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(AETMIS) is to contribute to improving the Québec health-care system and to participate in the implementation of the Québec government’s scientific policy. To accomplish this, the Agency advises
and supports the Minister of Health and Social Services as well as the decision-makers in the healthcare system, in matters concerning the assessment of health services and technologies. The Agency
makes recommendations based on scientific reports assessing the introduction, diffusion and use of
health technologies, including technical aids for disabled persons, as well as the modes of providing
and organizing services. The assessments take into account many factors, such as efficacy, safety and
efficiency, as well as ethical, social, organizational and economic implications.

EXECUTIVE
Dr. Renaldo N. Battista
Epidemiologist, president of AETMIS and
director, Département d'administration de la
santé (DASUM), Université de Montréal,
Montréal

Dr. Véronique Déry
Public-health physician, chief executive officer and
scientific director
Jean-Marie R. Lance
Economist, senior scientific advisor

BOARD OF DIRECTORS
Dr. Jeffrey Barkun
Associate professor, Department of Surgery,
Faculty of Medicine, McGill University, and
surgeon, Royal Victoria Hospital (MUHC),
Montréal

Louise Montreuil
Assistant executive director, Direction générale de la
coordination ministérielle des relations avec le
réseau, ministère de la Santé et des Services sociaux,
Québec

Dr. Marie-Dominique Beaulieu
Family physician, holder of the Dr. Sadok
Besrour Chair in Family Medicine, CHUM, and
researcher, Unité de recherche évaluative,
Hôpital Notre-Dame (CHUM), Montréal

Dr. Jean-Marie Moutquin
Obstetrician/gynecologist, executive director, Centre
de recherche, CHUS, Sherbrooke

Dr. Suzanne Claveau
Specialist in microbiology and infectious
diseases, Hôtel-Dieu de Québec (CHUQ),
Québec
Roger Jacob
Biomedical engineer, head, Construction
Services, Régie régionale de la santé et des
services sociaux de Montréal-Centre,
Montréal

Dr. Réginald Nadeau
Cardiologist, Hôpital du Sacré-Cœur, Montréal
Guy Rocher
Sociologist, full professor, département de
sociologie, and researcher, Centre de recherche en
droit public, Université de Montréal, Montréal
Lee Soderstrom
Economist, professor, Department of Economics,
McGill University, Montréal

Denise Leclerc
Pharmacist, board member of the Institut
universitaire de gériatrie de Montréal, Montréal

iii

iv

FOREWORD

0
LOW-INTENSITY ULTRASOUND (EXOGENTM)
FOR THE TREATMENT OF FRACTURES
Low-intensity ultrasound (Exogen™) is a home-based treatment for certain fractures and fracture complications. The Société de l'assurance automobile du Québec (SAAQ) asked the Agence d'évaluation des
technologies et des modes d'intervention en santé (AETMIS) to assess the efficacy and safety of this
approach to fracture healing. This technology brief is an adaptation of an advice submitted to the SAAQ.
From the standpoint of safety, according to AETMIS's assessment, the available studies do not report any
adverse effects associated with the use of low-intensity ultrasound. As regards efficacy, the report examines the use of the device for three different indications: the acceleration of fracture healing, the prevention of fracture nonunion, and treatment. For these three indications, the efficacy evidence is weak.
As for the acceleration of fracture healing and the prevention of fracture nonunion, the level of evidence
is insufficient to recommend the use of low-intensity ultrasound. However, in the case of nonunion of
tibial fractures, the prognosis is so grim that it seems reasonable to consider the use of low-intensity ultrasound after failed surgical intervention.
AETMIS therefore considers that low-intensity ultrasound might be an exceptional treatment option for a
very limited number of patients. In submitting this report, AETMIS wishes to contribute to the advancement of an evidence-based medicine approach in orthopedics and to provide orthopedic surgeons and
managers in Québec's health-care system the necessary information on this technology.

Renaldo N. Battista
President
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SUMMARY

Low-intensity ultrasound (Exogen™) is a homebased treatment for certain fractures and fracture complications. The Société de l'assurance
automobile du Québec (SAAQ) asked the
Agence d'évaluation des technologies et des
modes d'intervention en santé (AETMIS) to
assess the efficacy and safety of this approach to
fracture healing. This technology brief is an
adaptation of an advice submitted to the SAAQ,
which included information specific to this organization's decision-making context. This report is intended for a wider audience that includes, among others, professionals who treat
patients with fracture complications.
Fracture healing depends on a cascade of complex events. If the healing process is slower
than expected, one speaks of delayed union, or,
if the healing process stops, of nonunion. Severe fractures, especially of long bones, such
as the tibia, are particularly susceptible to bone
union problems. The definition of nonunion
often specifies absence of healing 6 to 12
months after the fracture. The arrest of healing
for more than three months, as documented by
serial radiographs including multiple views, is
also used to define nonunion.
The treatment of fractures includes a growing
number of various approaches and techniques,
one of which is low-intensity ultrasound. This
assessment comes at a time when the broadening of the range of therapeutic options for different fractures has not been accompanied by a
comparative assessment of the different approaches. The assessments are therefore insufficient and often of relatively poor methodological quality. Also, for many fractures, the
optimal treatment is the subject of clinical debate. Furthermore, despite the criteria often used
to define nonunion, a fair proportion of these
fractures will heal, even after a period of 12
months, if immobilization is maintained long
enough.

Presently, Exogen, a technology from the Smith
and Nephew Corporation, seems to be the only
technology marketed worldwide that uses lowintensity ultrasound to influence the fracture
healing process. In Canada, as in the United
States, this technology has been approved for
the acceleration of the healing of certain fresh
fractures with cast immobilization and for the
treatment of nonunion. The prevention of nonunion in certain higher-risk patient populations
is also promoted as another indication.
Upon an exhaustive analysis of the scientific
literature, it was found that the quality of the
evidence varies for the three indications mentioned above:


There is no evidence that low-intensity ultrasound can prevent nonunion in higherrisk patient populations.



According to a meta-analysis of three randomized trials with a small total number of
patients, ultrasound may be effective in accelerating the healing of fractures treated
without surgical intervention. Because of
the exclusion from this meta-analysis, with
no justification given, of one study in which
the patients had undergone surgical stabilization and the small total number of patients
in the meta-analysis, the efficacy evidence
for the acceleration of healing should be
considered weak.



The only studies that have examined the
efficacy of Exogen in the treatment of nonunion are retrospective case series with a
self-paired study design. This type of analysis seems questionable in cases of nonunion
because of the natural course of this healing
problem.
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According to AETMIS’s assessment, the available studies do not mention any adverse effects
associated with this treatment modality. Given
the efficacy and safety evidence, AETMIS considers that, with regard to the acceleration of
healing and the prevention of nonunion, the
level of evidence is insufficient to recommend
the use of low-intensity ultrasound. However, in
the case of nonunion of tibial fractures, the
prognosis is so grim that it seems reasonable to
consider the use of low-intensity ultrasound
after failed surgical intervention and after the
consolidation process, as measured by serial
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radiographs including multiple views, has
ceased for several months. As for fracture sites
other than the tibia, the uncertainties concerning
the efficacy of Exogen in the treatment of nonunion should be assessed in light of the prognosis specific to these fractures and of the clinical
context.
Based on the available data, AETMIS therefore
considers that low-intensity ultrasound might be
an exceptional treatment option for a very
limited number of patients.
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INTRODUCTION

This report briefly assesses the efficacy and
safety of an approach to healing certain fractures and fracture complications using lowintensity ultrasound treatment (Exogen™). This
technology brief is an adaptation of an advice
submitted to the Société de l'assurance automobile du Québec (SAAQ) in the spring of 2003.
While the advice contained information specific
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to the SAAQ’s decision-making context, this
brief is intended for a wider audience, including,
among others, professionals who treat patients
with fracture complications. The scientific literature was reviewed up to April 2003 for the
advice and up to September 2003 for this technology brief.

DESCRIPTION OF THE TECHNOLOGY

The Exogen bone growth stimulator uses lowintensity ultrasound (LIUS), i.e., a spatialaveraged temporal-averaged intensity of 30
mW/cm2, while the ultrasound used to treat softtissue injuries can achieve an intensity of up to
3,000 mW/cm2 [Medical Services Advisory
Committee, 2002, p. 3]. The energy level of this
device is close to that of diagnostic ultrasound
machines. The treatment is administered at
home 20 minutes per day for several months for
the purpose of accelerating the healing of certain fractures. The device is rented, or purchased
and discarded after use. The total cost of treatment is approximately $3,0001. Clinically, the
Smith & Nephew Corporation hold the worldwide monopoly on this technology.

FDA added the indication of fracture nonunion
to its authorization [Center for Devices and
Radiological Health, 2000]. For this indication,
Exogen is used either to treat patients after other
modalities have failed to unite the fracture, or to
avoid further surgery. The Canadian authorization includes the same indications as in that of
the FDA2.

The U.S. Food and Drug Administration (FDA)
authorized the use of the device for the first time
in 1994, for the following indications:
 The acceleration of the healing of fresh fractures of the distal radius with posterior displacement (Colles' fractures); and
 The acceleration of the healing of fresh closed
or grade I open fractures of the tibia,
provided such fractures are immobilized with a
cast after closed reduction, if appropriate. For
the indication of accelerating the healing of
certain fractures, Exogen is therefore used as an
adjunct to conventional treatment. In 2000, the
1. According to a letter dated February 20, 2002 from Christina
Woodside, chief executive officer of Smith & Nephew Canada, to
Jacques Privé, vice-president of the SAAQ.

2. Personal e-mail communication with Dorothy Corbett, Health
Canada, July 14, 2003.
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MECHANISMS OF ACTION

The positive effect of ultrasound on the healing
process has been researched for several decades.
A number of mechanisms of action have been
proposed to explain this effect [Hadjiargyrou et
al., 1998, Table 1]. The micromovement theory
is the one most widely accepted [Pilla, 2002]. It
has been established that mechanical stresses,
with no macroscopic movement, accelerate fracture healing. This micromovement appears to be
the main mechanism of action of ultrasound
[Medical Services Advisory Committee, 2002;
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There seems to be no information on the link
between the stimulation parameters (frequency,
intensity, interval between applications) and the
therapeutic effect. Research based on an animal
model indicates that diagnostic ultrasound, too,
has a therapeutic effect in that it increases the
fracture healing rate [Heybeli et al., 2002].

EPIDEMIOLOGY AND PATHOPHYSIOLOGY OF FRACTURES

An estimated 5.6 million fractures occur in the
United States annually, and the healing of 5 to
10% of them is reportedly delayed or impaired
[Einhorn, 1995]. As for the situation in Québec
and the rest of Canada, it seems that there are no
published studies of this type. In 2001, the
SAAQ received seven reimbursement requests.
Certain fractures, such as those of the tibia and
scaphoid, are especially susceptible to healing
problems.
Fracture classification systems differentiate
between closed fractures and open fractures. An
open fracture is defined as one in which there is
communication with a break in the integument,
usually near the fracture site [Cole and
McNally, 2002]. Open fractures are usually
classified according to the Gustilo-Anderson
system, which includes three levels of severity.
Grade I is a fracture with a clean wound less
than 1 cm in length, grade II a fracture with a
wound more than 1 cm in length without extensive soft-tissue damage. Grade III, fractures
caused by high-energy trauma, includes three
subtypes (IIIa, IIIb and IIIc) [Cole and McNally,
2002].
Fractures of long bones, such as the tibia, are
frequently associated with multiple trauma.
Fractures resulting from traffic accidents are
2

Pilla, 2002; Sun et al., 2001; Warden et al.,
2001a], although it is not known exactly how it
works.

usually quite severe, i.e., grade II or III, and are
prone to healing problems [Karladani et al.,
2001].
Fracture healing depends on a cascade of complex events. The induction of osteogenic cells,
inflammatory reaction, fibrocartilaginous callus
formation, bony callus formation and remodeling occur in succession over a period of several
months [Mandracchia et al., 2001]. If the healing process is slower than expected, one speaks
of delayed union, or, if the healing process
stops, of nonunion.
Certain factors, such as advanced age and smoking, slow the healing process, but we do not
have any solid data regarding their effect on
nonunion. Smoking slows the healing process in
closed and grade I open tibial fractures but does
not seem to increase the risk of nonunion
[Schmitz et al., 1999]. As for more severe tibial
fractures, smoking seems to increase the risk of
nonunion [Adams et al., 2001]. Furthermore,
smoking is a risk factor for tibial fractures, possibly because of its decalcifying effect [Kyro et
al., 1993]. Some authors consider that diabetes
is also a risk factor for complications [Loder,
1988], but the studies are contradictory in this
regard [Herskind et al., 1992].

Given the wide range of fracture types and
severity, it is very difficult to establish general
criteria for delayed union or nonunion. Examples of definitions of nonunion are provided in
Table 1.
A fair proportion of nonunions (as defined in
Table 1) will heal if immobilization is maintained long enough. This is because bone regeneration that occurs endosteally can slowly lead
to healing, even if the usual route of regeneration with bony callus formation fails [Marsh,
1998].

For the purposes of a reimbursement decision
regarding the treatment of nonunion by electromagnetic means, Medicare, based on expert
consultation, established a criterion of healing
having ceased for at least three months, based
specifically on the results of serial radiographs
including multiple views [Centers for Medicare
& Medicaid Services, 1999].

TABLE 1

Examples of definitions of nonunion
TYPE OF FRACTURE

DEFINITION

REFERENCE

All fractures

Failure of the fracture to unite after more than
eight months of its occurrence.

Danis, 1949, cited in Randolph
and Vogler, 1985

All fractures

Failure of the fracture to unite after more than
six months of its occurrence.

Crenshaw, 1971, cited in
Randolph and Vogler, 1985

All fractures

Cessation of healing for more than three
months, as documented by serial radiographs
including multiple views.

Centers for Medicare
& Medicaid Services, 1999

Scaphoid

Failure of the fracture to unite after more than
240 days of its occurrence.

Mayr et al., 2002

Tibial

Failure of the fracture to unite after more than
two months to more than 12 months, according
to practitioners’ opinions.

Opinions of orthopedists
expressed in an international
survey [Bhandari et al., 2002b]
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TREATMENT OF FRACTURES AND EVIDENCE-BASED
MEDICINE

The aim of treating fractures is to create an environment favourable to healing [Marsh and Li,
1999]. Understanding these processes has led to
substantial developments in the techniques and
treatment outcomes. During the American Civil
War, an open tibial fracture almost always resulted
in amputation. For the past few decades, such
fractures have required amputation only in very
serious cases [Rosenberg and Patterson, 1998].
For type IIIc open tibial fractures, the overall amputation rate varies from 42 to 88%, depending on
the study [Rosenberg and Patterson, 1998, Table
1]. The author of the study (Giorgiadis, 1993) with
the highest amputation rate in Rosenberg and Patterson’s table (88%, or 15/17) reported, nine years
later, an amputation rate of 7% (1/14) [Georgiadis,
2002].
The treatment of fractures includes a growing
number of various approaches and techniques.
Therapies based on the enhancement of natural
biological healing phenomena by electromagnetic means, ultrasound or osteogenic proteins
are part of these technological developments
[Einhorn, 1996; Niyibizi and Kim, 2000].
The broadening of the range of therapeutic options for the different fractures has, however, not
been accompanied by a comparative assessment
of these different approaches. The assessments
are therefore insufficient and often of relatively
poor methodological quality [Bhandari et al.,
2002a; Bhandari et al., 2001]. For several fractures, the optimal treatment is the subject of
clinical debate. In one reference textbook of orthopedics [Rockwood et al., 2001], each description of a clinical problem and its treatment ends
with a section entitled "Author's preferred
method of treatment". This subjective conclusion
to the discussions of therapeutic approaches can
probably be explained by the relative lack of an
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evidence-based approach in orthopedics and by
the fact that it is insufficiently used to support
clinical practice.
Assessing the efficacy of Exogen falls within
this context, where there is little standardization
of the practice for a given clinical problem. For
example, how should one assess the value of a
new technology like Exogen for the treatment of
tibial fractures when there is no consensus
among orthopedists as to the approaches to be
preferred for treating such fractures? There is
evidence to guide the treatment choices for certain types of tibial fractures, but practitioners do
not always take it into consideration [Bhandari
et al., 2001; Bhandari et al., 2002]. As for the
treatment of other types of tibial fractures, there
is still not enough scientific literature to guide
practitioners in their choices [Littenberg et al.,
1998].
The lack of standards in measuring treatment
outcomes is a major problem when assessing the
different therapeutic approaches to a given
clinical problem. For instance, an audit of treatment outcomes for closed tibial fractures at a
Scottish hospital concludes that there is no validated grading scale. Based on two grading
scales containing different criteria, the percentage of treated patients who had a suboptimal
outcome was either 4% or 42% [Bridgman and
Baird, 1993]. The radiological assessment of
healing, which should be more objective, also
reflects this lack of standards. Thus, one study
of interobserver and intraobserver agreement in
the radiological assessment of tibial fracture
healing following intermedullary nailing concludes that with a kappa coefficient of 0.82,
cortical continuity in multiple views is the best
criterion, but that there is no validated assessment scale [Whelan et al., 2002].

6

EFFICACY OF EXOGEN

The efficacy of a given technology or procedure
depends on its ability to yield the desired benefit
for a given health problem in defined conditions
in patients in a specific population. One must
therefore define the benefit anticipated with the
use of Exogen, its ability to yield this benefit,
the health problem of interest, the type of patients targeted and the conditions of utilization
for this treatment modality. In the case of fractures, Exogen can be used for three different
indications:
 The acceleration of healing, including delayed
union;
 The prevention of nonunion; and
 The treatment of nonunion.
We shall now examine the efficacy of Exogen
for each of these indications.

6.1 ACCELERATION OF HEALING
As mentioned earlier, in 1994, the FDA authorized the use of Exogen in the United States as
an adjunct to the conventional treatment of fresh
fractures of the distal radius with posterior displacement (Colles' fractures) and of fresh closed
or Gustilo-Anderson grade I open fractures of
the tibia (see Section 4).
In 1996 and in 1998, Medicare turned down the
manufacturer’s requests to cover the cost of
using Exogen to accelerate fracture healing. The
reasons given in the 1996 refusal were the weak
evidence from efficacy studies and the fact that
the population insured by Medicare did not fit
the profile of the study populations in question.
Medicare basically ensures people aged 65 and
older, who often have co-morbidities. However,
the efficacy studies submitted by the company
in support of its request excluded patients receiving anticoagulants, anti-inflammatory medications or calcium channel blockers. Patients
with vascular insufficiency or a history of
thrombophlebitis, nutritional deficiency or alcoholism were excluded from the treatment efficacy

studies as well. As for the 1998 decision, it was
based on the lack of studies:
 examining the functional benefits;
 of the efficacy of low-intensity ultrasound
therapy in the elderly; and
 of the prevention of delayed union and nonunion [Centers for Medicare & Medicaid
Services, 2000].
The Australian technology assessment agency,
the Medical Services Advisory Committee,
identified four randomized studies on the efficacy of Exogen in accelerating fracture healing
[Emami et al., 1999; Heckman et al., 1994;
Kristiansen et al., 1997; Mayr et al., 2000b].
Details of these studies are provided in the appendix. Two of these studies, which were considered to be of excellent quality, assessed the
efficacy of Exogen in accelerating the healing of
closed or grade I open tibial fractures. The study
that compared the efficacy of Exogen in combination with cast immobilization concludes that
this treatment modality is effective [Heckman et
al., 1994]. The other study, which compared the
efficacy of Exogen in combination with
intramedullary nailing, concludes that this treatment is not effective [Emami et al., 1999]. In
light of these contradictory findings, the Australian assessment agency recommends not to
cover the cost of using Exogen for the indication of acceleration of fracture healing [Medical
Services Advisory Committee, 2002].
The only meta-analysis that has examined the
efficacy of ultrasound in accelerating the healing process [Busse et al., 2002] identified the
same four randomized studies as the Australian
agency did [Medical Services Advisory Committee, 2002]. However, it did not include the
studies that compared the efficacy of Exogen in
combination with cast immobilization [Heckman
et al., 1994; Kristiansen et al., 1997; Mayr et al.,
2000b], thereby excluding the study that obtained negative results [Emami et al., 1999].
The authors do not justify the criterion for excluding studies involving surgical stabilization.

5

According to this meta-analysis, Exogen is effective in accelerating the healing process.
Given the various weaknesses of the primary
studies and of the meta-analysis, the authors
limit themselves to concluding that ultrasound
may be effective (rather than state that it is effective) in this indication. The Bandolier review, an electronic publication in the field of
evidence-based medicine, congratulates the
authors of this meta-analysis for their prudence
when interpreting the data. The review also
points out that the studies included in the metaanalysis involved small populations and that
unpublished studies with negative results could
easily invalidate the conclusions:
The authors are justifiably cautious in their conclusions. They say that pulsed ultrasound may
reduce time to fracture healing for fractures
treated nonoperatively. They imply that we
should beware because of the small amount of
data. And the trials are good, with high quality
scores, so this isn't like some reviews with small
amounts of poor information that ladle on heaps
of weasel word sauce.
What we frequently lack in systematic reviews is
some idea of how much information we need to
be sure of the result. If there is little information,
as here, then unpublished negative trials could be
very important. Someone will be selling this to
you soon on the basis that it is "evidence-based"!
[Pulsed ultrasound for fracture healing, 2002]

Despite the fact that the studies which have
compared the use of Exogen in combination
with cast immobilization are of good methodological quality and despite the result of the
meta-analysis of these studies, we do note some
significant shortcomings in terms of the strength
of this evidence because of the small population
covered by the meta-analysis and the exclusion
of the study involving surgical stabilization,
which the authors do not justify.
In animal models, the presence of metal implants does not affect the efficacy of ultrasound
[Center for Devices and Radiological Health,
2000]. It would therefore be surprising if the
results of the study in which the subjects had
been stabilized surgically were negative because
of the metal implants. The differences in the
results could, perhaps, be explained by the type
of patients included in the two studies. If one
6

wishes to study the adjunctive effect of ultrasound in the treatment of cast-immobilized fractures, the fractures have to be stable, since unstable fractures have to be treated by surgical
stabilization. The study patients who used ultrasound as therapeutic adjunct in combination
with surgical stabilization probably had unstable
fractures. Consequently, there was a difference
in the type of fractures included in the two studies which arrive at contradictory conclusions.
In addition, in the study involving cast immobilization, 64 of the 67 subjects presented with a
closed fracture [Heckman et al., 1994]. One
should therefore question the efficacy of Exogen in accelerating the healing of open fractures
in general, even grade I open fractures.
None of the three studies measured the effect of
the treatment on the functioning of the affected
limb. One of the studies used healed fracture
assessed radiographically and clinically as an
outcome measure [Heckman et al., 1994]. The
other two used healed fracture assessed radiographically only [Kristiansen et al., 1997; Mayr
et al., 2000b].

6.2 PREVENTION OF NONUNION
It seems that no study has attempted to examine
the efficacy of Exogen in preventing nonunion.
Based on studies on the acceleration of healing
time, some authors state that this treatment modality may prevent nonunion. For instance, the
authors of the meta-analysis conclude that ultrasound may not only be effective in accelerating
healing, but that it may also reduce the disability
associated with delayed union and nonunion
[Busse et al., 2002]. In a letter to the editor, a
comment on this article states that the assertion
concerning nonunion is not supported by scientific evidence [McAlinden, 2002].
Indeed, a treatment that accelerates the healing
process will diminish delayed union, which, by
definition, is slower-than-expected healing. This
does, in no way, mean that it will automatically
have an effect on nonunion, which is an arrest
of the healing process. To date, there is therefore no evidence that Exogen is effective in
preventing nonunion.

At least one U.S. insurance company has nonetheless agreed to cover the cost of using Exogen
to treat fractures in smoking or diabetic patients,
based on the principle that they are more susceptible to delayed union and nonunion [The
Regence Group, 2002].

6.3 TREATMENT OF NONUNION
The only studies that have examined the efficacy of Exogen in treating nonunion are retrospective case series [Frankel and Mizuho, 2002;
Mayr et al., 2000a; Mayr et al., 2002; Nolte et
al., 2001]4. The Australian assessment agency
considers the evidence from such studies to be
too weak to justify covering the cost of using
this technology [Medical Services Advisory
Committee, 2002]. However, the assessment
performed for Medicare in the United States
considers that the method used in retrospective
case series may be acceptable for this indication, even if randomized studies would have
been preferable.
These case series had a self-paired design. They
were based on the postulate that the odds of
spontaneous healing of nonunion are approximately zero. According to an intent-to-treat
analysis, the healing rate is 64 to 82% and therefore sufficient for this treatment modality to be
considered effective5. The U.S. assessment accepts this analysis, and Medicare covers the cost
of using Exogen to treat nonunion, defined as
the healing process having ceased for at least
three months, based on the results of serial radiographs including multiple views [Centers for
Medicare & Medicaid Services, 1999]. In addition, at least one surgical intervention must have
been performed to treat the nonunion.
This latter criterion is based on the fact that 80%
of the patients included in the studies, which
had not yet been published at the time of the
Medicare assessment, had undergone at least
one surgical intervention before starting treatment with Exogen. Since that assessment, one
of these studies has been published [Nolte et al.,
4. The Australian agency’s assessment and that performed for
Medicare also refer to a certain number of studies that were submitted by the manufacturer as unpublished studies.
5. The authors of this analysis conservatively chose a 5% rather
than a 0% healing rate [Centers for Medicare & Medicaid Services, 2000].

2001]. In that study, 21 of the 29 patients (72%)
had undergone one surgical intervention to treat
the nonunion of fractures of different bones
prior to receiving ultrasound treatment.
Since the Medicare assessment, another study
has been published. It involved 36 patients with
scaphoid fracture nonunion and achieved a success rate of 86.1%. The definition of nonunion
used in this study was failure of the fracture to
unite after more than 240 days of its occurrence
[Mayr et al., 2002]. It is not totally clear from
the article how many patients had undergone
surgical intervention before starting ultrasound
treatment.
The discrepancy between the Australian assessment agency's verdict and that of the U.S.
assessment agency concerning the treatment of
nonunion illustrates how important the frame of
reference is when determining the strength of
evidence. As for accepting a case series design
where each patient is his/her own control (selfpairing), we question the assertion that the
chances of late healing of nonunion are approximately 0%. The interim results of a randomized study of the efficacy of electromagnetic fields in treating tibial fracture nonunion
showed similar efficacy in the group treated
with electromagnetic fields (5/9) and in the control group, which was treated by prolonged immobilization (5/7) over a 24-week period. These
results are surprising, given that the inclusion
criteria in this study required that at least one
year had elapsed since the fracture’s occurrence
and that the healing process had ceased for at
least three months [Barker et al., 1984]. Unfortunately, we were unable to find other publications concerning this study. These results nonetheless seem to indicate that nonsurgical
treatment of nonunion can yield high healing
rates, even if the healing process has stopped for
three months. These results can probably be
explained by bone regeneration via the endosteal route, which can slowly lead to healing,
even if the usual route of bone regeneration with
bony callus formation fails [Marsh, 1998]. Furthermore, the fact that there are no radiological
assessment scales and the variability in interobserver and intraobserver agreement in this
assessment [Whelan et al., 2002] can lead to
errors in judgment regarding the arrest of the
healing process.
7

The study of the treatment of scaphoid fracture
nonunion used, as a criterion for nonunion, failure of the fracture to unite after more than 240
days of its occurrence [Mayr et al., 2002]. From
this article, one cannot conclude that Exogen is
effective according to Medicare’s criterion, i.e.,
healing having stopped for at least three months,
based on the results of serial radiographs including multiple views. The other study used the
criterion of healing having ceased for at least
three months in assessing the efficacy of Exogen (in 29 patients) in the treatment of fractures
of different types and at different sites. However, the authors do not explain the method of
radiological follow-up [Nolte et al., 2001].
In some European countries, very widespread
use is made of extracorporeal shock waves to
treat nonunion. A recent assessment indicates
that the efficacy evidence based on case series
disappears when the clinical improvement is
compared with the natural course of this healing
problem [Biedermann et al., 2003].
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The strength of the efficacy evidence for Exogen in the treatment of nonunion is therefore
greatly weakened by the fact that there are no
randomized studies and by indications that the
method of analysis based on self-pairing used in
case series is questionable because of the natural
course of this healing problem.

6.4 OTHER INDICATIONS
The potential effect of bone growth stimulation
by ultrasound could prove useful in anchoring
certain types of prostheses and in treating osteoporosis. One animal study indicates that Exogen
enhances bone growth into porous metal implants [Tanzer et al., 2001]. It seems that this
use has not been investigated in human studies.
Ultrasound does not seem to be effective in
influencing the osteoporotic process, probably
because the energy level of ultrasound is
insufficient to effectively penetrate the cortex of
intact bone [Warden et al., 2001b].

7

SAFETY OF EXOGEN

The therapeutic use of ultrasound for soft tissues
produces thermal effects. When applied at the
maximum power level (mean intensity of 3,000
mW/cm2), it can damage bone tissue, especially
in growing bones [Nussbaum, 1998]. The Exogen bone growth stimulator uses low-intensity
ultrasound whose energy level is similar to that
of diagnostic ultrasound (mean intensity of 30
mW/cm2). At this energy level, ultrasound does
not have any apparent thermal or harmful effects [Nussbaum, 1998]. The studies submitted
in support of expanding the FDA-recognized
indications to include nonunion also show that
the presence of a metal implant does not cause
any thermal effects and that ultrasound does not
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interact with such implants [Center for Devices
and Radiological Health, 2000].
The meta-analysis concerning the efficacy of
Exogen in accelerating fracture healing mentions studies showing that ultrasound devices
used to treat soft tissues are often insufficiently
calibrated. The authors state that Exogen-type
devices do not seem to be prone to calibration
problems [Busse et al., 2002].
In conclusion, the available studies do not report
any harmful effects associated with the use of
Exogen technology.

CONCLUSIONS

Ultrasound plays a marginal role in the treatment
of fracture healing. For instance, a recent orthopedics textbook makes no mention of this treatment modality [Bulstrode, 2002]. Another textbook recommends ultrasound for tibial fracture

nonunion when surgical intervention is contraindicated. It is, nonetheless, an exceptional
treatment option [Goulet and Hak, 2001].
The efficacy evidence that we analyzed was
found to be weak (Table 2).

TABLE 2

Efficacy evidence
INDICATION

EFFICACY EVIDENCE

Acceleration of healing

Effective for fractures treated without surgical intervention,
according to a meta-analysis of three randomized studies with
a small total number of patients, which considerably weakens
the evidence.

Prevention of nonunion

No evidence of clinical efficacy.

Treatment of nonunion

Effective, according to case series. No randomized studies.

Other indications

No evidence of clinical efficacy.
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The efficacy evidence for Exogen as regards the
acceleration of healing is weakened by the small
number of patients included in the studies and
the meta-analysis and by the fact that the study
of fractures treated by surgical stabilization was
excluded from the meta-analysis. As explained
in Section 6.1, in the case of tibial fractures,
ultrasound only seems effective in accelerating
the healing of closed fractures that are sufficiently stable to be cast-immobilized. As for the
treatment of nonunion, the efficacy evidence is
greatly weakened by the fact that there are no
randomized studies and by indications that the
method of analysis based on self-pairing used in
case series is questionable because of the natural
course of this healing problem.

Given this weak evidence, we cannot recommend the use of ultrasound to treat fractures.
Nonunion is, however, one exception. As for
tibial fracture nonunion, the prognosis is so
grim that it seems reasonable to consider the use
of low-intensity ultrasound after failure of at
least one surgical intervention and after the
healing process has ceased for several months,
as measured by serial radiographs including
multiple views. For fracture sites other than the
tibia, the uncertainties concerning the efficacy
of Exogen for the treatment of nonunion should
be evaluated on the basis of the prognosis specific to these fractures and in light of the clinical
context.
Based on the available data, AETMIS therefore
considers that low-intensity ultrasound might be
an exceptional treatment option for a very
limited number of patients.

10

APPENDIX

Randomized studies of the acceleration of healing
STUDY

FRACTURE
SITE

TREATMENT

NUMBER OF
FRACTURES

TYPE OF
FRACTURE

Experimental
group

Control
group

Closed

Open

Mayr et al., Scaphoid
2000b

Cast
immobilization

15

15

30

0

Emami et
al., 1999

Tibial
shaft

Intramedullary
nailing

15

17

28

4

Kristiansen Distal
et al., 1997 radius

Cast
immobilization

30

31

61

0

Heckman
Tibial
et al., 1994 shaft

Cast
immobilization

33

34

64

3

EFFECT

Average time to
healing, as
documented
radiographically,
of 43 vs. 62 days.
Difference statistically
significant.

Average time to
healing of 155 vs.
(Grade I) 125 days. Difference
not significant.
Average time to
healing, as
documented
radiographically, of 64
vs. 87 days.*
Difference statistically
significant.

Average time to
healing, as
(Grade I) documented
radiographically, of
102 vs. 190 days.*
Difference statistically
significant.

* Based on the analysis of this study by the Medical Services Advisory Committee, which used, as a criterion, the bridging of three of four
cortices, according to the independent radiologist rather than according to the principal investigator [Medical Services Advisory Committee,
2002].
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