
20 years of Treatment of Bone Non-Unions and Delayed Unions with 
Shock Waves

Non-union is considered after  6 to 9 months 
from the initial trauma when signs of union 
are not present [1]. Despite current concepts 
in the surgical treatment of fractures with 
minimally invasive techniques and better 
fixation, approximately 5-10% of cases evolve 
with healing failure [2]. The treatment 
usually recommended in these cases is the 
replacement of the osteosynthesis material 
and placement of bone grafts, usually 
evolving with good results, however, in 
addition to the high cost, there may be 
complications such as pain, bleeding , 
hematoma, infection, and failure of healing. 
[3].
The treatment of non-unions and delayed 
unions using extracorporeal shock waves as 
an alternative to conventional surgical 
treatment has shown good results [4].
Treatment with extracorporeal shock waves is 
indicated to stimulate bone healing without 
the need for a new surgery, reducing risks and 
costs for patients. The procedure is indicated 
in cases in whom the reason for healing failure 
is of biological origin. It is not indicated when 
there is mechanical instability and when the 
focus gap is wider than five millimeters [4-7].
The treatment of non-unions with shock 
waves should preferably be performed with 
the so-called focused shock waves applying 
high energy. We started our practice in 1999 
using this concept with good results [8].

Both focused and radial waves are able to 
stimulate osteoblast activity both in vitro and 
in animals. Both promote an effect called 
cavitation, which is the formation of 
intratissue-intertissued microbubbles, which 
are related to the stimulation of bone healing 
[9-11].
In the beginning, it was believed that only a 
mechanical force was causing stimulation of 
the periosteum, but animal and clinical 
studies have shown a series of chemical 
reactions involving osteoblasts, and the 
release o of tissue and vascular growth factors 
[12].
 T h i s  p h e n o m e n o n  i s  d e s c r i b e d  a s 
mechanotransduction, i.e., a mechanical 
stimulus inducing a series of biological 
reactions, triggering the production of bone 
r e g e n e r a t i v e  f a c t o r s ,  i n c r e a s i n g 
vascularization, and bone matrix production 
by osteoblasts [13, 14].
The actions of  shock waves occur at the time 
of application with intense stimulation of the 
periosteum and in the following days with an 
increase in the local concentration of 
prostaglandins, tissue regeneration factors, 
increased production of osteoblasts and 
factors that increase vascularization, which 
can last for up to 3 months, which is the 
average time for bone healing to occur [6,14-
17].
Animal studies have demonstrated the 

stimulation of osteoblasts and the formation 
of bone callus of good quality and resistance 
using both focused and radial waves [18, 19].
The presence of plates, screws, nails, and 
external fixators is not a contraindication 
because there is no heat reaction or risk of 
loosening due to mechanical stimulation;, on 
the contrary, the presence of osteosynthesis is 
necessary for the non-union focus to remain 
stable and allow healing [20, 21]. If there is a 
failure in stability, it is necessary to correct it 
with a new osteosynthesis or the use of 
immobilization [22].
The physician must be careful to direct the 
waves in such a way that there is no metallic 
plate between the generator and the bone, 
which can prevent the progression of energy, 
preventing its action on the bone to be 
treated.
There is still a lack of standardization of the 
treatment regarding the number of sessions 
and energy used for each type of non-unions. 
This makes it difficult to compare the 
published studies. However, most authors 
use the same dosage of energy and number of 
shocks in all types of bones, with an average of 
3000 shock waves being applied to each 
session, ranging from one to three sessions [5, 
23].
Treatment with the most intense and deep 
focused waves is usual ly done under 
anesthesia and can be repeated after 4–6 

Journal of Regenerative Science  2024 January-June 4(1)| : 27-30

1Paulo F Kertzman

Journal of Regenerative Science | Available on www.jrsonweb.com | DOI:10.13107/jrs.2023.v04.i01.131
© The Author(s). 2024 Open Access. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (https://creativecommons.org/licenses/by-nc/4.0/), which permits unrestricted use, 
distribution, and non-commercial reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The 

Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Submitted Date: 12 Feb 2024, Review Date: 18 Mar 2024, Accepted Date: 05 Jun 2024  & Published: 30 June 2024  

1Departamento de Ortopedia, Santa Casa de São Paulo, São Paulo, SP, Brazil.

Address of Correspondence
Dr. Paulo F Kertzman,
Departamento de Ortopedia, Santa Casa de São Paulo, São Paulo, SP, Brazil.
E-mail: paulofkertzman@uol.com.br

Dr. Paulo F Kertzman

Case Report

The treatment of bone non-unions continues to be complex and prolonged in many cases. The advent of the use of mechanical waves has made it 
possible, through the phenomenon of mechanotransduction, to have a non-invasive tool with a low rate of complications.
This study analyzes the experience of the last 20 years with the use of shock waves.
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weeks from the first stimulus, with most 
patients receiving two to three sessions. The 
energy used ranges from 0.18 to 0.30 
mJ/mm2. The best results are reached using 
electro-hydraulic and electro-magnetic 
generators. Focused shock wave treatment 
has importante support in the literature, it is 
safe and effective, with several articles 
proving good results being the best treatment 
method when using mechanical waves to 
treat non-unions [24-26].
When using radial waves, anesthesia is not 
necessary and at least three sessions are 

performed with at an intervals of one week, 
applying 3000 waves in each session directly 
to the focus of the non-union with a level of 
energy between 0.18 to and 0.20 mJ/mm2. 
The use of radial waves is indicated only for 
superficial bones (Figs. 1-3) and still lacks 
scientific proof  [27].
The best results are reported with the use of 
focused shock waves devices with hydraulic 
and magnetic generators, using fluoroscopy 
to locating the exact point of treatment. A 
success rate between with 65 to and 78% has 
been reported [24-28]. Good results are 

observed in both hypertrophic and atrophic 
non-unions. Immobilization after treatment 
for 6–8 weeks may be necessary in cases of 
focus instability [23, 24].
Most of the studies comprise case series, but 
there are also studies comparing focused 
shock waves with traditional surgery on the 
femur, scaphoid, and metatarsal. These 
studies demonstrate similar results to those of 
surgical treatment, but with much lower cost, 
morbidity, and complications [28-31].
There are simple reviews and systematic 
reviews of the literature confirming the 
effectiveness of the use of focused shock 
waves, but more controlled studies should be 
conducted to compare shock waves to 
placebo and other techniques. [32-35].
Pain at the time of application that may 
require the use of general anesthesia or 
regional block. Adverse effects are edema, 
petechiae, superficial hematoma, and pain in 
the 1st day after application with good 
evolution with medical follow-up. There are 
no reports of serious complications with 
treatment [34,35].
The use of radial waves for specific cases of 
non-unions in superficial bones is supported 
by the literature, both in vitro and animal 
experiments, and in retrospective and 
prospective studies [11, 35-40].
It is an exclusively orthopedic medical 
treatment because it requires an accurate 
diagnosis, knowledge of bone pathology, 
knowledge of regional anatomy avoiding 
vessels and nerves, and evaluation of healing.
Shock waves are safe, and effective, with a 
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Figure 1: Case 1: Female 46 years old. A: 8 months after osteosynthesis of right clavicle 
fracture with union failure. B: 6 months after radial pressure waves applications.

Figure 2: Case 2: Male 59 years old. 9 months of osteosynthesis of 
tibia and fibula fractures.

Figure 3: Case 2, 6 months after radial pressure waves applications.
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