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Introduction

A shock wave can be defined as a sonic pulse with certain
physical characteristics. It has high peak pressure and short life
cycle of about 10ms.It has broad frequency spectrum in the range
of 16–20MHz [1].

The shock waves could be one of three types, depending on the
mechanism they are produced [1,2];

� Electrohydraulic shock wave (such as the HMT OssaTron
machine).

� Electromagnetic shock wave (such as the Sonocur and Dornier
Epos machine).

� Piezoelectric shock wave (such as the Piezoson by Wolf).

The energy generated by these methods may be: (a) low energy
<0.27 mJ/mm2; (b) medium energy 0.27–0.59 mJ/mm2 or (c) high
energy >0.60 mJ/mm2.

Bone responds better to high energy, whereas soft tissues
respond better to lower energy levels. Extracorporeal shock wave
therapy (ESWT) is an intense, but very short energy wave which
is faster than the speed of sound (1500 m/s), translated past the
skin and superficial tissues, and is focused at the desired tissue
depth.

Extracorporeal generated shock waves have been introduced in
routine medical practice around 1982 to treat kidney stones [3].
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A B S T R A C T

We have used the principles of extracorporeal shock wave therapy (ESWT) in the treatment of nonunion

of fractures in 44 patients (49 bones).There were 35 males and 9 females with a mean age of 34

years(range14–70). Clinical and radiological assessment was performed at regular time intervals with a

minimum follow up of 18 months. Most common sites involved were the femur and tibia. The average

time from initial fracture treatment to intervention with ESWT was 11.9 months (6 months to 5 years).

Thirty eight non-union sites had one session of treatment and the rest (11) had more than one session.

Union was successful in 75.5% of cases at a mean time of 10.2 months (range 3–19). Failure in the

remaining cases was due to more than 5 mm gap, instability, compromised vascularity (type of bone) and

deep low grade infection; which was discovered at the time of surgical intervention when no signs of

radiological healing occurred after 6 months from treatment. Failing sites were shaft of femur, scaphoid,

neck of humerus and neck of femur. No local complications were observed.
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Since then their application has expanded in a number of medical
disciplines [2–12].

In the trauma and orthopaedic discipline, extracorporeal shock
wave therapy was used successfully in the 1980s for the treatment
of pseudoarthrosis [2], and more recently in other applications,
such as insertion tendonitis, avascular necrosis of the head of
femur and other necrotic bone conditions [3].

The results of treatment of non and delayed union with
extracorporeal shock wave therapy have not been consistent, with

success rates ranging between 50% and 85% [9,10,13–17].
The aim of this study is to evaluate the effectiveness of ESWT in

a series of patients presenting to our institution with nonunion.

Patients and methods

Between January 2006 to December 2009, patients who were
treated with ESWT for non or delayed union of fractures were
eligible to be included in the study. Inclusion criteria included type
A1 and2 nonunion, according to Weber and Cech [2] and patients
who had nonunion after surgical procedures; i.e., osteotomies, as
well as those previously treated, either non-operatively or by open

reduction internal fixation (ORIF).
Exclusion criteria, included active infection and types A3, B1,2

and 3,and sites were open physis was still present.

Treatment protocol

We used shock wave device OssaTron (HMT High Medical
Technologies AG) with movable therapy head of about 3508 degree
(Fig. 1).

After machine preparation and fixing the limb or site of
nonunion, the nonunion was marked in 2–3 areas using X-ray
machine (Fig. 2).

The number of pulses depended on the site. We used 3000–
4000 pulses for Femur, Tibia, Fibula, Humerus and 2000–3000 to
other smaller bones. The frequency was set to 4 s�1 with 26 kV.

The number sessions of ESWT were as follows:

1) One session—38 bones.
2) Two sessions—9 bones.
3) Three sessions—2 bones.

Fig. 1. Illustrates shock wave device.

Fig. 2. (a–c) Limb positioning and marking prior to initiation of ESWT treatment.
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Every session lasted for 15–20 min depending on number of
pulses.

The follow-up at the outpatient clinic was every 6 weeks for the
first 6 months, and every 3months thereafter with new X-rays
taken every visit in at least anteroposterior and lateral planes.
Progress of healing was evaluated by assessment of the amount of

crossing trabeculae and callus formation. Range of motion of the

affected extremity was also recorded as well as the amount of pain

using visual analogue scale (VAS) from 0 to 10, with 0 being no pain

and 10 being the presence of extreme pain.

Out of all patients treated, 4 were from other institutions. One
patient had been managed with external fixation (tibial fracture,
Fig. 3), while the other 3 had non-operative treatment (1 with mid
shaft clavicular fracture; Fig. 4), 1 with fracture 5th metatarsal base
and 1 with a missed scaphoid fracture.

Union was considered progressing if there was callus formation
(secondary healing) or crossing trabeculae in rigidly fixed fractures
(primary healing) [2]. If there was progressive healing, no more
sessions were given, but if the radiological signs were halted, then
another ESWT session was planned.

Interval time between sessions was a period of 12 weeks. Post
operatively, patients with lower limb nonunion were kept non-
weight bearing for 6 weeks or longer when healing signs have been
delayed. In cases where there was no internal fixation, immobi-
lisation by cast was used for at least 6 weeks or until healing.

Local complications such as formation of haematoma, petechial
haemorrhage, swelling, deep vein thrombosis and superficial
infection when developed were all recorded.

Patients were followed up for a minimum of 18 months from
start of treatment, (range18–24 months).

Results

In total 44 patients with 49 nonunions who met the inclusion
criteria, formed the basis of the study (Table 1).

Forty six out of 49 nonunions had previous treatments before
ESWT application which included; ORIF (43), cast (2), and external
fixation (1). Out of the 44 patients who had previous surgeries,
28 had one surgery, 9 had two, 4 had 3 and 3 had 5 surgeries.

Bony healing occurred in 37 out of 49 bones (75.5%), at a mean
time of 10.2 months (range 3–19).

Analysis of causes of failure included the presence of
mechanical instability (Fig. 5), nonunion gab larger than 5 mm
(these cases were included as there was some calcification crossing
the gap and there was narrower gap in one of the planes on X-ray,
Fig. 6), type of bone (scaphoid), or because of the existence of low
grade infection which was discovered when these patients were
later operated and tissue cultures revealed staphylococcus
epidermedis in 4 patients despite normal biochemical screening.

The 12 (24.5%) nonhealed cases are shown in Table 2.
The VAS preoperative mean was 3.4 (5–7), and postoperatively

was 0.46 (0–2). For the lower limb cases, the mean knee ROM prior

Fig. 3. Tibial nonunion.

Fig. 4. Clavicular nonunion.

Table 1
distribution of anatomical sites and No. of sessions.

Site Number Sessions

One Two Three

Shaft of femur 22 21 1

Shaft of tibia 8 8

Neck of femur 5 3 2

Humerus 4 3 1

Scaphoid 4 2 2

Clavicle 1 1

Base of 5th.metatarsal 1 1

Subtrochanteric osteotomy 1 1

Intertrochanteric osteotomy 1 1

High tibial osteotomy 2 2

Total 49 38 9 2

Figure 5 and 6. Humeral instability and larger than 5 mm gap in a femur.
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to the intervention was 1268 (range 109–140) and after the
intervention was 1468 (range 134–150).

The mean preoperatively elbow ROM was 112.5 (105–120) and
121.5 (113–130) postoperatively.

Discussion

Fracture healing is a complex process facilitated by the
interaction of cellular elements activated by cytokines and other

molecular mediators, resulting in formation of new bone which is
structurally and mechanically similar to the pre-fracture state
[18,19].

There is no universal definition of fracture nonunion. Most

authorities would diagnose it if a fracture does not unite within
the time usually anticipated for the fracture to progress to healing.

Usually delayed union is considered when the fracture fails to unite

within 6 months and nonunion when union has failed within 9

months [2,20].
The incidence of nonunion is very variable depending on site,

type of fracture and whether it is closed or open, and ranges
between 10% and 50% [22].

The causes of non or delayed union are variable, some are due to
type of fracture and gap between ends, other causes related to the

compromised vascularity of bone and soft tissue as well as host
factors [3,20].

In this series of patients, we have included those who had no
history of infection and were considered adequately fixed at the

time of presentation. The non-invasive treatment options of
nonunion includes ESWT, LIPUS, and electric stimulation
[20,22]. The Low Intensity Pulsed Ultra Sound (LIPUS) is similar
to the wave length used in diagnostic US, and is a kind of thermal
treatment, whereas the ESW is a high intensity, short wave which is
focused and can penetrate up to 10 cm [1,20,22]. In deciding what

dose to be given, we have followed the recommendations made by
previous authors [23–35].

With success rate of 86–94%, surgical treatment using either
internal or external fixation with bone grafting is still considered
the golden standard in treatment of nonunion [11,16]. The
Diamond Concept, which was recently introduced, provides an

algorithm for promoting a successful fracture healing response [21].
Nevertheless, surgical management of nonunion has been

shown to be associated with several complications [20,22]. This
has led to searching for alternative treatment modalities.

First animal studies on ESWT carried out in Germany and

subsequently the work by Graff and Haist [2,3,23] showed the

positive effect of shock wave on bone healing. Ekkernkamp has
shown a dose-dependent osteogenesis and transformation from
callus to mature bone effect of shock wave histologically and by
fluorescence microscopy [18].

Krause has distinguished between a direct and indirect effect of
the shock wave. The direct effect is due to the kinetic energy of the
shock wave whereas the indirect effect is caused by cavitation
[11]. According to different authors, ESWT influences the
conduction ability of sensitive nerves through gate control
mechanisms as well as influencing the metabolic activity of
osteoblasts (phosphate turnover) [12,36–39].

Wang et al demonstrated the positive effect on bone healing
and the positive effect of high energy shock wave; as compared to
low energy; on callus size, BMD and bone strength in humans
[36]. Wang have also shown that shock wave promotes bone
marrow stromal cell growth and differentiation as well as
mediating activation for osteogenesis in human bone marrow
stromal cells [2].

In clinical studies, the success of shock wave therapy in treating
non or delayed union varied (13,9,14,10–15,17), although the
average was comparable to surgical intervention (76–79%), but
without the hazards and complications of operative procedures [2,3].

Our results are comparable to others. We had a total bony
healing average rate of 75.5% [2,10,14,15]. We had comparable
results of failed union of humerus and scaphoid to those reported
by other authors, and had excellent results in the treatment of tibia
nonunion [10,14,15,40].

Our patients were seen regularly for follow up in the
appointment. We had some difficulty with patients outside the

catchment area of the hospital, but we phoned them and asked them
to do X-rays in their city and to bring them on their next outpatient
hospital visit. Fortunately, this only happened with a hand full of
patients. Our failures were caused by four main causes, large gap
between bone ends (as in the femoral shaft cases), instability (as in
the humerus fixed with Nancy nails), compromised vascularity of
the bone as seen in specific fracture patterns (scaphoid and neck of
femur) and deep low grade infection. The infection cases could not
be diagnosed by routine preoperative blood tests, and were only
discovered on tissue cultures at the time of surgical intervention
after failure of ESWT.

The limitations of this study include its retrospective nature,
the relative small number of patients studied and the evaluation of
healing of different anatomical sites.

Conclusion

Based on the experience in this series of patients, the use of
shock wave therapy can be considered as a non-invasive first line

Fig. 6. (Continued ).

Table 2
Site and cause of failure.

Site Number Percentage of total Cause

Femoral shaft 8 36% Low grade infection 4

More than 5 mm gap 4

Scaphoid 2 50% Vascularity of bone

Humerus neck 1 25% Instability

Neck of femur 1 20% Vascularity
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treatment for nonunion of fractures. Patient selection is very
important. Fractures with gap of more than 5 mm should not be
considered for this type of treatment, as well as those with
suspected instability, either clinically or radiologically. Finally, in
cases of atrophic fracture nonunion shock wave should be
combined with bone grafting and stable fixation, because of the
consistent low response of this type of nonunion to ESWT in
literature [3,41].
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