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Abstract
Since the original description of spondyloarthritis (SpA) 50 years ago, multiple studies have demonstrated similarities and differences between ankylosing spondylitis (AS) and axial psoriatic arthritis (PsA). HLA-B27 gene carriage in axial inflammation has been linked to peri-fibrocartilaginous sacroiliac joint (SIJ) osteitis as well as spinal peri-entheseal osteitis, which is often extensive and provides a crucial anatomical and immunological differentiation between AS and PsA phenotypes. Specifically, HLA-B27-related diffuse bone marrow oedema detected via MRI (histologically an osteitis) and MRI bone marrow fatty corners as well as radiographic changes such as sacroiliitis, vertebral squaring, corner erosions, and Romanus lesions, all indicate initial bone phenotypes in HLA-B27+ axial disease. However, in much of the pure axial PsA with  axial phenotypesinvolvement, enthesitis primarily manifestings in ligamentous soft tissue, or "ligamentitis,", with characteristic lesions including para-syndesmophytes and SIJ bony sparing. Like axial PsA, diffuse idiopathic skeletal hyperostosis (DISH) phenotypes, that may be indistinguishable from PsA, also exhibit a thoracic and cervical spinal ligamentous soft tissue tropism, clinically manifesting as soft tissue syndesmophytosis that is soft-tissue centrice morphology, including paravertebral soft tissue ossification and sacroiliac soft ligamentous ossification instead of joint cavity fusion.  The enthesis bone and soft tissues have radically different micro-anatomical and immune cell and stromal compositions that likely further underpins ning these two distinct enthesis clinicopathological entitiesdifferential responses to immunomodulaotyr therapy, especially IL-23 inhibition. 



Introduction
It has been 50 years since Moll and Wright published the seminal articles on psoriatic arthritis (PsA), where they stated that approximately 20% of PsA cases exhibited axial disease, which sometimes resembled sacroiliitis related to ankylosing spondylitis (AS) 1. They also noted that 5% of PsA cases had exclusive axial disease, and that "there is still no general agreement on the definition of psoriatic spondylitis” 1.  The discovery of the HLA-B27 gene, as well as careful clinical and X-ray-based research, has confirmed that PsA may be indistinguishable from AS. Additionally, the recognition of distinct axial PsA patterns has furthered our understanding of that disease  2, 3. However, little has changed in 50 years, and the non-AS distinctive PsA axial phenotype is still considered an enigmatic entity 4.

The differentiation between axial PsA and other axial spondyloarthritis (SpA) phenotypes, especially AS, nowadays known as radiographic axSpA, and non-radiographic axial SpA (nr-AxSpA) unrelated to PsA, has assumed a central position in understanding the immunopathology and immunotherapy of PsA. This crystallised with the unanticipated inefficacy of IL-23 blockade strategies in AS 5-8. However, IL-23 inhibition strategies have shown some tentative evidence of efficacy in axial PsA, where biological therapy was initiated primarily for peripheral PsA and where the primary outcome measures were for peripheral PsA 9, 10. Despite these encouraging results for axial disease in the aforementioned studies, expert recommendations discourage the use of anti-IL-23 in axial PsA, largely due to negative trials in AS 11, 12, even though much of axial PsA is clinically and radiographically distinct from AS.

The lack of a gold standard for defining axial PsA, including the lack of imaging biomarker or serum biomarkers hampers progress in the axial PsA space. This is in marked distinction from the earliest stages of AS that characteristically starts with inflammatory back pain (IBP) in the SIJ region, strongly linked to HLA-B27 carriage, that is in turn linked to the magnitude of MRI-determined SIJ bone marrow oedema and also recurrent bone oedema lesions 13, 14. The combination of these factors including IBP, HLA-B27 status and MRI findings are strongly predictive of eventual AS development 13, 14. This fairly definitive knowledge about AS can be used to show that approximately 25% of AS cases also meet classification criteria for PsA and vice versa with approximately 25% of axial PsA cases meeting criteria for AS 15. Furthermore, up to 10% of cases with axial PsA also meet criteria for diffuse idiopathic skeletal hyperostosis (DISH) which is considered a metabolically driven process rather than an inflammatory disease 16 (FigureFIG. 1). Despite all of the imaging technology progress and immunogenetics, there is a lack of consensus on the definition of axial PsA in 2023 17, but it is an area of keen ongoing research 18.  

We believe that sufficient jigsaw pieces from clinical, micro-anatomical, radiographic, MRI, and immunogenetic data, immunology and supportive therapeutics studies have already accrued to permit a logical concept for delineating between AS and axial PsA and DISH. This simultaneously recognizes shared or identical pathology between AS and in some axial PsA cases, especially the HLA-B27+ axial PsA subgroup. Herein, we synthesize recent literature and extant publications to develop a pragmatic approach to understanding bona fide axial PsA and how to differentiate it from the AS phenotype. Although both soft tissue and bone are part of the enthesis, central to the proposed model is viewing the phenotypic expression of spinal pathology of AS as predominantly bone-based at entheseal anchorage points or the "roots of the tree" and the distinct PsA and DISH pathologies as being more centred on the ligamentous soft tissue portion of the enthesis or the "tree trunk" or, given the short distances between spinal entheses, as a "ligamentitis" in much of axial PsA (FigureIG. 2).

Although the fibrocartilaginous lining of the SIJ is not classified as an enthesis, it shares the same histological structure and biomechanics as proper insertions 19. As a result, the SIJ has been described as a "functional enthesis” 19. Osteitis at this location indicates the presence of two distinct types of axial inflammation, which are anatomically separate 20, 21. Given the growing interest in axial PsA and the lack of consensus on diagnostic criteria, it is both essential and timely to develop a clinicopathological concept to guide research and therapy in this field.

Ankylosing Spondylitis Topography
AS has historically been diagnosed based on radiographic sacroiliitis - a bone-based lesion - as per the modified New York criteria, which eventually progresses to sacroiliac joint (SIJ) fusion 22.  In 6-7% of AS cases, there is isolated SIJ involvement without migration from the SIJ and an absence of syndesmophytes. It is more common for the disease to be confined to the pelvis in females 23. Although “bamboo spine” with total spinal ankylosis and marginal syndesmophytes is characteristic of the late stages of AS, the earliest pathology is in the peri-fibrocartilaginous bony tissue of the SIJ where bone oedema detected using fat suppression magnetic resonance imaging (MRI) is the initial lesion 14, 24, 25. Histologically, sacroiliac osteitis has been repeatedly observed in regions of MRI-determined bone marrow oedema in the sub-fibrocartilaginous bone region 26-28. This bone lesion topography is best conceptualized in terms of the complex responses to osseous compression and shearing forces exerted on the bone 19, 29.

Adult AS mirrors the proclivity of juvenile HLA-B27+ SpA where the earliest lesion is also osteitis and tarsitis arising adjacent to foot entheses 30, 31. This osteitis is linked to of the HLA-B27 gene carriage that determines the extent and severity of osteitis and its recurrence 32, 33. Outside of the spine, the HLA-B27 gene carriage is also associated with diffuse peri-entheseal fibrocartilaginous osteitis in the shoulder and in the heel 34, 35. Generally, axial involvement in AS starts in the SIJ before involvement of the thoracolumbar and cervical spine 36. Again, MRI scanning confirms the importance of bone marrow oedema in AS at these sites and again it is linked to HLA-B27+ status 37. When disease typically migrates to the spine, some of the x-ray changes including squaring of the vertebra, corner erosions and then Romanus lesions all attest to bone-centric involvement 38, 39.  For example, sculting of the osteitis corner lesions in early nr-axSpA could explain the loss of vertebral body concavity and squaring. Indeed in AS, Ball described how new bone formation in AS was annulus centric and stemmed from the adjacent bone marrow 40.  

In addition to the spinal osteitic lesions in AS, post-inflammatory fatty vertebral corner lesions are harbingers of later soft tissue ossification at the annulus and all also attest to the importance of bone disease 41-44. Also, the HLA-B27+ axial PsA has the same appearance on MRI to classical AS, so the peri-entheseal bone is a key to understanding this type of AS pathology 45, 46.  Indeed,Accordingly, symptomatic axial PsA in HLA-B27 negative subjects had a much lower degree of osteitis and structural damage than those with psoriasis and AS 47, 48. 	Comment by Microsoft Office User: Its late here and I don’t have time to check the individual references but it the RMD open paper clearly saying that 	Comment by Paula David: Their results says: When comparing axial PsA divided by HLA-B27 with AS with psoriasis, patients with HLA-B27-negative axial PsA reported less inflammatory pain (78% vs 93.7%, p=0.002), were more likely to present with psoriasis before SpA onset (95% vs 77%, p=0.02) and had less structural damage compared with AS with psoriasis. By contrast, HLA-B27-positive axial PsA shared similar clinical characteristics with AS and psoriasis patients although a lower BASRI score when evaluating structural damage.

It must be recognized that inflammation of the enthesis-ligament soft tissue component may be present in AS, but it is typically, but not universally, accompanied by osteitis 49, 50. Additionally, while soft tissue inflammation, such as in the anterior uveal tract, lung apex, and aortic root, is characteristic of AS, the osteitis phenotype, along with the presence of bone marrow fatty corners that follows osteitis, are the most reliable predictors of spinal fusion progression as determined through imaging techniques 43, 51. Irrespective of ligamentous soft tissue pathology in AS, it is crucial to recognise that the severity of baseline bone marrow oedema predicts radiographic sacroiliitis 14. In a community based study of back pain using MRI Whilst bone oedema occurred in nearly 800 MRIs subjects scans from a community cohort including subjects with a high BMI or in pregnancy, carriage of the HLA-B27 gene determined the severity of osteitis 37. So, the initial extent of osteitis determines the eventual phenotype that is characterised by later soft tissue ossification ultimately leading to bamboo spine in a proportion of cases.  Indeed, a cogent argument can be made with a line of argumentation around the primacy of bone inflammation in AS  52, 53, recognising that much of such axial inflammation is at the enthesis anchorage or the “roots of the tree”.   
     
Beyond the HLA-B27, there are several other MHC-I class-I genes including HLA-B40 and other class-I genes that have been linked to the classical AS phenotype 54. In humans, this immunopathology has been conceptualized in relationship to an MHC-I-opathy which is shared with psoriasis and uveitis both of which also represent MHC-I-opathies where the respective class-1 genes determine the severity of respective diseases in the eye, skin, and axial bone 55-57. Of particular interest, a decade typically elapses between psoriasis and axial PsA disease onset, it was noted that HLA-Cw0602 positive subjects who were also HLA-B27+ developed AS concomitantly or within a year of the diagnosis of psoriasis 58.  A general feature of MHC-I-opathies is more extensive disease whether it be psoriasis or uveitis or AS, so the AS bone phenotypes in PsA may have other MHC-I associations 55.  There is currently a dearth of immunogenetic data specifically linked to axial PsA and SIJ disease in particular, but a preliminary study showed that HLA-B08 might be linked to sacroiliitis 58, 59. Whilst immunological heterogeneity and MHC-I associations including HLA-B38, HLA-B39 and HLA-B08 and others are linked to peripheral PsA 60, the definition of non-HLA-B27 axial PsA osteitic AS-like phenotype awaits further research.

Clues from the Peripheral Skeleton about Enthesis Soft Tissue age-related changes 
The vast majority of PsA cases have a significant peripheral disease with only an older study indicating 5% having disease confined to the axial skeleton 61 and a more recent study putting this figure at only 2% 62. A large burden of sonographically determined subclinical peripheral skeletal entheseal soft tissue abnormalities is common in subjects with psoriasis or PsA, the most striking abnormality being hypoechogenicity and thickening of peripheral skeleton ligaments and tendons entheses 63, 64. Typically, PsA starts 10-15 years after psoriasis 61. It is well-recognized that age-related degenerative changes in ligaments including thickening in the peripheral skeleton are age-linked 65. Likewise, “normal” age-related degenerative arthritis of the spine typically starts in the 4th and 5th decades and shows a propensity of the cervical spine and lumbar spine and relative sparing of the SIJ 66. This propensity for axial inflammation may explain why extrapolating from AS in young adults with at least grade 2 unilateral radiographic sacroiliitis fails to capture the full essence of PsA which is not linked to young adult onset osteitis 67 but a topography that parallels age-related changes seen in both degenerative arthritis and DISH.  These findings of PsA axial disease being age-related compared to AS are mirrored by the recently described increased burden of changes in the bone and enthesis in the axial skeleton with normal aging 68.

These age-related peripheral tissue changes in psoriasis and PsA offer potential general observations that might provide insights into spinal disease. It is well-recognised that tissue elasticity decreases with age and that age-related chronic injuries are common in ligamentous tissue 69.  In hand OA, with is part of the generalized OA phenotype that also includes neck disease, it has been shown that the most striking abnormalities in symptomatic joints are collateral ligament soft tissue abnormalities 70, 71. Furthermore, both adjacent uninvolved joints in OA and also healthy older subjects without OA also exhibit MRI and histological changes in normal ligaments 70, 71. Furthermore, OA and PsA of the DIP joints may be indistinguishable with a similar entheseal-associated pathology but with greater degrees of MRI-determined inflammatory changes in the former 72. Likewise, OA and PsA of PIP joints may also be indistinguishable based on entheseal changes whereas PIP involvement in RA disease is more synovial centric 73. In the same study, a feature that was shared in the majority of PsA and OA cases, but not RA was periosteal enhancement in almost 80% of cases and this was not necessarily linked to osteitis adjacent bone oedema73. Again, it is important to recognise that MRI determined bone marrow oedema is common in these peripheral sites reflecting the functional inter-relationship between enthesis soft tissue and bone, but we emphasise that the extra-osseous originating new bone seen in the spine likely reflects the role of soft tissue pathology in primarily sculpting the clinical phenotype including peripheral small joint periosteal centric new bone that is indeed part of the CASPAR classification criteria 74.     

The spinal ligaments and entheses around the annulus are known to be subject to the same age-related degenerative changes as the peripheral skeleton 75. However, the nucleus pulposis that effectively pressurizes the discs in youth also dries up with age and likely contributes to the changes in the annulus shape that goes from having a vertical orientation to one with a bulging contour 76 (FigureIG. 3).  Age-related microdamage and thickening of the annulus tissue is a key event that mirrors the age of onset of much of axial PsA and DISH but not AS (FigureFIG. 3). As stated earlier axial HLA-B27 negative PsA patients have less osteitis than those with AS but of course it is recognised that PsA has osteitis lesions including SAPHO and others 77, 78. The concept that normal age-related accumulative microdamage changes in the entheseal soft tissue around the body offers a novel concept about the usual delay between the onset of both peripheral and axial PsA after the onset of psoriasis. 

Axial PsA is mostly accompanied by peripheral PsA where the early peripheral disease target is often the synovio-entheseal complex with this manifesting as joint swelling 79.  Joint swelling in PsA is mostly characterised by soft tissue inflammation although osteitis is also common 80. Nail disease is a predictor of PsA and the nail represents an elaborate musculo-cutaneous enthesis unit where nail integration to skeleton is via the soft tissues 81.   Remarkably, a strong association between nail psoriasis and axial PsA has been reported pointing to this soft tissue common denominator 82. In contradistinction to AS, the landscape in PsA attests to a greater degree of ligamentous soft tissue disease that is not visible on axial MRI where soft tissue inflammation imaging often represents an imaging blind spot compared to the detection of bone oedema lesions.   However, this soft tissue centric pathology eventually manifests as ossification of the spinal soft tissues giving a different phenotype to AS (Table 1).  It is explicitly recognised that axial osteitis may occur in HLA-B27 negative axial PsA (Figure 4B) yet the new bone responses may occur well outside the territory of such bone oedema reactions and often in the anterior longitudinal ligament territory (Figure 4C)s. This points towards a ligament soft tissue centric pathology in determining thise pattern of disease localisation (Figure 4D).   	Comment by Microsoft Office User: Paula it is late but the key Figure should be called here
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Diffuse Idiopathic Skeletal Hyperostosis and PsA
The pathological distribution of DISH with sparing of the SIJ subchondral bone but occasional ossification of the SIJ capsular tissue also attests to the soft tissue nature of this condition rather than bone based pathology 83. It must be remembered that PsA shares many of the metabolic features of DISH including type 2 diabetes, obesity, and metabolic syndrome 84 and that 10% of PsA axial disease meets criteria for DISH 16 and that 10% of axial PsA cases meet DISH criteria 16 (FigureIG.1).  Furthermore compared to AS with associated psoriasis, isolated axial PsA occurs in older subjects and has less pain18, poiting towards commonalities with DISH 18.

Prominent early anterior longitudinal ligament ossification is very typical non-ossesous but soft tissue originating feature of DISH 85 where ossification emerges from within the ligament rather than as a post inflammatory response to osteitis that is typically seen in AS. Although additional research is necessary to define the immunopathogenesis of the soft tissue-centric pathology in DISH, which shares similarities with axial PsA phenotypes, it is clear that less than 20% of DISH cases exhibit defined bone SIJ marrow oedema lesions 86. However, in the study that reported minimal bone oedema in the SIJ, the majority of cases had reported bone oedema changes adjacent to the spinal entheses 86.  Nevertheless, the severity of these bone oedema changes was not reported, despite the fact that the severity of bone oedema has a strong association with the presence of the HLA-B27 gene in AS. 

This diffuse bone oedema reaction is not our experience even in acute DISH presentations and the need for further MRI research into DISH has been recognised 87. The same study also pointed towards ALL calcification completely distinct from the annulus insertion which emphasises a non-contiguous with bone marrow extra-osseous enthesis soft tissue pathology that is non-contiguous with bone marrow 87 (FigureIG. 4). A relative lack, or lower magnitude, of immune driven soft tissue pathology helps conceptualise the lower burden of symptomatology in DISH and in some axial PsA compared to AS

Compared to AS in particular, DISH is more typically asymptomatic which supports the metabolic/hormonal theory of disease over the post-inflammation remodelling sequelae theory.  Occasionally, subjects with AS may present with a bamboo spine but without pain, but this is uncommon 88. Like DISH there is a large burden of clinically silent radiographic abnormalities in the spine in subjects with chronic peripheral PsA with up to 75% of cases eventually exhibiting spinal changes in a setting where peripheral PsA drove the spinal imaging irrespective of symptoms 16 and this may account, at least in part for these axial PsA and DISH overlaps (FigureIG. 1).   

The metabolic theory of DISH is supported by studies going back nearly 4 decades showing hyperinsulinaemia 89. Products of insulin including IGF-1 and -2 are well known to regulate mesenchymal stems cells that contain the osteoprogenitor pool 90. Admittedly, the pathophysiology of DISH remains poorly understood but these metabolic insights provide a molecular basis for non-inflammatory axial skeleton soft tissue remodelling in older subjects where age related microdamage and metabolic factors determine a ligamentous, rather than a primary AS- like bone phenotypes.   

Emerging Distinct ligament and bone Immunology
The bone marrow anchorage points of ligaments have a distinct haematopoietic marrow compartment that is relatively rich in myeloid cells and is comparatively well understood and has been well described 91, 92.   It is established that the bony anchorage site of inflammation is rich in myeloid cells, including macrophages and neutrophils, both of which can produce IL-23 93-95.  Accordingly, a greater amount of IL-23 production at sites of bone-based pathology (AS-like) might be distinct from soft tissue-centric disease, such as HLA-B27 negative axial PsA, where the cellular composition is predominantly fibroblastic, namely ligament cells and likely to have much lower IL-23 production by virtue of the lower myeloid composition of the soft tissues92. Indeed, when we compared the inducible IL-23 protein expression from the normal spinous process enthesis, we found higher levels of inducible IL-23 from spinal enthesis bone compared to soft tissue, but more work is needed 96.  

Regarding the immune composition of ligamentous and tendinous tissue, current knowledge is relatively limited but is clearly distinct from the bony anchorage immune compartment.  Over the last decade, research has highlighted a role for macrophage inflammation in directing tissue repair after tendon and ligament damage through interaction with the tissue stroma 97.    Advances in single-cell RNA sequencing of tissue digests from healthy hamstring tendons and diseased degenerative supraspinatus tendon have demonstrated that both healthy and diseased tendons contain dendritic cells, T cells, and macrophages in addition to the stromal compartment 98. Numerically, in healthy tendons, DCs were the most abundant subset identified.  Tendon macrophages primarily displayed a tissue repair phenotype in healthy tissue, with expansion of an inflammatory subset present in degenerative tendon.  Spatial transcriptomics from these tissues showed interaction of macrophages with the stromal compartment, suggestive of stromal-driven immune regulation.  The authors posited that, given the tissue repair phenotype observed in the macrophages in healthy tissue, the normal function of the tendon immune compartment is to regulate and resolve damage 98.  Hence, distinct immune compartments niches naturally exist between the ligamentous soft tissue and bony anchorage locations that further attest to differential immunoregulation between  entheseal immune compartments in AS and puresoft tissue axial centric PsA (FigureIG. 5).

Implications
It is argued that a different axial enthesis soft tissue-associated pathology differentiates axial PsA from AS.  This is analogous to the spondyloarthropathy associated inflammatory bowel disease scenario where Crohn’s disease and ulcerative colitis may overlap but often have distinct clinical, immunogenetic, and differences in therapeutic responses (Figure 2B).   Accordingly, extrapolating on IL-23 inhibition inefficacy in AS to in axial PsA is problematic as less cytokine neutralisation may be needed in entheseal soft tissue disease compared to bone disease 96. Obviously, this needs to be formally tested in trials.  

Furthermore, studies that use MRI scans depicting osteitis as an entry requirement into PsA trials might specifically exclude the ligamentous soft tissue centric phenotypes and could cultivate negative trial data generation, a particular concern for this patient group where few bespoke trials have been undertaken. As of 2023 such trials are actively recruiting patients by specifically excluding this key soft tissue centric group 99. We would advocate including axial PsA based on symptoms given the lack of a gold standard imaging test, but we acknowledge that our viewpoint is based on a pathophysiological concept.  Another important issue is the strongly overlapping features of PsA and DISH. Instead of trying to differentiate between the two phenotypes, it might be more practical to ignore asymptomatic new bone formation that may be metabolically driven and consider proven biological therapy for isolated axial disease only when it becomes symptomatic 100. 

In conclusion, a common immunological middle ground captures the immunological features exists between HLA-B27 positive AS and HLA-B27 positive axial PsA, where osteitis is key to sculpting the final phenotype. Other potential MHC-I associations linked to such a phenotype in PsA need further research. However, unique axial PsA phenotypes and DISH phenotypes are predominantly linked to the axial entheseal soft tissues driving the new bone formation phenotype, with axial PsA being more linked to soft tissue ligament inflammation and DISH more linked to aberrant tissue remodelling responses.  Such soft tissue-centric pathology in axial ligamentous structures is a relative blind spot for current imaging technology but could be potentially interrogated with MRI or nuclear medicine strategies. Secondly, serum biomarkers from such relatively avascular structures, in contrast to the vascular synovium, likely explain why such biomarkers cannot decipher this phenotype. We believe that the proposed integrated clinicopathological, anatomical, and immunological perspective offers broad directions and insights for research in this area where gold-standard diagnostic criteria are absent. The osteitis and ligamentitis dichotomy may also be relevant in respect to IL-23 blockade in axial disease since the immune cell composition between the bone and soft tissues are very different.   . 
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Table 1. Comparison between pure ankylosing spondylitis and pure axial PsA disease 

	
	Pure Ankylosing Spondylitis
	“Pure” Axial PsA Phenotype

	Age of Onset
	Teenagerhood, early 20s

Juvenile form may start in midfoot, ankles and lower limb enthesis- 

Then hips and SIJ
	Older

Typically occurs 10+ years post psoriasis

Propensity of joints impacted on by OA- e.g. cervical spine

	Role of Biomechanical Stressing
	Normal levels of age-related stress linked to disease development
	Axial phenotypes more unpredictable

	Koebnerisation
	Not recognised to be common

However, obesity linked to more fusion


Male predominance suggests higher magnitudes of physical stress 


Males- more likely to get axial fusion
	Common for psoriasis, Nail Disease and PsA

PsA risk linked to Obesity but not well studied in spine


Male/female ratio the same perhaps reflecting common shared factors e.g. microdamage


	Predilection/ Site of Onset
	Initially SIJ
	Neck, right sided thoracic spine (movement of aorta on left restricts syndesphophytes)

	MRI




X-Ray
	Usually starts with sub-fibrocartilagenous bone with bone oedema- histologically an osteitis

Well recognised New York criteria pointing towards key role of bone involvment

Well recognised New York criteria pointing towards key role of bone involvment



	Disparate sites but much less osteitis evident pointing towards soft tissue pathology


Paramarginal syndesmophyts or “chunky’ syndesmophytes outside of bone marrow support importance of enthesis soft tissue

	Nail Disease
	-
	Linked to risk of PsA and associated with axial PsA- 

The nail insertion to musculoskeletal system is a type of soft tissue anchorage and not directly connected to bone

	Symmetry
& Implication
	Characteristic and bamboo spine- linked to CRP and HLA-B27+ and multiple SNPs incriminating T-cells 

Immunologically driven osteitis with major role for adaptive immune system
	Assymmetry well recognized with localized disease.  Genetically not well defined

Such regional or assymetrical patterns incriminate local tissue specific pathology or innate immunity

	Symptoms
	Pain Common- reflecting primacy of inflammation
	May be asymptomatic 
Reminiscent of DISH in some settings 

tissue remodelling with aberrant bone reaction


	Genetics
	HLA-B27 is present in more than 90%.  Other MHC-1 asssocations
ERAP1, SNPs IL23R, B40, B47, B51, A2, DRB1*0103 Protective: B7, B57

	HLA-B27 is present in 30-40% of cases- evidence suggests indentical phenotype to AS

 C*0602, HLA-A2, B38, B39 and others but not well defined for spine



	Pathology 
	HLA-B27+ status linked to diffuse spinal osteitis.
Key inflammatory processes taking place in the myeloid rick red marrow


	Comparative lack of osteitis.
Soft tissue centric akin to peripheral skeleton PsA involvement where the synovio-entheseal complex soft tissues are key target of inflammation

	Immunology
	Linked to florid osteitis  as enthesis anchorage is myeloid rich haematopoietic cells 
	Ligament is 90% matrix with majority of cells fibroblastic lineague with a comparative paucity of immune cells, although myeloid and lymphoid lineage well reported


	Therapeutic implications
	Efficacy of higher doses of IL-23 inhibition- Needs formal testing in trials

	Existing secondary outcome data showing efficacy in PsA may be genuine and existing disease of IL-23i may be useful in PsA axial phenotype



























Figure 1   Commonalities and Differences between AS, Axial PsA and DISH
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Figure 1 Legend. A diagram showing the spectrum from pure AS patterns of disease, to PsA axial inflammation to overlaps with diffuse idiopathic skeletal hyperostosis (DISH).  The AS phenotype leads to SIJ fusion representing a post-osteitis reparative reaction.  The PsA phenotype including asymmetrical syndesmophytes and neck and spinal inflammation but not SIJ disease is also predominantly inflammatory in nature.  The DISH phenotype overlaps with PsA with later onset and lack of SIJ bony fusion but frank soft tissue ossification and may be asymptomatic.  There appears to be a gradient from adaptive immune driven to innate immune driven to non-immune or metabolic factors.  Created using Biorender.







Figure 2- The Ascending Bone phenotype in HLA-B27+ related arthritis and soft tissue phenotype in Axial PsA
 A.[image: A picture containing cartoon, sanitary napkin
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Figure 2 Legend.  Panel A The distinct enthesis spinal structure can be viewed as analogous to a tree with the bony anchorage akin to the tree roots and the ligamentous soft tissue akin to the tree trunk.   The ultimate phenotypic expression of AS is determined by the roots but the expression of axial PsA is determined by the trunk.  This is analogous to arboculture where disease processes may either specifically attack the tree roots or above ground structures with both ultimately manifesting in disease. Created using Biorender. Panel B. It is well recognised that inflammatory bowel disease, that is intimately associated with the axial SpA, may be anatomically, histologically, immunogenetically and therapeutically distinct with Crohns Disease and ulcerative colitis phenotypes but often an indeterminate pattern with features of both.  Likewise, for axial SpA itself where similar anatomical histological, immunogenetic and distinct therapeutics exists.  Accordingly AS phenoyptes are more bone centric and PsA phenotypes are more soft tissue enthesis component centric but also overlaps may exist










Figure 3. How Normal ageing sculpts AS, PsA and DISH axial phenotypes. 
[image: ]
Panel A. Severe AS may start in young adults that have well hydrated nucleus polyposis and an annulus network that is flush with the ends of the vertebral bodies.   Despite this normality, an immunologically driven osteitis at sites adjacent to fibrocartilage drives a primary bone pathology.  The post inflammation related tissue remodelling and osteogenesis leads to a bamboo spine morphology in younger rapidly progressing AS cases.   
Panel B.   With age an array of changes impact on normal annulus physiology including dehydration and relative collapse of the disc leading to natural bulging in the annulus.   Age is also associated with ligamentous thickening and loss of elasticity and accumulation of microdamage.    The change in the morphology in the annulus also impacts on the courses of the adjacent anterior longitudinanl ligament (ALL) and posterior longitudinal ligament  and (PLL) that also undergo thickening.    Abnormal ossification reactions of these ligaments structures in older subjects with axial PsA and DISH may account for the different and chunky syndesmophyte morphology.  Subjects with AS developing spinal fusion at an older age will also have similar morphology to PsA and DISH- hence the current confusion in the field. Created using Biorender.
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Figure 4 legend. Panel A. Symptomatic patient with axial PsA showing new bone formation at L3-4(black arrow) and L1-2 (pink arrows).  Panel B. An MRI scan contemporaneous with the X-ray showing bone oedema (yellow arrowsasterisks) reaction also at the spinal entheses indicating that such lesions, likely osteitic, are well recognised in PsA, although less common than in AS. Para-vertebral soft tissue oedema visible (arrows). 	Comment by Paula David: We need to redo legend

Panel CB. X-ray 3 years later showing more marked bony bridging at L3-4 but importantly ossification of the anterior longitudinal ligament at L1-2 (white arrows) that is outside the territory of the annulus to bone anchorage.   In PsA this soft tissue new bone formation is linked to less osteoporosis than AS.  It is likely the spinal enthesis correlate with periostitis in the peripheral skeleton in PsA. Panel D.  Another case of early PsA showing prominent soft tissue ligamentous oedema (arrows) and bone oedema that is longitudinally continuous  over vertebral body (asterisks).    It is likely the spinal enthesis soft tissue changes are the axial correlate of periostitis in the peripheral skeleton in PsA.     













[image: ]Figure 5- Osteitis versus ligamentitis


Figure 5 legend.  On top right (A), the commonest imaging discernible lesion in the axial skeleton is an osteitis and this is followed by post inflammatory fatty change in the bone.  The new bone formation is a later response adjacent to the annulus. This is linked to systemic osteoporosis but absence of periosteal reactions. On the bottom part (B),  the relative lack of spinal bone marrow oedema on MRI in PsA noted in HLA-B27 negative PsA combined with the non-marginal syndesmophytosis and para-marginal ossification points to prominent spinal ligamentous entheseal involvement or a topography located outside the bone marrow as the key driver 101, 102.   This soft tissue topography is mirrored by other non-osseous tissue targeting such as the skin in psoriasis, the synovio-entheseal soft tissue components in PsA and the nail disease association with axial PsA, noting that the nail is anchored to musculoskeletal soft tissues. Created using Biorender.
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