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Musculoskeletal ultrasound involves the use of high-frequency sound waves

(3-17 MHz) to image soft tissues and bony structures in the body for the purposes of diagnosing pathology or guiding real-time interventional procedures.  By using high-resolution scanning this produces detailed anatomic images of tendons, nerves, ligaments, joint capsules, muscles and other structures in the body.  Subsequently, practitioners may use ultrasound guidance to diagnose tendonosis, partial- or full-thickness tendon tears, nerve entrapments, muscle strains, ligament sprains, and joint effusions, as well as guide real-time interventional procedures for treatment modalities.  


Musculoskeletal ultrasound provides several distinct advantages in relation to basic radiography (X-rays), computed tomography (CT), and magnetic resonance imaging (MRI), especially in focused musculoskeletal and neurological examinations.  Ultrasound is hands-on, dynamic, and interactive examination which allows the practitioner to use high-resolution soft tissue imaging with the ability to image in real-time.  It also facilitates dynamic examination of anatomic structures which interacting with the patient while conducting the imaging study.  The US imaging in minimally affected by metal artifacts (eg- cochlear implants, hardware, or pacemakers) and can also be used in certain patients that are contraindicated in MRI imaging (eg- claustrophobic or obese patients).  US imaging facilitates the ability to guide minimally-invasive, interventional procedures (eg- intraarticular injections and aspirations).  Also it enables rapid contralateral limb examination for comparison studies.  The obvious advantages of portability, relative inexpense value compared to other imaging, lack of radiation risk, and no known contraindications should be strongly considered while using this modality.  

Musculoskeletal US practitioners must also recognize several notable disadvantages in musculoskeletal ultrasound.   It’s most important limitations lie in it’s limited field of view, limited penetration, and consequently incomplete evaluation of bony and joint anatomy. Therefore, ultrasound provides a very high quality picture of a relatively small area; so that clinicians should use US to confirm or characterize pathological changes within a defined body region.  From the equipment standpoint, the musculoskeletal ultrasound study is also limited by the variable quality and variable expense of the US equipment.  From the operator/examiner standpoint, the musculoskeletal ultrasound study is  limited by the examiner’s skill level; with a lack of educational infrastructure and lack of certification or accreditation process seen in this early phase of musculoskeletal imaging.      

The ultrasound equipment consists of a transducer (ie- probe) attached to the main body of the machine via a cord.  These common transducers/probes may exist from a spectrum of high-frequency (15-7 MHz), small-footprint, linear array transducers (ie- “hockey stick”) to high-frequency (17-5 MHz) linear array transducers; both used for superficial imaging studies.  The low- to medium-frequency (5-2 MHz) curvilinear array transducer’s lower frequency facilitates examination of deeper tissues (eg- hip/gluteal region). To generate ultrasound waveforms, the machine generates an electric current to crystals inside the transducer, which in turn vibrate. The vibrating crystals generate a sinusoidal sound wave, a form of mechanical energy.  The transformation of electrical energy to mechanical energy, known as piezoelectricity; can be expressed in terms of frequency, wavelength, amplitude, and propagation speed.  Through the use of ultrasound coupling gel, sound waves use this interface to travel into the body, until they encounter an acoustic interface.  Consequently, the reflected sound wave is detected by the transducer, which using “reverse piezoelectric effect”, then transforms the mechanical sound energy wave to electrical signals for processing.  By alternately generating and recording the amplitudes and travel times of sound beams, the ultrasound machine can use sophisticated computer software to generate the black and white, two-dimensional image of the body part (also known as “pulsed ultrasound”, used to generate a B-mode image).  Therefore, an acoustic interface that reflects a large amount of sound energy will appear brighter on the monitor, compared to less reflective interfaces which appear darker.  For example, a large amount of sound energy is reflected at the interface between bone and muscle, resulting in bone appearing bright (or white) on the monitor screen.  Most importantly, practitioners should understand the concept that all ultrasound images are not based on the absolute material properties of a tissue but rather on the relative material properties of that tissue compared with adjacent regions studied or viewed.  
Diagnostic applications in ultrasound scanning generates a 2-dimensional view of a 3-dimensional structure. The ability to skillfully manipulate the transducer using specific movements (sliding, tilting, rotating, and heel-toeing), ensures that the targeted structures are investigated fully.  The transducer must be moved fully through the entire range of the structure to scan fully and avoid errors of omission.  Anisotropy is a major pitfall of inexperienced practitioners; specifically when an otherwise normal, smooth structure appears “dark” on US imaging since the beam didn’t encounter the structure perpendicular to the plane of the structure.  A beam that encounters the tendon perpendicular to the surface will be reflected backward and toward the transducer, while the beam encountering the surface at any angle is reflected obliquely and away from the transducer.  In these cases, the tendon appears bright (hyperechoic) in the former case, while the tendon appears artifactually dark (hypoechoic) in the latter case.  During the musculoskeletal examination, the examiner should avoid anisotropy by continually manipulating the transducer to direct the generated beam perpendicular to the target structure.  Physicians muscle develop scanning skills in image optimization, which given experience with transducer manipulations will become automatic and occur effortlessly while sliding or rotating the transducer.  In order to facilitate this process, ultrasound manufacturers have established presets for various musculoskeletal applications.   

Therapeutic applications in the use of ultrasonography in interventional musculoskeletal radiology is well established and is used primarily to guide needle placement for injections, aspirations, and biopsies.  The choice of ultrasound transducer is critical, with high-frequency (7-12 MHz), linear array transducers used most frequently.  For deeper structures, such as hips and larger patients, lower frequency curvilinear probes may be required; although they may be prone to anisotropic artifact.  Regardless of the probe selected, a complete sonographic examination (including Doppler exam) of the proposed area should be defined to determine critical structures such as nerve and vessels.  Also this allows the determination of needle trajectory and avoidance of areas of potential infection.  Most musculoskeletal US procedures are performed with a “free-hand technique”, which allows direct, dynamic visualization of the needle tip.  After planning  the safest route of needle access, a line parallel to the long axis of the probe face can be drawn on the skin and the patient’s skin and transducer is sterilized and draped.  The needle is directed toward the intended target under vigilant observation with the long axis of the needle and in line with the long axis of the transducer face.  Strategies to discriminate the needle tip under US involve keeping the tranducer face as perpendicular to the needle as possible by heel-toe angling and probe rocking. By doing so, reverberation artifact posterior to the needle is seen, which aids in highlighting the needle.  Other approaches include sweeping the transducer from side to side while moving the needle in and out; injecting a small amount of local anesthetic to disrupt the adjacent soft tissues to localize the needle tip; and rotating the probe ninety degrees to examine the needle in short axis and determine the needle’s pathway.  
Intra-articular interventional injections using US may be used for joint aspirations (eg- detection of crystal arthropathy or septic arthritis) or therapeutic intra-articular injections with corticosteroids or viscosupplementation (eg- treatment of joint arthritis) (eg- shoulder, elbow, wrist, hip, knee, ankle/foot).  Diagnostic injections with use of short- and long-acting anesthetics can determine the patient’s symptom improvements with long-acting agents.  Most hip and shoulder joints may accept up to 10 mL and small joint of the hands and feet may only accept 1-2 mL.  The integration of diagnostic and interventional musculoskeletal ultrasound into clinical practice is a welcome alternative to procedures that might otherwise be performed under fluoroscopic or computed tomographic guidance in the fields of radiology, physiatry, and anesthesia.  
