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Introduction

Calcium pyrophosphate deposition disease (CPPD) represents the deposition of calcium pyrophosphate dihydrate (CPP) crystals almost exclusively into articular fibrocartilage and hyaline cartilage, where it is the most common cause of chondrocalcinosis (CC) [1À4]. Aging is the main risk factor [START_REF] Richette | An update on the epidemiology of calcium pyrophosphate dihydrate crystal deposition disease[END_REF]. CPPD is less commonly a monogenic familial disease or is caused by various metabolic disorders such as hereditary hemochromatosis, primary hyperparathyroidism, and hypomagnesemia [START_REF] Richette | An update on the epidemiology of calcium pyrophosphate dihydrate crystal deposition disease[END_REF].

CPPD was first recognized as a source of acute crystal-induced peripheral-joint inflammation [START_REF] Kohn | The significance of calcium phosphate crystals in the synovial fluid of arthritic patients: the "pseudogout syndrome". II. Identification of crystals[END_REF].

Spinal features of the disease have received more recent but less extensive attention. Here, we report on the results of a retrospective study of clinical and imaging features of spinal involvement in 37 patients out of a series of 152 CPPD patients consecutively hospitalized in a single large academic rheumatology center over a 5-year time interval.

Materials and methods

Files for all patients with a CPPD diagnosis based on the presence of typical radiographic CC or demonstration of CPP crystals in a synovial fluid sample and hospitalized in the rheumatology department of Lariboisi ere teaching hospital (Paris, France) from May 2006 to May 2011 were retrospectively reviewed by a standardized protocol and electronic case report forms. CPP deposits in the spine were diagnosed by conventional radiography and/or CT-scan. Patients with and without spinal CPPD were compared by Fisher's exact test for categorical data and Wilcoxon test for quantitative data. All tests were two-sided, with p < 0.05 considered statistically significant. Analyses involved using R version 3.4.4. software.

Results

General features of patients with spinal CC

Over the 5 years, 152 patients (101 women; mean age 78 years (range 39À99) had been hospitalized with a diagnosis of CPPD based on characteristic radiographic features (n = 151) or polarizing lightmicroscopy demonstration of CPP crystals in synovial fluid (n = 65). Spinal CPPD was diagnosed in 37/152 patients (24.3%), all but one with associated peripheral-joint CC. Patients with and without spinal CPPD did not differ in age, sex or peripheral-joint CC distribution, but primary hyperparathyroidism was more frequent and the number of peripheral joints involved by CC was greater with than without spinal CPPD (Table 1). CC affected the cervical spine in 21 patients, the lumbar spine in 19 and the thoracic spine in 4; 6 patients had several segments affected.

Cervical spine involvement

Calcifications and related clinical features

CT-scan revealed calcification of the cervico-occipital hinge in 19 patients; for all, the tranverse retro-odontoidal ligament was involved, with a characteristic rail-like appearance consisting of two parallel lines of deposits on transversal views (Fig. 1) in 17 and gross ligament calcification in 2 (Fig. 2(a)). Anteroposterior and sagittal views additionally revealed deposits around the odontoid process (Fig. 2(b) and (c)), which appeared as fine and mottled calcifications, in 4 and 10 patients, respectively. Calcifications were additionally seen in lateral C1-2 joint spaces in 3 patients (Fig. 3) and along the lateral processes of C2 in one. Twelve of the 19 patients presented acute inflammatory cervico-occipital pain and marked cervical stiffness. Among these 12 patients with typical crown dens syndrome, 8 had elevated erythrocyte sedimentation rate (ESR) and/or C-reactive protein (CRP) level, 3 moderate-grade fever, and 7 simultaneous peripheral inflammatory arthritis. Five older patients with hinge calcifications complained of cervico-occipital mechanical pain, associated in 2 patients with increased levels of inflammatory markers. Three had a destructive arthropathy of a C1-2 lateral joint.

Ten patients showed erosions of the odontoid process (Fig. 4), associated with odontoid bone cysts in 5 and dens dislocation in 6. An 89-year-old woman who had fallen had a grade II fracture of the base of the odontoid process with a 4-mm anterior displacement. CT-scan or MRI revealed pannus-like synovial hypertrophy around the odontoid dens in 3 patients with pyramidal features, associated with a destructive arthropathy of the C1-2 anterior and lateral joints. Of note, crystal-loaded synovia exhibited low signal intensity on T2-weighted MRI images in contrast to the usual features of rheumatoid pannus.

CT-scan revealed intervertebral disc (IVD) calcifications (Fig. 3) in 13 patients, frequently at multiple levels, involving a total of 28 IVDs; 15 disc calcifications were located in both the central and peripheral parts of the disc space, 7 in the peripheral part and 6 in the central part, with a rounded pattern. They involved the upper cervical spine in 5 patients and the lower cervical spine (C4-5 to C7-T1) in 8. Among the patients with IVD calcifications, 10 presented acute inflammatory neck pain, 8 also showing peri-odontoid calcifications. CT-scan was more sensitive than conventional radiography for detecting cervical spine calcifications. CT was performed at the cervico-occipital hinge in 21 patients and revealed calcifications in 19, whereas radiography, performed in all patients, revealed peri-odontoid calcifications in only 8. Among the 17 patients with a CT-scan of the whole cervical spine, IVD calcifications were detected in C2-3 to C7-T1 discs in 13 and radiography detected IVD calcifications in only 8. In addition, CT-scan revealed calcification of the ligamenta flava in 2 patients (Fig. 2(b)), the posterior longitudinal ligament in one, and the interspinous ligament in one, none discernible on radiographs.

Cervical spine immobilization by a cervical collar and colchicine and analgesic therapy were used in all patients presenting inflammatory neck pain. Oral prednisone at an initial dose of 30 mg/d was used in patients presenting simultaneous polyarticular attacks, with tapering of the steroid dose after improvement. Subcutaneous anakinra, 100 mg/d, was used in 4 patients with polyarticular attacks and crown dens syndrome who showed no response to colchicine and steroid therapy. Anakinra led to marked improvement at 3À4 days in both peripheral and cervico-occipital pain in 3 patients; one patient with familial CPPD and widespread chronic inflammatory pain did not show improvement despite 2 months of anakinra treatment.

Aseptic spondylodiscitis

Imaging studies revealed a C2-3 erosive discitis (Fig. 5) in a 67-year-old woman. Infection was excluded by two consecutive disco-vertebral biopsies performed under radiological guidance.

Associated degenerative changes

All patients had multiple intervertebral osteoarthritis (OA) of the cervical spine, with varying severity. Seven patients showed a vacuum phenomenon (Fig. 6) in multiple IVDs. Upper cervical OA was common: 18 patients had C2-3 and C3-4 OA associated with lower cervical involvement. Three brachial neuralgias were associated with OA of the lower spine. Anterior IVD space fusion was observed in 4 women older than 80 years (Fig. 6) and involved disc levels C2-3, C3-4, C2-3 to C4-5, and C5-T1 in one patient each. Apophyseal joint OA was noted in 17 patients and affected both the upper and lower cervical intervertebral levels; CT-scan revealed subchondral bone erosions in the interapophyseal joints in 11 patients and fusion in one patient (Fig. 2(d) and (e)). Spondylolisthesis (Figs. 7 and8(a)À(c)) were noted at 17 intervertebral levels in 13 patients. Seven patients showed upper cervical spine (C2-3 and/or C3-4) involvement. One patient with no clinical sign of spinal cord impingement showed marked cervical spinal canal stenosis at the C4-5 and C5-6 levels.

Thoracic spine involvement

CT-scan revealed IVD calcifications in the thoracic spine of 4 patients aged 87À90 years who presented local inflammatory pain, associated with costovertebral involvement in 2. Radiography revealed only one thoracic disc calcification. Modic 1 changes were seen on MRI at the T1-2 level in one patient (Fig. 8). A T10-11 discitis was found in another patient, associated with a L3-4 destructive discitis, and left sacroiliitis (Fig. 9). Two radio-guided biopsies, of the L3-4 disc and left sacroiliac joint, respectively, remained sterile and the condition finally improved under colchicine treatment.

Lumbar spine involvement

Clinical or radiological data were missing for 2 patients, so only 17 of the 19 patients with known lumbar spinal CC could be studied.

Calcifications and related clinical features

Radiography revealed IVD calcinosis in 4 patients and CT-scan in 17 (Figs. 9À13), with multiple disc involvement in 15. The L3-4 disc space was involved in 12 patients, the L4-5 and L5-S1 disc spaces in 11 each, the L2-3 disc in 9 and the L1-2 disc in 6. Five patients had a history of discectomy and exhibited calcifications of the operated discs. Disc calcifications had predominantly annular, nucleo-annular, and nuclear patterns, in 9, 7 and one patient, respectively. Calcifications involving the whole disc space were occasionally seen. CT-scan revealed calcification of the ligamentum flavum (Figs. 10 and11(a)) in 6 patients, the interspinous ligament (Fig. 11(a)) in 3 patients and interapophyseal joint cartilage in 1 patient. Recurrent episodes of lumbar inflammatory pain and stiffness with increased acute-phase reactants were the main complaint in one patient with L4-5 disc calcification.

Discitis

The patient with the T1-2 Modic 1 lesion mentioned above also had mild L4-5 discitis with Modic 1 endplate changes, disc space narrowing and increased signal intensity on T2-weighted images (Fig. 8). Disc biopsy was not performed, and the condition improved under conservative management.

Four patients presented acute lumbar inflammatory pain and stiffness, increased ESR and CRP level, and imaging features mimicking to some extent disc space infection. In the first patient (Fig. 11), MRI revealed mild inflammatory changes of the endplates and intervening disc without soft-tissue involvement at the L4-5 level. No biopsy was performed and the condition improved under conservative management, including colchicine therapy.

In a second patient, MRI revealed disc and vertebral endplate inflammatory changes with posterior gadolinium enhancement suggesting L2-3 disc space infection (Fig. 12). However, 2 image-guided L2-3 disc space biopsies showed no sign of infection, and the condition improved rapidly under colchicine and low-dose steroid treatment. In a third case, CT-scan revealed spondylolisthesis with bone erosion, remodeling and vacuum phenomenon of the facet joints at the L4-5 level, together with extensive calcification of the disc spaces and ligamentum flavum (Fig. 13). The L4-5 IVD and both endplates exhibited low signal intensity on T1-weighted MRI and high signal intensity on short TI inversion recovery (STIR) images. Most notably, the disk space showed very high, fluid-like, signal intensity on STIR images but no endplate erosion, no disc space height loss and very minimal soft-tissue edema (Fig. 13). MRI also revealed features of subchondral bone-marrow edema in the 2 sacroiliac joints. Because the patient had received antibiotics before admission, no biopsy was performed. The condition responded markedly to colchicine, 1 mg/ day, and a short course of prednisone, 20 mg/day, which confirmed the diagnosis of crystal-induced inflammation. The fourth patient (Fig. 9) showed discitis at 2 intervertebral levels, T10-11 and L3-4, in addition to left sacroiliitis, and was briefly described above.

Degenerative changes

All patients had IVD OA at multiple lumbar levels; 7 also had erosive endplate changes and 7 had one or several disc vacuum phenomena. Facet-joint OA was observed at several levels in 15 patients (Fig. 14) and spondylolisthesis in 8, mostly at the lower lumbar spine. The L1-2 intervertebral level was involved in one patient and L2-3 in another who also had an L5-S1 spondylolisthesis. In every instance, except for one patient with L5-S1 spondylolysthesis and bilateral isthmic defects of L5, patients had severe facet-joint OA and some degree of dislocation of the involved level. Twelve patients showed lumbar canal stenosis due to the combination of disc prolapse and facet-joint OA. L4-5 was the most frequent location of spinal stenosis. Four women showed scoliosis of the lumbar spine (Fig. 15) with severe disc and facet-joint OA and associated with spondylolisthesis in 3. No sequential radiographs were available to determine the onset and progression rate of the deformity.

These degenerative changes were considered responsible for the severe and chronic, predominantly mechanical, low-back pain, generally associated with mildly increased acute-phase reactants, which led to the hospitalization of 12 patients; 11 complained of nerve root pain, together with severe radicular claudication in 3. In addition to analgesics and physical therapies, these 12 patients received epidural steroid injections; 3 also received facet-joint injections.

Sacroiliac joint involvement

Four patients showed asymptomatic calcification of the sacroiliac joint (SIJ) cartilage (in one on conventional radiography, in 3 on CT-scan) (Fig. 16), who also had evidence of spinal involvement. A man with non-familial CC, diabetes mellitus and spinal features of diffuse idiopathic skeletal hyperostosis (DISH) also showed unilateral asymptomatic fusion of the cartilaginous part of the SIJ (Fig. 17). In an 87-year-old woman, clinical presentation and MRI images suggested SIJ infection, which was ruled out by biopsy (Fig. 9). Her buttock pain was relieved by colchicine treatment.

Discussion

This study of a series of 152 CPPD patients consecutively hospitalized in a single center shows that nearly one quarter (23.8%) had clinical and radiological features of spinal deposits, especially at the cervical and lumbar spine. Patients with spinal involvement had widespread CC, in accordance with previous work [START_REF] Richards | Spinal changes in idiopathic chondrocalcinosis articularis[END_REF]. In accordance with a recent report [START_REF] Abhishek | Chondrocalcinosis is common in the absence of knee involvement[END_REF], knee CC was not evidenced in all patients of both groups, and CCPD diagnosis was made by the radiographs of other joints, particularly of the wrist. Spinal CC was previously reported in patients with secondary or familial disease [8À10], as we observed. Our series differs from previous ones by the wide use of modern imaging techniques not available in the early studies, although we did not prescribe CT-scans or MRI of the spine systematically but as indicated by the clinical features of our patients.

Previous anatomical studies have shown that CPP crystals can deposit in the nucleus pulposus and annulus fibrosus of IVDs [11À14], vertebral endplate cartilage [START_REF] Resnick | Vertebral involvement in calcium pyrophosphate dihydrate crystal deposition disease. Radiographic-pathological correlation[END_REF] and other vertebral structures including the apophyseal and sacroiliac joints and all vertebral ligaments [START_REF] Resnick | Vertebral involvement in calcium pyrophosphate dihydrate crystal deposition disease. Radiographic-pathological correlation[END_REF]. In our study, CT-scan was more sensitive than radiography in detecting IVD and vertebral ligament calcification. MRI was poorly sensitive to detect calcium deposits because CPP-containing tissues seem isointense to neural tissue on T1-weighted images and iso-to hyperintense on T2-weighted sequences [START_REF] Zunkeler | Periodontoid calcium pyrophosphate dihydrate deposition disease: "pseudogout" mass lesions of the craniocervical junction[END_REF] but was able to reveal endplate and disc inflammation. Acute inflammatory episodes of the spine related to CPP deposition and responsive to colchicine or non-steroidal anti-inflammatory drugs (NSAIDs) have been reported [START_REF] David-Chausse | Painful vertebral manifestations and diffuse articular chondrocalcinosis[END_REF][START_REF] Goff | Articular chondrocalcinosis revealed by acute cervical symptoms simulating meningitis (author's transl)[END_REF]. IVD CPP deposits are usually considered responsible, but in one report, these acute episodes were attributed to acute CPP crystal arthritis of the interapophyseal joints [START_REF] Fujishiro | Pseudogout attack of the lumbar facet joint: a case report[END_REF]. Such acute painful episodes occurred in only 3 of our patients, at the cervical spine for 2. Because our series exclusively included hospitalized patients, most of the disc calcifications were discovered on imaging studies performed because of associated features that required hospitalization, and the frequency of acute self-remitting episodes may have been minimized by this bias. Similarly, we found fewer disc calcifications in the thoracic than lumbar and cervical spine in contrast to systematic studies finding more calcifications in thoracic discs [START_REF] Resnick | Vertebral involvement in calcium pyrophosphate dihydrate crystal deposition disease. Radiographic-pathological correlation[END_REF][START_REF] Chanchairujira | Intervertebral disk calcification of the spine in an elderly population: radiographic prevalence, location, and distribution and correlation with spinal degeneration[END_REF]. Thus, CPPD of the thoracic segment may be less likely to induce severe symptoms.

In our study, deposits at the cranio-cervical hinge were among the most frequent, in accordance with previous CT-scan studies finding deposits in the transverse ligament of the atlas in 14/21 [START_REF] Constantin | Calcification of the transverse ligament of the atlas in chondrocalcinosis: computed tomography study[END_REF] and 24/35 [START_REF] Finckh | The cervical spine in calcium pyrophosphate dihydrate deposition disease. A prevalent case-control study[END_REF] examined CPPD patients. A study of 513 unselected patients who came consecutively to an emergency room for trauma found a 12.5% prevalence of atlantoaxial calcium deposits, which strikingly increased with age [START_REF] Chang | Frequency of atlantoaxial calcium pyrophosphate dihydrate deposition at CT[END_REF]. The transverse ligament of the atlas, mainly composed of fibrocartilage, seems one of the most common sites of CPP crystal deposition. As in previous reports, in our patients, these deposits typically appear on CT-scan as linear calcifications along the transverse ligament surfaces, sometimes associated with periodontoid deposits. CPP deposits at the craniovertebral junction are asymptomatic most of the time [20À22] but may also associate with various clinical features, as we observed in our study of symptomatic patients.

In total, 12/19 of our patients with calcifications at the craniocervical hinge had crown dens syndrome, associated with acute microcrystalline peripheral arthritis in 7. In this syndrome, first reported in the early 1980s [START_REF] Ziza | Acute suboccipital neck pain of calcifying origin[END_REF][START_REF] Bouvet | Acute neck pain due to calcifications surrounding the odontoid process: the crowned dens syndrome[END_REF], periodontoid calcium deposits are associated with acute inflammatory pain of the upper neck, which may radiate to the occiput, ear or temporomandibular joint, with marked cervical stiffness, impaired head rotations, increased acutephase reactants and radioisotope marker uptake on bone scintigraphy [25À27]. The syndrome can be observed in relatively young patients with peripheral joint features of basic calcium phosphate crystal deposition disease and partial dissolution of the calcium deposit during the acute attack [START_REF] Ziza | Acute suboccipital neck pain of calcifying origin[END_REF]. The syndrome may also concern older people with peripheral CC suggestive of CPPD. In both cases, pain is usually alleviated by colchicine, NSAIDs or systemic steroids, but relapses can be seen. In our series, 3 patients showed marked improvement with anakinra, which suggests that interleukin-1 blockers could be beneficial for refractory patients, as previously reported for peripheral CPPD involvement [START_REF] Molto | Efficacy of anakinra for refractory acute calcium pyrophosphate crystal arthritis[END_REF]. CPPD patients with crown dens syndrome may report misleadingly chronic features [START_REF] Wu | The crowned dens syndrome as a cause of neck pain: report of two new cases and review of the literature[END_REF][START_REF] Aouba | Crowned dens syndrome misdiagnosed as polymyalgia rheumatica, giant cell arteritis, meningitis or spondylitis: an analysis of eight cases[END_REF]. Five of our patients with periodontoid calcifications had such chronic pain, which was mostly mechanical, but associated with increased acute-phase reactants in 2.

MRI did not show high signal intensity on T2-weighted images around the dens in our series, which has been observed in a few reports, and would have supported that pain originated from crystal deposits around the odontoid process [START_REF] Wu | The crowned dens syndrome as a cause of neck pain: report of two new cases and review of the literature[END_REF][START_REF] Goto | Crowned Dens syndrome[END_REF]. A recent study identified CPP crystal deposition and inflammatory effusion of a lateral C1-2 joint, which led to the hypothesis that the syndrome might be mainly due to an acute CPP crystal-induced synovitis of these joints [START_REF] Kobayashi | Acute neck pain caused by arthritis of the lateral atlantoaxial joint[END_REF]. Radiography-guided steroid injection in the lateral atlantoaxial joint has been found helpful [START_REF] Frey | C1-2 steroid injection for crowned dens syndrome[END_REF] but was not used in our series because our patients showed improvement with systemic antiinflammatory treatment. Our patients with chronic crown dens syndrome occasionally showed narrowing of the lateral C1-2 joint space, Fig. 12. A 72-year-old kidney transplant patient with diffuse peripheral and axial CPPD was admitted for severe acute low-back pain and mild fever associated with increased erythrocyte sedimentation rate. T1-weighted (a), gadolinium-enhanced T1-weighted (b) and STIR (c) MRI images demonstrate L2-3 discitis with increased signal intensity on STIR images and enhancement of the disc space and adjacent endplates. Note the absence of vertebral endplate erosion and the minimal gadolinium uptake and thickening at the posterior aspect of the disc space (b,c). The L3-4 disc space is the site of calcification on CT-scan (d). A radiography-guided biopsy was sterile (e). thereby supporting that involvement of these joints could indeed play a role in the genesis of their cervico-occipital pain.

Massive retro-odontoid CPP deposits can cause severe cervical myelopathy, which can be relieved by surgery [15,32À35]. Three of our patients had similar deposits but did not undergo surgery because signs of spinal cord compression were mild and limited to pyramidal reflex features, with no sensory or motor loss.

Ten of our patients showed erosions or cysts of the dens, as previously reported, most prominent along the remnant of the synchrondrosis of C2 [START_REF] Kakitsubata | Calcium pyrophosphate dihydrate crystal deposition in and around the atlantoaxial joint: association with type 2 odontoid fractures in nine patients[END_REF]. These findings have been suspected to favor type 2 odontoid fracture [START_REF] Kakitsubata | Calcium pyrophosphate dihydrate crystal deposition in and around the atlantoaxial joint: association with type 2 odontoid fractures in nine patients[END_REF], which occurred in one of our patients after a mild trauma and can be associated with atlanto-odontoid instability, another source of neurological compromise. Even if CPP deposits were best seen on CT-scan, MRI was, in our experience, important to assess the importance of inflammation and cord compression, as previously reported [START_REF] Kakitsubata | Calcium pyrophosphate dihydrate crystal deposition in and around the atlantoaxial joint: association with type 2 odontoid fractures in nine patients[END_REF].

CT-scan frequently showed calcification of the spinal ligaments in our patients. These were overall small and non-compressive in contrast with several literature reports of spinal-cord or radicular impingement due to massive deposits in the ligamentum flavum or posterior longitudinal ligament [37À40].

Aseptic discitis has been described in CPPD patients since the early 1980s [6,41À44] and is known to occur in older patients, frequently at multiple disc levels, and to have the potency to cause recurrent inflammatory flares [START_REF] Grobost | Axial calcium pyrophosphate dihydrate deposition disease revealed by recurrent sterile spondylodiscitis and epidural abscess[END_REF]. Lesions were initially studied by radiography, which demonstrated vertebral endplate erosions and disk space narrowing. A disc vacuum phenomenon could help rule out infection but has been rarely observed at the site of the discitis. Symptoms are alleviated with colchicine or NSAIDs, but septic discitis remains an important differential diagnosis because the affected patients frequently present inflammatory pain and increased acute-phase reactants [START_REF] Bartlett Cs 3rd | Calcium pyrophosphate deposition disease mimicking infection in the lumbar spine[END_REF][START_REF] Cameron | Recurrent back pain and fevers[END_REF]. Moreover, MRI features suggestive of an epidural [START_REF] Grobost | Axial calcium pyrophosphate dihydrate deposition disease revealed by recurrent sterile spondylodiscitis and epidural abscess[END_REF] or psoas abscess [START_REF] Dudler | Aseptic psoas pyomyositis and erosive discitis in a case of calcium pyrophosphate crystal deposition disease[END_REF] have been reported. Needle biopsy is frequently required to rule out infection. In the absence of previous antibiotic treatment, negative bacteriological studies support the diagnosis of crystal-induced inflammation, in patients known to have CPPD. Definite diagnosis could be supported by CPPD crystal demonstration at the site of the lesion. However, a search for crystals often yields negative results, as was the case in our patients, because the cartilage sites of crystal deposition had been destroyed by the disease process or because precautions were not taken to retain the pathogenic water-soluble crystals during processing of the biopsy sample [START_REF] Lagier | L'approche anatomo-pathologique du concept de chondrocalcinose articulaire[END_REF].

MRI features of CPPD discitis have been little described in the medical literature. In our study, we observed a large and striking continuum of inflammatory MRI changes of the disco-vertebral space (Table 2), ranging from mere inflammation of the vertebral endplates, consistent with Modic 1 changes [START_REF] Modic | Degenerative disk disease: assessment of changes in vertebral body marrow with MR imaging[END_REF], to various degrees of discovertebral inflammation and destruction. As previously reported, multiple disc levels, with different degrees of severity, coexisted in one patient (Fig. 9). Gadolinium enhancement of the disc and endplate lesions was the rule and frequently extended to adjacent soft tissue, which further increased the pseudo-infectious appearance, although extensive soft-tissue inflammation and abscess formation were missing. In some patients, the disc cavitation that we defined as the association of a fluid collection into the disc space with high T2-signal intensity and gadolinium enhancement of the endplates strongly mimicked infection. Overall, the differential diagnosis of infectious and CCP discitis is mainly based on the presence of discal CCP deposits on CT-scan and the absence of a soft-tissue abscess on MRI. However, a percutaneous biopsy may be required to rule out disc infection. Our study also shows that intervertebral discitis and sacroiliac involvement may coexist.

CPPD involvement of the sacroiliac joint has been rarely described [51À56]. CPP crystal deposition has been documented [START_REF] Garland | Calcium pyrophosphate dihydrate crystal deposition in the sacroiliac joint[END_REF] and may be responsible for acute microcrystalline episodes [START_REF] Francois | Acute sacroiliitis as a manifestation of calcium pyrophosphate dihydrate crystal deposition disease. A report of two cases[END_REF][START_REF] El Maghraoui | Acute sacroiliitis as a manifestation of calcium pyrophosphate dihydrate crystal deposition disease[END_REF]. Sacroiliac joint calcification can be revealed by radiography [START_REF] Littlejohn | Sacroiliac joint abnormalities in calcium pyrophosphate crystal deposition disease[END_REF][START_REF] Reginato | Articular chondrocalcinosis in the Chiloe Islanders[END_REF] or more frequently by CT-scan [START_REF] Francois | Acute sacroiliitis as a manifestation of calcium pyrophosphate dihydrate crystal deposition disease. A report of two cases[END_REF][START_REF] El Maghraoui | Acute sacroiliitis as a manifestation of calcium pyrophosphate dihydrate crystal deposition disease[END_REF], as in our patients. Radiographs have frequently showed degenerative changes including subchondral bone sclerosis, cysts and erosions, which are usually asymptomatic [START_REF] Cantagrel | Aspects radiologiques des articulations sacro-iliaques au cours de la chondrocalcinose articulaire[END_REF]. Subchondral bone erosions may cause widening of the sacroiliac joint space and may mimic ankylosing spondylitis, especially when associated with subchondral sclerosis [START_REF] Martel | Further observations on the arthropathy of calcium pyrophosphate crystal deposition disease[END_REF]. Intra-articular vacuum phenomenon may also be seen [START_REF] Martel | Further observations on the arthropathy of calcium pyrophosphate crystal deposition disease[END_REF][START_REF] Cantagrel | Aspects radiologiques des articulations sacro-iliaques au cours de la chondrocalcinose articulaire[END_REF] but was found not specific for CPPD [START_REF] Shorter | Is the vacuum sign in the sacro-iliac joint a useful radiological sign of chondrocalcinosis?[END_REF]. Sacroiliac joint fusion has been described in familial diseases with CPPD and intervertebral fusion [START_REF] Reginato | HLA antigens in chondrocalcinosis and ankylosing chondrocalcinosis[END_REF] or DISH [START_REF] Bruges-Armas | Ectopic calcification among families in the Azores: clinical and radiologic manifestations in families with diffuse idiopathic skeletal hyperostosis and chondrocalcinosis[END_REF]. Our patient with unilateral sacroiliac fusion did not have a familial disease but had diabetes mellitus and spinal features of DISH. In addition to a bilateral ossification of the anterior sacroiliac ligaments, a well-known feature of DISH, imaging studies revealed fusion of the deeper cartilaginous portion of his right sacroiliac joint, which has not been reported in DISH and therefore may be a feature of the patient's non-familial CPPD. We also report a destructive sacroiliitis, which was found to be non-infectious. This case underlines that CPPD can cause not only destructive discitis but also sacroiliitis mimicking infection, a feature that does not seem to have been previously reported.

Finally, degenerative changes of the spine were frequent in our series and were symptomatic enough to be the main cause of hospitalization of 12 patients. In the absence of a comparison with agematched controls, we could not assess whether the frequency and severity were increased as compared to older-aged controls. A number of studies have emphasized the frequency of degenerative changes in CPPD patients, including vacuum phenomenon, vertebral endplate sclerosis and erosions, large osteophytosis, vertebral ankylosis, spinal malalignment and spinal canal stenosis, with the same methodological limitations [START_REF] Richards | Spinal changes in idiopathic chondrocalcinosis articularis[END_REF][START_REF] Benoist | Les manifestations vert ebrales de la chondrocalcinose articulaire. A propos de 80 observations[END_REF][START_REF] Villiaumey | Involvement of the spine in articular chondrocalcinosis[END_REF][START_REF] Sadique | Central spinal stenosis due to pseudogout: a case report[END_REF][START_REF] Markiewitz | Calcium pyrophosphate dihydrate crystal deposition disease as a cause of lumbar canal stenosis[END_REF]. In our series, the number of spondylolisthesis cases was high and vertebral levels involved were frequently unusual, especially at the upper cervical spine. Interapophyseal joints were confirmed as a possible site of CC and microgeodic involvement (Fig. 14), reminiscent of that described in appendicular joints. We did not observe calcified interapophysal cysts, the walls of which are known to be a site of CPP deposits even in the absence of deposits at other sites [START_REF] Rapin | Calcified synovial cyst of a zygapophyseal joint[END_REF].

Conclusion

This series of hospitalized CPPD patients shows that spinal features of the disease are frequent, involving about one-quarter of our patients. CT-scan was more sensitive than radiography for detecting calcification of the spinal disc, ligaments or interapophyseal cartilage and sacroiliac joints. Severe clinical features requiring hospitalization seemed frequently related to spinal degenerative changes, which might be explained by the age of the population examined. Specific entities also observed included inflammatory pain related to crystal deposits and destructive arthropathy of the intervertebral anterior spine and sacroiliac joints. a Disc cavitation: association of a fluid-like signal intensity of the disc space with gadolinium enhancement of endplates.

Fig. 1 .

 1 Fig.1. CT-scan of a 79-year-old man admitted for recurrent inflammatory attacks of the upper cervical spine: fine linear parallel calcifications at the superficial aspects of the tranverse retrodontoidal ligament on axial (a) and midline sagittal (b) views featuring a typical "calcified railroad" pattern.

Fig. 2 .

 2 Fig. 2. CPPD crown dens syndrome in an 85-year-old man who presented inflammatory neck pain and stiffness. (a) Mottled calcium deposits surrounding the odontoid process are visible on axial (a), sagittal (b) and coronal (c) CT images. Note the focal cortical erosion of the posterior aspect of the dens (b, arrow) and multiple intervertebral disc and ligamentum flavum calcifications. C5-6, C6-7 and C7-T1 disc spaces are markedly narrowed, with erosive changes of the endplates at the C6-7 level. Bilateral uncodiscarthrosis is also present at the C5-6, C6-7 and C7-T1 levels (c). CT images through the facet joints (d, e) show multilevel degenerative changes and bony fusion of the right C4-5 facet joint (e, arrow).

Fig. 3 .

 3 Fig. 3. Transoral anteroposterior radiograph (a) and coronal CT-scan image (b) of the cervico-occipital hinge in a 45-year-old patient with familial CPPD, showing calcific deposits around the dens and linear calcifications within the C1-2 lateral joints and all visible cervical disc spaces.

Fig. 4 .

 4 Fig. 4. Midline sagittal CT-scan image showing a large erosion of the dens and calcified deposits of the cruciate ligament.

Fig. 5 .

 5 Fig. 5. A 67-year-old woman with peripheral joint chondrocalcinosis presented inflammatory pain and stiffness of the cervical spine, with increased acute-phase reactants. C2-3 erosive discitis is visible on a CT-scan midline sagittal view (a), sagittal MRI T1-weighted image (b) gadolinium-enhanced T1-weighted image (c), and STIR image (d). Note the slight gadolinum uptake of the disc space and erosion of the superior endplate of C3 (c), together with inflammatory changes of the adjacent C2-3 endplates; two radiography-guided biopsies were sterile (e).

Fig. 6 .Fig. 7 .

 67 Fig. 6. CT-scan sagittal view exhibiting multiple disc vacuum phenomena, erosive osteoarthritis, C3-4 fusion, C7-T1 spondylolisthesis and T1-2 erosive facet joint osteoarthritis.

Fig. 8 .

 8 Fig. 8. A 71-year-old man complained of acute cervical pain and chronic bilateral sciatica, which became acute 1 month before admission. (a,b,c) Sagittal MRI views exhibit C3-4 and C7-T1 spondylolisthesis and inflammatory changes [low signal intensity on T1-weighted images (b) and high signal intensity on T2-weighted images (a, c)] of the vertebral endplates at T1-2 disc level consistent with Modic 1 changes. Note similar inflammatory changes in the T1 spinous process (c). This patient also had similar MRI inflammatory changes (a,d,e) involving the L2 superior endplate, and L4-5 vertebral endplates. A CT-scan sagittal image (f) shows calcification into the L2-3 intervertebral disc.

Fig. 9 .

 9 Fig. 9. An 87-year-old woman with hypomagnesemia-related CPPD and extensive chondrocalcinosis presented intense inflammatory low back and left buttock pain, of 3-week duration, with marked lumbar stiffness and increased acute-phase reactants. Sagittal spinal imaging [(a,e) CT-scan images, (b,f) T1-weighted MR images, (c,g) gadolinium-enhanced T1-weighted MRI images, (c,h) STIR MRI images] revealed destructive disc disease at the T10-11 and L3-4 levels. Note the extensive disc calcification (a,e), the marked inflammatory changes of endplates with fluid collection at the T10-11 and L3-4 levels contrasting with limited soft-tissue involvement without abscess formation. Coronal sacroiliac CT-scan (e), T1-weighted MRI (f, g) and STIR MRI (h) images show left inflammatory and destructive sacroiliitis. The right sacroiliac joint is only mildly involved.

Fig. 10 .

 10 Fig. 10. Sagittal CT-scan image (a) of the lumbar spine and axial image at the L1-2 level (b) exhibiting multiple linear disc calcifications in the annulus fibrosis (thin arrows) and ligamentum flavum calcifications (large arrows). Note also the linear calcifications of the cartilaginous endplates at the L3-4 level.

Fig. 11 .

 11 Fig. 11. Sagittal view of the lumbar spine in a 69-year-old woman admitted for intense low-back pain and increased acute-phase reactants. Note disc, ligamentum flavum and interspinous ligament calcifications on CT-scan (a). The L4-5 disc and vertebral endplates exhibit inflammatory, Modic 1-like changes on MRI (b, c). Note the spinal stenosis at the same level due to disc prolapse and ligamentum flavum calcification.

Fig. 13 .

 13 Fig. 13. A 90-year-old woman with extensive peripheral joint chondrocalcinosis was admitted for severe low-back pain of 1-month duration together with stiffness and fever. Her symptoms persisted despite two 1-week courses of antibiotic therapy, and serum C-reactive protein level was 200 mg/L at admission. CT-scan (a,b) revealed a L4-5 degenerative spondylolisthesis associated with facet joint erosion, remodeling and vacuum phenomenon on an hyperlordotic lumbar spine. The L4-5 disc space density seems lower than that for the other disc spaces (a), which is consistent with the fluid-like signal intensity on the STIR image (d). Disc calcifications are seen at several levels. A retrolisthesis is present at T12-L1 and L1-2 and a vacuum phenomenon is visible at T12-L1. No vertebral endplate erosion is discernible. MRI (c: T1-weighted images, d: STIR images) shows inflammatory changes of the L4-5 endplates and a fluid-like hyperintense signal intensity in the disc space (d), without disc height loss.

Fig. 14 .

 14 Fig. 14. Axial CT-scan at L2-3 in a patient with CPPD and diffuse idiopathic skeletal hyperostosis (DISH) showing microgeodic facet joint osteoarthritis, associated with mild vacuum phenomenon. Note the gross bone production on the anterior aspect of the vertebra, related to DISH.

Fig. 15 .

 15 Fig. 15. Coronal (a) and sagittal (b) CT-scan images of the lumbar spine, exhibiting spinal dislocation (a), multiple disc vacuum phenomenon, loss of disc height, and small vertebral plate erosions. Interapophyseal osteoarthritis and ligamentum flavum calcification are seen at the L2-3 level (b). MRI (c: T1-weighted images; d: STIR images) shows inflammatory changes at T12-L1 and L1-2.

Fig. 16 .Fig. 17 .

 1617 Fig. 16. Oblique coronal CT-scan section of the sacroiliac joints exhibiting chondrocalcinosis and vacuum phenomenon of the sacroiliac joints and L5-S1 intervertebral disc.

  

Table 1

 1 Demographic features, calcium pyrophosphate dehydrate deposition disease (CPPD) etiology and peripheral-joint chondrocalcinosis distribution in patients with and without spinal CPPD.

	With spinal	Without spinal	p-value
	CPPD n = 37	CPPD n = 114	

Table 2

 2 CT-scan and MRI features in the four types of CPPD discitis.

	Discitis type	CT-scan
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