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Abstract
Background: Bone grafts and bone stimulation devices are used as adjuncts to foot/ankle arthrodesis to
improve healing and reduce revision risk. Union rates of low-intensity pulsed ultrasound (LIPUS) and the
factors associated with improved healing were evaluated.
Methods: From a prospective arthrodesis/fracture registry for EXOGEN (Bioventus LLC), treatment
success for foot/ankle arthrodesis patients were was evaluated, based on both clinical (solid and painfree on manual stress) and radiological (3 of 4 cortices bridging) criteria. Associations between union
rates and surgical treatments, comorbidities, and medications were tested.
Results: EXOGEN was used by a total of 235 primary and 16 revision foot/ankle arthrodesis patients. Of
these, 41.4% used EXOGEN within 90 days of the fracture/arthrodesis. EXOGEN use within 90 days of the
fracture/arthrodesis was associated with improved union rates (overall group (p=0.004, odds ratio (OR)
3.675 (95% CI: 1.459-9.258)); primary group (p=0.007, OR 3.383 (95% CI: 1.335-8.574))). The overall
union rate was 86.9% (primary: 86.4%; revision: 93.8%). Patients with the comorbidity of diabetes, obesity,
or current smoker were not associated with a higher non-union rate (p=0.779). Other comorbidities were
not associated with increased non-union rates (Charcot disease p=0.614, NSAID p=0.862, steroids
p=0.647). For all patients, union rates were 94.2% (EXOGEN use ≤90 days post-fracture/arthrodesis) and
81.6% (>90 days).
Conclusions: Union rates for foot/ankle arthrodesis with adjunctive LIPUS were comparable to other
therapies. Known patient risk factors for non-union were not found to be associated with impaired
healing for the LIPUS patients, suggesting the possibility that LIPUS may mitigate these known risk
factors.

Introduction
The rate of foot and ankle arthrodesis has been increasing in the United States, with national data
showing a 146% increase between 1994 and 2006 [1]. It has also been estimated that about 110,000 foot
and ankle arthrodesis were performed in the United States in 2009 [2]. However, non-union after foot and
ankle arthrodesis remains a clinical problem. A meta-analysis of 39 ankle arthrodesis studies with 1,262
patients reported an overall non-union rate of 10% (95% con dence interval (CI): 7.4–12.1%) [3]. The
incidence of non-union following foot and ankle arthrodesis can reach as high as 36% [4].To aid in
healing and reduce revision risk, bone grafts and growth factors are used as adjuncts to foot/ankle
arthrodesis [5]. Surgical foot/ankle arthrodesis augmented with autograft and/or allograft have yielded
union rates as low as 75% [6]. Several recombinant human platelet-derived growth factor-enriched bone
grafts have also been approved for use in foot and ankle applications [7], but the clinical outcomes have
been mixed. One study reported union in 303 of 370 (81.9%) of patients [8]. Other studies have reported
union rates of 82.5% (33/40 patients) in patients with at least one risk factor associated with non-union,
following foot and ankle arthrodesis augmented with cellular bone allograft [9]. The union rate for
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revision arthrodesis in the foot and ankle is typically lower; one study reported a 76.8% (63/82 patients)
union rate [10].
Bone stimulation devices, including low-intensity pulsed ultrasound (LIPUS) modalities, are also used as
adjuncts to foot/ankle arthrodesis [5]. LIPUS appears to promote bone healing by stimulating the removal
of old bone, increasing the production of new bone and increasing the rate of conversion of brous
matrix to mineralized bone [11]. LIPUS has proven e cacy in accelerating healing after hindfoot
arthrodesis [12], but the union rate achieved with LIPUS following primary or revision foot and ankle
arthrodesis in a large sample of patients is poorly understood. A relatively small study of thirty patients
who had delayed union of the fth metatarsal demonstrated 90% union rate after LIPUS treatment [13].
An overall union rate was con rmed for 67% of the 18 patients after LIPUS in patients who had a number
of different foot and ankle joint arthrodesis diagnosed with delayed or non-union [11]. Moreover, data on
the union rate of arthrodesis with LIPUS would be useful in the context of the known risk factors for
nonunion, including diabetes, tobacco use, chronic hypoxia, and vascular insu ciency, which can put
patients at risk of amputation [5]. Thus, this study evaluated the union rates of LIPUS as an adjunct to
foot/ankle arthrodesis and the corresponding factors associated with improved healing.

Methods
Foot/ankle arthrodesis patients were identi ed from a prospective arthrodesis/fracture registry for
EXOGEN (Bioventus LLC, Durham, NC)[14]. EXOGEN is an FDA approved bone healing device that delivers
LIPUS and is indicated for non-invasive treatment of established non-unions, excluding the skull and
vertebra. EXOGEN is also indicated for accelerating the time to a healed fracture for fresh, closed
posteriorly displaced distal radius fractures and fresh, closed or Grade I open tibial diaphysis fractures in
skeletal mature patients that are managed by closed reduction and cast immobilization. Inclusion criteria
were male patients or non-pregnant females, and 18 years of age or older at enrollment. Patients signed
an informed consent at enrollment and were instructed to use the device for 20 continuous minutes every
day until healed. This study was formally exempt from ethical approval by the Institutional Review Board
of Duke University because data were drawn from a post-market registry meant to satisfy FDA reporting
requirements [15].
Registry data for the period from 14 Oct 1994 until 15 Oct 1998 were validated by a registered nurse who
manually compared every patient’s paper record to the digital record. To be analyzed, each patient was
required to have known date of fracture, start date of LIPUS treatment, end date of LIPUS treatment, and
union outcome [14]. Treatment success in terms of union outcome was de ned by both clinical (solid and
pain-free on manual stress) and radiological (at least 3 of 4 cortices bridged on x-rays) criteria.
Data on patient age at the time of fracture, height, weight, body mass index (BMI), smoking history,
intervals of time between fracture, procedure, and LIPUS treatment, gender, race, type of fracture
(open/closed, closed comminuted, open grade), and comorbidities were available in the registry. The
comorbidities in the data included current or past history of alcoholism, allergies, osteoarthritis,
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rheumatoid arthritis, cancer, breast cancer, cardiac disease, cardiovascular disease, Charcot disease,
coronary artery disease, coronary insu ciency, diabetes, drug abuse, hypertension, Kienbock’s disease,
metabolic disease, myocardial infarction, neuropathy, nutritional de ciency, obesity, osteomyelitis,
osteoporosis, psoriasis, renal disease, skin sensitivity, thrombophlebitis, and vascular insu ciency. The
presence of having any one of diabetes, obesity, or current smoker was also examined separately. The
use of medications at the time of enrollment into the registry was also collected, which included
antibiotics, anticonvulsants, anticoagulants, bisphosphonates, diuretic, insulin, non-steroidal antiin ammatory drugs (NSAIDs), and steroids. The t-test was used to compare the average age and BMI for
patients with and without union. The association between union rates and categorical demographics,
comorbidities, and medication use was assessed with Cochran-Mantel-Haenszel statistics. CochranMantel-Haenszel statistics was also used to test the association between union rate and use of EXOGEN
within or after 90 days of the fracture/arthrodesis date. All data were analyzed using SAS software, v9.4
(Cary, NC).

Results
A total of 235 primary and 16 revision foot/ankle arthrodesis patients who met the inclusion/exclusion
criteria were identi ed in the EXOGEN registry, with 41.4% using EXOGEN within 90 days of the
fracture/arthrodesis (Table 1). The average age in the overall primary and revision cohort was 50.0 years
(± 13.2 years), with 55% of the patients being males and 76.1% Caucasian. Obese or morbidly obese
patients comprised 29.1% of the overall primary and revision foot/ankle arthrodesis cohort. About onethird (31.5%) of the patients were previous or current smokers. Hypertension (11.2%), diabetes (10.0%),
Charcot disease (4.8%), vascular insu ciency (4.4%), and rheumatoid arthritis (3.6%) were commonly
diagnosed and recorded comorbid conditions in the cohort. One of diabetes, obesity, or current smoker
was present for 46.2% of the patients. No comorbid disease was indicated for 54.6% of the group.
Prescription NSAIDs were used by 8.8%, while non-prescription NSAIDs were used by 6.8%. Analgesics
and steroids were used by 10.4% and 7.2% of the patients, respectively.
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Table 1
Summary of demographics, comorbid conditions, and medication use for primary and revision foot/ankle
arthrodesis patients.
Primary

Revision

(n = 235)

(n = 16)

Age at fracture (years; average ± standard
deviation)

50.2 ±
13.3

47.3 ±
12.4

50.0 ± 13.2

Gender: male

129
(54.9%)

9
(56.3%)

138 (55.0%)

Race: Caucasian

178
(75.7%)

13
(81.3%)

191 (76.1%)

Black

9 (3.8%)

0 (0%)

9 (3.6%)

Hispanic

10
(4.3%)

1 (6.3%)

11 (4.4%)

Other

3 (1.3%)

0 (0%)

3 (1.2%)

Unknown

35
(14.9%)

2
(12.5%)

37 (14.7%)

Body mass index (average ± standard
deviation)

29.0 ±
6.6

27.9 ±
6.6

29.0 ± 6.6

< 18.5

3 (1.3%)

1 (6.3%)

4 (1.6%)

18.5 to < 25

47
(20.0%)

6
(37.5%)

53 (21.1%)

25 to < 30

65
(27.7%)

3
(18.8%)

68 (27.1%)

30+

68
(28.9%)

5
(31.3%)

73 (29.1%)

Unknown

52
(22.1%)

1 (6.3%)

53 (21.1%)

Previous/current smokers

72
(30.6%)

7
(43.8%)

79 (31.5%)

No comorbid disease reported

125
(53.2%)

13
(81.3%)

137 (54.6%)

One of diabetes, obesity, or current
smoker

106
(45.1%)

10
(62.5%)

116 (46.2%)

Charcot disease

12
(5.1%)

0 (0%)

12 (4.8%)

Diabetes

23
(9.8%)

2
(12.5%)

25 (10.0%)
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Overall (Primary and Revision)
(n = 251)

Primary

Revision

Overall (Primary and Revision)
(n = 251)

(n = 235)

(n = 16)

Hypertension

28
(11.9%)

1 (6.3%)

28 (11.2%)

Osteoarthritis

5 (2.1%)

0 (0%)

5 (2.0%)

Rheumatoid arthritis

9 (3.8%)

0 (0%)

9 (3.6%)

Renal disease

3 (1.3%)

0 (0%)

3 (1.2%)

Vascular insu ciency

11
(4.7%)

0 (0%)

11 (4.4%)

Antibiotics

8 (3.4%)

0 (0%)

8 (3.2%)

Analgesics

23
(9.8%)

3
(18.8%)

26 (10.4%)

Anticonvulsants

1 (0.4%)

0 (0%)

1 (0.4%)

Anticoagulants

6 (2.6%)

0 (0%)

6 (2.4%)

Diuretic

7 (3.0%)

0 (0%)

7 (2.8%)

Insulin

8 (3.4%)

1 (6.3%)

9 (3.6%)

Prescription non-steroidal antiin ammatory drugs

21
(8.9%)

1 (6.3%)

22 (8.8%)

Steroids

17
(7.2%)

1 (6.3%)

18 (7.2%)

EXOGEN use ≤ 90 days postfracture/arthrodesis

95
(40.4%)

9
(56.3%)

104 (41.4%)

The overall union rate was 86.9%, with 86.4% in the primary cohort and 93.8% in the revision cohort. For
primary arthrodesis group, the mean patient age was found to be signi cantly lower in the union group
(49.4 ± 13.4 years) than non-union group (55.2 ± 11.8 years; p = 0.021). Conversely, with only one nonunion in the revision arthrodesis cohort, the age of the non-union patient (22.0 years) was signi cantly
lower than the union group (48.9 ± 10.7 years; p = 0.029). In the overall group, age was not signi cantly
different between the union and non-union groups (p = 0.051), although the union group tended to have
younger patients (average 49.3 vs. 54.2 years). BMI was not found to be signi cantly different for the
union and non-union groups for the primary (p = 0.499), revision (p = 0.074), or overall (p = 0.294) cohorts.
This was still the case when BMI was strati ed into underweight, normal, overweight, obese, and morbidly
obese categories (primary: p = 0.735; revision: p = 0.699; overall: p = 0.698).
Having the comorbidity of diabetes, obesity, or current smoker was not associated with a higher nonunion rate in the primary (p = 0.829), revision (p = 0.439), and overall (p = 0.779) cohorts (Table 2). The
union rate for patients having any one of those three comorbidities was 85.8% for the primary cohort,
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90.0% for the revision cohort, and 86.2% for the overall cohort. When expanded to all the comorbidities
recorded in the registry, patients having at least one comorbid disease were not found to have increased
non-union rates as those with no comorbid diseases. For the primary cohort, the union rate was 83.2% for
those with no comorbidities compared to 90.0% with the remaining patients (p = 0.130). The union rate
was 92.3% for those without comorbidities in the revision cohort, compared to 100% in the group with
comorbidities (p = 0.631). Other comorbidities and medication use were also not associated with
increased non-union rates. For example, patients with Charcot disease (primary p = 0.585; overall p =
0.614) or vascular insu ciency (primary p = 0.655; overall p = 0.685) did not have signi cantly elevated
non-union rates. Those using non-prescription NSAIDs (primary p = 0.893, revision p = 0.796, overall p =
0.862), prescription NSAIDs (primary p = 0.216, revision p = 0.796, overall p = 0.212), or steroids (primary
p = 0.616, revision p = 0.796, overall p = 0.647) also did not have greater non-union rates. Patients in the
revision arthrodesis cohort did not have some of the comorbid conditions (for example, Charcot disease,
osteoarthritis, etc.) or did not use some of the medications (for example, anticonvulsants, anticoagulants,
etc.), thus comparisons could not be examined for those. EXOGEN use within 90 days of the
fracture/arthrodesis date was associated with improved union rates for the overall (p = 0.004, odds ratio
(OR) 3.675 (95% CI: 1.459–9.258)) and primary (p = 0.007, OR 3.383 (95% CI: 1.335–8.574)) groups, but
not the revision group (p = 0.257). For the overall group, union rates were 94.2% for patients who used
EXOGEN within 90 days post-fracture/arthrodesis, compared to 81.6% for those who used EXOGEN after
90 days (Table 2, Fig. 1).
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Table 2
Union rate by demographic, comorbid conditions, and medication use.

Gender

Race

Previous/current smokers

Comorbid disease reported

One of diabetes, obesity, or
current smoker

Charcot disease

Diabetes

Hypertension

Primary

Revision

(n =
235)

(n = 16)

Female

85.8%

85.7%

85.8%

Male

86.8%

100%

87.7%

p-value

0.829

0.257

0.668

Caucasian

84.8%

92.3%

85.3%

Black

88.9%

n/a

88.9%

Hispanic

100%

100%

100%

Other

66.7%

n/a

66.7%

Unknown

91.4%

100%

91.9%

p-value

0.445

0.891

0.412

Yes

88.9%

100%

89.9%

No

85.3%

88.9%

85.5%

p-value

0.458

0.378

0.338

None

83.2%

92.3%

83.9%

At least
one

90.0%

100%

90.4%

p-value

0.130

0.631

0.135

With

85.8%

90.0%

86.2%

Without

86.8%

100%

87.4%

p-value

0.829

0.439

0.779

With

91.7%

n/a

91.7%

Without

86.1%

93.8%

86.6%

p-value

0.585

n/a

0.614

With

91.3%

100%

92.0%

Without

85.8%

92.9%

86.3%

p-value

0.470

0.706

0.423

With

88.9%

100%

89.3%
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Overall (Primary and
Revision) (n = 251)

Osteoarthritis

Rheumatoid arthritis

Primary

Revision

Overall (Primary and
Revision) (n = 251)

(n =
235)

(n = 16)

Without

86.1%

93.3%

86.5%

p-value

0.687

0.796

0.687

With

100%

n/a

100%

Without

86.1%

93.8%

86.6%

p-value

0.371

n/a

0.381

With

66.7%

n/a

66.7%

Discussion
Our analysis of EXOGEN patients who underwent foot/ankle arthrodesis demonstrated an overall union
rate of 86.9%. We also found that the non-union rate was not higher in the revision cohort as those who
underwent foot/ankle arthrodesis with adjunctive LIPUS had a union rate of 93.8%, compared to 86.4% in
the primary cohort. For the LIPUS patients, known patient risk factors for non-union, such as obesity,
smoking, Charcot disease, diabetes, vascular insu ciency, NSAID use, and steroid use, were not found to
be associated with impaired healing. This suggests the possibility that LIPUS may mitigate potential
patient risk factors.
Our EXOGEN registry analysis demonstrated 86.4% union rate in the primary foot/ankle arthrodesis
cohort and 93.8% union rate in the revision foot/ankle arthrodesis cohort. These ndings were in range of
other foot and ankle arthrodesis cohort studies. Teoh et al. provided thirty patients who had delayed
union of the fth metatarsal with LIPUS (EXOGEN) treatment [13] (Table 3). Twenty-seven (90%) of the
patients progressed to union clinically and radiologically. EXOGEN was used to treat 47 patients
following post-traumatic and post-surgical non-unions in the foot and ankle [16]. An overall union rate of
78.7% post-LIPUS treatment was noted, but better results were observed in the tibia/ankle fracture
(92.9%) group than the midfoot/forefoot arthrodesis and fractures (77.8%) and hindfoot arthrodesis
(66.7%) groups, however this difference was not statistically signi cant (p = 0.83). Mirza et al. also
reported differences in the union rates following the use of LIPUS (EXOGEN) in patients who had a
number of different foot and ankle joint arthrodesis diagnosed with delayed or non-union [11]. An overall
union rate was con rmed for 67% of the 18 patients after LIPUS, but isolated small foot joints
demonstrated a higher incidence of fusion (90%; 9 of 10 patients) compared to larger or multiple joint
arthrodesis (38%; 3 of 8 patients). The healing response of tibial delayed unions was also examined in a
multi-center randomized sham-controlled trial comparing subjects treated with LIPUS (EXOGEN; n = 51)
and those treated with an identical non-operative sham device (n = 50) [17]. After completion of the 16week study period, 65% of the LIPUS subjects and 46% of the sham subjects achieved healing (p = 0.07).
The increase in bone mineral density was 34% larger among those in the LIPUS group (p = 0.002), while
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use of LIPUS also led to signi cantly smaller residual fracture gap area (p = 0.014). The authors
concluded that there was signi cantly greater progress toward bone healing after LIPUS treatment. The
effectiveness of LIPUS has also been shown in large registry-based EXOGEN studies to lead to successful
healing in a majority of non-unions without the need for further surgical interventions [14], as well as for
fresh fractures [15], but those studies included a wide range of anatomic locations and did not focus the
analysis on foot and ankle arthrodesis, unlike the present study.
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Table 3
Comparative union rates for foot/ankle arthrodesis/fractures
Study

Treatment

Union rate

Risk factors

Arthrodesis with adjunctive LIPUS
(EXOGEN)

Overall: 86.9%

Extended time to LIPUS

LIPUS
Present
study

Primary: 86.4%
Revision: 93.8%

Majeed
2019 [16]

LIPUS (EXOGEN) for nonunion
following fracture or primary
surgical procedure

Overall: 78.7%

n/a

Post-tibia/ankle
fractures: 92.9%
Post-hindfoot
arthrodesis: 66.7%
Postmidfoot/forefoot
arthrodesis and
fractures: 77.8%

Mirza
2019 [11]

LIPUS (EXOGEN) for delayed union
and nonunion following foot and
ankle arthrodesis

Overall: 67%

n/a

Isolated small foot
joints: 90%
Larger or multiple
joint arthrodesis: 38%

Teoh
2018 [13]

LIPUS (EXOGEN) for delayed union
of fth metatarsal fracture

90%

Smoking, size of
fracture gap at
diagnosis of delayed
union

Fragomen
2012 [20]

Iliazarov external xator

83.5%

Smoking, Charcot
neuroarthropathy

Fourman
2014 [21]

Iliazarov external xator with and
without recombinant human BMP2

BMP: 92.9%

n/a

Rogero
2019 [6]

IM nail with allograft (additional
adjunctive autograft in 92%)

75%

n/a

Shah
2017 [19]

Taylor spatial frame or plate and
screws with IM strut graft

81.2%

n/a

Tricot
2017 [18]

Screw/plate with: (1) autograft and
DBM, or (2) allograft, DBM, and
BMA

Autograft + DBM:
82%

Diabetes

Non-LIPUS

Non-BMP: 52.5%

Allograft + DBM +
BMA: 87%
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In the present study, union rates for foot/ankle arthrodesis with adjunctive LIPUS were found to be at
least comparable to other therapies (Table 3).Others have reported lower union rates of 75% following IM
nail use with allograft and additional adjunctive autograft [6]. Allograft has also been combined with
demineralized bone matrix and iliac bone marrow aspirate during ankle and hindfoot arthrodesis with
screw/plate [18]. A union rate of 87% was reported for this group of 52 patients compared to 82% in the
autograft-demineralized bone matrix group of 30 patients. IM strut grafts have been used with Taylor
spatial frame or plate and screws, leading to 81.2% union rate [19]. The results for Ilizarov external
xators with foot/ankle arthrodesis have been mixed. Fragomen et al. reported a fusion rate of 83.5%[20],
but others have reported a fusion rate of 52.5% [21]. However, surgery with adjunctive recombinant
human bone morphogenic protein plus Ilizarov frame was able to induce healing in 92.9% of patients, but
this required wearing a frame for an average of 124 days [21]. Although intraoperative adjuncts are
commonly used, those can add considerable treatment cost.
The success of arthrodesis depends on several factors including patient selection and patient
comorbidities. Individuals with comorbidities associated with poor surgical healing or with local healing
problems are predisposed to a high rate of delayed and non-union [5, 7]. However, known risk factors for
non-union were not found to be associated with healing for the LIPUS patients in the present study, which
suggests the possibility that LIPUS was able to mitigate potential patient risk factors. Smoking and
overweight patients have been identi ed as risk factors for nonunion following arthrodesis [22].
Fragomen et al. reported that- smoking was associated with a 54% rate of nonunion in their cohort of
ankle arthrodesis patients treated with the Ilizarov method. Obesity has also been identi ed as a risk
factor for delayed healing, based on an analysis of 9,482 metatarsal fractures in the Medicare dataset
[13]. But both smoking and obesity did not appear to impair healing in the present cohort of patients
treated with LIPUS (Table 2). Others have also observed no correlation between smoking status and
union in a study of 18 patients who were treated with LIPUS following delayed union and non-union postfoot and ankle arthrodesis [11]. Similarly, diabetes was shown to impair healing after arthrodesis [23, 18],
yet diabetes was not associated with a reduced union rate among our LIPUS patients. Majeed et al. also
observed that nine of twelve diabetic patients attained union following EXOGEN treatment for
symptomatic and radiological nonunion for a variety of foot and ankle pathologies [16]. In addition to
comorbid diseases, previous attempted fusion is a risk factor for non-union [7]. O’Connor et al. reported a
lower union rate of 77% for revision arthrodesis in the foot and ankle [10]. They also found that there was
a subsequent three-fold increase in the risk of persistent non-union as the number of attempted revisions
increased. In contrast, the present study showed a high union rate of 93.8%, albeit in a relatively small
revision arthrodesis cohort. The use of medications, such as anticonvulsants, NSAIDs, anticoagulants,
antibiotics, insulin, and diuretics have been implicated as potential risk factors for fracture non-union [24].
However, potential mitigation of these risk factors was suggested in our study as their usage was not
associated with increased non-union.
EXOGEN use within 90 days of the fracture/arthrodesis date was associated with improved union rates
compared to use after 90 days post-fracture/arthrodesis for the overall and primary cohorts in the present
study. On the other hand, a study of thirty patients who went on LIPUS treatment after delayed union of
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the fth metatarsal showed no signi cant association between duration from initial injury to starting
LIPUS treatment and union [13]. It is unclear if the patients in our study who initiated use of EXOGEN after
90 days may have shown indications of potential delayed or non-union for the clinician to prescribe its
use. LIPUS may have been used as a last resort to achieve union before considering revision surgery. The
union rate in that group of patients was still relatively high (81.6%) despite their potential clinically
disadvantaged circumstances and/or delayed use of EXOGEN.
The present study had several limitations. In addition to non-union, complications of joint fusion can
include infection, wound dehiscence, failure of xation, mal-alignment, and proximal or distal joint
deterioration [25]. However, these risks were not assessed because the data was not collected as this was
a post-market registry meant to satisfy FDA reporting requirements [15]. Due to the retrospective nature of
this registry study, we were unable to directly examine the mechanism by which LIPUS may have
mitigated the risk factors for failed arthrodesis. A recent report described an increase in blood ow of the
foot in healthy volunteers exposed to LIPUS for periods as short as 20 minutes per day, suggesting that
the improved microcirculation may be accelerating bone healing [26]. A small number of revision
foot/ankle arthrodesis patients exists in the study, but the result was encouraging to observe that those
patients did not have a clearly higher non-union rate than the primary foot/ankle arthrodesis patients. The
study may also not have been able to detect differences between patients with and without certain
comorbid conditions due to the somewhat limited number of patients with the comorbidities. We were
also unable to ascertain the treatment compliance rates for the study cohort as this data was not
collected.
In summary, the results of this study of the adjunctive use of LIPUS therapy revealed relatively high union
rates and the lack of association between non-union rates and comorbidities. The ndings of this study
suggest that LIPUS warrants consideration as a relatively low risk post-operative adjunct. Further
research should include prospective randomized trial of LIPUS with foot/ankle arthrodesis patients
undergoing bone grafting with and without LIPUS.
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Figure 1
Union rate strati ed by EXOGEN use with 90 days or after 90 days post-fracture/arthrodesis.
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