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ABSTRACT

Purpose: This study aimed to develop a minimally invasive surgical procedure for laminar lift and posterior cervical laminoplasty
via the intermuscular approach using a canine model. Methods: Six Alaskan dogs were used for developing the surgical
approach. The bilateral laminae of C3-7 were cut with an ultrasonic osteotome and fixed with bilateral plates to maintain
the lamina lifting and reshape a wider spinal canal. The important structures, such as ligaments, supraspinous ligaments,
interspinous ligaments, and ligamentum flavum were preserved. The therapeutic effect was evaluated by preoperative
and postoperative imaging results and neck mobility. Results: The surgical procedures were all successfully performed in
the 6 animals. All the dogs survived well within 1 year of postoperative follow-up. The postoperative neck mobility was as
good as the preoperative one. Computed tomography results showed that the anteroposterior diameter of the spinal canal
was successfully enlarged and maintained well. Conclusion: The minimally invasive surgical procedure for laminar lift and
posterior cervical laminoplasty via the intermuscular approach was feasible in a canine model, which might be applied in
clinical practice.
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Introduction

Cervical spondylotic myelopathy (CSM) is a degenerative disease causing progressive stenosis of the cervical spinal canal
and subsequent compression of the spinal cord and/or surrounding blood vessels** The compression can trigger a series
of pathophysiological processes, such as ischemia, inflammation, neuronal apoptosis at the site of compression, producing
cervical myelopathy’. CSM is the most common form of nontraumatic spinal cord injury in adults aged over 55 years*?,
accounting for 10% to 15% of all types of cervical spondylosis®. It may cause long-term disability and major neurological

impairments, severely affecting patients’ quality of life’.

At present, the mainstream management of multilevel CSM (MCSM) aims to identify early symptoms and provide
effective treatment before development of irreversible spinal cord damage®. The MCSM patients should receive surgical
treatment within 3-6 months after the onset of the disease to decompress the spinal cord and nerves, which can

prevent the progression of spinal cord injury and provide favorable conditions for the recovery of nerve function’.
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Minimally invasive laminar lift and posterior cervical laminoplasty via the intermuscular approach: a canine model study

Posterior cervical laminoplasty was developed by Hirabayashi et al.'°, which can effectively enlarge the anterior and
posterior diameter of the spinal canal, thereby relieving cord compression, improving the blood supply, and reducing
the interference to the cervical spine mobility''. Posterior cervical laminoplasty overcomes the shortcomings of cervical
kyphosis following cervical laminectomy, and can reduce operation time, hospital stay, and surgical risk, preserving
good cervical spine mobility and postoperative function'>*¢. This surgical procedure has been applied to the treatment
of MCSM and achieved good therapeutic outcomes'’-?’. Posterior cervical laminoplasty has been widely used to treat
MCSM with confirmed therapeutic efficacy.

However, posterior cervical laminoplasty has been reported to induce a high incidence of postoperative axial
symptoms (such as pain and stiffness)*-%, which reduce significantly patient satisfaction. The etiological mechanisms
of postoperative axial symptoms following posterior cervical laminoplasty have not been fully understood, but
are thought to be related to surgical injury to the posterior cervical spinous process-ligament-muscle complex?*%’.
Therefore, it is urgently required to develop a surgical method to reduce postoperative complications of posterior

cervical surgery.

The purpose of this study was to develop a minimally invasive surgical procedure for laminar lift and posterior cervical
laminoplasty via the intermuscular approach using a canine model, which can fully protect the posterior cervical spinous

process-ligament-muscle complex.

Methods

Animals

Six healthy Alaskan dogs (aged 2-3 years, weighing approximately 45 kg) with strong physique and thick bones were
purchased from local pet institutions. The 6 dogs were examined, injected with relevant vaccines, dewormed, and cleaned.
The 6 dogs were raised in the same suitable environment. All protocols used in this study were approved by the Institutional
Animal Care and Use Committees (IACUC:s) of the Tongliao City hospital.

Preoperative imaging examinations

The dog was injected with atropine (0.1 mg/kg) and tiletamine hydrochloride and zolazepam hydrochloride (Zoletil,
10 mg/kg). After the drug took effect, the animal was put onto the examination instruments for preoperative imaging
examinations, including digital radiography (DR), computed tomography (CT), and magnetic resonance imaging (MRI).
After the examination, the experimental dog was injected with anesthesia antagonist (Suxingling, 0.1 mL/kg) and was

returned to the breeding place after fully awake.

Surgical procedure

In the preoperative preparation, the day before the operation, the animal was washed and weighed, and the surgical
area of the neck was shaved. The animal was fasted for 12 h and water for 4 h before surgery. Before entering the operating
room, the dog was injected intramuscularly with tiletamine hydrochloride and zolazepam hydrochloride (10 mg/kg), and
an intravenous indwelling needle was placed. The dog was injected with atropine (0.04 mg/kg) intravenously, and antibiotics
and sedatives were infused by intravenous drip. After 30 min, the dog was placed on a sterile animal operating bed, and
received induction anesthesia (tiletamine hydrochloride and zolazepam hydrochloride, 10 mg/kg; Zoletil, Virbac, USA)
and general anesthesia. The maintenance anesthesia drug was sevoflurane at a maintenance concentration of 2%. The dog
received endotracheal intubation that was connected to an anesthesia machine, and the vital signs were closely monitored.

The dog was placed in the prone position, and the head and waist were fixed with restraint belts, and the surgical area

(from the back of both ears to the bilateral costal margins) was sterilized with iodophor. A longitudinal incision (about

2 Acta Cir Bras. 2022;37(09):e370903



Yan F et al.

25 cm) was made from the occipital tubercle to the T1 spinous process. After subcutaneous tissue was separated, the
posterior dermatome, platysma, clavicularis, trapezius, rhomboid, were sequentially incised (Fig. 1a,b) and separated to
both sides along the nuchal ligament (Fig. 1c,d). The operation was performed through the space between the cervical
multifidus and the spinous/semispinalis muscles (Fig. 2). The cervical multifidus was pulled medially, and the spinous and
semispinalis muscles were pulled laterally, fully exposing the root of the spinous process of the 3-7 lamina of the bilateral
cervical vertebrae to the inner edge of the articular process (Fig. 3a—d). The supraspinous ligament, interspinous ligament,
and ligamentum flavum were preserved. The bilateral laminae were cut by an ultrasound osteotome (Model XD860A,
Jiangsu Shuimu Tianpeng Medical Technology Co., China) along the medial borders of the bilateral articular processes
(Fig. 3e,f). The severed lamina was stretched by 5 mm with a hand surgical peeler. A 2.0-mm T-shaped hand surgical steel
plate (CITIC Industrial Fund Dingjian Medical Instrument Co., China) was trimmed and placed on the bilateral C3-C7
laminae (Fig. 4a,b). The plates should be placed mid-superior to the inferior articular process and the screws should be
accurately measured to avoid the screw penetration of the zygapophyseal joint. Two 2.0-mm screws were fixed on the
laminar side of the steel plate, and two 2.0-mm screws were fixed on the articular process side of the plate (the lamina
of the bilateral cervical 3 are small, and this lamina side can only be fixed with 1 screw). The screws were used to fix the
plate to maintain the elevation of the lamina and the enlargement of the spinal canal. After confirming that the internal

fixation was firmed, the incision was sutured.

(a) (b)

(0) (d)

Figure 1 - After subcutaneous tissue was separated, the posterior
dermatome, platysma, clavicularis, trapezius, rhomboid,
were sequentially incised (a and b) and separated to
both sides along the nuchal ligament (c and d).

Figure 2 - The operation was performed through the space
between the cervical multifidus and the spinous/semispinalis
muscles (intermuscular approach).
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(d) (e) )

Figure 3 - The cervical multifidus was pulled medially, and the spinous and semispinalis muscles
were pulled laterally, completely exposing bilateral cervical 3-7 laminae to the inner edge of the
articular process (a—d). The supraspinous ligament, interspinous ligament, and ligamentum
flavum were preserved. The bilateral laminae were cut by an ultrasound (e and f).

(a) (b)

Figure 4 - The severed lamina was stretched by 5 mm with (a) a hand surgical peeler, and
(b) hand surgical steel plates were placed on the bilateral C3-C7 laminae.

Postoperative management

The dog was treated with cefazolin (1.0 g two times a day) for anti-infection and parecoxib (20 mg two times a day) for
analgesia within 3 days after surgery. At 2 weeks after operation, the dogs were examined for neck mobility. After sedation,
the incision was disinfected and sutures were removed. The dogs were then examined with DR, CT, and MRI. Neck mobility

and imaging examinations were re-performed 3 months and 1 year after the operation.

According to the imaging data, the anterior and posterior diameters of the C3-C7 spinal canal were compared before

and after the operation. The preoperative and postoperative neck mobility were also compared.

Results

The surgical procedures were all successfully performed in the 6 animals. All the dogs survived well within 1 year of
postoperative follow-up. The postoperative neck mobility was good; without significant change as compared with the
preoperative one.

There are many artifacts in postoperative MRI (data not shown). The clarity of CT images was better than MRI images,
hence CT was used as the postoperative evaluation method. CT results showed that the anteroposterior diameter of the
spinal canal (C3-C7) was significantly enlarged and maintained well at 2 weeks and 3 months after operation as compared

with preoperative measurement (Figs. 5 and 6, all p < 0.05).
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Figure 5 - The CT measurement on the anteroposterior diameter of the spinal
canal (C5-C7) before surgery and at 2 weeks and 3 months after operation.
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*p < 0.05; ***p < 0.001, compared with preoperative data.
Figure 6 - Comparison of CT measurement on the anteroposterior diameter of the
spinal canal (C3-C7) before surgery and at 2 weeks and 3 months after operation.

Discussion

The axial symptoms following posterior cervical laminoplasty are related to the posterior cervical muscle atrophy and the
surgical injury to the ligament complex®. In the conventional cervical posterior single-door laminoplasty, to ensure inversion
of the C3 lamina, all or most of the cervical semispinalis muscle on the C2 spinous process needs to be dissected, and the
interspinous and supraspinous ligaments between C2 and C3, C6 and C7 laminae should be cut off. If the stripped cervical
semispinalis muscle is not completely repaired at the end of the operation, the cervical semispinalis muscle will atrophy, the

muscle and ligament system will be injured, which affects the stability of the cervical spine, leading to postoperative axial
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symptoms®. In addition, decreased cervical mobility due to surgical scars-induced adhesion between muscles and ligaments of
the posterior cervical muscles can also result in axial symptoms. In the conventional cervical posterior single-door laminoplasty,
when dealing with the opening side and the hinge side of the lamina, the adjacent facet joints, joint capsules and articular
surface could be damaged to varying degrees. Suspension of the lamina from the hinge-side facet capsule or paravertebral
tissue may injure the sensory nerve endings of the posterior rami of the cervical nerve. Meanwhile, the suspension suture-
induced traction injury of the facet joint capsule and the paravertebral soft tissue can lead to aseptic inflammation, and then
form scar tissue, which limits the mobility of the facet joints. All of the above conditions can lead to muscle spasm and pain
in the neck, shoulders, and back®. A retrospective study by Chen et al.* also showed that the incidence and severity of
postoperative axial symptoms were closely related to the number and degree of destruction of the facet joints.

In the posterior cervical laminoplasty via the intermuscular approach described in this study, the posterior dermatome,
platysma, clavicularis, trapezius, rhomboid, and splenius to the nuchal ligament were separated in turn, and the bilateral
ligaments were separated along with the space between the cervical multifidus, the spinous muscle, and the semispinalis
muscle. This surgical approach can completely preserve the important posterior cervical structures, such as the spinous
process, supraspinous ligament, interspinous ligament, ligamentum flavum, nuchal ligament, and muscle attachment
points, avoiding scar tissue formation. The posterior cervical spinous process-ligament-muscle complex was completely
preserved. The C3-C7 laminae were fixed with bilateral steel plates, so that the enlargement of the spinal canal can be
stably maintained even at 3 months after operation. The bilateral decompression of the spinal cord is more sufficient, and
the surgery is minimally invasive. The overall backward movement of the spinous process-ligament-muscle complex was

achieved within its elastic range, preventing excessive volume expansion and nerve root traction syndrome.

Ultrasonic osteotome is an efficient surgical device with advantages, such as high tissue selectivity, high osteotomy
accuracy, low working temperature, good antirolling, minor damage to peripheral blood vessels and nerve tissue, and
hemostasis while cutting®. In this study, the cervical laminae were cut with an ultrasonic osteotome with saline perfusion
to minimize the damage to the spinal cord. During the operation, the ultrasonic osteotome should be avoided to stay
in the same part for a long time to reduce the possibility of dura and nerve damage. When cutting the lamina, the right
hand controlled the movement of the ultrasonic osteotome, and the left hand should maintain an upward-lifting force to
prevent the right hand from exerting too much force. This can maintain the vibrating state of the ultrasonic osteotome,
reducing the risk of thermal damage to surrounding tissues and the risk of damage to the spinal cord and dura. When the
ultrasonic osteotome is close to the nerve and vascular plexus, it should be operated with caution to avoid accidental injury.
Thus, the stimulation of the facet joint capsule in the traditional fixation method can be avoided, reducing the incidence

of axial symptoms. In addition, the cervical spine was not fused, so that the motility of the cervical spine was not affected.

In summary, this study demonstrated that minimally invasive laminar lift and posterior cervical laminoplasty via the
intermuscular approach are feasible in a canine model, and, the plates were firmly fixed, and the surgical effect is good.
This could provide a safe and feasible surgical method for the minimally invasive treatment of MCSM. Future studies should

be conducted to perform this procedure in cadaver experiments, and design more appropriate internal fixation materials.
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