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COURSE OBJECTIVES

• KNOW THE INDICATIONS, BENEFITS, AND LIMITATIONS OF POCUS (PATIENT CARE)

• ASSESS ANATOMY, PHYSIOLOGY, AND PATHOLOGY WITH POCUS (MEDICAL KNOWLEDGE)

• COMMUNICATE THE RESULTS OF A POCUS SCAN TO THE PATIENT AND TREATMENT TEAM   

(INTERPERSONAL AND COMMUNICATION SKILLS) 

• TALK TO THE PATIENT ABOUT THE RISKS AND BENEFITS OF POCUS AND ALTERNATIVES TO 

POCUS (PROFESSIONALISM) 

• UTILIZE POCUS TO DECREASE TIME TO DIAGNOSIS, DECREASE PROCEDURE 

COMPLICATIONS, AND EXPEDITE MEDICAL CARE (SYSTEMS-BASED PRACTICE) 



SYED A. NASEERUDDIN, MD FAAFP

SECTION 1
• Physics of Ultrasound
• Knobology Basics
• Overview of MSK Ultrasound

Disclosures: I have no disclosures.  I am not affiliated with any Ultrasound company.

I would like to express my appreciation to GE for their kind support of our workshop this afternoon 
by supplying us with some different equipment for demonstration use.



Piezoelectric Effect
• First Discovered by Pierre and Marie Curie in 1880
• Used natural Quartz to covert Electric energy to Sound 

Waves
• Using a transducer [houses a linear array of crystals] a 

beam can be focused through another medium as sound 
waves

• Sonar was developed during the 1940s for use in WWII, 
directing sound waves through water and listening for echo

• Medical applications were developed in the late 1950s
• Piezoelectric effect is BIDIRECTIONAL
• Pulse-Echo principle basically converts electricity into 

sound [PULSE] and then the sound bounces back [ECHO] 
and reverts to energy which is displayed on the screen





Ultrasound Production and Transducers

• Transducers contain piezoelectric crystals/elements 
which produce ultrasound pulses

• These elements convert electrical energy into a 
mechanical soundwave

• Various types of Transducers are available with 
differing frequencies

• High frequency probes have good resolution, but 
poor penetration

• Low frequency probes have good penetration 
[depth] but poor resolution



Ultrasound Physics

Velocity
• Speed at which a sound wave travels through 

a medium
• Determined by density and stiffness of media
• Slower in air/gas, faster in solids

Frequency = Probe selection
• Number of cycles/sec measured as Hz
• Frequency ranges from 2-15 MHz used in 

medical applications

Amplitude = Gain = Brightness
• Strength/intensity of a sound wave at any 

given time
• Represented as the height of the wave
• Decreases with increasing depth

Wavelength = Depth
• Distance over which one cycle occurs





An Ultrasound System’s Goal is to make like tissues appear the same, and 
unlike tissues appear different.  To that end, knowing your settings is key to 

obtaining the most informative and accurate image.

Ultrasound Beam is roughly 1mm thick slice.  The image produced is a 2-D tomographic slice

User controls the depth and the aim of the beam

Clinical Applications as a Visualization Tool
• Nerves, soft tissue masses
• Vessel position, size and patency
• Venous access via dynamic imaging
• Nerve blocks
• Joint injections
• Ligament and muscle guided injections



Attenuation and Gain

• Sound is attenuated by tissue, water and gel 
interfaces

• To penetrate more tissue, signal attenuation 
must increase

• Compensation is done by increasing the GAIN 
based on the depth

• Increasing GAIN will not increase the power 
output

• Power output is usually set within the study 
PRESETs

• Gain Balance is crucial to a good image



Depth [Time] Gain Compensation

At times, fine tuning of the
Gain at different depths is
necessary for obtaining the
optimal image The array of
sliders located next to the
keyboard allow for changes
in gain at particular depths.
Usually they are aligned in
the center and GAIN is
initially optimized at the
main knob prior to adjusting
the sliders.



Probe and Depth Selection
Remember that probe 
selection [FREQUENCY] 
is a contributing factor 
to the depth 
resolution.  

Setting the proper 
DEPTH is also a critical  
factor because 
pathology can be 
missed with the wrong 
depth settings.



ECHO Reflections

No Reflections = Black areas
Hypoechoic or Anechoic areas
Air, Fluid, Cyst, Blood, Urine

Weak Reflections = “50 Shades of Gray”
Isoechoic areas
Solid Organs, Thick fluids

Strong Reflections = White
Hyperechoic areas
Diaphragm, Tendons, Fat, Bone







• The M-mode (Motion-mode) ultrasound is used 
for analyzing moving body parts ( also called 
time-motion or TM-mode) commonly in cardiac 
and fetal cardiac imaging.

• Used for studying the motion of interface.

• The high sampling frequency (up to 1000 pulses 
per second) is useful in assessing rates and 
motion, particularly in cardiac structures such as 
the various valves and the chamber walls.



Doppler Ultrasound



Types of Doppler Waves



COLOR DOPPLER…What is it?

BART
RED = TOWARDS THE PROBE
BLUE = AWAY FROM THE PROBE



Power Doppler imaging (PDI) is a new ultrasound technique that, in contrast to color Doppler 

flow imaging (CDFI), generates intravascular color signals from the reflected echo amplitude 

depending mainly on the density of red blood cells.  This modality is very useful to find areas of 

inflammatory response in soft tissues and is superior to color doppler for finding small vessels and 

capillaries.  Increased capillary flow is indicative of an inflammatory process, while decreased 

capillary flow could reflect ischemia or infarction..

Color Flow Doppler

Power Doppler Imaging vs Color Doppler



Rheumatoid Arthritis in the PIP Joint

Achilles Tendinosis Patellar Tendinosis

Clinical applications of PDI



Imaging Tips
Know your anatomy
• Skin
• Muscle
• Tendons
• Nerves
• Vessels

Recognize Normal so 
you can spot 
abnormal

Compare 
contralateral sides if 
unsure



Planes, Probes and Slices





GAIN

PDI
Needle Steer

B 
mode

Color 
Doppler

M Mode

Doppler

Depth

Depth
Gain

Control

Typical Ultrasound Keyboard



What you may encounter



MSK Ultrasound: The Shoulder - Highlights

• The Biceps tendon in the Bicipital 
Groove of the Humerus –
Transverse/Axial view – Normal

• Biceps Tendonitis- Axial View –
ABNORMAL

• Anterior shoulder demonstrating 
intact supraspinatus – Transverse 
view – Normal

• Supraspinatus [Rotator Cuff] Tear –
Anterior Transverse View -
ABNORMAL



MSK Ultrasound: The Guided Shoulder Injection



MSK Ultrasound: The Upper Extremity - Highlights

Is this a muscle tear of the upper arm?

Imaging the Biceps Insertion at the Elbow

Insertional Tear of Biceps Tendon on Right Arm 
with a comparison of the Left ArmIMPLENON



MSK Ultrasound: Upper Extremity - Tennis Elbow

Longitudinal view of lateral epicondyle. Above is 
inflammation of the ECRB  insertion,  seen under PDI.

Longitudinal view of the contralateral normal lateral epicondyle 
with no PDI evidence of capillary formation.

Ultrasound Guided prolotherapy of the ECRB as treatment for Tennis Elbow.



MSK Ultrasound: The Upper Extremity - Snapping Tendon

Snapping of the Extensor Carpi Ulnaris tendon over the ulnar groove, usually associated with a tear of the 
sub-sheath.  This diagnosis would be difficult to see in other static imaging modalities, but ultrasound allows 
for DYNAMIC imagery.



MSK Ultrasound: The Wrist – Carpal Tunnel



MSK Ultrasound: The Guided Hip Joint Injection



MSK Ultrasound: The Guided Knee Joint Injection
The Suprapatellar Fat Pad approach

Needle





Normal Medial Meniscus

Torn Extruded Medial Meniscus

THE INFAMOUS ACL



MSK Ultrasound: Lower Extremity Pathology



MSK Ultrasound: The Guided Plantar Fascia Injection

Normal PF – note thickness

Abnormal PF – note thickness



Questions will be entertained at 
the conclusion of Dr. Jimmy Rossi’s 

Presentation

Thank you for your attention

Some slide content credit to Slideshare.net, ACEP’s Sonoguide and Google Image search



JAMES M ROSSI, MD

SECTION 2: Clinical Applications

• The E-FAST exam
• Cardiology Applications
• Abdomen and IVC
• Obstetric Applications

Disclosures: I have no disclosures.  I am not affiliated with any Ultrasound company.



Clinical Uses of Ultrasound in the Acute Setting

• Differentiating COPD from CHF
• Abdominal Aortic Aneurysm Screening
• Gallbladder/Gallstone Imaging 
• Kidney Stone Detection
• DVT Screening
• Baker's Cyst Differentiation
• Abscess with or without Cellulitis
• Viability and Vertexing of Fetus 
• Pneumothorax Detection
• Testicular Torsion Rule Out
• Retinal Detachment/Foreign Body



Some Ultrasound Numbers
Imaging Study Sensitivity Specificity Facts

Cholecystitis 90-95% 78-80% Murphy’s*

Cholelithiasis >95% >95% Stones >2mm

Appendicitis 37% 87% PPV of 97%

Alveolar Consolidation 90% 98% *Pneumonia

Calf DVT vs Proximal 
DVT

57% vs 97% 98% vs 98%

Pleural Effusion 94% 97% > 20ml fluid

Kidney Stone 45% 88-92% > 3mm is better

Abscess 97% 86% Neg LR 0.04



The E-Fast Exam: For Immediate Answers

• 5 acoustic windows used in 
emergency setting for identification 
of free fluid, pneumothorax, organ 
damage 
⚫ Subcostal/Subxiphoid
⚫ Anterior Thoracic (Left and Right)
⚫ Right Upper Quadrant
⚫ Left Upper Quadrant
⚫ Pelvic

• Benefits include immediate 
assessment prior to transfer 
allowing for stabilization as needed

• Fluid detection at the level of 20mL



Thoracic Imaging

• Pleural Sliding is key and 
should be seen in all areas

• Consider blebs and 
adhesions

• Don’t trust subcutaneous 
space

• Don’t miss lung points
• Notice B lines



Imaging the Heart 

Views of the Heart:

⚫ Long Axis Parasternal
⚫ M-mode for mitral valve

⚫ Short Axis Parasternal

⚫ Subxiphoid (IVC)

⚫ Apical



Inferior Vena Cava and Fluid Status

Differentiating a fluid 
overloaded state from 
euvolemia or hypovolemia

IVC
% Collapse 
(inspiration)

CVP (mm Hg)

<1.5cm >50% 0-5

1.5-2.5 >50% 5-10

1.5-2.5 <50% 10-15

>2.5 Minimal 15-20



Pathology Examples



Screening the Abdominal Aorta



Viewing the Gallbladder

•Pear-shaped 
Exclamation Mark

•Hepatic Fissure

•Wall thickness less 
reliable when 
contracted



Identifying Gallstones

•Stones 
appear 
hyperechoic

•They usually  
cast an 
anechoic 
shadow



Fetal Vertexing



Documenting your Ultrasound Exams
Limited Exam

• a limited ultrasound exam is one in which 
less than the required elements for a 
complete exam are performed and 
documented. 

• The focused ED-FAST exam would be 
considered a limited  study

• An abdominal ultrasound used to 
evaluate the presence of an abdominal 
aortic aneurysm would be reported as a 
limited retroperitoneal ultrasound

• Injection of a torn supraspinatus muscle 
would be a limited shoulder examination 
and procedure.

Complete Exams

• A complete ultrasound exam is one that 
attempts to visualize and diagnostically 
evaluate ALL of the major structures within 
the anatomic region. 

• A complete abdominal ultrasound (76700) 
would consist of real time scans of the liver, 
gallbladder, common bile duct, pancreas, 
spleen, kidneys, upper abdominal aorta, 
and inferior vena cava, including any 
demonstrated abdominal abnormality.

• A complete shoulder exam consists of 13 
views of the structures of bones, rotator 
cuff, tendons, etc.



Documenting your Ultrasound Exams
A report of your ultrasound exam must include the following components:
• Patient Demographics
• Relevant Clinical indication for the study
• Body of report (description of study, findings, limitations, etc.)

• Should include at least two views (axial, coronal, sagittal)
• Probe used (linear, curved, cardiac, transvaginal, etc.)

• Impression (diff dx, diagnosis, additional studies recommended, adverse reactions, etc.)
• should identify who performed the procedure and who interpreted the procedure
• The scope of the study should be described including whether the study was complete or 

limited, a repeat examination by the same clinician, a repeat examination by a second 
clinician, and/or a reduced level of service.

• Interventions (injections, thoracentesis, vascular access, etc.) should mention the gauge 
and length of needle used, the volume/strength of any medications injected, volumes of 
fluid drained as well as a description of the drainage (color, viscosity, etc.)

• Must record at least one image in the medical record!



THANK YOU FOR YOUR ATTENTION

QUESTIONS WILL BE ENTERTAINED NOW

HANDS-ON WORKSHOP TO FOLLOW

PLEASE ASSEMBLE IN GROUPS OF 10 AT ONE OF THE 4 STATIONS:
• MSK - SYED
• CARDIAC AND ABDOMEN - JIMMY
• E-FAST - PATTY
• GRAB-BAG - SHERRY

Some slide content credit to Slideshare.net, ACEP’s Sonoguide and Google Image search


