
Double Axonal Crush: Resection and Implantation of Deep Peroneal Nerve for Intractable Pain

David D. Hoeft DPMi, Henry D. Spingola IIIii, Edgardo Rodriguez-Collazo DPMiii

i. Resident Physician, PGY-3 : Presence Saint Joseph Hospital Chicago. PMSR/RRA
ii. Resident Physician, PGY-2 : Presence Saint Joseph Hospital Chicago.PMSR/RRA 

iii. Program Associate Director : Presence Saint Joseph Hospital Chicago. Podiatric Medicine and Surgery Reconstructive Rearfoot / Ankle Surgery; Co-Founder: Lower Extremity Deformity Correction & Microsurgical Limb Reconstruction Traveling Fellowship

 

Statement of Purpose

Declaration of Conflicting Interests: 
The authors declared no potential conflicts of interest with 
respect to the research and/or authorship of this article.

Literature Review

Methodology 

Results

Analysis & Discussion

1. Phisitkul P, Dawson J, Haugsdal J.  Nerve Injury and Pain After Operative Repair of Calcaneal Fractures: A Literature Review. The Iowa Orthopaedic Journal

2. Alexandritis G, A. C. Gunning and L. P. H. Leenen. Patient-reported health-related quality of life after a displaced intra-articular calcaneal fracture: a systematic review. World Journal of Emergency 

Surgery (2015) 10:62

3. Buckley R, Brauer CA, Donaldson C, Ko M,  Manns BJ, Ko M.  An economic evaluation of operative compared with nonoperative management of displaced intra-articular calcaneal fractures.  J 

Bone Joint Surg Am. 2005 Dec;87(12):2741-9

4. Buckley R, Tough S, McCormack R, Pate G, Leighton R, Petrie D, et al. Operative compared with nonoperative treatment of displaced intraarticular, calcaneal fractures: a prospective, randomized, 

controlled trial J Bone Joint Surg Am. 2002;84-A(10):1733–44

5. Pozo JLL, Kirwan EO, Jackson AM. The long-term results of conservative management of severely displaced fractures of the calcaneus. J Bone Joint Surg Br. 1984;66(3):386–90

6. Bibbo C, Rodriguez-Collazo E, Finzen AG.Superficial Peroneal Nerve to Deep Peroneal Nerve Transfer With Allograft Conduit for Neuroma in Continuity

7. Horwitz MT. Normal Anatomy and variations of the peripheral nerves of the leg and foot

8. Gray H. Gray’s anatomy: the anatomical basis of medicine and surgery. 38th ed. New York, NY: Churchill Livingstone, 1995.

9. Watson, C.P., Mackinnon, S.E., Dostrovsky, J.O., Bennett, G.J., Farran, R.P., & Carlson, T.E. (2014). Nerve resection, crush and re-location relieve complex regional pain syndrome type II: a case 

report. Pain, 155 6, 1168-73.

10. P. M. Bridge, D. J. Ball, S. E. Mackinnon, Y. Nakao, K. Brandt, D. A. Hunter, C. Hertl Nerve Crush Injuries—A Model for Axonotmesis Experimental Neurology. Volume 127, Issue 2, June 1994, 

Pages 284-290

11. Gracely R, Lynch S, Bennett G, Painful neuropathy: altered central processing maintained dynamically by peripheral input. Pain. Volume 51, Issue 2, November 1992, Pages 175-194

12. Yao C, Zhou X, Zhao B, Sun C, Poonit K, Yan H. Treatments of traumatic neuropathic pain: a systematic review. Oncotarget. 2017;8(34):57670-57679. doi:10.18632/oncotarget.16917.

13. Houdek M.T, Wagner E.R, Pensy R, Walter E. Extensor Digitorum Brevis Flap for the Coverage of Ankle and Dorsal Foot Wounds: A Technical Trick. Journal of Orthopaedic Trauma. 

30(12):e404–e408, DEC 2016

Image 2: Anterior Neurovascular bundle 

Image 3: “Double Axonal Crush”

Image 3: 
Subsequt re-tensioning of the vessel loops 
with wound washout.

Image 4: DPN Tibial Implantation

Intractable pain following calcaneal fracture fixation is a rare, but debilitating 

complication for a patient.1  The present study assesses whether our double 

axonal crush technique with distal deep peroneal nerve (DPN) 

neuro-osteodesis is effective in alleviating residual intractable pain after 

treatment for Sanders III and IV calcaneal fracture.  

Numerous studies have shown that the sequelae of intractable pain can 

include physical, psychological, social, and economical debilitation.1-5 These 

patients often fail a number of conservative measures. Traditionally, 

decompression of the nerve with or without grafting is done for entrapment 

neuropathies with subsequent disruption of nerve signal.6 The diameter of 

the deep peroneal nerve in the distal 1/3rd of the leg is often 1-3 mm, 

making it too small to graft.7,8 Double axonal crush is a technique which 

disrupts the internal fascicles of the axon while preserving the myelin, 

causing an axonotmesis.. This decreases the incidence of neuroma 

formation. Although not common, nerve transection, double axonal crush, 

and subsequent re-implantation has been recorded in the literature for the 

treatment of causalgia. McKinnon et al. reported on a 19 year old patient 

with CRPS II that resulted from an ankle sprain without fracture. The patient 

failed numerous treatment modalities, and eventually underwent successful 

nerve resection, axonal crush, and implantation.9

 Eleven patients (10 male) with a history of intra-articular calcaneal fractures 

(Sanders III and IV) with evolving pain to the level of incapacitation despite 

previous treatment for pain symptoms were included in this study. Each 

patient’s chart was reviewed in detail and all were noted to have received 

various conservative treatments. EMG and NCV studies for all 11 patients 

noted decreased DPN signal 1.5 cm proximal to the ankle joint extending to 

the sinus tarsi. 

Table 1: 11 Patients were followed for an average of 26 months (14mo-41mo).  The VAS pain improvement range 

was 4-8 points, alleviating a significant amount of pain in all patients.The VAS pain scale decreased, on average, by 

6.6 (8.6 to 2) points. These results, summarized in Table 1, were found to be statistically significant(p value <0.0001). 

Patient’s also completed pre and post operative Quality of Life Questionnaires which also demonstrated subjective 

decrease in pain and increase in quality of life with emphasis on ADL’s after undergoing the procedure.

Patient Age Gender Comorbidities Sanders Pre-op VAS Post-op VAS

1 17 M 4 10 2

2 26 M 3 10 3

3 27 M smoker 4 9 3

4 29 M 3 10 3

5 33 M 4 9 1

6 34 M 3 8 1

7 39 M Smoker, htn 3 8 1

8 41 M DM 4 7 2

9 48 M 3 9 1

10 56 F htn 4 7 2

11 66 M DMII 4 8 2

Procedure
A linear mid-lateral compartment incision was made to avoid all vital 

neurovascular structures.The neurovascular bundle of the anterior 

compartment was identified at the floor of the anterior compartment and 

dissected in order to identify the Deep Peroneal Nerve(Figure1). The Deep 

Peroneal Nerve was dissected out in the distal one third of the lower 

extremity. An external neurolysis was performed on the deep peroneal 

nerve. The nerve was transected distally and a double axonal crush (Figure 2) 

was performed proximally. The tip of the proximal end of the nerve was 

cauterized with bipolar cautery. The tibia was then exposed and a hole was 

drilled into the tibia.  The proximal end of the deep peroneal nerve was then 

buried into the drill hole and secured with a periosteal epineural stitch using 

11.0 suture(Figure3). The knee was then ran through flexion and extension to 

ensure the nerve was properly secured. 

We describe here a series of patients with long standing intractable pain 

after Sanders Type III and IV calcaneal fractures relieved by a surgical 

procedure to the deep peroneal nerve. The fact that neuropathic pain did 

not return or was minimally residual after the procedure appears to be due 

to the lack of stump neuroma formation secondary to performing a double 

axonal crush of the deep peroneal nerve proximal to resection site 

resulting in axonotmesis, with implantation. This suggests that the 

neuropathic pain syndrome was dependent on neuronal activity originating 

distal to the resection. Such a result challenges the concept that central 

neuroplastic changes become permanent and independent of a peripheral 

afferent drive.10-12 In these cases, the deep peroneal nerve was resected 

distal to motor branches to leg musculature. The extensor digitorum brevis 

was deemed to be worth sacrificing due to its limited biomechanical 

advantage.13

The option of peripheral nerve surgery should be heavily considered for 

long standing intractable pain that has failed conservative management. 

The risk that this type of surgery may fail or even exacerbate pain is 

unknown, and the true outcomes of this procedure can only be known from 

careful, quantitative follow-up of many other cases.

Image 1: Preoperative imaging


