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    Endoscopic surgery of the cervical spine is gaining increasing traction among minimally invasive spinal surgeons. Technology advances with improved miniaturized optical- and surgical access systems have purported expansion of endoscopic minimally invasive spinal surgery techniques into the cervical spine. However, many spine surgeons still hesitate to treat common painful conditions of the cervical spine with endoscopic procedures. The high risk of neurologic- and vascular injury is of concern to many of them. Additionally, damage to the trachea, esophagus, or the recurrent laryngeal nerve may put the patient at significant risk for the deleterious postoperative course. Nevertheless, increased acceptance of endoscopy by traditionally trained spine surgeons in other areas of the spine coupled with more widely available training events and unanswered patient demand has reenergized spine surgeons’ interest in the endoscopic platform for the cervical spine.




    The editors have come together to develop a multi-authored and clinically focused medical monograph entitled Contemporary Endoscopic Spine Surgery: Cervical Spine to give the reader a most up-to-date snapshot of the current state-of-the-art of cervical spinal endoscopic surgeries. The publication is intended for Orthopedic Spine & Neurosurgeons interested in treating common painful conditions including herniated disc, stenosis, tumor, and infection with minimally invasive endoscopic techniques. A wide array of highly timely and clinically relevant topics have been assembled for this purpose. They range from suitable anesthesia protocols, patient selection algorithms for anterior versus posterior cervical endoscopic decompression, clinical decision-making strategies, indications, and outcomes for endoscopically visualized cervical rhizotomy to more advanced endoscopic techniques, including complex endoscopic decompression techniques for cervical spondylotic myelopathy and other intricate procedures such as pediculotomy, vertebrectomy, and fusion.




    The selection of chapters was based on contemporary trends in endoscopic cervical spine surgery. The editors recognize that this trend is based on the need for less costly yet safe and efficient solutions for the cervical spine's common degenerative conditions. Patients and other stakeholders in the ongoing debate on better value-based spine care, including healthcare policymakers and payors, are demanding of spine surgeons less burdensome and less risky treatments with shorter time to recovery, return to work, and social reintegration following spine surgery. Contemporary Endoscopic Spine Surgery: Cervical Spine was written with these goals in mind. The editors hope that the readers will find it an informative knowledge resource they will continue to revert to when implementing a cervical endoscopic spinal surgery program in their practice setting.
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      Abstract




      Endoscopy of the cervical spine traditionally has been slow to adopt. Initially, spinal endoscopy concentrated on common painful degenerative conditions of the lumbar spine, for which many of the technology breakthroughs were developed. Many of them were validated for defined clinical indications, such as a herniated disc. Stenosis applications followed later as improvements in the endoscopic platform permitted. Cervical spine application of endoscopic surgery commenced around interventional pain management with lasers and radiofrequency to improve their reliability by directly visualizing the painful pathology. Later, anterior cervical discectomies and posterior cervical foraminotomies were performed as endoscopic power burrs, and rongeurs made them possible. The most skilled surgeons moved on to perform anterior and posterior cervical spinal cord decompressions and anterior column reconstructions endoscopically further to take advantage of the potential of this platform so they could transform the traditional surgical treatments from inpatient to outpatient by performing them in a simplified manner in ambulatory surgery centers where better clinical outcomes and higher patient satisfaction could be achieved. In this chapter, the authors strove to briefly illustrate this development by giving credit to the




      most prominent pioneers of this fast-moving field and by setting the stage for what the reader is about to discover in this most-up-to date publication entitled: Contemporary Spinal Endoscopy: Cervical Spine.
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      INTRODUCTION




      Endoscopic Spinal Surgery is rapidly becoming more mainstream [1]. Most of the clinical trials published in the last two years have focused on lumbar endoscopy. [1-97] Cervical endoscopic surgery is done well by far fewer surgeons, as it requires a more advanced skill level due to the higher risk associated with operating near the spinal cord [9, 44, 46, 48, 98-115]. It perhaps is risker than lumbar or even thoracic endoscopic spinal surgery due to potential for life-threatening vascular injury, tracheal- or esophageal perforation, or grave neurological deficits from the spinal cord damage [116-119]. However, there is increased activity in that area just within the last year [9, 44, 46, 48, 98-104]. For this reason, the editors of Contemporary Endoscopic Spinal Surgery: Cervical Spine have decided to dedicate an entire volume to it as we expected an expansion of clinical indications for cervical endoscopic surgery due to technological advancements [98, 99, 111, 113] and more formalized surgeon postgraduate education programs [5, 9, 120-122]. There already is an increasing trend by program directors to include spinal endoscopy into residency- and fellowship programs [122]. Understanding the past, however, and recognizing preceding key opinion leaders for their contributions to the advancement of the cervical spinal endoscopy field is the basis of defining the future in terms of evolving clinical indications, understanding and mitigating risks, incorporating technology advancements into day-to-day clinical practice in a meaningful way [67], so they improve patient outcomes, and safety, and prove to be cost-effective. Therefore, this team of authors came together to help the novice spine surgeon maneuver this fast-moving subspecialty.


    




    

      RECYCLED TRENDS




      Many historical perspectives have been revisited by repurposing existing technologies in new surgical approaches. Likewise, have we witnessed the resurgence of previously employed surgical techniques that have been applied in the early years of spinal endoscopy. As in the fashion industry, where certain trends reappear in a modernized form by fusing different design elements or materials to create new products and marketing strategies, spine surgeons are similarly susceptible to embracing modern trends in spinal endoscopy in their quest to overcome shortcomings of existing treatment protocols for common degenerative conditions of the cervical spine. Industry recycles existing medical know-how and often modernizes them by technology transfer from other commercial areas, such as the aerospace or the automotive industry, by innovation mechanisms of adoption, miniaturizations, automation, and system integration to develop advanced surgical techniques, instruments-, and equipment of improved performance, reliability, and durability. Innovations widely adopted in other industries are making their way into medical applications [123]. Examples include miniaturized high-definition (HD) video technology with touch-screen displays, high-speed HD recording equipment [124, 125] robotics- [126-131] and navigation tools [132-134], and 3D heads-up display goggles [9] for surgeons to be worn during surgery to improve eye-hand coordination and many others. Rapid endoscopic spine surgery product development with a myriad of instruments being pushed by an army of salespeople is another area of rapid change that has been playing itself out in the operating room — endoscopes with larger inner working channels, sturdy enough to withstand the abuse of more frequent short sterilization cycles to respond to the rising caseload, motorized shavers, drills, and large Ø rongeurs employed for rapid decompression [24, 31, 37, 38, 48].


    




    

      THE CERVICAL ENDOSCOPE OF THE FUTURE




      Endoscopes previously rated for 200 to 250 simple discectomy surgeries are now used in more complex and demanding advanced endoscopic procedures of the spine. These include intradiscal therapies with cool lasers [52, 135-139] or bipolar radiofrequency [44, 82, 140-143] devices for the early stages of the disease and the late stages of the disease where aggressive decompression and reconstructive procedures may be needed for spinal stenosis- and instability related neural element encroachment. Endoscopic placement of spinal implants, such as interbody fusion cages and posterior supplemental fixation with pedicle screw-rod constructs, are other examples of contemporary advancements in endoscopic spinal surgery [51, 60, 63, 77, 80, 92, 144]. This increasing quality and durability demand on spinal endoscopes to work in a large variety of surgical indication scenarios have widened the field of industry competitors with some front-runners pushing clinical product portfolios, reimbursement, and coding agendas. Traditional German endoscopic equipment makers are experiencing competition from China, Korea, and Japan by domestic Asian manufacturers whose technological know-how has now risen to a competitive level at lower manufacturing and acquisition cost with similar quality. In some cases, Asian spinal endoscopy, radiofrequency, and motorized decompression equipment has even advanced beyond what European competitors can put forward mainly because of progressive clinical agendas with broader indications for endoscopic surgery of the cervical spine.


    




    

      THE OBJECTIVE




      Whether all of these innovations are genuinely impactful and leaps forward to improve patient outcomes at lower cost and are not just vogue trends at an increased cost to patients and the health care system. It is not always obvious and often requires vetting them in the operating room with investigational studies - all of which require clinical testing, resources, and most of all, time. Spine surgeons have little of the latter and, by their very nature, may be innovation aficionados in their quest to overcome shortcomings of existing clinical protocols and technological applications used in the treatment of common degenerative conditions of the spine. The authors of this chapter attempted to put some of these new trends in cervical spinal endoscopy in perspective within the proper historical context by reviewing the contributions of some of the early key players in an attempt to help the aspiring endoscopic spine surgeon to position her-, or himself in the increasingly convoluted field of surgical procedures.


    




    

      THE ADOPTION & TRAINING DILEMMA




      With spinal endoscopy becoming more mainstream, many North American and European national and international spine surgeons' organizations are struggling with its adoption [100]. They have just begun embracing it by trying to spell out clinical treatment guidelines and figure out how to establish an accredited core curriculum with validated training programs [100]. On the contrary, endoscopic spinal surgery training made it into mainstream core curriculum many years ago, and an informal source of education is less and less relevant in Asia. For the time being, many novice endoscopic spine surgeons in other parts of the world – particularly in North America and Europe - have to rely on industry-sponsored weekend cadaver and other short instructional courses. While some of them are lucky enough to be mentored by veteran key opinion leaders (KOLs), the vast majority - by default - are autodidacts, and primarily self-taught having to go through an endoscopic learning curve that many find out is steeper than with other procedures they are routinely performing [122].


    




    

      THE PARADIGM SHIFT




      The final goal of spinal surgery is to decompress neural elements and stabilize the unstable spinal motion segments. Traditionally, this required extensive exposure and stripping of soft tissues, which may devitalize and degenerate the very structures whose integrity is paramount to maintaining a healthy spinal motion segment. The jury is still out on stabilization versus preservation of motion. On the other hand, spinal endoscopy is supported by sufficient history and validated science to support the concept of treating the predominant pain generator. Problems such as post-laminectomy instability and epidural fibrosis have long been recognized as some of the potential follow-up problems that could arise from traditional open spinal surgery [145-147]. Other well-recognized problems include disruption of vascular supply and denervation of paraspinal muscles with resultantly decreased muscle strength and chronic pain syndromes that at least in part arise from extensive spinal exposures [148, 149]. Ten years later, the cumulative rate of development of adjacent level disease in the cervical spine in previously healthy spinal motion segments adjacent to fusions has been reported to be as high as 25% [150-152]. This is not a small number, and recognizing this problem has prompted surgeons to look for alternative ways to accomplish the two fundamental goals of each spinal surgical procedure: Neural element decompression and stabilization of unstable motion segments [153].


    




    

      THE BENEFITS




      From the patient’s point of view, reduction of blood loss and surgical time, with rapid recovery and return to work are clear advantages which nowadays are being openly discussed [154-156]. With the advent of the internet, social media, blogs, and the overall online availability of educational information, patients have become more educated, curious, at times critical, and hopeful that their specific problem can be solved with less aggressive procedures. To many patients, spinal endoscopy intuitively presents itself as such a solution. From a surgeon’s point of view, these advantages are no less critical as they lessen the burden to patients and drive patient satisfaction. Lower blood loss, complications [66], and infection rates [66], faster return to work [11] and social reintegration [157, 158], and less time to narcotic independence [159-161], are clinical upsides of spinal endoscopy that can easily be communicated to patients, families, and in due time to hospitals, health insurance companies, and third-party payers, who still frequently deem spinal endoscopy as an experimental procedure.


    




    

      THE ACCEPTANCE LAG




      Since the publication of the lead editor’s Spinal Endoscopy in 2013 [162], several high-grade clinical evidence studies have been published with a large body of literature on spinal endoscopy [85, 163, 164], having emerged out of Asia and China in particular [141]. In North America and Europe, however, spinal endoscopy is still yet to be included in treatment and coverage guidelines despite a substantial increase of peer-reviewed journal articles on the safety, efficacy, and equivalency of endoscopic decompression to other minimally invasive (MIS) and open spinal surgeries. Regional variations [1] of the degree of acceptance and utilization of endoscopic spine surgery in the lumbar spine and changes from the previously dominating transforaminal to the now more popular posterior foraminal- and interlaminar endoscopic decompression [104, 105, 110, 111, 115, 165, 166]. For the cervical spine, the full endoscopic anterior and posterior cervical approach [99, 103, 106, 109, 116, 167, 168] has been employed, but preferences are less clear as fewer surgeons are doing the procedure. The differences in the surgeon’s endoscopic approach preference are also reflective of a shift to more complex cervical decompression and reconstructive procedures. Historically being a method developed for simple discectomies, spinal endoscopy is now the most commonly employed minimally invasive spinal surgery technique the world over has found use in a much more extensive range of surgical applications.


    




    

      THE HISTORY




      The first to report on percutaneous cervical discectomy in 1989 was most likely Tajima et al. [169] and Gastambide (1993) [170], independently reported on manually removing the central portion of a cervical disc without removal of the posterior longitudinal ligament under fluoroscopic guidance. This process produced an indirect decompression. Algara et al. developed an automated percutaneous cervical discectomy procedure in 1993 [171]. Herman also reported on automated nonendoscopic discectomy one year later [172]. Bonati [173], Sieber (1993) [174], and Hellinger (1994) reported on the utility of laser percutaneous cervical discectomy. Lee et al. introduced the combined use of percutaneous manual and laser discectomy popularized the concept of “laser-assisted spinal endoscopy” [175]. This system was based on a straight firing Ho: YAG laser that was introduced through an illuminated and irrigated 3-mm flexible cable. In 1994, Zweifel published experimental laser disc surgery, pointing out that the Ho: YAG laser was the safest yet effective laser for tissue ablation while minimizing thermal damage to surrounding tissues [176].




      Another technological break was achieved with the introduction of a 0-degree, 4 mm endoscope with a 1.9 mm working channel (Fig. 1 and Table 1). Surgeons at the Wooridul Spine Hospital in Seoul, South Korea, took advantage of improved endoscopic visualization, and a large working channel [177]. Ahn et al. reported that 88.3% of his 111 percutaneous anterior cervical discectomy patients improved at a mean follow up of 49.9 months. Loss of mean disc height was later analyzed in a smaller series of 36 patients and was limited to 11.2% suggesting that sagittal alignment could be maintained without the development of postoperative segmental instability or spontaneous fusion with the use of the percutaneous anterior cervical discectomy procedure [178].




      In Latin America, Ramirez et al. have employed both lasers and radiofrequency in interventional anterior and posterior cervical procedures to treat axial discogenic neck pain. Some of their clinical results are described in other chapters within this text. The same group of authors recently published their clinical outcomes on anterior endoscopic cervical decompression with discectomy, and foraminotomy is an alternative to open surgical treatment of unrelenting cervical radiculopathy (CR) in patients who have failed non-operative treatment [99]. Their retrospective study of 293 patients found that Excellent and Good Macnab outcomes in 90.1% of patients at 12 months follow-up with an average VAS score reduction of 5.6. The authors noted complications in 8 patients, who subsequently required additional procedures. Two other patients also had a second procedure without a complication in the immediate postoperative period. Ramirez et al. concluded that anterior endoscopic cervical decompression should be considered an alternative to open ACDF because of the comparably low complication- and reoperation rate the authors noted with the procedure.


    




    

      LASERS




      Lasers have always been very attractive for surgeons when applied in minimally invasive procedures due to the ability to deliver a large amount of energy through a small fiber in a very focused small area. While most of this initial research was done in the lumbar spine, it formed the basis for cervical spine applications and is worthwhile recapping briefly. Peter Ascher employed neodymium:yttrium-aluminum-garnet (Nd: YAG) laser through an 18 gauge needle that was introduced fluoroscopically into the intervertebral disc [179]. He ablated intradiscal tissue in short bursts to avoid heating of adjacent tissues thereby vaporizing tissue that was allowed to escape through the needle. This procedure was ideally suitable for an outpatient setting as the patient was discharged once the needle is withdrawn in the puncture wound was covered with a small Band-Aid. Many subsequent authors demonstrated the utility of different types of lasers including the Ho:YAG which was compared to the Nd:YAG laser in a clinical trial conducted by Quigley et al. in 1991 [180]. They concluded that the Ho: YAG laser was the best compromise between the efficacy of absorption and convenience of fiber-optic delivery at that time. In 1990, Davis et al. described in 85% success rate in a study on 40 patients who underwent laser discectomy using the potassium-titanyl-phosphate (KTP 532-nm) laser [181]. Only six of the 40 patients required revision with open discectomy procedures because of clinical failures. In 1995, Casper et al. [182, 183] described the use of the side-firing Ho: YAG laser which has also been employed later by Yeung et al. [184]. At one-year follow-up, Casper et al. reported an 84% success rate [182]. In the same year, Siebert et al. published on 78% success rate on 100 patients with a mean follow-up of 17 months which were treated with the Nd: YAG laser [185]. The current state-of-the-art has been summarized by Ahn et al. in a recent article [186]. While this paper focuses mostly on lumbar spine applications, it is worthwhile to recap the authors’ description of laser applications in interventional and minimally invasive spinal surgery in the following three categories: (1) open microscopic laser surgery; (2) percutaneous endoscopic laser surgery; and (3) laser tissue modulation for spinal pain [187]. Ahn et al., encouraged further study of the select clinical indications where efficacy has been demonstrated to substantiate the lack of evidence with randomized clinical trials [187].




      Mayer et al. were the first to suggest the combined use of an endoscope with laser ablation through an endoscopically introduced fiber for lumbar applications [188]. Large clinical trials followed and were very supportive of the clinical use of lasers for the removal of the herniated disc [188]. Hellinger reported in 1999 on more than 2500 patients whom he treated with the use of the Ascher technique [189]. He stated the success rate of 80% over 13 years. One year later, Yeung et al. reported an 84% success rate on more than 500 patients whom he treated with the KTP laser [184]. Deukmedjian et al. took these groundbreaking works and applied them to the cervical spine. In his 2012 article, the author describes clinical outcomes with the Cervical Deuk Laser Disc Repair®, which he promoted as a novel full-endoscopic, anterior cervical, trans-discal, motion-preserving, laser-assisted, nonfusion procedure suitable for outpatient applications [190]. As an alternative to ACDF, the author treated symptomatic cervical disc diseases, including herniation, spondylosis, stenosis, and annular tears, which he directly visualized, including the posterior longitudinal ligament, posterior vertebral endplates, annulus, to decompress the cervical neuroforamina, and to remove herniated disc fragments. His study included 142 consecutive adult patients with symptomatic degenerative cervical disc disease with clinical improvements and without postoperative complications. An average volume of herniated disc material of 0.09 ml was removed from the cervical intervertebral disc. Deukmedjian promoted his technique as a nonfusion, motion-preserving outpatient surgery with faster recovery, shorter time to postoperative narcotic independence, and few complications. The method was promoted as particularly attractive since hardware-related problems, pseudoarthrosis, adjacent segment disease, and postoperative dysphagia were not expected. In another prospective follow-up study published in 2013, Deukmedjian studied clinical outcomes on 66 consecutive patients who were candidates for ACDF or cervical disc arthroplasty [191]. Single-level procedures were done on 21 patients, and two adjacent level procedures on another 45 patients, respectively. Postoperatively, patients were evaluated for resolution of headache, neck pain, arm pain, and radicular symptoms. The author reported an average 94.6% success rate. Fifty percent of his patients had 100% resolution of all preoperative cervicogenic symptoms and only 4.5% had less than 80% resolution of preoperative symptoms. This was reflected in the VAS improvements of from 8.7 preoperatively to 0.5 postoperatively (p < 0.001). Again, the author denied any complications. However, one patient (1.5%) had a recurrent disc herniation. There were no significant difference in outcomes (p = 0.774) between patients with a one- or two-level Deuk Laser Disc Repair((R)) procedure. However, the author inidicated that posterior facet syndrome does not respond favorably to this anterior procedures and that it should be ruled out before proceeding with this endoscopic laser procedure.


    




    

      RADIOFREQUENCY




      High-frequency radiofrequency ablation has found several applications in neurosurgery, endoscopic spine, orthopedic and pain management. High (RF) radio frequency with low temperatures has been employed for tissue dissection (monopolar) and coagulating mode (mono and bipolar). Nowadays, nearly every vendor selling spinal endoscopes also has a radiofrequency probe in the portfolio that is either produced in-house or by a third party. Typically, radiofrequency probes are compatible with the working channel of the spinal endoscope are used for hemostasis, shrinkage or ablative effects in soft tissue to dissect them of a herniated disc. Again, much of the literature emanated from lumbar spine applications. However, the authors are compelled to review some of the prior studies describing radiofrequency- and tissue interactions as they apply to the cervical spine application.




      Radiofrequency ablation of tissues is well accepted in other areas such as plastic surgery, oral maxillofacial surgery, and dental procedures. These devices have found their way into spinal surgery for thermal ablation of disc tissue. With further miniaturization and reduced acquisition costs, they nowadays present an attractive alternative to lasers. While the acquisition cost of lasers nowadays may be comparable to the expense of capital equipment purchase of a complete radiofrequency system, radiofrequency is found in most operating rooms. In a routine clinical application in high-turn-over operating rooms radiofrequency with disposable probes is perceived more practical by most and less cumbersome. Besides, lasers may impose additional safety issues for patients, surgeons and supporting staff alike which do not exist with the application of radiofrequency.




      Radiofrequency applications specific to the cervical spine were recently described by several authors. Pflum et al. described its use during endoscopic anterior cervical diskectomy which was done via a working cannula seated in the middle of the disk with small rongeurs through the cannula, followed by a cervical spine arthroscope with a working channel [192]. They removed the endoscope to complete the discectomy with a motorized shaver and radiofrequency probe under fluoroscopic guidance. More recently, its application was demonstrated by Bing et al. (2019) in the treatment of cervicogenic headache (CEH) which the authors defined as unilateral posterior head and neck pain [193]. They recommended the use of radiofrequency (RF) ablation of cervical medial branches in patients who did not meet criteria surgical treatment and failed medial branch RF lesion. The authors recommended the use of a diagnostic medial branch block to validate the painful level and to proceed with the endoscopic medial branch neurotomy if medial branch injection provided short-term pain relief. Nowadays, high radiofrequency with low temperatures tissue ablation is useful in spinal endoscopy when controlling bleeding and shrinking tissue to facilitate visualization. The need for a modernized radiofrequency application may arise out of the implementation of advances in endoscopic spinal decompression and reconstructive procedures.
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Fig. (1))


      Anterior 0°-degree cervical endoscopic system with instruments (Karl Storz Tuttlingen, Germany).



      Choi et al. investigated short- and long-term effects of pulsed radiofrequency on cervical radicular pain via modulation of the dorsal root ganglion (DRG) in patients with chronic refractory cervical radicular pain in a study of 15 patients [194]. Their patients suffered from chronic radicular pain due to cervical disc herniation or foraminal stenosis refractory to active rehabilitative management, transforaminal cervical epidural steroid injection, and physical therapy. The authors reported a statistically significant reduction of NDI of 8.2% and VAS for arm pain of 2.8 3 months after treatment (p<0.05). Eleven of the 15 patients (77.3%) indicated that they had 50% or more pain relief at the final follow-up without any adverse effects during the peri- and immediate postoperative period. Choi et al. concluded that pulsed radiofrequency on the DRG of a painful cervical nerve root might be a minimum of a reasonable short-term intervention for chronic refractory cervical radicular pain. The authors then followed up with a prospective observational long-term cohort study of 112 patients whose charts were analyzed in retrospect after their radicular pain was treated with a cervical transforaminal epidural steroid injection (TFESI) [195]. Twenty-nine patients without relief were treated with additional pulsed radiofrequency ablation of the painful DRG. Clinical outcome measures up to one year postoperatively showed 21 of the 29 patients with improvements. Fifteen of these 21 patients (71.4%) had high satisfaction again, suggesting that the application of pulsed radiofrequency ablation of the DRG in select patients with refractory cervical radicular pain appears to be an effective and relatively safe intervention technique.


    




    

      NEW LANDMARK CLINICAL OUTCOME STUDIES




      Until recently, randomized prospective trials comparing the traditional open versus the endoscopically performed cervical procedures were unavailable. However, some studies stand out that are worth reporting. Ruetten et al. conducted a prospective, randomized, controlled study of patients with lateral cervical disc herniations that they surgically treated either in a full-endoscopic posterior or conventional microsurgical anterior technique to see whether the latter can be replaced as the standard procedure for operation of cervical disc herniations with radicular arm pain with the motion-preserving full-endoscopic surgery mainly if the compressive pathology is in the lateral cervical spinal canal [166]. The authors randomly assigned 175 patients with full-endoscopic posterior or microsurgical anterior cervical discectomy. They analyzed the clinical outcomes with the VAS, German version North American Spine Society Instrument, and the Hilibrand Criteria at a two-year follow-up. At the final follow-up, 87.4% of the patients no longer had arm pain, and 9.2% had occasional pain. The authors reported similar clinical outcomes in both groups without a statistically significant difference in the reoperation- or complication rate. However, the authors found advantages with the full-endoscopic technique in postoperative recovery, preservation of mobility, rehabilitation, and less tissue trauma. They concluded that the full-endoscopic posterior foraminotomy is an effective and safe alternative to traditional procedures with similar surgery indications. The authors, followed by another randomized prospective study, were published by the same group of authors comparing surgical outcomes in anterior cervical decompression and fusion (ACDF) with the full-endoscopic anterior cervical discectomy (FECD) in patients suffering from mediolateral soft disc herniations [116]. Employing similar outcome measures, 85.9% of the total of 103 patients with ACDF or FECD no longer had any arm pain at a two-year follow- up. Another 10.1% of patients reported occasional pain. Again, the authors were unable to find any significant clinical differences between the decompression with or without fusion. They recommended the full-endoscopic technique as it afforded similar advantages to the authors reported previously.




      

        Table 1 Comparison of specifications of the early foraminoscopes 1992 – 1997.
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      Yao et al. provided 5-year follow-up clinical and radiographic outcomes of 67 patients who underwent ACDF performed via the endoscopic approach [196]. Primary clinical outcome measures, including the Japanese Orthopaedic Association (JOA) and VAS, showed 86.6% of patients with excellent results at the final follow-up. The authors assessed anterior intervertebral height (AIH) and the lordosis angle (LDA) as secondary radiographic outcome measures showed that AIH increased, on average, 18.7% from the original height (p < 0.01) with more physiologic LDA as well. In this landmark study of the 67 patients, there was no segmental instability or intra- or postoperative complications, such as dysphagia or injury, to the tracheoesophageal groove's content. The authors reported a fusion rate of 100%. Six-years postoperatively, one patient was revised with an open ACDF for adjacent segment disease. For the surgical indications studied (cervical disc herniation causing cervical myelopathy, or radiculopathy), the authors achieved comparable results as reported with the open technique while exceeding patients' expectations regarding perioperative morbidity, postoperative cosmesis, and recovery.




      A recent meta-analysis by Wu et al. compared the clinical outcomes, the incidence of complications, and the reoperation rates between full-endoscopic posterior cervical foraminotomy (FE-PCF) and microendoscopic posterior cervical foraminotomy (MI-PCF) for cervical radiculopathy [197]. Their analysis included 26 articles with 2003 patients (FE-PCF, 377; MI-PCF, 1626) and was motivated by the lack of randomized clinical trials or high-quality prospective cohort studies. The authors calculated a pooled clinical success rate of 93.6% (CI: 90.0%-95.9%) for the FE group and 89.9% (CI: 86.6%-92.5%) for the MI group without any statistically significant differences between the groups (p = 0.908). The complication rates were similar without a statistically significant difference (p = 0.128) with 6.1% (CI: 3.2%-11.3%) in the FE group and 3.5% (CI: 2.7%-4.6%) in the MI group. These complications were transient nerve root palsy in the FE group (12/16, 75.0%) and dural tear in the MI group (20/47, 42.6%). The pooled reoperation rate, the FE group (4.8%, CI: 2.9%-7.8%) and the MI group (5.3%, CI: 3.4%-8.2%), were also not statistically different (p = 0.741). Wu et al. admitted that their meta-analysis's reliability was likely limited by a higher degree of bias in the underlying low-quality clinical studies. Based on the available studies, the authors concluded that FE-PCF and MI-PCF could both offer an effective treatment for cervical radiculopathy.




      Most recently (2020), Yuan et al. compared the clinical efficacy of endoscopic cervical spinal surgery with ACDF in treating cervical spondylotic myelopathy (CSM) in a study of 45 patients [98]. Perioperative data such as surgery time, blood loss and length of stay, and clinical outcome data, including the Japanese Orthopaedic Association (JOA) score before the operation, three months, and one year postop, were analyzed. While the JOA improvement rates in the twenty-two cases in the spinal endoscopy group and twenty-four cases in the ACDF group were no different, there was a significant advantage with endoscopy in terms of shorted mean surgery time, lower intraoperative blood loss and shorter length of stay (p < 0.05). There was no significant difference in the excellent rate (81.8% vs. 83.3%) between the spinal endoscopy group and the ACDF group (P>0.05), allowing the authors to conclude that the short-term efficacy of cervical endoscopic surgery and ACDF was equal in the treatment of CSM. This study by Yuan et al. is an example of an endoscopy application for the cervical spine's more complex conditions [98].




      In 2020, Ahn et al., published results of a prospectively comparative study between percutaneous endoscopic cervical discectomy (PECD) and ACDF by analyzing clinical outcomes of 51 single-level PECD patients to 64 ACDF patients [198]. The authors reported significant improvements in VAS, Neck Disability Index (NDI), and modified Macnab criteria in both groups. Excellent and Good results were obtained in 88.24% and 90.63% in the PECD and ACDF groups. Some patients required revision surgery - 3.92% in the PECD and 1.56% in the ACDF group. Patients in the PECD group showed shorter surgery time, hospital stay, and return to work compared to the ACDF group (p < 0.001). Patients were followed up to five years postoperatively, where there was no significant difference in outcome measures with PCED compared to those with conventional ACDF. The authors concluded that PECD provided the typical benefits of minimally invasive spine surgery and recommended it as an effective alternative to ACDF for treating soft cervical disc herniation.




      Du et al. compared ACDF outcomes to a motion to a cervical motion-preserving discectomy where the herniated disc was removed through anterior transcorporeal herniotomy (ATH) motivated by the progressive disc collapse often observed following endoscopic transdiscal discectomy [199]. Other authors have also highlighted the problems with the procedure and corroborated its benefits [200-202]. The feasibility study by Du et al. was performed by the authors to demonstrate the safety and efficacy of the percutaneous full-endoscopic anterior transcorporeal cervical discectomy (PEATCD) and channel repair (CR) for the treatment of cervical disc herniation (CDH). The authors operated on four patients with PEATCD and CR and followed them for at least 22 months, and obtained CT images at one week and three months after postoperatively to assess the healing of the bony access channel. The authors reported no procedure-related complications and significant postoperative VAS and JOA improvements scores. Three of the four patients reported Excellent Macnab outcomes, and one patient had a Good Macnab outcome. There were no problems related to the migration of the repair implant or collapse of the drilled vertebrae. Three months postoperatively, there was complete healing of the bony access channel. The authors advocated for their method listing less damage to the disc and the more effective preservation of cervical motion at the surgical segment as significant advantages. They concluded that PEATCD is a feasible, safe, and minimally invasive procedure. Deng et al. corroborated Du's study's findings by reporting the ability to remove upward or downward migrated disc herniations behind the cervical vertebral body as another advantage of the transcorporeal endoscopic approach to avoid the need for corpectomy [203]. The authors stated that the trajectory to access a migrated cervical herniated disc could be adjusted within the vertebral body, thus, making motion preservation the critical key advantage of the PEATCD procedure. Schubert reported his results with the procedure in a retrospective study of 9 patients and corroborated the advantages found by the other authors [204]. The most extensive clinical research on the percutaneous endoscopic surgery for cervical intervertebral disc herniation was published by Tzaan et al., who studied a total of 107 consecutive patients [205]. Complete 12 months follow-up (ranging from 12 to 60 months; averaging 22.4 months) was available on 86 patients (80%) There were significant VAS and Neck Disability Index improvements (p < 0.001). Excellent and Good Macnab outcome was achieved in 29 (34%) and 49 (57%) patients, respectively. There were two surgical complications – a carotid artery injury in one patient (treated with angiographic stenting), and a postoperative headache in another patient who improved with supportive care. Tzaan et al. concluded that the percutaneous endoscopic cervical discectomy procedure is associated with more rapid recovery but carries the risk of significant complications. Careful patient selection and meticulous surgical techniques are essential to render the procedure safe and effective alternative to open cervical discectomy or ACDF.


    




    

      CONCLUSION




      Endoscopic surgery for common painful degenerative conditions of the cervical spine has gotten some attention with few investigators demonstrating its successful employment for interventional pain management applications, cervical disc herniations, foraminal and central canal stenosis. In terms of its acceptance, it is lagging behind lumbar endoscopy. Still, it is gaining more traction fueled by technology advancements, and more sophisticated endoscopic instruments. These videoendoscopic optical improvements allow for adequate decompression and reconstruction of the cervical spine when indicated. There are several examples illustrated of these more modern endoscopy applications in the cervical spine within this text the authors and editors have put forward in response to the increasing interest and demand for these types of minimally invasive procedures. Its application, however, is riskier than in the lumbar spine because of surgery adjacent to the cervical spinal cord.
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