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Introduction

Polymyalgia rheumatica (PMR) is an inflammatory disease of the subject over 55 years of age, which may be associated with giant cell arteritis [START_REF] Buttgereit | Polymyalgia Rheumatica and Giant Cell Arteritis: A Systematic Review[END_REF]. Diagnosis is sometimes difficult in the absence of a gold standard, but the clinical picture and biological inflammatory syndrome are the basic elements of the diagnostic construction [START_REF] Dasgupta | provisional classification criteria for polymyalgia rheumatica: a European League Against Rheumatism/American College of Rheumatology collaborative initiative[END_REF]. Pain often has a muscular connotation and the description of cervico-scapular or gluteal myalgia is not uncommon. However, objective muscle damage has only rarely been reported as the cause of PMR pain.

Imaging makes an interesting contribution to the diagnosis and understanding of the injury mechanisms that cause the symptoms of the disease. The frequent presence of bursitis and tenosynovitis in the scapular and pelvic girdles has been demonstrated by ultrasound and magnetic resonance imaging (MRI), and indeed, an ultrasound imaging component has been incorporated into the latest ACR/EULAR criteria for PMR classification [START_REF] Dasgupta | provisional classification criteria for polymyalgia rheumatica: a European League Against Rheumatism/American College of Rheumatology collaborative initiative[END_REF]. Positron emission tomography with 18F fluoro deoxy glucose, coupled with the scanner (18F-FDG PET-CT) has also shown its usefulness in PMR in recent years, with diagnostic input, the non-invasive possibility of detecting associated inflammatory arterial disease or sometimes deep infectious or neoplastic lesion in a whole body examination [START_REF] Wendling | Positron emission tomography: the ideal tool in polymyalgia rheumatica?[END_REF]. In terms of diagnosis and classification, this examination has shown its ability to objectify hypermetabolic foci at different preferred sites, particularly evocative if several sites are associated simultaneously [START_REF] Sondag | Utility of 18F-fluoro-dexoxyglucose positron emission tomography for the diagnosis of polymyalgia rheumatica: a controlled study[END_REF]. PET-CT also allows the analysis of muscle tissue and the detection of possible hypermetabolic muscle foci.

In this work, we wanted to evaluate the frequency and topography of a possible focused muscle hypermetabolism in PMR, compared to a population without PMR.

Methods

We retrospectively analyzed the 18F-FDG PET-CT examinations performed in current practice between January 2013 and April 2019. These were PMR patients seen or followed in the department during this period. They met the ACR/EULAR classification criteria on clinical elements [START_REF] Dasgupta | provisional classification criteria for polymyalgia rheumatica: a European League Against Rheumatism/American College of Rheumatology collaborative initiative[END_REF]. The PET-CT examination was carried out for diagnostic purposes, before treatment, or in the event of a diagnosis being questioned, a relapse or an unfavorable course. As a result, some patients may have been on treatment at the time of the examination. Normal range of serum glucose was verified before injection of 18F-FDG; in case of current steroid treatment, this was suspended one week before the imaging procedure. Patients in the control group were randomly selected from the list of subjects over 50 years of age, with no known rheumatological disease, who had this examination during the same period as part of a research or evaluation of neoplastic disease.

The 18F-FDG PET-CT examination was performed after a fast of at least 6 hours. A dose of 4.5 MBq per kg of weight was injected by the venous route. The PET-CT examination was performed one hour after injection, from the vertex to mid-thigh (Discovery NM 690 VCT; General Electric Medical Systems), with 90-second scan/bed emission and attenuation correction.

For each examination, 17 different capture sites, as described previously [START_REF] Sondag | Utility of 18F-fluoro-dexoxyglucose positron emission tomography for the diagnosis of polymyalgia rheumatica: a controlled study[END_REF] and suggestive of PMR on the one hand, and the capture of the tracer in muscle tissue on the other hand, were recorded, using the same semi quantitative method proposed by Goerres [START_REF] Goerres | F-18 FDG whole-body PET for the assessment of disease activity in patients with rheumatoid arthritis[END_REF] and already used and validated previously in PMR [START_REF] Sondag | Utility of 18F-fluoro-dexoxyglucose positron emission tomography for the diagnosis of polymyalgia rheumatica: a controlled study[END_REF]. The score ranges from 0 to 3 compared to the liver fixation of FDG: 0 indicating no uptake (same as bone); 1, slight uptake (lower than liver); 2, moderate uptake (similar to the liver; 3, uptake higher than the liver. The overall FDG fixation score is the sum of the subscores at each of the 17 sites. This score is ranging from 0 to 51.

The statistical tests used the Mann Whitney test for the comparison of quantitative variables, the Fisher test for qualitative variables. The significance threshold used was 0.05. The statistical tests were carried out using Statel* software, version 2.7 (Ad science, Paris, France). This was a retrospective analysis of observational anonymous data with the informed consent of patients, and therefore, did not require ethical approval according to current French national guidelines.

There is no funding for this study.

Results

We included 201 patients, 101 patients with PMR (all fulfilling classification criteria [START_REF] Dasgupta | provisional classification criteria for polymyalgia rheumatica: a European League Against Rheumatism/American College of Rheumatology collaborative initiative[END_REF], with PET-CT characteristics of PMR for all patients [START_REF] Sondag | Utility of 18F-fluoro-dexoxyglucose positron emission tomography for the diagnosis of polymyalgia rheumatica: a controlled study[END_REF], and 100 "control" patients. The characteristics of all patients are summarized in Table 1. Comparisons between PMR patients and controls are shown in Table 1.

The PMR population had a mean age of 68 years, with an equal distribution between men and women, the features were not different in the control group. Half of the PMR patients were under steroids at time of PET-CT, with a mean daily prednisone dosage of 9.7 mg (± 11.2). The mean CRP level in PMR patients was 33.4 mg/l (± 40.1) . The mean PMR PET-CT score was 16.8 ± 11.1.

Muscular FDG PET uptake is significatively more frequent in PMR compared to controls, 34% versus 10 %. Lesions are bi or multi-focal in half of the cases. The affected muscular sites were (Table 2): spinal muscles (cervical, thoracic, lumbar paravertebral muscles) 19, scapular belt (angular, trapezius, subspinatus, subscapular, deltoid, large serrated)(Figure 1) and pectoral 14, pelvic belt (gluteus, piriform, hamstring) 13, thigh 6 (Figure 2). Fasciitis was found in 3 cases. The mean number of muscular locations of FDG uptake is similar in PMR and controls (1.9 in each group, SD 1.9 and 0.9 respectively). Similarly, the degree of FDG uptake using the Goerres classification is respectively 1.45 ±0.56 and 1.40 ± 0.51.

Comparisons of PMR patients with PET-CT muscle damage and without muscle damage are summarized in Table 3. No particular differences were found in these two subgroups of PMR patients regarding age, CRP, treatment or PMR PET score.

Discussion

In this study we found a muscular uptake on PET-CT significantly more frequent in patients with PMR than in control patients. There are several concomitant muscular locations in 50 % of PMR cases and 40% of controls, with a mean number of locations of 1.9. PET-CT muscle locations are generally found in the usual clinical sites of pain in disease such as pelvic and shoulder girls and paraspinal muscles, with identical topographic distribution between PMR and controls.

Comparison of PMR patients with or without PET-CT muscle involvement did not reveal particular features of PMR patients with PET muscle involvement. Altogether, these results raise the question of the PMR-specificity of these pictures.

Imaging in PMR highlight the frequency of bursitis and peritendinitis, as well with ultrasound (and included in the classification criteria [START_REF] Dasgupta | provisional classification criteria for polymyalgia rheumatica: a European League Against Rheumatism/American College of Rheumatology collaborative initiative[END_REF]) as with MRI [START_REF] Fruth | Use of contrast-enhanced magnetic resonance imaging of the pelvis to describe changes at different anatomic sites which are potentially specific for polymyalgia rheumatica[END_REF][START_REF] Mackie | Whole-body MRI of patients with polymyalgia rheumatica identifies a distinct subset with complete patient-reported response to glucocorticoids[END_REF] or with FDG PET/CT [START_REF] Rehak | PET/CT imaging in polymyalgia rheumatica: praepubic (18)F-FDG uptake correlates with pectineus and adductor longus muscles enthesitis and with tenosynovitis[END_REF]. Muscle involvement in PMR is suggested [START_REF] Kreiner | Increased muscle interstitial levels of inflammatory cytokines in polymyalgia rheumatica[END_REF], with some evidence with MRI findings in case reports [START_REF] Lim | Polymyalgia rheumatica following paraspinal muscle inflammation and sacroiliitis[END_REF], but exceptionally clinically symptomatic [START_REF] Radhamanohar | An unusual presentation of polymyalgia rheumatica with severe muscle weakness[END_REF][START_REF] Wendling | Unusual muscular manifestations in a case of Horton's disease[END_REF].

Fasciitis was found in only 3 cases in this study, with an estimated prevalence of 3%. This is not in accordance with a previous MRI evaluation [START_REF] Laporte | Localized Myofascial Inflammation Revealed by Magnetic Resonance Imaging in Recent-onset Polymyalgia Rheumatica and Effect of Tocilizumab Therapy[END_REF], revealing in 18 patients included in a prospective therapeutic trial, the presence of at least one inflammatory myofascial lesion at the shoulder, hip, ischial tuberosity and pubic symphysis in all patients. In FDG PET/CT, muscle or myofascial uptake is not described [START_REF] Rehak | F-FDG PET/CT in polymyalgia rheumatica-a pictorial review[END_REF]. In our study, FDG uptake was in the muscle itself, distant from bursitis, enthesis, peri tendinitis or fasciitis. FDG PET-CT? Only scarce publications reported upon muscle investigation in PMR. Muscle pathology from 11 cases of PMR revealed mild modifications of size of muscular fibers, and immunohistochemical study suggested involvement of small caliber arteries in the immunopathological process [START_REF] Kojima | Muscle pathology in polymyalgia rheumatica: histochemical and immunohistochemical study[END_REF]. Other studies showed that in the muscle interstitium, levels of inflammatory cytokines (IL-1, IL-6, IL-8, TNF α, MCP-1) as well as pain-inducing substances (PGE2, bradykinin, serotonin, adenosine triphosphate, glutamate, pyruvate, lactate) were higher in PMR patients compared to controls, and higher in muscle than in plasma [START_REF] Kreiner | Increased muscle interstitial levels of inflammatory cytokines in polymyalgia rheumatica[END_REF][START_REF] Kreiner | Elevated muscle interstitial levels of pain-inducing substances in symptomatic muscles in patients with polymyalgia rheumatica[END_REF]. Moreover, other studies suggested a muscular mitochondrial dysfunction in PMR [START_REF] Harle | Polymyalgia rheumatica and mitochondrial myopathy: clinicopathologic and biochemical studies in five cases[END_REF][START_REF] Miró | Skeletal muscle mitochondrial function in polymyalgia rheumatica and in giant cell arteritis[END_REF] that may account for muscular FDG uptake in some cases in the disease.

Moreover, 18f-FDG PET CT performed in inflammatory muscle diseases revealed a different uptake aspect. Whereas in our PMR cases, uptake is mainly focal and patchy, it is more diffuse and inside the muscles in polymyositis and dermatomyositis [START_REF] Tateyama | Clinical values of FDG PET in polymyositis and dermatomyositis syndromes: imaging of skeletal muscle inflammation[END_REF]. This raises the question of the interpretation of FDG uptake in muscle territory. It could be a consequence of the vasculitis of a muscular territory.

But there was no difference in vascular involvement on PET-CT between PMR patients with or without muscular uptake.

The strengths are the relatively large number of patients with PMR with FDG PET/CT data, and a "control" group of similar size, without PMR; all patients are issued from the same center with the same evaluation. The limitations are the retrospective character of the study (bias of indication), with absence of possibility to look at a potential topographic correlation between muscular PET location and pain topography at an individual level. The other limitation is the absence of additional evaluation of muscular PET involvement, such as serum muscular enzymes evaluation (CPK), imaging (MRI, ultrasound), or eventually muscle biopsy.

Finally, our study reveals for the first time that muscular focal hypermetabolism is encountered more frequently in PMR than in a control population (although with a moderate increase in frequency), located at the usual sites of pain in this condition, but not associated with a particular presentation of the disease. The signification of these images needs to be further evaluated; at this timepoint, they may not serve as an argument for PMR diagnosis.

No funding source
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 12 Figure 1: right shoulder girdle FDG uptake in the large serratus (grade 2) and sub spinatus (grade 1) muscles

Table 1 :

 1 comparison of patients with Polymyalgia Rheumatica (PMR) and controls

		PMR (101)	Controls (97)	p
	Age (mean ± SD)	68.6 (±10.9)	67.7 (±9.4)	0.47
	Gender (% women)	48	58	0.39
	Steroids (% of patients)	53	0	<0.0001
	PET muscular uptake (%	34	10	<0.0001
	of patients)			
	PMR PET score	16.8 ± 11.1	5.8 ± 4.6	<0.001

Table 2 :

 2 location/topography of muscle involvement with FDG PET/CT ; each location may be uni or

	bilateral		
	Location	PMR	Controls
	Numer of cases (% of		
	patients with muscle		
	involvement)		
	paraspinal	19 (56)	6 (60)
	Shoulder girdle	14 (41)	2 (20)
	Pelvic girdle	13 (38)	3 (30)
	thigh	6 (18)	1 (10)

Table 3 :

 3 comparison of PMR patients with and without FDG PET muscle involvement

		FDG PET muscular	FDG PET muscular	p
		uptake negative (67)	uptake positive (34)	
	Age (mean ± SD)	67.3 (±11.1)	71.2 (±10.2)	0.08
	Gender (% women)	54	47	0.67
	Peripheral	17	22	0.79
	involvement (%)			
	Methotrexate (%)	23	22	1
	Giant cell arteritis	10	8.8	1
	(%)			
	Steroid dosage	9.63 (±12.9)	8.78 (±10.4)	0.74
	(mean ± SD)			
	Steroid treatment	52	56	0.85
	(%)			
	CRP (mean ± SD)	36.5 (±47.1)	30.3 (±33.1)	0.46
	ACR/EULAR Score	4.92 (±1.21)	4.59 (±1.69)	0.56
	(mean± SD)			
	PMR PET TDM score	16.7 (±11.9)	16.9 (±10.2)	0.92
	(mean ± SD)