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Abstract
Objective To develop clinical guidelines for musculoskele-
tal ultrasound (MSKUS) referral in Europe.
Methods Sixteen musculoskeletal radiologists from seven
European countries participated in a consensus-based inter-
active process (Delphi method) using consecutive

questionnaires and consensus procedure meetings at several
European radiology meetings. The evaluation of musculo-
skeletal diseases was established by literature reviews, fol-
lowed by consensus on clinical utility in three consensus
meetings. This involved a thorough, transparent, iterative
approach which including interview, questionnaire, Delphi
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and standard setting methodologies. European MSK radiol-
ogists with a special interest in MSKUS formed two differ-
ent expert groups who worked on reaching a consensus in
the first two meetings. The third meeting resolved questions
that did not achieve a consensus level of 67% using the first
two questionnaires.
Results On expert consensus, the use of MSKUS is indicat-
ed to detect joint synovitis, fluid and septic effusion for
potential aspiration, and poorly indicated to detect loose
bodies. Recommendations for most appropriate use of mus-
culoskeletal ultrasound are reported in six areas relevant to
musculoskeletal ultrasound: hand/wrist, elbow, shoulder,
hip, knee and ankle/foot.
Conclusion A comprehensive evidence-based, expert
consensus-defined educational framework on clinical ultr-
sound is presented. This should facilitate referrals for this
important imaging technique throughout Europe.
Key Points
• Musculoskeletal ultrasound is indicated for detecting joint
synovitis, effusions and fluid collections.

• Musculoskeletal ultrasound is poor at detecting loose
bodies.

• Musculoskeletal ultrasound is relevant for most joints.

Keywords Ultrasonography . Delphi method .

Musculoskeletal . Indications . Consensus

Introduction

In clinical practice, the use of musculoskeletal ultrasonog-
raphy is increasing among radiologists and non-radiologists.
In the United States, musculoskeletal ultrasound usage near-
ly quadrupled between 2000 and 2008, driven primarily by
increased utilisation by non-radiologists [1]. Musculoskele-
tal ultrasonography is also an expanding area in Europe.

In busy daily clinical practice, indications for this imag-
ing technique are frequently based on the experience of the

referring physician and sonographer. Moreover, recent
refinements in ultrasound technology, such as broadband
transducers, allow the evaluation of both superficial and
deep tissues [2]. The wide availability of ultrasound equip-
ment, the non-invasiveness and improved technology has
placed ultrasound as one of the preferred first-line imaging
techniques for investigating musculoskeletal disorders.
However, the technique lacks clear evidence of its effective-
ness in many clinical settings. Therefore, it is difficult to
make strong “evidence-based” recommendations to guide a
referring physician as to what is appropriate to be evaluated
by US in clinical practice. The need for stronger evidence is
illustrated by the lack of published meta-analyses on mus-
culoskeletal ultrasound clinical indications in the radiologi-
cal literature.

Appropriate use of imaging is essential for accurate pa-
tient diagnosis and management as well as optimising the
use of healthcare resources. The European Society of Mus-
culoskeletal Radiology (ESSR) evaluated the evidence cur-
rently available on the clinical value and indications for
musculoskeletal ultrasound. The purpose of this study is to
report the result of the Delphi process made by ESSR
experts and to present clinical guidelines for musculoskele-
tal ultrasound in Europe.

Methods and materials

Study design

A 4-step consensus defining approach utilising the Delphi
method [3, 4] and a panel of European experts in musculo-
skeletal ultrasound were used. The Delphi method is based
on the premise that collective beliefs are generally more
trustworthy than the beliefs of a single person, representing
an efficient procedure to generate knowledge [4]. With this
method, opinions, expertise and critical thinking are
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systematised. Individual feedback on a topic, judgment of
the group’s work, opportunities to change opinion are war-
ranted and anonymous [4].

The first step consisted of three parts: expert selection,
anatomical area selection and questionnaire preparation.
The subsequent three steps included a Delphi round each.

Step 1

Identification of musculoskeletal ultrasound experts

Experts were chosen by the European Society of Musculo-
skeletal Radiology on the basis of proven experience in
practice, research and teaching in musculoskeletal ultra-
sound. MSKUS experts with more than 7 years of experi-
ence, regularly performing US examinations and belonging
to the teaching group of the ESSR were suitable for the role.
Experts were divided into two groups to reinforce indepen-
dent expert opinions.

A total of 16 musculoskeletal radiologists representing 7
European countries (Austria, Belgium, Denmark, France,
Italy, The Netherlands and United Kingdom) were chosen.

Anatomical areas selection

The chosen areas were: hand/wrist, elbow, shoulder, hip,
knee and ankle/foot. These areas correspond to those
previously identified by the ESSR to develop technical
guidelines. An expert panel for each area carried out a
systematic search for and analysis of the literature on
the six topics.

Content validity was achieved by literature research on 6
anatomical areas/topics relevant to musculoskeletal ultra-
sound. Moreover, the experts identified the most important
clinical conditions to be evaluated for each anatomical area.
Literature research was performed before December 2010
and updated to August 2011 considering only papers with
higher (from A to C) levels of evidence (EL). Clinical
indications for ultrasound were first identified by Medline/
PubMed reviews and The Oxford Centre for Evidence-
based Medicine [5]; suggested EL were then used to evalu-
ate each clinical indication according to study design and
critical appraisal of prevention, diagnosis, prognosis, thera-
py and harm studies with the following definitions:

& Level A: Consistent randomised controlled clinical trial,
cohort study, all or none clinical decision rules validated
in different populations.

& Level B: Consistent retrospective cohort, exploratory
cohort, outcomes research, case–control study; or
extrapolations from level A studies.

& Level C: Case-series study or extrapolations from level
B studies.

& Level D: Expert opinion without explicit critical appraisal,
or based on physiology, bench research of first principles.

Each clinical indication was graded according to the
Oxford Centre for Evidence-Based Medicine, based on the
level of evidence (EL).

A grading system to be used in scoring sheets for each of
the clinical conditions was prepared. This grading was used
to achieve expert consensus on clinical conditions with
lower levels of literature evidence.

The following grading was established in consensus:

& Grade 0: US not indicated
& Grade 1: US indicated if other imaging techniques are

not appropriate
& Grade 2: US indication equivalent to other imaging

investigations (other investigations might provide sig-
nificant information)

& Grade 3: US is first choice level technique (other inves-
tigations rarely provide more information)

This grading was also used during the consensus meet-
ings for implementation of expert opinions in cases, where
literature evidence was missing or anecdotal. Several con-
sensus procedures were evaluated regarding clinical utility
of the sonographic evaluation of musculoskeletal diseases.

Steps 2–4

The first consensus was obtained between 2008 and 2009 by
the first expert group with incorporation of the results from
literature research in four meetings which took place at the
European Congress of Radiology (ECR) and European So-
ciety of Musculoskeletal Radiology (ESSR)

The second consensus was obtained by the second expert
group as an independent result. The first two consensuses
used a modified Delphi method until a minimum agreement
level as high as 67% was achieved.

The third and final consensus obtained at the ECR 2010,
included all experts. The third consensus meeting resolved
questions that achieved a consensus lower than 67%. The Del-
phi process allowed a change of view from a previously held
positionwithout any influence on the individual vote.Moreover,
anonymity reduced the effects of group interaction and leaders
influence. All relevant stakeholders attributed a grade (strength)
of recommendation (RG) from 0 to 3 for each clinical indication.

Statistical analysis

Group agreement with the clinical condition under consid-
eration was defined as total cumulative agreement >67%
after the second or third Delphi round. Group consensus was
defined if the consensus level of agreement (CLA) was >90%
for each anatomical area/topic. The results have been
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presented as the total cumulative agreement after the last
Delphi round on the basis of a four-point simplified Likert
scale (agree; agree with minor reservation; agree with major
reservation; disagree). Statistical analysis was performed by
the authors under the supervision of a biostatistician
specialised in medical research.

The format of recommendations for clinical indication
comprised the clinical condition, its level of evidence (EL),
the strength of recommendation (RG) and the percent agree-
ment (CLA).

Funding sources

With respect to the voting process, 100% of participants
agreed that no sponsor influenced their vote. The study did
not receive any financial support.

Results

Upper limb

Hand/wrist

Before December 2010, 67 published articles had been
evaluated [5–68]. Before August 2011, 16 published articles
(case reports excluded) were added [25, 69–83]. No level A
studies were found.

Thirty-six clinical conditions were identified and group
consensus was reached. Joint synovitis obtained an EL of B
with a RG of 3 on expert consensus. For ulnar side wrist
pain, FCU/FCR and Abutment syndrome obtained an EL of
D with RGs of 3 and 0, respectively. After the second round,
the CLA was 42%, which was below the threshold value of
67%; after the third meeting, the overall CLA was 83%.

Detailed results for EL and RG after the third round are
reported in Table 1.

In the hand/wrist area, the result of the concensus was
that use of musculoskeletal ultrasound is not indicated for
haemate fractures, triangular fibrocartilage complexes, cap-
itate fractures, Kienbock’s disease or haemato-lunate
impingements. Volar plate avulsions, scaphoid fractures
and scapholunate ligament injuries had a GR of 1. An EL
of A has not been reported for the hand/wrist area.

Elbow

Before December 2010, 56 published articles had been
evaluated [83–139]. Before August 2011, 13 published
articles (case reports excluded) were added [140–153]. 21
clinical conditions were identified and group consensus was
reached. Joint synovitis and septic arthritis/effusion
obtained an EL of B with a RG of 3 from expert consensus.

For seven clinical conditions no EL was assigned. An EL of
C was assigned to triceps tendon problems after the second
round of literature research. Ulnar nerve neuropathy and
supracondylar elbow fracture/postoperative positioning
obtained an EL of B with a RG of 3 and 0, respectively.

Table 1 Wrist: Detailed results for evidence levels and RG (third
column on the right) after the third round. Grade 0: not indicated;
Grade 1: if other imaging techniques are not appropriate; Grade 2:
equivalent to other imaging techniques (other techniques might pro-
vide significant information); Grade 3: first choice level technique,
other techniques rarely provide more information

Clinical indication Evidence
level

Final
consensus

Tendons and soft tissue

Tenosynovitis/rupture C 3

Mass C 3

Joint Synovitis B 3

Pulley/sagittal band/central slip
injury-ruptures

C 3

Central slip injury C 3

Finger collateral ligament injury C 2

Trigger finger C 3

Ganglion C 3

Rugby/jersey finger C 3

FCU/FCR D 3

ECU/UCL C 3

Foreign Body C 3

De Quervains C 3

Intersection C 2

Bones

Hamate C 0

Pisiform triquetral OA C 2

Capitate C 0

Volar plate avulsion (X-ray neg.) C 2

Finger fracture C 1

TFC C 0

Abutment syndromes D 0

Hammer Hand C 3

Kienbocks C 0

HL impingement C 0

Scaphoid C 1

Trapezium C 0

STT OA C 2

SLL C 1

Nerves

CTS C 3

Guyons canal C 3

Wartenberg syndrome C 3

FCU/FCR flexor carpi ulnatis/radialis; ECU/UCL extensor carpi ulna-
ris/ulnar collateral ligament; TFC triangular fibrocartilage; STT scapho-
trapezio-trapezoidal; OA osteoarthritis; SLL scapholunate ligament;
CTS carpal tunnel syndrome
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After the second round, the CLA was 90%, which was
above the threshold value of 67%; after the third meeting,
the overall CLA was 90% as well.

Detailed results for EL and RG after the third round are
reported in Table 2.

At the level of the elbow, the use of musculoskeletal
ultrasound was deemed not indicated for lateral collateral
ligament, lateral condyle fracture in children/ fractures and
supracondylar elbow fracture/postoperative positioning with
a RG of 0, and for radial head subluxation/fracture and loose
bodies with RG of 1. An EL of A has been reported for
lateral epicondylitis with a RG of 3.

Shoulder

Before December 2010, 96 papers had been evaluated [154–
249]. Before August 2011, 10 published articles were added

(case reports excluded) [250–259]. 23 clinical conditions were
identified and group consensus was reached.

Septic arthritis/effusion obtained an EL of C with a RG of
3 upon expert consensus. After the second round, the CLA
was 88%, which is above the threshold value of 67%; after
the third meeting, the overall CLA was 100%. Detailed
results for EL and RG after the third round are reported in
Table 3.

At the level of shoulder, the use of musculoskeletal ultra-
sound is not indicated for adhesive capsulitis, gleno-humeral
joint traumatic and dynamic instability, and Parsonage-Turner
syndrome with a RG of 0 and for rotator cuff muscle atrophy,
loose bodies, quadrilateral space syndrome and thoracic outlet
syndrome with RG of 1. An EL of A was reported for full
thickness and partial thickness cuff tears with a RG of 3 and 2,
respectively.

Table 2 Elbow: Detailed results for evidence levels and RG (third
column on the right) after the third round. Grade 0: not indicated;
Grade 1: if other imaging techniques are not appropriate; Grade 2:
equivalent to other imaging techniques (other techniques might pro-
vide significant information);Grade 3: first choice level technique,
other techniques rarely provide more information

Clinical indication Evidence
level

Final
consensus

Tendons and soft tissues

Lateral epicondylitis A 3

Lateral collateral ligament D 0

Medial epicondylitis no 3

Medial ligament C 2

Biceps tendon insertion no 2

Bicipitoradial bursitis no 2

Synovitis B 3

Septic arthritis / effusion B 3

Triceps tendon injury C 3

Snapping triceps syndrome D 3

Olecranon bursitis D 3

Bones

Loose bodies C 1

Lateral condyl fracture in children/ fractures C 0 to 1

Radial head subluxation/fracture D 1

Screening trauma C 2

Supracondylar elbow fracture; postoperative
positioning

B 0

Osteochondral injury no 1

Nerves

Radial nerve compression no 3

Median nerve entrapment, pronator
syndrome

no 3

Ulnar nerve neuropathy B 3

Ulnar nerve subluxation D 3

Table 3 Shoulder: Detailed results for evidence levels and RG (third
column on the right) after the third round. Grade 0: not indicated;
Grade 1: if other imaging techniques are not appropriate; Grade 2:
equivalent to other imaging techniques (other techniques might pro-
vide significant information); Grade 3: first choice level technique,
other techniques rarely provide more information

Clinical indication Evidence level Final consensus

Tendons and soft tissue

Bursitis C 3

Full thickness cuff tears A 3

Partial thickness cuff tears A 2

Rotator cuff muscle atrophy B 1

Post-op cuff failure B 2

Calcific tendonitis B 3

LHB: rupture B 3

LHB: dislocation B 3

LHB: tendonopathy B 2

Adhesive capsulitis B 0

Pectoralis/deltoid tears C 2

Septic arthritis C 3

Bones

Loose bodies C 1

ACJ osteoarthritis C 2

ACJ trauma/instability B 2

Sternoclavicular Joint disease C 2

Occult tuberosity fracture C 2

GHJ: traumatic instability B 0

GHJ: dynamic instability B 0

Nerve

Suprascapular nerve entrapment C 2

Quadrilateral space syndrome C 1

Parsonage–Turner syndrome C 0

Thoracic outlet syndrome C 1

LHB long head of the biceps tendon; ACJ acromion-clavicular joint;
GHJ gleno-humeral joint
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Lower limb

Ankle/foot

Before December 2010, 42 original papers have been eval-
uated [260–301]. Before August 2011, 13 papers have been
added and only papers with elevated EL were evaluated
[302–314]. 28 clinical conditions were identified and group
consensus was reached.

Joint effusion and synovitis obtained an EL of C–D and A
with a RG of 3 upon expert consensus. After the second round,
the CLA was 96%, which was above the threshold value of
67%; after the third meeting, the overall CLAwas 96% and the
RG for bony avulsion turned from 0 to 1. Detailed results for
EL and RG after the third round are reported in Table 4.

At the level of the ankle/foot, the result of the concenus was
that use of musculoskeletal ultrasound is not indicated for
posterior talo-fibular ligaments, intraarticular diseases, carti-
lage lesions and fractures of the distal tibia or talus and tarsal
coalition with a RG of 0, and for deltoid and spring ligament
injuries and bony avulsion with an RG of 1. An EL of A has
been reported for tendon tears, tendon sheath effusions, pero-
neal dislocations, calcific tendinitis, retrocalcaneal bursitis,
anterior talo-fibular ligaments, calcaneo-fibular ligaments,
ganglion cysts, nerve entrapments and Morton’s neuromas
with a RG of 3.

Knee

Before December 2010, 187 relevant original papers had
been included [84, 85, 208, 211, 314–487]. Between January
2011 and August 2011, ten papers were added and evaluated
[488–497]. 29 clinical conditions were identified and group
consensus was reached.

Joint effusion, synovitis and septic arthritis obtained an
EL of A or B with a RG of 3 on consensus. Synovial tumors
obtained an EL of B with a RG of 0 on expert consensus.

After the second round, the CLAwas 96%, above the thresh-
old value of 67%; after the third meeting, the overall CLAwas
96% as well, and RG for meniscal tears turned from 1 to 0.

Detailed results for EL and RG after the third round are
reported in Table 5.

At the level of the knee, the use of musculoskeletal ultra-
sound is not indicated for osteochondritits dissecans, plica
syndrome, cruciate ligaments or meniscal tears, and fractures
with a RG of 0. Musculoskeletal ultrasound was considered
not indicated for posterolateral corner lesions (biceps femoris
tendon, lateral collateral ligament, popliteus tendon), intraar-
ticular ganglion, Hoffa’s fat pad syndrome and loose bodies
with RG of 1. An EL of Awith RG of 3 has been reported for
patellar tendinopathy/tear, quadriceps tendinosis/tear, Baker’s
cyst, periarticular bursitis and ganglion, Osgood-Schlatter,
Sinding-Larsen and nerve abnormalities.

Hip

Before December 2010, 52 original papers had been evaluated
[498–549]. Between January 2011 and August 2011, five
papers were evaluated [550–553]. 21 clinical conditions were
identified and group consensus was reached. 4/21 clinical
conditions were added in the third consensus (psoas tendon
problems, hamstrings, trochanteric pain, growing pain).

Synovitis, effusion and synovial cysts obtained an EL of
A with a RG of 2 on expert consensus. Septic effusion
obtained an EL of D with a RG of 3 because of the possi-
bility to perform US-guided aspiration on expert consensus.

Table 4 Ankle: Detailed results for evidence levels and RG (third
column on the right) after the third round. Grade 0: not indicated;
Grade 1: if other imaging techniques are not appropriate; Grade 2:
equivalent to other imaging techniques (other techniques might pro-
vide significant information); Grade 3: first choice level technique,
other techniques rarely provide more information

Evidence level Final consensus

Tendons and soft tissue

Tendinopathy D 3

Tears A 3

Sheath effusions A 3

Peroneal dislocation A 3

Calcific tendinitis A 3

Retrocalcaneal bursitis A 3

Haglund disease A-B 2

Postoperative tendon tear B 3

ATF ligament A 3

PTF ligament D 0

CF ligament A 3

Deltoid ligament A-B 1

Spring ligament D 1

Joint effusions C-D 3

Intraarticular disease D 0

Cartilage lesions D 0

Synovitis A 3

Plantar fasciitis A 3

Retinacula D 3

Ganglion cysts A 3

Bones

Distal tibia B-C 0

Loose bodies D 1

Talus D 0

Bony avulsion B 1

Coalitions D 0

Nerves

Entrapment A 3

Morton neuroma A 2

ATF/PTF anterior/posterior talo-fibular ligament. CF Calcaneo-fibular
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After the second round, the CLA was 88%, above the
threshold value of 67%; after the third meeting, the overall
CLA was 90%.

Detailed results for EL and RG after the third round are
reported in Table 6.

At the level of the hip, musculoskeletal ultrasound was
deemed not indicated for intra-articular snapping hip, oste-
oarthritis, and labral tears with a RG of 0. Musculoskeletal
ultrasound was not indicated also for low-grade muscle

injuries, psoas tendon problems, trochanteric pain, sciatica
and growing pain.

An EL of A with RG of 3 has been reported for fluid
detection and extraarticualr snapping hip.

In summary:

– Joint synovitis obtained a RG of 3 for all joints wrist,
fingers, elbow, ankle and foot, knee (except the subtalar
joint with grade 2).

– Septic effusion obtained a RG of 3 for all joints because
of its potential for diagnostic aspiration.

– Loose bodies obtained a RG of 1 for all joints.
– Fluid detection obtained a RG of 3 all joints (except the

subtalar joint with grade 2).

Clinical conditions in which the use of musculoskeletal
ultrasound was concluded to be highly indicated (with an
RG of 3) are reported in Table 7.

Table 5 Knee: Detailed results for evidence levels and RG (third
column on the right) after the third round. Grade 0: not indicated;
Grade 1: if other imaging techniques are not appropriate; Grade 2:
equivalent to other imaging techniques (other techniques might pro-
vide significant information); Grade 3: first choice level technique,
other techniques rarely provide more information

Clinical Indication Evidence
level

Final
consensus

Tendons and soft tissue

Patellar tendinopathy/tear A 3

Quadriceps tendinosis/tear A 3

Pes anserinus tendinobursitis C 3

Semitendinosus tendon C 2

Semimembranosus tendon C 2

Medial collateral ligament A 2

Iliotibial band friction C 2

Posterolateral corner (biceps femoris
tendon, lateral collateral ligament,
popliteus tendon)

B-C 1

Gastrocnemius insertion C 2

Baker’s cyst A 3

Periarticular bursitis A 3

Periarticular ganglion A 3

Intraarticular ganglion A 1

Osgood-Schlatter, Sinding-Larsen A 3

Synovitis, effusion A 3

Retinacula pathology B 2

Hoffa’s fat pad syndrome D 1

Plica syndrome C 0

ACL tears A 0

PCL tears B-C 0

Meniscal tears A 0

Meniscal cysts B 2

Synovial tumours B 0

Bones

Septic arthritis A-B 3

Osteochondritis dissecans C 0

Knee arthroplasty infection B 2

Loose bodies B 1

Knee fractures B 0

Nerves A 3

ACL/PCL anterior/posterior cruciate ligaments

Table 6 Hip: Detailed results for evidence levels and RG (third
column on the right) after the third round. Grade 0: not indicated;
Grade 1: if other imaging techniques are not appropriate; Grade 2:
equivalent to other imaging techniques (other techniques might pro-
vide significant information); Grade 3: first choice level technique,
other techniques rarely provide more information

Clinical Indication Evidence level Final consensus

Tendons, soft tissue and bones

Fluid detection A 3

Snapping hip:

Extraarticular A 3

Intraarticular D 0

Intraarticular pathology:

Osteoarthritis A 0

Synovitis/Effusion/synovial
cysts

A 3

Labral tears C 0

Septic effusion D 0

Sports hernias D 3

Morel-Lavallee lesions C 3

Muscle injuries low grade B 1

Muscle injuries high grade B 3

Sciatica pelvis D 1

Sciatica thigh D 2

Anterior tendinopathy D 2

Bursitis D 2

Psoas tendonpathology C 1

Hamstrings B 2

Trochanteric pain C 1 note: 2 for
injection

Growing pain C 1

Nerves

Lateral femoral cutaneous C 3

Femoral D 3
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Discussion

This paper represents a comprehensive and practical approach
to the appropriate use of musculoskeletal ultrasound. Guide-
lines for musculoskeletal ultrasound, including training, have
been developed among rheumatologists [554–560]. Differen-
ces among radiologists and rheumatologists regarding clinical
indications and anatomic areas have been highlighted [560].
In the radiological literature, clinical indications for the use of
musculoskeletal ultrasound are currently based on insufficient
published data. The purpose of this study was to develop
clinical guidelines for musculoskeletal ultrasound referral in
Europe. The ESSR identified the field of clinical indications
for musculoskeletal ultrasound as an area where a classical
“evidence-based” approach may be supported by expert
knowledge. For this reason, a Delphi method was considered
appropriate.

The group of experts chose the six anatomical areas
where musculoskeletal ultrasound is commonly employed.
These areas correspond to those already identified by ESSR
and for which clinical guidelines on how to perform the
examination have been developed [561]. For each area,
relevant pathological conditions or clinical conditions ame-
nable to US examination have been selected on the basis of
existing literature and expert opinion. The stakeholders who
participated were all European radiologists who practice
with a particular interest in musculoskeletal ultrasound. This
kind of process ensured that the final results were evidence-
driven and clinically relevant.

After the third round, group agreement (total cumulative
agreement > 67%) was reached for every anatomical area,
reflecting a substantial homogeneous belief among experts.
At the level of the wrist/hand, the third round improved the
total cumulative agreement from 42% to 83%. This data is
mainly related to the disagreement (RG of 2 vs 3) among
soft-tissue structures amenable under ultrasound examina-
tion at the level of the wrist and hand. In this area, a
substantial agreement for the bony structures in which ul-
trasound may be used was present. Indeed, the use of mus-
culoskeletal ultrasound is not indicated for hamates,
triangulat fibrocartilage complexes, capitates, Kienbock,
hamato-lunate impingements, volar plate avulsions, scaph-
oid and scapholunate ligaments with a GR of 1. At the level
of the wrist, no clinical condition yielded an EL of A,
reflecting a lack in the scientific literature. This highlights
the need for research in this area.

At the level of the elbow, group consensus was reached
reflecting a high level of agreement between experts, how-
ever, for seven clinical conditions no EL was assigned
before December 2010. Triceps tendon problems received
an EL of C after the second round of literature research. Not
surprisingly, for evaluation of bony structures (lateral con-
dyle fractures in children/ fractures and supracondylar

Table 7 Clinical indications where musculoskeletal ultrasound is
highly recommended (strength of recommendation level 3). For related
evidence level see Tables 1, 2, 3, 4, 5 and 6. In the left column there are
high grade recommendations for the upper limb; in the right column
there are the recommendations for the lower limb

Wrist Ankle/Foot

Mass Tendinopathy

Tenosynovitis Tears

Tendon rupture Sheath effusions

Joint synovitis Peroneal dislocation

Pulley rupture Calcific tendinitis

Sagittal band injury Retrocalcaneal bursitis

Central slip injury Postoperative tendon tear

Trigger finger ATF ligament

Pulley ganglion CF ligament

Rugby/jersey finger Ant tibiofibular ligament

Foreign body Joint effusions

FCU/FCR Synovitis

ECU Nerve entrapment

UCL Plantar fasciitis

Hammer hand Retinacula

Ganglion Ganglion cysts

De Quervains Knee

FCR Patellar tendinopathy/tear

CTS Quadriceps tendinosis/tear

Guyons canal Pes anserinus
tendinobursitis

Wartenbergs syndrome Baker´s cyst

Elbow Periarticular bursitis

Lateral epicondylitis Periarticular ganglion

Medial epicondylitis Synovitis, effusion

Radial nerve compression Septic arthritis

Median nerve entrapment, pronator
syndrome

Nerve pathology

Triceps tendon injury Osgood-Schlatter, Sinding-
Larsen

Snapping triceps syndrome Hip

Ulnar nerve neuropathy Fluid detection

Ulnar nerve subluxation Extraarticular snapping hip

Olecranon bursitis Synovitis/effusion/synovial
cysts

Synovitis Sports hernias

Septic arthritis / effusion Morel-Lavallee lesions

Shoulder High-grade muscle injuries

Bursitis Lateral femoral cutaneous
nerve

Full thickness cuff tears Femoral nerve

Calcific tendonitis

LHB: rupture

LHB: dislocation

Septic arthritis
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elbow fracture), musculoskeletal ultrasound was considered
not indicated.

At the level of the shoulder, group consensus was
reached with a perfect (100%) agreement after the third
round. For adhesive capsulitis, gleno-humeral joint traumatic
and dynamic instability, and Parsonage-Turner syndrome,
musculoskeletal ultrasound was not considered the technique
of choice and magnetic resonance imaging should be pre-
ferred. Conversely, musculoskeletal ultrasound is highly indi-
cated when full and partial thickness rotator cuff tears are
suspected, with an EL of A.

In the lower limb, group consensus was reached for every
anatomical area defined if the consensus level of agreement
was > 90% for each anatomical area/topic.

In the lower limb, agreement scores between Delphi
rounds changed only slightly, reflecting a homogeneous
and well-established opinion among experts. A relatively
high number of clinical conditions obtained a RG of 0,
especially at the knee. This data indicated a higher level of
agreement for lower limb indications than upper limb. In

summary, musculoskeletal ultrasound is highly indicated for
detecting joint synovitis, effusions and fluid collections.
Musculoskeletal ultrasound is poor at detecting loose
bodies.

We believe that the clinical guidelines developed in this
consensus are a useful tool for a rational use of musculo-
skeletal ultrasound in the clinical setting. The interactive and
thorough process used strongly supports their use. The pre-
evaluation evidence base was shown to be poor and clearly
suggests that further high-quality research is needed for a
better definition of evidence levels in this area. Moreover,
we agree that ultrasound is a strategic issue for radiology
and that radiological leaders have to support increased qual-
ity and visibility of US within the radiological community
[562].

Due to the extensive amount of important references of this article, the
list of references can be found in the online version of this article as
supplementary material.
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