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 � Low intensity pulsed ultrasound (LIPUS) therapy has dem-
onstrated clinical effectiveness in achieving union in a vari-
ety of fracture situations.

 � Few studies have investigated the effectiveness of LIPUS 
therapy in foot and ankle surgery.

 � The overall rate of union in all published studies relating to 
the use of LIPUS in a variety of foot and ankle fracture and 
fusion situations is 95%.

 � Some studies suggest lower healing rates (~ 67%) when 
LIPUS therapy is used to treat hindfoot fusion nonunion.

 � A well-powered, high-quality, randomized controlled trial 
is needed to demonstrate the clinical and cost effective-
ness of LIPUS therapy in foot and ankle surgery.
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Introduction
Fractures in the foot and ankle can occasionally pose a 
challenge regarding union. Fusions involving joints of 
the foot or ankle can similarly prove difficult to achieve 
sound union. Whilst there may be clearly identifiable 
risk factors for delayed or nonunion, it can still occur in 
healthy patients.1,2 There is some dissonance regarding 
the definition of bony union.3,4 Most studies describe 

clinical and/or radiological union, using a reference time 
point since injury or surgery. Clinical union is commonly 
defined as lack of pain on palpation and weight-bearing. 
Radiological union is frequently defined radiographically 
as three of four cortices in continuity in orthogonal pro-
jections. Variations exist between studies. In most foot 
and ankle fractures, osteotomies, and fusions, delayed 
union is defined as > 3 months since injury/operation 
and nonunion is > 9 months since injury/operation. 
‘Normal’ time to union varies in foot and ankle fractures 
and radiographic union may lag behind clinical union in 
some cases.5 One method that has been used to achieve 
union of fractures, osteotomies and fusion, is the appli-
cation of low intensity pulsed ultrasound (LIPUS) therapy 
(Table 1).6 The increasing use of LIPUS in various ortho-
paedic applications has included the field of foot and 
ankle surgery. LIPUS use in this area is becoming more 
popular, largely due to early promising results (Table 2).7,8 
This review article will describe LIPUS treatment, the 
basic science that underpins its mechanism of action, 
and review the published literature relating to its applica-
tion in foot and ankle surgery. To date, few studies have 
evaluated the clinical effectiveness of LIPUS therapy spe-
cifically in foot and ankle surgery. The aim of this article 
was to review the clinical studies reporting the outcome 
of union in foot and ankle surgery. Recommendations 
for clinicians considering LIPUS therapy in foot and ankle 
surgery will be provided based on the published peer-
reviewed clinical evidence.
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Table 1. Indications and precautions for EXOGEN®

Indications Precautions

Treatment of delayed unions Skeletally immature individuals
Treatment of nonunions Nonunions of the vertebrae and the skull
Treatment of stress fractures Osseous defects of the vertebra and the skull
Accelerating repair following osteotomy Pregnant or breast-feeding women
Accelerating repair in bone transport procedures Pathological fractures due to bone pathology or malignancy
Accelerating repair in distraction osteogenesis procedures  
Treatment of joint fusion  

Source: Taken from Bioventus EXOGEN® Ultrasound Bone Healing System Instruction Manual.
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Basic science of LIPUS
Low intensity pulsed ultrasound was first applied to frac-
ture repair in 1983.9 FDA approval was granted in 1994.10 
The technology utilizes an unfocussed transducer to 
deliver ultrasound waves with 30 mW/cm2 SATA (spatial 
average-temporal average) intensity, at a frequency of 
1.5 MHz, pulsed at 1 KHz, over a 3.88 cm2 area.10 The 
transducer is connected to the main operating unit and is 
attached to the patient with a separate fixture strap overly-
ing their nonunion or delayed union site. Coupling gel is 
applied to the transducer head to aid conduction of ultra-
sound. The patient self-administers one daily 20-minute 
session until union is achieved. Its mechanism of action 
has been studied extensively and our understanding of 
this technology is constantly growing. Cell culture and in 
vivo experiments have revealed some key insights. LIPUS 
has been shown to generate nano-motion at the fracture/
osteotomy site.11 This in turn triggers a series of events, 

via integrins on the surface of cells, acting as mechanore-
ceptors. Integrins act as mechanoreceptors on the surface 
of cells. The activation of the focal adhesion kinase (FAK) 
– extracellular signal-regulated kinases (ERK) pathway has 
been implicated. Downstream effects relate to the pro-
duction of COX2 protein in cell culture models. In vivo 
animal models have added credence to this mechanism of 
action, demonstrating loss of the beneficial effect of LIPUS 
in COX2 knockout mice. Production of COX2 induced by 
LIPUS drives increased PGE2 production, which has been 
shown to stimulate osteoclasts and osteoblasts. LIPUS 
activates cellular pathways involved in angiogenesis and 
generates factors important to endochondral ossification, 
enhancing this phase of healing (Fig. 1).10

Clinical applications of LIPUS
LIPUS therapy has been shown in a number of studies to be 
beneficial in achieving union in a variety of settings (Table 
3).6 Leighton et al conducted a systematic review and meta-
analysis of LIPUS treatment used to treat confirmed fracture 
nonunions.6 In this systematic review, 1441 nonunions 
across 13 studies were reported. None of the included 
studies investigated foot and ankle fractures in isolation. 
The pooled treatment effect size for healing from 10 stud-
ies (three were excluded as they enrolled patients whose 
treatment started < 90 days from injury) was 82% (95% 
CI: 77–87%). For established nonunions, the pooled treat-
ment effect size for healing was 84% (95% CI: 77–91.6%). 
Subgroup analysis revealed hypertrophic nonunions were 

Table 2. Claimed benefits of LIPUS for bony nonunion or delayed 
healing19

Reduced healing time compared with surgery
Avoidance of surgery and achievement of comparable clinical outcomes
Quicker return to weight-bearing and normal daily living compared with surgery
Improved treatment accessibility with a therapy that can be self-administered 
in a home environment
Reduced need for high-cost surgical intervention
Reduced cost because of a reduction in outpatient care, quicker recovery and 
return to work and normal living

Note. LIPUS, low intensity pulsed ultrasound.

Fig. 1 Summary of the basic science of key steps in LIPUS mechanism of action.
Source: Adapted from Harrison et al9 with permission.
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twice as likely to heal as atrophic nonunions when LIPUS 
was applied. Application of LIPUS within six months of the 
last surgical intervention yielded a more favourable result 
than those treated with LIPUS > 12 months since their last 
surgery (OR 5.72, 95% CI: 1.62, 20.22). Patient age, smok-
ing status, and fracture age did not significantly influence 
the healing rate in this meta-analysis.

The National Institute for Health and Care Excellence in 
United Kingdom updated its guidelines on the use of the 
EXOGEN® (trade name for LIPUS) ultrasound bone healing 

system for long bone fractures with nonunion or delayed 
healing recently in 2019. They suggested that adopting 
the EXOGEN® ultrasound bone healing system to treat long 
bone fractures with nonunion is supported by the clinical 
evidence, which shows high rates of fracture healing and 
is associated with an estimated cost saving of £2,407 (~ 
€2,648) per patient compared with current management, 
through avoiding surgery. However, for long bone frac-
tures with delayed healing, there are substantial uncer-
tainties about the rate at which bone healing progresses 

Table 3. Summary of published studies reporting fusion rates in foot and ankle surgery

Author Journal Year Study 
design

Patient cohort n = LIPUS protocol Device Healing rate Healing 
time (mean, 
SD)

Data from 
manufacturer’s 
registry?

Factors 
influencing 
healing

Teoh et al The Foot 2018 Case series 5th metatarsal 
fracture nonunions 
(>3 and <9 months 
since injury)

30 20-minute daily 
session self-
administered (up 
to 150 days)

Exogen 27/30 (90%) 88 days (5.9) No Smoking status

Mayr et al Arch Orthop 
Trauma Surg

2000 Case series Registry data of all 
fracture delayed 
(up to 9 months) 
and nonunions 
(>9 months since 
injury) (data on 
foot and ankle 
fractures extracted)

149 20-minute daily 
session self-
administered

Exogen 198/214 (92.5%) 100 days 
(19.2)

Yes Calcium 
channel 
blockers; 
NSAIDs; 
Smoking status; 
Renal disease; 
Vascular 
insufficiency

Zura et al Injury 2015 Case series Chronic (>365 
dayrs since injury) 
nonunions

100 20-minute daily 
session self-
administered

Exogen 86/100 (86%) N/A Yes Patient age

Zura et al BMC 
Musculoskeletal 
Diseases

2015 Case series Acute (<90 days 
since injury) 
fractures

555 20-minute daily 
session self-
administered

Exogen 545/555 (98%) N/A Yes Comorbidities 
(DM, vascular 
insufficiency, 
osteoporosis, 
cancer, RA); 
Smoking status; 
Medications 
(Steroids, 
insulin, calcium 
channel 
blockers, 
antibiotics, 
anticoagulants, 
NSAIDs)

Majeed et al Foot & Ankle 
surgery

2019 Case series Lower leg/ankle 
fractures; hindfoot 
fusions; midfoot/
forefoot fractures 
and fusions (> 
9months since 
index injury/
procedure)

47 20-minute daily 
session self-
administered

Exogen (41/47) 87% 6 months 
(range 3–15)

No N/A

Nolte et al Injury 2016 Cohort 
study

Acute, delayed 
union, nonunion in 
metatarsal fractures

594 20-minute daily 
session self-
administered

Exogen 574/595 (97%) N/A Yes N/A

Jones et al Foot & Ankle 
International

2006 Case series Patients undergoing 
revision hindfoot 
fusion for nonunion

19* 20-minute daily 
session self-
administered

Exogen 13/19 (68%) 11.8 weeks 
(range 6–30)

No N/A

Coughlin 
et al

Foot & Ankle 
International

2008 Cohort 
study

Primary subtalar 
joint fusion + LIPUS 
vs primary subtalar 
joint fusion alone

15** 20-minute 
daily session 
self-administered 
through cast 
window for 12 
weeks

Exogen 12/15 (80%) N/A No N/A

Mirza et al Foot & Ankle 
surgery

2018 Case series Delayed or 
nonunion 
following foot or 
ankle fusion

18 20-minute daily 
session self-
administered (up 
to 150 days)

Exogen 12/18 (67%) 36.5 weeks 
(range 
24–60)

No N/A

*19 joints in 13 patients.
**15 patients in each group (15 received LIPUS).
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without adjunctive treatment between three and nine 
months after fracture, and about whether or not surgery 
would be necessary. These uncertainties result in a range 
of cost consequences, some cost saving and others that 
are more costly than current management. The model 
considered to be most appropriate to estimate EXOGEN® 
treatment in delayed union would be more costly than 
current management. The Committee therefore judged 
that the case for adoption of EXOGEN® to treat long bone 
fractures with delayed healing was not supported by the 
current evidence.

LIPUS in foot and ankle fractures
In delayed union and nonunion

LIPUS therapy has been utilized in a number of foot and 
ankle fracture settings (Fig. 2). Majeed et al reported a 
mixed series of foot and ankle (F&A) patients (both frac-
ture and elective surgery patients) with nonunion. Overall, 
37/47 (79%) of patients receiving LIPUS treatment healed 
in his series. However, clinical union was defined as an 
asymptomatic patient, which demonstrated radiological 
union in only 26/37 patients (70%). Of the 10 patients with 
persistent pain and nonunion, six underwent revision sur-
gery.8 Specific to F&A fractures in their series, the healing 
rate was 93% (13/14) in patients with tibial/ankle fracture 
nonunion and 78% (14/18) in patients with midfoot/fore-
foot fusions/fractures nonunion.8 Teoh et al presented a 
case series of 30 patients treated with LIPUS for ununited 
5th metatarsal fractures, initially treated conservatively.7 
Clinical and radiological union was achieved in 90%. Two-
thirds of those that failed LIPUS treatment were sympto-
matic and required surgery (one ORIF, one excision of Type 
1 fracture fragment). All three failures occurred in smokers; 
however, given that the numbers were small, it is unclear 

whether this observation is relevant.7 Mayr et al also noted 
that those who failed to heal their delayed or nonunion after 
LIPUS treatment were more likely to be smokers.12 Extract-
ing data in their registry series specific to foot and ankle 
only (214/1317), foot fracture nonunions (excluding meta-
tarsal fractures) had a 90% (18/20) healing rate with LIPUS 
treatment at an average of 138 days (SD 18.1) and meta-
tarsal fracture nonunions had a 78% (14/18) healing rate 
(mean 117 days, SD 17.0). In their delayed unions group, 
the union rates following LIPUS treatment are as follows: 
foot, 91% (10/11); metatarsal, 96% (81/84); calcaneus, 
89% (8/9); navicular 83% (5/6); ankle, 92% (36/29); fibula, 
96% (26/27).12 This gives a healing rate of 94% for delayed 
union and 84% for nonunion. Based on these findings, it is 
reasonable to consider a trial of LIPUS therapy in delayed 
union or established nonunion foot and ankle fractures, 
especially in patients wishing to avoid surgical intervention.

Acute fractures

One potential utility of LIPUS is in acute foot and ankle 
fractures, especially in certain high-risk groups, to increase 
the chances of union. Utilizing a large post-market sur-
veillance registry database, Zura et al reported an over-
all healing rate for all fractures sustained < 90 days prior 
to LIPUS treatment as 96% (4032/4190).13 However, this 
cohort excluded patients lost to follow-up and deemed 
non-compliant with treatment (1575 patients). The 
authors reported higher union rates for foot and ankle 
fractures compared to the overall average rate of healing 
for all fractures. In this study, 122/125 (98%) ankle frac-
tures and 423/430 (98%) metatarsal fractures healed with 
LIPUS treatment. Given most acute foot and ankle frac-
tures will heal, often with conservative treatment alone, it 
is unclear the treatment effect size and the cost effective-
ness of adjunctive LIPUS therapy in this group.

Fig. 2 Radiographs of a healthy 74-year-old with a stable Weber B distal fibula fracture. (A) Initial anteroposterior (AP) radiograph; 
(B) radiograph taken 212 days after injury showing painful nonunion confirmed with magnetic resonance imaging (not shown); 
(C) fluoroscopic guided targeting of placement of transducer for accurate localization of EXOGEN® therapy; (D) AP radiograph 
demonstrating radiographic union after 79 doses of EXOGEN® with 100% compliance.
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Acute vs. delayed union or nonunion

Nolte et al compared registry data on patients with all 
metatarsal fractures, acute and those with delayed or non-
union, receiving LIPUS treatment compared with ‘stand-
ard care’ using propensity matching from a health claims 
database (Truven Health Analytics).14 They found no dif-
ference in healing between the cohorts (LIPUS 578/594 
97.3% vs. standard care 566/594 95.3%, p = 0.065). In 
this analysis, the LIPUS cohort included those receiving 
LIPUS as a standalone intervention and those who received 
surgery with LIPUS therapy as an adjunct. When investi-
gating those receiving LIPUS treatment as a standalone 
treatment, without concomitant surgery, vs. standard 
care (Truven cohort), they found 521/535 (97.4%) healed 
with LIPUS treatment compared to 504/535 (94.2%) 
(p = 0.0097). The Truven cohort had significantly more 
obese and morbidly obese patients than the LIPUS cohort 
(p = 0.0099), which may have influenced the outcome. 
It is also unclear what proportion of the Truven cohort 
received surgical intervention, which is an additional con-
founder. The absolute risk reduction in treating metatarsal 
fractures with LIPUS vs. standard care is 0.027, resulting in 
a need to treat number of 36.8 patients. Subgroup analy-
sis, after propensity matching, demonstrated improved 
healing when comparing LIPUS treatment with standard 
care for acute (< 90 days since injury) fractures (361/368 
98.1% vs. 351/368 95.4%, p = 0.0381). Surprisingly, they 
found no improvement in healing rate for delayed or non-
unions in metatarsal fractures between the two cohorts 
(LIPUS 217/226 96.0% vs. 212/226 93.8%, p = 0.2851).

Chronic nonunions (defined as lack of clinical or radiological 
union > 365 days since injury)

The ability of LIPUS to achieve union in extreme nonunion 
cases, precluding the need for surgery, is desirable. LIPUS 
has been in evaluated in such chronic cases. In a study of 
chronic nonunions, defined as lack of clinical or radiologi-
cal union > 365 days since injury, Zura et al demonstrated 
healing in 661/767 (86%) when LIPUS treatment was 
used as a standalone intervention, or at least 90 days after 
the last surgical procedure.15 The heal rate for his nonun-
ion series, specific to the foot and ankle, was similar to 
his overall success rate: ankle, 35/41, 85.4%; metatarsal, 
31/36, 86.1%; foot, 20/23, 87.0%.

Most studies reporting the outcome of LIPUS therapy in 
foot and ankle fractures are level 3 or 4 evidence. There is 
significant heterogeneity in the cohorts described in these 
studies. Firstly, studies have investigated the use of LIPUS 
in a wide range of foot and ankle pathology, from acute 
fractures to established chronic unions. Secondly, some 
studies included both elective fusion and fracture non-
unions. Thirdly, studies have reported data from a large 
registry, with foot and ankle cases forming part of a sub-
group analysis. Fourthly, LIPUS therapy has been studied 

as a standalone intervention, whilst others report its use as 
an adjunct to primary or revision surgery.

Application in foot and ankle fusion
Failed fusion

Surgeons have employed LIPUS therapy to achieve union 
following failed foot and ankle fusion. This can be done 
as an independent intervention following nonunion after 
fusion (Fig. 3), or in conjunction with revision surgery. In 
the context of established delayed or nonunion follow-
ing fusion in the foot or ankle, Mirza et al applied LIPUS 
therapy in 18 patients.16 They reported 12/18 patients 
achieved union with LIPUS therapy alone at a mean of 
4.8 months (range 3–6 months). Of the six failures, three 
opted for revision surgery, and one had an amputation. 
They reported that small joint fusions (one naviculocunei-
form; one talonavicular; and eight first metatarsophalan-
geal joints) healed with LIPUS therapy in 9/10 patients. The 
authors suggest that LIPUS therapy may be less effective in 
the tibiotalar joint or hindfoot fusions.16 Similarly, Majeed 
et al reported only 10/15 (67%) hindfoot fusion nonun-
ions achieved union with LIPUS therapy.8 They attributed 
the poorer healing rates in the hindfoot fusion group to the 
increased distance between the transducer and the fusion 
site, and greater volume of adipose tissue in this area. Con-
trary to the lower rates of union reported by these two 
studies, Mayr et al reported higher healing amongst ankle 
fusion using LIPUS therapy (union rate 18/22, 82%).12

As an adjunct post-fusion surgery

The use of adjunct LIPUS treatment in revision hindfoot 
fusion was reported in a case series of 19 fusions in 13 
patients.17 Using CT scans postoperatively, they applied a 
novel grading system to account for metal artefacts, and 
reported union as nonunion (0–33% joint surface fused), 
partial union (33–66% joint surface fused), or solid union 
(66–100% joint surface fused). One out of 19 joints had a 
nonunion, which occurred in an isolated revision subtalar 
fusion; 5/19 had a partial union; 13/19 had a solid union.17 
Given no control group was used in this study, it is unclear 
what proportion of these patients would have united their 
revision fusion. Coughlin et al reported the use of adjunct 
LIPUS treatment for subtalar joint fusions compared to sur-
gery alone.18 They compared the radiological and clinical 
outcomes of 15 patients receiving LIPUS after surgery with 
a control group of 15 patients receiving surgery alone. 
LIPUS was applied using a medial window within the post-
operative cast for 12 weeks post-surgery. CT scans were 
obtained at serial time points. They consistently demon-
strated larger surface area of fusion of the posterior facet 
area in the LIPUS group compared to the control group 
from 6 weeks to 12 months post surgery.18 The rate of 
healing showed a statistically significant difference with 
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the LIPUS group when compared to the control (no LIPUS) 
group only at 12 weeks for CT (p = 0.017), and only at 
nine weeks on plain radiographs (p = 0.034). This was not 
statistically significant at all other time points (6, 9, 24, and 
52 weeks). Therefore, the true clinical significance of this 
is debatable. It is likely a reflection of low numbers in this 
study and the difficulties in accurately assessing fusion on 
CT scans due to implant artefacts.

Pooling the data from all studies pertaining to foot 
and ankle fractures and fusions demonstrates a high rate 
of union (95%, SD 11.5) (Fig. 4). It is difficult to know, 
with any certainty, the clinical and cost effectiveness of 
LIPUS used in this patient group. A well-powered ran-
domized controlled trial with an appropriate control 
group, ideally a placebo-control, is required to deter-
mine this.
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Fig. 4 Rate of union in studies investigating use of LIPUS therapy in the foot and ankle.

Fig. 3 Healthy 54-year-old underwent elective left 1st metatarsophalangeal joint (MTPJ) fusion. (A) Weight-bearing anteroposterior 
(AP) left-foot radiograph taken 101 days post surgery demonstrating painful delayed union. (B) Weight-bearing oblique view left-foot 
radiograph taken 101 days post surgery, demonstrating painful nonunion. (C) Weight-bearing AP left-foot radiograph demonstrating 
radiographic union (clinically asymptomatic) after 98 doses of EXOGEN® with 98% compliance. (D) Weight-bearing lateral left-foot 
radiograph demonstrating radiographic union (clinically asymptomatic) after 98 doses of EXOGEN® with 98% compliance.
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Future research
Despite early promising results, further research investi-
gating the efficacy, effectiveness, and optimal indications 
for LIPUS therapy in the foot and ankle is needed. Some 
research questions may require randomized controlled 
trials (RCTs), whilst others may be best investigated 
using a large prospective data registry. Key questions 
relating to the clinical efficacy and clinical effectiveness 
of LIPUS therapy in the foot and ankle exist. A clinical 
efficacy study investigating the use of LIPUS therapy in 
a particular area, such as delayed unions in 5th metatar-
sal fractures, may utilize a double-blinded, randomized, 
sham machine, placebo-controlled trial. A clinical effec-
tiveness study, investigating LIPUS use in the area of 
the foot and ankle, for example, may take the form of a 
pragmatic RCT, with the LIPUS treatment group includ-
ing a wider range of conditions. The control group may 
involve ‘standard care’. For other research questions, 
large prospective cohorts, such as studies utilizing the 
Exogen registry, can help increase the numbers included 
for analysis. The application of LIPUS in hindfoot arthrosis 
nonunion cases is still a relatively small area. The obser-
vation of lower healing rates in hindfoot fusion nonun-
ions treated with LIPUS can be further investigated using 
registry data. These studies have a higher risk of bias and 
caution must be used when interpreting their results. A 
control group, propensity matched for significant demo-
graphic factors, should be included to allow meaning-
ful comparison (e.g. use of LIPUS therapy in midfoot vs 
hindfoot fusion nonunions).

There are many challenges to conducting such 
research. Several confounders can be accounted for, 
whilst others may not. Randomization sequences may 
include stratification for certain factors, to reduce the 
risk they may impact the primary outcome. Such factors 
may include obesity, comorbidities, smoking status, and 
steroid use. Any pragmatic study allowing broad inclu-
sion criteria may choose to stratify for number of hind-
foot fusions, to limit their potentially lower healing rate 
from influencing the overall primary outcome. Studies 
involving registry data may yield significant statistical 
results that demonstrate correlation, yet causation may 
remain unclear. Additionally, there may be heterogene-
ity between delayed union and nonunion definitions. 
Similarly, for defining union, it may not be practical, nor 
ethical, to demonstrate radiographic union in all cases. 
This is particularly the case in an asymptomatic hindfoot 
fusion where radiographs are inconclusive and CT may 
be required to demonstrate union definitively. Some 
studies may prove difficult to enrol patients. Established 
nonunions are painful and represent a significant burden 
to the patient. Patients may not wish to be enrolled into 

a study utilizing a LIPUS treatment regime spanning 3–6 
months, when the alternative may be revision surgery, 
yielding potentially a quicker recovery. Ultimately, these 
studies will require clinical equipoise, both in the patient 
and their treating surgeon.

Conclusions
LIPUS therapy has an established scientific basis in fracture 
repair. The mechanism of action is thought to be from 
nano-motion at the repair site resulting in COX2 produc-
tion through integrins and local adhesion kinases. Result-
ant PGE2 production stimulates osteoclasts. Coupled with 
increased angiogenesis, LIPUS has been shown to enhance 
the endochondral ossification phase of fracture repair.

Clinicians may consider using LIPUS therapy in high-
risk patients for nonunion in acute fractures. Delayed or 
nonunion of foot and ankle fractures, especially of the 5th 
metatarsal, may yield good rates of union with LIPUS ther-
apy as a standalone or adjunct to surgical intervention.

There is limited evidence to support the use of LIPUS 
therapy for improving fusion rates in foot and ankle 
fusions. Some studies suggest lower rates of union in 
hindfoot fusions specifically.

Studies to date have been limited by risk of bias due 
to methodological design. High-quality, low risk of bias, 
multicentre, placebo-controlled RCTs are needed to dem-
onstrate clinical effectiveness for utilizing LIPUS in foot 
and ankle fractures and fusions to achieve sound union.
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