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Experimental and clinical evaluation
of acromioclavicular joint structures with new
scan orientations in MRI

Abstract The objective of the study
was to evaluate MRI for visualization
of acromioclavicular (ac) joint struc-
tures in cadaveric shoulders, asymp-
tomatic volunteers and symptomatic
patients with trauma of the ac-joint.
Three cadaveric shoulders were ex-
amined to find adequate planes and
sequences for MRI. Afterwards, MR
images were correlated to corre-
sponding anatomical sections. Six
asymptomatic volunteers and 13 pa-
tients were scanned in a 1.5 T Mag-
netom Vision with three sequences in
the following planes: (1) parallel to the
clavicle; (2) orthogonal to the ac joint,
each time a fat-suppressed proton
density-weighted + T2-sequence (TR/
TE 4,000/15 ms) was performed; (3)
parallel to the clavicle, T1-SE (TR/TE
817/20 ms). The parameters were:
slice thickness 3 mm, field-of-view

180 mm, matrix 210×256 pixels.
Standard of reference in the patients
was clinical examination and conven-
tional X-rays. Classification was by
Rockwood grades I–VI. MRI allowed
excellent visualization and diagnoses
of ac-joint structures in volunteers and
patients (n=6 normal, n=1 Rockwood
I, n=5 Rockwood II, n=3 Rockwood
III, n=4 Rockwood V). On MRI, in
one lesion type II and III each, a lower
lesion type was suspected clinically
and by X-ray. In one patient additional
information by MRI led to surgery.
MRI allows excellent anatomical dis-
play of ac-joint structures and can give
clinically relevant information on type
and extension of ac-joint trauma,
which may influence therapy.
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Introduction

Acromioclavicular (ac) joint disruptions are very common
and are caused by direct or indirect trauma, occurring in
more than 10% of shoulder injuries. The lateral part of the
clavicle is usually dislocated superiorly or, less frequently,
posteriorly. The ac joint is stabilized by the joint capsule,
the acromioclavicular ligament that enhances the cranial
stability, and the coracoclavicular ligament, which is com-
posed of the lateral trapezoid and the medial conoid part.
The trapezoid ligament is the primary restraint against
posterior clavicular displacement [1] and also provides
resistance against superior, inferior, and anterior forces.
The conoid ligament is the main restraint against anterior or
superior displacement of the clavicle, but also against

rotation of the bone anteriorly or posteriorly [2]. Two
muscles are attached to the scapular spine and acromion:
the trapezius and the deltoid muscle.

The current status in diagnosing acromioclavicular joint
instability is based on clinical examination and plain radi-
ography. Additionally, a weighted view is usually neces-
sary. In a small number of cases an ultrasound of the
shoulder is performed. The well-known grading of ac joint
injuries is classified according to Rockwood et al. [3].
Their classification [3] includes three more rare types of ac
joint derangements than the Tossy classification [4].
Diagnosis of the real extent of injuries of the coracocla-
vicular and acromioclavicular ligaments is very difficult
with the established examination methods. For therapeu-
tical planning an exact information about the injury type is
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absolutely necessary, especially for the differentiation
between a Rockwood II and a Rockwood III injury. With
diagnosis based on conventional methods, important
information about the joint stability may be lost if it is
not possible to distinguish between complete and incom-
plete acromioclavicular dislocations. Another problem for
exact diagnosis with the conventional techniques is the
large variability of the ac joint, especially concerning the ac
joint distance, which varies from 5 mm in the general
population to 6 mm or 7 mm in elderly patients.

It is still controversially discussed whether to choose
conservative or operative treatment for Rockwood III and
higher lesions. The current classification systems may be
not exact enough to classify the pathoanatomy of the ac
joint injuries and indicate the best individual treatment for
the patient. In recent years MRI has developed as an
alternative non-invasive diagnostic tool, and the use of
MRI to diagnose shoulder joint lesions is well established.

The purpose of our study was first to evaluate MRI of
cadaveric shoulders for detailed visualization of ac joint
structures and find out the best planes and sequences.
Secondly, volunteers and symptomatic patients with trau-
ma of the ac joint were prospectively examined. The
primary goal was to find out whether MRI can provide
more information than conventional examination and thus
improve the classification of these injuries and influence
therapeutic strategies for a better clinical outcome.

Materials and methods

The study protocol was approved by the local ethics
committee. Firstly, three thawed, freshly frozen normal
cadaveric shoulders were examined by MRI in order to
define the best imaging planes and sequences for visualiza-
tion of the acromioclavicular and coracoclavicular liga-
ments. Imaging was done on a 1.5 T scanner (Magnetom
Vision, Siemens, Erlangen, Germany) with a dedicated
shoulder coil. The imaging protocol included three se-
quences in the following planes: (1) parallel to the clavicle;
(2) orthogonal to the ac joint, each time a fat-suppressed
(FS) proton density-weighted (PDw) + T2-weighted se-
quence (TR/TE 4,000/15 ms) was performed; (3) parallel to
the clavicle when a T1 SE (TR/TE 817/20ms) sequence was
performed (cf. Fig. 1). Other imaging parameters were
identical: slice thickness 3 mm, field of view (FOV)
180 mm, matrix 210×256 pixels. Acquisition time was
14 min for the entire protocol. Afterwards the cadaveric
specimens were sectioned along the imaging planes using a
bandsaw. The obtained MRI scans were then correlated
with the anatomical sections to compare the accuracy and
quality of visualizing the acromioclavicular and coraco-
clavicular ligaments by MRI.

Six asymptomatic volunteers (mean age 29 years; range
25 years to 35 years) without any symptoms in the ac joint
underwent our MRI protocol in order to confirm the

applicability of the sequences and planes in a clinical
setting. Thirteen patients (mean age 39 years; range 21
years to 55 years) with suspected ac joint injury were then
included in our study within 18 consecutive months. All
volunteers and patients signed written informed consent
forms. Image packets were interpreted by two readers, a
fellow (F.K.S., 4 years of musculoskeletal experience) and
an experienced musculoskeletal radiologist (J.B., 15 years
of musculoskeletal experience). Diagnosis was made by
consensus. Standard of reference was clinical examination
and plain radiographs of the injured and uninjured shoul-
ders. MR findings were correlated with surgical results in
all patients that went on to receive surgery.

According to the Rockwood [3] classification the patient’s
injury was categorized from type I–VI. MR images
demonstrating each type of Rockwood injurywere presented
in a pictorial essay byAntonio et al. in 2004 [5]. Rockwood I
shows normal X-ray findings; the acromioclavicular liga-
ments are clinically sprained. There are no specific MRI
signs for this type of injury because signal abnormalities are
common in the ac joint in adult patients [5]. In Rockwood II,
radiographic findings present ac joint widening; coracocla-
vicular interspace is normal or slightly enlarged. Injuries of
the anatomic structures consist of disrupted acromioclavic-
ular ligaments, sprained coracoclavicular ligaments, identi-
fied in MRI as oedema, whereas trapezoid and deltoid
muscles are intact. In grade III lesions, X-ray findings show
that ac joint dislocation and coracoclavicular interspace are
increased by 25% to 100%. Clinically, the acromioclavicular

Fig. 1 Orientation for FS PDw + T2 TSE-sequence was parallel to
the clavicle (a) and orthogonal to the ac joint (b). AT1-SE sequence
was performed parallel to the clavicle. CP coracoid process, CA
coracoacromial ligament, Tr trapezoid ligament, Co conoid liga-
ment, AL acromioclavicular ligament
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and coracoclavicular ligaments are disrupted, and trapezoid
and deltoid muscles are detached from the distal part of
the clavicle. In MRI oedema, blood and fluid are seen in
the coracoclavicular and acromioclavicular interspace.
Rockwood IV lesions describe a situation where, clinically,
in radiographic findings and in MRI, the coracoclavicular
space may be widened or appears equal to the normal
shoulder. In grade IV injury the acromioclavicular liga-
ments are disrupted, the ac joint is dislocated, the clavicle
is displaced posteriorly in the trapezoid muscle, and the
trapezius and deltoid muscles are detached from the distal
part of the clavicle. Radiographic findings in grade V
lesions represent dislocations of the ac joint, and coraco-
clavicular interspace is more than 100% greater than in the
normal shoulder. Anatomically and in MRI findings, the
acromioclavicular and coracoclavicular ligaments are
disrupted and the trapezoid and deltoid muscles are
detached from the lateral half of the clavicle. In type VI
lesions, the ac joint is dislocated, and the clavicle is
displaced inferiorly to the coracoid on plain films.
Anatomically and in MRI the acromioclavicular and
coracoclavicular ligaments are disrupted and the trapezoid
and deltoid muscles are detached from the clavicle.

Results

The two planes chosen in the examination of three cadaveric
shoulders for the study accurately depicted the normal
anatomy of the ac joint capsule as well as the trapezoid and
conoid ligaments. A precise definition of the origin and
insertion of the acromioclavicular and coracoclavicular
ligaments, as well as their complete delineation and an
evaluation of the capsule of the ac joint, was possible. MR
images obtained of the cadaveric shoulders and correspond-
ing anatomical slices are shown in Fig. 2. Afterwards, the
defined planes were applied in six healthy volunteers, with
no symptoms in the ac joint, who underwent our developed
MRI protocol. These six volunteers presented with normal
ligaments and ac joints. In each case the structures of the
ligaments and ac joint capsule were visualized excellently.

On the T1-weighted SE images, the anatomy of the
coracoclavicular ligaments without trauma was very well
delineated due to the high signal-to-noise ratio. In the FS
PD/T2-weighted images the ligamentous structures were
not identified very easily in cases of no clinically suspected
ac joint pathology, whereas oedematous fluid or blood
provided better visualization of the ligamentous fibres in

Fig. 2 a Orientation is parallel to the clavicle in FS-PD-TSE and
FS-T2-TSE corresponding slice of the cadaveric shoulder. GHJ
glenohumeral joint, CP coracoid process. The arrow marks trape-
zoid ligament fibres. b Orientation parallel to the clavicle in a FS-

PD-TSE sequence. The MR image shows the ac joint capsule with
the hyperintense disc (arrow) and the intermediate signal of the
acromioclavicular ligament. HH humerus head, AC acromion
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cases of injury. Contrarily, it was more difficult to evaluate
the T1-weighted SE images of blood and fluid within the
substance or surrounding mass of the ligaments.

In the 13 patients the following diagnoses were made
based on MRI (Table 1): one patient had a Rockwood stage
I lesion on MRI and correlating clinical/X-ray findings.
Five patients were diagnosed with Rockwood II on MRI,
clinically, and by plain radiographs; one lesion was under-
estimated as type I; in this case we found, on MRI, elon-
gation and discrete oedema of the conoid and trapezoid
ligaments and a partial rupture of the acromioclavicular
ligament; the clinical and X-ray findings were suspicious
for only a type I lesion with even unsuspicious X-ray

findings in the weighted view. Three patients were diag-
nosed with Rockwood stage III lesions on MRI, whereas
two cases were classified equally on clinical examination
and radiography; in one case the clinical and X-ray findings
of the lesion were underestimated as type II, for we saw in
the injured shoulder only a slightly greater distance of the
ac joint and a slightly superiorily displaced clavicle; on
MRI we diagnosed a disrupted acromioclavicular ligament
and a partial rupture of the coracoclavicular ligament,
resulting in a more precise diagnosis than with conven-
tional radiography (cf. Fig. 3). Four patients had a
Rockwood V lesion, classified equally on clinical exam-
ination and radiography and MRI. All four patients with
Rockwood V injury and two of three patients with
Rockwood stage III lesions underwent surgical therapy.
The surgeon could correlate the diagnosed lesions by MRI
exactly in each case. The one patient with Rockwood II
classification on clinical examination and on radiography
and with Rockwood stage III on MRI was referred to
surgical therapy with corresponding findings on surgery.

Discussion

Lesions of the ac joint are very common in shoulder injuries.
Different classification systems according to Rockwood [3]
and Tossy [4] are used to describe the pathoanatomical

Fig. 3 a Conventional plain radiograph of the injured right shoulder
with discrete widening of ac joint (arrow) and slightly superior
position of the clavicle, diagnosed as Rockwood II injury, and plain
radiographs after surgical treatment with hook plate in a 28-year-old
patient. b FS-PD-TSE MR images, orientated parallel to the clavicle,

with dislocation of the ac joint and partial rupture and oedema
(arrowhead) of the coracoclavicular ligament, classified as a
Rockwood type III injury. c In the same orientation T1-SE images
show the extent of the injury. HH humerus head, CP coracoid
process

Table 1 Different types of Rockwood lesions in clinical/X-ray
findings and MRI

Clinical/X-ray

0 1 2 3 4 5 6

MRI 0 6 – – – – – –
MRI 1 – 1 – – – – –
MRI 2 – 1 4 – – – –
MRI 3 – – 1 2 – – –
MRI 4 – – – – – – –
MRI 5 – – – – – 4 –
MRI 6 – – – – – – –
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situation in the injured ac joint. In these classifications, the
decision for surgical or non-surgical treatment is based on
the integrity of the coracoclavicular ligaments. There is no
dissent that Rockwood I and II lesions should be treated
conservatively [6–9] and that Rockwood IV–VI lesions
should be treated surgically. The discussion concerning the
treatment of Rockwood III lesions is still controversial.
Rockwood III lesions account for up to 40% of all ac joint
injuries [9]. It is difficile to diagnose those lesions by clinical
examination and on plain radiographs. MRI provides an
excellent opportunity for non-invasive visualization of the ac
joint and its ligaments [5].

Requirements for a well-defined musculoskeletal exam-
ination is a MRI protocol with a balanced combination of
high sensitivity for visualization of free water molecules,
high spatial resolution and short acquisition time. Most
pathological findings in the musculoskeletal system show
an accumulation of free water, for example in cases of joint
effusion, inflammation, bone bruise, injury of ligaments,
and joint capsule. Thus, high sensitivity in MRI sequences
for free water-bound protons is necessary. Fat-suppressed
MRI sequences offer the possibility of a higher contrast-to-
noise ratio for oedematous pathological tissue-like injured
ac joint ligaments by eliminating the signal of fat-bound
protons. The fat-suppressed PD/T2w TSE sequences allow
visualization of abnormal focal or diffuse increased signal
in the acromioclavicular and coracoclavicular ligaments
within the substance or surrounding mass, as the ligaments’
morphology then is altered by disruption of fibres or
complete tear.

In recent years the use of fast spin-echo, also known as
turbo spin-echo, sequences has become very popular. Fast
spin-echo sequences have, meanwhile, replaced conven-
tional SE sequences in many applications in the whole
body. The advantages of TSE sequences are reduction of
acquisition time and motion artefacts. The time saving
allows higher patient throughput or performance of ad-
ditional sequences. The TSE sequences provide images of
comparable contrast and quality to standard SE sequences.

Aware of these important factors of an optimized MRI
protocol for the examination of the ac joint, we suggest the
use of slice orientations parallel to the clavicle and
orthogonal to the ac joint, which we considered was the
best for the ac joint in our examination of the three ca-
daveric shoulders. The protocol was confirmed by exam-
ination of six healthy volunteers. At a total acquisition time
of 14 min our study protocol included orientations parallel
to the clavicle and orthogonal to the ac joint, using a FS
PD/T2 TSE sequence in both planes and a T1-weighted SE
sequence parallel to the clavicle.

In the case of a Rockwood I lesion we found only
discrete oedema in the ac joint capsule. However, this is not
a specific finding because of the variation of signal abnor-
malities and appearance of ac joints depending on the
patient’s age. In Rockwood II lesions we diagnosed
ruptured acromioclavicular ligaments and, additionally,

sprained and oedematous coracoclavicular ligaments,
which were very well visualized on the FS PD/T2 TSE
sequences. In one case of a Rockwood II lesion, MRI
provided additional information compared to the clinical
and X-ray examination, that resulted in underestimation as
a type I lesion. Nevertheless, there was no influence on
therapy. For Rockwood III lesions, which are usually
caused by a strong force leading to ac joint dislocation, we
could diagnose partially and completely ruptured trapezoid
and coronoid ligaments. With the long TR time in the FS
PD/T2 TSE sequence the fibres were easy to identify, even
in the presence of oedema, fluid, and blood (cf. Fig. 4). In
one case of only partial rupture of the coracoclavicular
ligament in a young athlete, we classified the lesion as
Rockwood type III on MRI, whereas it was underestimated
as a type II lesion clinically and on plain radiographs. This
patient underwent surgical therapy based on the additional
information on MRI. The very rare Rockwood IV and VI
lesions were not present in our patients, but they should
certainly be detectable with the suggested MRI protocol.
All four Rockwood V lesions were detected both on plain
radiographs and MRI. In these patients acromioclavicular

Fig. 4 a FS PD -TSE-sequence, parallel to the clavicle, shows the
fibres of the ligaments, which are easy to identify, even when they
are elongated and partially torn or there is oedema, fluid and blood
(arrowhead). In this case we diagnosed a partial rupture of the
coracoclavicular ligament and disruption of the acromioclavicular
ligament (Rockwood stage II). b Plain radiographs where only soft
tissue swelling is diagnosed in the ac joint. c A slightly larger
distance is seen in the ac joint and discrete superior clavicle position
in the injured right shoulder than in the uninjured left shoulder under
weight bearing. HH humerus head, AC acromion, CP coracoid
process

1492



and coracoclavicular ligaments were disrupted, the ac joint
was dislocated, and oedema and blood were seen in the
trapezoid and deltoid muscles, which were detached from
the lateral half of the clavicle (cf. Fig. 4).

MRI of the ac joint is not practicable for use on a routine
basis because of costs and local availability [10]. Never-
theless, MRI may support the radiologist in finding the
correct diagnosis by offering important additional informa-
tion about the soft tissue in the shoulder, especially if a
Rockwood type III or more severe lesion is suspected. The
final goal is to support the orthopaedic surgeon by giving
detailed information about the extent of the injury to reduce
pain, prevent ac joint degeneration and consequently me-
chanical problems in the shoulder girdle and to improve the
range of motion. Surgically, various techniques are avail-
able and practicable to stabilize the clavicle using different
forms of fixation or reconstruction of the ac joint. Cur-
rently, we suggest performing an additional MRI, if it
remains unclear clinically and on plain radiographs wheth-
er to treat surgically, arthroscopically, or conservatively.
Expecting minimal morbidity, we consider arthroscopy as
treatment modality of choice, and, therefore, prior to
surgery, exact information on the extent of the injury in the

shoulder is necessary. The results of our study also show
that MRI can play a decisive role in detecting slight
differences with influence on the diagnosis classification.
Thus, even in the Rockwood III subgroup, we could dem-
onstrate a partial rupture of the coracoclavicular ligament
and make a more precise diagnosis than with conventional
techniques, where this case was underestimated.

In summary, MRI with our scan parameters and scan
orientation is time saving and provides accurate information
concerning the status of the ac joint ligaments, especially
with regard to the essential role of the coracoclavicular
ligament in maintaining the ac joint’s stability and function.
We recommend this protocol in addition to a complete
shoulder MRI protocol in the case of a complex shoulder
trauma. A potential limitation is to be seen in the relatively
small study population. Further, MRI is an imaging mo-
dality that allows direct classification of injury and offers an
objective and reproducible method of diagnosis.
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