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Abstract 
Objectives:  This pilot study was designed to assess the effects of extracorporeal 

shockwave therapy (ECSWT) on dental pulp, brain, lung and osteonecrosis of the 

jaw (ONJ) in rats.  

 

Methods: 

With approval from the Texas A&M University Baylor College of Dentistry IACUC, 

seven male rats were enrolled in this study. One was retained as an untreated 

control. Six were treated with intraperitoneally injected Zolendroic acid thrice 

weekly for 8 weeks. At the end of the seventh week, four rats had three adjacent 

maxillary molars extracted to induce ONJ. One rat did not survive the anesthesia. 

One rat was retained as a treated control. Experimental animals were treated using 

the Sanuwave shockwave device applied to the extraction site area receiving 1000 

pulses. Two rats received ECSWT over the ONJ area once weekly at weeks 9, 10 

&11. One rat received ECSWT over the ONJ area at weeks 9&10 only. Another rat 

was retained as an untreated control. At week 12, the initial control rat was treated 

with ECSWT over lung, brain and dental pulp areas. All rats were then sacrificed, 

specimen areas dissected and submitted for microscopic pathologic analysis.  

 

Results: 

1.Upon macroscopic examination, the lung tissue demonstrated significant 

hemorrhage, while all other areas appeared normal. 

2. Microscopically, dental pulp tissue appeared normal. 

3.The rat that received shockwave treatment directly to its cranial vault displayed 

subdued activity for two days following the treatment, but then recovered normally. 

Macroscopically the brain tissue appeared normal with no evidence of intracranial 

hemorrhage. 

4.Despite following a validated protocol to induce ONJ, no evidence of ONJ was 

observed microscopically in the ECSWT groups. In the ECSWT groups, compared 

to the untreated groups, significant osseous healing was noted with a profusion of 

woven bone.  

 

Conclusions  

1. Extracorporeal shockwave therapy appears safe for oral use with no adverse 

effects on oral or pulpal tissues and may have a positive effect on osseous healing. 

2. Effects on cognition and brain tissues merit further study. 

3. ECSWT of lung tissues is contraindicated 

4. Further study is needed to assess the effects of ECSWT on ONJ tissues. 

 

Conclusions: 

1. ECSWT appears safe for oral use with no adverse effects on oral or pulpal tissues  

2. ECSWT may have a positive effect on osseous healing. 

3. Effects of ECSWT on cognition and brain tissues merit further study. 

4. ECSWT of lung tissues is contraindicated 

5. Further study is needed to better assess the effects of ECSWT on ONJ tissues. 
 

Figure 1: SANUWAVE orthoPACE device 

Background: Drug-related osteonecrosis of the jaws (ONJ) is a severely debilitating condition 

with no predictable treatments. Extracorporeal shock wave therapy (ECSWT) has been reported 

to produce compressive and tensile stresses on cells and tissue structures, eliciting biological 

responses, including: an increase in perfusion and arteriogenesis, biofilm disruption, a pro-

inflammatory response, cytokine and chemokine effects, growth factor upregulation, 

angiogenesis and the subsequent regeneration of tissue such as skin, musculoskeletal and 

vascular structures.1 Research generally supports its use for non-union bone fractures, diabetic 

foot ulcers, deep burns, plantar fasciitis, and osteonecrosis of the femur head.2 One published 

human case report supports the idea of using ECSWT for treatment of ONJ.3 

 

Materials and Methods: With the study design approved by the Texas A&M University IRB, 

seven male rats were enrolled. One rat was retained as an untreated control. ONJ was induced 

in 6 rats following the model reported by Barba-Recreo et al.4 with this model, the experimental 

rats were treated with intraperitoneally injected Zolendroic acid (0.1mg/kg) thrice weekly for 8 

weeks. One rat was retained as a treated control. At the end of the seventh week, after 

administering a surgical dose of ketamine and xylazine, four rats had three adjacent maxillary 

molars extracted to induce the ONJ. Fractured root tips were not retrieved. One rat did not 

survive the anesthesia. Under ketamine and xylazine sedation, the experimental animals were 

treated using the SANUWAVE orthoPACE ECSWT device (SANUWAVE Health Inc., Alpharetta, 

GA) applied to the extraction site area receiving 1000 pulses (Fig. 1). Two rats received ECSWT 

over the ONJ area once weekly at weeks 9, 10 &11. One rat received ECSWT over the ONJ 

area at weeks 9&10 only. Another rat was retained as an untreated control. At week 12, the 

initial control rat was treated with ECSWT over lung, brain and dental pulp areas. All rats were 

then sacrificed, specimen areas dissected and submitted for microscopic histologic / pathologic 

analysis.  
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Figure 55: Woven bone healing in 

extraction site   

Results: 

Rat 1: Untreated control rat received no Zolendroic acid. SANUWAVE treatment to lung, brain 

and dental pulp areas. Lung showed severe hemorrhage. Brain showed no significant 

intracranial hemorrhage. Dental pulp was examined histologically and found to be normal / 

unaffected (Fig. 2) 

Rat 2: Treated with Zolendroic acid and molar extractions. Died during extractions.  

Rat 3: Treated control rat – treated with Zolendroic acid and molar extractions. Retained as a 

control and did NOT receive SANUWAVE treatment. Histology demonstrated empty lacunae, 

indicating presence of ONJ (Fig. 3). 

Rats 4 & 5: Treated with Zolendroic acid, molar extractions and 1000 pulses of SANUWAVE 

over ONJ area once weekly at weeks 9, 10 &11. Histology demonstrated minimal inflammation 

and normal healing of extraction sites. (Figs. 4&5 are representative). 

Rat 6: Treated with Zolendroic acid, molar extractions and 1000 pulses of SANUWAVE over 

ONJ area once weekly at weeks 9 &10. Histology demonstrated minimal inflammation and 

normal healing of extraction sites. (Figs. 4&5 are representative). 
 

Figure 3: Empty lacunae confirm ONJ 
Figure 4: Lack of significant inflammation 

surrounding retained root tips   

Figure 2: Pulpal tissues appear unaffected by ECSWT 

 

Discussion: The findings of this pilot study suggest the possibility that ONJ may be safely and 

effectively treated using ECSWT. However due to its very small group size much additional 

research is needed. The biggest question raised from this trial was the validity of the Barba-

Recreo model for inducing ONJ. Although empty lacunae were seen in the histologic specimens 

of the treated control, suggesting the model is effective, one rat seems inadequate to be sure 

we actually induced ONJ. No empty lacunae were seen in the SANUWAVE-treated rats. This 

seems to indicate the efficacy of SANUWAVE in treating ONJ. However, in the paper published 

by Barba-Recreo, they only achieved ONJ in 80% of treated rats. And because the ONJ can 

only be detected histologically with this model, there is no means to ensure the presence of ONJ 

prior to ECSWT. The development of a model that could be detected visually (such as non-

healing tooth extraction sockets) would facilitate more concrete analysis. 

 

The fact that the pulp appears unaffected by ECSWT is an important finding. After treatment 

with ECSWT to the brain, our rat appeared stunned or dazed for several hours. Additional 

testing of brain function and histology subsequent to ECSWT will be needed. The finding of 

severe lung hemorrhage subsequent to ECSWT is an important lesson, demonstrating the 

effects of ECSWT at tissue-air interfaces. Consequently, it is imperative to avoid ECSWT 

exposure to lung tissues. 

 

 

 

 
 


