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Abstract

Background: Failure of bone fracture healing is quite common and
between 5% and 10% of bone fractures are associated with delayed or
nonunion. The aim of this case report is to draw attention to the man-
agement and the potential solutions of this problems.

Case presentation: We report a case in which we successfully used
low-intensity pulsed ultrasound (LIPUS) in a 40-year-old Caucasian
woman with a delayed union of both bone forearm.

Conclusions: Surgery remains gold standard of nonunion treatment,
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but low-intensity pulsed ultrasound can be an alternative to surgery for
established delayed and nonunion. Clinical research has demonstrated
that LIPUS is able to stimulate bone formation and to significantly ac-
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celerate healing fractures.

Keywords: Delayed union; Nonunion; Low-intensity pulsed ultra-
sound.

Abbreviations: LIPUS: Low-intensity pulsed ultrasound; CRPS: com-
plex region pain syndrome; COX: cyclo-oxygenase; AROM: active range
of motion.

Background

One of the most challenging clinical problems, speciality in
the trauma, is the management of patients with impaired frac-
ture healing. The rate of delayed union or nonunion fracture is
between 5% and 10% [1].

A delayed union is generally defined as a failure to restore
bony continuity by 3 months post-injury or surgical treatment,
while a nonunion occurs when bony healing does not take place
after 9 months and shows no progression toward healing on se-
rial radiographs over the course of 3 consecutive months [2].

Nonunion risk is clearly related to the severity of the injury
and the differences in nonunion rates are associated with differ-
ent surgical treatments [3].

This cannot be fully explained based on fracture severity or
surgical technique. In fact, risk factors for nonunion or delayed
union can be divided as either patient dependent or patient in-
dependent.

Risk factors for delayed or nonunion include fracture pat-
tern, fracture comminution or bone gap, severity of soft tissue
injury, presence or absence of infection and inadequate frac-
ture fixation [4].

Patient dependent risk factors include sex, advance age,
smoking, metabolic disease, nutritional deficiency and other
systematic disorders [5-7]. It is worth highlighting the effort
undertaken by different groups of Clinicians who developed
score (i.e. NURD score, FRACTING score) where information
on patient health, fracture morphology, and surgical treatment
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adopted were combined. These scores should be take into ac-
count when managing patients, with long bone fracture, in or-
der to minimise the risk of nonunion [8-10].

It’s an important clinical objective to avoid delayed union
or nonunion, because patients with nonunion can have more
long-term pain, physical disability, mental health problems and
medical treatment costs as well as a slower return to working
[11,12].

Nonunion fracture may require an adequate stability is
achieved by surgical procedures. There are many surgical op-
tions, including bone fixation (either internal or external) and
use of graft (autologous bone, allografts, bone graft substitutes)
to improve self-healing capacity [13]. The success rate of the
surgical treatment of nonunion is between 68% and 96%, de-
pending on nonunion location and the type of revision surgery
[14].

Sometimes surgical revision is inevitable because of certain
conditions related to fracture site such as instability, malunion
or limb-length discrepancy, but it carries risk of complications.

Recently many noninvasive treatments have been proposed
to achieve bony healing include capacitively coupled electri-
cal stimulation, pulsed electromagnetic fields, extracorporeal
shock-wave therapy and low-intensity pulsed ultrasound (LI-
PUS).

The use of LIPUS (I, 30 mW/cm?) to accelerate the fracture
repair process in humans was first reported by Xavier and Du-
arte in 1983. Low-intensity pulsed ultrasounds show significant-
ly efficacy in reducing repair process times of bone fractures
[3,15-17], resulting in the approval of LIPUS by the U.S. Food
and Drug Administration (FDA) in 1994 for fresh fractures and
for the treatment of nonunion in 2000 and by NICE for treating
nonunion fractures [18,19].

Heckman performed the first randomised placebo-controlled
study on the effect of healing time of tibia shaft fractures and
reported accelerated healing in patients who received active LI-
PUS [20]. Another double blind, randomised controlled study
was performed by Kristiansen to study the effect of LIPUS on
distal radius fractures and had the same positive results [21].

Recently, a meta-analysis of relevant literature has deter-
mined the success of the use of LIPUS for treatment of scaphoid
non-union [22].

Case presentation

We present our experience on the use of LIPUS in a 40-year-
old woman who referred to our hospital with a delayed union
of both bone forearm. The patient was a nonsmoker and non-
diabetic who specifically denied nonsteroidal antiinflamma-
tory medication or steroid use and described no other medical
problems. On 13/07/2019 (Figure 1) she had an accidental fall
and the initial radiographs showed oblique fracture of proxi-
mal diaphysis of radius (AO: 2R2A2) and double fragmentary
wedge fracture of diaphysis ulna (AO: 2U2B3). Two days post in-
jury open reduction and internal fixation were performed using
double plates for ulna (LCP six holes) and intramedullary k-wire
for radius (Figure 2).
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Figure 2: radiograc aspect after open reduction and internal

\\ fixation with plate and screws for ulna and k-wire for radius. Y,

After three weeks, she removed arm cast, she maintained
the arm in a sling and started physical rehabilitation with active
mobilization of elbow. After one month the patient had good
AROM in flexion/extension, but pain in prono-supination move-
ment.

During clinical and radiological follow-up there were no signs
of healing and persistent pain at fracture sites. On 26/10/2019
k-wire was removed to promote bone union.

Four months postinjury, the patient came to our clinic (AOU-
Careggi-Florence, Italy). On examination there was significant
tenderness to palpation directly over the fracture sites, she
complained of persistent pain and limited range of motion, es-
pecially pronation and supination.

Clinically she presented a complex regional pain syndrome,
especially subtype I. In fact, it can be further divided into two
subtypes, based on the absence (CRPS I) or presence (CRPS II) of
a major nerve injury. She had hyperalgesia, skin colour change,
abnormal sudomotor activity and other traditional criteria,
known as the Budapest criteria.

We started drug therapy (COX-2 inhibitor, vitamin C and D,
bisphosphonate) according to guidelines Regione Toscana and
we promoted physical therapy.

Radiographs demonstrated a clear fracture line with minimal
evidence of healing of ulna and a delayed union of radius (Fig-
ure 3).

We decided to start treatment with a LIPUS device one times
daily for 20 minutes (FAST® IGEA), including the following pa-
rameter configuration: average intensity ISATA = 30 mW/cm?,
ultrasound frequency F = 1.5 MHz, signal impulse duration 200
microseconds, repetition rate 1 kHz.
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| Figure 3: Radiographs show delayed union at 4 months follow-up. )
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. Figure 5: X-ray 4 weeks after LIPUS therapy.
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The applied part of the device is an ultrasound transducer
that must be applied directly onto the area to be treated. The
gel must to be applied on the side without writings of the trans-
ducer, to form a 1-2 mm thick layer, before treatment. The gel
is necessary to allow the ultrasound transmission to the treat-
ment area (Figure 4).

/

Six weeks after LIPUS treatment the patient reported to be
without pain when moving his forearm with complete AROM
and her CRPS was resolved. The clinical examination showed
signs of improvement compared to the result eight weeks pre-
viously and X-ray confirmed an improvement radius fracture
healing, calcification of the soft callus was clearly evident and
a complete union on radiographs of ulna fractures (figure 5).

X-ray follow-up at 12 months post injury shows radius frac-
ture healing (Figure 6).

Discussion and conclusion

Delayed union and nonunion fracture are the result of in-
terplay of many risk factors. Nonunion of forearm is rare with
a rate below 5% [23,24]. Because of functional relationships
between radius and ulna, diaphyseal forearm nonunion disable

. Figure 6: radiographs show union bone at 1 year follow-up. )
AN

not only the forearm but also the elbow and wrist.

Internal fixation with or without bone grafting remains the
gold standard of nonunion treatment, but it is a complex sur-
gery, since anatomical and functional features must be pre-
served (forearm length, rotational alignment, and radial bow).

Most of the authors use autologous iliac crest bone graft or
reamer/irrigator/aspirator (RIA) of the femur with an union rate
between 80% and 90% [25,26]. For defeats larger than 6 cm a
vascularized bone, like fibula graft, is the recommended choice
[27,28].

Prolonged surgical time, donor site morbidity and postoper-
ative cast for a long period are only some of the negative points
of surgery.

For these reasons, before considering further surgical proce-
dures, noninvasive treatments are a valid solution. Many nonin-
vasive treatments have been proposed to achieve bony healing
include low-intensity pulsed ultrasound. Extensive clinical re-
search has demonstrated that LIPUS is effective in accelerating
healing of delayed union and non-union of fractures, as well as
healing of fresh upper and lower extremity fractures.

The specific mechanisms by which LIPUS accelerates bone
union are not fully understood. Fracture repair can be divided
into four stages: inflammation, soft callus formation, hard cal-
lus formation and remodelling. It has been demonstrated that
LIPUS can have positive effects in all these phases [29].

One of the biological effects of LIPUS on the fracture site is
considered to be an increase in local blood flow and the cyclo-
oxygenase 2 (COX2) has a primary role in bone fracture repair
[30,31].

A review of literature found the time from the most re-
cent surgery to the beginning of LIPUS treatment is the most
important related factor for the union rate with better results
when lower intensity pulsed ultrasound is started within 3 to 6
months of the last revision surgery.

The major benefits related to use of LIPUS include safety;
literature research does not report complications such as irrita-
tion and allergy.

LIPUS may avoid supplementary complex surgery that causes
new or repeated soft tissue damage, leading to further loss of
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function. Moreover, it is a therapy performed daily at home
that reduces hospital days and consequently the expenses of
the health care system.

LIPUS is a valid approach alternative and complementary
to surgery, but it has limits. First the usual time to healing that
remains long, even if surgery is not related with significantly
earlier results. Second, the literature has proved the extremely
difficult to compare homogeneous series of patients with risk of
bias (the large variability of fracture site, initial fracture severity
and treatment, number of previous surgical interventions), so
it’s difficult to compare LIPUS vs surgery.

Low-intensity pulsed ultrasound has significantly efficacy in
reducing repair process times of bone fractures without add
risks for patient, it must be considered acceptable choice for
delayed union and nonunion fractures treatment. It should be
offered as first-line treatment as an alternative to surgical inter-
vention in all patients with delayed union or stable non-union.
Based on this case report we confirm LIPUS holds great promise
for continual use in difficult and challenging nonunion and de-
layed union.
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