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Abstract 
We previously reported that the pathophysiology of hip Osteoarthritis (OA) may be due primarily to bone alterations. In 
the present case series, we describe the clinical results of 4 patients with forefoot OA and accompanying joint pain. 
Magnetic resonance imaging (MRI) and plain radiographs again revealed that bone alterations could have been the cause 
of the OA and pain. 
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1 Introduction 
Osteoarthritis (OA) is the most common disease of the joints and affects more than 60% of the elderly population. The 
pathogenesis of primary OA suggests an intrinsic disease of the cartilage, whereby biochemical and metabolic alterations 
result in tissue breakdown [1]. Recently, OA has been considered to be a whole-joint disease process that involves multiple 
tissues in and around the afflicted joint [2, 3]. 

In a survey of Japanese elderly people aged 60 years and over, Muraki et al. reported that whereas 47.0% of men and 
70.2% of women possessed radiographic knee OA, the incidence of knee pain was only 21.2% and 27.3%,  
respectively [4]. Clegg et al. found that in patients with OA of the knee, joint pain had spontaneously improved 24 weeks 
after onset, even in a non-medicated placebo group [5]. These collective results indicate that there are numerous OA 
patients who do not experience joint pain, although the precise mechanism by which pain occurs is not well understood.  

Modern imaging modalities are playing an increasingly important role in the assessment of structural OA progression and 
identification of the underlying disease processes. Although radiography has conventionally been employed to these ends, 
OA symptoms are often not associated with the structural abnormalities depicted by radiographs. Such dissociation 
between patient complaint and outcome measure has underscored the need for other established modalities of OA 
evaluation, such as magnetic resonance imaging (MRI). Semi-quantitative whole-organ assessment of OA has recently 
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been achieved using MRI and represents a promising advance in disease prognosis [3]. Nevertheless, it remains challenging 
to elucidate the associations between OA and joint pain. 

We routinely evaluate OA status using both radiography and MRI at our institutions. Based on our observations, we earlier 
proposed that the major pathophysiology of hip, shoulder, and knee OA with accompanying joint pain may be due to bone 
alterations [6-9]. While we often encounter patients without serious radiographic OA complaining of joint pain, even in the 
small joints, there are also numerous cases of advanced radiographic OA with no pain in the affected bone regions. As far 
as we know, there have been no MRI-based studies to date on OA or joint pain progression in the small joints. 

The present case series describes the MRI and radiographic findings of several patients with painful OA in the forefoot and 
addresses the pathophysiology of OA with accompanying pain as measured by the Denis pain scale [10].  

2 Patients and methods 
The patients recruited in this series complained of strong or markedly worsened joint pain at presentation. Plain 
radiographs were taken at the first visit, and MRI was performed on all affected joints within a month afterwards. 
Conservative treatment was advised for all patients. In total, we examined the clinical data of 2 Lisfranc joints and 2 hallux 
cuneiform metatarsal joints (CMJ) of 2 primary OA patients each.  

Pain was assessed using the pain scale reported by Denis, [10] as follows: P1, no pain; P2, occasional minimum pain with no 
need for medication; P3, moderate pain with occasional medication but no interruption of work or significant changes in 
activities of daily living (ADL); P4, moderate to severe pain with frequent medication and occasional absence from work 
or significant change in ADL; and P5, constant or severe incapacitating pain requiring chronic medication. Primary OA 
was classified as Kellgren-Lawrence (KL) grading I to IV [11].  

The MRI acquisition conditions in this study were the following: coronal and sagittal views using T1-weighted imaging 

(T1W), TR: 530 (SI), FA: 90 (SI), and TE: 14 (SI); and short  inversion recovery (STIR) for skeletal survey, TR: 5010 

(SI), FA: 180 (SI), TE: 71 (SI), and TI: 150 (SI). The strength of the magnetic field was 1.5 T (SI). Bone signal changes 
were judged to be present only when alterations were detected by both T1W and STIR.  

All patients were instructed to take non-steroidal anti-inflammatory drugs and/or tramadol when necessary for joint pain. 
The subjects were in good general health and did not have any history of serious illnesses or complications. The present 
study was approved by all institutional ethics committees. Informed written consent was obtained from each patient. 

3 Results 
All 4 patients had P3 pain at presentation according to the Denis pain scale and initially exhibited low-intensity signals in 
T1W images and high-intensity signals in STIR images in afflicted bone regions. Conservative treatment remarkably 
improved forefoot pain in all cases. 

3.1 Case 1: 53-year-old woman with left Lisfranc joint OA 
Left forefoot pain had appeared suddenly 2 weeks prior to presentation. Swelling and tenderness were noted around the 
left second Lisfranc joint. Plain radiographs showed mild OA of KL grade II. The pain had disappeared (P1) 2 months after 
onset and she was able to resume her hobby of dancing. Lumbar (L1-4) bone mineral density (BMD) was 1.013 (T-score: 
-0.8) and total hip BMD was 0.872 (T-score: -0.5) (see Figure 1). 
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Guermazi et al. have also recently shown that such MRI signal changes in joints potentially suggest microfractures [20]. 
Based on the results of our previous studies [6-9] and others [20], we consider that bone signal changes detected by MRI may 
be representative of microfractures, which in turn cause joint pain. In support of this, patients with hip OA and continuous 
joint pain showed persistent bone signal changes in MRI, while those in whom the pain had disappeared exhibited an 
absence of signal changes [23]. Similar findings have been described for knee OA [9]. Accordingly, we suspect that MRI 
bone signal changes also disappear over time along with the resolution of joint pain in forefoot OA.  

The main limitation of this study is a short observation period that precluded end-point radiographic and MRI 
examinations to confirm the absence of bone alterations in MRI corresponding to the disappearance of pain since the 
subjects ceased visiting our institution when their pain subsided. Further long-term studies of larger cohorts are needed to 
confirm our results.  

5 Conclusion 
MRI bone alterations were evident in painful forefoot OA joints. This pain resolved spontaneously within several months 
of conservative treatment. There were no obvious bone alterations detected by MRI in the surrounding non-painful joints 
despite also being afflicted with OA. Our findings suggest a relationship between MRI findings and joint pain, even in the 
case of small joint OA. 
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