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Abstract 
Rheumatoid arthritis is a chronic systemic inflammatory disease that often affects the cervical spine. While it was initially thought that cervical involvement was innocuous, natural history studies have substantiated the progressive nature of untreated disease. Over the past 50 years, there has been further elucidation in the pathophysiology of the disease, as well as significant advancements in medical and surgical therapy. The introduction of disease modifying drugs and biologic agents has reduced the amount of patients with advanced stages of the disease needing surgery. Advancement in instrumentation techniques has improved patient outcomes and fusion rates. The introduction of endoscopic approaches for ventral decompression may further lower surgical morbidity. In this review, we give a brief overview of the pertinent positives of the disease. A discussion of historical techniques and the evolution of surgical therapy into the modern era is provided. With improved medical therapies and less invasive approaches, we will likely continue to see less advanced cases of disease and less surgical morbidity.  Nonetheless, a thorough understanding of the disease is crucial, as its systemic involvement and need for continued medical therapy have tremendous impact on overall complications and outcomes even in patients being seen for standard degenerative disease with comorbid rheumatoid.  
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Core tip: This review summarizes the pertinent features of cervical rheumatoid arthritis.  A discussion of important preoperative considerations and surgical approaches in a modern era with advancing medical therapy is provided. The evolution of surgical techniques and outcomes are also highlighted.
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INTRODUCTION
Rheumatoid arthritis (RA) is a chronic relapsing inflammatory disorder that primarily affects synovial joints with varying degrees of systemic involvement[1,2]. Although an awareness of the disease and its propensity to involve the cervical spine were appreciated as early as the 18th and 19th century[3,4], an observational approach was generally advocated until Matthew and colleagues’ seminal natural history study demonstrated clear radiographic and neurologic progression[5]. Several studies have since confirmed the progressive and grim natural history of untreated disease of the cervical spine[6-11]. Thus, a role for surgery was established, and it is now widely accepted that operative intervention should ideally occur before neurologic deterioration, particularly given poor outcomes with advanced disease[6]. With advancement in surgical instrumentation and newer medical therapies, however, there have been recent trends towards less surgery and less invasive approaches, along with a decrease in surgical volume as biologic agents have been shown to reduce the amount of de novo cervical lesions[12,13]. In this review, we provide an overview of the pertinent disease features of rheumatoid and important preoperative considerations for surgical planning. Finally, we briefly discuss the evolution of surgical therapies and modern techniques and emerging techniques and their impact on overall morbidity and surgical outcomes. 

PRESENTATION
Rheumatoid arthritis typically presents in the 4th and 5th decades of life, and more often afflicts females than males (2-4 fold)[1].  The prevalence in the United States among whites is estimated to be 0.5%-1% (roughly 1.3 million adults)[14,15]. RA accounts for significant disability and loss of work force worldwide[16]. Half of those affected are unable to work within 10 years of disease onset and life time costs rival that of coronary artery disease and stroke[1]. 
In general, rheumatoid can manifest in any joint. However, the metacarpophalangeal and proximal interphalangeal joints of the hand, the metatarsophalangeal joints of the feet, and the wrists and knee are most often affected[17]. Given the systemic nature of the disease, patients can also present with constitutional symptoms or a myriad of extra-articular manifestations. Extra-articular manifestations have a higher incidence in those with an accompanying vasculitis and may range from subcutaneous nodules and nail bed thrombi to pleurisy, pulmonary fibrosis, and/or pericarditis[18-23]. Other peripheral complications include cutaneous ulcers and neuropathy[18,24]. The cervical region is the most frequently involved area of the spine and can show radiographic changes in up to 88%[25], though both the thoracic and lumbar spine can also be involved[26,27]. 

PATHOPHYSIOLOGY AND CERVICAL MANIFESTATIONS
A general understanding of RA pathophysiology can help explain its presentation in patients whose cervical spine is affected by the disease. While the precise etiology has yet to be fully elucidated, the prevailing hypothesis is that RA results from a humoral autoimmune response arising from exposure to an environmental agent (i.e., Epstein-Barr Virus) in genetically predisposed individuals[28,29]. Following exposure to an environmental trigger, antigen presentation by  macrophages (particularly in those with variants in HLA-DR4 and DR-1) initiates an inflammatory cascade and release of cytokines[30]. This is believed to result in both the formation of autoantibodies such as rheumatoid factor (present in 80% of individuals of the disease[18]) and an inflammatory infiltrate of synovial joints, otherwise known as a pannus. The synovial infiltrate is comprised of T cells (predominantly Th1 cells), B cells, plasma cells, natural killer cells, dendritic cells, and mast cells[31]. The autoantibodies lead to further activation of the complement system and neutrophils. Synovial fibroblasts, macrophages, and T cells secrete cytokines (interleukin-1, interleukin-17, tumor necrosis factor etc) and digestive enzymes (e.g., matrix metalloproteinases, collagenases) that result in osteoclast activation and ultimately destruction of adjacent cartilage, tendons, and bone[32-35]. The ongoing inflammatory response leads to either progressive spinal instability from ligamentous laxity and facet involvement, direct neural compression (i.e., pannus), or compromises in blood supply to the spinal cord in cases with cervical disease[36]. 
Classically, rheumatoid can manifest in the cervical spine as atlantoaxial subluxation, cranial settling (also termed “basilar invagination”), and/or subaxial subluxation (Figure 1). Other manifestations include a C1-2 pannus (present in up to 81% on MRI)[25], odontoid erosions or fracture[37], or rarely an inflammatory discitis[26]. In a moderate sized cohort (N = 106), Kawaguchi et al[27] found the overall rate of cervical spine involvement to be 65%, with atlantoaxial subluxation occurring most commonly (47%), followed by odontoid erosion (35%) and subaxial subluxation (20%). More subtle signs of early involvement include a neurocentral synovitis of superficial joints and erosion of the lateral disk margins, with little osteophyte formation[9,38,39]. Varying degrees of fibrosis and ankylosis are also not uncommon[40]. Histologic analysis has also confirmed the presence of fibrinoid changes in the apical and interspinous ligaments[41]. Finally, osteoporosis can also often accompany rheumatoid[41,42]. 

SIGNS AND SYMPTOMS OF CERVICAL SPINE MANIFESTATIONS 
The aforementioned changes can result in a variety of symptoms in rheumatoid patients including pain (occipital headache and neck pain), myelopathy and cranial nerve palsies, or signs of  vascular insufficiency (i.e., Wallenberg syndrome or syncope)[43-45]. While pain is the most common symptom of cervical involvement and may suggest instability, it is nonspecific; Neva and colleagues found that 65% of patients in a rheumatoid cohort reported pain and had no evidence of radiographic subluxation[43]. Occipital headaches may indicate impingement of the greater or lesser occipital nerves and is present in 60% of patients with atlantoaxial subluxation and 90% with cranial settling[46]. Pain can be somewhat regionalized to the area involved. In other words, suboccipital pain can indicate atlantoaxial pathology, while mid to lower cervical pain can correlate with subaxial instability. Patients with C1-2 instability may report a “clunking” with movement, also termed the Sharp-Purser test[47].  Signs and symptoms of myelopathy include limb paresthesias, numbness, weakness, and bladder or bowel disturbances. Hand deformities and peripheral neuropathy can mask myelopathy in RA. Bell’s cruciate paralysis has been described with cervicomedullary compression with cranial settling and describes upper motor neuron weakness greater in the arms than legs due to a more caudal decussation of the lateral corticospinal tracts supplying the legs[48]. Cranial nerve involvement (usually glossopharyngeal, vagus, and hypoglossal) can also result from cranial settling. Dysfunction of one or more cranial nerves has been reported in up to 20% of individuals[46].  Other signs of bulbar compression that can result include internuclear ophthalmoplegia, facial diplegia, nystagmus, loss of sensation in the trigeminal distribution, quadriparesis, sleep apnea, and locked-in syndrome[49].  Lastly, sudden death can result from direct brainstem compression or vascular insufficiency[50, 51]. 

NATURAL HISTORY	
The majority of the natural history studies for cervical rheumatoid were conducted in the 1980’s, before the development of biological therapies such as anti-tumor necrosis factor agents. As previously mentioned, these agents have been shown to impede de novo involvement of cervical spine. However, they have not been shown to prevent further progression of instability once it has occurred[12,13]. Nonetheless, improved medical therapy has reduced the overall need for surgical intervention. Cervical disease usually develops within 2-10 years of disease onset[52]. Generally, it is felt that atlantoaxial subluxation precedes cranial settling, and that subluxation can falsely appear to reduce once this occurs[53]. The degree of progression has been shown to correlate with peripheral disease of the hands and feet[54]. Fujiwara et al[7] followed a moderate size cohort (N = 173), 29% of which had atlantoaxial subluxation. At 5 years of follow up, they found that 63% with atlantoaxial subluxation progressed and that 39% without prior evidence of disease developed de novo subluxation. Ten patients became myelopathic[7]. Similarly, Pellici noted worsening in subluxation in 80%, de novo subluxation in 27%, and an overall 5-year mortality of 17%[8]. Mikulowski et al[50] reported postmortem findings in 104 rheumatoid patients and found that 11 deaths were associated with cervicomedullary compression from atlantoaxial dislocation[50]. 
More advanced stages of the disease can have an even worse natural history. Out of 31 total patients, Marks and Sharp noted 15 deaths within 6 mo of presentation[9]. All patients who did not undergo treatment and 50% treated with a soft collar alone died. Casey and colleagues reported on patients with cranial setting (classified as Ranawat 3B or with the inability to walk or feed oneself)[6]. Three out 58 patients refused surgery and died at 1 wk, 2 mo, and 6 mo respectively. The 30-d mortality rate in those who underwent surgery was 13%, and 60% died within 4 years. Only 25% had a favorable outcome. Because of the poor natural history, a general consensus has arisen to intervene before cervical myelopathy or cranial settling occurs[6,10,11,46]. Approximately, 10% with cervical spine involvement will require surgery[8]. 
While a detailed description of specific medical therapies is beyond the scope of this review, we briefly mention the various medical agents as their cessation becomes important when considering surgical intervention. Commonly employed therapies include non-steroidal anti-inflammatory drugs (NSAIDs), oral steroids, disease-modifying anti-rheumatic drugs (DMARDs) such as methotrexate, sulfasalazine, hydroxychloroquine, and newer biologic agents such as tumor necrosis factor or interleukin-1 antagonists[55]. Other potential adjuncts include osteoporosis agents to improve bone density[56]. In an older series by Sunahara, 76% of patients showed further progression at six years despite medical therapy[51].  Although newer agents show less de novo disease, they are less effective at halting further cervical progression unlike with peripheral disease[57]. Mutilating disease, corticosteroid use, high seropositivity, vasculitis, rheumatoid nodules, and male gender are established risk factors for progression[58, 59]. 

PREOPERATIVE EVALUATION
Radiographic evaluation and criteria for instability
Plain cervical X-rays are recommended for screening RA patients for cervical spine disease. Useful views for evaluation are upright AP and lateral, open-mouth (odontoid view), and flexion-extension for detection of instability (Figure 2). Plain radiographs can be limited, however, by bony erosion and inability to visualize soft tissue compression. CT is useful for determining overall bone quality and for surgical planning especially with C2 fixation techniques[60]. MRI has the highest sensitivity for detecting disease of all three modalities[61]. General recommendations for obtaining MRI are the presence of neurologic deficits, a predental space of 7 to 8 mm, and abnormal radiographic pathology (i.e., cranial settling, odontoid erosion, or subaxial subluxation).  Additionally, MRI can be useful for detecting pannus. While it was initially though that T2 hyperintensity correlates with regression after fusion, it has been since been shown that pannus regression is independent of MR signal and can resolve after posterior fusion despite its MR intensity (Figure 3)[62-64]. Lastly, preoperative CT and MRI are useful for preoperative planning and can be incorporated into the operative theater with intraoperative navigation to improve safety during transoral decompression[65]. 

Evaluating for atlantoaxial instability
Although the atlanto-dental interval (ADI) has been used as a measure for atlantoaxial instability, the posterior atlanto-dental interval (PADI) has been shown to be a more reliable indicator and correlates with neurologic improvement after surgery and the development of myelopathy. Normal ADI is defined as 0-3 mm, whereas values between 6-10 mm have been cited as cutoffs for instability and indications for surgery[37,66-69]. Cut-off values on lateral radiographs of 13 and 14 mm have been suggested for PADI[70-73]. These values correlate with anatomical studies at C1 showing the width of the cord, dura (anterior and posterior) and cerebrospinal fluid space of 10 mm, 1 mm, and 2 mm, respectively[71,74]. More recently, it has been shown that preoperative neurologic function is directly related to increased intramedullary T2 signal, which also corresponds to ADI and PADI on lateral radiographs[75]. Open mouth odontoid views are useful for detecting lateral subluxation, with a distance of greater than 2 mm being shown to correlate with spinal cord compression[37,76]. 

Evaluation for cranial settling
A variety of radiographic parameters have been used to identify cranial settling (Table 1). Classic indicators evaluate the location of the odontoid process with respect to the foramen magnum (McRae’s line)[77] or with respect to the hard palate and the base (Chamberlain’s line)[78] and midpoint of the opisthion (McGregor’s line)[79]. Newer classifications describe the relation of C1 relative to C2 (e.g., Ranawat’s Criteria and Clark’s station of the atlas) or the base of C2 relative the palatal-occipital line (Redlund-Johnell)[66,80,81]. While all can potentially be used, none have a sensitivity, specificity, or negative or positive predictive value of greater than 90%[79]. Riew and colleagues conducted a meta-analysis which found that combining Clark station, Redlund-Johnell criteria, and Ranawat criteria yielded a sensitivity and negative predictive values of 94% and 91%, and thus recommend the use of all three when evaluating for cranial settling[79]. 

Evaluation of the subaxial spine
Boden and colleagues define a cut off for critical stenosis as less than 14 mm in subaxial spine[71]. Other commonly used criteria on plain radiographs include White and Panjabi’s, which uses a value of greater than 3.5 mm of vertebral translation or greater than 11 degrees between adjacent motion segments as markers for subaxial instability[82]. 

Cervicomedullary angle
The cervicomedullary angle measured on MRI or myelography is predictive of neurologic compression[83]. The cervicomedullary angle corresponds with the angle formed by the intersection of vertical lines drawn along the anterior surface of the brainstem and the spinal cord on sagittal MRI. The range in normal individuals is 135-175 compared to less than 135 degrees in those with myelopathy.

THE EFFECT OF RHEUMATOID MEDICATION ON SURGERY
The cessation or continuation of various rheumatoid medications is an important perioperative consideration (summary provided in Table 2). Because NSAIDs inhibit platelet function and thus increase the risk for intraoperative blood loss and postoperative hemorrhage, they should be discontinued 3 to 5 half-lives before surgery[84]. Additionally, NSAIDs have been shown to inhibit bone formation and should be withheld after surgery if possible. Corticosteroids impair bone and wound healing and can cause adrenal suppression in patients on an equivalent of 20 mg/d of prednisone or more. Perioperative stress doses should be given to these individuals[84,85]. While methotrexate has not been shown to increase in infection rates[86], it may affect bone healing[87] and should be discontinued for 6 to 8 wk if possible. Finally, biologic agents (tumor necrosis factor-α and interleukin-1 antagonists) increase the risk of opportunistic infections (11% reported by Giles et al)[88] and should be stopped preoperatively and held until 10 to 14 d after surgery[84,85]. 

OVERALL IMPACT OF RA ON SURGICAL COMPICATIONS AND OUTCOMES
There are several general considerations that should be noted about rheumatoid patients before considering any surgery. Because of the overall systemic effects of the disease, patients will have higher complication rates than would be expected for other indications that involve the same surgery. For example, patients with comorbid rheumatoid and lumbar pathology have been shown to have higher wound and implant related complications[89-91]. Similar findings have also been reported in other orthopedic procedures such as total hip arthroplasty[92,93]. Nonunion and instrumentation failures are impart related to baseline osteopenia or osteoporosis and also due to anti-rheumatoid agents that impair fusion[88, 89, 91]. Rheumatoid patients are also more prone to develop infections[94-96]. In a large matched cohort with over 10 years of follow up, Doran et al[95] found that rheumatoid patients had higher overall incidence of infections with particular predilection for bone, joints, skin, soft tissues, and the respiratory tract. The higher infection rates were felt to be due to alterations in immunity from rheumatoid and immunosuppression from rheumatoid medication.  Pulmonary involvement especially has an impact on overall morbidity with surgery and also increases the risk of premature mortality[93,97,98]. Increased morbidity and ongoing systemic disease result in higher resource utilization and worse outcome in rheumatoid patients[93,99,100]. Thus, it is imperative that these patients undergo thorough medical evaluation and preoperative optimization to mitigate these effects as much as possible.  Lastly, outcomes are largely determined by preoperative neurologic function. Wolfs and colleagues performed a metaanalysis on 752 rheumatoid patients (25 studies) and found that those who were Ranawat class I and II rarely had deterioration in neurologic function. Whereas, patients with Ranawat class IIIB function had significantly worse outcomes with 43% and 70% mortality rates at 5 and 10 years, respectively[101]. 

SURGICAL INDICATIONS
Indications for surgery include medically refractory pain, neurologic deficits (myelopathy or cranial nerve/ bulbar dysfunction), and radiographic instability as defined previously[41,64,71,102-104]. The ultimate goals of surgery are to relieve neurologic compression and eradicate instability, thereby preventing further neurologic decline[44]. 

PREOPERATIVE TRACTION AND SURGICAL APPROACH
Prior to surgery both the reducibility of the lesion and vector of compression need to be considered (Figure 4). Atlantoaxial instability can often be reduced with positioning intraoperatively, and thus, preoperative traction is mostly used for cases of cranial settling. Traction is contraindicated only in cases of complex rotary subluxations and posterior occipito-atlantoaxial dislocations due to risk of distracting the vertebral artery[40]. Otherwise, traction can be initiated with 5-7 lbs. and gradually increased to a maximum of 10-11 lbs. by 36 h[40]. Periodic radiographs and serial neurologic examinations should be performed. Instrumented fusion can be performed in cases of cranial settling which reduce with traction. If no reduction occurs by 4 to 5 d, however, decompression in the vector of the offending pathology should be performed followed by instrumented fusion.  Roughly 80% of cases will reduce[44]. Negative predictors for reduction include odontoid penetration beyond 15 mm through the foramen magnum, large pannus, odontoid fractures, and cranial settling complicated by lateral or rotatory subluxation[40]. 

FUSION AND DECOMPRESSION TECHNIQUES
Occipitocervical fusion is indicated for cranial settling or for fixed atlantoaxial subluxations with posterior cord impingement by C1 in which case a C1 laminectomy is also performed[105-107]. The technique was originally described by Foerster in 1927 and then modified by Hamblen with the addition of iliac crest grafts in 1967[108,109]. Ransford and Flint later popularized the loop-rod technique[110,111], which eventually became supplanted by occipitocervical plating as described by Grob[112,113] and Smith[114].  Occipitocervical plating is more rigid and commonly used today[112,115,116]. Typically occipitocervical fusions extend down to at least C2 with or without a C1 laminectomy (which is preferred by some even in reducible lesions). The fusion may need to extend further into the subaxial spine depending on the bone quality and screw fixation. 
A C1-2 fusion is considered the surgery of choice for atlantoaxial subluxation (Figure 5). Historically, Gallie wiring and grafting techniques were used[117], which were further modified by Brooks and Jenkins[118], Wertheim and Bohlman[119], and Clark and colleagues[66]. Halo immobilization was often used to supplement wiring techniques to improve arthrodesis rates, but still could have failure rates of 20%[69,120,121]. As instrumentation methods improved, however, these techniques have been replaced or combined with screw and rod instrumentation. Magerl originally described the use of C1-2 articular screws[122,123]. Goel would later describe plate and screw fixation for atlanto-axial subluxation which was further modified by Harms and Melcher to posterior C1 lateral mass and C2 pedicle or pars screws[124,125]. When using C2 fixation techniques it is paramount to consider the course of the vertebral artery which can be defined with preoperative CT or CT angiography[126]. A high riding vertebral artery or narrow C2 isthmus can be prohibitive to C2 transarticular screw fixation. Other contraindications include collapsed lateral masses or significant cranial settling, irreducible subluxations, poor bone quality, or loss of osseous integrity of C1 or C2.   The C2 isthmus should be wide enough to accommodate a 3.5 mm screw. The starting point is 3 mm above the C2-3 facet articulation, 2-3 mm lateral to the medial border of the C2 facet, and the trajectory is 0-10 degrees medially aimed at the anterior arch of C1. Screw size is typically a width of 3.5 to 4.5 mm and 40 to 44 mm long.  Optimally placed transarticular screws have a fusion rate of roughly 95%[127],  though it can be difficult to capture both the C1 and C2 vertebrae. The Harm’s technique involves placing polyaxial screws (3.5 mm) directly into the lateral mass of C1 and into the pars or pedicle of C2 bilaterally. C2 pedicle fixation can be performed provided the pedicle width is wide enough to accommodate a screw (at least 6 mm per Alosh et al[60]). Overall the literature suggests that incidence of vertebral artery injury is low with either transarticular or pedicle screw fixation techniques, and both have greater than 90% fusion rates[128-131]. Although no prospective comparisons have been conducted, pooled meta-analysis suggests that pedicle screws may have a lower risk of misplacement and vertebral artery injury[132]. In the authors’ opinion, either technique is acceptable provided the surgeon has sufficient experience and a thorough knowledge of the patient’s anatomy. Other C2 fixation techniques have been described to lower the risk for vertebral artery injury or for cases with unfavorable anatomy. Tokuhashi and colleagues describe an alternative technique that involves the use of Halifax interlaminar clamps to achieve intraoperative reduction and placement of an interference screw that is secured to a corticocancellous graft[133]. Intralaminar screws can also be used as an alternative method of C2 fixation when anatomy for pedicle or transarticular screws is unfavorable[134]. From a biomechanical perspective, C2 pedicle screws provide greatest overall stability[135]. Lapiswala et al[136] demonstrated superior lateral bending moments with pedicle and transarticular screws compared to intralaminar screws, though with wire supplementation, all have equivalent moments in flexion, extension, and axial rotation. The senior author prefers pedicle screw fixation in patients with favorable vertebral artery anatomy due to their increased biomechanical strength. 
Subaxial fusion techniques have also evolved from wiring (Bohwman’s triple wire technique) to plating and screws, to polyaxial lateral screws and rods[123,137,138]. Three variants of lateral mass screws have been described by An, Magerl, and Roy-Camille.  While pedicle screws have been shown to have the highest pullout strength, we do not recommend their routine use due to a higher risk of vertebral artery injury[139,140]. Our personal preference is to use a modified An technique due to a lower rate of nerve root violation compared to other techniques[141], and to reserve other techniques as potential rescue methods.
For cases that are irreducible or in cases in which a pannus fails to regress, decompression is indicated. A standard C1 laminectomy is indicated for cases of posterior impingement of the cord. Ventral decompression has traditionally been performed through a transoral approach. These are often complicated by swallowing dysfunction and postoperative airway swelling, necessitating tracheostomy and percutaneous gastrostomy placement[142]. Because of a high failure rate of successful postoperative extubation, we often place a tracheostomy prior to transoral approach. We have also found it resourceful to use intraoperative navigation as an adjunct[65]. More recently, endoscopic approaches via a transnasal or transoral route have been advocated[143-145]. In addition to reducing swallowing dysfunction and the need for tracheostomy, these approaches may also allow for preservation of the anterior arch of C1 and perhaps obviate the need for posterior fixation in select cases[143-151]. A transcervical endoscopic approach is also feasible and may mitigate morbidity as demonstrated in a small cohort (N = 15) by Dasenbrock et al[152] in which all were able to avoid the need for postoperative tracheostomy. While these approaches potentially offer less invasive techniques for ventral decompression, further prospective and comparative studies will be necessary to determine their role in the management of rheumatoid patients.

OUTCOMES
Surgical outcomes are generally better in patients with less preoperative impairment. In a series of 28 patients, Schmitt-Sody et al[153] found that 7 out of 10 patients that were Ranawat class II improved to class I, whereas 1 out of 11 class IIIA improved to class II, and 2 patients deteriorated to Class IIIB. Ranawat et al[84] noted that outcomes were particularly poor in non-ambulatory patients (Ranawat Class IIIB). Other poor prognosticators include a spinal cord area of less than 44 mm2 and PADI of less than 10 mm[154]. Boden et al[71] noted significant motor improvement in patients with had preoperative PADI of 14 mm or more. Advanced age, atlantoaxial instability, and postoperative complications have all been found to be predictors of mortality[39,155]. Lastly, intervening early and before cranial settling occurs has been shown to decrease the risk for future instability. Agarwal and colleagues found that 5.5% of patients undergoing early intervention for atlantoaxial subluxation developed recurrent instability (mean 9 years) compared to 36% who underwent occipitocervical fusion cranial settling[156].  Clarke et al[157] found that 39% of rheumatoid patients undergoing surgery for atlantoaxial subluxation subsequently developed subaxial subluxation, 54% of which required further fusion. 

CONCLUSION
The treatment of cervical rheumatoid has significantly evolved over the past 50 years. A disease with potentially grim outcomes has been improved with surgery. Additionally, the advanced stages of the disease are less commonly seen due to improved medical therapies. Significant advances in surgical instrumentation no longer require internal and external fixation, and fusion rates have improved.  Finally, the use of endoscopic approaches may potentially lower the morbidity with ventral decompression, though further prospective study will be necessary to elucidate their role and whether they can obviate the need for fusion. 
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	Table 1  Criteria for cranial settling in rheumatoid

	Measurement/ Criteria
	Description
	Definition of abnormal

	McRae’s line 
	Tip of the basion to opisthion
	If any portion of the odontoid extends superior to this line

	McGregor’s line 
	Hard palate to caudal aspect of the opisthion
	>  4.5 mm of the dens is superior to this line

	Chamberlain’s line 
	Hard palate to the midpoint of the opisthion
	> 3 mm of the dens extends superior to this line

	Ranawat’s1
	Distance from the C2 pedicle to a line bisecting the ring of C1
	< 15 mm in males, < 13 mm in females

	Redlund-Johnell and Peterson1 
	Distance from the inferior end plate of C2 to McGregor’s palato-occipital line
	< 34 mm in males, < 29 mm in females

	Clark’s station of the atlas1
	Position of C1 with relation to the body of C2 (divided into thirds)
	If C1 extends below the rostral third of C2

	
1Recommended criteria by Riew et al [79].



Table 2 Common rheumatoid arthritis medications and perioperative considerations


	

	RA Medication
	Preoperative action

	NSAIDs
	Discontinue 3-5 half-lives before surgery

	Corticosteroids
	Administer perioperative stress doses 

	Methotrexate
	Discontinue for 6-8 wk if possible

	Biologic agents (TNF-α and interleukin-1 antagonists)
	Discontinue preoperatively and hold until 10-14 d post-surgery



RA: Rheumatoid arthritis; NSAIDs: Non-steroidal anti-inflammatory drugs; TNF-α: Tumor necrosis factor.

Figure 1 Sagittal computed tomography of the cervical spine of an 82-year-old female with rheumatoid arthritis and neck pain with cranial settling. 

Figure 2 Lateral X-ray (left) and sagittal magnetic resonance imaging (right) of a 52-year-old with atlantoaxial subluxation. Left: Lateral X-ray; Right: Sagittal Magnetic resonance imaging. The anterior atlantodental interval  is shown (red line).

Figure 3 Resolving rheumatoid pannus after occipital cervical (top) and C1-2 fusion (bottom). Left: Preoperative magnetic resonance imagings; Middle: Postoperative lateral X-ray; Right: Postoperative magnetic resonance imaging s.

Figure 4 Preoperative traction and surgical approach to cervical rheumatoid.

Figure 5 Lateral X-ray images of the spine before (A) and after (B) surgical intervention. The anterior atlantodental interval is shown (red line). 
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