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Abstract
BACKGROUND
[bookmark: OLE_LINK1646][bookmark: OLE_LINK1647]Müller-Weiss disease (MWD) is an idiopathic foot condition characterized by spontaneous tarsal “scaphoiditis” in adults. Frequently bilateral and affecting females during the 4th-6th decades of life, the pathogenesis of MWD remains unclear: it has been traditionally considered a spontaneous osteonecrosis of the navicular. The typical presentation of MWD is a long period of subtle discomfort followed by prolonged standing, atraumatic, disabling pain. Currently, there is no gold standard for the treatment of patients with MWD. Most support initial conservative therapy. Operative treatment should be considered for failure of conservative therapies longer than 6 months. The indication for surgery is severity of symptoms rather than severity of deformities. Operative treatment options include core decompression, internal fixation of the tarsal navicular, open or arthroscopic triple fusion, talo-navicular or talo-navicular-cuneiform arthrodesis, and navicular excision with reconstruction of the medial column.

CASE SUMMARY
In this study, we report four patients affected by MWD. Clinical and radiographic assessment, follow-up and treatment are reported.

CONCLUSION
As it is frequently misdiagnosed, MWD is challenging for orthopedic surgeons. Early diagnosis and effective treatment are mandatory to avoid sequelae. 

[bookmark: OLE_LINK173][bookmark: OLE_LINK174][bookmark: OLE_LINK1457]Key words: Müller-Weiss; Etiopathogenesis; Review; Treatment; Case report
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[bookmark: OLE_LINK6][bookmark: OLE_LINK9]Core tip: Müller-Weiss is a subtle disease of the foot, rarely described in the literature. This study describes four cases, examines in detail the etiopathogenesis reported in the literature and describes available treatments. We believe that these findings could assist orthopedic surgeons in the successful management of this foot disorder.

INTRODUCTION
[bookmark: OLE_LINK1651][bookmark: OLE_LINK1652]Müller-Weiss disease (MWD) is a dysplasia of the tarsal navicular that develops during childhood and becomes symptomatic around the fifth decade. Although first reported by Schimdt in 1925, the disorder was described by Müller[1] in 1927 who proposed a relationship with forceful compression laterally and in the varus, and osteonecrosis of this tarsal bone. He proposed that the condition was due to a congenital defect. At the same time, Konrad Weiss described a similar disorder but suggested osteonecrosis as the cause for the condition[2]. Given the frequent misdiagnosis, affected patients by MWD are disabled for a very long time. Details of four cases and those found in the literature are described.

[bookmark: OLE_LINK2052][bookmark: OLE_LINK2053]CASE PRESENTATION
Case 1
[bookmark: OLE_LINK1653][bookmark: OLE_LINK1654]A 56-year-old female reported mild dorsomedial pain in the right midfoot, exacerbated by longstanding. The discomfort was initially managed only by nonsteroidal anti-inflammatory drugs (NSAIDs) (diclofenac, ibuprofen). Given her persistent pain, the patient decided to undergo our evaluation and tenderness and mild swelling over the dorsomedial aspect was assessed. She presented a plantigrade foot, slight range of motion (ROM) reduction of her ankle and normal hindfoot ROM [American Orthopedic Foot and Ankle Score (AOFAS) score 80/100]. Rx showed minimal arthritic deformity. Magnetic resonance imaging (MRI) demonstrated alteration of the navicular bone in both T1- and T2-weighted images (Figure 1). 

Case 2
A 63-year-old female reported dorsomedial pain in her left midfoot of two years duration. She could not go up and down stairs and needed a single crutch for long walks. There was no history of trauma. She occasionally took acetaminophen for pain. Prominence of the medial navicular and valgus hindfoot were evaluated. The patient had pain at palpation of the dorsomedial midfoot. Her AOFAS score was 59/100. MRI images demonstrated alteration and fragmentation of the navicular bone (Figure 2). 

Case 3
A 58-year-old male underwent arthrodesis of the left subtalar joint three years previously for posterior tibial tendon dysfunction. At post-operative follow-up, he reported severe limitation of daily and recreational activities due to persistent dorsal pain at the right ankle. He could only walk with two crutches. The foot was flat with a positive single-heel-raise test. A mild prominence at the talo-navicular joint was present and the ankle presented moderate restriction of dorsi-plantarflexion. His AOFAS score was 23/100. X-rays demonstrated sclerosis of the talo-navicular joint and deformity of the scaphoid (Figure 3). MRI demonstrated necrosis of the scaphoid. 

Case 4
[bookmark: OLE_LINK1612][bookmark: OLE_LINK1613][bookmark: OLE_LINK1458]A 62-year-old female practiced ballet in her youth. She reported a persistent dorsomedial pain in the left midfoot without trauma. She used custom-made orthoses and occasionally took NSAIDs (ibuprofen). During the last few months, she could not take part in recreational activity and her daily life was strictly limited. She presented with a flatfoot, pain at the talo-navicular and hallux valgus, very restricted ROM of the ankle and subtalar joint, and dorsal hard prominence at the talus. Her AOFAS score was 25/100. X-rays showed narrowing of the joint and subchondral geodes. A computed tomography (CT) scan demonstrated advanced arthritis (Figure 4). 

FINAL DIAGNOSIS
[bookmark: OLE_LINK1657][bookmark: OLE_LINK1658]Case 1: Stage-1 MWD; Case 2: Stage-2 MWD; Case 3: Stage-4 MWD; Case 4: Stage-4 MWD.

TREATMENT
Case 1
The patient was treated with conservative therapies: magnetotherapy (8 h/d), bisphosphonates (intramuscular Chlodronate 200 mg: Once a day for two weeks, and then once a week for six subsequent weeks) and custom-made foot orthoses. The patient returned to normal life with no restrictions after eighty days (AOFAS score 98/100).

Case 2
The patent was treated with magnetotherapy (8 h/d) and used custom-made foot orthoses. She returned to normal life with minimal restrictions after four months (AOFAS score 84/100).

Case 3
Talo-navicular arthrodesis with two screws was performed. Weight-bearing was allowed at two months. At five months, the patient showed moderate improvement and partial return to daily activities (AOFAS score 71/100).

Case 4
Talo-navicular arthrodesis with two cross screws was performed (Figure 5). Weight-bearing was allowed at two months. At six months, the patient showed occasional symptoms and she did not need any crutches for long walks; she returned to recreational activities such as swimming and cycling (AOFAS score 75/100).

OUTCOMES AND FOLLOW UP
The patients had uneventful clinical courses after conservative or operative treatment. At follow-up visits, the four patients were either asymptomatic or had occasional symptoms. They returned to their daily and recreational activities [AOFAS score (71-98)/100]

DISCUSSION
MWD is an idiopathic osteonecrosis of the tarsal navicular that is symptomatic in adulthood. 

Epidemiology
[bookmark: OLE_LINK1659][bookmark: OLE_LINK1660]The true incidence of MWD is unknown. The disease is frequently bilateral and affects females during the 4th-6th decades of life[3,4]. Patients are usually overweight, the condition is more common in Europe than in America, and is probably related to nutritional or environmental factors. Nutritional deficiencies may cause disturbances in the ossification process. MWD is associated with tooth enamel hypoplasia, loss of teeth and the tertiary dentition process[5]. Its incidence is higher in populations under stressful conditions (war or famine) and in manual workers: however, these postulations have recently been refuted by Doyle et al[6].

Etiology and pathogenesis
[bookmark: OLE_LINK1661][bookmark: OLE_LINK1662][bookmark: OLE_LINK1663][bookmark: OLE_LINK1664][bookmark: OLE_LINK1665][bookmark: OLE_LINK1666]Its pathogenesis remains unclear. MWD has been traditionally considered a spontaneous osteonecrosis of the navicular, but Maceira et al[5] recently disproved this theory, as patients’ histopathologic specimens demonstrated normal bone, inconsistent with osteonecrosis. In addition, Haller et al[7] stated that MRI findings were compatible but not specific to osteonecrosis. Mohiuddin et al[4] suggested that MWD is a sequelae of repetitive shear stress fractures of the navicular: however, this theory has not yet been proved.
MWD is commonly referred to an abnormal force distribution throughout the foot which alters navicular vascularization and delays its ossification (clamp-like mechanism)[5]. Thus, any condition resulting in lateralization of excessive compressive forces leads to deformity and, in late stages, fragmentation of the dorsolateral navicular. Moreover, shifting of the talar head occurs laterally over the calcaneus, driving the subtalar joint into the varus[8]. This occurs as the central navicular has a poor blood supply and local or generalized disturbance (endocrinopathies or malabsorption diseases) and this may disturb bone ossification. Mohiuddin et al[4] stated that MWD corresponds to the sequelae of undiagnosed navicular stress fractures, as lateral compressive force leads to the formation of a cleft along the sagittal plane, dividing the bone in two[4]. Navicular osteonecrosis could be related to polyarthritis, rheumatoid arthritis, kidney insufficiency or lupus erythematosus. Trauma is indeed considered to an unlikely contributing factor as bilateral disease is usually found in patients with a history of unilateral trauma[6].

Clinical presentation
[bookmark: OLE_LINK1667][bookmark: OLE_LINK1668]MWD is often misdiagnosed. The typical presentation is a long period of mild and subtle discomfort followed by longstanding, atraumatic, disabling pain in the dorsomedial midfoot or/and hindfoot. Physical examination may reveal a hindfoot varus with low-arched, normal or a high-arched foot, depending on the severity of disease. The lateral malleolus is posteriorly placed due to extra-rotation of the tibia. A false impression of hindfoot varus is caused by the medial prominence of the navicular tuberosity, but the head of the talus is displaced laterally to the hindfoot axis. This situation, known as paradoxical pes planus varus, suggests an advanced stage of disease and is usually associated with a posteriorly prominent calcaneus. Monteagudo et al[8] asserts that failure to identify paradoxical flatfoot may lead to misdiagnosis and incorrect management. Swelling and tenderness are present over the dorsomedial aspect of the midfoot; tenderness may also exist over the lateral sinus tarsi. Subtalar movements may be reduced. Patients frequently complain of anterior knee pain due to patellar maltracking[3,4].

Imaging and differential diagnosis
Weightbearing x-rays form the mainstay for diagnosis. Basic views are anteroposterior, lateral and oblique of the foot; anteroposterior, lateral and mortise view of the ankle. It is important to obtain imaging of the contralateral foot for comparison. The examiner should assess the extent of navicular fragmentation as the presence of associated deformity or arthritic evolution.
[bookmark: OLE_LINK1669][bookmark: OLE_LINK1670][bookmark: OLE_LINK1671][bookmark: OLE_LINK1672]Hetsroni et al[9] revealed significant differences in foot pressure distribution in MWD compared to non-MWD. They recorded increased plantar pressures at the midfoot and lower values in the toe segments. Hindfoot varus deformity leads to decreased mean pressure on the medial heel. Maceira and Rochera[5] also noted that the decreased pressure of the forefoot could lead to a low incidence of hallux valgus. As comprehensively illustrated by Welck et al[10], imaging is fundamental for diagnosis while exposing many parameters (Table 1). 
[bookmark: OLE_LINK1673][bookmark: OLE_LINK1674]A computed tomography scan allows accurate assessment of fracture lines, deformities, bone stock and density of tarsal navicular and surrounding arthritis. Furthermore, measurement of medial column shortening and pre-operative planning are permitted. MRI shows homogeneous hypointense signals in dorsolateral bone marrow on T1-weighted images, edema on STIR sequences and effusion in the surrounding joints. Hyperperfusion around the tarsal navicular is shown by technetium-99m polyphosphate bone scintigraphy. The same paper also illustrated a new method of tridimensional CT imaging with full weightbearing[10].
MWD should not be confused with Kohler’s disease as the latter is a spontaneous osteochondrosis that occurs in children, with a generally benign and self-limited course. These two disorders differ in epidemiology, clinical features and imaging. Köhler’s disease affects children 3-to-7 years old and is usually asymptomatic. The scaphoid appears hypoplastic at X-ray. MWD affects adults with pain and progressive navicular deformity. Koehler's disease is unilateral in 75%-80% and has a male preponderance of 4 or 6:1, while MWD is usually bilateral and seen predominately in women with a ratio of approximately 6:4. The most common imaging features are a flattened navicular bone, with irregular central sclerosis and eventual uniform reconstitution[10]. 
Other pathologies to consider as a possible differential diagnosis are osteomyelitis, Paget’s disease, healing fracture of the navicular, osteonecrosis secondary to renal failure, rheumatoid arthritis or systemic lupus erythematosus. In these cases, diagnosis is based on the patient’s history and laboratory values. Navicular stress fractures should also be considered, particularly in athletes. CT depicts stress-adaptive sclerosis and fracture morphology. These fractures are typically incomplete and involve the dorsal aspect of the navicular bone. Lastly, diabetic Charcot foot may also develop with subtle midfoot/hindfoot pain, swelling, fragmentation and sclerosis of the navicular. Destructive joint changes at later stages of the disease, followed by sclerotic and reparative changes, result in both joint subluxations/dislocation and foot deformities. However, the fragmentation in Charcot arthropathy is periarticular and associated with joint debris, whereas sclerotic changes are usually found over a disorganized joint. Vascular calcifications are an adjunctive finding in up to 90% of patients with Charcot foot[11].

Classification 
[bookmark: OLE_LINK1675][bookmark: OLE_LINK1676]In 2004 Maceira and Rochera[5] introduced a classification based on the compression/fragmentation of the navicular bone and Meary’s line, on lateral radiographs (Table 2). Mayich[12] suggested the addition of stage 5 to include subtalar degeneration. 

Treatment
Currently, there is no gold standard for the treatment of patients with MWD. A wide variety of options have been described in a limited number of papers. Most of the options for early stages of the disease suggest initial conservative therapy with ankle foot orthoses, cast immobilization and NSAIDs[13]. The use of rigid insoles with a support of the medial arch and an anti-supination wedge for os calcis has been shown to be effective[8].
Operative treatment should subsequently be considered for failed conservative therapies longer than 6 months. The indication for surgery should be based on the severity of symptoms rather than the severity of deformities. Basics of intervention are arthrodesis of symptomatic degenerative joints to relieve pain and restoration of the medial longitudinal arch or Meary-Tomeno axis[4].
[bookmark: OLE_LINK1677][bookmark: OLE_LINK1678]Operative treatment options include core decompression, internal fixation of the tarsal navicular, open or arthroscopic triple fusion, talo-navicular or talo-navicular-cuneiform arthrodesis, and navicular excision with reconstruction of the medial column[4,13-15]. Other procedures such as Achilles tendon lengthening or calcaneal osteotomy can also be considered. Some authors have suggested that calcaneal osteotomy is fundamental, as maldistribution of forces and biomechanical impairment are present in the MWD foot, and surgical treatment of the hindfoot should be considered to correct the varus deformity[3,13,16]. Monteagudo et al[8] suggested performing the Dwyer calcaneal osteotomy with lateral displacement, due to good outcomes and preservation of talar joints. The use of autologous tricortical iliac crest or allogenic femoral head grafts to reconstruct the excised navicular fragment was also described[3,17].
Although core decompression and autologous bone grafting has been widely used to treat the early stages of osteonecrosis of the femoral head, there is no consensus among investigators for the indications on this procedure or its efficacy[14].
[bookmark: OLE_LINK1681][bookmark: OLE_LINK1682]Internal fixation of the navicular is considered appropriate for acute fractures, but with MWD, particularly in the later stages, morphological deformation precludes anatomic restoration of the navicular and its joint surfaces. Furthermore, fixation is not possible due to loss of bone stock in advanced stages of the disease. Maceira et al[5] and Fernandez de Retana et al[13] reported poor results in the presence of peri-navicular arthritis. 
[bookmark: OLE_LINK1683][bookmark: OLE_LINK1684]Isolated talo-navicular arthrodesis usually fails to resolve the incongruence of the navicular-cuneiform joint and carries a high risk of non-union[13,18]. This complication is due to poor vascularity of the bone and curved surfaces of the joint which can hinder internal fixation. As calcaneal-cuboid degeneration has been shown to be significant (83.3%), Lui recommended adding a calcaneal-cuboid arthrodesis instead of an isolated talo-navicular fusion because of potential pain in this joint[19]. Although isolated talo-navicular arthrodesis involves only a single joint, biomechanically it results in an almost complete loss of motion in the subtalar and transverse tarsal joints[20]. Finally, standard techniques with screw fixation may not be able to withstand the remaining forces resulting from the external rotation of the talar head and adduction forces of the navicular, respectively: Fornaciari et al[21] recommended, in addition to medial screw fixation, a lateral tension band technique to control these forces.
Talo-navicular-cuneiform arthrodesis (TNC) effectively corrects the deformity, eliminates the medial column arthritis that is the major source of pain, and maintains ROM in the remaining joints. Metal screws, staples or low contact plates can be used to stabilize the graft and for the arthrodesis. Fernandez de Retana et al[13] described medial-approach TNC arthrodesis using a trapezoid autologous graft to achieve the desired medial arch length. Cao proposed dorsal-approach TNC arthrodesis with a reverse V shaped osteotomy, and a dorsal based closing wedge osteotomy, through the talo-navicular joint. The graft was held in place with cannulated 4.0 mm titanium screws[18]. Yu et al[22] reported good results using a locking screw-plate system for TNC arthrodesis. 
Triple fusion may deliver better consolidation but does not solve the problem of pain with the navicular-cuneiform joints; additionally, the subtalar joint motion is severely and unnecessarily restricted[17]. Triple arthrodesis can provide medial and lateral control, resulting in good stabilization. Lui proposed an arthroscopic fusion[19] which was performed through lateral, dorsolateral, dorsomedial and medial portals. Fixation was obtained by 4.0 cannulated screws. Compared to the open procedure, arthroscopic triple arthrodesis can minimize the soft tissue dissection and wound complications. Finally, Tan described excision of the diseased navicular and medial column reconstruction with either autologous cancellous bone or a remodeled femoral head allograft, stabilized with an AO low-contact plate[23].

CONCLUSION
[bookmark: OLE_LINK2054][bookmark: OLE_LINK2055]The treatment of Müller-Weiss disease depends on the gravity of this disorder. Conservative therapies often succeed in the early stages while surgical treatment is indicated in patients with collapsed navicular bone or advanced osteoarthritis.
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[bookmark: OLE_LINK1709][bookmark: OLE_LINK1710][bookmark: OLE_LINK1703][bookmark: OLE_LINK1704][bookmark: _Hlk24624036][bookmark: OLE_LINK1464][bookmark: OLE_LINK1465][bookmark: OLE_LINK1400][bookmark: _Hlk15891976][bookmark: _Hlk24624024]Figure 1 Typical tarsal “scaphoiditis” of Müller-Weiss disease is shown: Early arthritis in X-rays and signal alterations in magnetic resonance imaging.
[image: ]
Figure 2 Magnetic resonance imaging reveals signal alterations and fragmentation of the navicular in Müller-Weiss disease.
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[bookmark: OLE_LINK1711][bookmark: OLE_LINK1712]Figure 3 Arthritis of the talo-navicular joint is shown in X-rays: An arthrodesis with two screws was performed.
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[bookmark: _Hlk7423448][bookmark: OLE_LINK865][bookmark: OLE_LINK1566][bookmark: OLE_LINK1601]Figure 4 X-rays and computed tomography scans show advanced arthritis of the talo-navicular joint.
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Figure 5 Patient underwent talo-navicular arthrodesis. Intra-operative images show degeneration of the joint.


[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK1718][bookmark: OLE_LINK1719]Table 1 Radiological features in Müller-Weiss disease, described by Welck et al[10]
	Radiological features in Müller-Weiss disease

	Anteroposterior weightbearing 

	Hindfoot

	Talocalcaneal divergence (reduced Kite angle)

	Short cyma line: Talar head is no longer than the anterior process of the calcaneus

	Widened talar head due to rotation

	Midfoot

	Comma or hourglass-shaped navicular

	Lateral compression of the navicular with hyperdensity

	Difficulty in distinguishing the lateral navicular from the underlying cuboid

	Contact between the talar head and lateral cuneiforms

	Medial column shortening

	Cuboid sign: Subluxation of the cuboid

	Forefoot

	Parallelism of metatarsals with variable atrophy of 1st, 3rd, 4th and 5th

	Second tarsal-metatarsal joint rotation

	True or apparent (due to shortening of medial column) 1st metatarsal shortening

	Second metatarsal cortical hypertrophy related to increased load

	Lateral weightbearing 

	Hindfoot

	Sinus-tarsi “see-through” sign

	Increased calcaneal pitch

	Abnormal cyma line

	Posterior and middle subtalar facet visible in the same view

	Double talar dome shadow

	Midfoot

	Anteroposterior shortening of the navicular

	Meary’s line

	Splitting with extrusion of the navicular

	Surrounding arthritis



[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Table 2 Radiological staging by Maceira and Rochera[5]
	Radiological staging

	[bookmark: _Hlk45012020]Stage 1
	Normal or minimal bone changes on radiographs. Subtle subtalar varus. Intra-osseus edema on MRI. Positive CT scan

	Stage 2
	Initial cavovarus: Subtalar varus and dorsal angulation of Meary’s line, dorsal and lateral subluxation of the talar head

	Stage 3
	Subtalar varus. Medial column shortened. Neutral Meary’s line 

	Stage 4
	Subtalar varus. Plantarwards Meary’s line. Paradoxical pes planus with varus and calcaneal equinus

	Stage 5
	Degeneration of the subtalar joint. Formation of talo-cuneiform articulation, complete extrusion of the navicular 


MRI: Magnetic resonance imaging; CT: Computed tomography.
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