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Abstract
Ankylosing spondylitis (AS) is a chronic inflammatory disease that affects 1% of the general population. As one of the most severe types of spondyloarthropathies, AS affect the spinal vertebrae and sacroiliac joints, causing debilitating pain and loss of mobility. The goal of this review is to provide an overview of AS, from the pathophysiological changes that occur as the disease progresses, to genetic factors that are involved with its onset. Considering the high prevalence in the population, and the debilitating life changes that occur as a result of the disease, a strong emphasis is put on the diagnostic imaging methods that are used to detect this condition, as well as several treatment methods that could improve the health of individuals diagnosed with AS.
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Core tip: Considering the high prevalence in the population, and the debilitating life changes that occur as a result of the disease, this article puts a strong emphasis is put on the diagnostic imaging methods that are used to detect this condition, as well as several treatment methods that could improve the health of individuals diagnosed with AS. However, we have also tried to provide a summary of current knowledge on Ankylosing Spondylitis in one single manuscript. It can be used as handbook for physicians handling patients with this condition. 
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INTRODUCTION 
Ankylosing spondylitis (AS) is a chronic and systemic seronegative inflammatory spondyloarthropathy, which causes destruction and fusion of the spinal vertebrae and sacroiliac joints. It has been proposed that the sites of attachment of the ligaments or tendons to the bone, called entheses, are the major target of the inflammatory, traumatic and degenerative pathological changes occurring in AS. Enthesitis is believed to play a primary role in the ligament calcification process, which results in pain. It can lead to reduced flexibility of the spine, and eventually complete loss of its mobility, destruction as well as ankylosis (fusion) of the spine and sacroiliac joints.
Accordingly, comprehension of the microanatomy and mechanical function of spinal ligaments and entheses is necessary in order to provide a better understanding of the operating mechanisms of AS, and propose treatment options. 
The goal of this review is to provide an overview of AS, from the anatomy and pathophysiological changes that occur as the disease progresses, to genetic factors that are involved with its onset. Considering the high prevalence in the population, and the debilitating life changes that occur as a result of the disease, a strong emphasis is put on the diagnostic imaging methods that are used to detect this condition, as well as several treatment methods that could improve the health of individuals diagnosed with AS.

ANATOMY OF THE SPINAL LIGAMENTS
The articulation mechanisms between any two vertebrae and the connecting soft tissues form what is called the motion segment. The anterior and posterior longitudinal ligaments connect the vertebral bodies. The intervertebral disc consists of an external fibrous ring, the annulus fibrosus, and a gelatinous core, the nucleus pulposus. On each side of the vertebral arch, the laminae of the upper and lower vertebrae are joined by a ligamentum flavum. There is a spinous process at the junction of the two laminae. The interspinous ligament joins the spinous processes of the upper and lower vertebrae, and the supraspinous ligament connects their tips. The zygapophyseal joints (facet joints) form between the superior articular process (SAP) of the lower vertebra and the inferior articular process (AP) of the upper vertebrae[1].

Anatomy of sacroiliac joints
The sacroiliac (SI) joint is a strong diarthrodial weight-bearing compound joint. It consists of an anterior synovial joint (between the articular surfaces of the sacrum and ilium), whose irregular interlocking surfaces are covered with articular cartilage as well as a posterior syndesmosis located between the tuberosities of these bones. The SI joint has unique characteristics not typically found in other diarthrodial joints. These characteristics include the presences of fibrocartilage in addition to hyaline cartilage, discontinuity of the posterior capsule, many ridges and depressions in the articular surfaces, and limited range of mobility compared to other synovial joints. Three main ligaments stabilize the SI joint: the thin anterior SI ligament, the thick interosseous ligament lying deep between the tuberosities of the sacrum and ilium, which is critically involved in transmitting weight from the sacrum to the iliac bones, and the posterior SI ligament, which is the external continuation of the same mass of fibrous tissue[2,3]. Histological examination reveals rich innervation of the SI joint as well as the presence of free nerve fibers within the joint capsule and the adjoining ligaments[4].

Structure of enthuses
There are two different types of entheses. Fibrous entheses, characterized by pure, dense fibrous tissue; and fibrocartilaginous entheses, which have a transition zone of fibrocartilage at the bony interface. Typically, four zones of tissue are present in the latter type: pure, dense fibrous tissue, un-calcified fibrocartilage, calcified fibrocartilage and bone. The two-fibrocartilage zones are separated by a basophilic (calcification) line known as the tidemark. Type I-collagen is the dominant collagen of the tendons/ligament and bone, whereas type II-collagen is a special feature of fibrocartilage tissue, both calcified and un-calcified, as it accounts for its compression-tolerance properties[5]. Most tendons and ligaments have fibrocartilaginous entheses. Typically in AS, enthesitis is the primary trigger of the disease, while all other joint manifestations are secondary.
Diffusion of the pathological changes in the tissues surrounding entheses, e.g., fibrocartilages, bursa, fat pads and the entheses itself collectively constitutes the concept of entheses organ, which helps to explain synovitis and osteitis in AS[6,7]. Entheses are metabolically active and are nourished by blood supplies from the perichondrium and periosteum. However, normal entheses organs are avascular in their fibrocartilaginous regions, and are completely devoid of immune cells. Microdamage of the entheses appears to be associated with tissue repair responses and vessel ingrowth[6,8].

Pathophysiology
Enthesopathy occurs in the subchondral bone area, with an erosive inflammatory infiltrate composed of lymphoplasmocytes and sometimes polymorphonuclear cells, followed by fibrous tissue proliferation leading to cartilage and then bone formation. Spinal and SI enthesitis limit the ability of the spine to move and the ability of the thoracolumbar fascia to influence the alignment of the lumbar vertebrae, thereby it increases their risk of destructive injury[9]. This phenomenon decreases the length of the visco-elastic portion of the spinal ligaments, and also affects the myxoid subchondral bone marrow. As the disease progresses, it destroys the nearby articular tissues or joint tissues. The calcification of the entheses organ is the final step before the appearance of the “bamboo spine” where original and new cartilages are replaced by bone causing fusion of the joint bones, leading to stiffness and immobility. Enthesitis is also associated with underlying osteitis. Whether mechanically induced or inflammatory-related, the extent of osteitis is determined by human leukocyte antigen-B27 gene[10]. 

BONE DENSITY LOSS IN AS
Bone mineral density (BMD) loss occurs in the course of AS disease with high prevalence. The severity of BMD loss depends on the disease duration and the presence of syndesmophytes of the spine. A decrease in BMD can be found both in the hip as well as in the spine in both early and late stages of the disease. Dual-energy X-ray Absorption (DEXA) is the most reliable means for the measurement of BMD. Normal bone density is defined as T score ≥ -1.0, osteopenia as -2.5 < T score < -1.0, and osteoporosis as T score ≤ -2.5[11]. The T score corresponds to the number of standard deviations (SD) from any result of the peak bone mass. Osteoporosis of the spine (L1-L4) is much more common than that of the hip in AS, and BMD of the spine still remains the most important site to define osteoporosis in patients with AS[12]. Low BMD becomes clinically pertinent as it increases the risk of fracture, since these fractures are a considerable cause of morbidity and reduced quality of life[13].
Significant local and systemic inflammatory responses may play an important role in the development of osteoporosis (defined as T scores less than -2.5 in one region in the lumbar spine or proximal femur) in clinically established AS patients. Genetic susceptibility, immobility and impaired calcium and vitamin D absorption are other possible mechanisms that facilitate the bone loss process in AS. DEXA measurements made in the hip can detect continuing bone loss represented by a low BMD with a better sensitivity than in the spine. Although the deleterious effects of AS are considered to be more distinguished in the spine, the Bath Ankylosing Spondylitis Disease Activity Index, an accepted indicator of disease activity, demonstrates pronounced activity in the hips rather than the spine[14]. 
Increased bony sclerosis that is seen in the expected disease evolution of AS can artificially cause an augmentation of BMD in routine DEXA of the spine, despite the ongoing bone loss that is depicted in hip measurements of DEXA. Enthesitis of the vertebral margins, sclerosis of vertebral end-plates, syndesmophyte formation, interapophyseal joint and interpedicular joint ankylosis can all justify this paradoxical increased BMD of spinal involvement in AS. Studies where BMD has not increased may reflect the heterogeneity of the selected sample, since they have included AS patients in all stages of the disease, probably some of them without syndesmophytes. It has been shown that BMD measured by lateral DEXA or on Quantitative Computerized Tomography is less affected by syndesmophytes than anteroposterior lumbar DEXA in late stage AS patients[12].

Genetics in AS
AS is a systemic disease with a strong genetic predisposition. Previous studies have indicated that several genetic factors implicate the susceptibility to AS[15-17]. Brown et al[15] in 1997 reported a disease concordance of about 12.5% and 75% in di- and monozygotic twins, respectively(18). In addition to the role of genetics in susceptibility to AS, some studies have focused on the impact of genetic predisposition on important clinical parameters, including the age of disease onset and disease activity in AS patients. Brophy et al[13] found a correlation of disease severity among siblings and a parent-child concordance for ophthalmic involvement at the onset of disease in early adulthood[18].
The major histocompatibility complex (MHC) locus on chromosome 6p and other Non-MHC loci are revealed to be associated with genetic basis of AS[19]. In 1973, Brewerton et al[20] revealed the amazingly strong association of HLA–B27 with AS. Human Leukocyte Antigen (HLA) B27 is a surface antigen class-I that presents antigenic peptides to T-cells. It is encoded in the major histocompatibility complex (MHC)[20,21]. HLA-B27 consists of a family of more than 40 subtypes named HLA-B*2701 to HLA-*B2728. HLA-B*2702, B*2704, and B*2705 have the strongest association with AS[22]. The overall prevalence of HLA-B27 in the general population is 8%, however there are regional differences in prevalence. For instance, the prevalence of HLA-B27 among the general population of the United States is 6.1%, however in New Zealand the prevalence is 9.2%[23-25]. HLA-B27 seems to be rare in the African population, which is consistent with a low disease incidence[26]. 
Polymorphisms of the HLA-B27 gene have different prevalences around the world. B*2705 is the most prevalent variant among HLA-B27 carriers of the white British population[27]. However, a combination of B*2704 and B*2705 is the prevalent variant among Chinese populations[28]. 
To explain the association of HLA-B27 with the pathogenesis of AS two essential theories have been proposed, namely the canonical and non-canonical theories. The “arthritogenic peptide” theory is a canonical theory that suggests HLA- B27 mediated antigen presentation as the center of pathogenesis. The theory suggests that the T-cell mediated cytotoxic response to self-antigens can result in autoimmunity and inflammation[29-33]. “Misfolded protein” and “HLA-B27 surface homodimer” hypotheses are two non-canonical theories explaining the pathogenesis through the accumulation of inappropriate HLA-B27 proteins and abnormal intracellular signaling, respectively[34-40]. 
Although the association of HLA-B27 with AS is very significant, some non-B-27 MHC genes and non-MHC genes may be associated with this disease. The HLA-B60 gene, an MHC class I gene, is associated with AS in British and Chinese populations[41,42]. In addition, Brown et al[43] (1998) and Sims et al[19] (2007) showed that the HLA-DRB1 gene, MHC class II, can be associated with AS. In the case of non-MHC genes, the IL-1 gene complex is associated with AS[44-47]. The CYP2D6 gene encoding cytochrome P450 debrisoquine 4-hydroxylase may be implicated in AS pathogenesis[48,49]. Other identified candidate non-MHC genes associating with AS are ERAP1, IL23R, ANTXR2, RUNX3, and LTBR-TNFRSF1 A[50-52]. 
In AS, the association of radiographic severity with HLA-B27 seems to be different from those with SpA. Non-B27 genes such as SNP rs8092336 and SNP rs1236913 were found to be associated with HLA-B27 radiographic severity rather than HLA-B2[53].

Diagnosis of AS
AS remains as the most severe subtype of the spondyloarthropathies, affecting up to 1% of the general population[54,55]. Its main clinical manifestations are inflammatory back pain (IBP), inflammation in other parts of the body or the axial skeleton, anterior uveitis, enthesitis, as well as peripheral arthritis[54] (Figures 1 and 2).
Genetic factors play a large role in the diagnosis of AS. Although the effect of the gene is unclear, more than 90% of patients with AS carry the human leucocyte antigen, HLA-B27[54,55]. However, only 1 in 15 people who carry this gene are likely to develop AS; this fact brings speculations of environmental factors and stress having the ability to influence the progress of the disease[55]. The average age of onset for patients who were HLA-B27 positive (in a study involving 1080 patients) was seen to be 24.8 years, whereas those who were HLA-B27 negative had an average onset time of 27.7 years[56,57].
One of the main problems in diagnosing AS is the fact that there are no diagnostic criteria, making early diagnosis difficult. Due to this issue, there is a delay in diagnosis between five to ten years, leading to unnecessary diagnostic and therapeutic procedures as well as increased morbidity[54,55]. Early diagnosis of the disease is important in order to allow for effective therapy and to improve patient outcome[58-60]. 
The first standardized classification criteria were brought forth by the European Spondyloarthropathy Study Group (ESSG) in 1991[61]. The classification criteria for spondyloarthritis was seen as the presence of inflammatory back pain or asymmetric synovitis, along with one of the following: positive family history of spondyloarthritis or related disease, inflammatory bowel disease, psoriasis, enthesopathy, alternating pain in the buttocks, preceding infection in the urogenital or enteral tract[54,61]. More currently, this work has been continued by the Assessment of Spondyloarthritis International Society (ASAS), who have published recommendations for clinical trials and management of AS. In 2009, the ASAS also published a statement on the classification of axial spondyloarthritis, which was written with the objective of validating and refining the classification/diagnostic criteria of axial spondyloarthritis (SpA)[55,56,62]. The brief criteria from this publication, which can be seen in Table 1, has a sensitivity of 82.9% and a specificity of 84.4%[55,62].
Earlier criteria include the Rome criteria (published in 1963 and revised in 1968)[63], and modifications made to this in New York (1984)[64], which have been scrutinized for some shortcomings, including inability to establish early diagnosis of AS[55,65]. The newer ASAS criteria allow for a broader spectrum of diagnostic features[54,61].
There is some confusion between diagnostic and classification criteria for spondyloarthritis. As of now, all criteria that have been developed are classification criteria, although they are sometimes used as diagnostic criteria[54]. This can be problematic as using classification criteria to diagnose patients with possible AS leads to overshooting the probability of the diagnosis, as the pretest probability of the disease is not considered [54]. The classification criteria are also more suited to detect later stages of the disease, rather than helping make an early diagnosis[56]. 
As a solution to the lack of diagnostic criteria, a “diagnostic algorithm” has been developed by Rudwaleit et al[66] (2004). With the algorithm, patients experiencing chronic back pain can be diagnosed with axial spondyloarthritis if they experience IBP along with three or more of the outlined SpA features[65,66]. Additionally, HLA-B27 genotyping may be recommended for patients experiencing IBP and one or two SpA features. If HLA-B27 typing is positive, patients can then be diagnosed with axial SpA. Finally, patients that have IBP, but no other SpA features, should undergo HLA-B27 testing as well as MRI imaging, from which they will be diagnosed as having axial Spa if HLA-B27 returns positive and MRI demonstrates inflammation of the sacroiliac joints[65,66].
To come closer to diagnosing AS in its earlier stages, the distinction must be made between a patient’s back pain that is caused by AS [characterized as inflammatory back pain (IBP)] versus pain caused by mechanical lower back pain (MLBP). Four parameters have been proposed to distinguish AS from MLBP. The parameters defining IBP include: improvement of back pain with exercise but not with rest, waking up during the second half of the night or early morning due to back pain, experiencing morning stiffness of at least 30 minutes, and alternating buttock pain[54,65,67]. The criteria can be used on adults aged less than 50 years with chronic back pain, and are considered positive if two or more of the four parameters are experienced (sensitivity = 70.3% and specificity = 81.2%)[54]. 
To attain this information, clinical symptoms, history, examination, laboratory parameters and imaging must be obtained from the patient[54]. Clinical symptoms that may indicate the presence of spondyloarthritis include IBP, arthritis (seen by swelling, joint effusion or by imaging), enthesitis (seen as swelling where tendons and ligaments attach to the bone – commonly near the heel if there is pain during walking, specifically in the morning[55]) and any accompanying features such as psoriasis, Crohn-like colitis and anterior uveitis[54]. Other symptoms can include stiffness that can take anywhere from a few minutes to two hours to relieve, particularly in the morning, and can be seen to reappear after long periods of sitting or rest[55]. Symptoms can also include fatigue that does not subside with sleep, pain in the spine that is worse during rest and that improves with exercise[68,69]; shortness of breath once AS is in the later stages, as fusion of thoracic vertebrae can restrict expansion of the chest[55]; feverishness or night sweats, however these can also be associated with other types of inflammatory and autoimmune diseases[70]; as well as flare-ups of AS, where it has been seen that 70% of patients with AS will have flares in any one week[55,71].
A family history of spondyloarthritis or diseases like psoriasis or inflammatory bowel disease (IBD) is important to ask for. A history of rheumatic symptoms or other suspicious skin or gut findings must also be noted[54].
Clinical examination for early AS is limited, as major deformities of the spine have probably not yet occurred, and sacroiliitis and spondylitis cannot be diagnosed through clinical means alone. The earliest signs to look for include reduced lateral spinal flexion of the lumbar spine (10cm), decreased chest expansion (4cm) and limited cervical rotation (70o)[54]. If only pain is present, further imaging is recommended. The two main laboratory parameters useful for diagnosis include HLA-B27 genotype and C-reactive protein levels[54]. HLA-B27 remains of high importance, especially early on in the disease, whereas only one half of patients with AS also had high serum levels of C-reactive protein[54,72].

X-RAY
Imaging in AS has been synonymous for decades with conventional radiography (CR). However, developments in computed tomography (CT), ultrasonography (US) and magnetic resonance imaging (MRI) have increased the amount of information that can be obtained by imaging. Imaging is necessary in AS to establish diagnoses, determine the extent of disease in axial or peripheral joints and/or entheses, and monitor the change in disease[73,74].
Radiographs are the most important imaging technique for the detection, diagnosis, and follow-up monitoring of patients with AS[75]. Typical findings of AS are sacroiliitis and bridging syndysmophytes of the spine, which usually take many years to develop. Sacroillitis is the hallmark of AS and its found in its early stages[73]. Subchondral bone erosion on the iliac side of the SI joint is seen first, followed by subchondral sclerosis and bony proliferation[76], as seen in Figure 3.
In the spine, first visualized are small erosions at the corner of the vertebral bodies that are caused by periosteal bone formation[77,78]. After these erosions, ossification of outer fibers results in syndesmophytes, which leads to bridging between the vertebrae. Thickening of the syndesmophytes results in the appearance in radiographs of the “bamboo sign”[78], as in Figure 4.
The “dagger sign” is another finding that results from the ossification of the posterior interspinous ligament[78]. Pseudoarthrosis manifested by disco vertebral destruction and sclerosing presents as hypo dense and linear shape in the sclerotic border. Pseudoarterosis appears in radiographs similar to vertebral disks infected by diseases such as Tuberculosis, although it is caused by undetected vertebral fractures or unfused segments[74]. Ill-defined erosions with sclerosis at the side of ligaments and tendonitis are seen as enthesopathy. These lesions are typically bilateral and symmetrical in distribution. Enthesopathic changes are particularly prominent at certain sites around the pelvis, such as the ischial tuberosity[79] (Figure 5).
Knee changes consist of uniform joint space narrowing and surrounding bony proliferation. The glenohumeral joint space may be narrow, and a large erosion may be present in the upper greater tuberosity. The hips are typically involved symmetrically demonstrated as joint space narrowing, femoral head axial migration, and osteophyte formation at the femoral head-neck junction. In the hands, the joints usually are involved asymmetrically. Erosions are smaller and shallower. Marginal periostitis is seen, and bone density is usually preserved. Lung manifestations of AS are seen as progressive fibrosis and bullous changes in the upper lobes. Lung changes are usually seen several years after the joint disease develops[74]. Conventional radiography is relatively inexpensive and widely available, however it is not sensitive in the early stages of AS. The amount of data documenting a prognostic value of CR findings is limited in low-grade (grade 1) sacroiliitis, and it shows to have a predictive value for the progression of AS[80]. 

CT
CT scanning may be useful in patients with suspected AS where radiography results are normal or equivocal. CT is rapid, reliable and produces high-resolution images.
CT demonstrates pathological findings similar to CR such as erosion, osteoporosis, scleroses as well as new bone formation, with better visualization and localization[81] (Figure 6). 
CT provides better visualization for the measurement of syndesmophyte growth[82]. Other useful applications of CT scanning are the detection of atlantoaxial instability, manubriosternal disease, paraspinal muscle atrophy and costovertebral disease. In patients with advanced AS, CT is the imaging of choice for the assessment of fractures of the cervical spine and soft-tissue injuries[81]. CT is also effective as a navigation tool in screw fixation of spinal and lumbar fractures[83,84].

APPLICATION OF US IN THE MANAGEMENT OF PATIENTS WITH AS
Although MRI has become a reference modality in the lack of any gold standard method for definite diagnosis of AS, US still maintains a major role in the diagnosis of AS because it is simple, inexpensive and pervasively available. Also, recent studies and the efforts of the ultrasound taskforce (OMERACT-EULAR) have been validated in the US as a diagnostic tool, proving it to be a highly sensitive, non-invasive and a practical tool in the assessment of joint pathology[85].

US of the sacroiliac joint	
The presence or absence of sacroiliitis continues to be the mainstay of early diagnosis of AS[86]. Several recent studies have provided data on the usefulness of color Doppler ultrasound (CDUS) in the assessment of the sacroiliac joints and spine[87-89] (Figure 7). 
Klauser et al[90] showed sensitivity, specificity, positive and negative predictive values of 100% for contrast-enhanced US in the detection of clinically active sacroiliitis (Figure 8). Although contrast-enhanced CDUS has been reported to have a high negative predictive value for the detection of sacroiliitis[63], the role of US in the assessment of sacroiliitis and spine involvements in AS is still minimal. 

US in the assessment of enthesitis
US is superior in the evaluation of rheumatologic diseases with peripheral involvement. Active enthesitis is an ultrasonographic finding highly suggestive of AS[91-95]. Enthesitis is the inflammation of the insertion of tendons, ligaments and capsules into the bone. Calcaneal entheses (plantar fascia and Achilles tendon), Knee entheses (quadricipital tendon and proximal and distal attachments of patellar tendon), hip entheses (gluteus medius tendon), and elbow entheses (medial ans lateral epicondyle tendon) are some common sites of enthesitis in patients with AS. A national consortium of Rheumatology experts in 2006 recommended the use of Doppler US (or MRI) to evaluate the entheseal involvement in patients with AS (level of evidence 2b/3; grade of recommendation D)[96]. 
Gandjbakhch et al[97] have systematically reviewed the studies regarding the use of ultrasound in the evaluation of enthuses; they found a heterogeneity in the ultrasound technique and definitions in different studies, and thus suggested the determination of specific US definitions for enthesitis to be used universally in both research and clinical settings[97]. Ultrasound taskforce (OMERACT-EULAR) has done an enormous effort to provide definitions and to validate the ultrasound techniques in the diagnosis of rheumatologic diseases. 

US in the evaluation of atherosclerosis & cardiovascular complications: 
Accelerated atherosclerosis is a major problem in rheumatic inflammatory disorders[98,99], therefore ultrasound has a substantial role in the evaluation of patients with AS. Two ultrasound techniques have been widely accepted as non-invasive methods for evaluating atherosclerosis. One is brachial artery flow-mediated dilation (FMD), which is demonstrated to be lower in AS patients compared to healthy controls[98], and is an indicator of endothelial dysfunction, which itself is an initiator of atherosclerotic processes. The second method is the measurement of intima-media thickness (IMT) for the early detection of atherosclerotic lesions. In the study of Sari et al[98], there was no significant difference between the carotid IMT of AS patients and controls, but it was positively correlated with the age and the severity of AS disease, suggesting that patients with severe AS suffer from more advanced intimal thickening or atherosclerotic changes[98] (Figure 9). 
A recent meta-analysis demonstrated a higher weighted intima-media thickness for AS patients (N = 1214) compared to controls (N = 1000) using 15 case-control studies and 9 abstracts[100]. 
Cardiac abnormalities are well recognized in AS. It has been shown that in many cases, cardiac change could even be prior to the onset of clinical AS disease[101,102]. Trans-thoracic echocardiography and Doppler US are useful techniques in the assessment of cardiac disease in AS, and may detect aortic valve disease at an early pre-clinical stage[103].
Aortic root and valve disease is a frequent complication in AS patients. It includes aortic root thickening and dilation, aortic cusp thickening and retraction, subaortic bump as well as aortic and mitral regurgitation[103-106]. The prevalence ranges between 24% and 100% according to autopsy reports, and 8%-31% according to trans-thoracic echocardiography (TTE)[103,107-110]. The prevalence rate was higher when using trans-esophageal echocardiography (TEE) as the diagnostic modality (82% in AS compared to 24% in healthy controls)[106]. Except for the duration of AS, these anatomical changes are reported to be unrelated to disease features (activity, severity or therapy), but they are associated with clinically important cardiovascular morbidity[106]. Conduction disturbances, yet another cardiovascular complication in AS, resulted from the progression of fibrosis through the interventricular septum to the atrioventricular node, thus they occur after aortic and valvular changes, and could be predicted in advance by early diagnosis of valvular changes[111,112]. 
Early detection of AS-related valvular abnormalities may provide the potential to prevent their progression to irreversible phases. Townend et al[113] reported that immunosuppressive therapy could prevent or delay valvular replacement in rheumatic patients with aortic regurgitation.
Cardiomyopathy and pericarditis, two other comorbidities in patients with AS, could be assessed by echocardiography[103,114-116]. The myocardial dysfunction seen in AS patients, which is demonstrated to be of diastolic variant (lower E wave velocity, higher A wave velocity and overall low E/A ratio) rather than a systolic variant, could be evaluated by echocardiography as well[102,117]. Caliskan et al[101] used trans-thoracic Doppler echocardiography to measure the coronary flow reserve (CFR), which is an indicator of coronary microvascular circulation, and they reported a decline in CFR in AS patients. 

US in treatment monitoring 
Doppler US is demonstrated to be useful in monitoring the patients’ response to enthesitis treatment[89,94,118-120]. Some studies have suggested the use of resistive index (RI) of CDUS for following up the patients’ response to treatment[88]. 

Limitations of the Ultrasound study
Since the bone cortex blocks ultrasound beams, US cannot visualize the foci of the bone marrow inflammation in the process of AS disease[121]. Operator dependency and its inter-observer variability is always a challenge for the clinical application of US. 

Considerations regarding the physician performing the Ultrasound study
Another issue that should be addressed here is that whether US for diagnosing AS should be done by rheumatologists during the patient's clinic visit or it should be done merely by radiologists. 
There is no data to support the superiority of one over the other in the setting of AS. A study related to the field of rotator cuff tears assessment, comparing the arthrography performed by radiologists versus sonography executed by rheumatologists, have shown an equivalency between their sensitivity and specificity rates[122]. So far, no one has studied the competency of ultrasonographer in assessment of musculoskeletal disease either if the operator is a radiologist or a rheumatologist[123].
Regardless of who performs an US assessment, it is important for the ultrasonographer to be competent in order to minimize the risk of misdiagnosis or unnecessary examination[123,124].
Nearly one-quarter of rheumatologists in US are using this technique, but it is still far from being incorporated into the routine clinical practice[125]. In many European countries such as Germany, Italy and Spain, rheumatologists routinely perform US; even in some of them, musculoskeletal US training became a compulsory part of rheumatology training[126,127]. 
There is no doubt that it's not reasonable to expect every rheumatologists to be competent in all US procedures that is indicated for rheumatology[123], and that would remain within the remit of radiologists[128], but training rheumatologists for a more selected list of procedures such as identifying synovitis in a joint, etc., which could improve the clinical practice in rheumatology and enhance the care provided for patients, would be great. 
The best case scenario is a close cooperation between rheumatologists and radiologists. The cooperation and task division between these two specialties would facilitate a cost-effective, more convenient and least risky care for patients whilst provides the required information for diagnosis and treatment of patients for the physician[128]. 

MRI
Spinal inflammation can be demonstrated by MRI using the fat-saturating short tau inversion recovery (STIR) technique, especially in early and active disease, by showing inflammation, bone marrow edema, and pre-radiographic erosions at the sacroiliac joint Figure 10. 
The ability to diagnose AS before any bony deformities occur can significantly improve patient outcome and allow for effective therapies to be used before the later and more detrimental phases of the disease occur[58-60]. MRI is the most sensitive tool for imaging early AS and it can show both active inflammation as well as chronic structural changes near the sacroiliac joints and near the spine, both typical places for AS[58]. More recently, diffusion-weighted MRI (DWI) has been shown to be helpful in the early diagnosis of AS[58] In comparison, CT is limited by its lower sensitivity to characterize lesions in soft tissue and bone marrow, and is associated with considerable radiation exposure[58]. For these reasons, MRI has been recommended in recent classification criteria of AS[60,129].
In a study by Morelli et al[58], 34 patients aged 15-38 experiencing lower back pain for 3 mo to 2 years were studied using MRI examination. By comparing the apparent diffusion coefficient (ADC) values in subchondral bone marrow and sacroiliac joints, patients with typical uncomplicated musculoskeletal low back pain were able to be differentiated from those patients with AS[58]. In the study, the mean ADC values in early AS patients were significantly higher than the ADC values in LBP patients and healthy patient controls[58]. Early AS patients have mean ADC values of subchondral bone marrow along the bilateral sacroiliac joints that increase because of ongoing pathologically inflammatory penetration[58]. 
Additionally, shown by Morelli et al[58], WB-MRI can detect many abnormalities in the sacroiliac joints, peripheral joints, attachment points of ligaments and tendons as well as in the spine, with one single scan. This is ideal because AS can manifest in parts of the body other than the sacroiliac joints[130], which it is well known for. MRI combined with a number of novel techniques, such as spectral pre-saturation inversion recovery echo planar imaging (SPIR-EPI) or short TI inversion recovery echo planar imaging (STIR-EPI), can create high-quality images, allowing for a better early diagnosis of AS[58]. For example, an efficient evaluation of AS patients can be done with WB-DWI combined with the background signal suppression technique (DWIBS) to create better lesion contrast and higher spatial resolution[58]. These novel techniques can create better imaging of lesion sites, with decreased interfering signal from other tissues, which leads to earlier diagnosis of patients with AS[58].

TREATMENT OF AS
Treatment of AS consists of a broad range of methods, which target different pathways involved with the progression of the disease. The most common treatment methods involve the reduction of the inflammatory response, which is the primary complication resulting from AS, physical therapy, as well as surgical treatment to address deformities of the spine. 

Anti-inflammatory treatment
The focus of the anti-inflammatory therapy in AS patients with high disease activity is the inhibition of the tumor necrosis factor α (TNF-α). Several studies have shown TNF-α inhibitors to be successful in reducing the inflammatory response caused by AS[131,132]. The use of TNF-α inhibitors as effective treatment methods for AS is considered a relatively new method, with its effects being recognized only in the last two decades. This treatment method is mostly effective in the early stages of the disease, where reduction of the inflammation could prevent deformities to the skeleton. The two categories of TNF-α inhibitor drugs are anti-TNF antibodies and TNF receptors. Infliximab and adalimumab pertain to the antibody category, while eternacept is a TNF receptor drug; both of these drugs are approved for use in AS treatment[133]. A study that analyzed the results of the effect of 5 inhibitor drugs through 13 control trials (adalimumab, etanercept, golimumab, infliximab and infliximab-biosimilar), showed that all of these drugs were significantly better than placebo in treating the symptoms of AS[134]. Nonsteroidal anti-inflammatory drugs (NSAIDs) are another line of therapy used in AS. NSAIDs are more commonly used to alleviate back pain and increase mobility in patients with AS, however several studies have shown that NSAIDs are also effective in reducing the progression of the disease[135,136]. A recent study showed that patients not exposed to NSAIDs had a higher risk of developing morbidities and cardiovascular diseases, when compared to NSAIDs such as etoricoxib, celecoxib, as well as non-selective NSAIDs[137].

Physical therapy
Physical therapy is employed to increase muscle strength and mobility and reduce pain in patients with AS. Different exercise therapy methods have been used in the rehabilitation of AS patients, including weight training, cardiovascular training, and aquatic exercises. In general, these exercise methods provide similar treatment outcomes, which result in an increase in mobility, decrease in back stiffness, as well as a decrease in pain and fatigue[138]. However, compared to the more common exercise therapies, cardiovascular training has shown to increase fitness in AS patients[139], while aquatic exercise has been more effective in reducing pain[140]. Spa therapy is another method recently introduced, which provides a more passive treatment[141]. Despite some significant indication of the effectiveness of these therapies, several studies have shown that the improvement of patients is much higher when physical therapies are combined with anti-inflammatory drug treatments[142,143]. Considering the importance of exercise in the quality of life and mobility in AS patients, home exercise programs have been developed for patients to perform on their own after hospitalization. However, several studies have discussed the possibility that many patients do not perform these exercises at home on a regular basis, likely due to pain. Pain associated with AS not only induces fatigue in patients[144], but can also be a factor in the lack of exercise. A combination of anti-inflammatory drugs with physical therapy can be beneficial in this aspect, as pain reduction from anti-inflammatory drugs can ultimately increase motivation for exercise[145].

Surgical intervention 
Progression of AS may lead to deformities in the axial skeleton. One of the most common deformities in AS patients is the fixed thoracolumbar kyphotic deformity (TLKD) of the spine. The sole treatment method of this deformity is surgical. There are currently three surgical techniques used by spine surgery to fix TLKD, namely the opening wedge osteotomy (OWO), closing wedge osteotomy (CWO) and polysegmental wedge osteotomy (PWO). The OWO technique consists in performing osteotomies of vertebrae L1, L2 and L3, followed by a manual extension of the lumbar spine to open a wedge of the anterior column, by closing the posterior osteotomies[146]. Unfortunately, disruption of the anterior longitudinal ligament from the manual extension of the spine is entailed in the procedure and major risks from this method include vascular and neurological complications[147,148]. The CWO technique consists of resecting the posterior elements of a vertebra, followed by an extension of the spine, which closes the posterior osteotomy by creating an opening on the anterior part of the column[149]. The PWO technique consists of performing several closing wedges of posterior lumbar osteotomies, which results in smaller closing angles of the osteotomies, and leads to a more gradual extension of the spine[147]. In general, there is no preference in choosing between the three techniques. However, studies have shown that the CWO and PWO have resulted in better outcomes in patients, compared to the OWO[150]. 
Spinal fractures in the thoracolumbar region are another complication that can result from AS. Surgical intervention is the ideal treatment method as it prevents further fractures of the spine, and it improves the neurological status of the patients[151]. Surgery has also been used for the treatment of other complications that arise from AS, such as deformities in the cervical region of the spine and in the sacroiliac joint.

CONCLUSION
This review has provided a detailed summary of AS, one of the most common spondyloarthropathies. AS affects the quality of life by causing debilitating pain and a significant decrease in mobility, but also occurs in high prevalence with a loss in bone mineral density and atherosclerosis. The discovery of several genetic factors that increase susceptibility to AS, as well as the use of CT, MRI and US in the diagnosis of the disease, could make possible the early diagnosis of AS, which is very important in increasing treatment outcome. Physical therapy, NSAIDs and inhibitor drugs have proven successful in alleviating disease symptoms, but also preventing further disease progression. Surgical intervention is necessary when the disease causes deformities to the spine in its later stages. 
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Figure 1 Schematic skeletal manifestation of ankylosing spondylitis.
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Figure 2 Schematic extra skeletal manifestation of ankylosing spondylitis.
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Figure 3 Antroposterior pelvic X-ray shows pseudodilatation of the sacroiliac joint due to subchondral erosion and subchondral bone sclerosis.
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Figure 4 Antroposterior vertebral X-ray shows bilateral thickening of the syndesmophytes results in the appearance in radiographs of the “bamboo sign”.
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Figure 5 Antroposterior pelvic X-ray shows Ill-defined erosions with sclerosing at the side of ligaments, and tendonitis is seen as enthesopathy at certain sites around the pelvis, as the ischial tuberosity.
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Figure 6 Computed tomography of sacroiliac joint shows bilateral subchondral sclerosis and dentate joint contour due to bone erosion.
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Figure 7 Color Doppler sonogram of sacroiliac joint in a patient with active sacroiliitis reveals vascularization within the posterior portion of the right sacroiliac joint.
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Figure 8 Color and spectral waveform doppler ultrasonogram of the Ischial tuberosity in a patient with severe enthesopathy with a mean Resistive index of 0.74 before treatment.
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Figure 9 Ultrasonogram shows increased intima-media thickness of both near (0.82 mm) and far wall (0.77 mm) of common carotid artery in patients with ankylosing spondylitis.
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Figure 10 Oblique coronal magnetic resonance imaging (short tau inversion recovery Sequence) of a patient with active ankylosing spondylitis revealed bilateral high signal intensity in both the sacral and iliac components of the sacroiliac joint.







Table 1 Classification criteria for axial spondyloarthritis defined by the Assessment of SpondyloArthritis International Society, to be used for patients with back pain for more than 3 mo and at an onset of less than 45 years

Positive test for HLA-B27 gene plus 2 or more other axial spondyloarthritis features

Sacroiliitis on imaging plus one or more axial spondyloarthritis feature 


  or 
Sacroiliitis on imaging:
Active (acute) inflammation on magnetic resonance imaging highly suggestive of sacroiliitis associated with axial spondyloarthritis
Definite radiographic sacroiliitis according to the modified New York criteria

 Axial spondyloarthritis features:
Inflammatory back pain		
Arthritis
Enthesitis (heel)
Uveitis
Dactylitis
Psoriasis


Crohn’s disease or diagnosis of colitis
Good response to non-steroidal anti-inflammatory drugs
Family history of axial spondyloarthritis
Positive test for HLA-B27 gene
Elevated C-reactive protein levels		
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Extra-skeletal Manifestations of AS
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