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Abstract

Original Research Article |

Cubital tunnel syndrome is the second most common compressive neuropathy in the upper extremity after carpal tunnel
syndrome. Severe cubital tunnel syndrome is confirmed by axonal loss in electromyography and conduction velocity
less than 40 meters/second in the nerve conduction study. As the severity of compressive neuropathy of the ulnar nerve
increases, the results of surgical treatment worsen. Axonal regeneration progresses at a rate of 1 to 3 millimeters per
day; However, the muscle is irreversibly denervated after 12 to 18 months. Due to the great distance between the location
of the compression, the elbow, and the intrinsic muscles of the hand, reinnervation race against time so that irreversible
degeneration of the motor plate and subsequent muscle atrophy does not occur. The supercharged end-to-side transfer
of the anterior interosseous nerve to the motor fascicle of the ulnar nerve, to treat severe compressive neuropathies,
allows earlier neuroregeneration of the intrinsic muscles of the hand, maintaining the viability of the motor plate, while

the affected ulnar nerve regenerates throughout its journey.
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INTRODUCTION

Cubital tunnel syndrome is the second most
common compressive neuropathy in the upper extremity
after carpal tunnel syndrome. It represents a diagnostic
challenge, since patients frequently do not go to the
doctor until a long time after the symptoms appearance,
when the nerve is already seriously affected.

Ulnar compressive neuropathy presents as a
progressive and predictable spectrum of injury. It goes
through  different  stages: dynamic  ischemia,
demyelination and axonal loss. These stages can be
differentiated by a thorough clinical history, directed
clinical examination, and correct interpretation of
neurophysiological studies. When the process becomes
chronic, axonal loss occurs. In these severe cases the
symptoms are constant, the two-point discrimination test
is altered, and they are accompanied by weakness and
muscle atrophy. Neurophysiological studies show a
decrease in conduction velocity, decreased amplitude
(reflection of the lower number of functioning fibers),
muscle fibrillation in the resting phase (indicates loss of

motor axons), presence of action potentials of motor
units during the recruitment phase (reinnervation by
collateral axonal sprouts from neighboring unaffected
motor fibers). The amplitude of the CMAP (compound
muscle action potential) decreases in more severe cases.
This electromyographic finding helps in surgical
decision making because it predicts functional outcomes
[3, 4]. Severe cubital tunnel syndrome is confirmed by
axonal loss in electromyography and conduction velocity
less than 40 meters/second in the nerve conduction study

2.

Conservative treatment of ulnar neuropathy will
be indicated in patients with mild or moderate symptoms
(dynamic ischemia) in whom sensory alterations are not
constant and the motor conduction speed at the elbow is
greater than 40 meters/second. It is based on preventive
measures, pharmacological treatment and rehabilitative
treatment. Depending on the severity of the symptoms
and as long as the criteria set out above are maintained,
conservative treatment can be prolonged for up to 2 or 3
months before considering surgical decompression.
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Severe cases do not respond to conservative
treatment, and as the severity of compressive neuropathy
increases, the results of surgical treatment worsen [1].
Recovery after surgery in severe cases is much slower.

Surgical treatment is subject to controversy.
There is no consensus on whether in situ decompression
(open or endoscopic) or associacion with anterior
transposition  (via  epitroclectomy,  subcutaneous
transposition, transmuscular transposition or
submuscular transposition) is the best option. Some
authors recommend associating a decompression of the
ulnar nerve at the level of Guyon's canal given the
frequent association of both syndromes, which would
explain the failures after isolated decompression of the
ulnar nerve at the elbow [5].

Axonal regeneration progresses at a rate of 1 to
3 millimeters per day; However, the muscle is
irreversibly denervated after 12 to 18 months [6, 7]. Due
to the great distance between compression location, the
elbow, and the intrinsic muscles of the hand,
reinnervation goes on a race against the clock so that the
motor end plate does not undergo through irrevirsible
degeneration and subsequent muscle atrophy does not
occur [8].

In chronic neuropathies with severe axonal
injury, end-to-side supercharged nerve transfer between
the anterior interosseous nerve (AIN) and the motor
bundle of the ulnar nerve at the level of the wrist,
associated with nerve decompression, seems to be a
recommendable procedure to achieve reinnervation of
the intrinsic musculature dependent on the ulnar nerve
[4, 3].

In 1991, Mackinnon et al., described the use of
the anterior interosseous nerve to restore intrinsic muscle
function in complete injuries of the ulnar nerve, with an
end-to-end suture. In 2009, the same authors described
the use of an end-to-side transfer, the supercharge
transfer, of the anterior interosseous nerve to the motor
branch of the ulnar nerve, in severe cubital tunnel
syndrome [5-9].

This transfer allows earlier neuroregeneration
of the intrinsic muscles of the hand, maintaining the
viability of the motor plate, while the affected ulnar
nerve regenerates along its path [10, 11].

Power et al., suggested that in the first two to
three months function improves due to remyelination. In
the fourth and fifth months, due to axonal regeneration
after decompression of Guyon's canal, and the earliest
recovery with the the anterior interosseous nerve transfer
will be at 6-7 months [12].

OBJECTIVES
The aim of this study is to perform a narrative
revision of recent literatura on supercharged AIN-to

ulnar nerve transfers in the treatment of severe ulnar
compressive neuropathies.

Patient Selection

Patient selection is based on neurophysiological
studies. Good candidates for this surgical technique are
those who present in the EMG a decrease in the
amplitudes of the muscle action potential (reflecting a
lower number of axons crossing the compression site)
and the presence of fibrillations / positive sharp waves
that indicate that at least some motor endplates remain
available and receptive to reinnervation. These findings
suggest denervation of the target muscle, but not a
complete loss of the motor endplates, indicating that the
muscle can still be reinnervated [12].

Surgical Technique

As the terminal branch of the anterior
interosseous nerve enters the pronator quadratus, it is
identified and isolated. This point is preferred for transfer
due to it’s the proximity with the ulnar nerve and because
the function of the pronator quadratus can be
compensated by the pronator teres. The motor bundle of
the ulnar nerve is isolated approximately 9 cm proximal
to the palmar crease of the wrist. At this point the ulnar
nerve divides into a dorsal cutaneous branch, a deep
motor branch, and a sensory branch [5].

The branches of the AIN to the pronator
quadratus contain between 500 and 700 nerve fibers,
while the deep motor branch of the ulnar contains about
1200 at this level [5]. Once isolated, the distal branch of
the AIN to the pronator quadratus is mobilized to the
motor branch of the ulnar nerve. When the necessary
length of the AIN is achieved, it is sutured in a end-to-
side manner to the ulnar motor bundle through a small
epineural window and secured with microsutures and/or
fibrin glue [12].

In the postoperative period, when the intrinsic
muscles begin to be reinnervated, follow-up by a
Rehabilitator familiar with a "donor-centered activation™
type approach is important [13].

RESULTS

End-to-side transfer of the anterior interosseous
nerve was described by Mackinnon for the treatment of
severe ulnar neuropathy. In several recent studies, good
results have been obtained with the use of this technique
in the treatment of compressive neuropathies of the
ulnar, and even in some cases of injury due to nerve
section [14-19]. However, In Sallam's study,
improvement in ulnar nerve function after nerve transfer
was limited. The activity of the adductor hallucis
improved, but not that much regarding to the first
interosseus [20]. Barteli in his study suggests that in
proximal injuries that affect the ulnar nerve, adding the
transfer of the motor branch of the opponens pollicis to
the terminal branch of the motor branch of the ulnar
nerve could be an alternative for reconstruction [21].
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Davidge et al., carried out a study with this
technique in both compressive neuropathy and section
injuries. In fifty-five patients, 70% achieved at least
grade 3 return of intrinsic function. Most cases were
compressive injuries; only five patients had complete
ulnar section injuries [22].

Dengler et al., presented in a retrospective study
that included forty-two patients with severe cubital
tunnel syndrome operated on in the last five years.
Decompression was associated with supercharge transfer
of the anterior interosseous nerve (AIN) to the ulnar
nerve. Postoperative first dorsal interosseous muscle
strength, pinch strength, and DASH scores improved
significantly from baseline. In three patients, the
technique was unsuccessful. Apart from age, there were
no significant clinical or diagnostic variables that could
predict failure. There was no CMAP amplitude threshold
below which the technique was unsuccessful [23].

Jarvie et al., presented two cases of severe ulnar
neuropathy treated with this technique. Nerve
conduction studies at the first year showed reinnervation
of the ulnar nerve with high amplitude motor unit
potentials in the first dorsal interosseous, increased
motor amplitudes in the hypothenars and speed
Improved conduction through the elbow. However,
sensory response remained absent, suggesting lack of
sensory recovery, based on electrodiagnostic studies,
compared to significant motor recovery. It provides
additional evidence that transfer is responsible for the
observed motor recovery [24].

Doherty et al., also conducted a study with
thirty patients with severe ulnar compressive neuropathy
and concluded that this technique demonstrates clinical
improvement of intrinsic muscle strength when
combined with proximal subcutaneous transposition of
the ulnar nerve in patients with severe ulnar neuropathy
at the elbow with axonopathy [25].

The motor component is a priority over the
sensory component of the ulnar nerve; Traditionally,
sensory nerve transfers have been used from the third
space median nerve bundle, the median palmar
cutaneous nerve, or the lateral antebrachial cutaneous
nerve. However, due to the type of end-to-end transfer,
they leave a sensory deficit at the donor site [5-26].
Felder et al., conducted a study with encouraging results
in which they applied a cross palm graft between the
median and ulnar nerve for sensory recovery [27]. This
technique was applied in 2022 by Medina in one case,
with success [28].

Besides compressions in the cubital tunnel,
Tanure published a clinical case of a patient with
Hirayama disease (cervical myelopathy), affecting the
territory of the ulnar nerve, C7, C8 and T1; in which the
transfer described in this study was performed, with
recovery of motor function in seven months [29].

CONCLUSION

Although good results have been obtained in
several articles, more data is required to draw
conclusions and provide specific indications.
Additionally, the supercharge concept may be applicable
to other nerve injuries other than ulnar nerve injuries. If
support for the technique continues, additional transfers
will probably be devised and used [30].

Another option to explore would be the use of
electrical stimulation after decompression. Juckett
conducted a review on electrical stimulation in
peripheral nerve injuries [18]. After decades of
promising animal studies, some recent randomized
clinical trials have provided encouraging evidence of
electrical stimulation as a clinically applicable therapy
that accelerates recovery and improves outcome [31-34].
Several ongoing trials are further exploring the
indications for electrical stimulation and its optimal
administration protocol to maximize patient benefit [35-
40].

End-to-side supercharge transfer is an effective
and safe treatment that can restore intrinsic function in
patients with proximal nerve injuries [41]. Currently,
based on the little bibliographic evidence, supercharge
transfer of AIN to ulnar in compressive proximal ulnar
neuropathies seems to be a procedure with low morbidity
and is a solution to be considered in the algorithm [42],
of the treatment of this pathology to avoid motor end
plate degeneration, although more studies are needed to
support this technique.

Conflict of Interests

The authors have no conflicts of interest to
declare. All co-authors have seen and agree with the
contents of the manuscript and there is no financial
interest to report. We certify that the submission is
original work and is not under review at any other
publication.

REFERENCES

1. Elhassan, B., & Steinmann, S. P. (2007).
Entrapment neuropathy of the ulnar nerve. JAAOS-
Journal of the American Academy of Orthopaedic
Surgeons, 15(11), 672-681.

2. Mackinnon, S. E., Novak, C. B., Wolfe, S. W.,
Pederson, W. C., Hotchkiss, R. N., Kozin, S. H.
(2016). editors. Green'’s operative hand surgery. 7.
Philadelphia, PA: Elsevier, 921-958.

3. Power, H. A, Sharma, K., EI-Haj, M., Moore, A.
M., Patterson, M. M., & Mackinnon, S. E. (2019).
Compound muscle action potential amplitude
predicts the severity of cubital tunnel
syndrome. JBJS, 101(8), 730-738.

4. Florczynski, M. M., Kong, L., Burns, P. B., Wang,
L., & Chung, K. C. (2023). Compound Muscle
Action Potential Amplitude as a Predictor of
Functional and Patient-Reported Outcomes in Ulnar

| © 2024 SAS Journal of Medicine | Published by SAS Publishers, India

| s |




Carla Sofia Vieira Brazdo et al., SAS J Med, Jan, 2024; 10(1): 55-59

10.

11.

12.

13.

14,

15.

16.

Neuropathy at the  Elbow. Plastic  and
Reconstructive Surgery, 151(6), 1247-1255.
Brown, J. M., Yee, A., & Mackinnon, S. E. (2009).
Distal median to ulnar nerve transfers to restore
ulnar motor and sensory function within the hand:
technical nuances. Neurosurgery, 65(5), 966-978.
Nyman, E., Nyman, T., Rubensson, C., &
Thordstein, M. (2021). Neuroplasticity following
nerve transfer of the anterior interosseous nerve for
proximal ulnar nerve injuries. Plastic and
Reconstructive Surgery Global Open, 9(7).

Felder, J. M., Hill, E. J., Power, H. A, Hasak, J., &
Mackinnon, S. E. (2020). Cross-palm nerve grafts to
enhance sensory recovery in severe ulnar
neuropathy. Hand, 15(4), 526-533.

Baron, A., & Strohl, A. (2020). Severe cubital tunnel
syndrome: considerations for nerve transfer
surgery. Current  Reviews in  Musculoskeletal
Medicine, 13, 708-716.

Davidge, K. M., Yee, A, Moore, A. M., &
Mackinnon, S. E. (2015). The supercharge end-to-
side anterior interosseous—-to—ulnar motor nerve
transfer for restoring intrinsic function: clinical
experience. Plastic and reconstructive
surgery, 136(3), 344e-352e.

Farber, S. J., Glaus, S. W., Moore, A. M., Hunter, D.
A., Mackinnon, S. E., & Johnson, P. J. (2013).
Supercharge nerve transfer to enhance motor
recovery: a laboratory study. The Journal of hand
surgery, 38(3), 466-477.

Isaacs, J., Patel, G., Mallu, S., Ugwu-Oju, O., Desai,
A., Borschel, G, ... & Semus, R. (2019). Effect of
reverse end-to-side (supercharging) neurotization in
long processed acellular nerve allograft in a rat
model. The Journal of Hand Surgery, 44(5), 419-el.
Power, H. A., Kahn, L. C., Patterson, M. M., Yee,
A., Moore, A. M., & Mackinnon, S. E. (2020).
Refining indications for the supercharge end-to-side
anterior interosseous to ulnar motor nerve transfer in
cubital tunnel syndrome. Plastic and reconstructive
surgery, 145(1), 106e-116e.

Kahn, L. C., & Moore, A. M. (2016). Donor
activation  focused  rehabilitation  approach:
maximizing outcomes after nerve transfers. Hand
clinics, 32(2), 263-277.

McLeod, G. J., Peters, B. R., Quaife, T., Clark, T.
A., & Giuffre, J. L. (2020). Anterior Interosseous-
to-Ulnar Motor Nerve Transfers: A Single Center's
Experience in Restoring Intrinsic Hand Function.
Hand, 17(4), 609-614.

Chen, S. H.,Mao, S. H., Lan, C. Y., Huang, R. W., Lee,
C.H., Hsu, C. C., ... & Chuang, D. C. C. (2021). End-
to-side anterior interosseous nerve transfer: a valuable
alternative for traumatic high ulnar nerve palsy. Annals
of Plastic Surgery, 86(2S), S102-S107.

Head, L. K., Zhang, Z. Z., Hicks, K., Wolff, G., &
Boyd, K. U. (2020). Evaluation of intrinsic hand
musculature reinnervation following supercharge
end-to-side anterior interosseous—to—ulnar motor

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

nerve  transfer. Plastic and  reconstructive
surgery, 146(1), 128-132.

Koriem, E., EI-Mahy, M. M., Atiyya, A. N., & Diab,
R. A. (2020). Comparison between supercharged
ulnar nerve repair by anterior interosseous nerve
transfer and isolated ulnar nerve repair in proximal
ulnar nerve injuries. The Journal of hand
surgery, 45(2), 104-110.

Juckett, L., Saffari, T. M., Ormseth, B., Senger, J. L.,
& Moore, A. M. (2022). The Effect of Electrical
Stimulation on Nerve Regeneration Following
Peripheral Nerve Injury. Biomolecules, 12(12), 1856.
Gross, J. N., Dawson, S. E., Wu, G. J., Loewenstein,
S., Borschel, G. H., & Adkinson, J. M. (2023).
Outcomes after Anterior Interosseous Nerve to
Ulnar Motor Nerve Transfer. Journal of Brachial
Plexus and Peripheral Nerve Injury
(JBPPNI), 18(01), e1-€5.

Sallam, A. A., El-Deeb, M. S., & Imam, M. A.
(2017). Nerve transfer versus nerve graft for
reconstruction of high ulnar nerve injuries. The
Journal of hand surgery, 42(4), 265-273.

Bertelli, J. A., Soldado, F., Rodrigues-Baeza, A., &
Ghizoni, M. F. (2019). Transferring the motor
branch of the opponens pollicis to the terminal
division of the deep branch of the ulnar nerve for
pinch reconstruction. The Journal of Hand
Surgery, 44(1), 9-17.

Davidge, K. M., Yee, A, Moore, A. M, &
Mackinnon, S. E. (2015). The supercharge end-to-
side anterior interosseous—to—ulnar motor nerve
transfer for restoring intrinsic function: clinical
experience. Plastic and reconstructive
surgery, 136(3), 344e-352e.

Dengler, J., Dolen, U., Patterson, J. M., Davidge, K.
M., Kahn, L. C., Yee, A, & Mackinnon, S. E.
(2020).  Supercharge  end-to-side  anterior
interosseous—to—ulnar motor nerve transfer restores
intrinsic function in cubital tunnel
syndrome. Plastic and reconstructive
surgery, 146(4), 808-818.

Jarvie, G., Hupin-Debeurme, M., Glaris, Z., &
Daneshvar, P. (2018). Supercharge end-to-side anterior
interosseous nerve to ulnar motor nerve transfer for
severe ulnar neuropathy: two cases suggesting
recovery secondary to nerve transfer. Journal of
orthopaedic case reports, 8(5), 25.

Doherty, C. D., Miller, T. A., Larocerie-Salgado, J.,
Byers, B. A., & Ross, D. C. (2020). Reverse end-to-
side anterior interosseous nerve—to-ulnar motor
transfer for severe ulnar neuropathy. Plastic and
Reconstructive Surgery, 146(3), 306e-313e.

Boyd, K. U., Nimigan, A. S., & Mackinnon, S. E.
(2011). Nerve reconstruction in the hand and upper
extremity. Clinics in plastic surgery, 38(4), 643-660.
Sunderland, S. (1978). Nerves and nerve injuries
Churchill Livingstone. Edinburgh London.

Medina, A. (2022). Use of Nerve Transfer
Procedures for Motor and Sensory Restoration of a
High Median Nerve Injury. Cureus, 14(6).

| © 2024 SAS Journal of Medicine | Published by SAS Publishers, India

| s |




Carla Sofia Vieira Brazdo et al., SAS J Med, Jan, 2024; 10(1): 55-59

29.

30.

31.

32.

33.

34.

Abreu Tanure, A., Rosifini Alves Rezende, L. G.,
Pazim, A. C., & Leal Ribeiro, M. (2022).
Supercharged end-to-side anterior interosseous to
ulnar motor nerve transfer for Hirayama disease: a
case report. Hand, 17(4), NP12-NP16.

Wilson, T. J. (2019). Novel uses of nerve
transfers. Neurotherapeutics, 16(1), 26-35.

Gordon, T., Amirjani, N., Edwards, D. C., & Chan,
K. M. (2010). Brief post-surgical electrical
stimulation accelerates axon regeneration and
muscle reinnervation without affecting the
functional measures in carpal tunnel syndrome
patients. Experimental neurology, 223(1), 192-202.
Wong, J. N., Olson, J. L., Morhart, M. J., & Chan,
K. M. (2015). Electrical stimulation enhances
sensory recovery: a randomized controlled
trial. Annals of neurology, 77(6), 996-1006.

Barber, B., Seikaly, H., Ming Chan, K., Beaudry, R.,
Rychlik, S., Olson, J., ... & O’Connell, D. (2018).
Intraoperative Brief Electrical Stimulation of the
Spinal Accessory Nerve (BEST SPIN) for
prevention of shoulder dysfunction after oncologic
neck dissection: a double-blinded, randomized
controlled trial. Journal of Otolaryngology-Head &
Neck Surgery, 47(1), 1-10.

Power, H. A., Morhart, M. J., Olson, J. L., & Chan,
K. M. (2020). Postsurgical electrical stimulation
enhances recovery following surgery for severe
cubital tunnel syndrome: a double-blind randomized
controlled trial. Neurosurgery, 86(6), 769-777.

35.

36.

37.

38.

39.

40.

41,

42,

43.

Moore, A. M. Promoting Healing of Nerves through
Electrical Stimulation
https://Clinical Trials.gov/show/NCT04662320
Chan, M. Electrical Stimulation to Enhance
Peripheral Nerve Regeneration.
https://ClinicalTrials.gov/show/NCT02403661
Davidge, K., Zucker, R., Borschel, G. Electrical
Stimulation to Improve Recovery after Peripheral
Nerve Injury.
https://Clinical Trials.gov/show/NCT03996525
Chan, M. The Effect of Pre-Operative Electrical
Stimulation on Peripheral Nerve Regeneration.
https://Clinical Trials.gov/show/NCT03205124
Chan, M. Conditioning Electrical Stimulation to
Improve Outcomes in Carpal Tunnel Syndrome.
https://ClinicalTrials.gov/show/NCT04191538
Chan, M. Conditioning Electrical Stimulation to
Improve Outcomes in Cubital Tunnel Syndrome.
https://clinicaltrials.gov/ct2/show/NCT05395715
Dunn, J. C., Gonzalez, G. A., Fernandez, I., Orr, J.
D., Polfer, E. M., & Nesti, L. J. (2021). Supercharge
end-to-side nerve transfer: systematic
review. Hand, 16(2), 151-156.

Graf, A., Ahmed, A. S., Roundy, R., Gottschalk, M.
B., & Dempsey, A. (2023). Modern Treatment of
Cubital  Tunnel Syndrome: Evidence and
Controversy. Journal of Hand Surgery Global
Online, 5(4), 547-560.

Strohl, A., Baron, A. (2020). Severe Cubital Tunnel
Syndrome: Considerations for Nerve Transfer Surgery.
Curr Rev Musculoskelet Med, 13(6), 708-724.

| © 2024 SAS Journal of Medicine | Published by SAS Publishers, India

[




