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Abstract

In this work we will analyze an innovative method using radial shock waves for the treatment of pseu-
darthrosis in superficial bones, avoiding surgical treatment that is usual for these cases. Treatment with
shock waves promotes consolidation by stimulating osteoblasts and tissue regeneration factors, without
the need for further surgery, reducing risks for patients. Forty consecutive cases were treated between
June 2016 and December 2018. All patients had received indication for surgical treatment to correct the
consolidation failure and therefore no control group or use of placebo treatment was made so as not to
harm patients. Twenty-two men and 18 women were treated, ranging from 18 to 83 years with an aver-
age of 30.2 years. The mean time between the beginning of treatment with radial Shock Waves and the
last treatment of the fracture was 8.8 months ranging from 6 to 38 months. In each session, 3000 radial
waves were applied, the first 500 with 2 pressure bar for analgesia and 2500 waves with 4 bar for effec-
tive treatment. The site of the application of radial shock waves was determined by radiographs. Treat-
ment was performed in an outpatient clinic without the need for hospitalization or anesthesia. Patients
were reevaluated with radiographs after treatment in the periods of 2.4 and 6 months. The criterion for
evaluation was radiographs evidencing.

Introduction

In this paper, we performed an innovative method, little described in the literature, using
the radial shock waves for the treatment of pseudoarthrosis in superficial bones. Despite the
current concepts in the surgical treatment of fractures with minimally invasive techniques
and better fixation, about three to fifteen percent of cases involve to failed consolidation, being
considered a pseudarthrosis after six months of the initial trauma without signs consolidation
on the last 3 months [1]. The treatment usually recommended in these cases is the exchange
of the osteosynthesis material and placement of bone graft, often evolved with good results,
however, in addition to the high cost, there may be complications such as pain, bleeding,
hematoma, infection, and consolidation failed [2].

The treatment of pseudoarthrosis using focal extracorporeal shock waves as an option to
conventional surgical treatment has shown good results [3]. Treatment with extracorporeal
shock waves is shown to stimulate the consolidation without the need for a new surgery,
reducing risks and costs when the reason for failure of consolidation is of biological origin
and not of instability mechanics, and the defect is smaller than 5mm in long bones [4-7]. The
treatment of pseudoarthrosis with shock waves should be carried out preferably with so-
called focus shock waves by applying high energy. We started our practice in 1999 using this
concept with good results [8]. Based on the good results obtained with the use of radial waves
in tendinopathies [8] and the positive effect in vitro on osteoblasts and in vivo [9,10] and due
to the difficulty of access to equipment generators high energy focal shock waves in Brazil,
in 2009 we began the use radial shock waves to cases of superficial bones pseudoarthrosis.
We started the treatment with radial shock waves in specific cases of superficial bones and
published in 2017 a series of 22 cases being the highest in international literature [10]. We
decided to do a series of prospective cases to confirm these good results. In this paper, we
analyze the differences between the two types of waves, how the focal and radial shock waves
are operating in pseudoarthrosis and if radial shock waves are effective.

Patients and Methods

This study was approved by the Research Ethics Committee of the Santa Casa Medical
School and Hospitals, Sdo Paulo, Brazil, under the number 12558513.1.000.5479. Prospective
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analysis of 40 consecutive cases treated between June 2016 and
December 2018. Inclusion criteria were superficial bone not
consolidated with at least six months, bone defect less than five
millimeters and provide mechanical stability in the fracture focus.
The exclusions have followed the standards of the Brazilian Society
of Extracorporeal Shock Wave Treatment: use of anticoagulant,
pregnant women, the presence of open physics in children and
local tumor in addition to failure in fracture stabilization and larger
defects of five millimeters.

All patients had the diagnostic confirmed for orthopedic
surgeons as a pseudoarthrosis and received indication for
performing surgical treatment for the correction of the failure
of consolidation. We offer the treatment with radial ESWT as an
option to surgery and, therefore, not been done nor control group
or placebo treatment not to harm patients. We treated consecutive
40 patients, 22 men and 18 women, with age ranging from 18 to
83 years-old with an average of 30.2 years. The tibia was the most
affected bone with 13 cases, followed by metatarsals in 7 cases,
4 distal humerus, 4 ulna, 2 calcaneus, 1 talus, 2 ischio, 2 fibula, 2
clavicle, 1 radio, 1 navicular, 1 scaphoid. The average time between
the start of treatment with radial shock waves and the initial

fracture was 8.8 months ranging from 6 to 38 months. All were
treated by the same doctor and same equipment with 3 weekly
interval sessions. In each session were applied radial waves 3000
being the first 500 with 2 bar pressure for analgesia and 2500 waves
with 4 bar for effective treatment. X-rays and palpation of the failed
site consolidation determined the location of the application of the
radial shock waves. The treatment was carried out on an outpatient
basis without the need for hospitalization or anesthesia. After the
sessions of treatment in cases of lower limb compromise were kept
walking with crutches with the same load and in 5 cases where
there was no prior osteosynthesis patients used immobilization for
4 weeks. Patients were evaluated with radiographs after treatment
during periods of 2.4 and 6 months.

Results

After 6 months of treatment the radiographic consolidation
in 31 (77.5%) and in 9 patients (22.5%) there was no healing. All
patients reported pain of medium intensity during application of
radial shockwaves but there was no stopping treatment due to pain
and all reported improvement after the session, without major
worsening in the following days (Table 1).

Table 1
Number Age Gender Bone tre;:rflten t Interval l;l::;i::; F,}.:i;‘:;‘lill:l Result
1 46 fem clavicula Aug-15 6 no cir Feb-16 pos
2 59 mas phibula Dec-15 6 1 May-16 pos
3 56 mas tibia Aug-15 9 2 May-16 pos
4 61 fem calcaneus Dec-15 6 1 Jun-16 pos
5 19 mas tibia May-15 11 1 Jun-16 pos
6 69 mas tibia May-15 11 2 Jun-16 neg
7 37 mas ulna Mar-16 6 1 Sep-16 pos
8 45 fem tibia Feb-16 8 2 Oct-16 pos
9 61 fem ulna Mar-16 7 1 Oct-16 pos
10 26 mas tibia Aug-13 38 2 Oct-16 neg
11 43 fem metatarsus Apr-16 7 no cir Nov-16 pos
12 41 mas umero Mar-16 8 1 Nov-16 neg
13 31 mas ulna Feb-15 10 1 Dec-16 pos
14 82 mas tibia Jan-16 12 2 Dec-16 pos
15 42 fem tibia Aug-15 7 2 Mar-17 pos
16 50 fem umero Dec-16 11 1 Nov-17 neg
17 19 mas metatarsus Feb-17 9 no cir Nov-17 pos
18 53 mas umero Jan-17 10 1 Nov-17 neg
19 83 fem ulna Mar-17 9 1 Dec-17 pos
20 72 fem metatarsus Apr-17 8 2 Dec-17 pos
21 45 fem radio Jun-17 6 1 Dec-17 neg
22 45 masc umero Dec-17 12 1 Dec-17 pos
23 64 fem fibula Sep-17 8 no cir Apr-18 pos
24 63 fem metatarsus May-17 11 1 Apr-18 pos
25 55 mas calcaneus Feb-17 10 3 Apr-18 pos
26 71 mas tibia Dec-17 6 1 May-18 pos
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27 54 fem metatarsus Jul-17 9 1 May-18 pos
28 18 fem isquio Jun-17 9 no cir May-18 neg
29 57 mas tibia Nov-17 7 1 May-18 pos
30 60 fem tibia Dec-17 6 1 Jun-18 pos
31 71 fem tibia Nov-17 7 Jul-18 neg
32 50 fem isquio Nov-17 9 no cir Aug-18 pos
33 18 mas scaphoide Nov-17 9 1 Aug-18 neg
34 59 mas tibia Mar-18 8 1 Nov-18 pos
35 34 fem metatarsus Apr-18 7 1 Nov-18 pos
36 33 fem talus Jan-18 10 1 Nov-18 pos
37 34 masc navicular May-18 6 1 Nov-18 pos
38 46 mas clavicula Jun-18 6 no cir Dec-18 pos
39 49 masc metatarsus Jun-18 6 no cir Dec-18 pos
40 37 masc tibia Jun-18 6 no cir Dec-18 pos

After 6 months of the treatment, all 31 patients with positive
results was free of pain and satisfied with the treatment. The
patients with bad results were submitted to surgical treatment.
As adverse events, occurred edema, bruising and redness in 18%
of cases with spontaneous resolution in a few days. There was no
major complication or additional treatment needed.

Discussion

In this paper we analyze the literature on some issues that still
generate doubts and also our results with this new technique.

A.  What are shock waves and the mechanism of action in
pseudarthrosis?

B.  When should we apply the shock wave? The presence
of the osteosynthesis hinders or contraindicates the use of shock
waves?

C. How many sessions are necessary? Is there difference
of results as to the that is equipment used? What level of energy
should be used?

D. What is the effectiveness? Are there complications with
the shock wave treatment?

E. Itis possible to treat pseudoarthrosis with radial shock
waves?

What are shock waves and which the action in the bones?

Focal and radial shock waves are mechanical waves high
intensity sound produced by specificequipmentbeing characterized
in terms of physical and high-intensity and quick wave length
containing a positive initial phase followed by a make less negative.
What differentiates the two types of waves, is minor duration
and intensity, and the peak energy is approximately a centimeter
deep on radial waves [11]. When we use the focal waves, we could
program the place of maximum energy that reaches the tissue to be
treated between 0.5 and 5cm deep, whereas with radial waves is
more superficial between 0.5 and 1.5 [12].

Both the focal as the radial waves are able to stimulate the
activity of osteoblasts in vitro as in both animals. Both promote
an effect called cavitation, that is related to the stimulus to
consolidation of pseudoarthrosis through a phenomenon described
as mechanotransduction, in which a mechanical stimulus induces
a series of biological reactions by stimulating the production of
bone regeneration, increased vascularization and bone matrix
production by osteoblasts. [12-16] Focus shock waves are produced
by generators that were initially developed for urological treatment
of lithiasis, and may be hydraulic, piezoelectric or magnetic. Radial
shock waves are produced by pneumatic or magnetic generators
[17]. By accident there was the stimulation of the iliac crest in
patients treated of ureteral lithiasis who developed a reaction the
periosteum of the iliac wing. Since 1981 were developed studies on
this unexpected action [18].

At the beginning it was believed only in a mechanical action
causing stimulation of the periosteum, but animal studies
and clinical trials have shown a series of chemical reactions
by stimulating the production of osteoblasts,
regeneration factors increase factors the vascularity that explain
the consolidation of pseudoarthrosis and consolidation delays
after stimulation with shock waves [19]. These biological actions
occur at the time of application with intense stimulation of the

and tissue

periosteum and the following days with increasing concentration
of prostaglandins, local factors of tissue regeneration and increased
local vascularization factor that can last for up to six months is the
average time for consolidation to occur [18-22]. Works on animals
demonstrate the stimulus in osteoblasts and bone callus formation
of good quality and endurance using both focal and radial waves
[21,15].

When should we apply the shock wave? The presence of
the osteosynthesis hinders or contraindicates the use of
shock waves?

The indication is for cases of delayed consolidation or
pseudarthrosis biological failure, when the space between the
fragments is up to 5mm in long bones and it is necessary that there
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is mechanical stability in the fracture focus [22]. The presence of
plates, screws, rods and external fixators is no contraindication,
because there’s no heat reaction or risk of loosening due to
mechanical stimulus, on the contrary, the presence of osteosynthesis
is required so that there is stability of the focus of pseudarthrosis
and allow healing. The doctor must take care to direct the waves
in such a way that there are between the generator and the bone
the presence of metal plate which can prevent the progression
of energy preventing action on your bone to be treated. If there
is a failure in stability is necessary to correct with new or use of
osteosynthesis immobilization [23].

How many sessions are necessary? Is there difference of
results as to the that is equipment used? What level of
energy should be used?

There is still a lack of standardization of the treatment on the
number of sessions and energy used for each type of pseudarthrosis,
which makes the comparison among the papers published difficult.
However, most authors use the same energy dosage and number
of waves in all kinds of bones being applied on average 3000
shockwaves to each session ranging from one to three sessions [24-
26]. Treatment with high energy and deep focal waves is usually
done under anesthesia and can be repeated after 4 to 6 weeks of
the first stimulus and the majority of patients receives two to three
sessions. The energy used ranges from 0.18 to 0.30 millijoules per
square millimeter. The best results are with hydraulic generators
and magnetic equipment [25,26]. To treat with radial waves not
using anesthesia and are made at least three sessions with an
interval of a week with 3000 waves each session applied directly to
the focus of pseudarthrosis with 4 energy bar which is equivalent to
0.18 to 0.20 millijoules per mm square meter.

What is the effectiveness? Are there complications with
the shock wave treatment?

The best results are reported with the use of focal ESWT
generating equipment with hydraulic generators and magnetic, the
patient sedated and using fluoroscopy to the location of the point
of treatment with 65 to 78% of good results [27-29]. As to the type
of pseudarthrosis best results are to the hypertrophic, but in also
reported good results are atrophic. Immobilization after treatment
for 6 to 8 weeks may be necessary in cases of greater instability in
the focus of pseudarthrosis [29,30].

Most of the works comprises a series of cases, but there are also
studies comparing with traditional surgery in the femur, scaphoid
and metatarsals. These studies show results similar to surgical
treatment, but with much lower cost, morbidity and complications
[31-34]. There are review works simple and systematic reviews of
the literature confirming the effectiveness of the use of focal shock
waves [35-37]. Adverse effects are pain at the time of application
that may require the use of general anesthesia or regional blockade.
Are reported swelling, petechiae, bruising and superficial pain in
the early days after application with good evolution with medical
follow-up. There is no report of serious complications with the
treatment. [34,35] Is a treatment exclusively orthopedic doctor

since it requires an accurate diagnosis, bone pathology knowledge,
knowledge of the regional anatomy preventing vessels and nerves
and the assessment of the consolidation.

It is possible to treat pseudoarthrosis with radial shock
waves?

There are scientific studies demonstrating the effectiveness
of radial waves in vitro, in animals and in humans [15,16,38-42].
Recently there was the use of so-called radial waves to the bone
surface treatment with good results [39]. We present in this paper
the largest series of prospective cases treated with radial shock
waves published in world literature by opening a new line of interest
so that other authors can study this new method of treatment.

As weak points, we can consider the small number of cases
studied, and the lack of control or placebo group.

The use of radial shock waves for the treatment of superficial
bones proved to be a safe, efficient method and less expensive but
requires more study to proof of your effectiveness. That new option
for treatment of pseudoarthrosis of superficial bones is as effective
as surgery and focal ESWT. We believe that this new method of
treatment can benefit many patients.

Conclusion

The use of radial shock waves in cases of pseudarthrosis in
superficial bone is effective and safe.
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