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Introduction
Double innervation, abnormal innervation and communications among nerves are causes of 

anomalies of innervation. The different anatomical anomalies of peripheral nerves occur with various 
frequencies in the population [1,2]. The most widely recognized are Martin-Gruber Anastomosis 
(MGA) in the upper and Accessory Deep Peroneal Nerve (ADPN) in lower extremities.

Anomalous innervations of the upper and lower extremities are common and influence the 
interpretation of neurophysiological studies in normal subjects and clinical features of those 
with peripheral nerve lesions [3]. Namely, in the course of an electrodiagnostic investigation of a 
peripheral nerve lesion, the examiner may be confronted with unexpected findings in contradiction 
with the clinical picture. Awareness of such anomalies may be important in order to avoid 
misdiagnoses during electrodiagnostic study, such as a conduction block involving the ulnar nerve 
or carpal tunnel syndrome or axonal lesion of the peroneal nerve [1-6].

On the lower extremity the most widely recognized is Accessory Deep Peroneal Nerve (ADPN) 
[7]. From the late 1960s, this anomalous variation has been reported to occur in as many as 28% 
of people [8-10]. This anomaly has an autosomal dominant pattern of inheritance in man [11-13].

The accessory deep peroneal nerve
According to standard textbooks of anatomy the peroneal nerve is derivate from the L4-S1 nerve 

roots, which travel from the lumbosacral plexus and eventually the sciatic nerve. Within the sciatic 
nerve, the fibers forming the peroneal nerve run separately from those that become the tibial nerve. 
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Abstract
Introduction: Anomalous innervations of the extremities are common and influence the 
interpretation of electrophysiologic studies and clinical features of those with peripheral nerve 
lesions. The aim of this study was to describe the most common anomalous innervations in lower 
extremities and to point out their clinical repercussions.

Methods: Article has an analytical character and review of literature, including some personal 
articles.

Results and Discussion: Anomalous innervations of the upper and lower extremities are common 
and influence on the interpretation of electrophysiological data during electromyoneurography. 
Namely, in the course of an electrodiagnostic investigation of a peripheral nerve lesion, the 
examiner may be confronted with unexpected findings in contradiction with the clinical picture. In 
this review, a description is given of the most common innervation anomalies in lower extremities.

Conclusion: As anomalous innervations of the extremities are common and influence the 
interpretation of electrophysiological studies in normal subjects and those with peripheral 
nerve lesions. Detailed anatomical knowledge is essential for accurate interpretation of physical 
examination, electrophysiological findings, diagnosis, prognosis and reducing the risk of iatrogenic 
injuries during surgical procedures.
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More distally, the sciatic nerve bifurcates above the popliteal fossa 
into the common peroneal and tibial nerves. The common peroneal 
nerve first gives rise to the lateral cutaneous nerve of the knee, and 
divides into the deep and superficial peroneal nerves.

The deep peroneal nerve innervates the peroneus tertius muscle 
and the dorsiflexors of the ankle and toes, including the tibialis 
anterior muscle, extensor digitorum longus and extensor hallucis 
longus, and extensor digitorum brevis [2,14,15].

The Accessory Deep Peroneal Nerve (ADPN) has been regarded 
as an anomalous nerve derived from the superficial peroneal nerve or 
its branch and supplies motor innervations for Extensor Digitorum 
Brevis (EDB) and sensory innervations for the lateral part of the ankle 
and foot regions [8]. ADPN arises from the superficial peroneal nerve 
on the lateral aspects of the leg, descends along the posterior border 
of the peroneus brevis muscle near to the Achilles tendon and sural 
nerve and winds around the lateral malleolus [5,9].

ADPN was reported initially by Ruge in 1878, and the first 
anatomical description was provided by Bryce (1891, 1901). Winckler 
published in 1934 a more detailed analysis of this nerve and reported 
a more frequent occurrence in man (7 of 19 legs) [8].

The EDB is usually innervated exclusively by the deep peroneal 
nerve, however, in some cases, one or both of the EDB muscles are 
innervated by the ADPN nerve (partially or exclusively), and could be 
detected by nerve conduction studies (Figure 1)[15,9,10-12].

It was reported that ADPN was present in 12% to 35% of the 
population [16], but it was found that there is a wide variation of 
prevalence of ADPN among different studies [16-21]. One a meta-
analysis study assessed the overall pooled ADPN prevalence of 18.8%, 
the electrophysiological pooled ADPN prevalence of 13.6%, and the 
anatomical pooled prevalence of 39.3% [21]. This could be explained 
by the differences between studies regarding the studied population 
and the techniques used in the assessment of ADPN, whether 
anatomical or electrophysiological studies [12,16,21].

The ADPN has more than one clinical importance [8,12,16,21,22]. 
Studying the ADPN can complicate the clinical picture and disturb 
the interpretation of the electrophysiological studies of common 
peroneal, deep peroneal, and superficial peroneal nerves lesions and 
injuries, as well as, ADPN neuropathy [8,12]. Namely, superficial 
peroneal nerve and its branches (including ADPN) are risk for 
iatrogenic damage while performing arthroscopy, local anesthetic 
block, surgical approach to the fibula, open reduction and internal 
fixation of lateral malleolar fractures, application of external fixators, 
elevation of a fasciocutaneous or fibular flaps for grafting, surgical 
decompression of neurovascular structures, or miscellaneous surgery 
on leg, foot and ankle [12,17].

Tibial-to-peroneal nerve communication
Innervation of the EDB by the tibial nerve is rarely reported as a 

normal variant [23-25], Phillips and Morgan in 1993 [25] described 
the findings of tibial-peroneal nerve communication on the basis of 
intraoperative nerve conduction studies. Stimulation of the tibia1 
nerve produced a contraction from the peroneus longus muscle and 
a nerve action potential in the distal peroneal nerve [5,26,27]. A prior 
tibial-peroneal communication was reported but no details given 
[5,27,28]. Linden and Berlit [28] this nerve communications named 
„all tibial foot“, and this rear anomalous innervation were described 
in several other case reports [29-32]. Yamashita et al. [31] emphasized 

that this communication between the tibial and deep peroneal nerves 
include sensory fibers. Swerdloff and Stewart in their recently paper 
[32] reported frequency of this anomalous as 11% (8 cases out of 72 
subjects), and communication was present in both legs in half of the 
subjects.

Anatomical variations of the sural nerve
The Sural Nerve (SN) is a sensory nerve supplying the skin of the 

lateral side of the foot lateral and posterior part of the inferior third 
of the leg. In most of cases, it is formed by the union of the Medial 
Sural Cutaneous Nerve (MSCN), a branch of the tibial nerve, and 
the Lateral Sural Cutaneous Nerve (LSCN), a branch of the common 
fibular (peroneal) nerve. The site of union of the MSCN and LSCN to 
form the sural nerve is highly variable. It may be in the popliteal fossa, 
the distal third of the leg, or at the ankle [33,34].

In a clinical setting, the SN is widely used for both diagnostic 
(biopsy and nerve conduction velocity studies) and therapeutic 
purposes (nerve grafting) and the LSCN is used for a sensate free flap 
[34-36]. Bilateral asymmetry in the pattern of sural nerve formation is 
the rule rather than the exception, and a site of union is variable. So, 
anatomical variants in the formation and course of the SB are common 
in the population [34]. A detailed knowledge of the anatomy of the 
SN and its contributing nerves are clinically is very important, and 
clinicians, especially surgeons, should be aware of these variations 
to avoid iatrogenic injury to the nerve during operative procedures 
[37,38].

Conclusion
Anomalous innervations of the lower extremities, as well 

as upper one, are common and influence the interpretation of 
electrophysiological studies and clinical features of those with 
peripheral nerve lesions. The most common innervation anomaly 
in lower extremities is accessory deep peroneal nerve. Detailed 
anatomical knowledge is essential for accurate interpretation of 
physical examination, electrophysiological findings, diagnosis, 
prognosis and reducing the risk of iatrogenic injuries during surgical 
procedures. If these variations are not given enough attention, errors 
and other consequences will be inevitable.
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the knee; c) action potential evoked when stimulating the accessory deep 
peroneal nerve.



Osman Sinanovic, et al., Journal of Neurology, Neurosurgery and Spine

Remedy Publications LLC. 2021 | Volume 5 | Issue 1 | Article 10193

2. Sinanović O, Pirić N. Musculus extensor digitorum brevis is clinical 
and electrophysiological marker for L5/Sl radicular lesions. Med Arh. 
2010;64(4):223-4.

3. Sinanović O. Electrophysilogical characteristics and clinical significance of 
Martin-Gruber anastomosis. Clin Neurophysiol. 2011;122:e1-e2.

4. Gutmann L. AAEM minimonograph #2: Important of anomalous 
innervations of the extremities. Muscle Nerve. 1993;16(4):339-47.

5. Sinanović O, Zukić S, Redžić L, Tinjić N, Baručija M, Galić G. Atypical 
carpal tunnel syndrome due to presence of Martin-Gruber anastomosis. 
Acta Med Sal. 2017;46(1):14-6.

6. Sinanović O. Neurophysiological and clinical aspects of variations 
in innervation of the upper and lower extremities. Neurol Croat. 
2015;64(Suppl 2):56-57.

7. Owsiak S, Kostera-Pruszczyk A, Rowinska-Maracinska K. Accessory deep 
peroneal nerve-a clinically significant anomaly? Neurol Neurochir Pol. 
2008;42(2):112-5.

8. Crutchfield CA, Gutmann L. Hereditary aspects of accessory dep peroneal 
nerve. J Neurol Neurosurg Psyciatry. 1973;36(6):989-90.

9. Ubogu EE. Complete innervation of extensor digitorum brevis by accessory 
deep peroneal nerve. Neuromusc Disord. 2005;15(8):562-4.

10. Kuruvilla A. Acesory deep peroneal nerve. Neurol India. 2004;52(1):135.

11. Kimura J. Electrodiagnosis in diseases of nerve and muscle: Principles and 
Practice. 4th Ed. Oxford University Press: New York, 2013.

12. Koo YS, Cho CC, Kim BJ. Pitfalls in using electrophysiological studies to 
diagnose neuromuscular disorders. J Clin Neurol. 2012;8(1):1-14.

13. Sinanović O, Zukić S, Šakić A, Muftić M. The accessory deep peroneal 
nerve and anterior tarsal tunnel syndrome: Case report. Acta Myol. 
2013;32(2):110-2.

14. Masakado Y, Kawakami M, Suzuki K, Abe L, Ota T, Kimura A. Clinical 
neurophysiology in the diagnosis of peroneal nerve palsy. Keio J Med. 
2008;57(2):84-9.

15. Tzika M, Paraskevas GK, Kitsoulis P. The accessory deep peroneal nerve: A 
review of the literature. Foot (Edinb). 2012;22(3):232-4.

16. Saba EK. Electrophysiological study of accessory deep peroneal nerve in a 
sample of Egyptian subjects. Egypt Rhematol Rehabil. 2019;46:251-6.

17. Budak F, Gönenc Z. Innervation anomalies in upper and lower extremities 
(an electrophysiological study). Electromyogr Clin Neurophysiol. 
1999;39(4):231-4.

18. Rayegani SM, Daneshtalab E, Bahrami MH, Eliaspour D, Raeissadat SA, 
Rezaei S, et al. Prevalence of accessory deep peroneal nerve in referred 
patients to an electrodiagnostic medicine clinic. J Brachial Plex Peripher 
Nerve Inj. 2011;6(1):3.

19. Mathis S, Ciron J, du Boisguéheneuc F, Godenèche G, Hobeika L, Larrieu 
D, et al. Study of accessory deep peroneal nerve motor conduction in a 
population of healthy subjects. Neurophysiol Clin. 2011;41(1):29-33.

20. Sinanović O, Zukić S, Pirić N. Prevalence of the accessory deep peroneal 
nerve in patient's referred to an electromyoography lab. Europ J Neurol. 
2014;21(Suppl 1):495.

21. Sinanović O, Zukić S, Pirić N. Frequency of accessory deep peroneal nerve: 
electrophysiological study. Europ J Neurol. 2015;22(Suppl 1):428.

22. Tomaszewski KA, Roy J, Vikse J, Pekala PA, Kopacz P, Henry BM. 
Prevalence of the accessory deep peroneal nerve: A cadaveric study and 
meta-analysis. Clin Neurol Neurosurg. 2016;144:105-11.

23. Sinanović O, Zukić S, Pirić N, Brkić H, Hodžić M, Hodžić R, et al. Anterior 
tarsal tunnel syndrome with presence of accessory deep peroneal nerve: 
Case report. J Neurol Neurol Sci Disord. 2015;1(1):15-6.

24. Amoiridis G, Schöls L, Meves S, Przuntek H. Fact and fallacy in clinical 
and electrophysiological studies of anomalous innervation of the intrinsic 
foot muscles. Muscle Nerve. 1996;19(9):1227-9.

25. Lee SY, Yoon SR, Choi IS, Lee SG, Rowe SM. Extensor digitorum brevis 
innervated by the tibial nerve (all tibial foot): A case report. J Korean Acad 
Rehabil Med. 2000;24(6):1223-8.

26. Phillips LH, Morgan RF. Tibial-peroneal anomalous innervation 
demonstrated by intraoperative nerve conduction studies. Muscle Nerve. 
1993;16(4):414-7.

27. Weisz RR, Cox KJ. Posterior tibial-to-peroneal nerve crossover: An 
electromyographic study. Cincinnati, OH, Society of Neurosciences (10th 
annual meeting), 1980.

28. Linden D, Berlit P. The intrinsic foot muscles are purely innervated by the 
tibial nerve („all tibila“ foot“) – an unusual innervation anomaly. Muscle 
Nerve. 1994;17(5):560-1.

29. Sinanović O, Zukić S. Neurophysiological and clinical aspects of nerve 
communications of the upper and lower extremities. RAD CASA 544 - 
Medical Sciences. 2020;544(52-53):88-97.

30. Glocker FX, Deusch G, Lücking CH. Traumatic lesion on the common 
peroneal nerve with complete foot drop and preserved dorsiflexion of the 
toes--an innervation anomaly. Muscle Nerve. 1995;18(8):926-7.

31. Yamashita M, Mezaki T, Yamamoto T. “All tibial foot'' with sensory 
crossover innervation between the tibial and deep peroneal nerves. J 
Neurol Neurosurg Psychiatry. 1998;65(5):798-9.

32. Swerdloff MA, Stewart D. Anomalous innervation to the extensor 
digitorum brevis. J Brachial Plex Peripher Nerve Inj. 2019;14(1):e14-e15.

33. Koo YS, Cho CS, Kim B-J. Pitfalls in using electrophysiological studies to 
diagnose neuromuscular disorders. J Clin Neurol. 2012;8(1):1-14.

34. Moore KL, Dalley AF. Clinically oriented anatomy. 4th Ed. Philadelphia: 
Lippincott Williams & Wilkins, 1999.

35. Mahakkanukrauh P, Chomsung R. Anatomical Variations of the Sural 
Nerve. Clinical Anatomy. 2002;15(4):263-6.

36. Connolly ES. Techniques of diagnostic nerve and muscle biopsies. In: 
Wilkins RH, Rengachary SS, editors. Neurosurgery. 2nd Ed. New York: 
McGraw-Hill, 1966:3243-4.

37. Olney RK. Use of neurophysiologic techniques in clinical trials. In: 
Aminoff MJ, editor. Electrodiagnosis in clinical neurology. 4th Ed. New 
York: Churchill Livingstone, 1999:708-10.

38. Ramakrishnan PK, Henry BM, Vikse J, Roy J, Saganiak K, Mizia E, et al. 
Anatomical variations of the formation and course of the sural nerve: A 
systematic review and meta-analysis. Ann Anat. 2015;202:36-44.


	Title
	Abstract
	Introduction
	The accessory deep peroneal nerve
	Tibial-to-peroneal nerve communication
	Anatomical variations of the sural nerve

	Conclusion
	References
	Figure 1

