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ORIGINAL ARTICLE
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ABSTRACT
Background: Contralateral C7 to C7 cross nerve transfer has been proved to be safe and effective for
patients with spastic arm paralysis due to stroke and traumatic brain injury. For the lower limb, contralat-
eral L5 to S1 cross nerve transfer serves as a novel surgical approach. In many cases, patients with hemi-
plegia have both upper and lower limb dysfunction and hope to restore all limb functions within one
operation. To cope with this demand, we performed combined contralateral C7 to C7 and L5 to S1 cross
nerve transfer in two cases successfully.
Case description: Two patients were enrolled in this study. The first patient is a 36-year-old woman who
had spasticity and hemiplegia in both upper and lower limbs on the left side after a right cerebral hemor-
rhage 14 years prior. The second patient is a 64-year-old man who suffered from permanent muscle weak-
ness in his right limbs, especially the leg, after a left cerebral hemorrhage 7 years prior. Both patients
underwent the combined nerve transfer to improve upper and lower limb motor functions simultaneously.
During the 10-month follow-up after surgery, the limb functions of both patients improved significantly.
Conclusions: This study demonstrates the safety and benefits of combined contralateral C7 to C7 and L5
to S1 cross nerve transfer for hemiplegic patients after stroke. This novel combined surgical approach
could provide an optimal choice for patients suffering from both upper and lower limb dysfunction, to
reduce hospital stay while reducing financial burden.
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Introduction

Motor impairment is the most common disability after stroke,1–3

and approximately one-third of patients exhibit persistent disabil-
ity.4 Although significant progress has been made over the past
20 years in improving neurological outcomes,5–8 recovery of limb
function is limited. Nerve transfer serves as a novel strategy for
the treatment of CNS pathology,9 among which the contralateral
C7 to C7 cross nerve transfer has been verified to reduce spasti-
city and improve the function of the affected arm.10–12 In the
meantime, the contralateral L5 to S1 cross nerve transfer has
been reported to give significant functional improvements to
affected legs for hemiplegic patients after stroke.13 Patients with
hemiplegia caused by stroke have both arm and leg dysfunction
simultaneously14,15 and hoping to improve all limb functions
with one operation, we performed combined contralateral C7 to
C7 and L5 to S1 cross nerve transfer. We present the first reports
of this combined operation for the treatment of limb dysfunction
in two patients with stroke and followed up the recovery of limb
function for 10 months.

Case reports

Two patients were enrolled in this study and consented to par-
ticipate in postoperative surveys for outcome assessment. Written

informed consent was gained from each participant, and the
study was approved by the regional ethics committee.

Patient presentation
Case 1. A 36-year-old woman was examined in the limb function
reconstruction center of our hospital. With a history of a right
cerebral hemorrhage 14 years prior (Table 1). After 10 months of
regular rehabilitation, there was no obvious further improvement
of limb function, indicating a recovery plateau. She had severe
spasticity in her left upper limb, especially in the wrist, metacar-
pophalangeal and interphalangeal joints, with a mean modified
Ashworth score (MAS) of 2/5 and Fugl–Meyer upper-extremity
scale of 28/66 (Table 2). The Medical Research Council (MRC)
Grade of muscle strength for shoulder adduction/abduction and
elbow flexion/extension were M4, while that of the wrist exten-
sion/palmar flexion was M1. The spasticity in the left lower limb
was relatively mild, with a mean MAS score of 1/5 and the Berg
Balance Scale (BBS) of 54/56 (Table 2). The patient could walk
independently without crutches, but the left foot inversion was
quite obvious when walking.

Case 2. A 64-year-old man was paralyzed on the right side
after a left cerebral hemorrhage 7 years prior (Table 1). He
underwent a regular rehabilitation program but achieved no
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significant improvement after a year. He had spasticity in the
right arm, mainly in the shoulder and elbow joints, with a mean
MAS of 2/5. The range of motion (ROM) of upper limb joints
was basically normal, except for the shoulder abduction was
slightly limited, with active ROM from 0� to 110�. The MRC
grades of the right upper limb muscles were M5 and the
Fugl–Meyer upper-extremity scale was 51/66 (Table 2). Unlike
the upper limb, the right lower limb experienced weakness and
severe spasticity, with only MRC grade 2 strength or less and a
mean MAS score of 3/5. He was confined to the wheelchair and
could only be ambulated with a crutch or the help of others.

Surgical description

The operation was performed under general anesthesia and con-
sisted of two stages, with the contralateral L5 to S1 cross nerve
transfer conducted first. Similar to the previous study,17 a longi-
tudinal midline incision was made at approximately the L5 level.
Standard L5 and S1 laminectomy were performed and the liga-
mentum flavum was excised. The spinal dura was incised longi-
tudinally and the L5 and S1 sacral roots were identified by
anatomic localization and intraoperative electrophysiology. The
anterior roots of the L5 nerve of the healthy side and S1 nerve of
the paralyzed side were carefully separated respectively by micro-
surgical techniques. Then, 50% of the anterior root of the L5
nerve was transected as far as possible, while 50% of the anterior
root of the S1 nerve was transected subdurally as close to the spi-
nal cord as possible. The tension-free anastomosis was performed
with a 9-0 prolene suture (1754G, Ethicon Inc, Johnson,
Shanghai, China) by means of micro-surgical epineurium sutur-
ing (Figure 1). The posterior roots were carefully protected and
remained intact during the operation. The dura was closed and
no CSF leakage was observed. The instrumented fusion was per-
formed to avoid instability at the lumbosacral junction, and the
incision was closed in multiple layers. Immediately after surgery,
a CT scan was obtained, demonstrating the good position of the
bilateral pedicle screws (Figure 2).

After the contralateral L5 to S1 cross nerve transfer, contralat-
eral C7 to C7 cross nerve transfer was performed in the supine
position. The procedure has been described previously11,12 and is
shown schematically in Figure 1. In brief, an incision was made
above the sternum to expose bilateral brachial plexus nerves.
Then the donor C7 nerve on the healthy side was mobilized, sev-
ered as distally as possible while proximal to the point at which
it combines with other nerves, and pass through the prespinal
route; it was then anastomosed directly with the C7 nerve on the

paralyzed side, which had been sectioned and mobilized as prox-
imally as possible.

After surgery, the patient underwent flat bed rest for 7 days
and the paralyzed upper extremity was immobilized with a hard
cervical collar for 4 weeks.

Postoperative and extended recovery

Both cases were operated on within 7 h and intraoperative real-
time monitoring showed that blood pressure, heart rate, breath-
ing, body temperature, and other vital indicators were normal.
There were no early complications such as wound infection and
bleeding except mild soreness and discomfort on the unaffected
side, which disappeared after 3 months, and no long-term com-
plications were found during the follow-up of 10 months. The
patient underwent regular rehabilitation in our hospital 1 month
postoperatively, including early isometric muscle contraction
training and gait training in the late stage. Patients were followed
up in the outpatient clinic every 3 months. Follow-up indicators
included limb muscle strength, range of motion, paresthesia,
MAS, Fugl–Meyer upper-extremity scale, the activity of daily liv-
ing (ADL) measured by the Barthel Index, Berg Balance Scale
(BBS), and H-S Grading.16

Table 1. Population and clinical data.

Patient number Current age (years) Sex Time of injury (years) Cause Main symptom Donor nerve (side) Recipient nerve (side)

1 36 F 14 Right cerebral hemorrhage Spasticity C7 nerve (Right) C7 nerve (Left)
50% L5 (Right) 50% S1 (Left)

2 64 M 7 Left cerebral hemorrhage Muscle weakness C7 nerve (Left) C7 nerve (Right)
50% L5 (Left) 50% S1 (Right)

Table 2. Details of functional results.

Patient number Time points H-S grading� Barthel Index Berg Fugl–Meyer Upper-Extremity Scale

1 Preoperation IIb 95 54 28/66
4 months postoperatively III 100 56 48/66
10 months postoperatively III 100 56 52/66

2 Preoperation III 50 17 51/66
4 months postoperatively III 60 30 58/66
10 months postoperatively IV 75 35 62/66

�H-S Grading: a simplified and standardized method for rapidly assessing upper limb function in spastic patients at the chronic stage.16

Figure 1. Schematic of the combined contralateral C7 and L5–S1 cross
nerve transfer.
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Both patients reported mild soreness and discomfort on the
unaffected side, which disappeared after 3 months. Most of the
motor functions of the unaffected limbs were not impaired after
the operation, only the muscle strength decreased slightly but
spontaneously recovered to the preoperative levels within
10 months.

The first patient showed a mild decrease in spasticity on the
first day after the operation. At 4 months postoperatively, the
MAS score of the upper limb reduced to 1/5. At 10 months after
surgery, the muscle strength of the upper limbs increased, and
the recovery of wrist extension/palmar flexion and finger flexion
and extension was the most significant, reaching MRC grade 3.
The spasticity of the lower limb was also reduced, the patients
could trot independently at 10 months postoperatively, and the
condition of left foot inversion during walking was also
improved. Other detailed follow-up assessments are found in
Table 2.

At 7 months after surgery, the active ROM of shoulder abduc-
tion of the second patient increased from 0� to 130�.

The motor function of the lower limb improved greatly, with
muscle strength of hip extension, knee flexion and ankle plantar-
flexion recovered to MRC grade 4 and the mean MAS score
reduced to 1/5. This patient who was confined to bed and could
only move with the help of others or a wheelchair before surgery
could walk in small steps without armrests at 10 months after
surgery. Other detailed follow-up assessments are found in
Table 2.

At 7 months after surgery, the active ROM of shoulder abduc-
tion of the second patient increased from 0� to 130�.

The motor function of the lower limb improved greatly, with
muscle strength of hip extension, knee flexion and ankle plantar-
flexion recovered to MRC grade 4 and the mean MAS score
reduced to 1/5. This patient who was confined to bed and could
only move with the help of others or a wheelchair before surgery
could walk in small steps without armrests at 10 months after
surgery. Other detailed follow-up assessments are found in
Table 2.

Discussion

How to recover limb dysfunction left after stroke has always
been a significant issue, with little satisfactory countermeasure
yet. Contralateral nerve cross transfer, a novel surgical strategy
for the treatment of hemiplegia patients, has attracted attention
for its effectiveness and relatively wide range of indications.5,18,19

The two cases presented in this article have initially shown the
safety and effectiveness of this combined surgery. Previous stud-
ies showed that following the spasticity release in the initial phase
after the contralateral C7 to C7 cross nerve transfer, improve-
ments in muscle power and motor function were most evident
beginning at approximately 10 months postoperatively,12 which
might be related to the time course of the regeneration of nerve
fibers to grow into the affected limb through the anastomosis
site. Similarly, for patients who underwent the contralateral L5 to
S1 cross nerve transfer, coordinated movement of the lower
extremity muscles was first noticed approximately 16 months
after surgery, following the initial phase of spasticity release.17

During the long recovery process, regular rehabilitation is essen-
tial to restore postoperative limb functions. For patients who are
willing to perform these two operations, the combined surgery
could restore the functions of the upper and lower limbs syn-
chronously, thereby maximizing the time required for nerve
regeneration. Also, simultaneous upper and lower limb rehabilita-
tion training greatly reduces the time patients need to spend in
rehabilitation clinics.

Compared with contralateral C7 to C7 or L5 to S1 cross nerve
transfer alone, this combined surgery has greater potential in
improving the gait and balance function of patients as stable and
efficient locomotion requires the precise coordination of move-
ment across the limbs and body.20 Studies showed that reflexes
between limbs are mediated by fast-conducting pathways that
involve excitatory and inhibitory circuits controlling each limb,21

and there are strong interactions of locomotor output between
cervical and lumbar central pattern generators (CPGs),22,23 which
suggest that the movement of the upper limb could enhance

Figure 2. Case 2. Postoperative coronal CT (Left) and sagittal CT (Right) showing the internal fixation in the good position.
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neuromuscular recruitment of the lower limb and vice versa.
Based on the theory of interlimb neural coupling,24 various
rehabilitation strategies aimed at utilizing cervical-lumbar con-
nectivity of patients after stroke have been adopted, and have
effectively improved the walking ability.25,26 In case 1, the
patient’s upper and lower limb functions were improved simul-
taneously, which might be crucial for improving her balance for
locomotion, allowing her to trot 10 months after surgery. In case
2, the patient improved from wheelchair-bound to independent
walking at 10 months postoperatively, while in the previous study
the coordinated movement of the lower extremity muscles was
first noticed approximately 16 months for patients who under-
went contralateral L5 to S1 cross nerve transfer alone.17 The
metal internal fixation might also play a significant part here as
it reduced the time of bed rest from 1 month to 1 week.

Considering that stroke is still the leading cause of neuro-
logical disability worldwide with increasing demand for treat-
ment, rehabilitation, and support services,27 and the age of
hemiplegia after stroke has tended to be younger in recent
years,28 the good clinical outcomes reported in this article pro-
vide a promising strategy for these patients.

Conclusion

This study demonstrates the safety and benefits of combined
contralateral C7 to C7 and L5 to S1 cross nerve transfer for
hemiplegic patients after stroke. This novel combined surgical
approach could provide an optimal choice for patients suffering
from both upper and lower limb dysfunction, to reduce hospital
stay while reducing financial burden.
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