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Abstract: Background: Acute lower limb pain represents one of the most common presentations at emergency
department and rheumatology outpatient clinic, its accurate diagnosis is needed for rapid and proper treatment. The
availability of 2D high frequency US machines should help in its diagnosis. Aim of the work: 1) Clearing up of
most common causes that lead to acute lower limb pain, Assess the role and accuracy of 2D high frequency US in
diagnosis of acute limb pain with absence of color flow Doppler (CFD) units at the emergency department (ED) and
rheumatology outpatient clinics 3) Applying a diagnostic protocol for acute limb pain including physical
examination, D high frequency US. Subjects: 200 patients were presented by acute lower limb pain at emergency
department and/or theumatology outpatient clinic of Sohag University Hospital. Methods: Patients were examined
clinically and by B-mode 2D high frequency U/S unit. Results: 40 patients had thrombosed veins, had acute
ischemia, had cellullitis, had acute leg hematoma, had ruptured Baker's cyst, had leg abscess, had acute
tenosynovitis of peroneii and tibialis posterior tendons, had knee arthritis and injuries, had ankle joint arthritis, and
one case had tennis leg. Conclusions; 2D high frequency US can replace CFD in rapid assessment of most cases
presented by acute lower limb pain and save time for the physician in decision making.
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1.Introduction: Patients with previous history of DVT in the

Acute LL pain represents a common same limb and those who had investigations with
presentation at the Emergency and Rheumatology proved diagnosis were excluded from the study. All
Departments. Its proper evaluation is crucial, and patients were subjected to full clinical examination
faulty diagnosis is serious specifically with acute by vascular surgeon and rheumatologist to assess the
ischemia and DVT, acute gouty arthritis, ruptured suspected cause of acute limb pain with special
Baker's cyst, acute knee or ankle arthritis, or acute concern to critical vascular or rheumatological
neuropathic pain. CFD is considered the primary problems as acute ischemia & DVT or other causes
noninvasive diagnostic method for DVT. It is regarding musculoskeletal & neurological problems.
considered as primary investigatory module for Immediately after clinical assessment, all
venous diseases according to the standards of the patients were examined by 2D high frequency U/S.
Inter-societal Commission for the Accreditation of Those patients were referred to radiology department
Vascular Laboratories (ICAVL) (1). to the second check US then by CFD by senior

However CFD units are expensive ones and radiologist. CFD results were taken as the Gold
usually unavailable at ED and primary health care standard method of examination and finally these
units. In addition, expert radiologists will not be results were compared. Blood samples for D-diamer
available along whole 24 hours of the day. B-mode were taken from some patients with clinically
US units can be used easily instead of CFD units (1). suspected DVT and unclear radiological diagnosis.

In this study, we aim to highlight the causes of U/S was performed by Logiq 100 machine, GE
acute LL pain and how to diagnose them by B-mode medical systems with Linear (5-15 MHZ) and convex
US units. (3-12 MHZ) probes. CFD U/S was performed by

sono line versa plus machine, Siemens medical
2. Material and Methods systems, Erlangen, Germany.

The study was carried out on 200 patients Other investigations as abdominal and pelvic
presented by acute lower limb pain for duration of 18 US with attention to IVC, iliac vessels, enlarged
months from January 2012 to June 2013. All patients lymph nodes, pelvi-abdominal masses might be
referred to ED and rheumatology outpatient clinic, needed.

Sohag University Hospitals, by acute lower limb pain The aim of 2D high frequency US was to assess
were admitted & included in the study after taking venous system for DVT |,  superficial
informed consent. thrombophelibitis, complicated varicose veins,

29



Journal of American Science 2014;10(3)

http://www.jofamericanscience.org

assessment of arterial system for thrombosis, emboli,
complicated aneurysms, assessment of knee joint for
effusion, gouty arthritis and Baker's cyst, assessment
of ankle joint for tenosynovitis and gouty arthritis,
assessment of leg muscles for contusions and
intermuscular hematoma, assessment of leg edema,
inguinal lymph nodes, associated abscesses,
assessment of bony structures for cortical fractures,
osteomyelitis, erosions and masses.

3. Results

The study included 200 patients, 102 males and
98 females. Their ages ranged from 18 to 67 years
old with mean age 46+5.

Knee arthritis and injuries was the most
common cause of acute lower limb pain, accounting
for about one quadrant of all cases (49 cases, 24.5%).
This is followed by venous thrombosis cases (40
cases, 20%), then cellulitis (22 cases, 11%),
hematoma (19 cases, 9.5%), ruptured Baker's cyst (18
cases, 9%), ankle arthritis (17 cases, 8.5%),
tenosynovitis and acute ischemia (14 cases, 7% each),
leg abscess (6 cases, 3%) and lastly one case (0.5%)
with tennis elbow (Table 1). Among the cases of knee
affection, degenerative osteoarthritis accounted for
two thirds of the cases (33/49), followed by internal
derangement (10/49) and lastly gouty arthritis (6/49)
(Table 2). Ankle arthritis were mostly gouty (11/17)
but degenerative arthritis also was present in 6 cases
(Table 3). All cases were diagnosed by US, except 13
case out of the 40 cases of venous thrombosis, who
were only diagnosed by CFD.

Table (1):- Results of acute limb pain

No. Diagnosis No. of cases | %
I Venous thrombosis 40 20
1T Acute Ischemia 14 7
111 Cellullitis 22 11
v Hematoma 19 9.5
\Y Ruptured Baker cyst 18 9
VI Leg abscess 6 3
Vil Tenosynovitis 14 7
VIII | Knee arthritis and Injury 49 24.5
IX Ankle arthritis 17 8.5
X Tennis leg 1 0.5
Table (2):- Knee Injury
No. Diagnosis No. of cases | %
I | Degenerative (Osteoarthritis) 33 67.4
II Gouty arthritis 6 12.2
11 Internal Derangement 10 20.4
Table (3):- Ankle Arthritis
No. Diagnosis INo. of cases| %
I |Degenerative (Osteoarthritis 6 35.3
I Gouty Arthritis 11 64.7
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4. Discussion

Acute LL pain is one of the most common
complaints  presented at  Emergency and
Rheumatology Departments. Its diagnosis is
important for early and proper treatment. With lack
of CFD units and CFD machine specialists at ED or
rheumatology outpatient clinic, primary health care
units, it is mandatory to use simple 2D high
frequency US machines to deal with these cases.

US is increasing in use at ED and
Rheumatology practice because it allows detailed
anatomical evaluation of blood vessels, lymphatics,
joints and surrounding soft tissues. It is safe, portable,
and inexpensive in comparison with computed
tomography (CT) and magnetic resonance imaging
(MRI) scanning and can be performed rapidly (1).

Acute LL pain were related to vascular,
musculoskeletal, inflammatory, neurological
affection, trauma or others.

The most common vascular causes included

DVT and acute ischemia. The most common
musculoskeletal causes included acute gouty arthritis,
internal derangement, osteoarthritis, ruptured Baker's
cyst and acute tenosynovitis.
Venous thrombosis; affected deep or superficial
veins. The affected deep veins were small sized
venules, infra-popliteal veins, popliteal, femoral or
iliac veins. The superficial venous thrombosis were
thrombosed great saphenous or short saphenous veins.
The major deep and superficial veins were assessed
easily by B mode US machines (1). The classical
clinical picture of deep venous thrombosis included
pain, tenderness, swelling, warmth, redness and
distention of superficial veins.

Clinical manifestations of DVT were unreliable.
If clinical signs alone were used to diagnose DVT,
42% of patients would receive unnecessary
anticoagulation therapy. Because of its high
sensitivity (95%) and specificity (100%), particularly
proximal to the knee. US was the best initial test to
detect DVT. By US, the normal vein was
compressible, had thin wall and sonolucent lumen.
With deep venous thrombosis, the lack of
compressibility and presence of echo genic thrombus
were sufficient for its diagnosis (2).

In our study, the second most common cause of
acute LL pain was venous thrombosis which presents
20 % of all cases (40 cases). 27/40 patients were
diagnosed by 2D high frequency US. Of these 27
cases, 15 had ileo-femoral DVT, 8 had popliteal DVT
and 4 had great or short saphenous vein thrombosis.
The remaining 13 cases could only be diagnosed by
CFD and all of them had infra-popliteal DVT.

Acute LL ischemia; it was usually diagnosed
clinically by pallor, coldness, pulseless, painful limb,
paraesthetic feeling and paralysis. 2D high frequency
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US provided valuable data about arterial tree. B-
mode US detected arteriosclerosis, athermatous
plaques, absence arterial pulsations, emboli, thrombi,
and might visualize uncommon pathology e.g.
thrombosed aneurysms. With arteriosclerosis;
thickened arterial wall, irregular intima, and arterial
wall calcifications were seen clearly by B-mode US.
The athennatous plaques were detected specifically if
calcified. B- mode US assessed its size, extent,
surface and % of stenosis. However, it could not
assess % of luminal patency, specifically, with large
sized calcified plaques (3).

The embolus appeared as echo genic focus that
might be or not associated with thrombus. It usually
showed to and fro movements with each cardiac
cycle. The emboli were usually impacted at common
femoral bifurcation, distal superficial femoral artery
at level of adductor canal or at popliteal bifurcation.
The distal arterial tree was thrombosed or patent. If
patent, it was collapsed and showed easily
compressibility like that of adjacent vein. The
patients usually had cardiac arrhythmias or history of
valvular heart disease (3).

In our study, 14 cases had acute lower limb
ischemia (7 cases had arterial emboli, 5 had arterial
thrombosis and 2 cases had infra-popliteal
thrombosis), and all of them were diagnosed by US.
Cellulitis; is a spreading inflammatory reaction
occurring along subcutaneous and fascial planes with
edema and hyperemia. Cellulitis is probably the most
common form of musculoskeletal infection
encountered in hospital practice. It usually results
from a Streptococcus pyogenes or Staphylococcus
aureus infection. The ultrasound appearance of
cellulitis varies depending on the stage and severity.
The initial appearance may be generalized swelling
and increased echogenicity of the skin and
subcutaneous tissues. As cellulitis progresses and the
amount of subcutaneous fluid increases, hyperechoic
fat lobules become separated by hypoechoic fluid-
filled areas. This later stage of cellulitis is most
typical and has been described as having a
cobblestone appearance (4). US can be helpful to
detect occult abscesses that necessitated drainage
procedures. This can support the use of ultrasound in
the evaluation of most patients with cellulitis (5).

In our study, 22 cases had cellullitis. 7 cases had
diabetes mellitus, 5 cases had liver cirrhosis, 6 cases
received chemotherapy for different types of
malignancy and 4 cases had no concomitant disease.
All cases had manifestations of cellulitis as hotness,
redness, tenderness, edematous leg with enlarged
inguinal lymph nodes. They responded well to
medical treatment.

Leg collections; were related to hematoma, ruptured
Baker's cyst or abscess formation. B-mode US
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detected the collection easily, however, it could not
differentiate between different types of fluids. The
distinction between them required diagnostic
aspiration. US helped to determine the centre of
collection to guide the needle through it. Aspiration
were made for all contents as a therapeutic tool or
just a sample to be sent for laboratory assessment (6).
Tennis leg; means complete or partial rupture of the
fibers of the musculotendinous junction of the medial
head of the gastrocnemius muscle. It is one of the
most common muscle injuries that occur with
running by hyperextension of the knee and forced
dorsiflexion of the ankle. It causes acute leg swelling
and tenderness with significant functional impairment,
but usually resolves after few weeks with a low
recurrence rate. US allows for rapid confirmation of
the clinical diagnosis and exclusion of other diseases.
Partial muscle tears are seen on US as either small (<
2 cm), heterogeneous, echogenic areas or focal hypo
echoic change within the muscle fibers, whereas
complete tears are larger and are often associated
with a hypoechoic hematoma. When a large
hematoma or fluid collection is present, US guided
drainage may produce rapid relief of symptoms and
restoration of function. Tennis leg was found to be
associated with DVT in 10% of patients (7). In our
study, we diagnosed one case of tennis leg.

In our study, 19 cases had leg hematoma.
Hematomas were liquefied or organized. The
liquefied hematoma appeared as hypo echoic fluid
collection and was completely aspirated under US
guidance. The organized hematoma had mixed
hypoechoic and hyperechoic contents with difficult
complete aspiration that required surgical evacuation.
Baker cysts are the most common cystic lesions seen
around the knee. It represents enlargement of the
gastrocnemio-semimembranosus bursa. Baker cysts
are usually secondary to degenerative changes of the
knee, but they can result from meniscal rupture,
pigmented villonodular synovitis, chronic infectious
processes, and inflammatory arthritis especially
rheumatoid arthritis. The medial gastrocnemius-
semimembranosus bursa communicates with the knee
joint in more than 50% of patients older than 50 years.
In a study by Langsfeld et al, who used US to rule
out DVT, Baker cysts were found in 3% (8).

Asymptomatic popliteal cysts are considered an
incidental finding. Symptoms usually arise from
growth, leak or rupture of the cyst. Dissection of the
calf musculature causes pain and edema, symptoms
that can simulate DVT. Musculoskeletall ultrasound
(MSUS) is the preferred investigation as it is
inexpensive, sensitive, and widely available (9).

Our study included 18 cases had ruptured
Baker's cysts. They were presented by acute swollen
limb with diffuse edema. 2D high frequency US
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properly  detected the collection  between
gastrocnemius and soleus muscles that had extension
toward the popliteal fossa. US guided aspiration was
performed for all cases, followed by tight bandage
with high success rate. Aspiration relieved the pain
rapidly and bandage prevented its re-accumulation in
16 out of the 18 cases (88.9%).

Tenosynovitis; the normal tendons on US had a
fibrillar pattern on longitudinal scan and a punctate
pattern with hypo echoic rims around, representing
the synovial sheath, and a small content of fluid
(thickness of the surrounding halo < 2mm), in
transverse scan. Synovitis was visualized as an
anechoic or hypoechoic intracapsular material
represented by two components: effusion and
synovial hypertrophy (10).

In our study, we detected 14 cases with

tenosynovitis involving the peroneii tendons (7 cases),
tibialis posterior tendon (4 cases) and Achilles tendon
(3 cases). They were presented by acute swollen
ankle, after inversion/eversion trauma to the ankle.
The plain X-ray films were -ve for fractures. BY US,
the affected tendons appeared swollen and edematous
with hyperechoic echopattern. Associated effusion
was seen within their tendon sheaths which appeared
as hypo echoic fluid rim > 3 mm thickness.
Knee arthritis and injury; Acute knee arthritis was
presented by acute painful and swollen leg maximally
around knee region that might be mistaken as DVT.
Knee arthritis is mostly degenerative, but gouty
arthritis may also be present. Knee injury that can
cause acute lower limb pain includes internal
derangement (cruciate or menischial injury).

The epidemiological study of knee osteoarthritis
(OA) has had many barriers; a major problem being
the definition of knee OA. The most commonly used
outcome measure in studies of OA has been
radiological criteria, such as those described by
Kellgren and Lawrence (11). Radiographs have
limitations, such as the need for low level radiation
exposure and the inability to view soft tissue
structures and assess inflammation (12).
Inflammation has been shown to be a consistent
feature of OA and has also been found to contribute
to its progression (13-15). Demonstration of
inflammation requires more sensitive modalities like
ultrasound and magnetic resonance imaging(MRI);
the inflammation can also then be quantified.
Tagnocco et al. demonstrated a high prevalence of
ultrasound defined effusions (43%) in 82 patients
with knee OA in Italy and also showed a high
correlation between the total ultrasound score and the
Lequesne index (a validated measure of severity of
knee OA) as well as the patient’s global assessment
of knee pain, which provides some evidence for its
concurrent validity. Ultrasound has the advantage
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over MRI in that it is cheaper, convenient and easier
to use, is dynamic and has no contra-indications to its
use (16, 17).

In our study, 49 cases had acute knee arthritis or
injury, and this was the most common cause of acute
lower limb pain. By US, supra-patellar effusion and
thickened synovium were noted.

Ankle arthritis; is usually associated with gout or
degenerative process.

Although the best imaging method to investigate
the presence of MSU crystal deposits in the early
stages has not yet been established (18), ultrasound
(US) has been demonstrated to be a valid imaging
modality to detect musculoskeletal involvement in
patients with gout (19-22).

The main US findings related to MSU crystal
deposition include hyperechoic enhancement of the
superficial margin of the hyaline cartilage (double
contour sign) hyperechoic spots within tendons and
soft tissues, tophi and bone erosions (20, 23, 24).
Additionally, an increase of blood flow surrounding
the MSU deposits detected by power Doppler (PD)
has been described as an indicator of inflammatory
activity (18, 20).

In erosive arthritides, musculoskeletal US has
been shown to be a valuable imaging method to
confirm early structural damage (25). Moreover, both
magnetic resonance imaging and US are useful
advanced imaging techniques to demonstrate occult
destructive arthropathy in patients with gout and
normal plain radiographs (26). However, to date,
there is only a single US study demonstrating the
existence of tophaceous deposits in asymptomatic
hyperuricemic subjects; remarkably, that study was
focused on the assessment of tendons and synovium
pathology of knees and ankles (18).

17 cases had ankle arthritis were detected in our

study. They had swollen ankle region. By US, diffuse
synovial thickening were noted with or without
effusion.
Leg abscess was found at 6 cases in our study. It was
diagnosed by aspiration of pus. Pus was completely
drained under US guidance in 4 cases. The other 2
cases needed open drainage due to their large sized
cavities and septations. It was mandatory to seek for
osteomyelitis with all cases presented by limb
abscess nearby bone. Missed diagnosis might lead to
re-accumulation of the abscess so clinical diagnosis
alone was not sufficient.

Ultrasound examination may show features of
osteomyelitis many days earlier than X-ray by
visualization of juxtacortical soft-tissue swelling and
periosteal thickening, then by increase of periosteal
thickening and subperiosteal exudate. The sensitivity
and specificity of ultrasound examination in
diagnosis of osteomyelitis has not been determined. It
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is not likely high as MRI or radioisotope studies as it
is limited to outer cortical and juxtacortical tissues
only (5).

Ultrasound gives a wide range of information
that can be used as complementary data to the clinical
assessment. It usually helps the rheumatologist in
routine clinical practice to evaluate inflammatory and
degenerative disorders as well as to adapt an
appropriate treatment and monitor the therapeutic
response. US allows comparison of different
structures with minimal radiation exposure and
assessment of lesions both in early and late disease
and it can help, sometimes, in differential diagnosis
among various rheumatic disorders Moreover it can
assess the disease activity and severity in joints,
tendons, early pathological features and evaluation of
the residual pathology after therapy. Rapid diagnostic
and therapeutic US guided injections for
aspiration/biopsy and precise local drug deposition is
another advantage of that method as well as the
follow up of the treated patients with systemic and/or
local therapies and after surgical procedures (27).

There are some limitations in the US evaluation
of some structures because the US beam does not
penetrate the bone cortex and metallic prosthesis.
Also bony deformities and large calcifications stop
the penetration of the US beam and limit the
achievement of information. Moreover US is still
considered an operator and machine dependent
technique and standardization is still lacking for some
issues. A huge effort has been made over the last
years to prove the validity and reliability of US in the
assessment of joint and tendon pathology. MSUS is a
sensitive, useful method for ankle and foot area
evaluation in rheumatic patients and may be
considered as an integral part of the clinical
assessment procedure in daily practice (28).

Recommendations

2D high frequency US training course should be
essential program to all vascular residents dealing
with emergency hospital patients and acute limb pain.

Conclusions: 2D high frequency US can replace
CFD in rapid assessment of most cases presented by
acute lower limb pain and save time for the physician
in decisionmaking,

References

1. Hamper UM, DelJong MR, Scoutt LM.
Ultrasound evaluation of the lower extremity
veins. Radiologic clinics of North America.
2007;45(3):525-47, ix.

2. Bates SM, Jaeschke R, Stevens SM, Goodacre S,
Wells PS, Stevenson MD, et al. Diagnosis of
DVT: Antithrombotic Therapy and Prevention

33

10.

11.

12.

13.

of Thrombosis, 9th ed: American College of
Chest Physicians Evidence-Based Clinical
Practice Guidelines. Chest. 2012;141(2 Suppl):
e351S -418S.

Mutirangura P, Ruangsetakit C, Wongwanit C,
Sermsathanasawadi N, Chinsakchai K. Clinical
differentiation between acute arterial embolism
and acute arterial thrombosis of the lower
extremities. Journal of the Medical Association
of Thailand = Chotmaihet thangphaet. 2009;

92(7): 891-7.
Chau CL, Griffith JF. Musculoskeletal
infections: ultrasound appearances. Clinical

Radiology. 2005;60(2):149-59.

Tayal VS, Hasan N, Norton HJ, Tomaszewski
CA. The effect of soft-tissue ultrasound on the
management of cellulitis in the emergency
department. Academic emergency medicine :
official journal of the Society for Academic
Emergency Medicine. 2006;13(4):384-8.
Armfield DR, Kim DH, Towers JD, Bradley JP,
Robertson DD. Sports-related muscle injury in
the lower extremity. Clinics in sports medicine.
2006;25(4):803-42.

Delgado GJ, Chung CB, Lektrakul N, Azocar P,
Botte MJ, Coria D, ef al. Tennis leg: clinical US
study of 141 patients and anatomic investigation
of four cadavers with MR imaging and US.
Radiology. 2002; 224(1):112-9.

Kane D, Balint PV, Gibney R, Bresnihan B,
Sturrock RD. Differential diagnosis of calf pain
with  musculoskeletal ultrasound imaging.
Annals  of the  rheumatic  diseases.
2004;63(1):11-4.

Jamadar DA, Jacobson JA, Theisen SE,
Marcantonio DR, Fessell DP, Patel SV, et al
Sonography of the painful calf: differential
considerations. AJR American Journal of
Roentgenology. 2002; 179(3): 709-16.
Wakefield RJ, Balint PV, Szkudlarek M,
Filippucci E, Backhaus M, D'Agostino MA, et
al.  Musculoskeletal —ultrasound including
definitions for ultrasonographic pathology. The
Journal of rheumatology. 2005; 32(12):2485-7.
Kellgren JH, Lawrence JS, Bier F. Genetic
Factors in Generalized Osteo-Arthrosis. Annals
of the rheumatic diseases. 1963;22:237-55.
Spector TD, Hart DJ, Byrne J, Harris PA, Dacre
JE, Doyle DV. Definition of osteoarthritis of the
knee for epidemiological studies. Annals of the
rheumatic diseases. 1993;52(11):790-4.

Spector TD, Hart DJ, Nandra D, Doyle DV,
Mackillop N, Gallimore JR, et al. Low-level
increases in serum C-reactive protein are present
in early osteoarthritis of the knee and predict



Journal of American Science 2014;10(3)

http://www.jofamericanscience.org

14.

15.

16.

17.

18.

19.

20.

progressive  disease.  Arthritis =~ Rheum.
1997;40(4):723-7.

Ayral X, Pickering EH, Woodworth TG,
Mackillop N, Dougados M. Synovitis: a
potential  predictive factor of structural
progression of medial tibiofemoral knee
osteoarthritis -- results of a 1 year longitudinal
arthroscopic study in 422 patients. Osteoarthritis
and cartilage / OARS, Osteoarthritis Research
Society. 2005;13(5):361-7.

Ledingham J, Regan M, Jones A, Doherty M.
Factors affecting radiographic progression of
knee osteoarthritis. Annals of the rheumatic
diseases. 1995;54(1):53-8.

Tagnocco A, Meenagh G, Riente L, Filippucci E,
Delle Sedie A, Scire CA, et al. Ultrasound
imaging for the rheumatologist XXIX.
Sonographic assessment of the knee in patients
with osteoarthritis. Clinical and Experimental
Rheumatology. 2010;28(5):643-6.

lagnocco A. Imaging the joint in osteoarthritis: a
place for ultrasound? Best practice & research
Clinical rheumatology. 2010; 24(1):27-38.

Puig JG, de Miguel E, Castillo MC, Rocha AL,
Martinez MA, Torres RJ. Asymptomatic
hyperuricemia: impact of ultrasonography.
Nucleosides, Nucleotides & Nucleic Acids.
2008;27(6):592-5.

Filippucci E, Scire CA, Delle Sedie A, lagnocco
A, Riente L, Meenagh G, et al. Ultrasound
imaging for the rheumatologist. XXV.
Sonographic assessment of the knee in patients
with gout and calcium pyrophosphate deposition
disease. Clinical and Experimental
Rheumatology. 2010; 28(1):2-5.

Wright SA, Filippucci E, McVeigh C, Grey A,
McCarron M, Grassi W, et al. High-resolution
ultrasonography of the first metatarsal
phalangeal joint in gout: a controlled study.
Annals of the Rheumatic  Diseases.
2007;66(7):859-64.

3/1/2014

34

21.

22.

23.

24.

25.

26.

27.

28.

Dalbeth N, McQueen FM. Use of imaging to
evaluate gout and other crystal deposition
disorders. Current Opinion in Rheumatology.
2009;21(2):124-31.

Schueller-Weidekamm C, Schueller G, Aringer
M, Weber M, Kainberger F. Impact of
sonography in gouty arthritis: comparison with
conventional radiography, clinical examination,
and laboratory findings. European Journal of
Radiology. 2007;62(3):437-43.

Grassi W, Meenagh G, Pascual E, Filippucci E.
"Crystal clear"-sonographic assessment of gout
and calcium pyrophosphate deposition disease.
Seminars in arthritis and rheumatism. 2006;
36(3):197-202.

Thiele RG, Schlesinger N. Diagnosis of gout by
ultrasound. Rheumatology. 2007; 46(7):1116-21.
Keen HI, Brown AK, Wakefield RJ, Conaghan
PG. MRI and musculoskeletal ultrasonography
as diagnostic tools in early arthritis. Rheumatic
diseases  clinics of  North  America.
2005;31(4):699-714.

Carter JD, Kedar RP, Anderson SR, Osorio AH,
Albritton NL, Gnanashanmugam S, et al. An
analysis of MRI and ultrasound imaging in
patients with gout who have normal plain
radiographs. Rheumatology. 2009; 48(11):1442-
6.

Riente L, Scire CA, Delle Sedie A, Baldini C,
Filippucci E, Meenagh G, et al. Ultrasound
imaging for the rheumatologist. XXIII.
Sonographic  evaluation of hand joint
involvement in primary Sjogren's syndrome.
Clinical and Experimental Rheumatology.
2009;27(5):747-50.

Delle Sedie A, Riente L, Bombardieri S. Limits
and perspectives of ultrasound in the diagnosis
and management of rheumatic diseases. Modern
rheumatology / the Japan Rheumatism
Association. 2008;18(2):125-31.



