
Focused Shock Waves in Delayed Union and No-union after 
Intramedullary Nailing in Lower Limbs

Introduction
Risk factors for delayed healing and non-
union include patient dependent factors such 
as advanced age, medical comorbidities, 
smok ing ,  use  of  non- steroidal  ant i-
inf lammator y dr ugs,  var ious genetic 
d i s o r d e r s ,  m e t a b o l i c  d i s e a s e s ,  a n d 
nutritional deficiencies [1-3].
Patient-independent factors include the 
pattern, location, and displacement of the 
fracture, the severity of the soft tissue injury, 
the degree of bone loss, the quality of surgical 
treatment, and the presence of infection [1-
3].
Clinical evaluation of fracture healing is 
based on both radiological and clinical 
findings. Hypertrophic, oligotrophic, and 
atrophic radiological appearances allow the 
physician to make inferences about the 
degree of fracture stability and the biological 
viability of the fracture fragments while 
developing a treatment plan.
The surgical treatment of these conditions is 
complex, expensive and does not necessarily 
guarantee a good result.
A high degree of recommendation has been 
demonstrated for the use of shock waves in 

situations in which the fracture focus is 
mechanically stable [4]. The objective of this 
report is to describe the results of the use of 
focused waves in three cases of lower limb 
fractures that did not heal within the 
expected time.

Case Report
Case 1
A 45-year-old man, construction worker, had 
a 4-m fall. He suffered a fracture of the 
proximal right tibia that was treated with 
intramedullary nailing and subsequent distal 
dynamization.
At 13 months, the fracture did not show clear 
signs of healing (Fig. 1a).
He was treated with two sessions of focused 
shock waves (Dornier Epos Ultra) with an 

2energy density of 0.40 mJ/mm , 3000 pulses 
per session (Fig. 1b).
Complete healing and excellent remodeling 
were achieved after 4 months without 
intramedullary nail extraction (Fig. 1c).

Case 2
A 35-year-old man was involved in a traffic 
accident suffering a fracture of the right 

femur. Ten months after surgery, no signs of 
healing were evident on imaging studies (Fig. 
2a).
One session of focused shockwaves was 
performed (Dornier epos ultra) with an 

2energy density of 0.40 mJ/mm  applying 
4000 pulses to the anterior and lateral 
diaphysis.
Complete healing and excellent remodeling 
were achieved after 4 months (Fig. 2b).

Case 3
A 35-year-old female was involved in a 
motorcycle accident suffering a segmental 
fracture of the middle third of the left femoral 
shaft. She was treated with endomedullary 
nailing. At 4.5 months after surgery, she was 
diagnosed with delayed healing of the 
proximal fracture focus (Fig. 3a).
She was treated with three sessions of 
focused shock waves therapy with an energy 

2density of 0.40 mJ/mm , 3500 pulses per 
session (Fig. 3b).
Healing was finally achieved (Fig. 3c).

Discussion
Bone non-union remains one of the major 
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Case Report

Shock waves have changed medical therapy substantially. Accounting for the epidemiology of the treated diseases, this therapeutic tool may 
equal or even surpass the impact of extracorporeal shock wave lithotripsy. Lower limb fractures after intramedullary nailing generally heal 
without problems when there are good local conditions and no associated pathologies, but sometimes if the biomechanical or biological 
variables are not ideal, they can lead to a delay in healing or develop a non-union. Extracorporeal shock waves therapy is a treatment option in 
delayed union and no-union after intramedullary nailing in lower limbs cases in which there is mechanical stability or the possibility of giving 
stability  to the fracture focus through immobilization, as they can allow healing without the need for new surgeries. 
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complications of fracture treatment despite 
the development of advanced operative 
techniques and osteosynthesis material [5,6]. 
Very often, revision surgery is needed, 
sometimes even requiring autogenous bone 

grafts [7].
Extracorporeal 
s h o c k  w a v e s 
i n d u c e d 
osteoneogenesi
s in vitro [8-10] 
and in animal 
models [11,12]. 
A  s i g n i f i c a n t 
n u m b e r  o f 
clinical studies 
support the use 
of shock waves 
i n  c a s e s  o f 
delayed union 
and non-union 
[7,13-17].
 C o m p a r a b l e 

results with surgery have also been reported 
with less and less complex complications [18-
20]. For all of the above, we agree that if the 
mechanical conditions of the fracture focus 

and the patient are given, shock waves are the 
first choice in cases of nonunions and delayed 
healing [21].
No complications were observed in our cases. 
High-energy shock wave therapy seemed to 
be an ef fective non-invasive tool for 
stimulation of bone healing in properly 
selected patients with a diaphyseal or 
metaphyseal non-union of the femur or tibia 
[22, 23].

Conclusion
Shock waves are a good indication for the 
treatment of nonunion of lower limbs 
previously treated with intramedullary 
nailing. Despite the time elapsed since the 
fracture, stable healing can be achieved 
without the need for any additional surgery. 
No complications were observed after 
treatment.
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Figure 1: (A) Proximal tibia fracture 13 months after surgery, (B) after one 
session of focused shock waves, and (C) final healing and remodeling at 4 
months.
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Figure 2: (A) Proximal femoral fracture at 10-month post-operative and 
(B) healing at 4, 5 months.

Figure 3: (A) Proximal femoral fracture, (B) non-union after 4, 5 months, and 
( C ) healing after three sessions of focused shockwaves.
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