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Introduction

Gnathodiaphyseal dysplasia (GDD) is a rare autosomal dominant disorder combining craniofacial fibro-osseous lesions and progressive diaphyseal bending and cortical thickening of long bones, with a risk for fractures and jaw osteomyelitis [START_REF] Riminucci | Gnathodiaphyseal dysplasia: a syndrome of fibro-osseous lesions of jawbones, bone fragility, and long bone bowing[END_REF]. Pathological examination of jawbone lesions shows non-specific fibro-osseous lesions with frequent scattered psammatoïd bodies [START_REF] Riminucci | Gnathodiaphyseal dysplasia: a syndrome of fibro-osseous lesions of jawbones, bone fragility, and long bone bowing[END_REF][START_REF] Roginsky | Recurring gnathodiaphyseal dysplasia in two Russian brothers[END_REF]. GDD is caused by heterozygous ANO5 mutations [START_REF] Tsutsumi | Autosomal dominant gnathodiaphyseal dysplasia maps to chromosome 11p14.3-15.1[END_REF][START_REF] Tsutsumi | The novel gene encoding a putative transmembrane protein is mutated in gnathodiaphyseal dysplasia (GDD)[END_REF]. The mechanisms leading to GDD are not well understood and the function of ANO5 is unknown. The current craniofacial management of GDD consists in the surgical resection of jawbone tumors based on functional and aesthetic indications. Reconstruction strategies depend on the age of the patient and on the availability of donor sites for free flap harvesting.

Material and methods

Three patients from the same family presenting with GDD were included into the study.

Clinical history and imaging data (X-rays and CT-scans) were collected retrospectively.

Diagnosis was based on clinical data [START_REF] Riminucci | Gnathodiaphyseal dysplasia: a syndrome of fibro-osseous lesions of jawbones, bone fragility, and long bone bowing[END_REF] and on genetic screening for ANO5 mutations [START_REF] Tsutsumi | The novel gene encoding a putative transmembrane protein is mutated in gnathodiaphyseal dysplasia (GDD)[END_REF].

Results from mutation screening were compared to all the ANO5 point mutations reported to date in the literature [START_REF] Riminucci | Gnathodiaphyseal dysplasia: a syndrome of fibro-osseous lesions of jawbones, bone fragility, and long bone bowing[END_REF][START_REF] Roginsky | Recurring gnathodiaphyseal dysplasia in two Russian brothers[END_REF][START_REF] Tsutsumi | The novel gene encoding a putative transmembrane protein is mutated in gnathodiaphyseal dysplasia (GDD)[END_REF][START_REF] Jin | Three novel ANO5 missense mutations in Caucasian and Chinese families and sporadic cases with gnathodiaphyseal dysplasia[END_REF][START_REF] Andreeva | Whole exome sequencing links dental tumor to an autosomal-dominant mutation in ANO5 gene associated with gnathodiaphyseal dysplasia and muscle dystrophies[END_REF][START_REF] Vengoechea | Gnathodiaphyseal dysplasia presenting as polyostotic fibrous dysplasia[END_REF][START_REF] Duong | Gnathodiaphyseal dysplasia: report of a family with a novel mutation of the ANO5 gene[END_REF][START_REF] Marconi | A novel missense mutation in ANO5/TMEM16E is causative for gnathodiaphyseal dysplasia in a large Italian pedigree[END_REF][START_REF] Rolvien | A novel ANO5 mutation causing gnathodiaphyseal dysplasia with high bone turnover osteosclerosis[END_REF][START_REF] Otaify | Gnathodiaphyseal dysplasia: severe atypical presentation with novel heterozygous mutation of the anoctamin gene (ANO5)[END_REF].

Results

Patient №1 was a 57 years-old Tunisian woman, born from unrelated parents, presenting with a mandible osteomyelitis. She had a history of multiple long bones fractures (right ulna, left femur and tibia, right ilio-pubic eminence) with residual lower limb deformations.

Her height was 155 cm. She had multiple dental losses and her mandibular bone was exposed in the left molar region with pus discharge. She had not been previously assessed in a maxillofacial surgery unit. Craniofacial imaging showed multiple fibroosseous lesions of the maxilla and the mandible and skull vault bone thickening. We performed several mandibular remodelings using intra-oral approaches without obtaining mucosal healing in the areas with underlying osteomyelitis. No specific germ could be isolated and long-term IV probabilistic antibiotics were prescribed without clinical benefits.

Bone pathology showed infected fibro-osseous lesions. After one year of follow-up and multiple conservative procedures, an interruptive mandibulectomy using external and internal approaches was performed, followed by 3-months of internal fixation for space maintenance and infection control (Figures 1a-c). Secondary reconstruction using a microporous titanium implant was then performed (Figure 1d). Six months after implant placement, skin exposure and suppuration occurred in the symphyseal region. The device was removed and external fixators were placed for one month, until infection control.

Mandibular reconstruction was performed using a scapula free flap with an uneventful post-operative three-year follow-up (Figures 1e-f). Genetic screening found a novel ANO5 mutation: c.1790G>T (p.Arg597Ile, i.e. R597I) on exon 16. The diagnosis of GDD was confirmed.

Patient №2, the eldest daughter of Patient №1, was 24 years old and had a normal adult stature (165 cm). Her parents were unrelated. She had a history of 4 fractures of the right femur during childhood (at birth, 8 months, 2.5 years and 6 years of age), requiring multiple orthopedic procedures because of poor healing. A midline mandibular tumor had been resected at 7 years of age with reconstruction using iliac crest grafts (Figures 2a-b).

At this time, the proposed diagnosis was polyostotic fibrous dysplasia; bisphosphonates were administrated because of chronic pain. An induced membrane technique with a spacer covered by a facial artery musculomucosal flap was used at 8 years of age and distraction of the right ramus was performed at 11 years of age with a vertical gain of 2.5 cm (Figure 2c). At the age of 24, the diagnosis was reconsidered for GDD. Patient №2 then requested dental rehabilitation and we performed a left fibula free flap, as she had no history of fractures of the left limb and that the left fibula and tibia had a normal CT-scan aspect (Figure 2d). A two-year follow-up period after the fibula flap was uneventful.

Mutation screening found an ANO5 R597I mutation.

Patient №3, the second daughter of Patient №1 from the same father, was aged 22, and had a normal adult height (163 cm). She initially presented with a right mandibular fibroosseous lesion, partially resected at 2 years of age. An interruptive mandibulectomy with fibula free flap reconstruction was performed at 6 years of age, with secondarily implant rehabilitation (Figures 3a-b). Dental rehabilitation was not fully satisfactory but the patient declined further surgical management. Mutation screening found an ANO5 R597I mutation.

Discussion and conclusion

Multiple craniofacial fibro-osseous lesions associated with long-bone fragility are in favor of the diagnosis of GDD, and indicate a genetic screening for ANO5 mutations. Eight heterozygous ANO5 mutations have been identified to date: (1) R215G on exon 7 [START_REF] Riminucci | Gnathodiaphyseal dysplasia: a syndrome of fibro-osseous lesions of jawbones, bone fragility, and long bone bowing[END_REF][START_REF] Jin | Three novel ANO5 missense mutations in Caucasian and Chinese families and sporadic cases with gnathodiaphyseal dysplasia[END_REF], [START_REF] Roginsky | Recurring gnathodiaphyseal dysplasia in two Russian brothers[END_REF] C356R on exon 11 [START_REF] Tsutsumi | The novel gene encoding a putative transmembrane protein is mutated in gnathodiaphyseal dysplasia (GDD)[END_REF], (3) C356G on exon 11 [START_REF] Tsutsumi | The novel gene encoding a putative transmembrane protein is mutated in gnathodiaphyseal dysplasia (GDD)[END_REF], (4) C356Y on exon 11 [START_REF] Roginsky | Recurring gnathodiaphyseal dysplasia in two Russian brothers[END_REF][START_REF] Jin | Three novel ANO5 missense mutations in Caucasian and Chinese families and sporadic cases with gnathodiaphyseal dysplasia[END_REF][START_REF] Andreeva | Whole exome sequencing links dental tumor to an autosomal-dominant mutation in ANO5 gene associated with gnathodiaphyseal dysplasia and muscle dystrophies[END_REF][START_REF] Vengoechea | Gnathodiaphyseal dysplasia presenting as polyostotic fibrous dysplasia[END_REF][START_REF] Duong | Gnathodiaphyseal dysplasia: report of a family with a novel mutation of the ANO5 gene[END_REF], (5) C360Y on exon 11 [START_REF] Jin | Three novel ANO5 missense mutations in Caucasian and Chinese families and sporadic cases with gnathodiaphyseal dysplasia[END_REF], (6) T513I on exon 15 [START_REF] Marconi | A novel missense mutation in ANO5/TMEM16E is causative for gnathodiaphyseal dysplasia in a large Italian pedigree[END_REF], (7) S500F on exon 15 [START_REF] Rolvien | A novel ANO5 mutation causing gnathodiaphyseal dysplasia with high bone turnover osteosclerosis[END_REF] and (8) G518E on exon 15 [START_REF] Jin | Three novel ANO5 missense mutations in Caucasian and Chinese families and sporadic cases with gnathodiaphyseal dysplasia[END_REF][START_REF] Otaify | Gnathodiaphyseal dysplasia: severe atypical presentation with novel heterozygous mutation of the anoctamin gene (ANO5)[END_REF]. The novel mutation we report (R597I) is the first involving exon 16.

Early GDD can resemble osteogenesis imperfecta before the onset of maxillofacial anomalies; GDD can also mimic cherubinism, fibrous dysplasia and juvenile Paget's disease [START_REF] Riminucci | Gnathodiaphyseal dysplasia: a syndrome of fibro-osseous lesions of jawbones, bone fragility, and long bone bowing[END_REF]. Nevertheless, none of these conditions associates fibro-osseous maxillofacial lesions and early multiple long-bone fractures [START_REF] Riminucci | Gnathodiaphyseal dysplasia: a syndrome of fibro-osseous lesions of jawbones, bone fragility, and long bone bowing[END_REF]. Furthermore, none of the patients we report had café-au-lait stains or hyper-functioning endocrine diseases, sclera were white, hearing was normal and phosphocalcic parameters including alkaline phosphatase (ALP) and bone alkaline phosphatase (BAP) were normal.

Medical treatment in GDD is challenging. Biochemical screening including bone modeling markers is either normal or shows non-specific moderate elevations of parameters such ALP and BAP [START_REF] Duong | Gnathodiaphyseal dysplasia: report of a family with a novel mutation of the ANO5 gene[END_REF][START_REF] Rolvien | A novel ANO5 mutation causing gnathodiaphyseal dysplasia with high bone turnover osteosclerosis[END_REF][START_REF] Otaify | Gnathodiaphyseal dysplasia: severe atypical presentation with novel heterozygous mutation of the anoctamin gene (ANO5)[END_REF]. Despite the lack of established guidelines for fracture risk management, bisphosphonates have been considered in GDD [START_REF] Otaify | Gnathodiaphyseal dysplasia: severe atypical presentation with novel heterozygous mutation of the anoctamin gene (ANO5)[END_REF] by analogy with fibrous dysplasia [START_REF] Chapurlat | Long-term effects of intravenous pamidronate in fibrous dysplasia of bone[END_REF][START_REF] Glorieux | Medical therapy of children with fibrous dysplasia[END_REF]. There is no report of medication-related osteonecrosis of the jaws in GDD but the risk for this complication cannot be ruled out. Interestingly, there seem to be a specific risk for jawbone infections in GDD [START_REF] Tsutsumi | Autosomal dominant gnathodiaphyseal dysplasia maps to chromosome 11p14.3-15.1[END_REF][START_REF] Tsutsumi | The novel gene encoding a putative transmembrane protein is mutated in gnathodiaphyseal dysplasia (GDD)[END_REF][START_REF] Marconi | A novel missense mutation in ANO5/TMEM16E is causative for gnathodiaphyseal dysplasia in a large Italian pedigree[END_REF][START_REF] Nishimura | Fragile bone syndrome associated with craniognathic fibro-osseous lesions and abnormal modeling of the tubular bones: report of two cases and review of the literature[END_REF][START_REF] Ahluwalia | Gnathodiaphyseal dysplasia[END_REF][START_REF] Merlini | Gnathodiaphyseal dysplasia: surgical treatment and prosthetic rehabilitation of 2 members of the same family[END_REF], mostly secondary to conservative surgical procedures; full mucosal coverage is recommended when extracting teeth, planning bone resections and prescribing bisphosphonates. Nevertheless, our understanding of GDD is not sufficient to propose evidence-based guidelines for jaw osteomyelitis / osteonecrosis prevention.

There is no reported malignant transformation in GDD. Most lesions occur in children and young adults, are diffuse and would theoretically require extensive resections. With the current state of knowledge, conservative procedures should be preferred and further data on relapse, malignant transformations and osteomyelitis are required to define resection margins.

Fibula free flap reconstruction is controversial due to dysplasia and calluses on long bones in most patients, and because of the theoretical risk for secondary tibia fractures. A single case of fibula flap in GDD has been reported in the literature without clinical details on follow-up. 5 The two cases reported here did not present secondary tibia fractures. In any case, GDD patients should be managed in centers with an active adult and pediatric microsurgical unit, familiar with a large panel of flaps such as scapular and iliac crest free transfers, in order to optimise craniofacial reconstruction and plan secondary dental rehabilitation. 

Figure 1 .

 1 Figure 1. Patient №1. (a) Initial aspect of the mandibular lesions before resection. (b)
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 2 Figure 2. Patient №2. (a) Lower jaw at 7 years of age before initial resection. (b) Gross
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 3 Figure 3. Patient №3. (a) Dental occlusion at 22 years of age. (b) Lateral cephalogram
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