronic
Lesions

It is also in athletes especially in racket sport that

these injuries occur most frequently. Chronic ten-

sile forces on retinaculum insertion following

PALM

Fig. 12.11 Presence of a detachment pocket resulting
from a history of dislocation

RETINE *

POCHE

b

Ulna

repeated movements possibly associated with
increased tendon mobilization may cause chronic
tendinopathies (see below) but also chronic reti-
nacular lesions associated with a gradually
formed detachment pocket.

The changes to be sought in imaging (pocket,
abnormal mobilization, and tense lesions) are
therefore identical to this phase except for the
retinaculum, which exhibits thickening without
rupture or disinsertion (Fig. 12.14).

To assess the effectiveness of treatment, the
following are analyzed:

e The modification of this pocket and its
vascularization

* The disappearance of the abnormal hypoecho-
genicity of the retinaculum

e The abnormal mobility of the tendon in
dynamics before allowing the athlete to replay

12.5.2 Tendon Ruptures

Total rupture of the ECU is a symptom known for
its frequency in patients with RA causing sudden
pain and functional impairment; it is the interrup-
tion of tendon fibers that provides ultrasound
diagnosis; the extent of the retraction and the
appearance of a more or less regular appearance
of the edges of the rupture are also determined
(Fig. 12.15). An effusion in the tendon sheath is
systematically present, sometimes associated
with synovitis. The synovial pannus, rubbing

Fronta

Fig. 12.12 Vascularization of the Doppler detachment pocket in the axial (a) and sagittal (b) plane
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Fig. 12.13 Scar remodeling in place of the detachment zone (a) with progressive disappearance of the hypoechogenic
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Fig. 12.14 Thickening of retinaculum and rough outline of detachment in chronic pain (a); simple thickening in

another patient (b)

against an ulnar styloid made irregular by ero-
sions, and instability of the lower radioulnar are
the factors contributing to these ruptures [26, 27].

The implications of corticosteroid injections
are also known, especially when they are not car-
ried out strictly in the peritendineum.

Partial rupture is rarer and is mainly found in
patients with identification of the ulnar styloid
[16, 17].

12.5.3 Tenosynovitis
and Tendinopathy

A synovial sheath surrounds the tendon and pro-
motes its sliding under the retinaculum.

Reactive synovitis may occur as part of an
inflammatory disease (it is present in 30% of
patients with RA) but also as a result of mechani-
cal irritation causing peritendinous effusion or
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Fig. 12.15 ECU rupture with retraction of thickened
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synovitis whose inflammatory character is
assessed in Doppler [18] (Fig. 12.16).These dis-
orders may benefit from an ultrasound-guided
infiltration (Fig. 12.17).

A scar thickening of the sheath may also be
observed as a result of stenosing damage, which
is similar to that of de Quervain’s tenosynovitis.

The tendon itself can be the site of an added
tendinopathy, possibly fissure, keeping in mind
the number of asymptomatic cracks (Fig. 12.18).
The comparison between the two sides is there-
fore very important in determining the impor-
tance of a change in size or structure.

Fig. 12.16 Tenosynovitis resulting from ulnar cortical irregularity (a); vascularized peritendinous synovitis with

Doppler in a patient with RA (b)
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Fig.12.17 Tenosynovitis with peritendinous effusion well visualized in the sagittal (a) and axial plane (b); this patient
benefited from an ultrasound-guided infiltration (tip) respecting tendon fibers (c)
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Fig. 12.18 Hypoechogenic nodular area of a painful tendon in a tennis player (a): tendon thickened and cracked in
another player (b)

ing frequently associated lesions and particularly
spongy disease.
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Fig. 12.19 Diffuse hypoechogenic swelling of distal
enthesopathy of the ECU at its attachment on the base of
the fifth metatarsal

12.5.4 Enthesopathy

The insertion of the ECU tendon on the base of
the fifth metacarpal may be the site of an overuse
causing hypoechogenic swelling of the distal ten-
don attachment. These enthesopathies are essen-
tially of mechanical origin in our experience.
They can cause fine calcifications to occur in the
center of the insertion zone in the chronic stage
[17] (Fig. 12.19).

12.6 Conclusion

Imaging plays an important role in detecting,
analyzing, and determining the severity of ECU
lesions. Ultrasound and MRI have specific
advantages that make the two techniques comple-
ment each other and are systematically combined
in difficult cases. The dynamic nature of the
ultrasound study is crucial in the analysis of
instabilities, but MRI is irreplaceable for show-
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Ultrasound of the Scapholunate

Ligament

Thomas Apard

Rupture of the scapholunate ligament is a fre-
quent but often neglected lesion in common trau-
matology. Left to hazardous symptomatic
treatment, it leads to a complete and inevitable
progressive destabilization of the entire carpus,
causing intracarpal arthritis [1, 2]. Its diagnosis is
difficult, and a thorough and targeted exploration
is needed. Conventionally, the clinical examina-
tion looks for a forced scaphoid projection and
pain on palpation of the scapholunate interval [3].
Radiological examinations then look for signs of
static instability (scapholunate diastasis, scaphoid
horizontalization, and ring sign). But these exami-
nations reveal very little or very poorly the predy-
namic or dynamic instabilities [4]. Some authors
even recommend the use of arthrography and
arthroscopy to ensure diagnosis [5].

Ultrasound is a simple, noninvasive, compara-
tive, and dynamic tool. With the development of
high-frequency linear probes, ultrasound allows a
fine study of surface structures. Some authors
already use it in combination with clinical exami-
nation of the wrist [6-8].

We describe a specific dynamic ultrasound
sign of the scapholunate ligament rupture in the
same way as stress tests for other ligaments (e.g.,
varus for the lateral collateral ligament of the
ankle or for an anterior drawer for the anterolat-
eral cruciate ligament of the knee).
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13.1 How to Carry Out Ultrasound

Examination?

The clinical examination in consultation is the
“pivot shift test” of the scaphoid known as
Watson’s test: search for the protrusion felt by the
examiner or the patient.

Ultrasound examination of the dorsal portion
of the scapholunate ligament is performed in con-
sultation in a comparative way. The patient’s
wrist is closed in pronation, and the elbow is
placed on the table, in a slight palmar flexion
thanks to a gel vial placed below (Fig. 13.1). The
high-frequency probe (between 12 and 18 MHz)
is arranged on the wrist for a cross section on
Lister’s tubercle. The hockey-stick probe is not
wide enough to allow dynamic examination.

The probe then shifts slightly distally to show
the scapholunate ligament that is measured
(Fig. 13.2): it must be hyper- or isoechogenic and
measured between 2 and 4 mm. A “V”-shaped
anechogenic space is suspected of rupture.

There should be no hypoechogenic border on
the bone because the scaphoidian and lunarian
view cannot see cartilage physiologically. If a
border is visualized, then one must think about an
image of the head of the capitate revealed by the
semilunar palmar tilt (dorsal intercalated seg-
mental instability).

The examiner then exerts pressure on the head
of the third metacarpal without moving the probe.
In case of scapholunar lesion, the capitate
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“herniates” between the two bones on the screen
of the ultrasound graph (Fig. 13.3) because it
interposes between the two bones. Figure 13.4
illustrates the desired behavior of carpal bones.

Fig. 13.2 Ultrasound cross section of the scapholunate
ligament (Edge, Sonosite 6-15 MHz)

Fig. 13.4 Diagram of
the behavior of carpal

bones before and with
compression

Srty ol

S

The following radiological assessment is sys-
tematically carried out in the radiology depart-
ment: frontal and strict profile radiography, ulnar
inclination radiography [9], and radiography of
the closed fist face of both wrists [10].

The normal length of the dorsal part of the
scapholunate ligament is 1.7 mm (+0.4) accord-
ing to Boutryl et al. [7]. This measure is useful
for static stages but does not have a range in
dynamic stages. A ligament stress test is there-
fore useful for the scapholunate ligament as is
available for lateral ankle sprain (forced varus) or
for the anterolateral cruciate ligament of the knee
(Lachman test).

In the test described, the slight bending of the
wrist allows the clearing of the dorsal part of the
scapholunate, which is the thickest and strongest
part; it is stretched in extension making it more

scaph
—

Fig. 13.3 The same cut with axial compression on the
third metacarpal

=
1

Compression
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exposed during trauma [2] and is fully visualized
in 97% of cases [7].

Jacobson et al. [11] analyzed in a cadaveric
study that the scapholunate ligament was not
visualized in the event of rupture and the interos-
seous space became hypoechogenic; ultrasound
scanners cannot quantitatively measure echo-
genicity, making this test unreproducible.

The test described is dynamic and allows to
explore all stages of scapholunar rupture espe-
cially the sprain stage which is the most difficult
to diagnose. It can be used in consultation with
ease as the ultrasound is easily accessible and
feasible by the clinician.

The test is painless, and the patient also looks
at the screen: one easily understands the differ-
ence in the behavior of the carpal bones by com-
paring the dynamic images of the two wrists.

This test is also applicable to the operating
room under general or local-regional anesthesia
since the compression is carried out passively by
the examiner. Thus, it can be used notably after
repair of a joint fracture of the distal radius or
after repair of the scapholunate ligament.
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Ultrasound of the Carpal Tunnel

Thomas Apard

14.1 Introduction
Carpal tunnel ultrasound is not a very popular
examination by orthopedists with regard to the
number of patients affected: approximately
600,000 patients are affected by carpal tunnel
syndrome each year, and 130,000 are operated on.
However, ultrasound analysis of the carpal tun-
nel is very useful for exploring the median nerve
(carpal tunnel syndrome), flexor tendons (tenosy-
novitis or rupture), the anterior surface of the car-
pus (synovitis), and the retinaculum of the flexors
(especially if it has been opened surgically); it is
also useful to explain to the patient the anatomy of
the carpal tunnel before operating. Anatomical
variations of carpal tunnel are very frequent and
then, must be analyzed before treating it [1].

14.2 Anatomy of the Median
Nerve

The median nerve is located on the wrist between
the long palmar tendon and flexor carpi radialis.
It has an ovoid and flattened appearance under
the carpi volare. Its entry into the carpal tunnel
under the flexor retinaculum (RF) is made by div-
ing at about 30° forward and down with the nine
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flexor tendons of the fingers. The examiner must
therefore tilt the probe a lot to counter the aniso-
tropic artefact. It is advisable to place a ball (or
gel tube) under the wrist to obtain an extension of
the wrist, stabilize the hand, and allow the move-
ment of the probe.

In transverse view, the anisotropic artifact is an
aid in distinguishing the median nerve from the
tendons: the tendons (fibrillar structure) are very
sensitive to this artefact and therefore disappear
faster than the median nerve when the probe tilts
slightly. Patients with carpal tunnel syndrome
may experience paresthesia within a few seconds
if the probe presses hard and the wrist is extended
(anti-Phalen position). The elevator movement is
important to perform in order to appreciate the
median nerve in three dimensions and evaluate its
minimum and maximum diameter (comparative
studies of cuts to assess compression).

An artery is rarely present with the median
nerve. It is easy to spot if the examiner does not
crush it with his probe: the power Doppler mode
confirms its presence (Fig. 14.1).

The median nerve can be divided into two
more or less equal parts: this is called a “bifid
nerve.” This division on ultrasound can be
observed only for a few centimeters or during the
entire crossing of the wrist and hand.

The median nerve must be examined dynamically
by moving the fingers, thus assessing its possible
adhesion to the RF and the presence of prominent or
supernumerary lumbrical or flexor muscles.

147

T. Apard, J. L. Brasseur (eds.), Ultrasonography for the Upper Limb Surgeon,

https://doi.org/10.1007/978-3-030-84234-5_14


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-84234-5_14&domain=pdf
https://doi.org/10.1007/978-3-030-84234-5_14#DOI

148

T. Apard

Retinaculum des fléchisseurs

.nerf médian artére

tendons fléchisseurs

nerf médian

Lok

artéere

~tendons fléchisseurs

Fig. 14.1 Artery of the median nerve on bifid nerve in power Doppler mode. The top image is a transverse view, and

the bottom image is a longitudinal view

Fig. 14.2 Intracanal cyst. The upper image is a intraop-
erative image once the tendons and nerve have been
pushed medially. The image below shows the cyst in the

The thenar motor branch of the median nerve
moves radially to innervate the opposing muscles
of the thumb, the short abductor of the thumb,
and part of the short flexor of the thumb: accord-
ing to Henry et al., its position is most often
extra-ligamentous (75.2%) and less rarely under
the ligament (13.5%) or transligamentous
(11.3%). Its ultrasound analysis requires a solid
experience in ultrasound and appropriate equip-
ment (18 MHz probe).

Regarding the diagnosis of carpal tunnel syn-
drome, ultrasound alone has not yet convinced
the scientific community with a discordant litera-
ture on this subject [2]. Recent studies of elasto-
graphic ultrasound are trying to improve the
performance of this examination to perhaps
replace electromyographic analysis [3].

14.3 Anatomy of Tendon
Flexors

Wrist flexor tenosynovitis is common in car-
pal tunnel syndrome but can also be isolated.
It is presented as an anechoic halo on all or
part of the nine flexor tendons. This halo

nexf médian

form of an anechoic mass pushing the median nerve for-
ward and lateral

should not be confused with a supernumerary
muscle.

There are nine flexor tendons in the canal. The
tendon of the long flexor of the thumb is the most
radial. The median nerve is usually right next to it
medially. The superficial and deep flexor tendons
of long fingers are very difficult to isolate in static
and even in dynamics.

The tendon rupture is seen in longitudinal view
with a hyperechogenic tendon stump attached to
the nearby hypoechogenic synovium. You have to
mobilize your fingers passively in order to distin-
guish it. In these cases, it is necessary to continue
the examination in more depth (adjustment of the
focal length) and look for a radial or mediocarpal
joint synovitis or even a carpal bone spur.

The presence of tenosynovitis should make
you look for a hormonal disorder (diabetes, hypo-
thyroidism, acromegaly) or rheumatic disorder
(gout, chondrocalcinosis, polyarthritis).

Tendons are subject to anisotropic artifact. If,
despite the inclinations of the probe, the tendons
are still invisible, one should think about the excep-
tional presence of an intracanal cyst. It is presented
as an anechoic mass that compresses all the con-
tents of the carpal tunnel forward (Fig. 14.2).
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14.4 Anatomy of the Anterior
Surface of the Carpus

The dorsal part of the scapholunate ligament is
the most mechanically competent. Ultrasound
can explore the anterior scapholunate instability
by dynamic maneuvers. The patient should be
well placed in supination with a block under the
wrist, and the examiner exhibits radioulnar tilt
movements. In the acute phase, the joint synovi-
tis is difficult to visualize. The anterior capsule is
not visualized, and there will be no intra-articular
effusion since the fluid will be transferred to the
dorsal surface when the wrist is in extension
(zone of low pressure). Ultrasound examination,
like clinical examination, is always comparative.

In case of radial or mediocarpal osteoarthri-
tis, chronic synovitis can be visualized in pal-
mar without knowing its origin. Significant
synovitis can be the site of joint pain but also
neuropathic pain by compression of the median
nerve: immobilization of the wrist will be effec-
tive in relieving nerve compression.

Beware of the snap of the lunate that can
hide the head of the capitate (in VISI) or on
the contrary let it appear too much (in
VISI). An X-ray of the wrist is essential to
complete an ultrasound analysis of
osteoarthritis.

14.5 Anatomy of the Retinaculum
of Flexors

In cross section the tendon of the flexor carpi radi-
alis is easily seen just above the tubercle of the
scaphoid (before its diving with the trapezius). It
indicates the radial edge of the RF, which is
inserted below, excluding it from the canal. The
Guyon tunnel is just in front of and medial of the
carpal canal: the ulnar nerve is surrounded radially
by the ulnar artery and medially by the pisiform.

RF is a slightly concave isoechogenic fibrous
ligament behind. It is best visualized in case of
tenosynovitis of the flexors.

In longitudinal section, RF corresponds to an
isoechogenic mass pinning the median nerve and
flexor tendons on the carpal floor. Distally, it ends
a few millimeters before the superficial palmar
arch (the power Doppler mode is recommended
to visualize it).

14.5.1 Special Case of Carpal Tunnel
Syndrome in Children

A nontraumatic carpal tunnel syndrome in chil-
dren should be examined for a general pathology
during a complete clinical examination: muco-
polysaccharidosis and mucolipidosis, Déjerine-
Sottas syndrome, Weill-Marchesani disease, Leri
pleonostosis, melorheostosis, lipofibromatous
hamartoma, and even hemophilia. An X-ray is
systematic for bone dysplasia or intra-carpal
Synostosis.

The child’s hand requires a narrower, higher-
frequency probe (18 MHz hockey-stick probe).
Growing carpus is visualizable by its anecho-
genic (physis) edges and not hyperechogenic as
the adult bone cortex.

14.6 Carpal Tunnel Ultrasound
Educational

In practice, patients who need carpal tunnel
surgery often think that it is a “canal to
unblock,” and the surgeon tries to explain to
them that “it’s not about plumbing but about
electricity!”

Ultrasound showing that it is really an osteofi-
brous canal allows the patient to understand their
pathology and therefore the procedures and sub-
sequent operative outcomes. The value of
ultrasound is obvious for clearer preoperative
information and therefore to reduce the medico-
legal risk in this regard.



150

T. Apard

The possibility of capturing images/videos is
also of scientific interest for the discussion of a
clinical case between doctors.

14.7 Anatomy of the Operated
Carpal Tunnel

The flexor RF appears hypoechogenic in its oper-
ated area. In the months following the procedure,
in cross section, this area resembles a chimney
going from the carpal canal to the dermis without
Doppler effect. The patient reports pain under the
probe. Over time the hypoechogenic surface
decreases and becomes isoechogenic.

Ultrasound should analyze in longitudinal
section the course of the median nerve in flexion/
extension of the fingers [4]. Hunter’s neurodesis
is the adhesion of the nerve to the operated RF
and may be the cause of recurrent carpal tunnel
syndrome.

The examiner should consider analyzing the
median nerve at the elbow for persistent postop-
erative pain after 6 months (see the chapter on
ultrasound of the median nerve to the elbow) [5].

14.8 Conclusion

Ultrasound of the carpal tunnel allows us to ana-
lyze its anatomy entirely, in dynamics, in com-
parison. Its easy access and moderate cost make
it a first-line examination before operating this
anatomical area or to analyze postoperative
anatomy.
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Ultrasound of the TFCC

Jean Louis Brasseur

The triangular complex (triangular fibrocartilage
complex or TFCC) is one of the elements for
which ultrasound study is insufficient [1-3]. The
main reason for this limit is its horizontal arrange-
ment forcing the ultrasound to approach it by its
small side, which is an artifact generator. In addi-
tion, the superposition of the ulnar styloid and the
curvature of the fibers inserted at this level further
complicate its study (Fig. 15.1). Indications for
the ultrasonic study of TFCC are traumatic inju-
ries, but lesions are also detected in inflammatory
pathology [4] and in chondrocalcinosis [5].

15.1 Sonoanatomy

The most effective way to analyze TFCC is to
perform an axial cut, with a relatively low fre-
quency linear probe (as for a meniscus), by supi-
nation of the wrist and radial inclination to
minimize the overlap of the styloid; a small incli-
nation of the probe proximally is also necessary,
and it is the visualization of the radial cortex in
depth of the image which will be the criterion for
success of the cut (Fig. 15.2).
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Paris, France
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Fig. 15.1 Diagram showing the curvature of the styloid
insertion (10) and the horizontal arrangement of the TFCC
(3), distinct from the homologous meniscus (11) (accord-
ing to Morvan [1] with permission)

One can then visualize a structure, more oval
than triangular, limited in palmar, and dorsally by
the radioulnar ligaments (Fig. 15.3). On the fron-
tal section (Fig. 15.4) only a hypoechogenic rect-
angle with a small superficial axis “plunging”
toward the radius is visualized; it can be differen-
tiated from the homologous meniscus, which is
much more echogenic, and the tendon of the
extensor carpi ulnaris, but, except for the search
for calcification, no anomaly can be clearly found
in this incidence.
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Radius
Axial

Fig. 15.2 Sonoanatomy of the TFCC. Axial section of
the “disc” in depth of the ulnar extensor tendon of the carp
(ECU) showing, at the deep part of the cut, the radial cor-

POIG GAUCHE AXIAL |

Fig. 15.3 Axial section showing the disc surrounded by
the palmar and dorsal radioulnar ligaments

tex (a) with corresponding diagram (b) (from Morvan [1]
with permission)

RAD

SUPIN

Fig. 15.4 Frontal section of TFCC showing only an
unanalyzable hypoechogenic rectangle distinct from the
homologous meniscus (HM)
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Fig. 15.5 Hypoechoic range of disinsertion of the radial attachment of TFCC (a); other patient in whom disinsertion

is accompanied by corticoperiosteal detachment (b)

15.2 Pathological Ultrasound
Appearances

Publications devoted to TFCC ultrasound are
rare, and the authors insist on the low interest of
ultrasound in the study of TFCC [1-3]; only to
our knowledge, one study shows “amazing” per-
formance [6].

The pathology of the attachment of TFCC to
the ulnar styloid cannot be visualized, and only
disinsertions of radial insertion (Fig. 15.5) and
central perforations (Fig. 15.6) can be detected.
When the frequency of these lesions is known
from 40 years of age [7], a correlation with clini-
cal exam is essential [8], but the comparative
study here is a favorable element for ultrasound,
whose study is systematically bilateral.

If such a lesion is discovered, confirmation by
MRI or arthroCT is indispensable to assess it [1,
7, 9] because only these two techniques can make
a correct analysis.

In case of pain in the ulnar side of the wrist,
ultrasound will help guide the diagnosis by show-
ing an injury to the tendon of the extensor carpi

ulnaris or its retinaculum (see this chapter) but
also by detecting distal radioulnar swelling
(Fig. 15.7), a lesion of the pisotriquetral interval
(Fig. 15.8), ligament lesion (Fig. 15.9), or hamate
hamulus damage (Fig. 15.10).

In addition, ultrasound detects the sublux-
ations and instabilities of the distal radio-ulna
through supination (Fig. 15.11) or other dynamic
test [10].

Another indication is the search for calcifica-
tion in case of chondrocalcinosis [5] (Fig. 15.12).
Ultrasound detects them as well as standard
X-rays, but these are indispensable in case of
damage to the ulnar slope of the carpus; this indi-
cation seems unimportant.

15.3 Conclusion

Ultrasound therefore has little interest in the
study of TFCC. It may suspect certain lesions in
a study for ulnar side pain and must systemati-
cally “switch the hand” to another technique if an
anomaly is detected.
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Fig. 15.6 Rupture (arrow) of the central portion of TFCC (a); other patient with a rather cracked lesion (RUPT) (b);
third patient with minimal perforation (IRREG) but very painful (c)
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Fig. 15.7 Minimal distension of distal radio-ulna (a); other patient with major synovitis of this interval (b)
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Fig. 15.8 Painful cyst of the ulnar side of the carpus (a) with neck showing pisotriquetral origin on an ulnar axial sec-
tion (b)

— SUPINATION
Axial

Fig. 15.9 Sequellary tearing of ligament strap from dor-
sal surface of triquetrum

Fig.15.11 Dorsal subluxation of the distal ulnar epiphy-
sis on an axial view in supination (patient with a rupture
of the TFCC)

Axial ULN POIG DROIT FRONTAL

POIG D

Fig. 15.12 Calcification of TFCC in chondrocalcinosis
Fig. 15.10 Fracture of hamulus of hamatum on ulnar

axial view
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Ultrasound of De Quervain’s

Tendonitis

P. Croutzet

De Quervain’s tendonitis is the main tendonitis of
the wrist [1]. It is a tenosynovitis, progressing to
stenosing of the tendons of the first extensor
compartment: the abductor pollicis longus (APL)
and the extensor pollicis brevis (EPB).

The diagnosis is first and foremost clinical
based on pain in the radial side of the wrist radiat-
ing on the column of the thumb and altering the
constrained pollici digitalis forceps. Clinical
examination finds elective pain in the radial sty-
loid, sometimes swelling, and Finkelstein’s
maneuver is positive. This tendonitis is more
common in diabetic patients and during the peri-
partum period.

In the majority of cases, clinical examination
is sufficient for diagnosis. Paraclinical examina-
tions, especially ultrasound, will help confirm the
diagnosis, clarify anatomy, and guide treatment.

Ultrasound is the best and most accessible
paraclinical examination. It allows bilateral anal-
ysis. The diagnosis is confirmed by various posi-
tive elements:

o Thickening of the first compartment of the reti-
naculum of the extensors is the cardinal sign
that is confirmed by ultrasound by thickening,
the threshold value often used is greater than

P. Croutzet (B<1)
Conservative and Traumatological Surgery
Department, Union Clinique, Saint-Jean, France
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2 mm. It is also possible to compare the thick-
ness of the retinaculum of the first compart-
ment with the thickness of another
compartment or the contralateral side.

e Peritendinous synovitis of the first compart-
ment, a true synovial development having the
appearance of hyperechogenic granulations
surrounded by an exudate (liquid effusion)
forming a hypoechogenic halo in the periph-
ery. This exudative synovial development is
regularly associated with peritendinous hyper-
vascularization which results in Doppler
hyperemia.

e Tendon remodeling, resulting in tendon thick-
ening sometimes associated with signal
changes in tendon fibers including hypoecho-
genic areas (Figs. 16.1, 16.2, 16.3, 16.4, 16.5,
16.6, 16.7, 16.8, and 16.9)

Ultrasound also has an interventional plan-
ning function, whether for infiltration or
intervention:

e Identification of a septum that is sometimes
present (30-70% depending on the popula-
tions studied) between the 2 APL and EPB
tendons, which may or may not be affected by
thickening. The identification of this septum
according to the Hiranuma classification will
guide the implementation of the infiltration
and/or intervention.
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Fig. 16.1 Cross sections showing a significant thickening of the retinaculum

Fig. 16.2 Transverse sections showing exudative synovitis with hypervascularization

Fig. 16.4 Longitudinal section showing tendon remodel-

i i h i s within a tendon bul
Fig. 16.3 Longitudinal section showing exudative syno- ing with hypoechogenic areas within a tendon bulge

vitis with hypervascularization
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EPB  APL EPB APL EPB  APL
DISTAL
adapted from
PROXIMAL Chosi SJ et al.
Type | Type ll Type lll

Fig. 16.5 The different types of sheaths according to their sub-compartmentalization (septation): Hiranuma classifica-
tion (adapted from Choi et al. [2])

Fig. 16.7 Cross section showing the dorsolateral digital
branch of the thumb

Danger zoney'

Gurses et al.

Fig. 16.6 Relationship of radial nerve to first extensor
compartment (from Gurses et al. [3])
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Fig. 16.8 Cross section showing a cyst of the first
compartment

*  Mapping of the superficial sensory branches
of the radial nerve that is made possible by
the advent of high-frequency probes. The
precise anatomy of the radial sensory
branches has been perfectly described by
Gurses et al. [3]: the sensory branch of the
radial nerve gives its first division to the
thumb 5 cm above the radial side of the wrist
(the dorsolateral digital branch of the thumb)
with a variation ranging from 26 to 72 mm.

» Identification of a synovial cyst: indeed a peri-
tendinous cyst is sometimes present, devel-
oped depending on the first compartment.

e The APL tendon is regularly multipennate,
and ultrasound allows the identification of the
different tendon strips.

Fig. 16.9 Cross section showing a two-pennate LPA

In conclusion, while ultrasound is not indis-
pensable for the positive diagnosis of de
Quervain’s tendonitis, it is the first-line examina-
tion in case of doubt. It is very useful for thera-
peutic orientation in particular by identifying a
septum and securing an interventional sign by
identifying with precision the sensory branches
of the radial nerve.
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Ultrasound of Rhizarthrosis
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17.1 Introduction

The development of high-frequency ultrasound
now allows real-time, fast, cheap, comparative,
dynamic, and noninvasive exploration of the sur-
face structures of the hand and wrist [1].
Ultrasound is the ideal examination of hand
arthritis in addition to X-ray and MRI to assess
synovial tissue, cartilage, effusion, chondrocalci-
nosis deposits, or erosions [2].

The radiological and rheumatological litera-
ture is very poor regarding the ultrasound data of
rhizarthrosis [3-6].

17.2 How to Carry Out
an Ultrasound
of Rhizarthrosis?

17.2.1 ModeB

The wrist is placed under a block (e.g., the gel
box) for a slight extension and supination of the
wrist. Ultrasound is always comparative so as
not to ignore anatomical variation or congenital

T. Apard (><)
Hand Sonosurgery Center, Versailles, France
J. L. Brasseur

G.H. Pitié-Salpétriere, Service de Radiologie,
Paris, France

hyperlaxity. The trapeziometacarpal joint (TM)
is simple to see if we place the probe longitudi-
nally on the first metacarpal and then follow the
diaphysis (hyperechogenic) proximally up to the
palmar face of the joint (hypoechogenic edge of
the cartilage and separation between trapezius
and the first metacarpal). In the same and more
proximal axis, we observe the palmar face of the
scaphotrapeziotrapezoidal joint (STT) and
finally the palmar face of the S-shaped
scaphoid.

At the longitudinal section of the TM, the
examiner can then gently press the first metacar-
pal and open the joint space (fish mouth) to make
an injection or to explore the cartilage of the first
metacarpal (Figs. 17.1 and 17.2).

Osteophytosis appears as irregular hyperecho-
genic bone attached to the cortex of healthy bone.
The posterior shadow cone prevents seeing
underneath (the bone stops ultrasonic waves),
and the examiner is forced to mobilize the probe
for correct overview (lift maneuver).

The dorsal face of the TM joint explores the
dorso-oblique ligament [7]. Just medially, the tra-
pezius bone is an extension of the second
metacarpal.

Adduction of the first metacarpal can be pain-
ful and detect a dorsal impingement with hyper-
echogenic synovitis (Fig. 17.3).

The flexor carpi radialis tendon (FCR) is
located on the palmar face on the scaphoid tuber-
cle. It is easy to locate it in the cross section of the

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022 161
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Fig. 17.1 Longitudinal view of the trapeziometacarpal
joint

SAGITTAL

Fig. 17.2 Palmar view of the trapeziometacarpal joint
with the image in “fish mouth”

Fig. 17.3 Longitudinal view of the dorsal face of the tra-
peziometacarpal joint

carpal canal. In longitudinal section, it dives just
before the trapezius and disappears in the image
(anisotropic artifact). To follow it, it is necessary
to tilt the probe forward and inward (like a car
gear shift) [8]. Its enthesis is located at the base
of the second metacarpal just below a transverse
artery that is easy to spot.

GAINE

= Scaph

ROIGNET
Sagit Palm

Fig. 17.4 Tenosynovitis of the flexor carpi radialis in
Doppler mode

17.2.2 Doppler Mode

The power Doppler mode identifies the red blood
cells under the probe: their direction and speed of
propagation are not specified, but it is possible to
tell if there is an inflammatory tissue (do not
press with the probe). The patient warns if they
feel pain.

17.3 Differential Diagnosis
of Rhizarthrosis Pain

17.3.1 De Quervain’s Tendonitis

The peritendinous anechogenic border around
the tendons of the first extensor compartment
indicates De Quervain tenosynovitis. The patient
experiences pain under the pressure of the probe,
and usually the painful area corresponds exactly
to the pathological area in the image. The central
crest on the dorsal cortex of the radius should
search for a septum between the long abducting
tendon of the thumb and the short extensor ten-
don of the thumb. The latter is easily identifiable
by asking the patient to extend the metacarpopha-
langeal joint [9].

17.3.1.1 Tendonitis of Flexor Carpi
Radialis (Fig. 17.4)

Tenosynovitis of the tendon of the flexor carpi
radialis is often unknown because its clinic
examination is difficult [8]. Wrist pain against
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Fig. 17.5 Synovitis of the scaphotrapeziotrapezoidal
joint in the palmar longitudinal view with Doppler
mode

resistance is not obvious from interpretation.
Cross-sectional ultrasound is easy: it is necessary
to put the wrist flat on the table and not in exten-
sion so as not to expel the liquid.

17.3.1.2 Scaphotrapeziotrapezoidal
Osteoarthritis (Fig. 17.5)

STT osteoarthritis is often associated with TM
osteoarthritis [6]. Ultrasound shows synovitis
and trapezius osteophytosis (it is rare on the
scaphoid side). The patient then reports that his/
her pain is more likely to be under the wrist
probe. The mobilization of the first metacarpal
does not mobilize the STT. Thus ultrasound
exploration will be more useful than clinical
examination to prescribe a first-line wrist ortho-
sis without thumb immobilization, a wrist ortho-
sis with thumb immobilization, or a gauntlet
orthosis.

17.3.2 Trapeziometacarpal
Instability

Ultrasound is a dynamic imaging examination
without adverse effects. TM instability is often
observed: it can be lateral, vertical, or in all
planes. The examination must be bilateral for
congenital instability, Ehlers-Danlos disease, or
posttraumatic instability. The main stabilizing
element is the dorsal TM ligament [10].

17.3.3 Trapeziometacarpal (Osteo)
chondral Fracture

A chondral or osteochondral fracture is easy to
see because of its hyperechogenic appearance
within the hypoechogenic area. It is necessary to
search for it by gently mobilizing the thumb
without too much pressure on the probe. Note
that this appearance of foreign body is not accom-
panied by a cone of posterior shadow because the
bone fragment is too small.

In these rare and often unrecognized cases, the
X-ray is constantly taken in default and some-
times even the scanner. Only a TM arthroCT
could detect it, but this examination is minimally
prescribed, invasive, and painful.

17.4 The Patient Looks at
the Ultrasound Screen

17.4.1 Echo-pedagogy

The patient is participatory. The patient feels the
probe exploring his hand, does not move, and
enjoys participating in the investigation of the
causes of his/her problem. It is thus nice to
explain this image to patients by comparing it
with the other hand.

17.4.2 The Medicolegal Interest

Each annotated image can be recorded and given
to the patient for analysis by another doctor (e.g.,
medical expert). The image proves the examina-
tion, the care given, and the explanations given.

17.5 Postoperative Ultrasound
of Rhizarthrosis

17.5.1 Scaphometacarpal
Impingement After
Trapeziectomy

This impingement is difficult to see on an X-ray
or scanner for three reasons:
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1. Impingement is often dynamic.

2. Impingement is often painless
synovitis).

3. The cause of pain is often elsewhere (tenosy-
novitis of the flexor carpi radialis or scapho-
trapezial impingement).

(rare

For these three reasons, ultrasound is the best
examination in case of post-trapeziectomy pain.

17.5.2 Aseptic Tenosynovitis of FCR

Low and Hales have shown the high frequency of
this complication after trapeziectomy and sus-
pensionplasty along the abductor of the thumb
[11]. This diagnosis is unrecognized by surgeons
who do not do ultrasound and by radiologists
who do not have the operating report (specifying
the type of graft used for ligamentoplasty and/or
suspensionplasty).

17.5.3 Ultrasound of TM Implants

Surgeons can use several types of implants: cou-
pled total prosthesis (single or double mobility)
and interposition implant (PLA, pyrocarbon
implant).

 Inthe case of a coupled prosthesis, it is impos-
sible to explore polyethylene in the cup. The
synovial membrane of the neo-capsule must
be analyzed. A thickened anechogenic
synovium should suspect an infection.
Mobility of the cup or too good vision of the
polyethylene in circumduction of the thumb
should make it possible to suspect a loosening
or mobilization of the cup.

e In the case of an interposition implant, ultra-
sound must be dynamic to confirm its stabil-
ity. Similarly, a thickened anechogenic
synovium should cause an infection to be
suspected.

17.5.4 Neuroma of the Dorso-radial
Branch of the Radial Nerve

This branch may be injured during surgery or
compressed by postoperative immobilization by
the splint [12]. This nerve branch is easy to fol-
low from the radial edge of radius and is followed
to the dorsal face of the first commissure until
you see a pathological picture or see the patient
report exquisite pain under the probe.

17.6 Conclusion

Ultrasound provides valuable information on
preoperative and postoperative rhizarthrosis. It
can guide orthotic treatment and correct diagno-
sis. Finally, it allows the patient to participate in
the examination and understand the pathology.
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Ultrasound of the Flexor Tendons

of the Fingers

Thomas Apard

Ultrasound is the ideal examination for exploring
the anatomy and pathologies of the flexor ten-
dons from the palm to the tip of the finger: it is
the only dynamic, comparative examination
available.

We will approach the technique of ultrasound
examination and its various indications for the
orthopedist.

18.1 Installation

The hand and fingers are laid in supination on the
table, fingers stuck together so that the gel does
not fall between the fingers. Enough gel should
be put on to fill the flexion folds of the fingers.

A high-frequency linear probe of at least
13 MHz (ideally 15—-18 MHz) should be selected.
Short hockey-stick probes are ultimately of little
use because the wide probes allow to visualize all
the fingers at the same time in cross section (com-
parative examination with the neighbor finger).
The pulleys are thus visualized by the “quilt”
artifact.

In cross section, the lift technique must be
practiced by sweeping the finger from proximal
to distal.

In longitudinal section, the flexor system must
be clearly displayed on the entire screen. It can be

T. Apard (><)
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noted that the long flexor of the thumb (LFT) ten-
don is not in the axis of the thumb, and the flexor
tendons of the index finger and the fifth finger are
not in the axis of their finger. The cartilage of the
head of the metacarpal and the heads of the pha-
langes is well visualizable in the form of an
anechogenic crescent (the cartilage at the base of
the phalanges is not visible). Palmar plates are
thick, isoechogenic ligament reinforcements at
the joint level and at the deep common flexor
(DCP) level.

Underwater examination is useful in
case of a probe less than 13 MHz or within 15
postoperative days. Check that the probe is
waterproof.

Technical tip for the thumb: if the patient does
not have shoulder pain or stiffness, he/she can
place his/her thumb flat, in maximum pronation,
which facilitates ultrasound examination.

18.2 Dynamic and Comparative
Review

In passive mobilization, tendons slide into the
digital canal normally without impingement. The
sliding must be harmonious: a tendon rupture
should be suspected if the tendon moves less
quickly than the passive mobilization of the third
phalanx.

In active mobilization, the tendon must enter
the digital canal after a tense suture. It is useful to
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spot the knots of the threads and follow them dur-
ing the test.

In mobilization against resistance (the exam-
iner puts his finger on the fingertip of P3 or the
patient can grab a horizontal stick), a tendon
detachment will be sought by the removal of the
first phalanx (pathology of the A2 pulley) or the
second phalanx (pathology of the A4 pulley).

18.3 Trigger Finger

In the case of a trigger finger, the superficial com-
mon flexor (SCF) lifts the Al pulley, which is
thickened and slightly hypoechogenic (Fig. 18.1)
when the examiner mobilizes the finger. The slip-
page of the DCF is not disturbed in this pathol-
ogy. The patient sometimes reports pain under
the probe in front of the Al pulley. Ultrasound
allows to confirm the diagnosis, the main differ-
ential diagnosis being the rupture of the interten-
dinous junction of the extensors because the
patient also complains of a snap, and to appreci-
ate the tenosynovitis of the flexors, which is
marked by a peritendinous anechogenic halo in
the longitudinal section (Fig. 18.2) and some-
times intertendinous in cross section (perfect
visualization of the chiasma of the SCF around
the DCF). Sometimes there is a cyst of the pulley
Al or more rarely A2 in addition to the trigger
finger. This clinical swelling can be perceived as
a nodule and simulate the impingement of the
SCFE. The difference is visible in clinical and
ultrasound examination since the cyst does not
move with the tendon in dynamics.

“Poulie Al
ténosynovite

ténosynovite

P

e
téte MC ™

Fig.18.1 Longitudinal cut of the painful flexors of a trig-
ger finger. P/ first phalanx, MC metacarpal

ténosynovite

—_— FCP -
doigt sain

doigt pathologique
Fig. 18.2 Cross section of the same finger as Fig. 18.1

kyste A2

- FCS
FCP

Artéfact

Fig. 18.3 Dr. Bouyer’s device for testing pulleys against
resistance with submerged probe (courtesy Dr. Michael
Bouyer)

The association between Dupuytren’s fibro-
matosis and trigger finger is classic: Dupuytren’s
disease is not diagnosed under ultrasound. If
thick, the examiner observes a vague isoecho-
genic or slightly hypoechogenic range.

18.4 Cystof the A1 Pulley

This is a mucoid process due to friction of the
flexor tendons in its digital canal. It is not very
painful on palpation or under the probe. It
becomes very uncomfortable when it presses on a
digital nerve.

It does not mobilize itself in active and passive
mobilization.

The difference in contrast between the anecho-
genic cyst and the hyperechogenic tendon appa-
ratus creates an artifact of “posterior acoustic
shadow” under the cortex of the first phalanx
(Fig. 18.3).
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Fig. 18.4 A2 pulley cyst with posterior reinforcement
artefact. P/ first phalanx

18.5 Pulley Rupture

Ultrasound is the best examination because
the tendon actively takes hold of the antago-
nized flexion cord: it has a sensitivity of 98%
and a specificity of 100% for the diagnosis of
pulley ruptures according to Klauser. In case
of a recent rupture, the ruptured area is painful
on palpation and under the probe, the tendons
are thickened like tenosynovitis (anechoic
halo), and the comparative examination with a
neighboring finger shows the difference in
course [1]. The minimum distance between the
anterior cortex of the phalanx and the deep
surface of the DCF (bowstring effect) must be
measured.

Mr. Bouyer has developed a device to com-
bine ultrasound in water [2] and flexion against
resistance of the finger for exploration of broken
or repaired pulleys (Fig. 18.4).

18.6 Distal Rupture of the FDP
Tendon (“Jersey Finger”)

The combination of clinical examination (inabil-
ity to bend the distal interphalangeal joint
actively) and radiography makes it possible to
diagnose the type of jersey finger [3]. The inter-
est of ultrasound is to identify the distal stump

of the torn tendon and thus appreciate the injury
of the vascular attachments (vincula) necessary
for its healing. Preoperatively, this makes it pos-
sible to explain to the patient their pathology
(visualization of the detached stump). When
operating, this avoids systematically opening
the entire finger. It is not possible with the
Doppler to explore the vincula by seeing blood
flow to the tendons (certainly because of the
traction exerted).

In case of jersey finger more than 3 weeks old,
its repair is possible if the stump is not retracted
in the palm. Local anesthesia allows to test the
strength of the suture in full active flexion of the
finger and the muscular flexibility of the flexors
in full active extension.

18.7 Operative Suites After
Tendon Suture

The issue of the sore finger a few days after ten-
don suture is a challenge for the surgeon:
Infection? Algodystrophy? Edema? Tendon rup-
ture? Ultrasound allows to answer these ques-
tions. Sterile gel should be used if healing is not
complete.

Infection results in tenosynovitis of the sheath
(phlegmon) and pain under the probe along the
entire length of the finger. A biological assess-
ment will be requested as a supplement.

Edema of the finger shows a healthy digital
canal with hypoechogenic swelling of the soft
parts.

Tendon rupture is easy to diagnose in longi-
tudinal section by mobilizing the distal
phalanx.

Algodystrophy is a diagnosis of elimination
often associated with a mixture of nociceptive
pain (tendon surgery and scar pain), neuropathic
pain (in case of associated nerve suture), and
mental pain (misunderstanding of the problem,
poor contact with the healthcare team).
Ultrasound reassures the patient by visualizing
their tendon repair by gentle maneuvers of pas-
sive mobilization.
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19.1 Introduction

The human hand is made to grasp, in different
ways. To grasp, you need to bend your fingers. In
order to flex them, it is essential that they are pre-
viously extended, hence the essential role of the
extensor tendons [1].

The specifications of these, terribly restrictive,
explain their anatomical characteristics, directly
related to this biomechanical requirement:

* Extensor tendons are born from a single mus-
cle, the common extensor muscle of the fin-
gers whose role is to extend long fingers [2].
Its terminal tendon is divided into four strips,
one for each finger. In addition, the second
and fifth fingers also have a small, proper
extensor muscle whose tendon doubles the
strip of the common extensor. This arrange-
ment, the most common, is subject to very
many variations [3], much more common than
in flexor tendons.

e While flexor tendons can afford to be mas-
sively thick, the slimming space between the
skin and the dorsal surface of the hand skele-

G. Morvan (D<) - V. Vuillemin

Centre d’imagerie médicale Léonard de Vinci, Paris,
France

J. -L. Drapé
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ton through which the extensor tendons pass
requires that the thickness of the tendons be
reduced to the strict minimum, hence a slen-
der and flattened morphology.

A relaxed tendon loses all its power. However,
each tendon has exactly the length necessary
to travel its anatomical path. If it cuts a bend,
the path shortens: the tendon becomes propor-
tionally too long, flabby, and without force.
The extensor tendons must therefore remain
clad against the dorsal surface of the skeleton,
including during dorsal flexion and lateral tilt
movements of the wrist, which requires a
strong tendon fastening system to the underly-
ing skeleton.

In contrast to flexor tendons, which follow
hollow paths where stability is natural, the
extensors take naturally unstable ridge paths:
the dorsal surfaces of the wrist, hand, metacar-
pophalangeal joint, and finger hence the need
for a series of stabilizing mechanisms
(Fig. 19.1).

The biomechanical role of extrinsic and intrin-
sic flexor tendons of the fingers is closely
related to that of the extensor tendons, result-
ing in the necessary and subtle anatomic rela-
tionships between these two systems.

To meet these biomechanical requirements of
anchoring, stabilization, and coordination
nature has designed five formations placed in
series on the path of the extensor tendons.
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Fig. 19.2 The retinaculum of the extensor tendons and the fourth compartment (red arrow). (a) Scheme in dorsal view.
(b) Axial cut according to the arrow; (c¢) extensor tendons in their retinaculum and synovial sheath (blue)

e These characteristics: small size, the presence
of different stabilization and anchoring struc-
tures and frequent variants make the imaging
of extensor tendons more delicate than that of
flexor tendons.

e The purpose of this work, limited to this
aspect of the extensor tendons of the fingers,
is to try, by explaining their anatomy, to sim-
plify their imaging. Indeed, the morphology
of each region of the extensor tendons, of
each of their anchoring or stabilization struc-
tures obeys an unstoppable logic. Their
appearance in ultrasound (E°) or MRI is char-
acteristic, and their pathologies are most
often summed up to a unique condition with
the typical appearance [4].

19.2 Normal and Pathological
Imaging of the Five

19.2.1 Anchoring and Stabilization
Formations of the Extensor
Tendons

The retinaculum of the fourth dorsal compart-
ment of the wrist provides a particularly strong
first proximal anchor.

The function of the dorsal retinacular complex
of the wrist is to secure to the antebrachial skel-
eton the twelve tendons that manage the exten-
sion of the wrist, long fingers and thumb, divided
into six compartments.



19 Ultrasound Extensor Tendons of the Fingers

175

The fourth of these compartments (Fig. 19.2),
that of the extensor tendons of the fingers, con-
tains the dividing strips of the common extensor
tendon of the fingers as well as, usually, the
proper extensor tendon from the index finger,
which travels along the ulnar edge of the com-
mon extensor tendon of that finger. The proper
extensor tendon of the fifth finger occupies the
fifth compartment alone.

The retinaculum in the fourth compartment is
wider and stronger than its neighbors. It firmly
plates the extensor tendons of the fingers against
the skeleton, including during dorsal flexion or
lateral inclination of the wrist. Under the retinac-
ulum of the fourth compartment, the extensor
tendons of the fingers are surrounded by a com-
mon synovial sheath. It is limited to the length of
the retinaculum and only slightly overflows
upstream and downstream. There is no synovial
sheath on the back of the hand nor on the back of
the finger.

19.2.1.1 Normal Imaging

On an E° or MRI axial section, extensor tendons
are flattened oval structures arranged between
skin and skeleton. In E°, each tendon, hyperE°
and subject to anisotropy, can be detected by
mobilizing the corresponding finger in isolation.
All these extensor tendons have the same appear-
ance and more or less the same size.

The retinaculum that straps them is a hyperE°
or hypointense band, slightly thicker than the
neighbors. In the normal state, no peritendinous
effusion or synovial membrane is visible.

Frequent anatomical variants are visible in E°
or MRL

19.2.1.2 Main Pathologies
They are not specific:

*  Microtraumatic or rheumatic tenosynovitis
can be complicated by intratendinous cysts or
even ruptures.

e Ectopic muscular body descending too low
(especially that of the extensor of the index
finger) causing a congestion that hinders the
functioning of the compartment.

— Direct tendon trauma.

— Fracture sequelae of the distal end of the
radius that can transform the dorsal cortex
of the radius, normally smooth, into a frac-
tured surface that grates the tendons.

19.2.2 On the Back of the Hand,
Intertendinous Connections
Transform Four Independent
Strips into a Plexiform
Structure

At the exit of the retinaculum, the extensor ten-
dons continue on the back of the carpus and then
the metacarpals.

Just upstream of the metacarpophalangeal
joints, three intertendinous fibrous connections,
each called “juncturae tendinum” or “connexus
intertendinei,” anatomically and functionally
unite the extensor tendons (Fig. 19.3). These
junctions coordinate the action of the tendons,
redistribute their forces, and contribute to their
steady stabilization when flexing the fingers
(Figs. 19.3 and 19.4) [2, 5]. It is understood that
a plexus is inherently more stable than four inde-
pendent tendons.

Like the tendons they unite, the junctions are
subject to many anatomical variations. Usually,
the one that connects the tendons of the second
and third finger is flattened, a kind of mem-
brane leaving the proper extensor of the index
finger free. Those that connect the common
extensor tendons of the third and the fourth fin-
gers and those of the fourth and fifth fingers are
ligamentous and most often concern the proper
extensor tendon of the fifth finger, when it
exists.

The juncturae tendinum which, with extended
fingers, sit upstream of the metacarpophalangeal
joints, move distally during flexion and come
onto the back of the latter, thus contributing to the
stability of the tendons [2].

These fibrous junctions are of great impor-
tance in the clinic: they can mask a tendon lesion
or even be a source of snap by subluxation on a
MCP [3].
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Fig. 19.3 Common and proper extensor tendons of fin-
gers and their juncturae tendinum (red arrows)

19.2.2.1 Normal Imaging

With current devices, the MRI or E° axial analy-
sis of these structures has reached a high degree
of accuracy but not yet the absolute character of
direct vision. Normal juncturae tendinum are pre-
sented as thin linear structures parallel to the
skin, stretched obliquely between extensor ten-
dons, immediately upstream of the MCP
(Fig. 19.5).

19.2.2.2 Main Pathologies

e These are ruptures, tears or traumatic sections.
They are characterized by thickening and
irregularity of the fibrous junction (Fig. 19.6).

Fig. 19.5 Normal appearance of juncturae tendinum in
axial sections MRI T1 and E° (white arrows)

Fig.19.6 Tear of the intertendinous junction between the
second and third extensor tendons in axial section E® and
MRIT1 (red arrows)
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Fig. 19.7 Sagittal bands (pale green)

These tears are rarely isolated. They most
often accompany a lesion of the following
anchoring system, placed more distally: the
sagittal bands.

19.2.3 Sagittal Bands Are a Powerful
Strap that Keeps the Extensor
Tendons on the Back
of the MCPs

The crossing of MCP is a critical area for exten-
sor tendons. To remain tense and effective, they
must remain in equilibrium at the top of the peak
represented by the back of the metacarpal heads,
especially when flexing the fingers (Fig. 19.9). A
simple system of bands: the sagittal bands allow
this tour de force. These are two fibrous bands
that are born from the palmar plate. They rise in a
sagittal plane on either side of the metacarpal
head which they flank laterally. On the dorsal
side of this, each band is split into two layers: a
superficial layer that passes over the extensor ten-
don and a deep layer that passes underneath. By
joining, these layers tie the extensor tendon [6, 7]
and fix it at the top of the head forming an arch, a
periarticular circular shroud (Figs. 19.7 and 19.8)
[6, 7]. If there are two extensor tendons, these,
united by a small fibrous tract, are both covered
by the sagittal bands [6].

19.2.3.1 Normal Imaging
The dorsal part of the sagittal bands is perfectly
visible on current E° and MRI in the form of two
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Fig. 19.8 Sagittal bands (red arrows). Axial cut through
MCP

thin hypoE° (anisotropy) or hypointense bands
that run along the back of the metacarpal head
and surround the tendon (Fig. 19.9). Their deep,
intermetacarpal part is difficult to see in E° but
better visible in MRI.

In dynamic E°, when the patient strongly
flexes his/her metacarpophalangeal joint and/or
when the operator’s finger or probe pushes the
tendon laterally, the tendon should remain
firmly encamped at the top of the peak
(Fig. 19.9), without falling into the adjacent
valley.

19.2.4 Main Pathologies

The tearing or distension of a sagittal band as a
result of repeated microtrauma (sometimes on an
underlying osteophyte) or a single macro-trauma
(punch) sums up the essence of their pathology.
This rupture allows the contralateral (sub)
luxation of the extensor tendon, usually on the
ulnar side (“boxer’s knuckle”) (Fig. 19.10).
Clinically, an MCP (usually the third or fifth) has
a bulky dorsal face and its full extension is impos-
sible. The injured sagittal band (usually the
radial) is thickened, disorganized, hypoE°, and
hyperemic to Doppler. The extensor tendon dis-



178

G. Morvan et al.

Fig. 19.9 Normal sagittal bands (yellow arrows). Axial cuts E (a) and MRI T1 (b); (¢) position of the E° probe. (d)

Protrusion of tendons with a closed fist (green arrows)

Fig. 19.10 “Boxer’s knuckle” by rupture of the radial sagittal band (red arrow), with ulnar subluxation of the extensor

tendon (asterisk). Axial MRI T1 and T2 (a, b); (c¢) diagram

located on the opposite side when flexing the
fingers and falls into the valley that separates two
metacarpal heads (Figs. 19.10 and 19.11).

If there are two extensor tendons, there may
be rupture of the fibrous tract that connects the
two tendons, each of them dislocated on either
side of the head.

In case of incomplete or chronic lesion of a
sagittal band, there is no dislocation of the ten-
don, and the damage is reduced to swelling of
the dorsal surface of the MCP (“preboxer’s
knuckle”).

19.2.5 The Interosseous Hood Is
a Delicate Shroud that Covers
the Base of P1 and the Extensor
Tendon by Connecting the Dorsal
and Palmar Tendon Apparatus

The distal insertion of the interosseous muscles is
twofold:

e Lateral part of the base of P1 by a small ten-
don that serves to spread and bring fingers
closer.
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Fig. 19.11 Analogous case of “boxer’s knuckle” in
another patient. Axial E° at rest (a, a’) and closed fist (b).
Thick radial sagittal band, hypoechoic and hyperemic (red

Fig. 19.12 The interosseous hood (in pale blue)

» Extensor tendon by two fibrous lamina, one of
which is inserted on the median strip of this
tendon, the other a little more distally on its
lateral band. Both rejoin their counterpart on
the back of the extensor tendon: this set, called
the “interosseous hood,” extends the sagittal
lamina forward (Figs. 19.12, 19.13, and
19.14).

The lumbrical tendons also emit a small
fibrous lamina that joins that of the interosseous
and participates in the hood (Fig. 19.12).

19.2.5.1 Normal Imaging

The back, very thin, is visible on an MRI of very
good quality or on an E° made with a high-
performance material: very thin line HypoE® or
hypointensity extending the extensor tendon lat-
erally at the height of P1.

arrow). Subluxation of the tendon (asterisk) becomes
complete with a closed fist

19.2.5.2 Pathology

This is a partial or complete rupture, usually

associated with a lesion of the sagittal band.
These stabilizing systems mean that, in the

event of rupture, the retraction of the extensor

tendons remains moderate, unlike the flexor ten-

dons (Fig. 19.15).

19.2.6 A Sophisticated Enthesis
Consisting of a System of Bands

When we imagine an extensor system of one fin-
ger, we readily see an extensor tendon that runs
straight ahead to the base of P3, in the process
leaving behind a deep strip for the base of P2.

As with flexor tendons nature has retained a
less simplistic model, quite similarly for reasons
of mechanical efficiency and/or overcrowding
[4]: at the height of P1, the extensor tendon splits
into three strands:

* A median strip that fits on the back of the base
of P2.

e Two side strips that bypass the distal interpha-
langeal joint by the sides to join on the back of
P2 and then merge into a terminal strip that fits
on the base of P3 (Fig. 19.16).

This anatomical layout explains the two main
pathologies encountered at this level : the “mallet
finger” and the “boutonniere finger.”
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Fig. 19.13 The interosseous hood (in purple and beige).
Diagram in side view (inspired by 6)

19.2.6.1 Normal Imaging

Despite their small size, these strips are currently
visible on good ultrasonography and MRI in the
form of flattened structures in axial section and
fine tracts in longitudinal sections.

19.2.6.2 Main Pathologies

“Mallet Finger”

The “mallet finger” (so called because of its
shape) corresponds to the closed traumatic rup-
ture of the terminal strip of the extensor tendon
or the avulsion of its bone insertion on the dor-
sal surface of P3 (Fig. 19.17). Imbalance of
forces to the benefit of flexor tendons leads to a
flexion of the distal interphalangeal joint (hence
the mallet shape) and a deficit of its active
extension [8]. Diagnosis of this condition is
clinical. An X-ray of the profile finger looks for
bone tearing (Fig. 19.17). The E°, not always
indispensable, shows a complete or partial dis-
continuity of the distal strip of the extensor,
replaced by a hypoE° area and a retracted and
thickened tendon stump (Fig. 19.17) [9].
Treatment is conservative.

19.2.6.3 “Boutonniere” Finger

This is the rupture of the median strip of the
extensor or the tearing out of its insertion on the
dorsal side of P2 (Fig. 19.18). This solution of
continuity of the medial band causes a transfer of

Fig. 19.14 The interosseous hood (in orange). Dorsal
view. (1) extensor tendon; (2) lumbrical tendon; (3) sagit-
tal band; (4) distal interosseous tendon (I0T); (5) division
of the IOT going toward the lateral process of the phalan-
geal base; (6) interosseous hood; (7) division of the IOT
going toward the lateral strip of the extensor tendon; (8)
lateral strip of the extensor tendon; (9) median strip of
extensor tendon; (10) transverse retinacular ligament; (11)
extensor tendon terminal strip

the force of the extensor tendon onto the lateral
bands. As a result, they tend to take the cord and
migrate to the palmar region of the proximal
interphalangeal joint [7], resulting in a flexion
blockage of the proximal interphalangeal joint
(Fig. 19.18). This vicious attitude is quickly fixed
by the retraction of transverse and oblique reti-
nacular ligaments (Fig. 19.14), small fibrous
structures connecting the lateral strips of the
extensor tendon to the palmar face of the joint
and comparable to the sagittal bands of
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Fig. 19.15 Rupture of the backrest of the interosseous. E® and MRI T1 axial (red arrow)

Fig. 19.18 “Boutonniere” finger mechanism
Fig. 19.16 Anatomic disposition of extensor tendon ter-
mination. Middle strip: blue arrow; side strips: purple
arrow; terminal strip: red arrow

Fig. 19.17 On the right: “mallet finger” and its two varieties: pulling the tendon or avulsion of a bone fragment. Left:
X-ray and sagittal ultrasonography of a case with avulsion (yellow arrow). Tendon retracted stump: white arrows



182

G.Morvan et al.

Fig. 19.19 (a) Boutonniere finger by breaking the median band. (b) E° sagittal. Thickened median strip, hypoechoic
and hyperemic. (¢) E° axial. Disappearance of the median strip. Palmar migration of the lateral bands (arrows heads)

MCP. Objective imaging shows a complete or
partial discontinuity of the median strip of the
extensor to the dorsal face of P1, replaced by a
hypoE° area and a retracted and thickened tendon
stump. The palmar migration of the side strips
can be seen in ultrasonography or in MRI
(Fig. 19.19).

19.3 Conclusion

A series of five anatomical structures in series
was nature’s elegant, efficient, and aesthetic
response to the delicate biomechanical problem
of the balance of extensor tendons.

Each of the structures which constitute it has a
logical purpose and anatomy, a known semiology
and a limited pathology that is characteristic and
easy to search in E° or MRL.
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of the Metacarpophalangeal Joint

of the Thumb

B. Bordet, J. Borne, A. Ponsot, P. -F. Chaillot,

and O. Fantino

20.1 Introduction

Sprain of the metacarpophalangeal joint (MCP)
of the thumb is common. The ‘“gamekeeper
thumb” of the Anglo-Saxons today also called
“skiing thumb” accounts for 6% of the skier’s
trauma.

In case of rupture of the ulnar collateral liga-
ment (UCL) of the thumb, the presence of a
Stener effect prevents effective healing, which
progresses to chronic instability and long-term
osteoarthritis [1, 2].

Stener’s lesion requires surgical repair, and its
diagnosis is therefore essential to guide manage-
ment [3-6].

20.2 Anatomopathological
Reminders, Classification,
and Treatment

20.2.1 Anatomy and Stener Lesion

The ulnar collateral ligament of the thumb con-
sists of two bundles:

B. Bordet (<)) - J. Borne - A. Ponsot - P. -F. Chaillot
O. Fantino
Imaging Service, Clinique du Parc, Lyon, France

e Metacarpophalangeal main ligament
* Sesamoid phalangeal accessory ligament

The adductor muscle of the thumb has a main
distal enthesis on the medial sesamoid. From
there it also gives a thin aponeurotic band, the
aponeurotic expansion of the adductor of the
thumb (AEA), which comes to cross the UCL at
its surface and end in a fan on the long extensor
of the thumb (Fig. 20.1).

During the flexion-extension maneuvers of the
MCP of the thumb, the AEA glides freely in con-
tact with the UCL. In a sprain with ligamentous
rupture, the AEA may be incarcerated under the
proximal ligament stump and pushed back to pre-
vent possible healing. This is the Stener lesion
(Fig. 20.2) [2].

20.2.2 Lesion Classification of Ulnar
Sprains of MCP [7, 8]

e Type I: fracture of ulnar edge of undisplaced
P1 base

e Type II: fracture of the ulnar edge of the dis-
placed P1 base (displacement of more than
2 mm, joint incongruence, and/or rotation of
the fragment)

e Type III: stable ligament rupture

e Type IV: unstable ligament rupture. Stener
effect

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022 185
T. Apard, J. L. Brasseur (eds.), Ultrasonography for the Upper Limb Surgeon,

https://doi.org/10.1007/978-3-030-84234-5_20


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-84234-5_20&domain=pdf
https://doi.org/10.1007/978-3-030-84234-5_20#DOI

186

B. Bordet et al.

Fig. 20.1 Back view of the hand: deep dissection. (/)
Ulnar collateral ligament (UCL) with a metacarpophalan-
geal main bundle and a sesamoid metacarpal accessory
bundle. (2) Adductor muscle of the thumb. (3) Aponeurotic
expansion adductor (AEA). (4) Long extensor tendon of
the thumb

e Type V: fracture of P1 at the enthesis of the
palmar plate

e Type VI: fracture of ulnar edge of base P1
(displaced or not) and ligamentous rupture

20.2.3 Cure

Conservative treatment is the rule in case of a
mild sprain; it consists of 4 weeks of immobility
in a thermomoulded splint [9].

Surgical treatment is conventionally indicated
in the presence of major laxity or if X-rays detect
a displaced bone fragment [10, 11].

However, these concepts are sometimes dis-
cussed; in fact several studies have shown that
conservative treatment achieves good results
even in case of severe sprain with or without dis-
placed fracture [12, 13], and the only formal sur-
gical indication would be the Stener lesion.

20.3 Imaging

20.3.1 Simple X-Rays

They remain indispensable and must include a
workup of the thumb column of the front and
profile.

The classical avulsion fracture of the ulnar edge
of the phalangeal epiphysis at the distal enthesis of
the UCL (Fig. 20.3) will be investigated.

If surgical treatment is indicated, then the
imaging workup is sufficient, the ligament status
being specified by the surgeon. It should be borne
in mind that a fracture does not eliminate liga-
ment rupture (type VI). A fracture with good
prognosis that is not or is slightly displaced may
be associated with a Stener lesion [8].

In the acute stage, valgus X-rays remain unre-
liable given the patient’s apprehension and pain
and potentially harmful [14, 15] in the literature.

20.3.2 Magnetic Resonance Imaging
[13,16-18]

MRI is able to show whether the ligament rupture
is displaced; it identifies a nodular image in
hyposignal T2 applied in contact with the ulno-
palmar side of the metacarpal head. Often com-
pared to a “yoyo on its string” or “cauliflower,”
this rounded structure corresponds to the proxi-
mal stump pushed back by the AEA and indicates
the presence of a Stener effect (Fig. 20.4).

In practice, MRI, although effective, is still
not widely used in France at the acute stage given
the examination time.
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Flexion extension

Sujet sain

Fig.20.2 Kinematics of aponeurotic expansion adductor
(AEA). Flexion-extension of the IP with physiological
sliding in healthy subjects from AEA to the surface of the
UCL. In the event of rupture of the UCL with Stener

20.3.3 Ultrasound [19-29]

Ultrasound is a powerful examination for the
diagnosis of UCL ruptures and for the identifica-
tion of a Stener effect.

The examination shall be carried out with a
high-frequency probe preferably “golf” type and
shall include dynamic maneuvers [25].

Ultrasound examination explores the
main beam of the UCL very well in longitu-
dinal sections along the axis of the ligament
fibers.

We will look for a thickened, infiltrated
hypoechogenic ligament with loss of fibrillar
physiological appearance. The operator will look
for loss of ligament continuity, bone avulsion at
enthesis, and signs of hyperemia at power
Doppler mode (Fig. 20.5).

Effet Stene

effect, the AEA is incarcerated at contact with the interval,
loss of physiological sliding; the AEA pushes back the
UCL

20.3.3.1 Valgus Maneuver

Using their free hand, the operator performs val-
gus movements of the MCP to test the UCL. In
this way, in longitudinal sections, the operator
seeks rupture by visualizing the loss of continuity
of ligament fibers. If the ligament remains con-
tinuous, the operator evaluates its distension,
studies its infiltration, and uses the power Doppler
to look for signs of pain (Fig. 20.6).

20.3.3.2 Flexion-Extension Maneuver
of IP

This is the fundamental maneuver to search for a
Stener effect. The operator performs passive
flexion-extension movements of the interphalan-
geal joint of the thumb. The metacarpophalangeal
joint of the thumb remains motionless under the
probe, but the maneuver sets the AEA in motion
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Fig. 20.3 X-ray of the thumb face and profile. Avulsion
fracture of ulnar angle of base of P1

via the long extensor tendon of the thumb
(Fig. 20.7).

In ultrasound, in longitudinal section, we see
the sliding of the aponeurotic expansion on the
surface of the UCL. This sliding remains possible
in the event of ligament rupture, but when there is
a Stener effect, the AEA plunges into contact
with the interval and pushes back the ligament
stump. Its incarceration in the UCL is well
visualized with loss of physiological sliding
(Fig. 20.8).

Done well, this specific maneuver very quickly
allows an inexperienced sonographer to under-
stand the kinematics of the AEA making explora-
tion easier.

This dynamic diagnostic approach has the
advantage of being recordable and facilitates the
transmission and understanding of images to
correspondents.

20.4 Conclusion

The sprain of the UCL of the thumb is a very
common trauma with potentially disabling con-
sequences. In case of a Stener effect, surgical
repair is required.

Simple X-rays remain the first-line examina-
tion for a fracture. If surgical treatment is indi-
cated, there is no indication of complementary
imaging.

It is important to remember that a Stener
lesion may be associated with a fracture.
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Fig.20.4 Coronal section MRI of the MCP of the thumb (a and b). Weighted density of protons with fat erasing tech-
nology. Break of the UCL (blue arrow) with retraction of the ligament stump upstream of the line in the example a

Fig. 20.5 Examples of traumatic injuries of UCL in to normal ligament (b). Hyperemia at exploration with
ultrasound. Thickened, deconstructed, hypoechogenic — power Doppler mode at phalangeal enthesis (c)
ligaments with loss of fibrillar appearance (a, ¢) compared
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Fig. 20.6 Dynamic valgus maneuver of the MCP. Ligament rupture with retracted ligament upstream of the space.

Clear pathological valgus at dynamic exploration (blue lines)

Fig.20.7 Ultrasound
longitudinal section and
dynamic flexion-
extension maneuver of
the IP. The MCP
remains motionless. The
UCL is stretched from
the metacarpal (M1) to
the phalangeal base
(P1). It is covered on its
surface by the AEA
(blue arrows). During
flexion-extension of the
interphalangeal interval
(small full arrow), the
AEA slides over the
ligament (large full
arrow)

Dynamic X-rays are poorly performing for
fracture diagnosis. Their achievement is often
difficult, and they are no longer indicated in the
acute stage.

Dynamic ultrasound makes it possible to
establish an accurate lesion diagnosis. It evalu-
ates ligament integrity through valgus maneuver

and allows the visualization of the Stener effect
through the flexion-extension maneuver of the
IP. While MRI can also diagnose the presence of
a Stener lesion, ultrasound has valuable advan-
tages: its dynamic character, availability, and cost
support it as second-line imaging.
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Fig. 20.8 Ultrasound longitudinal cuts. Rupture of the
UCL with incarceration of the AEA on the two examples
(a). The ligament stump is retracted upstream of the inter-
val (white dotted line). Sliding thwarted with the AEA
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Ultrasound of the Nail
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Thomas Apard and R. Baran

The diagnostic approach in onychology is always
fundamentally based on anamnesis (professional
activity, medication intake, systemic disease) and
clinic examination (general nail shape, nail sur-
face, subungual fasteners, perionychium, chrom-
onychia) [1]. Medical imaging is always made up
of the standard radiography of the distal phalanx.
MRI is now the examination of choice because
the nail does not need a dynamic and comparative
examination, two of the main qualities of ultra-
sound. However, ultrasound is still cheaper and
more accessible than MRI and can thus allow
immediate diagnosis in consultation. The advent
of ultrahigh-frequency probes allows the com-
plete examination of the ungual complex.

21.1 Ultrasound Anatomy

of the Nail (Fig. 21.1)

The nail is visualized in its entirety in ultrasound
[2]: from its proximal end that emerges from an
invagination that has as its roof the deep surface
of the supra-ungual fold that ends with the cuticle
at its distal end or free edge.

The nail matrix consists of two parts: the
proximal part that produces the superficial layers

T. Apard (><)
Hand Sonosurgery Center, Versailles, France

R. Baran
Nail Diseases Center, Cannes, France

of the nail (about 33% of the thickness) and the
distal part that ends with the lunule and produces
the median layers (about 50% of the thickness).
The rest of the layers (27%) come from the nail
bed. The thickness of the nail is conditioned by
the thickness of the matrix. A large lunule (as
physiologically on the thumb or pathologically in
onychotillomania) is accompanied by a thicker
shelf.

The distal interphalangeal joint is easy to spot.
It is limited dorsally by the capsule and the inser-
tion of the extensor apparatus. Passive mobiliza-
tion of the distal phalanx in flexion allows the
tendon fibers to be well identified.

Cortical bone (and osteophytes) stops ultra-
sound. It is impossible to explore intraosseous
pathologies with ultrasound.

Vascularization of the nail is studied in power
Doppler mode (Fig. 21.1c) [3]. The two arches
under the proximal and distal ungual are per-
fectly visualized. Hand warmth (heat of the room
or vascular pathology such as arteritis or
Raynaud’s syndrome) is an important factor to
consider. Be careful not to press with the probe.

21.2 Ultrasound Examination
in Practice

The hand should be flat on a piece of paper
(paper from the roll of the examination table)
with the fingers stuck together so that the gel
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e

Fig.21.1 (a) Longitudinal cut of fingertip and diagram (d). (b) Cross section of the tip of the finger. (¢) Longitudinal

cut of the tip of the finger with power Doppler
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Fig.21.2 (a) Foreign body (CE) in longitudinal and axial
view (collection by Dr. Brasseur with permission). Note
the absence of a posterior shadow cone and the hypoechoic
halo around the CE corresponding to the reaction granu-
loma. Finally, it is interesting to note here the angulation

does not fall. The analysis is done in longitudi-
nal and cross sections and then in the power
Doppler mode.

If the probe is waterproof, the examination in
water is very useful so as not to have to use gel.

of the foreign body: its preoperative measurement must
correspond to the actual length after removal to be sure
not to leave a piece in the pulp. (b) Plant CE discovered
after antibiotic therapy for periungual abscess

We will not deal with inflammatory diseases
(psoriasis, scleroderma, dermatomyositis, lupus)
here which are not the usual reasons for consulta-
tion in orthopedics: a dermatological opinion will
then be requested.
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Sagittal

Fig. 21.3 Glomus tumor in longitudinal and axial view with power Doppler mode (collection by Dr. Brasseur with

permission)

21.3 Ultrasound
of the Pathological Nail

We will study the most common situations where
ultrasound is useful.

21.3.1 Foreign Body Search

The penetration of radiotransparent foreign bod-
ies is a frequent reason for consultation
(Fig. 21.2a). Patients often try to “crush” the port
of entry and put on Dakin’s solution, which
makes the eponychium and the free edge of the
nail inflammatory. The request for radiography is
systematic. MRI is rarely accessible in
emergency.

Ultrasound will make it possible to locate the
foreign body and also to check whether it is sin-
gle or multiple (classic situation of the broken
plant spine).

Joint analysis also makes it possible to check
whether or not there is interphalangeal synovitis.
Synovitis is examined in power Doppler with the
joint in slight hyperextension.

Figure 21.2b illustrates the case of a periun-
gual infection treated medically and leaving an
11 mm plant foreign body revealed 1 week later.

21.3.2 Solid Tumor Search

The glomus tumor (Fig. 21.3) is usually small in
size hypoechoic or anechogenic at the level of the

bluish spot on the nail. This is the differential
diagnosis of subungual hematoma.

Giant cell tumors are isoechogenic or weakly
hypoechogenic and originate from the deep joint
flexor tendon sheath of the finger. It can mark an
imprint on the cortex, but in practice the asym-
metry of curvature of the phalanx is not detected
by ultrasound. The interest of ultrasound is to
identify the tumor that can wrap the bone or be
bilobed. Its en bloc ablation is necessary, and the
surgeon will always prefer to incise on the less
sensitive pulp surface.

Osteoid osteoma is visible in case of presenta-
tion in subperiosteal form. It is then associated
with macrodactyly with digital pseudo-
hippocratism of the nail (Fig. 21.4a and b). Its
removal allows the phalanx to regain its original
shape. Cortical and medullary forms with the
typical roundel image in the scanner are not seen
on ultrasound.

Granuloma is a slightly hyperechogenic or
isoechogenic solid tumor. It is necessary to search
for a hyperechogenic foreign body without a pos-
terior shadow cone. It can be silicic, talcous, etc.

Keratoacanthoma is a rare and benign epithe-
lial tumor. Ultrasound shows a very limited het-
erogeneous area with erosion of the phalangeal
cortex and a cone of posterior shadow. Differential
diagnosis is basal cell carcinoma.

Subungual melanoma is the most feared
malignant tumor. Ultrasound features of mela-
noma are unspecific: hypervascularization with
Doppler in relation to the part of the nail without
melanoma; there is no identifiable mass on
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Fig.21.4 (a) Frontal radiography of osteoid osteoma of P3 cortical type (collection by Pr Dautel with permission). (b)
Digital pseudo-hippocratism from osteoid osteoma (collection by Pr Dautel with permission)
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Fig.21.5 Mallet finger lesion

ultrasound. Biopsy is recommended at the slight-
est doubt.

21.3.3 Analysis of the Distal
Interphalangeal Joint

The insertion of the extensor apparatus and the
joint capsule should be analyzed.

* The extensor apparatus is broken in case of a
mallet finger. Its diagnosis is then clinical, and
the interest of ultrasound is only intended to
detect bone tearing from the cortex (Fig. 21.5).
In the case of a chronic mallet finger, the
attachment of the “neo-tendon” is hypoecho-
genic, and the flexion of the phalanx causes
only a slight movement on the extensor tendon

(comparative analysis with the neighboring
finger). The matrix is never affected with this
type of trauma.

e The joint capsule can cause a tumor that com-
presses the matrix. The most frequently encoun-
tered is the mucoid pseudocyst, a reaction to
chondral pain. Ultrasound confirms by the anal-
ysis of the neck the joint origin of the cyst. It is
sometimes clinically difficult to distinguish
between a small cyst and an osteophyte: ultra-
sound shows cortical irregularity with posterior
shadow cone in case of osteophyte, whereas the
cyst is an anechogenic tumor (Fig. 21.6).

In case of hyperechogenic swelling, it is a
solid tumor: abscess (paronychia) with septic
arthritis, epidermal or foreign body granuloma,
gouty tophus (Fig. 21.7), epidermoid carcinoma,
melanoma, metastasis, etc.

One of the differential diagnoses is Orf’s nod-
ule or epidermal Parapoxvirus infection
(Fig. 21.8a and b): the patient has no pain, and
the tumor does not distort the matrix. Above all,
you should not puncture because the risk of bac-
terial superinfection is high. Treatment is simply
regular handwashing and finger protection (spon-
taneous healing within a month). This virus is
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IPD avec arthrose

Fig. 21.7 (a) Appearance of the concave ungual shelf by compression of the matrix by the gouty tophus. (b) Profile
appearance of the finger with distal interphalangeal tophus. (¢) Ultrasound of the tophus (isoechogenic mass)

present on animal fur. The lesion appears 3 weeks ~ Care should be taken not to place the probe on the
from contact. These injuries are most often found finger (leave a large amount of gel or do an exam-
in veterinarians or in Muslims 3 weeks after the ination in water) or be careful that the hands are
feast of Eid al-Adha (sheep sacrifice). not too hot or too cold.

In case of microcrystalline pathology, power
Doppler mode looks for hematic joint activity.
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Fig.21.8 (a) Orf nodule at 3 weeks. (b) Orf nodule at 6 weeks (after conservative treatment)

21.4 Posttraumatic Nail

Classic finger traumas affecting the nail bed with-
out affecting the matrix are well known to sur-
geons (door finger, loss of fingertip substance,
fracture of the phalanx, etc.): their evolution is
conventionally favorable. Ultrasound does not
have particular interest in these clinical situations.

e Retronychia is the result of an often unrecog-
nized axial trauma in which the nail abruptly
recedes under the eponychium and damages
the matrix. The delay between trauma and
consultation can be significant as the pain
fades within a few days. Retronychia is char-
acterized by a triad: discontinuation of ungual-
paronychia-xanthonychia growth [1]. The
patient often consults for ungual deformation
in the form of a staircase with Beau lines.

Ultrasound shows a decrease in the distance
between the proximal edge of the shelf and the
proximal edge of the neighboring phalanx.

e Onychomadesis involves proximal detach-
ment of the nail following extensive trauma to
the matrix but can also be seen after an epi-
sode of severe systemic disease. On ultra-
sound the ungual shelf appears divided if the
regrowth is rapid with often less echogenicity
on the distal part (Fig. 21.9).

21.5 Conclusion

Ultrasound is very useful in consultation for
ungual pathology due to its availability and non-
invasive and comparative nature [4, 5]. It must
always be coupled with the radiograph in the
imaging workup.
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Fig. 21.9 (a) Clinical appearance of a retronychia (2 years after trauma). (b) Comparative ultrasound showing the
retreat from the shelf to the DIP (bottom image) in comparison with the healthy side (top image)
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