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Abstract

Ultrasound is an extremely useful di-
agnostic tool for physicians, but recent
advances have found that ultrasound’s
greatest utility is in interventional and
procedural uses. Numerous studies have
demonstrated a significant improvement
in outcome and patient satisfaction when
using ultrasound guidance for injections.
Newer techniques are emerging to use
ultrasound as an aid to surgery and
interventional procedures. This allows
the physician to use smaller incisions
and less invasive methods, which are
also easier to use for the practitioner and
more cost-effective.

ltrasound has classically been marketed

and used as a diagnostic tool. Radiologists,

emergency physicians, and sports physi-
cians used ultrasound units to rapidly and appro-
priately diagnose numerous injuries and disorders,
in a timely and cost effective manner. Part 1" and
Part 22 of this series showed how to use ultra-
sound in the shoulder for diagnosis and how to
code and get reimbursed for its use. Ultrasound
can also be used to help guide procedures and
interventions performed to treat patients. Current-
ly, more physicians are beginning to recognize the
utility of this modality as an aid to interventional
procedures.

First-generation procedures use ultrasound to
improve accuracy of joint, bursal, tendon, and
muscular injections.® Recent studies have shown
a significant improvement in accuracy, outcomes,
and patient satisfaction using ultrasound guidance

for injections.>'? Within the limitation of using a
needle, second-generation procedures—hydrodis-
section of peripherally entrapped nerves, capsular
distention, mechanical disruption of neovascu-
larization, and needle fenestration or barbotage

in chronic tendinopathy—try to simulate surgical
objectives while minimizing tissue burden and
other complications of surgery.® More advanced
procedures include needle fenestration/release of
the carpal ligament in carpal tunnel syndrome and
A1 pulley needle release in the setting of trigger
finger.® Innovative third-generation procedures in-
volve the use of surgical tools such as hook blades
under ultrasound guidance to perform surgical
procedures. Surgeons are now improving already
established percutaneous, arthroscopic, and open
surgical procedures with ultrasound assistance.®
Aside from better guidance, reducing cost and
improving surgeon comfort may be additional
benefits of ultrasound assisted surgery.

Image-Guided Treatment Options

Prior to image guidance, palpation of surface anat-
omy helped physicians determine the anatomic
placement of injections, incisions, or portals. Joints
and bursas that do not have any inflammation

or fluid can sometimes be difficult to identify or
locate by palpation alone. Palpation-guided joint
injections often miss their target and cause signif-
icant pain when the therapeutic agent is injected
into a muscle, tendon, ligament, fat, or other
tissue. Ultrasound-guided injections have proven to
be more accurate and have better patient satisfac-
tion when compared to blind injections.®'?

X-ray fluoroscopy has been the primary option
for surgeons to assist in surgery. This is a natural
modality for orthopedic surgeons; their primary
use is for bone to help with fracture reduction
and fixation as the bone, instrumentation, and
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fixation methods are usually radio-opaque. With
the advancement in technology, many orthopedic
surgeons are regularly using radiolucent fixation
devices and working with soft tissue as opposed
to bone. Fixation of tendons, ligaments, and mus-
cles would be done using a large incision, palpa-
tion of the anatomy, then fixation or repair. Many
surgeons began looking for ways to minimize the
incisions. Turning to fluoroscopy, a traditional and
well-used modality, was a natural progression.
Guides and methods were developed to isolate
insertions and drill placements. However, fluoros-
copy is limited by its difficulty in changing planes
and the large equipment required. Also, it is limited
in its ability to image soft tissue.

Computed tomography (CT) scans and magnetic
resonance imaging (MRI) are far better at imaging
soft tissue but cannot be taken for use into the
office or surgical suite. These modalities are also
far more expensive and take up significant space.
CT scans have significant radiation exposure, and
MRIs prohibit the use of metal objects around
them. Overall, ultrasound has far more advantages
over the other modalities as an adjunct for proce-
dures (Table).

Ultrasound Procedural Basics

Appropriate use of ultrasound still remains highly
technician-dependent. Unlike other imaging mo-

dalities, ultrasound requires a higher skill level by
the physician to implement the use of ultrasound

Table. Procedure Options Comparison

and identification of pathology to treat these dis-
ease processes. However, this is no different from
the use of arthroscopy or fluoroscopy to treat
patients. Training is required, as well as an un-
derstanding of the ultrasound machine, anatomy,
and sono-anatomy—identification of anatomy and
pathology as shown by the ultrasound machine.?

In ultrasound, the long axis refers to looking
at a structure along its length, as in longitudinal.
The short axis refers to evaluating a structure in
cross-section, transverse, or along its shortest
length. “In plane” refers to performing a procedure
where the needle or object being used enters the
ultrasound field along the plane of the transducer,
allowing visualization of the majority of the needle
as it crosses tissue planes. “Out of plane” has the
needle entering perpendicular to the plane of the
transducer, showing the needle on the monitor as
a bright, hyperechoic dot. Some studies have sug-
gested that novice ultrasonographers should start
in a long axis view and use the in plane technique
when injecting, as doing so may decrease time
to identify the target and improve mean imaging
quality during needle advancement.™

Anisotropy is the property of being directionally
dependent. The ultrasound beam needs to be
perpendicular to the structure being imaged to give
the optimal image. When the beam hits a longitu-
dinal structure like a needle at an angle <90°, the
linear structure might reflect most of the beam
away from the transducer. So when using a needle

Ultrasound X-ray CT Scan MRI Blind (None)
Size of unit Small Medium Large Large N/A
.P. or tab i.l Ity ........................... Yes ...................... Yes ...................... NO ......................... NO ....................... Yes ............

Mobmty ............................ very ................... Medlum ................... None ..................... None ...................... Yes ............

COStLOW ................... Medlum ................... ngh ....................... ngh ...................... N/A ............

.R. adlatlon ............................ NO ....................... Yes ...................... Yes ........................ NO ....................... NO .............

Metalhmltatlons .................... NO ....................... No ....................... NO ........................ Yes ....................... NO .............

Accuracy ........................... ngh ................... Medlum ................... ngh ....................... ngh ...................... |_ OW ............

Mu|t|p|anar .......................... Yes ...................... Yes ...................... Yes ....................... Yes ....................... No .............

.L.J se rd ependem .................... Yes ...................... Yes ...................... NO ......................... NO ....................... Yes ............

.S. Of ttlssue Imagmg .............. Exce”em .................. Poor ................... Med, um .................. Exce”ent ................... N/ A ............

Bony Imagmg .................... Medlum ................. Exce”em ................ Exce”em .................. M edlum .................... N/A ............

Abbreviations: CT, computed tomography; MRI, magnetic resonance imaging; N/A, not applicable.
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to localize or inject a specific area, maintaining the
probe as close to perpendicular as possible with
the needle will give a better image. New technol-
ogy exists to better visualize needles even at high
acuity angles by using a multi-beam processing
algorithm, which can significantly aid the physician
without the need for specialized needles.

Despite better technology, advance planning
is key to a successful procedure. Positioning
the patient and ultrasound machine in a man-
ner that is comfortable and makes the desired
target accessible while being able to visualize the
ultrasound monitor comes first. Identifying the
target, mapping the needle trajectory using depth
markings, and scanning for nerves, vessels, and
other structures that may be damaged along the
needle path comes next. Using the in plane ultra-
sound technique with color Doppler and the nerve
contrast setting can ensure that the physician
has placed the therapeutic agent to the proper
location while avoiding any nerves, arteries, or
veins. Marking the borders of the ultrasound probe
and needle entry site can be helpful to return to
the same area after sterile preparation is done. As
in any procedure, sterile technique is paramount.
Sterile technigue considerations may include using
sterile gloves and a probe cover with sterile gel,
cleaning the area thoroughly, planning the needle
entry point 3 cm to 5 cm away from the probe,
and maintaining a dry and gel-free needle entry.'*'®
The probe should be sterilized between patients
to avoid cross-contamination; note that certain
solutions like alcohol or ethyl chloride can damage
the transducer.'*'® However, simple injections do
not require such stringent standards when simple
sterile technique is observed by cleaning and then
never touching the cleaned area again except with
the needle to avoid contamination. Also, ethyl chlo-
ride has been found to not contaminate a sterile
site and can be used safely to anesthetize the skin.

Ultrasound-Guided Procedures

Many injectable therapeutic options exist as inter
ventions. Cortisone, hyaluronic acid, platelet-rich
plasma (PRP), stem cells/bone marrow concentrate
(BMC), amniotic fluid, prolotherapy, and saline are
now commonly used.’®" A meta-analysis of the lit-
erature assessing the accuracy of ultrasound-guid-
ed shoulder girdle injections vs a landmark-guid-

ed injection was done in 2015."® It showed that for
the acromioclavicular joint, accuracy was 93.6% vs
68.2% (P < .0001), based on single studies. The ac-
curacy of ultrasound vs a landmark-guided injection
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was 65% vs 70% for the subacromial space (P >
.05); 86.7% vs 26.7% for the biceps tendon sheath
(P < .05); and 92.5% vs 72.5% for the glenohumer
al joint (P =.025)."®

With cortisone, injecting into muscle, ligament,
or tendons could potentially harm the tissue or
cause worsening of the disease process.'®?° With
the advent of orthobiologics, injecting into these
structures is now desirable, instead of a potential
complication.’®? Ultrasound has become even
more important to the accurate delivery of these
therapies to the disease locations. Multiple studies
using leukocyte-poor PRP for osteoarthritis show
significant differences in pain scores.? Peer-
booms and colleagues?*? also showed that PRP
reduced pain and increased function compared
to cortisone injections for lateral epicondylitis in
1- and 2-year double-blind randomized controlled
trials. Centeno and colleagues?® performed a pro-
spective, multi-site registry study on 102 patients
with symptomatic osteoarthritis and/or rotator
cuff tears that were injected with bone marrow
concentrate. There was a statistically significant
improvement in Disabilities of the Arm, Shoulder
and Hand (DASH) scores from 36.1 to 17.1 (P <
.001) and numeric pain scores improved from 4.3
t0 2.4 (P < .001).

By being able to see the pathology, like a hy-
poechoic region in a tendon, ligament, or muscle,
the physician can reliably place the therapeutic
agent into the precise location. Also, adjacent
para-tendon or para-ligament injections allow for
in-season athletes to get some relief from symp-
toms while allowing to return to play quickly; injec-
tions into muscle, ligament, or tendon can damage
the structure and require days or weeks of rest,
while para-tendon and para-ligament injections are
far less painful.

Second-generation techniques have provided
patients with great options that can help avoid sur
gery. Calcific tendonitis appears brightly hyperechoic
on ultrasound and is easily identified. The physician
can attempt to break up the calcium by fenestra-
tion or barbotage of the calcium. The same can be
accomplished by injecting the density with PRP or
stem cells. If the calcium is soft or “toothpaste-like,”
the negative pressure will make it easy to aspirate
it into the syringe. A 2-year, longitudinal prospective
study of 121 patients demonstrated that visual
analog score (VAS) pain scores and size of calcium
significantly decreased with ultrasound-guided
percutaneous needle lavage; 89% of patients were
pain-free at 1-year follow-up.?” Moreover, a random-
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ized controlled trial of 48 patients comparing needle
lavage vs subacromial steroid injection showed
statistically significant radiographic and clinically
better outcomes with the needle lavage group at
the 1-year mark.?®

The Tenex procedure is a novel technique that
uses ultrasonic energy to fenestrate diseased tendon
tissue. It also can be used to break up calcific depos-
its. After the Tenex probe is guided to the diseased
tendon/calcium, the TX-1 tip oscillates at the speed
of sound, fenestrating/cutting through the tendon or
calcium while lavaging the tendon with saline. Multi-
ple prospective, noncontrolled studies done in com-
mon extensor, patellar, and rotator cuff tendinopathy
have demonstrated good to excellent improvements
in pain scores with the Tenex procedure.?3'

Ultrasound is extremely useful in the treatment
of adhesive capsulitis.®? The posterior glenohumer-
al capsule can be distended using a large volume
(60 cc) of saline to loosen adhesions in preparation
for manipulation. Because the manipulation can be
an extremely painful procedure, ultrasound can be
used to perform an interscalene block for regional
anesthesia prior to the procedure. In 2014, Park
and colleagues® performed a randomized pro-
spective trial that showed that capsular distension
followed by manipulation was more effective than
cortisone injection alone for the treatment of adhe-
sive capsulitis. Ultrasound guidance was found to
be just as efficacious as fluoroscopy in a random-
ized controlled trial in 2014; the authors noted that
ultrasound does not expose the patient or clinician
to radiation and can be done in office.®*

Currently, techniques to perform ultrasound-
guided percutaneous tenotomies of the long head
of the biceps tendon using hook blades are being
studied.®

A
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Ultrasound-Assisted Surgery

Ultrasound has been a boon to surgeons who per
form minimally invasive procedures. It is far less
cumbersome than classic fluoroscopy. Fluoroscopy
requires the use of heavy lead aprons by the sur
geons. Combining this with the impervious gowns
and hot lights, the surgeons’ comfort level is
severely sacrificed. When having to do many long
surgeries in a row, this situation can take a toll on
the surgeons’ endurance and strength. Improving
the comfort of the surgeon is not the primary goal
of surgery, but can significantly help our ability to
do a better job.

Ultrasound allows the surgeon to localize any
superficial foreign objects, especially with radiolu-
cent objects like fragments of glass. Small glass
fragments or pieces of wood have always been
extremely difficult to remove. X-rays cannot localize
these objects, so getting a proper orientation is dif-
ficult. MRI and CT scans easily identify these types
of foreign objects, but cannot be used intraopera-
tively (Figure 1A). Often, these objects cannot be
felt and therefore require a large dissection. The ob-
jects may encapsulate and be easily confused with
other soft tissues. These objects often take large
incisions and wide dissections to find and remove.
With ultrasound, the objects can be localized in real
time while in surgery (Figure 1B). Using a sterile
probe cover, the surgeon can take advantage of the
multi-planar nature of ultrasound. Since the probe
can be manipulated in any direction and angle, the
only limitations to finding objects are the user, the
object density, the location depth, and if the object
is behind a hard structure, such as bone. The for
eign body can then be removed under ultrasound
guidance (Figure 1C).

Being able to identify specific structures in
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Figure 1. (A) Axial magnetic resonance imaging of the left shoulder. Biceps groove with biceps anchor pulled out from socket and loose. Yellow arrows
indicate humerus and anchor. (B) Short axis ultrasound image of the left shoulder. Biceps groove with biceps anchor pulled out from socket and loose.
Yellow arrows indicate humerus and anchor. (C) Ultrasound image of the left shoulder. Kelly forceps reaching for anchor to remove it. Yellow arrows
indicate forceps and anchor.
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Figure 2. (A) Ultrasound image of the right shoulder. Short axis view of the long head
of the biceps tendon as it exits the groove. Yellow arrow indicates the biceps tendon.
(B) Photo during surgery showing ultrasound use to localize the biceps tendon as it
exits the groove, above the pectoralis major. The biceps tendon is centered on the
screen, and the skin is marked to indicate the location of the anteromedial and antero-
lateral portal for arthroscopic biceps tenodesis.

Figure 3. (A) Photo during surgery showing ultrasound use to identify the origin and in-
sertion of the anterolateral ligament. The origin and insertion are marked with a spinal
needle. (B) Photo during surgery showing the spinal needles have been replaced with
guide wires for drilling of the sockets for anterolateral ligament reconstruction.

surgery allows the surgeon to be more accurate
when performing certain procedures. Arthroscopic
biceps tenodesis is a common shoulder procedure
that can be done many different ways. When using
the “below the groove/supra-pec” position, the in-
cisions become more variable and difficult to place.
If the surgeon is too high/low or medial/lateral, the
localization of the drill position will be very difficult,
which will result in having to angle the drill to com-
pensate for poorly placed portals, and finding the
biceps becomes very challenging.

By using the ultrasound intraoperatively, the sur
geon can identify the exact position of the biceps
tendon (medial/lateral) and where it lies just below
the groove and above the pectoralis major (superi-
or/inferior) (Figure 2A). This allows the surgeon to
mark the appropriate placement of the portals by
the position of the transducer (Figure 2B). \When
entering with the arthroscope to perform the
procedure, the surgeon will “fall” right onto the
biceps tendon at the exact level needed to perform
the tenodesis. This is not just more accurate, but
safer, as it will not endanger any nerves or vessels.
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Reconstruction of ligaments is another ideal use
of ultrasound. Surface anatomy cannot always tell
the exact location of a ligament or tendon insertion.
The best example of this is the anterolateral liga-
ment (ALL). Identification of the lateral epicondyle
of the femur and anatomic insertion of the ALL can
be difficult in some patients. Ultrasound can be
used to identify the origin and insertion of the ALL
during surgery under sterile conditions (see page
418). A spinal needle can be placed under direct
vision with an in-plane ultrasound guidance over
the bony insertion (Figure 3A). A percutaneous
incision is made. The spinal needle is replaced with
a guide wire and drilled into place (Figure 3B). A
cannulated drill of appropriate size is used to create
the socket or tunnel. In the case of the ALL, a 5.0-
mm diameter reamer is used to a depth of 22 mm
at both the origin and insertion. A 4.5-mm semi-
tendinosus graft is prepared with a collagen-coated
FiberTape (Arthrex) attached to a 5.5 BioComposite
Vented Swivelock (Arthrex). It is attached proxi-
mally, buried under the iliotibial band (ITB) and then
attached distally with the knee in 40° of flexion with
a second 5.5 BioComposite Vented Swivelock. The
FiberTape is used as an internal brace to allow for
early motion and weight-bearing.

This technique is also used by the senior author
(AMH) to repair, reconstruct, or internally brace the
medial collateral ligament, medial patellofemoral
ligament, and lateral collateral ligament. This tech-
nique is ideally suited to superficial ligament and
tendon reattachment, reconstruction, or internal
bracing. The knee, ankle, and elbow superficial
ligaments are especially amenable to this easy,
percutaneous technique.

Conclusion

Ultrasound is quickly becoming a popular imaging
modality due to its simplicity, portability, and cost
efficiency. Its use as a diagnostic tool is widely
known. As an adjunct for procedures and interven-
tions, its advantages over larger, more expensive
modalities such as fluoroscopy, CT, or MRI make

it stand out. Ultrasound is not the perfect solution
to all problems, but it is clearly a technology that

is gaining traction. Ultrasound is another imaging
modality and tool that physicians and surgeons can
use to improve their patients' treatment.
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