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Abstract This review article discusses the current role of

ultrasound in the modern physiatric practice, both as a

complementary diagnostic tool and as a modality for

intervention guidance. Indications, limitations, techniques,

guidelines for utilization, new training and credentialing

initiatives, and potential for future research are discussed.

Indications include the role of diagnostic ultrasound and

ultrasound-guided interventions in the different areas of

physical medicine and rehabilitation (PM&R) including

musculoskeletal, pain, neuromuscular medicine/electro-

diagnosis, pediatrics, and central nervous system rehabili-

tation. Guidelines for utilization including recently

published articles pertaining to the role of ultrasound in

diagnosis of musculoskeletal conditions are reviewed.

Training and credentialing are reviewed, specifically the

introduction and evolution of ultrasound training in PM&R

residency programs as well as recently introduced practi-

tioner certification and practice accreditation processes.

Potential for research is discussed including the need for

further evaluation of cost-effectiveness, accuracy and

efficacy of these techniques when compared to current

standards of practice.

Keywords Sonography � Musculoskeletal �
Rehabilitation � Ultrasound � Diagnostic

Introduction

The use of ultrasound within the field of physical medicine

and rehabilitation (PM&R) is revolutionizing how physia-

trists diagnose and treat many musculoskeletal conditions.

In the past, physiatrists relied on a fundamental under-

standing of anatomy, physical examination maneuvers and

often costly imaging techniques to diagnose and confirm

acute and chronic musculoskeletal conditions. With the

recent advances in technology, ultrasound units have

become more portable, affordable, and accessible, allowing

this modality to become a mainstay in the day-to-day

management of their patients. For the first time, physiatrists

are able to instantaneously confirm physical exam findings

in the office and view tissues of interest both statically and

dynamically. Additionally, ultrasound has proved to be a

useful tool to assist with the real-time visualization of

target and surrounding structures during interventional

procedures and electrodiagnostic testing.

Musculoskeletal ultrasound (MSK US) refers to the use

of high-resolution sonography for the visualization of joints

and soft-tissue structures. While there have been many

exciting advancements with respect to ultrasound in

PM&R, there is concern regarding overutilization. Use of

MSK US has increased considerably during the past decade

among all specialities, and with this has come increasing

pressure by payers to curb use [1, 2]. A recent survey of

international physiatrists found that more than 50 % of

respondents were using MSK US daily in their practice and

90 % believed MSK US should be performed by
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physiatrists to diagnose and treat a wide range of muscu-

loskeletal conditions [3].

In order to support ultrasound’s continued use as a

clinical tool, it must be shown to be safe and cost effec-

tive, and to improve clinical outcomes in well-designed

research studies. The purpose of this paper is to review the

latest advances of ultrasound and present the most recent

literature published regarding the indications, clinical

applications, clinical efficacy, and cost effectiveness of

ultrasound as applicable to a practicing physiatrist.

Indications for Diagnostic Musculoskeletal Ultrasound

In order to better define the role of diagnostic MSK US in

clinical practice, a group of 16 MSK radiologists convened

to develop guidelines for the appropriate application of

sonography in the diagnosis of MSK disorders. These

guidelines were intended to produce a comprehensive,

evidence-based framework for the utilization of MSK US

based on expert review of more than 550 published arti-

cles. They utilized clinical consensus based on their clin-

ical experience and reviewed and graded the available

literature to support these recommendations. They con-

cluded that MSK US could be considered a first-line

imaging modality for 72 clinical indications in the six

commonly described anatomical areas of (1) hand/wrist,

(2) elbow, (3) shoulder, (4) hip, (5) knee and (6) foot/ankle

(Table 1) [4••]. These guidelines, along with previous

recommendations from the European League Against

Rheumatism (EULAR), European Society of Skeletal

Radiology (ESSR), and American Institute of Ultrasound

in Medicine (AIUM) serve as a framework for proper

utilization of ultrasound in clinical PM&R practice [5•].

Indications and Specifications for Ultrasound Guided

Procedures

Ultrasound has become an indispensable tool for image

guidance of interventional procedures within the MSK

system. Unfortunately, there are no accepted standard

techniques for performing ultrasound guided procedures.

The AIUM, supported by several recent reviews, has

attempted to outline recommendations for the performance

of ultrasound guided interventions [6••, 7•]. Davidson and

Jayaraman [8] recently reviewed the indications and level

of evidence for ultrasound guided interventions and dif-

ferent injectates. While the details of every ultrasound

guided injection is beyond the scope of this paper, Table 2

provides a list of commonly performed ultrasound guided

injections with references for selected techniques.

Although there are few absolute indications for the

performance of ultrasound-guided interventional proce-

dures, studies have clearly demonstrated that needle

placement is more accurate with image guidance,

Table 1 Summary of clinical indications for use of diagnostic mus-

culoskeletal ultrasound by anatomic region [4••]

Upper extremity

Shoulder: 106 articles were reviewed. Level A evidence for

evaluation of full and partial thickness rotator cuff tears. Clinical

indications based on consensus opinion include bursitis, partial

and full thickness rotator cuff tears, calcific tendinitis, long head

of biceps rupture and dislocation, and septic arthritis. Ultrasound

was not indicated for evaluation of adhesive capsulitis,

glenohumeral joint instability, Parsonage–Turner syndrome, or

thoracic outlet syndrome

Elbow: 69 articles were reviewed. Level A evidence for

evaluation of lateral epicondylitis. Clinical indications based on

consensus opinion included lateral/medial epicondylitis,

synovitis, septic arthritis, triceps tendon injury, snapping triceps

syndrome, olecranon bursitis, radial nerve compression, pronator

syndrome, and ulnar nerve disorders. Ultrasound was not

indicated for evaluation of lateral collateral ligament, lateral

condyle and supracondylar fractures, or radial head subluxation

Hand/wrist: 83 articles were reviewed. No level A evidence was

reported. Clinical indications based on consensus opinion

included evaluation of tenosynovitis, mass, joint synovitis,

pulley injuries, central slip injury, trigger finger, ganglion cysts,

jersey finger, FCU/ECU pathology, hammer hand, carpal tunnel

syndrome, Guyon’s canal, and Wartenberg syndrome.

Ultrasound was not indicated for evaluation of fractures of

hamate or capitate, evaluation of triangular fibrocartilage

complex, or Kienböck’s disease

Lower extremity

Hip: 57 articles were reviewed. Level A evidence was obtained

for fluid detection, extra-articular causes of snapping hip,

synovitis and effusions. Clinical indications based on expert

consensus include sports hernias, Morel–Lavallee lesions, and

high-grade muscle injuries. Ultrasound was not indicated for

evaluation of intra-articular snapping hip, osteoarthritis, labral

tears, low-grade muscle injuries, psoas tendon problems,

trochanteric pain, or sciatic pain

Knee: 197 papers were reviewed. Level A evidence with a

favorable consensus expert opinion included evaluation of

patellar and quadriceps tendinopathy, Osgood–Schlatter,

Sinding–Larsen, periarticular bursitis and ganglions, and

visualization of nerves. Clinical indications based on consensus

opinion include pes anserine tendinobursitis. Ultrasound was not

indicated for evaluation of osteochondritis dissecans, plica

syndrome, cruciate and meniscal tears, fractures, posterolateral

corner lesions, intra-articular ganglion, or Hoffa’s fat pad

syndrome

Ankle: 55 papers were reviewed. Clinical indications based on

Level A evidence and/or consensus expert opinion include

evaluation of tendon tears, effusions, peroneal dislocation,

calcific tendinitis, retrocalcaneal bursitis, anterior talofibular

ligament, calcaneofibular ligament, plantar fasciitis, ganglion

cysts, nerve entrapments, and Morton neuroma. Ultrasound was

not indicated for evaluation of the posterior talofibular ligament,

intra-articular disease, cartilage lesions, or assessment of

fractures
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specifically ultrasound, when compared to anatomical

landmark or unguided techniques at a variety of anatomical

locations [8–13]. The data are conflicting whether this

translates into improved clinical efficacy [9, 14–16].

Cost-effectiveness has also become an essential part of

the equation when assessing the clinical utility of proce-

dures and tests. In the 2011 CPT codes, ultrasound guid-

ance for needle placement (76942) added approximately

$200 (varies based on geographic location) to the cost of a

procedure. Although the literature is limited, there is some

evidence suggesting that guided procedures are a more cost

effective treatment strategy. Researchers evaluated ultra-

sound versus blind injections in patients with inflammatory

and non-inflammatory arthritis and found a reduction of

$7–17 per patient per year with the use of ultrasound and

even bigger reduction in costs of $64–224 per patient per

year in a subgroup identified as ‘‘responders’’ [17–19].

Ultrasound Applications in Physical Medicine

and Rehabilitation

PM&R is a broad field representing several distinct clinical

areas that have been organized by the American Academy

of Physical Medicine and Rehabilitation (AAPM&R) into

five member councils including: (1) Central Nervous Sys-

tem Rehabilitation, (2) Musculoskeletal Medicine, (3)

Medical Rehabilitation, (4) Pain Medicine/Neuromuscular

Medicine, and (5) Pediatric Rehabilitation/Developmental

Disabilities. Using this organization, the current state and

recent advancements in MSK ultrasound will be discussed.

Musculoskeletal Medicine

As noted above, ultrasound is a first-line imaging modality

for many musculoskeletal complaints as it allows for

dynamic evaluation, sonopalpation of potentially painful

structures and real-time visualization for interventional

procedures (injections, aspirations, and advanced proce-

dures). Ultrasound’s ability to allow for both static and

dynamic assessment provides an inherent advantage over

other imaging modalities when applied diagnostically in

the evaluation of impingement syndromes, rotator cuff and

biceps tendon pathology, tendon dislocations, snapping

hips, and entrapments syndromes [20–22]. These charac-

teristics make ultrasound an ideal clinical companion for

assessment and treatment of musculoskeletal complaints as

outlined in a recent retrospective case review of [1,100

patients that found the use of ultrasound in an outpatient

musculoskeletal clinic reduced the need for repeat clinical

appointments, improved clinical outcomes and increased

patient satisfaction [23].

Ultrasound has also gained wide acceptance and utili-

zation within the field of sports medicine. The portability

of the newer ultrasound units allows for immediate

assessment of injuries making it an ideal tool in ski clinics,

on the sidelines, and in the training room [24, 25•, 26]. The

real time visualization that ultrasound allows has paved the

way for bioregenerative medicine techniques such as

platelet rich plasma and stem cell injections, needle

tenotomy and focused aspiration of degenerative tissues.

Platelet-rich plasma injections have shown promise in the

healing of muscle, ligament, and tendon injuries in animal

models and human evidence continues to grow [27]. A

recent article by Nguyen et al. [28] comprehensively

reviewed PRP in sports medicine, specifically tendinopa-

thy. The emergence of these new treatments, combined

with the needle tenotomy techniques, have been made

possible by the ability to visualize the degenerative tendon,

perform percutaneous needling of the tendon and accu-

rately place the injectate into the desired area. While

Table 2 Examples of ultrasound guided interventions by anatomic

region with key references for each procedure [7•]

Upper extremity

Shoulder

Subacromial-subdeltoid bursa injection [79]

Acromioclavicular joint [80]

Glenohumeral joint [81]

Biceps tendon sheath [13]

Aspiration/lavage of calcific tendinitis [68]

Elbow

Medial and lateral epicondyle [82]

Elbow joint [83]

Hand/wrist

Carpal tunnel [84]

De Quervain’s tenosynovitis [85]

Carpometacarpal and trapeziometacarpal joint [86]

Trigger finger [87]

Scaphotrapeziotrapezoid joint [88]

Distal radioulnar joint [89]

Lower extremity

Hip

Iliopsoas tendon and bursa [90]

Intra-articular hip joint [91]

Piriformis injection [92]

Knee

Intra-articular knee [93]

Baker’s cyst aspiration [94]

Pes anserine bursa [95]

Foot/ankle

Subtalar/tibiotalar/sinus tarsi [96]

Retrocalcaneal bursa [97]

Plantar fascia [98]

Metatarsophalangeal joint/sesamoid disorders [99]

Interdigital neuroma [100]
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ongoing studies are needed to assess clinical efficacy, the

role of ultrasound in the emerging field of bioregenerative

medicine appears crucial.

Medical Rehabilitation

Medically complex patients develop common musculo-

skeletal complaints such as shoulder pain or entrapment

neuropathies, and the use of ultrasound in this patient

population does not differ much from that of athletes as

described above. However, one area of particular interest

within the field of medical rehabilitation is the use of

ultrasound in the amputee population. Evaluation of

residual limb fluid collections, sources of residual limb and

phantom pain, and interventional guidance for the treat-

ment of neuromas have all been described [29–31].

Ultrasound allows for the rapid identification of adventi-

tial bursae and neuromas at the distal residual limb. It has

also been shown to be effective guiding neurolysis in the

treatment of phantom and residual limb pain [32]. Gruber

et al. [33] described their clinical experience with 82 subjects

and found ultrasound guided neurolysis was both safe and

clinically effective. While no studies exist comparing

ultrasound guided versus unguided phenol injections, there is

certainly concern regarding imprecise injection of phenol

given possible adverse local and systemic effects that would

seem to warrant the use of image guidance. An alternative to

phenol includes the use of a cryoprobe under ultrasound

although this has not been well studied [31].

Pain Medicine/Neuromuscular Medicine

Pain Medicine

As indicated by the robust body of evidence ([1,500 arti-

cles since 1994), anesthesiologists have embraced the use

ultrasound in regional anesthesia. The evidence clearly

supports its role in increased efficacy and safety in the

performance of peripheral blockades. However, the role of

ultrasound in pain medicine is still being defined [34]. A

recent review by Narouze [35•] noted a dearth of quality

research pertaining to ultrasound-guided pain procedures in

which to develop evidence based guidelines.

Ultrasound-guided interventional pain procedures have

been described for cervical, thoracic, and lumbar facets

[36–38]. Galiano et al. [39] has shown that ultrasound-

guided lumbar facet injections were both safe and effective

with decreased procedure time and no ionizing radiation

exposure for the patient or practitioner and Yun et al. [40]

demonstrated that the efficacy of ultrasound-guided lumbar

facet injections was equal to that of fluoroscopic injections

for pain control and return to activities of daily living.

Ultrasound-guided transforaminal epidural steroid injec-

tions have been more difficult because of the lack of pen-

etrance of bony structures and lack of contrast to confirm

absence of vascular uptake. A technique of selective nerve

root block has been described and found to be feasible and

safe but accuracy was noted to be poor compared to fluo-

roscopy [41]. This is in contrast to a study by Jee et al. [42]

who evaluated the efficacy of ultrasound-guided selective

nerve root block with transforaminal epidural steroid

injection and found no difference in outcomes.

Another application that has been studied includes

ultrasound for the placement of injections into the epidural

space. In 2008, the National Institute of Clinical Health and

Excellence published guidelines outlining ultrasound’s role

in the facilitation of epidural catheter placement, specifi-

cally in children and pregnant women. Although limita-

tions were noted, including poor visualization of the

epidural space and lack of contrast used to confirm needle

placement, it was determined that an epidural catheter

could be safely placed with the assistance of ultrasound

guidance. Additionally, a feasibility study of ultrasound-

guided epidural steroid injection was done that showed

successful placement in 28/29 attempts [43]. Additional

studies have utilized ultrasound as an adjunct for mea-

surement prior to epidural injections [44, 45].

Other applications that have been described include

ultrasound-guided cervical selective nerve root injection,

third occipital nerve block, cervical and lumbar medial

branch blocks, and cervical sympathetic blocks [35•].

Although recent evidence is promising regarding imple-

mentation of ultrasound in pain medicine, clearly, more

research is needed to better define the role, particularly in

spinal interventions.

Neuromuscular Medicine

Ultrasound has been increasingly utilized as an adjunctive

tool in the diagnosis of neuromuscular disease. Like many

other emerging areas of ultrasound in medicine, physia-

trists’ combination of advanced anatomical knowledge,

training in electrodiagnostics, and comfort with sonogra-

phy make them ideal to lead the advancement of ultrasound

in neuromuscular medicine.

Ultrasound allows for high-resolution, real-time imaging

of neurovascular structures and has been applied to the

performance of nerve conduction studies (NCS) and needle

electromyography (EMG). Ultrasound is also being

increasingly used as a primary imaging study to assist in

the diagnosis of various neuromuscular diseases and

entrapment neuropathies. It has been shown to provide

accurate measurements of muscles and nerves and detect

fasciculation and fibrillations to assist in the diagnosis of
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amyotrophic lateral sclerosis, hereditary neuropathy with

liability to pressure palsies, and acute inflammatory

demyelinating polyneuropathy among others [46–48].

While image guidance is not needed for most routine

studies, ultrasound has allowed for expansion of electro-

diagnostic capabilities including visualization of the dia-

phragm during needle EMG, visualization of deep

structures such as cervical roots and brachial plexus, and

sonographic mapping of neurovascular structures with a

high degree of anatomic variability, such as the lateral

femoral cutaneous nerve, sural nerve, and ulnar nerve

following transposition [5•, 49, 50]. Ultrasound-guided

needle placement has been shown to be more accurate and

has been demonstrated to be particularly helpful in obese

patients when normal anatomical landmarks used to guide

needle placement are not palpable [51, 52].

An area of particular interest is the utilization of ultra-

sound in the diagnosis of carpal tunnel syndrome (CTS).

Over the past 15 years, there have been well over 500

articles investigating sonography in the diagnosis of CTS

[53]. While some studies have only gone as far as to say

ultrasound should be utilized as an adjunctive tool, a recent

review reported that level A evidence exists to support the

use of median nerve cross sectional area by ultrasound as

an accurate test in the diagnosis of CTS and can be a

valuable tool to assess for structural abnormalities includ-

ing space occupying lesions, persistent median arteries,

and/or bifid median nerves [54].

Central Nervous System Rehabilitation

While there has been relatively limited applicability of

ultrasound within central nervous system (CNS) rehabili-

tation, one area of significant interest has been in the

management of spasticity. With the introduction of neu-

rotoxins, specifically botulinum toxin, physiatrists have had

an invaluable tool in assisting patients with functionally

limiting or painful spasticity following stroke, traumatic

brain injury, spinal cord injury, or multiple sclerosis.

Accuracy rates of palpation-guided injections vary

depending on the targeted muscle, but range from 22 to

88 % [55]. Ultrasound guidance has been shown to be

equal or superior to electrical stimulation and EMG guid-

ance in terms of accuracy of injection of neurotoxins [55].

Ultrasound has clear advantages over the other two meth-

ods of localization, specifically allowing for direct visual-

ization of the target, placement of injectate, and not

requiring patient cooperation to localize.

As with other ultrasound-guided injections, diagnostic

information can be obtained during scanning including

visualization and avoidance of vessels and nerves, as well

as minimizing the volume of injectate so as not to overload

the target causing ‘‘spillage’’ into surrounding non-target

muscles [55]. Ultrasound has also been reported to increase

speed of injection compared to electrical stimulation and be

less painful with better patient tolerability [55]. Addition-

ally, and most importantly, a study by Py et al. [56]

demonstrated that ultrasound-guided injections of neuro-

toxin showed better functional improvement in children

with cerebral palsy compared to manual technique.

Other uses of ultrasound within CNS rehabilitation

include neurotoxin injections for cervical dystonia, primary

dystonia, and piriformis syndrome, as well as being an

effective means to assess shoulder pathology in wheelchair

users with spinal cord injury and early arthritic changes in

patients with hemiparesis following stroke [57–59].

Pediatric Rehabilitation/Developmental Disabilities

More recent advances in ultrasound technology, as well as

sonographer experience, have opened the door for many new

clinical applications in the pediatric population including

evaluation of immature bone; ligament, tendon and apoph-

yseal injuries; nerve injuries; infectious and inflammatory

processes; and foreign bodies. The lack of ionizing radiation

and improved patient tolerability without sedation are par-

ticular advantages in the pediatric population [60•, 61•].

Ultrasound is uniquely useful in assessing the anatomy

of the immature bone, especially the cartilaginous epiph-

yses of non-ossified bone. Ultrasound can also help make

the diagnosis of an occult fracture in immature bone

including transphyseal fractures in nonossified epiphyses

and torus fractures, which can sometimes be missed on

radiographs [60•, 61•]. In the adolescent population,

ultrasound can be helpful in identifying an abnormal con-

nection between tarsal bones or dynamic immobility of the

tarsal bones as seen in tarsal coalition [60•]. Ultrasound can

also be used in assessment of club foot to assess the

severity of the deformity for surgical planning and to

quantitatively monitor correction [61•].

In addition to bone, ultrasound is also ideal for evalua-

tion of ligament, tendon and apophyseal injuries. Dynamic

assessment of ligaments and tendons provides valuable

information regarding functional stability and continuity

that static imaging cannot provide. Ultrasound is also

useful in the evaluation of apophyseal injuries (commonly

seen in the adolescent athlete) and can provide descriptive

information regarding anatomic variants such as absent

tendons (or muscles), supernumerary bellies, or anomalous

origin and insertions [61•].

In addition to structural abnormalities, ultrasound can be

helpful in the diagnosis of infectious/inflammatory pro-

cesses such as septic arthritis, acute hematogenous osteo-

myelitis and inflammatory arthropathy [60•]. While

ultrasound cannot make the diagnosis of infection, early

42 Curr Phys Med Rehabil Rep (2013) 1:38–47
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abnormalities in the soft tissues overlying the bone may be

seen as early as 2 days after the onset of symptoms. Most

importantly, ultrasound can be used to guide a needle for

aspiration of fluid to confirm the diagnosis and help

determine appropriate antimicrobial therapy [60•, 61•]. The

use of ultrasound-guided needle placement allows the

practitioner to avoid contamination of non-infected spaces

such as a bursa or tendon sheath [61•]. In the setting of an

inflammatory arthropathy, such as juvenile idiopathic

arthritis, ultrasound can be used to detect early erosions

before they appear on radiographs and allow a practitioner

to assess multiple joints during one examination. Doppler

can provide a measure of disease activity by assessing the

microvascularity of the inflamed synovium with higher

sensitivity than sedimentation rate and CRP [61•]. The

extent of synovial vascularity and pannus are indicative of

disease activity and can be used to monitor response to

treatment [60•, 61•].

Lastly, soft-tissue foreign bodies are common in chil-

dren and delayed diagnosis can lead to cellulitis or abscess

[60•]. Material such as wood, plastic and glass may be

difficult to visualize on radiographs but typically appear

echogenic on ultrasound and can be surrounded by a

hypoechoic area of granulation tissue [60•]. Ultrasound can

be used to localize foreign bodies for removal, thus mini-

mizing the size of a surgical incision and the duration of

the procedure [60•].

Training and Credentialing

The use of ultrasound is highly user-dependent and requires

considerable practice and experience to develop the skills

necessary to utilize this modality successfully. It has a

distinct learning curve that has been described as long and

flat [5•]. As previously mentioned, a recent survey of

physiatrists found that more than 50 % of survey respon-

dents were using musculoskeletal ultrasound in their daily

practice, and 92 % felt that ultrasound was a valuable

clinical tool within PM&R. However, a significant portion

of this same group reported that a lack of education was a

limiting factor to implementing ultrasound into practice,

and only 40 % of this surveyed group reported to having

obtained formal education or training [3]. Until recently,

there were no formal training guidelines or resources for

the interested learner, and many of the early pioneers of

ultrasound utilized self-guided learning and peer-to-peer

tutoring, which has been shown to be effective [62, 63]. For

the self-guided learner, there are many reviews outlining

ultrasound applications of different anatomic regions and

Web-based learning modules demonstrating how to per-

form interventional procedures [6••, 7•, 8, 64–69]. Addi-

tionally, there are now many resources available including

courses, workshops, and conferences developed by regio-

nal, national, and international organizations interested in

the promotion of safe and responsible use of ultrasound

[AIUM, AAPM&R, American Medical Society for Sports

Medicine (AMSSM), amongst others].

As ultrasound becomes more popular and utilization

expands, there is an inherent amount of variability in the

quality of ultrasound examinations across the wide range of

practitioners with their varying levels of experience and

expertise. It has been well documented that novice users or

those attempting to utilize ultrasound without proper

practice and training are less accurate with measurements,

take longer to complete tasks, and have more complica-

tions [70–72]. Until recently, there were no formal training

requirements or credentialing to indicate that someone was

skilled in the use of MSK US. The American Registry for

Diagnostic Medical Sonography (ARDMS) is an organi-

zation that credentials practitioners in different areas of

diagnostic medical sonography. In recognition of MSK

US’s recent growth, and in an attempt to promote the safe

and proper utilization of sonography in the management of

joint and soft tissue disease, the ARDMS developed the

Musculoskeletal Sonography Examination (MSK-E)

which, if passed, designates the practitioner with the

‘‘Registered in Musculoskeletal Sonography’’ credential.

The MSK-E was offered for the first time starting in Sep-

tember 2012. To be eligible to sit for the MSK-E, one must

be a licensed practitioner in a health-related field and

practice in an area of medicine that is enhanced, or directly

related to, the use of MSK sonography. This will include

sonographers, radiologists, rheumatologists, sports medi-

cine practitioners, orthopedic surgeons, chiropractors,

podiatrists, and physiatrists. An additional pre-requisite

includes the performance and/or interpretation of 150 MSK

US studies within the preceding 36 months. While no

longer required, a minimum of 30 ARDMS-approved

continuing medical education (CME) credit hours related

to MSK US are highly recommended.

Other organizations are also recognizing the need for

formalizing and standardizing the utilization of ultrasound.

The American Association of Neuromuscular and Elect-

rodiagnostic Medicine (AANEM) has published recom-

mendations for the incorporation of ultrasound as a

complementary tool in the diagnosis of neuromuscular

disease [73••] and the AIUM has recently developed

practice parameters for credentialing the use of ultrasound

in a medical practice.

The AIUM ultrasound practice accreditation recognizes

clinical practices that meet or exceed standards for the

performance and interpretation of diagnostic ultrasound

examinations in a peer review process in an attempt to

establish minimal standards for quality. In order to be

credentialed, a practice must demonstrate competency in

Curr Phys Med Rehabil Rep (2013) 1:38–47 43
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several core areas including training and education, docu-

mentation and recording, protocols and procedures,

equipment, and quality. This is done through a process

which requires submission of licenses, CME activity,

maintenance records, protocols, and 4 representative case

studies that have been performed within the past

12 months. Although not a strict requirement at this time,

there has been discussion that insurance companies may

require practice accreditation as part of criteria for future

reimbursement [2].

United States medical training programs have also

begun to recognize the integral role ultrasound plays in the

daily practice of physiatrists. Finnoff et al. [74•] described

the experience of implementing an MSK US course into

the Mayo Clinic PM&R residency curriculum. The authors

reported that residents were overwhelmingly satisfied with

the didactic sessions and that participation positively

impacted their perception of the quality of their medical

education. They noted that the single greatest limiting

factor to implementing such a course was trained faculty to

help facilitate the course [74•]. Finnoff et al. [75•] also

proposed a detailed pathway for implementation of a

musculoskeletal ultrasound curriculum for sports medicine

fellows based on existing AIUM guidelines consisting of

four components: didactic instructional sessions, didactic

practice sessions, experience with clinical mentorship, and

ongoing education.

Future Research

The continued advancement and successful incorporation

of ultrasound into PM&R is dependent upon the rigor and

quality of future scientific research. Further evaluation of

validity, reliability, and cost effectiveness are certainly

needed to demonstrate the value added by ultrasound to

clinical care. Advancements in technology are leading to

innovative uses for ultrasound in all areas of medicine.

Contrast-enhanced sonography is emerging as a diagnostic

tool for the evaluation of tendons with the potential to

allow vascular mapping of microcirculatory changes within

inflamed and/or degenerative tendons [76]. Sonoelastog-

raphy assesses functional differentiation of tissues based on

stiffness with emerging evidence that structurally ‘‘nor-

mal’’ tissue demonstrates functional changes that might

represent ‘‘presymptomatic damage’’ and real time three-

dimensional imaging is allowing for the development of

advanced interventional procedures [77, 78]. Current

research is defining the potential role of these advanced

interventional procedures and bioregenerative medicine

techniques in the treatment of tendinopathy including

ultrasound-guided percutaneous tenotomies, aspiration of

degenerative tendons with pulsed ultrasound, and injection

of biologic agents such as platelet-rich plasma and stem

cells [8, 28]. As technology advances, further research will

be needed to identify underlying pathophysiology of nerve

dysfunction and ongoing studies will be required to con-

tinue to define the role of ultrasound in the diagnosis of

neuromuscular disease and further develop accepted diag-

nostic criteria and standardization of normal values [5•].

Conclusion

Ultrasound provides high-resolution imaging of joints,

tendons, ligaments, muscles, and nerves, and has multiple

applications across the broad field of PM&R. While utili-

zation of this modality increases throughout PM&R,

ongoing research must continue to address appropriate

clinical applications and cost effectiveness. Importantly,

recent establishment of certification and accreditation has

the potential to improve quality, but many questions

remain regarding optimal training. Physiatrists are well-

positioned to take the lead on many of these advancements

to help establish musculoskeletal ultrasound as a first line

modality and standard of care.
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