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INTRODUCTION
The spastic equinovarus foot deformity is common 

and is seen in up to 80% of patients with cerebral palsy 
and 18% of patients with stroke.1,2 Spasticity and overac-
tivity of the gastrocnemius, soleus, posterior tibialis (PT), 
flexor hallucis longus (FHL), and flexor digitorum longus 
(FDL) muscles combined with weakness of the antagonist 

tibialis anterior, peroneus longus, and peroneus brevis 
muscles limit active ankle dorsiflexion and may preclude 
plantigrade ankle positioning. This results in gait distur-
bances, difficulties with weight-bearing, dependence on 
ankle-foot orthoses (AFOs), and limitations with posi-
tional transfers. Longstanding deformity can then lead 
to static muscle and joint contractures, secondary osseous 
changes, skin breakdown, and chronic pain.

Selective and partial neurectomies for the management 
of spasticity were originally described by Stoffel,3 expanded 
upon by Brunelli and Brunelli,4 and subsequently refined 
and termed “hyperselective neurectomies” (HSNs) by 
Leclercq and Gras.5 HSN involves dissection of each 
branch of a motor nerve to its individual terminal motor 
rami as they coapt at the neuromuscular junction. At this 
level, 50%–70% of individual terminal motor rami are 
resected to complete the HSN.6,7 This differs from partial 
motor neurectomy where segmental excision of individual 
motor fascicles are performed within a target motor nerve, 
for example, excising a segment of a posterior tibial nerve 
fascicle within the tibial nerve; and selective partial8–10 
motor neurectomy that involves excising fascicles within 
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branches to a specific muscle after they have left the main 
trunk but before the terminal rami, for example excising 
one of two motor branches to the PT after it has branched 
from the tibial nerve (Fig. 1).11 Partial motor neurectomy 
of the soleus, medial, and lateral gastrocnemius (MG and 
LG) muscles has previously been described for the surgical 
management of spastic foot deformities12–14 and demon-
strated to have long-term durable effects on improvements 
in gait and reduction in equinovarus deformities. However, 
a hyperselective approach, which has demonstrated dura-
ble intermediate-term results in the upper extremity,15 has 
not previously been described for the lower extremity. 
This article outlines the clinical indications and surgical 
approach utilizing HSN of the medial and lateral gastroc-
nemius and soleus muscles to address equinus deformity, 
combined with partial motor neurectomy of the PT for 
varus foot deformity and of the FHL and FDL for claw toe 
deformities.

METHODS

Surgical Technique
Surgery is performed under a general anesthetic, with 

the patient in the prone position with a sterile tourniquet 
on the upper thigh. Inhaled volatile anesthetics, neuro-
muscular paralytic agents, and spinal and peripheral 
nerve blocks should be avoided to allow for intraoperative 
nerve stimulation.

Hyperselective Neurectomy to Address Equinus Deformity
A 10- to 15-cm longitudinal incision is marked in the 

posterior midline in the lower leg, with the proximal 
extent ending at the popliteal crease (Fig. 2). In pediatric 
patients, a shorter incision can be utilized and in patients 
with anticipated difficult exposure or larger body habi-
tus, a curvilinear lazy “S”-shaped incision extending from 

medial proximal to distal lateral can allow for a wider 
exposure. Skin flaps are elevated at the level of the fascia, 
which is then incised longitudinally in the midline using 
the lesser saphenous vein and sural nerve as a guide to the 
interval between the MG and LG.

The MG and LG are split in the midline, and this inter-
val deepened (Fig. 3A). The plantaris muscle is identified 
and used as a guide to identify the soleus muscle, which 
lies just deep to it. Each motor branch to the MG, LG, 
and soleus is then carefully dissected intramuscularly to 
its terminal motor rami en route to the neuromotor end-
plates. At this level, individual fascicles are seen naturally 
arborizing without the need for interfascicular dissection. 
The MG branches are frequently closely intertwined with 
the medial sural artery and venae comitantes (Fig. 3B). 
Small perforators may need to be ligated to allow for 
adequate distal dissection and exposure. There are usu-
ally 1–2 motor branches to the MG, LG, and soleus, and 
each motor branch is marked with a vessel loop to ensure 

Takeaways
Question: The best surgical option for patients with spas-
tic equinovarus and claw toe deformities secondary to 
upper motor injuries remains unknown.

Findings: This study presents a new surgical technique 
combining hyperselective neurectomies of the gastrone-
mius and soleus muscles to address equinus deformity with 
partial motor neurectomies of the posterior tibialis, flexor 
hallucis longus, and flexor digitorum longus to address 
varus and claw toe deformities. Short-term follow-up in 23 
patients undergoing this procedure demonstrated a post-
operative Modified Ashworth Scale score of 0.6.

Meaning: At short-term follow-up, this novel combined 
technique is effective and resulted in a discernible reduc-
tion in spasticity in adult and pediatric patients.

Fig. 1. Terminology of nerve-based procedures to address spasticity based on the level of nerve branching.
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each is addressed sequentially (Fig. 3C). Branches of the 
terminal motor rami are confirmed with a nerve stimula-
tor after the tourniquet has been release for at least 20 
minutes to permit nerve reperfusion before stimulation. 
HSN is then performed with excision of approximately 
70% of the terminal motor rami for each motor branch 
(Fig. 3D). A 1- to 2-cm segment of each terminal motor 
rami is neurectomized to prevent reinnervation of the 
muscles. This is then sequentially performed for the LG 
and soleus (Fig. 4).

Partial Motor Neurectomy to Address Hindfoot Varus and Claw 
Toe Deformity

If partial motor neurectomies of the PT, FDL, and FHL 
are required to address equinovarus or claw toe deformi-
ties, the tibial nerve is then further dissected distally to 
identify these motor branches (Fig. 5). There are usually 
1–2 motor branches to the PT that branch off from the 
main tibial nerve within the distal portion of the incision 

(Fig. 5A). Partial motor neurectomy of the PT is typically 
performed at the tibial nerve level in lieu of distal dissec-
tion to the terminal motor rami, which would require 
more extensive intramuscular dissection through a much 
longer incision. However, if there is early branching of 
the PT fascicle from the main tibial trunk, then excision 
of 50%–70% of the visible branches within the incision 
can be performed in a selective partial motor neurectomy 
approach. The decision to perform either a partial motor 
or selective partial motor neurectomy of the PT is depen-
dent on how proximal the PT branches leave the main 
trunk and ability to perform the neurectomy safely within 
the incision.

Intrafascicular dissection within the tibial nerve is then 
performed and a nerve stimulator used to identify the 
motor fascicles to FDL and FHL (Fig. 5B). The fascicle 
that produces maximal isolated activation of the target 
muscle is selected, and an approximately 1- to 2-cm seg-
ment of the isolated fascicle(s) is then excised to complete 

Fig. 2. Patient positioning and incision planning. The patient is positioned prone with the entire right lower extremity prepared with a 
tourniquet on the upper thigh. A 10-cm longitudinal posterior midline incision (A) is made in the lower leg and dissection carried down 
to the level of the gastrocnemius fascia. The lesser saphenous vein (B) and sural nerve (C) mark the midline interval between the MG and 
LG heads and are dissected circumferentially. 



PRS Global Open • 2024

4

the selective neurectomy (Fig. 5C, D). A soft-dressing and 
light compression wrap is kept on for 2 weeks postopera-
tively. Patients may weight bear as tolerated immediately 
but are advised to avoid running or heavy lifting. Although 
cautious return to use of an AFO brace is allowed, direct 
pressure over the surgical incision should be minimized. 
Patients are encouraged to maintain active and passive 

ankle range of motion and engaged in gait retraining 
once surgical incisions are healed.

Clinical Outcomes
Adult and pediatric patients undergoing this proce-

dure to address spastic equinus, equinovarous, or claw 
toe deformities were retrospectively reviewed. Patient 

Fig. 3. Dissection and medial gastrocnemius hyperselective neurectomy. With the LG and MG split in the midline (A), deeper dissection is 
performed within this interval (B). C, Two motor branches to the medial gastrocnemius (white vessel loops) are seen intimately entwined 
with the medial sural artery. Each motor branch is traced distally until its terminal motor rami (D, red asterix) where hyperselective neurec-
tomy and excision of 70% of the motor rami are performed.

Fig. 4. LG and soleus hyperselective neurectomy. Distal dissection of the terminal motor rami (red asterix) of the LG (A) and soleus (B) 
motor branches. 
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demographics, time from diagnosis to surgery, and com-
plications were recorded. Pre- and postoperative Modified 
Ashworth Scale (MAS) scores were compared. Patients 
without at least 6 months of follow-up were excluded.

RESULTS
Twenty-three patients undergoing this procedure 

from 2021 to 2023 at a single institution were included 
in this study. There were 16 adult patients (mean age of 
44.3 years, six men, and 10 women) and seven pediatric 
patients (mean age of 10 years, five men, and two women). 
The most common cause of equinovarus deformity was 
cerebrovascular accident in adults and cerebral palsy 
in pediatric patients. For the adult cohort, this included 
patients undergoing HSN of the gastrocnemius and soleus 
alone (four patients) and those with combined procedures 
with additional partial and selective partial neurectomies 
for varus (10 patients) and/or claw toe deformities (10 
patients). The pediatric cohort of patients all solely under-
went HSN of the gastrocnemius and soleus alone. At early 
6 months of follow-up (range 6–20 months), the mean 
postoperative MAS score was 0.6 in both cohorts, com-
pared with a preoperative MAS score of 2.8 in adults and 

3.0 in pediatric patients. Analyses of medium- and long-
term outcomes, changes in gait pattern, and need for gait 
aids postoperatively are ongoing. There were complica-
tions in three adult patients, including one with temporary 
dysesthesias and sensory disturbance to the plantar foot 
that resolved over 3 months, one with a popliteal abscess 
requiring incision and drainage, and one with superficial 
wound dehiscence treated with conservative management.

DISCUSSION
The use of nerve-based procedures for the manage-

ment of spasticity has continued to expand and evolve. 
The use of HSN in the upper extremity, especially for the 
treatment of spastic elbow flexors, has demonstrated dura-
ble and consistent results.15 Both HSN and partial motor 
neurectomies only address the spastic component contrib-
uting to the equinovarus or claw toe deformities. Those 
patients with static contractures may require additional 
joint releases and other procedures to achieve a planti-
grade ankle posture. We have applied this approach and 
combined gastrocnemius and soleus HSN with partial tib-
ial motor neurectomies to address the spastic equinovarus 
ankle and associated foot deformities, with encouraging 

Fig. 5. Partial tibial motor neurectomy for equinovarus and claw toe deformities. Distal dissection of the tibial nerve and motor branches 
to the PT (A, blue vessel loop). Intrafascicular dissection within the tibial nerve (B) to identify the FHL and FDL fascicles (C). Excised neu-
rectomy segments from hyperselective neurectomy of the MG, LG, and S and partial motor neurectomy of PT, FDL, and FHL (D). S, soleus.
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early results in both adult and pediatric patients. Ongoing 
follow-up and analysis of this patient cohort is necessary, 
given the possible delayed recurrence of spasticity due 
to the adoption phenomenon. This describes collateral 
sprouting from partially neurotomized motor nerves to 
reinnervate the adjacent denervated muscles resulting in 
recurrence.5,16,17

Considerations in Preoperative Assessment
A comprehensive preoperative assessment should 

include a detailed physical examination with documenta-
tion of passive and active range of motion, presence of 
clonus and joint contractures, and grading of spasticity 
using the MAS and/or Tardieu scale.18,19 The Silverskiold 
test can be used to clinically identify patients with concom-
itant gastrocnemius contractures that may require addi-
tional muscle-tendon lengthening procedures. If ankle 
dorsiflexion is more restricted with the knee in extension 
compared with knee flexion, this is indicative of a positive 
test and the presence of gastrocnemius contracture.20

The effects of an ultrasound-guided temporary tibial 
nerve blockade can help in differentiating between the 
contributory effects of spasticity versus contractures. A 
patient’s prior response to phenol or botulinum toxin 
injection can aid in predicting the potential expected 
postoperative outcomes. Dynamic electromyography stud-
ies and gait analysis can identify co-contraction of agonist 
and antagonist muscles, the presence of volitional electri-
cal activity, and changes in gait patterning.

Multidisciplinary Team Approach
Patients should also be assessed by a multidisciplinary 

team including physical medicine and rehabilitation, pedi-
atric/foot, and ankle orthopedic surgeons to ensure all 
nonoperative measures have been exhausted and for com-
prehensive surgical planning, respectively. Nonoperative 
options include exercise therapy, physiotherapy, use of 
an AFO, antispasmodic medication (baclofen, tizanidine, 
and diazepam), and chemical denervation. Phenol neu-
rolysis and motor point blockade are avoided, if possible, 
due to the local tissue effects and induced scarring that 
can make subsequent surgery more difficult.

Multidisciplinary discussion is crucial for preoperative 
planning. For example, if a patient may benefit from a 
PT tendon transfer for ankle dorsiflexion, then PT par-
tial motor neurectomy should be deferred to preserve this 
option. Patients with fixed varus deformities and contrac-
tures may benefit from posteromedial ankle release and 
split anterior tibialis transfer or complete PT transfer, 
whereas those with spasticity alone may benefit from a 
selective neurectomy approach. Indications for MG, LG, 
and soleus HSN include both adult and pediatric patients 
with volitional lower extremity motor control but spastic 
equinus deformity causing issues such as toe walking, knee 
recurvatum, circumduction gait, early fatigue, inability to 
walk long distances, pressure wounds with footwear, and 
significant pain. The goal of surgery is to improve func-
tional ability and smoother ambulation. In patients who 
lack volitional lower extremity control, indications for sur-
gery include difficulty with positional transfers, standing 

ability, and significant pain. The goal of surgery, in these 
patients, is to achieve pain-free plantigrade dorsiflexion to 
facilitate ease of activities of daily living.

The addition of partial motor neurectomy of the PT is 
indicated in patients with equinovarus foot deformity, and 
FHL and FDL neurectomies for patients with concomitant 
spasticity in the toe flexors. Typically, these nerve-based 
procedures are performed before any contracture releases 
or muscle-tendon lengthening procedures.

CONCLUSIONS
This combined technique of gastrocnemius and soleus 

HSN and PT, FHL, and FDL partial motor neurectomies is 
a reproducible method to address spastic equinus, equin-
ovarus, and claw toe deformities with noticeable reduction 
in spasticity that was maintained 6 months postoperatively. 
Through a single incision, the surgeon can tailor the pro-
cedure according to the patients’ specific clinical presen-
tation and goals of surgery. This technique expands the 
toolbox of nerve-based procedures to include HSN for 
addressing spasticity in the lower extremity. A multidisci-
plinary team approach including physical medicine and 
rehabilitation; pediatric neurology; and hand/peripheral 
nerve, pediatric orthopedic, and foot and ankle surgeons is 
crucial to formulating a comprehensive management plan.

Peter C. Rhee, DO, MSc
200 1st Street, SW

Rochester, MN 55905
E-mail: Rhee.peter@mayo.edu

DISCLOSURE
The authors have no financial interest to declare in relation to 

the content of this article.

REFERENCES
	 1.	 Verdié C, Daviet JC, Borie MJ, et al. Épidémiologie des pieds 

varus et/ou équin un an après un premier accident vasculaire 
cérébral hémisphérique: À propos d’une cohorte de 86 patients. 
Ann Réadaptation Méd Phys. 2004;47:81–86. 

	 2.	 Horsch A, Götze M, Geisbüsch A, et al. Prevalence and classifi-
cation of equinus foot in bilateral spastic cerebral palsy. World J 
Pediatr. 2019;15:276–280. 

	 3.	 Stoffel A. Treatment of spastic contractures. Am J Orthop Surg. 
1913;210:611–644.

	 4.	 Brunelli G, Brunelli F. Partial selective denervation in spastic pal-
sies (hyponeurotization). Microsurgery. 1983;4:221–224. 

	 5.	 Leclercq G, Gras M. Hyperselective neurectomy in the treatment 
of the spastic upper limb. Phys Med Rehabil Int. 2016;3:1075–1075. 

	 6.	 Parot C, Leclercq C. Anatomical study of the motor branches 
of the median nerve to the forearm and guidelines for selective 
neurectomy. Surg Radiol Anat. 2016;38:597–604. 

	 7.	 Leclercq C. Selective neurectomy for the spastic upper extremity. 
Hand Clin. 2018;34:537–545. 

	 8.	 Bollens B, Deltombe T, Detrembleur C, et al. Effects of selec-
tive tibial nerve neurotomy as a treatment for adults presenting 
with spastic equinovarus foot: a systematic review. J Rehabil Med. 
2011;43:277–282. 

	 9.	 Deltombe T, Gustin T. Selective tibial neurotomy in the treat-
ment of spastic equinovarus foot in hemiplegic patients: a 
2-year longitudinal follow-up of 30 cases. Arch Phys Med Rehabil. 
2010;91:1025–1030. 

mailto:Rhee.peter@mayo.edu
https://doi.org/10.1016/j.annrmp.2003.10.005
https://doi.org/10.1016/j.annrmp.2003.10.005
https://doi.org/10.1016/j.annrmp.2003.10.005
https://doi.org/10.1016/j.annrmp.2003.10.005
https://doi.org/10.1007/s12519-019-00238-2
https://doi.org/10.1007/s12519-019-00238-2
https://doi.org/10.1007/s12519-019-00238-2
https://doi.org/10.1002/micr.1920040404
https://doi.org/10.1002/micr.1920040404
https://doi.org/10.1177/17531934211027499
https://doi.org/10.1177/17531934211027499
https://doi.org/10.1007/s00276-015-1593-6
https://doi.org/10.1007/s00276-015-1593-6
https://doi.org/10.1007/s00276-015-1593-6
https://doi.org/10.1016/j.hcl.2018.06.010
https://doi.org/10.1016/j.hcl.2018.06.010
https://doi.org/10.2340/16501977-0786
https://doi.org/10.2340/16501977-0786
https://doi.org/10.2340/16501977-0786
https://doi.org/10.2340/16501977-0786
https://doi.org/10.1016/j.apmr.2010.04.010
https://doi.org/10.1016/j.apmr.2010.04.010
https://doi.org/10.1016/j.apmr.2010.04.010
https://doi.org/10.1016/j.apmr.2010.04.010


 Wu et al • Hyperselective and Partial Motor Neurectomies

7

	10.	 Deltombe T, Gustin T, Laloux P, et al. Selective fascicular neu-
rotomy for spastic equinovarous foot deformity in cerebral palsy 
children. Acta Orthop Belg. 2001;67:1–5.

	11.	 Mikalef P, Power D. The role of neurectomy in the management 
of spasticity of the upper limb. EFORT Open Rev. 2017;2:469–473. 

	12.	 Dauleac C, Sindou M, Mertens P. How I do it: selective tibial neu-
rotomy. Acta Neurochir (Wien). 2020;162:1921–1923. 

	13.	 Sindou MP, Mertens P. Selective neurotomy of the tib-
ial nerve for treatment of the spastic foot. Neurosurgery. 
1988;23:738???44–738??744. 

	14.	 Sindou MP, Simon F, Mertens P, et al. Selective peripheral 
neurotomy (SPN) for spasticity in childhood. Childs Nerv Syst. 
2007;23:957–970. 

	15.	 Leclercq C, Perruisseau-Carrier A, Gras M, et al. Hyperselective 
neurectomy for the treatment of upper limb spasticity in 

adults and children: a prospective study. J Hand Surg Eur Vol. 
2021;46:708–716. 

	16.	 Edds MV. Collateral regeneration of residual motor axons in par-
tially denervated muscles. J Exp Zool. 1950;113:507–552.

	17.	 Berard J, Sindou MP, Berard J, et al. Selective neurotomy of the 
tibial nerve in the spastic hemiplegic child: an explanation of the 
recurrence. J Pediatr Orthop B. 1998;7:66–70. 

	18.	 Bohannon RW, Smith MB. Interrater reliability of a modified 
Ashworth scale of muscle spasticity. Phys Ther. 1987;67:206–207. 

	19.	 Tardieu G, Shentoub S, Delarue R. Research on a technic for 
measurement of spasticity. Rev Neurol (Paris). 1954;91:143–144.

	20.	 Molund M, Husebye EE, Nilsen F, et al. Validation of a new 
device for measuring isolated gastrocnemius contracture and 
evaluation of the reliability of the Silfverskiöld test. Foot Ankle Int. 
2018;39:960–965. 

https://doi.org/https://pubmed.ncbi.nlm.nih.gov/11284266/
https://doi.org/https://pubmed.ncbi.nlm.nih.gov/11284266/
https://doi.org/https://pubmed.ncbi.nlm.nih.gov/11284266/
https://doi.org/10.1302/2058-5241.2.160074
https://doi.org/10.1302/2058-5241.2.160074
https://doi.org/10.1007/s00701-020-04314-9
https://doi.org/10.1007/s00701-020-04314-9
https://doi.org/10.1097/00006123-198812000-00009
https://doi.org/10.1097/00006123-198812000-00009
https://doi.org/10.1097/00006123-198812000-00009
https://doi.org/10.1007/s00381-007-0399-1
https://doi.org/10.1007/s00381-007-0399-1
https://doi.org/10.1007/s00381-007-0399-1
https://doi.org/10.1177/17531934211027499
https://doi.org/10.1177/17531934211027499
https://doi.org/10.1177/17531934211027499
https://doi.org/10.1177/17531934211027499
https://doi.org/https://pubmed.ncbi.nlm.nih.gov/11284266/
https://doi.org/https://pubmed.ncbi.nlm.nih.gov/11284266/
https://doi.org/10.1097/01202412-199801000-00012
https://doi.org/10.1097/01202412-199801000-00012
https://doi.org/10.1097/01202412-199801000-00012
https://doi.org/10.1093/ptj/67.2.206
https://doi.org/10.1093/ptj/67.2.206
https://doi.org/10.1177/1071100718770386
https://doi.org/10.1177/1071100718770386
https://doi.org/10.1177/1071100718770386
https://doi.org/10.1177/1071100718770386

