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Purpose: Acquired brain injury causing spasticity, pain and loss of function is a major cause of disability and
lower quality of life. Sacral 1 (S1) neurectomy claims promising outcomes in spastic hemiparesis. This cadaveric
study was conducted to study the surgical anatomy, surgical approach and feasibility of S1 neurectomy and
contralateral S1 (cS1) transfer.

Methods: This study was conducted over a period of 10 months and 10 cadavers (age 18-60 years, 7 male and 3
female) were included in the study. 2 cadavers underwent endoscopic S1 neurectomy and 8 cadavers underwent
open S1 neurectomy. Mean S1 root length and diameter were recorded using Schirmer tear strips and Vernier
calliper. Feasibility of transfer was also assessed by measuring the length of donor nerve and distance between
distal ends to proximal end of recipient nerve.

Results: Mean thickness of right S1 root was 4.02 + 1.5 mm and left S1 was 3.89 + 1.18 mm. Mean length of right
S1 root was 24.9 + 4.56 mm and left S1 was 23.6 + 2.86 mm. Endoscopically dissected length of S1 was much
less as compared to open technique.

Conclusion: S1 neurectomy is simple procedure to reduce spasticity in lower limb without any permanent deficit.
It can be done by open as well as with endoscopic approach while for contralateral S1 transfer open approach
need to be used.

1. Introduction of S1 neurectomy and cS1 transfer. This cadaveric study was conducted
to study the surgical anatomy, surgical approach and feasibility of S1
neurectomy and contralateral S1 transfer to serve as a basis for future

endeavours.

Lower limb spasticity due to brain insult causes pain, loss of function
leads to disability and lower quality of life.! About 30% patients develop
spasticity few weeks after the brain insult. For upper limb spasticity C7
neurectomy has been advocated to reduce spasticity and same concept
can be applied for reduction of spasticity in lower limb by performing S1

2. Materials and methods

neurectomy.” Though there are some experimental studies where S1
neurectomy with contralateral S1 transfer claims promising outcomes®
The main results of these studies showed that S1 root does not contribute
to the any specific motor action and after sacrifice of S1 roots, neigh-
bouring roots can compensate for the lost functions. S1 nerve transection
results in temporary weakness of ankle plantar flexion which recovers
gradually

However; there is paucity of human studies assessing the feasibility
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This study was conducted in the Plastic Surgery Unit, Department of
surgery and Department of Anatomy in a tertiary referral centre over a
period of 10 months from January 2020 to October 2020. Before starting
the study Institutional Ethical Committee approval was obtained. 10
cadavers (age 18-60 years, 7 male and 3 female) were included in the
study. Cadavers with pelvic injury, lumbosacral plexus injury, scar mark
over back, history of any back trauma or surgery were excluded. 2 ca-
davers underwent endoscopic S1 neurectomy using Karl Storz Easy Go
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spinal endoscopic system and 8 cadavers underwent open S1 neu-
rectomy. Mean S1 root length and diameter were recorded using
Schirmer tear strips and Vernier calliper. (Fig. 1) Feasibility of cS1
transfer was also assessed by measuring the distance between distal ends
of donor nerve to proximal end of recipient nerve.

Apart from this cadaveric study the thorough literature search was
also performed to look for the relevant articles in Pub Med, Cochrane
database and Google scholar. All experimental/clinical studies reporting
results of cS1 nerve transection and transfer for lumbosacral plexus
injury, donor site morbidity, and clinical improvement in lower limb
were included. Two authors (PA, DS) independently analyzed the
studies and conclusions were drawn.

3. Operative technique —

Open Approach- Cadaver was placed in prone position and L5-S1
localization was done by manual palpation. Midline vertical incision
was given over L5-S1 region and lumbar fascia was incised in midline.
Bilateral muscles were dissected subperiosteally and bilateral lam-
inectomy was done at L5-S1. Ligamentum flavum was excised and
medial facetectomy of superior facet of S1 was next done on both sides.
S1 root was dissected from the dural sleeve up to the facet joint on both
sides and its length and thickness were measured. If extended length of
S1 root is required, it was done by removal of bilateral inferior facet of
L5 and superior facet of S1 (remaining lateral portion). S1 root of one
side was transposed to opposite side and cS1 to S1 anastomosis was done
using monofilament polyamide 8-0 suture. (Fig. 2)

Endoscopic Approach- Cadaver was placed in prone position and L5-
S1 localization was done by manual palpation. Left paramedian vertical
incision was given over L5-S1 region and Lumbar fascia was incised in
midline. Muscles were dissected subperiosteally and Karl-Storz Easy Go
endoscopic system was introduced. Under vision bilateral Laminectomy
of L5-S1 was done with undercutting of the spinous process. Liga-
mentum flavum was excised with medial facetectomy of superior facet
of S1 on both sides. S1 root was dissected from the dural sleeve up to the
facet joint on both sides and length and thickness were measured using

Fig. 1. Right S1 root length being measured with Schirmer test strip.
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Schirmer test strip and Vernier caliper.
4. Results -

Mean thickness of right S1 root was 4.02 + 1.5 mm (male - 4.286 +
1.49 mm, female - 3.4 £ 0.4 mm) and left S1 was 3.89 £ 1.183 mm
(male - 4.014 £+ 1.329 mm, female - 3.6 + 0.53 mm). Mean length of
right S1 root was 24.9 + 4.565 mm (male —25.428 + 4.6 mm, female
—23.667 + 4.163 mm) and left S1 was 23.6 + 2.86 mm (male —23.286
+ 2.99 mm, female —24.33 + 2.31 mm). There was no significant dif-
ference between S1 length on right and left side (p —0.672, 0.486,
respectively) and male and female cadavers. (p- 0.148, 0.065 respec-
tively) However, right S1 thickness was significantly higher in males as
compared to females. (p- 0.020) (Table 1)

Endoscopically dissected length of right S1 was 7.5 &+ 1.4 mm while
left S1 was 10.5 + 1.4 mm and mean length was 9 + 1.82 mm. Endo-
scopically dissected S1 length was significantly lower as compared to
open approach (p = 0.014)

The extended length of S1 can be obtained by removing inferior facet
of L5 and superior facet of S1 and 42.37% and 40.16% additional length
was obtained on left and right side respectively. Extended length of right
S1 was 33.6 + 2.86 mm and left S1 was 34.9 + 4.56 mm.

Mean operative time for S1 neurectomy by endoscopic approach was
92 min + 8 and for open approach was 28 + 5 min. Mean time required
to perform S1 to cS1 anastomosis was 17 + 2 min.

5. Discussion

Our cadaveric study measuring the thickness and length of S1 nerve
roots shows the anatomical feasibility of S1 neurectomy and contralat-
eral S1 transfer advocated for reducing the incapacitating spasticity
after hemiparesis.

The neurological basis of spasticity is disconnection of negative
feedback loop between the upper motor neuron and g-neuron circuit
leading to uninhibited g-neuron circuit.* Incapacitating spasticity can
lead to pain, diminished joint mobility, decreased muscle flexibility,
deformities and contractures and cause significant difficulty in daily
activities and reduction in quality of life.” Different medical and surgical
modalities have been tried for treatment of spasticity; however, disap-
pointing and conflicting results have been reported and optimal treat-
ment remains elusive. The goal is improvement in function or in comfort
by reducing the degree of spasticity by interruption of the stretch reflex
at various points in the peripheral nervous system, or decreasing the
degree of excitation of hypertonic circuits in the central nervous system.
Caution and precise technique is needed, particularly with ablative
techniques, because of the potential for increasing sensory and motor
neurological deficits.

C7 neurectomy and contralateral C7 root transfer have been advo-
cated for upper limb spasticity as transection of the affected C7 in-
terrupts the g-neuron circuit and lessens flexor spasticity.>® Similarly;
S1 neurectomy reduces the lower limb spasticity. Formation of brachial
and lumbosacral plexuses are similar and C7 and S1 roots form the
central root of each plexus with considerable cross-innervation with
upper and lower roots. Therefore, after sacrifice of C7 and S1 roots,
neighbouring roots take over their respective functions.”® S1 neu-
rectomy is safe because S1 root does not contribute to the any specific
motor action that is controlled solely by S1. S1 mainly innervates the
peroneus longus, gluteus medius/maximus, biceps femoris, medial/-
lateral gastrocnemius and extensor digitorum brevis. However, inner-
vation by S1 to each muscle is not its sole supply but is supplemented by
L4, L5, S2 and $3.° When S1 root is injured; fibres from the L4, L5, S2
and S3 nerve roots can regenerate and re-innervate the affected muscles.
The highest percentage supplied by S1 is 51.38% to the lateral
gastrocnernius.3 S1 nerve transection results in temporary weakness of
ankle plantar flexion, possible weakness of toe flexion, loss of sensation
on the lateral edge of the foot and loss of Ankle reflex. However, both
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Fig. 2. cS1 transfer performed using Right S1 as donor root and Lt S1 as recipient.

Table 1
Slroot length/thickness in males and females.

Right S1 root in mm Left S1 root in mm

Length Thickness Length Thickness
Male 25.43 + 4.60 4.28 + 1.49 23.28 + 2.99 4.01 +1.33
Female 23.66 + 4.16 3.4 £ 0.4 24.33 + 2.30 3.6 £ 0.53
Mean 24.9 + 4.56 4.02+1.5 23.6 + 2.86 3.89 +1.18
sensory and motor functions recover clinically and

electro-physiologically within 1 year.'® Another advantage of cS1 as a
suitable donor are the diameter of ventral root of S1 which is 2.95 +
0.57 mm; which is quite suitable for anastomosis as it contains large
number (4154 + 3036) of nerve fibres providing a good source of
axons.'!

These results have been seen in both animal experiments and in
human patients, confirming the neurological basis of S1 neu-
rectomy.*>?71° ¢S1 transfer has been shown to improve motor power in
patients with traumatic lumbosacral plexus injury.® In clinical studies
cS1 has been transferred to inferior gluteal nerve and the branch of the
sciatic nerve innervating the hamstrings; with M3 motor function of
hamstrings and the glutei so patients could stand and walk without
support.'®'” Reinnervation of the muscles was demonstrated by elec-
tromyography and there was no residual deficit in function in contra-
lateral donor limb. Half cS1 root transfer has been done in order to
reduce donor site complications; however, transfer of the entire root is
shown to achieve significantly better recovery.'®?° Functional
improvement after neurectomy may be due to the immediate reduction
of spasticity with effect augmented by physical therapy.’ However, to
improve the motor function further cS1 transfer has been advocated;
which improves the interconnection between two halves of the brain
through corpus callosum.® Patient selection for this procedure is
important as presence of lower limb spasticity may be useful for
compensating for loss of motor power. Patients with extreme spasticity
(rigidity) not responding to conservative treatment, causing pain and
contractures/deformities may be ideal candidates for this procedure.

This is the first cadaveric study which shows the anatomical feasi-
bility and surgical approach of S1 neurectomy and cS1 transfer. The
main outcome measures of the study include: Mean thickness of right S1
root was 4.02 mm and left S1 was 3.89 mm. Mean length of right S1 root
was 24.9 mm and left S1 was 23.6 mm. There was no significant
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difference between S1 length on right and left side and male and female
cadavers.

Endoscopically dissected length of right S1 was 7.5 mm while left S1
was 10.5 mm and mean length was 9 mm. Endoscopically dissected S1
length was significantly lower as compared to open approach. The
extended length of S1 can be obtained by removing inferior facet of L5
and superior facet of S1 and 42.37% and 40.16% additional length was
obtained on left and right side respectively. Extended length of right S1
was 33.6 mm and left S1 was 34.9 mm.

Mean operative time for S1 neurectomy by endoscopic approach was
92 min and for open approach was 28 min. Mean time required to
perform S1 to cS1 anastomosis was 17 min.

Our study found that both endoscopic as well as open approaches are
suitable for performing S1 neurectomy however if we want to do cS1
transfer then open approach need to be used. For cS1, the average S1
length obtained by open approach was greater (24.25 mm in open Vs 9
mm in endoscopy) than the average transverse distance between the first
anterior sacral foramina (30.48 mm)?? If required, further length can be
obtained by dividing the donor root as distally as possible while recip-
ient root can be divided as proximally as possible. Additional length
(34.25 mm) can be obtained by removing inferior facet of L5 vertebra
and superior facet of S1 vertebra to perform a tension free anastomosis.

We have shown the anatomical feasibility of S1 neurectomy and cS1
transfer. The clinical implications of this study is that patients with brain
injury S1 neurectomy reduces the spasticity and cS1 transfer help in
improving function in lower extremity. c¢S1 transfer to inferior gluteal
nerve and the branch of the sciatic nerve can also be used to improve
motor power in patients with lumbosacral plexus avulsion injury so
patients could stand and walk without support.

Limitations of the study include cadaveric study and the actual
outcome was not measured in vivo. In cadavers there are significant
changes in the biophysical properties of tissues, making an ex vitro to
vivo comparison complex.

6. Conclusion

S1 neurectomy is simple procedure to reduce spasticity in lower limb
without any permanent deficit. It can be done by open as well as with
endoscopic approach while for contralateral S1 transfer open approach
need to be used. cS1 transfer can also be used to improve motor power in
patients with lumbosacral plexus avulsion injury. More human studies
are needed in future to verify the clinical benefits of S1 neurectomy with
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or without ¢S1 transfer.
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