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Objectives
The aim of this study was to review the current evidence and future application for the role
of diagnostic and therapeutic ultrasound in fracture management.

Methods
A review of relevant literature was undertaken, including articles indexed in PubMed with
keywords “ultrasound” or “sonography” combined with “diagnosis”, “fracture healing”,

“impaired fracture healing”, “ microbiology”, and “fracture-related infection”.

” u

nonunion”,

Results

The use of ultrasound in musculoskeletal medicine has expanded rapidly over the last two
decades, but the diagnostic use in fracture management is not routinely practised. Early
studies have shown the potential of ultrasound as a valid alternative to radiographs to diag-
nose common paediatric fractures, to detect occult injuries in adults, and for rapid detec-
tion of long bone fractures in the resuscitation setting. Ultrasound has also been shown to
be advantageous in the early identification of impaired fracture healing; with the advent
of 3D image processing, there is potential for wider adoption. Detection of implant-related
infection can be improved by ultrasound mediated sonication of microbiology samples. The
use of therapeutic ultrasound to promote union in the management of acute fractures is cur-
rently a controversial topic. However, there is strong in vitro evidence that ultrasound can
stimulate a biological effect with potential clinical benefit in established nonunions, which
supports the need for further investigation.

Conclusion

Modern ultrasound image processing has the potential to replace traditional imaging modal-
ities in several areas of trauma practice, particularly in the early prediction of impaired frac-
ture healing. Further understanding of the therapeutic application of ultrasound is required
to understand and identify the use in promoting fracture healing.
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Article focus facilitated by emerging 3D imaging

This article reviews the evidence for the role
of ultrasound in fracture management.
Ultrasound is a developing technology
and may hold novel advantages in the
diagnosis and treatment of impaired frac-
ture healing.

Key messages

The ability to detect the development of
callus prior to conventional radiographs,

advances, may enable the early diagnosis
of delayed union or confirmation of union.
Sonication of microbiological samples
for culture can improve diagnostic
sensitivity.

Despite recent controversy, the experi-
mental evidence for therapeutic ultra-
sound  supports  further  clinical
investigation of its role in the manage-
ment of impaired fracture healing.
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Strengths and limitations
This review of the current literature provides a con-
cise summary of the evidence for ultrasound as a
diagnostic and therapeutic modality in fracture
management.
There remain gaps in the understanding of ultra-
sound as a clinical adjunct in fracture management.

Introduction

The application of ultrasound as a clinical adjunct was
firstexploredin 1924, when Wood and Loomis' described
the biological changes related to ultrasonic treatment.
Ultrasound refers to pressure waves with a frequency of
20 kHz or more. Ultrasound can be described according
to its intensity and frequency: low intensity (< 3 W/cm?)
versus high intensity (> 5 W/cm?); and low frequency
(< 500 kHz) versus high frequency (> 500 kHz). Medical
ultrasound devices utilize frequencies between 20 kHz
and 18 MHz, which vary depending on whether it is
being used as a therapeutic or diagnostic tool.?3

The use of ultrasound in musculoskeletal medicine has
expanded rapidly over the last two decades. In the field of
soft-tissue pathology, diagnostic ultrasound has been
widely adopted for the monitoring of synovitis in inflam-
matory joint disorders, tendinopathy, traumatic tendon
ruptures, and the detection of intra-articular effusions.*>
However, despite this, ultrasound is not in routine use for
fracture management.

A structured review of the relevant literature indexed
in PubMed was undertaken with keywords “ultrasound”
or “sonography” combined with “diagnosis”, “fracture
healing”, “impaired fracture healing”, “nonunion”,
“microbiology”, and “fracture-related infection”. This
review presents the potential diagnostic and therapeutic
use of ultrasound in the management of fractures.

Diagnostic application of ultrasound

Fracture diagnosis. Bone has some intrinsic features
that make ultrasound examination attractive. The inter-
face between the skin, the soft-tissue envelope, and the
bone structure has distinctive planes. The dense nature
of bone causes reflection of the ultrasound waves, allow-
ing a clear distinction from the soft-tissue envelope and
creating a hyperechoic (bright) reflection from the corti-
cal surface. Fractures can be visualized as a break in the
smooth cortical contour and the developing haematoma,
and subsequent callus formation can be visualized from
an early stage starting as an anechoic (dark) shadow,
with a similar appearance to articular cartilage, becoming
increasingly hyperechoic with calcification such that the
normal appearance of cortical bone is restored (Fig. 1).6
Ultrasound has several appealing features for evaluating
fracture healing. It is noninvasive, does not use ionizing
radiation, and is delivered in real time. The use of a high
frequency transducer (typically between 10 MHz and

18 MHz) allows the study of superficial bones (e.g. tibia
shaft) with high resolution but with limited depth pen-
etration. For bones with greater soft-tissue coverage (e.g.
femur), a lower frequency transducer (approximately 5
MHz to 10 MHz) will allow a greater depth of penetration
beyond 6 cm but image quality decreases proportion-
ately.6 For the majority of fracture diagnostic studies to
date, this has been achieved with a high-frequency probe
used in 2D in B-mode ( or ‘Brightness mode’). Here a frac-
ture site can be explored in a coronal or sagittal 2D plane.
Given the difficulties of depth due to the acoustic shadow
of intact bone, several passes of a fracture site with differ-
ent ‘viewing windows’ for the probe are needed to gain
a 3D appreciation of the fracture morphology.
Paediatrics. The use of ultrasound in paediatric fractures
has received attention because of the benefits of remov-
ing radiation, and because of the diagnostic challenges
for plain x-rays caused by the cartilaginous components
of the immature paediatric skeleton.” The first description
of ultrasound for fracture diagnosis was in 1988, in a case
series of 41 newborn infants with a suspected clavicle
fracture following a traumatic delivery. In all cases, the
clavicle fracture was easily identifiable on ultrasound
in the first few days following injury, and this was vali-
dated with a standard x-ray.® This finding has been rep-
licated in a larger cohort of 49 newborns with clavicle
fractures. This study also found ultrasound advantageous
on grounds of the lack of ionizing radiation and equal
diagnostic sensitivity.” The use of ultrasound for costal
cartilage injuries in children with suspected nonacciden-
tal injury has been demonstrated.’®'" In a large cohort
of 224 paediatric fractures, Hiibner et al'2 found ultra-
sound to be an excellent diagnostic tool for diaphyseal
humeral, femoral, and forearm fractures. They suggested
that it could be used as substitute for radiographs. In
undisplaced forearm greenstick and torus fractures, ultra-
sound has been shown to be comparable to radiographs
for diagnosis and decision making.'®'4 A recent review
of paediatric forearm fractures concluded that ultrasound
was a valid alternative to radiographs with a sensitivity
and specificity of 0.98.13

Other authors have been more cautious, suggesting
that ultrasound can aid physical examination findings
and help to determine the need for radiographs rather
than replacing them.'¢ Additional caution has also been
advised with open fractures, fractures of the small bones
of the hand and foot, and Salter Harris | fractures, as ultra-
sound is difficult to interpret in these conditions.?
Radiologically occult and stress fractures. Ultrasound has
also been used to detect occult adult fractures that might
be missed with conventional radiographs. The use of diag-
nostic ultrasound in foot and ankle trauma was assessed
following an initial ‘normal’ radiograph. It was found to
detect the missed fractures, which occurred in around
10% of the cohort and was advocated as a potential
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Fig. 1b

Ultrasound of two patients with a displaced clavicle fracture. a) Nonunion:
vertical arrows show end of each fracture fragment with absence of bridging
callus at six weeks (symptomatic nonunion confirmed at six months on CT
scan). b) Union: vertical arrows show the end of each fracture fragment; the
horizontal arrow shows bridging callus at six weeks with a restored cortical
bridge.

alternative to MRI for occult fractures.'” The use in sternal
fractures has also been shown with equivalent sensitiv-
ity to conventional radiographs.’®'? For the diagnosis of
adult rib fractures, ultrasound was shown to be better
than plain radiographs (78% vs 12%, respectively).2°
Other diagnostic uses. In the emergency department,
the use of ultrasound to judge reduction of distal radius
fractures in real time has been validated.?'-22 Additionally,
ultrasound has been suggested to aid the diagnosis of long
bone fractures in adults during resuscitation of haemody-
namically unstable patients.?*> With minimal ultrasound
training, prehospital care physicians have used ultrasound
to detect long bone fractures without the use of radio-
graphs with a sensitivity 93% and specificity 83%.24
Despite these potential advantages, there is resistance
to widespread adoption of ultrasound to replace conven-
tional radiographs, perhaps because of the skill and
resources needed to perform and interpret the ultra-
sound images. Furthermore, the ionizing radiation dose
of peripheral limb radiographs is considered to be rela-
tively benign.
Monitoring progression
Conventional radiographs are slow to detect callus forma-
tion, which limits their accuracy for the early diagnosis of a
delayed union. Itis reported to take six to eight weeks for cal-
lus to be present and often beyond ten weeks for bridging
callus to be evident on plain radiographs.?2¢ Furthermore,

callus and fracture union.

given the 2D projectional nature of radiographs, the sen-
sitivity of detecting a bridging callus can be challenging.
Multiple orthogonal radiographs can aid the objectivity to
detect a bridging callus for union, along with scoring sys-
tems such as the radiographic union scale in tibial (RUST)
scoring system.?> An exciting application of ultrasound is
the ability to evaluate the fracture site for evidence of early
callus progression and union. The soft bridging callus
formed during the early phases of fracture healing can be
reliably detected with conventional 2D ultrasound imag-
ing.2¢ This method was first described in patients undergo-
ing limb lengthening using distraction osteogenesis. The
use of 2D ultrasound imaging was shown to be superior
to radiographs to observe the quality of bridging callus,
which was visible within two weeks. A predictable pattern
of anechoic signal was present before evolving into hyper-
echoic cortical bone, which did not allow transmission of
the ultrasound beam. This was consistently detected prior
to the appearance of callus on plain radiographs, which
was not apparent before eight weeks.26 This has been rep-
licated in similar small cohort studies, which conclude that
ultrasound can guide the proposed rate of limb lengthen-
ing and detect complications such as cysts or poor callus
progression earlier than plain radiographs.27-30 These small
case series describe the appearance of early callus forma-
tion but do not expand on the rate or quality of callus for-
mation and whether this was predictable in all patients. In
a larger study by Ricciardi et al,3' 239 diaphyseal fractures
treated with external fixators were monitored for fracture
healing at regular intervals. The authors found that seven
days after surgery, a haematoma could be seen in the frac-
ture gap as a hypoechogenic area with an irregular perim-
eter.3 Beyond ten to 16 days, a dense, dark anechoic
material was visible in keeping with soft callus formation.
This became increasingly hyperechogenic, in keeping with
calcification of the fracture site seen between days 20 and
35, but with some penetration, which allowed it to be dis-
tinguished from the intact cortical bone. Beyond 35 days,
the callus was no longer penetrated by the ultrasound and
a uniform acoustic shadow was observed. At this point,
the early callus could be visualized on conventional radio-
graphs. Although Ricciardi et al3' were the first to describe
these early changes in detail, they do not provide details
of the individual patients enrolled in their study. Despite
the number of patients, there was no reporting of any
delayed unions or the inability to detect callus. It is there-
fore assumed that all patients united with a predictable
course. It is possible that there was selection or report-
ing bias within this study, which limits its applicability to
clinical practice.?! Following this, Maffulli and Thornton32
expanded on the evaluation of early callus and potential
differences in the presence of fracture nonunion in an
observational study of 24 patients. They described the typ-
ical haematoma appearance from the first week and the
increasing echogenic appearance of the soft callus, initially
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irregular in morphology, but undergoing linear alignment
with time to match the intact cortical bone. They were the
first to comment on the appearance of three established
humerus fracture nonunions, which appeared to confirm
the absence of a bony bridge within maturing soft cal-
lus.32 More recently, a small study of 28 conservatively
treated paediatric fractures compared radiographs with
ultrasound assessment at the time of removal of cast.33
They found that the measurement of callus formation and
prediction of union was comparable between radiographs
and ultrasound. However, the timing of radiographs and
ultrasound was not clearly stated, nor was the reproduc-
ibility of ultrasound assessment adequately reported.33
Despite numerous publications over the last decade
describing the early detection of callus on ultrasound prior
to radiographs, all are limited by incomplete reporting of
the reliability and reproducibility of their findings.27-32

Ability to predict delayed fracture union and the clinical
application. The most clinically useful study to evaluate
the predictive performance of ultrasound was performed
by Moed et al.3* In their pilot work, 14 tibial diaphyseal
fractures managed with an unreamed statically locked
intramedullary nail were prospectively scanned every
fortnight until bone union. From three scanning portals,
they were able to achieve a 270° view of the tibia frac-
ture site mitigating for the limitations of 2D scanning.
They determined the presence or absence of a bridging
callus on ultrasound. The progressive loss of visualiza-
tion of the intramedullary nail at the fracture site was
the most reliable predictor of union. They found that
bridging callus on ultrasound on at least two views was
indicative of bone healing in nine patients, which was
detected at a mean of 38 days (17 to 65) versus 127 days
(70 to 213) on plain orthogonal radiographs. Of the five
patients with delayed union, ultrasound correctly iden-
tified the absence of bridging callus and the continued
appearance of the nail at the fracture site in all but one
patient, giving a sensitivity of 100% (95% confidence
interval (Cl) 0.6 to 1.0) and specificity of 80% (95% ClI
0.3 to 1.0) for the diagnosis of impaired fracture union.34
A subsequent interventional study was undertaken in
47 patients (with 50 tibial diaphyseal fractures), treated
with unreamed statically locked intramedullary nails.33 If
no signs of healing (as determined by their pilot work)
were observed at six weeks, a further nine-week scan
was repeated. The authors decided to intervene after
two negative ultrasound scans with either dynamization
of the fracture or bone grafting for axially unstable pat-
terns. They found in 38 fractures that an ultrasound scan
with evidence of healing at six or nine weeks had 97%
positive predictive value and 100% sensitivity for fracture
union. Typically, they observed fracture healing deter-
mined by ultrasound at a mean of 6.5 weeks versus 19
weeks for plain radiographs alone (p < 0.001). The one
false positive the authors report was incorrectly described
as healing on ultrasound, which on retrospective review

Fig. 2b

3D reconstruction of a) power Doppler and b) microangiography CT.
Reproduced with permission from Sun MH, Leung KS, Zheng YP, et al.
Three-dimensional high frequency power Doppler ultrasonography for
the assessment of microvasculature during fracture healing in a rat model.
J Orthop Res 2012;30:137-143.

was erroneously reported and should have undergone a
further nine-week scan. This patient went on to require
further intervention for symptomatic nonunion. Of the
12 patients with two negative ultrasound scans, two
patients refused surgery and autodynamized when the
screws broke and went on to unite. A further ten patients
underwent either dynamization or bone grafting follow-
ing the second scan at nine weeks. Of these, four fractures
still went on to nonunion and underwent an exchange
nailing. All patients had no evidence of radiological union
at the time of their repeat procedure, in keeping with the
ultrasound findings. Management of tibial diaphyseal
fractures has evolved since this study, with modern nail-
ing techniques tending to use larger reamed nails and
early weightbearing.3¢37 However, in this well-defined
prospective study, the results support the clinical appli-
cation of ultrasound to predict delayed union.3s

Vascular Doppler. Assessment of the microvascular blood
flow at the site of early callus formation is of interest for
evaluating the progression of vascular invasion. Power
Doppler can be used to quantify neovascularization in
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a) Reconstruction following tibia shaft nailing. 2D reconstruction shows consolidating callus formation and 3D reconstruction shows the bridging callus from
an early stage.>* b) Patient with an intramedullary skeletal kinetic distractor (ISKD) nail in situ at eight weeks following distraction osteogenesis. 2D view and 3D
view presented with a cyst (red) detected at the distraction site.>* Reproduced with permission from Ross E. Freehand three dimensional ultrasound for imaging
components of the musculoskeletal system. Edinburgh Research Archive. 2010. https://www.era.lib.ed.ac.uk/handle/1842/4500.

a defined area of callus. New vessels with a diameter of
> 1 mm indicate an increase in vascularity, which can be
referenced against healthy periosteum away from the
fracture location. It has been suggested that neovascu-
larization can be used to predict callus formation.33,38-40
This relationship was explored by Caruso et al*® with a
series of 20 tibia shaft fractures managed using external
fixators. New vessel formation within a maturing callus
was followed by a decrease that was seen after approxi-
mately 100 days, with uneventful union in 18 patients.
In two patients with a delayed union, there was a persis-
tently high vascularity beyond three months, in keeping
with the absence of bridging callus on ultrasound and
radiographs.3® However, there is a concern of scanning
error when vascular Doppler is used to assess fracture
healing. Low blood flow, image artefacts due to move-
ment, and random 2D slice sampling of a callus can lead
to variable interpretation of the clinical picture. It has
been suggested that 3D high-frequency power Doppler
ultrasound can reduce the variability of multiple 2D
slices.#? Sun et al*' evaluated the validity of high-power
vascular Doppler using ex vivo microangiography CT as
a benchmark in an animal model. They found that the
two modalities were strongly correlated and that power

Doppler ultrasound was sufficiently reproducible (Fig. 2).
The vascularity of the fracture site decreased predictably
with time in keeping with the developing callus and bone
union.*!

The use of contrast-enhanced ultrasound using micro-
bubble agents has been shown to be able to determine
vascularity accurately with some increased sensitivity
over conventional power Doppler. This has been
explored in tendinopathy of the Achilles tendon*? and
rotator cuff of the shoulder,*344 but its application to
assess fracture healing has not yet been evaluated.
Despite the sound biological principles that underpin
vascular inspection of the early fracture site, the clinical
use to predict delayed union still requires development.
The subtle vascular changes seen by Doppler ultrasound
at three months in potential delayed union sites do not
offer a significant advantage over traditional radio-
graphs. However, there is potential for further develop-
ment of this technology, which may enhance the clinical
application in this area.

Freehand 3D ultrasound. The primary limitation of 2D
ultrasound in orthopaedic trauma practice is the dif-
ficulty of the interpretation of the images. In addition,
there can be temporal and operator variation, making
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A summary of differing biological effects derived from ultrasound according to frequency and intensity variations.®3

monitoring an area of interest over time for callus pro-
gression difficult and potentially error-prone. This can be
mitigated by performing multiple passes over the frac-
ture site with predetermined orthogonal views; however,
it can still be difficult to ensure correct orientation and
repeatability. The use of 3D ultrasound has the ability to
overcome these shortcomings. The technology utilizes
a tracked ultrasound probe and widely available soft-
ware (e.g. Stradwin; Cambridge University Engineering
Department, Cambridge, United Kingdom). Using a stan-
dard diagnostic ultrasound machine with a freehand 2D
transducer attached to a positional sensing device, simi-
lar to that used in computer-aided navigation, 3D images
can be produced. As the normal 2D image is recorded,
the position of the transducer is tracked in order to cre-
ate a series of irregular 2D scans that are then mapped
to a 3D lattice, which allows 3D volumetric reconstruc-
tion. Optical tracking uses an infrared sensor to capture
the transducer position device with a direct ‘line of sight’,
capturing images in real time with excellent accuracy.4546
This has been used to measure muscle volumes in vivo
with findings comparable to MRI.474% A wide variety of
uses have also been advocated such as clubfoot assess-
ment in neonates,>° traumatic muscle injuries,>' and bra-
chial plexus mapping.>2 The utilization of 3D ultrasound
for the study of fracture healing has distinct advantage
over 2D images due to the ability to study a fracture site
from multiple angles and compile them into a 3D recon-
struction, which facilitates interpretation and allows
cross-sectional images to be created. Despite this poten-
tial, the use of 3D ultrasound for fracture diagnostics or
to evaluate bone healing, particularly in the early ‘for-
gotten phase’,’3 has not been exploited to date. A pilot
study showed the feasibility of using 3D ultrasound for
early inspection of the fracture site was achievable fol-
lowing intramedullary nailing or distraction osteogenesis
of the tibia. In five patients, the early bridging callus was
accurately visualized; in one patient, an early cyst at the
fracture site was detected prior to radiological detection
(Fig. 3).>4

Microbiology pathogen detection. A recent consensus
definition of fracture-related infection included the pres-
ence of “phenotypically indistinguishable pathogens
identified by culture from at least two separate deep
tissue/implant (including sonication-fluid) specimens
taken during an operative intervention” as one of four
confirmatory criteria.>> The use of ultrasound to liberate
organisms from bacterial biofilms®6-3° and/or stimulate
growth® from clinical samples has been independently
reported by a number of research groups. Trampuz et al>¢
examined the diagnostic performance of sonication and
conventional laboratory culture using explanted ortho-
paedic implants from patients with aseptic failure and
patients with prosthetic joint infections. Sonicated fluid
cultures yielded causative organisms in higher numbers
than did periprosthetic tissue cultures. Of additional clini-
cal importance was that all six false-negative sonicated
fluid cultures occurred with patients taking antimicrobial
agents, emphasizing the importance of discontinuation of
antimicrobial therapy, ideally for at least two weeks, prior
to specimen collection. Interestingly, there was greater
improvement in bacterial recovery following sonication
compared with standard culturing techniques in patients
who had only recently stopped antibiotic therapy (< 14
days) or were still receiving concurrent antibiotic therapy
at the time of explantation.>¢ The reduction of false-
negative samples is beneficial for the management of
fracture-related infections and antimicrobial stewardship.
Targeted antimicrobial therapy is not only a key compo-
nent to successful curative or suppressive management
strategies,®' but can also assist in the struggle against the
development of antimicrobial resistance.5?

Therapeutic ultrasound

Low-intensity waveforms are aimed at stimulating phys-
iological responses to injury, or accelerating some bio-
logical processes, while the purpose of high-intensity
treatments is to destroy tissues selectively. In this field, a
wide range of ultrasound frequencies have been
employed, from approximately 20 kHz up to several
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MHz; frequencies lower than a few hundred kHz are
generally defined as ‘low frequency ultrasound’, and
frequencies in the order of 1 MHz and above are gener-
ally defined as ‘high frequency ultrasound’. Higher-
power ultrasound at lower frequencies (20 kHz to 100
kHz), which is referred to as ‘power ultrasound’, has the
ability to cause microbubble formation, also known as
cavitation. The resultant interaction between the bio-
logical tissues and the waveform can be described as
thermal or nonthermal (Fig. 4).63
Thermal effects. The energy transported by an ultrasonic
beam is attenuated as it passes through biological tis-
sue. The energy loss is due to scattering of the ultrasonic
beam and absorption by extracellular fluid, resulting in a
heating effect. The high absorption coefficients of large
protein molecules mean that collagenous tissues, such
as cortical bone, myofascial junctions, tendon sheaths,
fibrotic muscle, and major nerve trunks, may be heated
preferentially. The extent of physiological response to
heating is dependent on the peak temperature, rate of
temperature rise, time of heating, and heated volume.%
Nonthermal (mechanical) effects. Nonthermal mecha-
nisms that can produce therapeutic changes in bio-
logical tissues may be cyclical or noncyclical. Reported
macroscopic cyclical effects include local haemodynamic
changes®>67 and angiogenesis.®®6° Mechanical effects of
ultrasound at a cellular level include stimulation of cell
proliferation,’%”! cell membrane depolarization,”? and
mast cell degranulation.”3

The main noncyclical effect is acoustic cavitation. During
the sonication process, pressure waves are created when
a sonic wave meets a liquid medium, thereby creating
regions of alternating compression and expansion,’4 cre-
ating unstable microbubbles that fluctuate with the
alternating waveform. Eventually the condensed mole-
cules collide violently, creating shock waves, which
result in the formation of localized regions of extreme
temperature and pressure, up to 5500°C and 50000 kPa,
respectively.
Fracture healing. The use of low-intensity pulsed ultra-
sound as an adjunct in the management in accelera-
tion of fracture healing in fresh fractures and delayed/
nonunions is controversial. The earliest reported trial,
performed by Heckman et al,”> found that low-intensity
pulsed ultrasound improved the time to clinical and
radiological union and overall proportion, achieving
union within 150 days in conservatively managed diaph-
yseal fractures of the tibia. However, the results may have
been influenced by one-third of the cohort being lost to
follow-up or excluded for deviations in the protocol.”s
More recent work investigating the underlying mecha-
nism of low-intensity pulsed ultrasound on fracture heal-
ing have proposed multiple cellular effects. It has been
reported to induce proliferation of preosteoblast-like
bone cells’¢ and the differentiation of mesenchymal stem

cells towards osteogenesis.”” Further in vitro studies have
demonstrated that ultrasound stimulation in osteogen-
esis occurs by mechanotransduction of osteocytes and
osteoblasts’!78 via integrin-signalling pathways’® and
Piezo ion channels,?° leading to an enhanced local acute
inflammatory environment’?-8" and subsequent fracture
healing.

However, low-intensity ultrasound has not been found
to be an effective adjunctive therapy for distraction osteo-
genesis,82 nor in conjunction with intramedullary nailed
acute fractures and osteotomies in a recent, well con-
ducted, multicentre randomized control trial®3 and in
previous systematic reviews.3485 There may, however, be
arole for ultrasound in the management of impaired frac-
ture healing. A more recent systematic review and meta-
analysis, using criteria for defining fracture nonunion as
no evidence of radiological union at least three months
postinjury, investigated the effects of low-intensity pulsed
ultrasound in 1441 fracture nonunions.8¢ It concluded
that ultrasound could be an alternative to surgery for
established aseptic nonunions, with > 80% achieving
union. Hypertrophic nonunions were found to benefit
more than biologically inactive atrophic nonunions. An
interval without surgery of more than six months prior to
ultrasound treatment was associated with a more favour-
able result. The role of low-intensity pulsed ultrasound
therapy in the management of acute fractures is currently
under review by the National Institute of Health and Care
Excellence in the United Kingdom,®” but continues to
have Food and Drug Administration approval in the
United States. With further understanding of the mecha-
nism of ultrasound action and appropriate case selection,
a role for therapeutic ultrasound in the management of
impaired fracture healing may yet emerge.

In summary, ultrasound is a developing technology in
fracture management with potential for both diagnostic
and therapeutic use. Emerging evidence has shown the
potential of ultrasound as a valid alternative to radio-
graphs in certain clinical situations and, perhaps of
greater value, the ability to determine the early presence
of callus for the prediction of delayed union. The advent
of 3D ultrasound may overcome the previous limitations
of 2D ultrasound, producing images that are easier to
interpret. The role for ultrasound as a therapeutic adjunct
in the management of fracture nonunions remains
unclear and under ongoing scrutiny. Further under-
standing of the acoustic properties of musculoskeletal
tissues, as well as the optimization of acoustic parame-
ters, is required to maximize the potential of ultrasound
as a diagnostic and therapeutic modality in fracture
management.
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