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Abstract
Focus extracorporeal shockwave therapy (fESWT) involves the administration of focused 

pressure pulses to the body, to stimulate the proliferation of growth factors. Although this 
therapy has shown promise in the treatment of ulcers, kidney stones and burns, its effectiveness 
in treating non-union fractures has not been adequately elucidated. This report monitors the 
response of a 30-year-old patient with a non-union fracture of the tibia and fibula, to 6 weeks 
of fESWT. Regular ultrasound images and X-ray images were procured to assess observable 
bone growth and DASH scores were used to assess the degree of disability. At the end of the 
treatment period, both the X-ray images and DASH scores indicated a significant improvement 
in bone growth and bone function (45.3% before treatment and 2.7% after treatment). These 
results indicate that fESWT is a feasible treatment option for non-union fractures and large-
scale studies need to be undertaken to examine its widespread application.

Keywords: Non-union Fracture; Focus Shockwave Therapy; Extracorporeal Shockwave 
Therapy.

Introduction
A non-union fracture, or pseudarthrosis, is a type of fracture 

where the bone fragments fail to heal and unite within the expected 
time period [1]. The failure of the bone to unite can be owed to 
the constant biological and mechanical stresses it is subjected 
to [2]. A treatment option that has gained significance in recent 
years is FOCUS wave therapy, also called focus extracorporeal 
shock wave therapy (fESWT). This procedure has been developed 
from extracorporeal shock wave lithotripsy, and involves a device 
applied outside the body, emitting focused pressure pulses [3]. 
These pulses of pressure have shown to induce various growth 
factors, which aid in wound healing, osteogenesis and subchondral 
bone formation [4-6]. This therapy has also shown promise in the 
treatment of chronic diabetic ulcers, foot ulcers, venous leg ulcers, 
pressure ulcers and burns, leading to an increased rate of healing 
and wound closure [7-9,10]. Most importantly, this procedure 
has proven to be effective in treating non-union fractures in both 
humans and other animals [11-16].
Case presentation

A 30-year-old male working in a hotel fell from a ladder, at 
a height of 10 feet. He landed on his feet and twisted his right 
ankle into a varus sprain. The fall resulted in a distal fracture of 
the tibia and fibula of the right leg. The injury occurred on the 17th 
of October 2021. 

Treatment
Initially, the surgeon stabilized the tibial and fibular fractures 

using a plate and screws. However, imaging done three months 
after the fracture indicated no signs of bone healing. Hence, the 
surgeon implanted a bone stimulator on the 1st of February, for a 
period of three months. Despite this, no bone growth was seen at 
the fracture site and the fracture remained in a state of non-union. 
Consequently, the surgeon performed a bone graft on the 20th of 
June 2022, and the patient was referred to physical therapy for 
treatment of the pain. The patient was also advised to start some 
low-level exercise on the 11th of August. However, there was still no 
bone growth within the fracture sites. Upon the recommendation 
of the physical therapist, focus extracorporeal shock wave therapy 
or FOCUS wave therapy (Chattanooga electronics, Chattanooga 
Tennessee) was initiated. The shock waves were administered to 
the fracture site, on the distal right tibia and fibula. The FOCUS 
wave device (emitting electromagnetic beams) was set at a depth 
of 6 cm, with the energy set at 30-40 joules. The therapy was 
administered 5 days per week, for a period of 6 weeks. Ultrasound 
images and X-rays were obtained pre and post-therapy to evaluate 
the extent of healing. Moreover, the patient’s bone function 
was assessed using DASH scores, which are useful in assessing 
patients with musculoskeletal disorders. The scores range from 0 
(no disability) to 100 (most severe disability).
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Imaging

Figure 1: Ultrasound images captured before (a) and after (b) 6 
weeks of the therapy.

Figure 2: X-rays (a,b,c) captured before the initiation of fESWT.

Figure 3: X-rays (a,b) captured after 6 weeks of fESWT.

Outcomes
At the final treatment session, the re-evaluation demonstrated 

100% bone growth at both the fracture sites on the tibia and 
fibula. Reduction in pain with weight bearing was also noted. 
The DASH score before the treatment was 45.3%. The final DASH 
score was 2.7%. The overall difference in DASH scores was 42.6%. 
This difference is both statistically and clinically significant. It 
indicates a drastic improvement in bone function and healing. 
X-rays taken before (Figure 2) and after (Figure 3) also support 
this improvement.   
Discussion

In this pilot study, there is a clear improvement in bone density 
and growth in the right distal tibia and fibula following 6 weeks of 
shockwave therapy. This is not only indicated by the reduced DASH 
scores, but also by the ultrasound and X-ray images captured pre- 
and post- therapy. Figure 1(a) shows an uneven and rough cortical 
bone along with the presence of a fibrotic artifact (probably a 
hematoma). In figure 1(b), the periosteal surface is smoother 
and the artifact has reduced in size and been internalized. This 
indicates that fESWT may need to be administered for a longer 
period of time to allow complete ossification and regeneration 
of the bone tissue. Nevertheless, figure 3 clearly shows a drastic 
improvement in overall bone health, enabling the removal of 
the staples and screws that supported the non-union fracture. 
This underlines the effectiveness of focussed extracorporeal 
shockwave therapy.

However, it is also important to note that fESWT has shown 
less promise in the treatment of atrophic non-union fractures, 
as compared to hypertrophic long bone non-unions [16-18]. 
So, further research would be required to accurately test the 
effectiveness of this therapy in such cases.

Nevertheless, the significant improvement in bone health 
indicates the wider and advantageous role of focus shockwave 
therapy as a treatment option for non-union fractures. Currently, 
the primary surgical treatment option for this condition involves 
the use of autologous bone grafts, in combination with the Ilizarov 
external fixator [19]. However, due to the lengthy and uncertain 
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nature of this procedure, various other non-surgical techniques 
are gaining importance. These include stem cell therapy, bone 
morphogenetic proteins and vascular endothelial growth factors 
[20-22]. However, these practices have not been adequately 
documented in humans and further research is required to prove 
their practical application and long term effectiveness [19,23,24].
Conclusion

It is safe to say that focus shockwave therapy is a feasible 
treatment option for non-union fractures. It has no major side 
effects and has yielded promising results. However, its mainstream 
application is still not established. This can be attributed to the 
absence of reliable large-scale studies evaluating its efficacy in 
the long term. Moreover, the reliance on surgical interventions 
further prevents it from becoming the standardized treatment 
protocol. Hopefully, this case can be considered an agent, which 
proves its effectiveness and leads to its wider application.
Acknowledgements

 None.
Conflicts of Interests

Authors declare that there are no conflicts between others.

Bibliography

1.	 Malunion and Nonunion Fractures [Internet]. 
Pennmedicine.org. [cited 2023 Jan27]. Available from: 
https://www.pennmedicine.org/for–patients–and–
visitors/find–a–program–or–service/penn–orthoplastic–
limb–salvage–center/complex–fracture–care/malunion–
and–nonunion–fractures#:~:text=A%20malunion%20
occurs%20when%20a,of%209%20to%2012%20months.

2.	 Elliott DS, Newman KJ, Forward DP, Hahn DM, Ollivere 
B, Kojima K, et al. A unified theory of bone healing and 
nonunion. Bone Joint J. 2016;98–B(7): 884–891.

3.	 Auersperg V, Trieb K. Extracorporeal shock wave therapy: 
An update. EFORT Open Rev. 2020;5(10): 584–592.

4.	 Wang FS, Wang CJ, Chen YJ, Chang PR, Huang YT, Sun YC, 
et al. Ras induction of superoxide activates Erk–dependent 
angiogenic transcription factor HIF–1α and VEGF–A 
expression in shock wave–stimulated osteoblasts. J Bio 
Chem. 2004;279(11): 10331–10337.

5.	 Qureshi AA, Ross KM, Ogawa R, Orgill DP. Shock wave 
therapy in wound healing. Plast Reconstr Surg. 2011;128(6): 
721e–727e.

6.	 Császár NB, Angstman NB, Milz S, Sprecher CM, Kobel 
P, Farhat M, et al. Radial shock wave devices generate 
cavitation. PLOS ONE. 2015;10(10): e0140541.

7.	 Chen L, Ye L, Liu H, Yang P, Yang B. Extracorporeal Shock 
Wave Therapy for the Treatment of Osteoarthritis: A 
Systematic Review and Meta–Analysis. Biomed Res Int. 
2020;2020: 1907821.

8.	 Zhang C, Huang H, Yang L, Duan X. Extracorporeal Shock 
Wave Therapy for Pain Relief After Arthroscopic Treatment 
of Osteochondral Lesions of Talus. J Foot Ankle Surg. 
2020;59(1): 190–194.

9.	 Huang Q, Yan P, Xiong H, Shuai T, Liu J, Zhu L, et al. 
Extracorporeal Shock Wave Therapy for Treating Foot 

Ulcers in Adults With Type 1 and Type 2 Diabetes: A 
Systematic Review and Meta–Analysis of Randomized 
Controlled Trials. Can J Diabetes. 2020;44(2): 196–204.e3.

10.	 Dolibog P, Franek A, Brzezińska–Wcisło L, Dolibog P, Wróbel 
B, Arasiewicz H, et al. Shockwave therapy in selected 
soft tissue diseases: a literature review. J Wound Care. 
2018;27(9): 573–583.

11.	 Johannes EJ, Kaulesar Sukul DM, Matura E. High–energy 
shock waves for the treatment of nonunions: an experiment 
on dogs. J Surg Res. 1994;57(2): 246–252.

12.	 Bara T, Synder M. Nine–years experience with the use of 
shock waves for treatment of bone union disturbances. 
Ortop Traumatol Rehabil. 2007;9(3): 254–258.

13.	 Valchanou VD, Michailov P. High energy shock waves in 
the treatment of delayed and nonunion of fractures. Int 
Orthop. 1991;15(3): 181–184.

14.	 Furia JP, Juliano PJ, Wade AM, Schaden W, Mittermayr 
R. Shock wave therapy compared with intramedullary 
screw fixation for nonunion of proximal fifth metatarsal 
metaphyseal–diaphyseal fractures. J Bone Joint Surg Am. 
2010;92(4): 846–854.

15.	 Cacchio A, Giordano L, Colafarina O, Rompe JD, Tavernese 
E, Ioppolo F, et al. Extracorporeal shock–wave therapy 
compared with surgery for hypertrophic long bone 
nonunions. J Bone Joint Surg Am. 2009;91(11): 2589–2597.

16.	 Elster EA, Stojadinovic A, Forsberg J, Shawen S, Andersen 
RC, Schaden W. Extracorporeal shock wave therapy for 
nonunion of the Tibia. J Orthop Trauma. 2010;24(3): 133–
141.

17.	 Wang FS, Wang CJ, Huang HJ, Chung H, Chen RF, Yang KD. 
Physical shock wave mediates membrane hyperpolarization 
and Ras activation for osteogenesis in human bone marrow 
stromal cells. Biochem Biophys Res Commun. 2001;287(3): 
648–655.

18.	 Xu ZH, Jiang Q, Chen DY, Xiong J, Shi DQ, Yuan T, Zhu XL. 
Extracorporeal shock wave treatment in nonunions of long 
bone fractures. Int Orthop. 2009;33(3): 789–793.

19.	 Schlundt C, Bucher CH, Tsitsilonis S, Schell H, Duda GN, 
Schmidt–Bleek K. Clinical and research approaches to treat 
non–union fracture. Curr Osteoporos Rep. 2018;16(2): 
155–168.

20.	 Cheung WH, Chin WC, Wei FY, Li G, Leung KS. Applications 
of exogenous mesenchymal stem cells and low intensity 
pulsed ultrasound enhance fracture healing in rat model. 
Ultrasound Med Biol. 2013;39(1): 117–125.

21.	 Starr AJ. Recombinant human bone morphogenetic 
protein–2 for treatment of open tibial fractures. J Bone 
Joint Surg Am. 2003;85(10): 2049.

22.	 Ogilvie CM, Lu C, Marcucio R, Lee M, Thompson Z, Hu 
D, et al. Vascular endothelial growth factor improves 
bone repair in a murine nonunion model. Iowa Orthop J. 
2012;32: 90–94.

23.	 Thurairajah K, Briggs GD, Balogh ZJ. Stem cell therapy 
for fracture non–union: The current evidence from 
human studies. J Orthop Surg (Hong Kong). 2021;29(3): 
23094990211036545.

https://www.pennmedicine.org/for-patients-and-visitors/find-a-program-or-service/penn-orthoplastic-limb-salvage-center/complex-fracture-care/malunion-and-nonunion-fractures#:~:text=A malunion occurs when a,of 9 to 12 months
https://www.pennmedicine.org/for-patients-and-visitors/find-a-program-or-service/penn-orthoplastic-limb-salvage-center/complex-fracture-care/malunion-and-nonunion-fractures#:~:text=A malunion occurs when a,of 9 to 12 months
https://www.pennmedicine.org/for-patients-and-visitors/find-a-program-or-service/penn-orthoplastic-limb-salvage-center/complex-fracture-care/malunion-and-nonunion-fractures#:~:text=A malunion occurs when a,of 9 to 12 months
https://www.pennmedicine.org/for-patients-and-visitors/find-a-program-or-service/penn-orthoplastic-limb-salvage-center/complex-fracture-care/malunion-and-nonunion-fractures#:~:text=A malunion occurs when a,of 9 to 12 months
https://www.pennmedicine.org/for-patients-and-visitors/find-a-program-or-service/penn-orthoplastic-limb-salvage-center/complex-fracture-care/malunion-and-nonunion-fractures#:~:text=A malunion occurs when a,of 9 to 12 months
https://pubmed.ncbi.nlm.nih.gov/27365465/
https://pubmed.ncbi.nlm.nih.gov/27365465/
https://pubmed.ncbi.nlm.nih.gov/27365465/
https://pubmed.ncbi.nlm.nih.gov/33204500/
https://pubmed.ncbi.nlm.nih.gov/33204500/
https://pubmed.ncbi.nlm.nih.gov/14681237/
https://pubmed.ncbi.nlm.nih.gov/14681237/
https://pubmed.ncbi.nlm.nih.gov/14681237/
https://pubmed.ncbi.nlm.nih.gov/14681237/
https://pubmed.ncbi.nlm.nih.gov/14681237/
https://pubmed.ncbi.nlm.nih.gov/21841528/
https://pubmed.ncbi.nlm.nih.gov/21841528/
https://pubmed.ncbi.nlm.nih.gov/21841528/
https://pubmed.ncbi.nlm.nih.gov/26509573/
https://pubmed.ncbi.nlm.nih.gov/26509573/
https://pubmed.ncbi.nlm.nih.gov/26509573/
https://pubmed.ncbi.nlm.nih.gov/32309424/
https://pubmed.ncbi.nlm.nih.gov/32309424/
https://pubmed.ncbi.nlm.nih.gov/32309424/
https://pubmed.ncbi.nlm.nih.gov/32309424/
https://pubmed.ncbi.nlm.nih.gov/31882139/
https://pubmed.ncbi.nlm.nih.gov/31882139/
https://pubmed.ncbi.nlm.nih.gov/31882139/
https://pubmed.ncbi.nlm.nih.gov/31882139/
https://pubmed.ncbi.nlm.nih.gov/31515158/
https://pubmed.ncbi.nlm.nih.gov/31515158/
https://pubmed.ncbi.nlm.nih.gov/31515158/
https://pubmed.ncbi.nlm.nih.gov/31515158/
https://pubmed.ncbi.nlm.nih.gov/31515158/
https://pubmed.ncbi.nlm.nih.gov/30204576/
https://pubmed.ncbi.nlm.nih.gov/30204576/
https://pubmed.ncbi.nlm.nih.gov/30204576/
https://pubmed.ncbi.nlm.nih.gov/30204576/
https://pubmed.ncbi.nlm.nih.gov/8028332/
https://pubmed.ncbi.nlm.nih.gov/8028332/
https://pubmed.ncbi.nlm.nih.gov/8028332/
https://pubmed.ncbi.nlm.nih.gov/17721422/
https://pubmed.ncbi.nlm.nih.gov/17721422/
https://pubmed.ncbi.nlm.nih.gov/17721422/
https://pubmed.ncbi.nlm.nih.gov/1743828/
https://pubmed.ncbi.nlm.nih.gov/1743828/
https://pubmed.ncbi.nlm.nih.gov/1743828/
https://pubmed.ncbi.nlm.nih.gov/20360507/
https://pubmed.ncbi.nlm.nih.gov/20360507/
https://pubmed.ncbi.nlm.nih.gov/20360507/
https://pubmed.ncbi.nlm.nih.gov/20360507/
https://pubmed.ncbi.nlm.nih.gov/20360507/
https://pubmed.ncbi.nlm.nih.gov/19884432/
https://pubmed.ncbi.nlm.nih.gov/19884432/
https://pubmed.ncbi.nlm.nih.gov/19884432/
https://pubmed.ncbi.nlm.nih.gov/19884432/
https://pubmed.ncbi.nlm.nih.gov/20182248/
https://pubmed.ncbi.nlm.nih.gov/20182248/
https://pubmed.ncbi.nlm.nih.gov/20182248/
https://pubmed.ncbi.nlm.nih.gov/20182248/
https://pubmed.ncbi.nlm.nih.gov/11563844/
https://pubmed.ncbi.nlm.nih.gov/11563844/
https://pubmed.ncbi.nlm.nih.gov/11563844/
https://pubmed.ncbi.nlm.nih.gov/11563844/
https://pubmed.ncbi.nlm.nih.gov/11563844/
https://pubmed.ncbi.nlm.nih.gov/18437381/
https://pubmed.ncbi.nlm.nih.gov/18437381/
https://pubmed.ncbi.nlm.nih.gov/18437381/
https://pubmed.ncbi.nlm.nih.gov/29536393/
https://pubmed.ncbi.nlm.nih.gov/29536393/
https://pubmed.ncbi.nlm.nih.gov/29536393/
https://pubmed.ncbi.nlm.nih.gov/29536393/
https://pubmed.ncbi.nlm.nih.gov/23062370/
https://pubmed.ncbi.nlm.nih.gov/23062370/
https://pubmed.ncbi.nlm.nih.gov/23062370/
https://pubmed.ncbi.nlm.nih.gov/23062370/
https://pubmed.ncbi.nlm.nih.gov/14563816/
https://pubmed.ncbi.nlm.nih.gov/14563816/
https://pubmed.ncbi.nlm.nih.gov/14563816/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3565421/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3565421/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3565421/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3565421/
https://pubmed.ncbi.nlm.nih.gov/34396805/
https://pubmed.ncbi.nlm.nih.gov/34396805/
https://pubmed.ncbi.nlm.nih.gov/34396805/
https://pubmed.ncbi.nlm.nih.gov/34396805/


mpcrci-202305001

MedPress Case Reports and Clinical ImagesDonatelli R

MedPress Publications LLC

24.	 Aro HT, Govender S, Patel AD, Hernigou P, Perera de 
Gregorio A, Popescu GI, Golden JD, Christensen J, Valentin 
A. Recombinant human bone morphogenetic protein–2: 
a randomized trial in open tibial fractures treated with 
reamed nail fixation. J Bone Joint Surg Am. 2011;93(9): 
801–808.

Citation: Donatelli R. Focus Extracorporeal Shockwave Therapy for Non-union Fractures: A Case Report. Medp Case Rep Clin Image. 
2023; 1(2): mpcrci–202305001.

https://pubmed.ncbi.nlm.nih.gov/21454742/
https://pubmed.ncbi.nlm.nih.gov/21454742/
https://pubmed.ncbi.nlm.nih.gov/21454742/
https://pubmed.ncbi.nlm.nih.gov/21454742/
https://pubmed.ncbi.nlm.nih.gov/21454742/
https://pubmed.ncbi.nlm.nih.gov/21454742/

