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Abstract

Polyglycolic acid collagen (PGA-C) tubes are bio-absorbable nerve tubes filled with collagen of multi-chamber structure, which consist of
thin collagen films. Favorable clinical outcomes have been achieved when using these tubes for the treatment of damaged inferior alveolar
nerve (IAN). A critical factor for the successful nerve regeneration using PGA-C tubes is blood supply to the surrounding tissue. Cervical
sympathetic ganglion block (CSGB) creates a sympathetic blockade in the head and neck region thus increasing blood flow in the area. To
ensure an adequate effect, the blockade must be administered with local anesthetics one to two times a day for several consecutive weeks; this
poses a challenge when creating animal models for investigating this technique. To address this limitation, we developed an ethanol-induced
CSGB in a canine model of long-term increase in blood flow in the orofacial region. We examined whether IAN regeneration via PGA-C tube
implantation can be enhanced by this model. Fourteen Beagles were each implanted with a PGA-C tube across a 10-mm gap in the left IAN.
The IAN is located within the mandibular canal surrounded by bone, therefore we chose piezoelectric surgery, consisting of ultrasonic waves,
for bone processing, in order to minimize the risk of nerve and vessel injury. A good surgical outcome was obtained with this approach. A week
after surgery, seven of these dogs were subjected to left CSGB by injection of ethanol. Ethanol-induced CSGB resulted in improved nerve
regeneration, suggesting that the increased blood flow effectively promotes nerve regeneration in IAN defects. This canine model can contribute
to further research on the long-term effects of CSGB.

Video Link

The video component of this article can be found at https://www.jove.com/video/58039/

Introduction

In many cases, traumatic injury of the inferior alveolar nerve (IAN) is iatrogenic, being frequently caused by the extraction of the third molar or
the placement of dental implants1,2,3. Injury of the IAN can lead to deficits in thermal and touch sensations as well as paresthesia, dysesthesia,
hypoesthesia, and allodynia. Nerve injury is treated not only by conservative therapy but also by other methods, including suturing and autograft
placement. However, these methods have drawbacks, which often include the lack of symptom improvement and neurological defects at the
donor site4,5,6.

The artificial nerve — polyglycolic acid-collagen (PGA-C) tube was originally developed in Japan. It is a bio-absorbable tube with its inner lumen
filled with a spongiform collagen7. In animal experiments, this tube was used to enhance nerve regeneration in beagle dogs with peroneal nerve
defect, and was shown to promote higher level of recovery than autologous nerve transplantation8. The clinical application of the PGA-C tube
began in 2002 in patients with peripheral nerve injuries. Moreover, favorable clinical outcomes have been achieved in the treatment of trigeminal
neuropathy (IAN and lingual nerve)9,10,11. A critical factor for successful nerve regeneration using PGA-C tubes is blood supply to the surrounding
tissue8. Cervical sympathetic ganglion block (CSGB) creates a sympathetic blockade in the head and neck region and increases blood flow to
the respective innervated area12; thus, it has been used in the treatment of complex regional pain syndrome and circulatory insufficiency13,14,15.
However, there have been only a few experimental investigations on the efficacy of CSGB in increasing blood flow16,17. To ensure adequate
CSGB efficiency, the blockade must be applied together with local anesthetics once or twice daily for several weeks, thus posing a challenge
when generating animal models to investigate this technique. To address this limitation, in a previous study, we developed a canine model
of long-term increased blood flow in the orofacial region18. The model was generated by performing a CSGB by injecting 99.5% ethanol. We
evaluated the oral mucosal blood flow and nasal skin temperature by laser Doppler flowmetry and infrared thermography once per week for 12
weeks. We found that the blood flow of the orofacial region was increased for 7 – 10 weeks in this model.

In the present study, we evaluated the effects of ethanol-induced CSGB on nerve regeneration.
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The PGA-C tube was implanted into beagle dogs across a 10-mm gap in the left IAN. A week later, CSGB was performed by injecting ethanol.
Three months after surgery, we performed a variety of electrophysiological, histological, and morphological studies to evaluate the effects of
CSGB on nerve regeneration. We provide a detailed protocol for IAN reconstruction using a PGA-C tube and ethanol-induced CSGB.

Protocol

This study was conducted in accordance with the Guiding Principles for the Care and Use of Animals and approved by the Committee for Animal
Research of Kyoto University (Kyoto, Japan; authorization number: R-16-16). All efforts were made to minimize animal suffering, and all sections
of this report adhere to the ARRIVE (Animal Research: Reporting of in Vivo Experiments) guidelines.

1. Fabrication of the PGA-C tube

1. To fabricate the artificial nerve conduit by means of an absorbable polyglycolic acid (PGA) tube, use a tubular braiding machine equipped with
48 spindles and five PGA fibers, comprised of bundles of 26 filaments (Figure 1)18.

2. To render the PGA tube surface hydrophilic, expose it to plasma discharge.
3. Use 1% v/w atelocollagen in hydrochloride solution7.

 

NOTE: Atelocollagen is extracted from porcine skin via enzyme treatment and subjected to a virus check. It mainly consists of type I (70–
80%) and type III collagen, the ratio of which is described in detail elsewhere7. Prepare the collagen solution by dissolving 1 g collagen in 100
mL hydrochloride solution (pH = 3.0). Since the density of the hydrochloride solution is approximately 1.0, the w/w collagen concentration is
almost 1%.

4. Coat the tube with the collagen layers by repeatedly dipping it into the 1% collagen hydrochloride solution for 5 s each time.
1. After dipping, dry the tube on a clean bench at room temperature. Perform next dipping after ensuring the tube is completely dry (about

6 h for air-drying).
2. Repeat the coating process 10 times.

5. Subject the PGA-C tube to 140 °C for 24 h under vacuum (dehydrothermal treatment), in order to control bio-absorption and crosslinking of
the collagen molecules. Perform the entire process under aseptic conditions.
 

NOTE: This procedure generates a tube of 14-mm final length, 3-mm inner diameter, and 50-μm wall thickness.

2. Surgical Procedure Set-up

1. Use adult male beagles weighing 9.0 to 13.0 kg.
1. House animals in separate cages, under controlled kennel conditions (12-h light and dark cycle).
2. Provide solid food and water ad libitum.

2. Weigh the beagles.
3. Autoclave all surgical instruments.
4. Don sterilized gloves and disinfect all surfaces of the operating setting with an 80% ethanol solution. Discard the used gloves.
5. Perform surgical handwashing.
6. Put on a fresh mask, gown, and sterile gloves.

3. Anesthesia and Skin Preparation

1. Anesthetize the dog with a mixture of 5 mg/kg ketamine hydrochloride and 1 mg/kg xylazine by an intramuscular injection.
2. Intubate by a tracheal tube of 7.5 mm diameter and 25 cm length.
3. Place the dog on the right lateral position. Maintain general anesthesia with 3.2% sevoflurane with oxygen (1.0 L/min).
4. Use a heating pad to maintain body temperature at 37 °C.
5. Apply an ophthalmic gel over the anterior surface of the eyes to avoid corneal abrasion.
6. Carefully shave the surgical field (left side chest area) using surgical clippers. Spray a substantial amount of alcoholic solution over the

operative site. Wait at least 15 sec. Repeat the application 3 times.
7. Record the heart rate and oxygen saturation during surgery.

4. Inferior Alveolar Nerve Reconstruction Using PGA-C tube: Development of the
Reconstruction-only Model

1. Inject 3 mL of 1% lidocaine using a 27 G needle to the left mandibular gingiva as a local anesthetic and analgesic.
2. Perform a 5-cm transverse incision with a number 15 scalpel blade in the left mandibular gingiva, to expose the mandibles of the animal.
3. Use piezoelectric ultrasonic vibrations to grind the proximal aspect of the mandible into a 3-cm × 8-mm rectangle through the posterior mental

foramen.
 

NOTE: The vibration frequency was 28 ‒ 32 kHz.
4. Remove the frontal part of the mandibular bone plate (dimensions, 3 cm × 8 mm) to expose the left IAN (Figure 2A)18.

 

NOTE: The reconstruction site corresponds to the root apex of the first molar
5. Transect the IAN with a scalpel to remove a 10-mm segment.
6. Insert the proximal and distal stumps of the severed nerve into the nerve tube to a depth of 2 mm.
7. Use 8-0 nylon sutures and a surgical microscope at 8X magnification to suture the tube to the proximal and distal nerve ends (Figure 2B)18.
8. Return the bone plate to its original site in the mandible.
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9. Close the wound with 4-0 nylon sutures.
10. One day after surgery, confirm that the mandibular bone plate is in its proper position.

1. 4.10.1 Perform computed tomography (CT) imaging of the facial bone under anesthesia. Set CT parameters as follows: 120 kVp, 200
mAs, 0.5 mm/s, 0.5-mm slice thickness.

1. Administer anesthesia using a mixture of 5 mg/kg ketamine hydrochloride and 1 mg/kg xylazine (Figure 3).

11. Administer ampicillin (100 mg/day) as an antibiotic and acetaminophen (100 mg/day) as an analgesic for a week after surgery.

5. Ethanol-induced CSGB: Development of the Reconstruction + CSGB Model

1. Perform IAN reconstruction as described in section 4 and allow a week for recovery.
2. Anesthetize the animal with 1.5% sevoflurane in oxygen (4 L/min) and air (6 L/min). Shave and clean the intended surgical field, as described

in section 3.
3. Mark the incision line with a surgical skin marker by drawing a line on the left side chest area (Figure 4, the incision line is 20 cm in length).
4. Inject 5 mL of 1% lidocaine using a 21 G needle to the left side chest area as a local anesthetic and analgesic.
5. Incise the left side chest skin with a number 10 scalpel blade.
6. Incise the fat layer with an electric scalpel to expose the muscle fascia.
7. Expose the serratus ventralis muscle and scalenus muscle.
8. Raise the serratus ventralis muscle and scalenus muscle from ventral to dorsal to expose the second and third ribs (Figure 5).
9. Perform a left lateral thoracotomy at the second and third intercostal space to expose the left cervical sympathetic ganglion (Figure 6).
10. Inject 0.2 mL of 99.5% ethanol into the cervical sympathetic ganglion using a 30 G needle under direct visualization (Figure 7).
11. Close the intercostal space with interrupted 1-0 absorbable stitches.
12. Close the skin with interrupted 3-0 nylon stitches.
13. Administer ampicillin (100 mg/day) as an antibiotic and acetaminophen (100 mg/day) as an analgesic for a week after surgery.
14. At 1 week after CSGB, measure facial skin temperature with infrared thermography to confirm the CSGB.

6. Electrophysiological Recordings

1. To measure sensory nerve action potential (SNAP) and sensory nerve conduction velocity (SCV) of the IAN three months after
reconstruction, anesthetize animals as described in section 3.
 

NOTE: SNAP and SCV should be measured on both the experimental and normal control sides for each dog in both treatment groups.
2. Make an incision in the left mandibular gingiva with a number 10 scalpel blade.
3. Carefully remove the mandibular bone plate to avoid physically damaging the regenerated nerve.
4. Stimulate the IAN using a pair of needle electrodes, to record the SNAP and SCV.

1. Insert the electrodes proximally to the nerve conduit.
2. Apply 10-kHz electrical stimulus 20 times.

5. Analyze the results.
1. Determine SNAP by calculating the average response amplitude to the electrical stimulation.
2. Measure the peak latency and peak amplitude from the chart recordings.
3. Calculate the recovery index with the following equation: peak amplitude of the left IAN of the reconstruction-only or reconstruction +

CSGB group / peak amplitude of the normal control (central segment of the right IAN in the reconstruction-only group)19,20.

7. Histological Analysis

1. Section Preparation
1. Three months after reconstruction, harvest the left IAN, including 1 cm of the nerve on either side of the reconstructed site.
2. Harvest the right IAN at the level corresponding to the harvest site on the left side.
3. Prefix the harvested nerves by immersion in 2.5% glutaraldehyde in a 0.1 M cacodylate buffer solution (pH 7.4, 48 °C, 24 h).
4. Postfix with 2% osmium tetroxide solution (48 °C, 4 h) and potassium ferrocyanide in 0.1 M phosphate buffer solution (pH 7.4, 2 h).
5. Dehydrate the nerves with a series of graded ethanol solutions.
6. Embed in epoxy resin (paraffin).
7. Section the specimens at a thickness of 0.5 ‒ 1.0 μm.

2. Toluidine Blue Staining and Morphological Analysis
1. Stain sections with toluidine blue solution.
2. Obtain microscopy images using an optical microscope, at 400X magnification at the following regions along the samples: left IAN,

the center of the regenerated segment and 2 mm distally to the stump; right IAN, the center of the IAN segment corresponding to the
harvest site on the left side.

3. Select images of all regions with regenerated nerve fibers.
1. Randomly select 8 ‒ 10 areas of 100 μm × 100 μm containing regenerated nerve fibers.
2. Perform morphological analysis using an appropriate software to measure the following parameters: myelinated nerve fiber

diameter (μm) and density (count/area), nerve tissue percentage, and G-ratio (myelinated axon diameter/myelinated nerve fiber
diameter).

3. Immunostaining
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1. Follow standard protocols for paraffin section staining.
2. Incubate with primary antibodies for 30 min at 25 °C.
3. Wash with phosphate-buffered saline 3 times at 25 °C.
4. Incubate with secondary antibodies labeled with horseradish-peroxidase for 30 min at 25 °C.
5. Obtain images using a light microscope.

4. Transmission Electron Microscopy (TEM)
1. Prepare nerves as described in step 7.1.
2. Section nerves at a thickness of 70 ‒ 90 μm using an ultramicrotome.
3. Stain sections with Reynold’s lead citrate and uranyl.
4. Examine and image by transmission electron microscopy.

Representative Results

We observed an increase in the facial skin temperature of the blocked side 1 week after the left CSGB (Figure 8).

At 3 months post-reconstruction, the PGA-C tube at the reconstruction area was absorbed and regeneration of the inferior alveolar nerve was
observed in the reconstruction-only and reconstruction + CSGB groups (Figure 9A, B)18.

SNAP was measurable in both reconstruction sides of the reconstruction + CSGB and reconstruction-only groups. The results of the
electrophysiological evaluation are summarized in Table 118. The recovery index and SCV were significantly higher in the reconstruction + CSGB
than in the reconstruction-only group.

We observed myelinated nerve fibers at the central and distal segments of the regenerated IAN in the reconstruction-only and reconstruction
+ CSGB groups (Figure 10A, B)18. The reconstruction-only and reconstruction + CSGB groups showed smaller regenerated myelinated nerve
diameters as compared to the normal control group (central segment of the right IAN in the reconstruction group, Figure 10C). Immature
myelinated nerve fibers were also observed.

Examination of the reconstruction-only, reconstruction + CSGB groups using TEM showed regenerated myelinated nerve fibers and Schwann
cells (Figure 10D, E). Figure 10F shows these results of TEM for the normal control group (central segment of the right IAN in the reconstruction
group).

The presence of regenerated axons and Schwann cells was confirmed at the central and distal segments of the reconstruction-only and
reconstruction + CSGB groups, by staining with anti-neurofilament (NF) and anti-S100 antibodies, respectively (Figure 11)18.

Morphological evaluation results are summarized in Table 218. The myelinated nerve fiber diameter at the center of the regenerated left IAN
segment was 4.27 ± 1.5 µm in the reconstruction group and 5.11 ± 1.98 µm in the CSGB group, while at the distal segment of the regenerated
left IAN the diameter was 3.47 ± 1.21 µm in the reconstruction group and 4.53 ± 1.36 µm in the CSGB group. In both cases, the diameter was
significantly larger in the CSGB group, which also demonstrated a significantly higher myelinated nerve fiber density and nerve tissue percentage
in both the center and the distal segment of the regenerated left IAN. The G-ratio at the center of the regenerated left IAN was 0.75 ± 0.04 in the
reconstruction group and 0.68 ± 0.05 in the CSGB group, while at the distal part it was 0.74 ± 0.04 in the reconstruction group and 0.69 ± 0.04 in
the CSGB group. Thus, in both cases, the G-ratio was significantly smaller in the CSGB group.

The sample sizes for the reconstruction-only and reconstruction + CSGB groups were n = 7. The statistical analyses for the myelinated nerve
fiber diameter and density, G-ratio, and SCV were performed using Dunnett's test. Analysis of the recovery index was performed using an
unpaired Student's t-test. The level of statistical significance was set at 5% (p < 0.05).

 

Figure 1: Polyglycolic acid tube filled with collagen sponge. A) Gross image of the tube. The final dimensions of the nerve conduit were 14
mm length, 3 mm inner diameter, and 50 µm wall thickness. B) Scanning electron micrograph of the tube. This figure was previously published
by Shionoya et al.18 and is reprinted with permission. Please click here to view a larger version of this figure.
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Figure 2: Left inferior alveolar nerve (IAN) pre- and post-reconstruction. A) Pre-reconstruction image of the left IAN after being exposed by
removal of bone. B) Post-reconstruction image of the left IAN reconstructed using a polyglycolic acid-collagen tube. This figure was previously
published by Shionoya et al.18 and is reprinted with permission. Please click here to view a larger version of this figure.

 

Figure 3: Computed tomography imaging of the facial bone after left inferior alveolar nerve reconstruction. The image shows that the
mandibular bone plate is in the proper position. Please click here to view a larger version of this figure.
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Figure 4: Pre-operative skin markings on the left side chest area prior to surgery. Photograph showing the skin markings before performing
the cervical sympathetic ganglion block. The incision line is 20 cm in length. Please click here to view a larger version of this figure.

 

Figure 5: Operating view of the cervical sympathetic ganglion block: pre-thoracotomy. Image shows the second and third ribs after raising
the serratus ventralis and scalenus muscles. Please click here to view a larger version of this figure.
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Figure 6: Operating view of the cervical sympathetic ganglion block: post-thoracotomy. Image shows the left cervical sympathetic
ganglion after lateral thoracotomy at the second and third intercostal space. Please click here to view a larger version of this figure.

 

Figure 7: Cervical sympathetic ganglion pre- and post-ethanol injection using a 30 G needle. A) Pre-ethanol injection image of the left
cervical sympathetic ganglion. B) Post-ethanol injection image of the left cervical sympathetic ganglion. Please click here to view a larger version
of this figure.
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Figure 8: Thermogram after left cervical sympathetic ganglion block (CSGB). The thermogram was acquired one week after CSGB
by ethanol injection. Note that the facial skin temperature on the left side is higher than on the contralateral side. The color bar indicates
temperatures in °C. Please click here to view a larger version of this figure.

 

Figure 9: Regenerated inferior alveolar nerve (IAN). A) Image of the IAN in the reconstruction-only group. B) Image of the IAN in the
reconstruction + CSGB (cervical sympathetic ganglion block) group. Nerve regeneration (region between white arrowheads) is observed in both
groups. This figure was previously published by Shionoya et al.18 and is reprinted with permission. Please click here to view a larger version of
this figure.
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Figure 10: Toluidine blue and transmission electron microscopy analysis of the regenerated inferior alveolar nerve (IAN). A - C)
Semi-thin transverse sections of the IAN at 3 months post-reconstruction stained with toluidine blue. Images show the distal segments of the
regenerated left IAN in each group, as indicated. D - F) Transmission electron microscopy images from semi-thin sections showing myelinated
and non-myelinated nerve fibers (black and white arrowheads, respectively). Scale bars represent 50 µm in (A) - (C) and 5 µm (D) - (F). Normal
control: central segment of the right IAN in the reconstruction-only group. This figure was previously published by Shionoya et al.18 and is
reprinted with permission. Please click here to view a larger version of this figure.

 

Figure 11: Immunohistochemical analysis of distal segments of the regenerated left inferior alveolar nerve (IAN). A, B) Sections of the
regenerated IAN at 3 months post-reconstruction stained with an anti-neurofilament (NF) antibody for the reconstruction-only group (A) and
reconstruction + cervical sympathetic ganglion block (CSGB; B) groups. Black arrowheads indicate regenerated axons. C, D) Sections of the
regenerated IAN at 3 months post-reconstruction stained with an anti-S-100 antibody for the reconstruction-only group (C) and reconstruction +
CSGB (D) groups. White arrowheads indicate Schwann cells. Scale bars, 50 µm. This figure was previously published by Shionoya et al.18 and is
reprinted with permission. Please click here to view a larger version of this figure.
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Sensory nerve conduction (m/s) Recovery index

Normal control 48.5 ± 2.8 #

Reconstruction-only group 36.8 ± 2.9* 0.22 ± 0.04

Reconstruction+CSGB group 42.0 ± 2.4*# 0.35 ± 0.06#

Table 1: Electrophysiological findings in theinferior alveolar nerve (IAN) at 3 months after surgery. Data are presented as mean ±
standard deviation (n = 7). Comparisons were made using an unpaired Student's t-test. IAN, inferior alveolar nerve; CSGB, cervical sympathetic
ganglion block. *, p < 0.05 in comparison with the normal control group; #, p < 0.05 in comparison with the reconstruction-only group. Normal
control: central segment of the right IAN in the reconstruction-only group; Recovery index: ratio of the peak amplitude of the left IAN of the
reconstruction-only or reconstruction + CSGB group to the peak amplitude of the normal control. This table was previously published by
Shionoya et al.18 and is reprinted with permission.

Myelinated nerve fiber
diameter (μm)

Myelinated nerve fiber
density (count/100
μm2)

Proportion of nerve
tissue (%)

G ratio

Normal control Center 8.83 ± 3.11 103 ± 8 41.3 ± 3.9 0.62 ± 0.03

Center 4.27 ± 1.5* 126 ± 20* 11.6 ± 2.1* 0.75 ± 0.04*Reconstruction-only
group Distal 3.47 ± 1.21* 109 ± 17* 7.3 ± 2.0* 0.74 ± 0.04*

Center 5.11 ± 1.98*# 140 ± 22*# 15.9 ± 3.0*# 0.68 ± 0.05*#Reconstruction+CSGB
group

Distal 4.53 ± 1.36*$ 123 ± 15*$ 12.5 ± 2.1*$ 0.69 ± 0.04*$

Table 2: Morphological findings in the inferior alveolar nerve (IAN) at 3 months after surgery. Data are presented as mean ± standard
deviation (n = 7). Comparisons were made using Dunnett's test. IAN, inferior alveolar nerve; CSGB, cervical sympathetic ganglion block. *, p <
0.05 in comparison with the normal control group;*#, p < 0.05 in comparison with the central segment of the left IAN in the reconstruction-only
group;*$,p < 0.05 in comparison with the distal end of the left IAN in the reconstruction-only group. Normal control: central segment of the right
IAN in the reconstruction-only group; G ratio is the ratio of the myelinated axon diameter to the total myelinated fiber diameter. This table was
previously published by Shionoya et al.18 and is reprinted with permission.

Discussion

We present an efficient method for IAN regeneration by using a bioabsorbable nerve tube in combination with ethanol-induced CSGB. For this
study we used dogs, since other animal models, like mice, rats, and rabbits, have a short life expectancy and small body size, and hence cannot
be used to perform the precise surgical procedures. As the IAN is located within the mandibular canal surrounded by bone, a surgical technique
is necessary to avoid nerve and blood vessel damage when performing nerve reconstruction. An important technical tip for the procedure is
to carefully remove the mandibular bone plate in order to minimize the risk of nerve and vessel injury. Traditional burs and micro saws cannot
distinguish between hard and soft tissue21. Additionally, these tools tend to slip causing damaging the adjacent tissue, especially the IAN, by
accidental contact22. We therefore used piezoelectric surgical tools for the bone processing steps. This is a new and innovative bone surgery
technique that uses ultrasonic microvibrations of specialized scalpels. Therefore, soft tissue are not damaged even upon accidental contact with
the cutting tips23,24. Microvibrations of 60 - 200 µm/s at 24 - 29 kHz are optimal for cutting elastic mineralized tissue while sparing elastic soft
tissue; this is not possible at frequencies above 50 kHz25. Moreover, rotational burs or oscillating saws require a force to counteract the rotation
or vibration of the instrument. Compared to these instruments, piezoelectric surgical tools do not need application of extra force and so safe and
accurate bone processing is possible26. This is especially important in the hands of a novel user.

Another important aspect in our method is that the bone plate was not fixed using metallic plates but was placed in its original position in the
mandible after the placement of the PGA-C tube. The reason for this was to avoid the risk of exposure of the plate to oral mucosal necrosis,
which arises when using metallic plates for fixation. However, in some cases the bone plate deviated from the original site. Therefore, it is crucial
to perform a CT scan of the facial bone to confirm that the mandibular bone plate is in the proper position after surgery. When using a metallic
plate for fixation, tight suturing should be avoided as it may cause oral mucosal necrosis due to blood flow disturbances.

CSGB is an effective treatment for peripheral vascular diseases and pain syndromes of the face and neck13,14,15. However, the mechanisms
underlying its therapeutic effects remain unclear. One reason for the lack of research on the therapeutic effects of CSGB is the difficulty in
obtaining a consistent and uniform sympatholytic effect. For example, the spread of sympathetic blockade after percutaneous CSGB is not
uniform27,28. Mullenheim et al.29 implanted dogs with a polyethylene catheter, after thoracotomy, under the fascia and alongside the upper
sympathetic chain, and performed CSGB by injecting lidocaine via the catheter. Although this approach can spread sympathetic blockade at the
targeted areas, it carries risks of catheter occlusion or dislocation, as well as infection, especially in long-term experiments. In our canine model
of CSGB, the direct injection of 99.5% ethanol produced long-term increases in blood flow to the ipsilateral orofacial region. In our approach,
block injection was administered under direct visualization, so CSGB could be performed with precision. Therefore, our approach reduces the
risk of uneven spread of the sympatholytic effect and of the sympathetic blockade. This is considered to be advantageous especially in long-
term experiments. Moreover, we used thermography to confirm the success of CSGB, since facial skin temperature increases on the block side
upon successful CSGB. In this case, thermography is useful, because it is simple and noninvasive. Importantly, the nasal and not the facial skin
temperature should be measured, since it is not affected by the dog's hair. Our model could contribute to further research on the therapeutic
effects of CSGB. In our previous study, blood flow in the orofacial area increased for 6-11 weeks after cervical sympathetic ganglionectomy.
Researchers can choose this alternative method30 if desired.
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The limitation of this study is that ethanol-induced CSGB poses the risk of developing permanent Horner's syndrome (ptosis and miosis)31.
Other methods, including radiofrequency ablation, phenol, and sympathetic ganglionectomy have been used for performing sympathectomies;
however, specifically for sympathectomy of the cervical sympathetic ganglion, only radiofrequency ablation has been employed in clinical
practice32,33,34,35. Therefore, radiofrequency ablation and local anesthetics can be considered as an alternative method to ethanol-induced
CSGB. Future studies would be necessary to validate how nerve regeneration mediated by a bioabsorbable nerve tube can be enhanced by
CSGB with a local anesthetic or radiofrequency ablation.
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