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            Abstract

            
               
A traumatic bone cyst (TBC) is an uncommon asymptomatic benign lesion usually diagnosed on radiographic examination as a unilocular
                  radiolucency in the posterior mandibular region. It is classified as a pseudocyst because of absent epithelial lining. The
                  etiology remains unclear but is often a localized aberration in normal bone remodeling or metabolism associated with trauma.
                  We report a TBC in a boy that appeared in the first year of orthodontic treatment below the mandibular right second molar
                  and self-healed nearly 4 years later. The patient had no history of trauma. Surgery was discarded because of difficult access
                  and risk of nerve damage; also, the mandibular body continuity was not jeopardized. Clinical examination and periodic radiographic
                  and CBCT imaging were performed during orthodontic treatment (25 months) and the following retention (26 months). The findings
                  suggest a course of observation of a slow developing TBC that does not compromise mandibular anatomic integrity.
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               Introduction

            Traumatic bone cysts are infrequently encountered intraosseous cavities diagnosed incidentally on routine radiographic dental
               evaluations often taken for orthodontic assessment.1 The lesion lacks epithelial lining, which delineates it from other cysts; it is surrounded by bony walls and is either empty
               or contains connective tissues and liquid.2 Clinically, the lesion is usually asymptomatic, presents without palpable bony expansion, and is most commonly located in
               the posterior region of the mandible mostly within cancellous bone.
            

            The cyst is also known by several other names such as idiopathic bone cavity, simple bone cyst, progressive bone cyst, solitary
               bone disease, extravasation cyst, and traumatic hemorrhagic cyst, reflecting the unknown precise etiology. Different etiological
               factors have been speculated, such as altered calcium metabolism, low-grade infections, bone tumor degeneration, local alterations
               in bone growth, increased osteolysis, venous obstruction, local ischemia, intramedullary bleeding, or a combination of these
               factors.3 Some authors suggested that any kind of trauma, including tooth extractions, can cause the cyst development.3 The most accepted theory relates the lesion to trauma-generated bleeding within the bone with subsequent bone necrosis and
               resorption. Although not a true cystic bone cavity, the lesion expands because of increased pressure possibly caused by poor
               venous drainage.4

            The lesion is mainly diagnosed in patients under 30 years of age with a mean age of 20 years, and is prevalent between the
               1st and 2nd decades of life.5, 6 Although some studies did not report gender predilection, some found the lesion to occur more frequently in males.2, 7

            Traumatic bone cysts are found in almost all bones of the body, mainly in the proximal humerus and femur. Long bone lesions
               are commonly associated with pathologic fractures. In the jaws, traumatic cysts are usually found in the posterior regions
               of the mandible, and infrequently in the anterior maxilla, zygoma, ramus, coronoid process, and condyle.8  The cysts are rarely associated with tooth resorption, although greater lesions can cause tooth displacement and a painless
               bone expansion. 
            

            Traumatic cysts are mostly unilocular lesions but may be multilocular or lobular. The diagnosis is based on radiographic,
               clinical, and intraoperative findings. Radiographically, the radiolucent area of the lesion is often limited, oval or rounded
               in shape, usually located below the roots of the mandibular teeth, but may be superimposed to or bypassing the roots. Clinically,
               the appearance and palpation of the adjacent oral tissues are within normal range. The teeth involved are vital and rarely
               displaced.8  During surgical exploration, the cystic cavity is empty or contains small amounts of fluid, a finding representing a diagnostic
               criterion of a traumatic bone cyst.
            

            Treatment modalities of these cysts vary. Except for complete resection of the lesion, each method has a different recurrence
               rate.9 The most common approach consists of thorough curettage and bone grafting. However, spontaneous resolution of untreated TBC
               has been reported, raising questions about the indication for immediate surgery that increased the risk of morbidity.1 The conservative approach is usually based on the respective clinical, radiographic, and epidemiological features1 and requires regular and essential follow-up examinatinos. Curettage followed by placement of plasma-rich protein as a means
               of bone regeneration has been suggested in children because it reportedly leads to faster and favorable healing.10 
            

            Our aim was to present a patient report describing the clinical and radiographic findings of a traumatic cyst during orthodontic
               treatment, and the later total self-resolution of the lesion nearly 2 years after treatment.
            

         

         
               Case Report

            A 9 year 10 months old boy presented to the American University of Beirut Medical Center for orthodontic check-up. His medical
               history and dental history were considered non-contributary to the orthodontic problem. On clinical examination he had a symmetrical,
               slightly convex profile. His maxillary dental midline was coincident with the facial midline, but his mandibular midline was
               deviated 2 mm to the right. Canines and molars were in Class II, the overjet at 4 mm, and the overbite at 40%. The Institutional
               Review Board determined that the reported treatment and follow up of this patient did “not meet the federal definition of
               systematic investigation designed to develop or contribute to generalizable knowledge” and that this activity is “not human
               subject research.” The parents and patient signed a consent form before starting the treatment and for the publication of
               this report.
            

            Treatment included an initial phase of functional appliance (bionator), upon which the profile and occlusion improved, because
               of patient compliance and concomitant growth. A year later, the bionator was replaced with a headgear to further enhance differential
               growth. Another year later, the permanent teeth had erupted except for the mandibular second molars. A panoramic radiograph
               revealed a radiolucency below the right second molar which was still late developing with open apices (Figure  1). The decision was to observe through subsequent spaced radiographs. 
            

            
                  
                  Figure 1

                  On panoramic radiograph, radiolucency below the developing right second molar (open apices)
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            Eight months later, the patient developed an inflammation in the mandibular right quadrant with palpable submandibular and
               cervical lymph nodes. The pediatrician prescribed antibiotics and referred the patient back to our team. On panoramic imaging,
               the radiolucent area apical to the second molar had increased (Figure  2). The patient was referred to an oral surgeon who ordered a CBCT, which revealed that the apices of the second molar were
               still developing, and its direction and follicular sac were within the norm (Figure  3 A). A partially corticated, well-defined but irregularly shaped low-density area was observed apical and lingual to the mandibular
               canal. Uniform thinning of the lingual cortical plate was present without expansion or interruption (Figure  3 B). The mandibular canal was in direct contact with the low-density area (Figure  3C). The periodontal ligament space of the second molar was within the normal range. 
            

            

            
                  
                  Figure 2

                  Panoramic view showing the increase in size of the radiolucency, 8 months after the previous radiograph (Figure  1)
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                  Figure 3

                  Reconstruction from the CBCT with tracing of mandibular canal (red). A): Panoramic view. B): Coronal view showing successive frames from more anterior to more posterior slices
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            The surgeon prescribed a continuous antibiotics course for nearly one week before soft tissue exposure of the second molar.
               The tissues were biopsied, and the results were consistent with a traumatic bone cyst with a differential diagnosis of giant
               cell granuloma, or aneurismal bone cyst. One consideration by the surgeon was to perform curettage of the lesion to stimulate
               bleeding and promote healing. However, the irregular outline of the lesion and its proximity to the mandibular canal made
               the surgical access difficult and risky. Considering the high probability of a benign pseudocyst and the possibility of spontaneous
               healing of traumatic bone cysts, the decision was to follow-up with radiographic imaging at 6-month intervals (Figure  4). 
            

            
                  
                  Figure 4

                  Follow-up panoramic radiographs taken at 6 months intervals before (A) and after (B) the placement of fixed appliances on the mandibular teeth
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            Two months after soft tissue exposure, the second molar started erupting. The same procedure was done on the left second molar
               at later stage. In the meantime, orthodontic treatment proceeded with care to use light forces to align the teeth.
            

            Nearly 18 months later, a new CBCT, taken in lieu of a panoramic x-ray, revealed further development of the second molar but
               still with immature apices (Figure  5 A). The surrounding lamina dura was intact, and the periodontal ligament space was within the normal range. The underlying
               non-corticated lesion occupied the entire bucco-lingual width along with thinning and expansion of the lingual cortex, without
               evidence of interruption (Figure  5 B). The lesion was in direct contact with the mandibular cortex. The radiolucency had expanded in the mesiodistal, bucco-lingual
               and vertical directions in comparison with the previous scan (Figure  3).
            

            
                  
                  Figure 5

                  A): Panoramic reconstruction showing the mandibular right second molar with immature apices and expansion of the cyst. B):  On axial cuts of the posterior right mandible, the lesion occupies the entire bucco-lingual width, and the lingual cortex
                     is thinning without signs of interruption
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            Regular follow-up continued after completion of the orthodontic treatment, which was nearly 3 years since the discovery of
               the initial radiolucency. At a later visit, another CBCT scan disclosed enlargement of the irregularly shaped cystic lesion,
               which extended from the apical of the molar to the angle of the mandible (Figure  6, Figure  7). The lesion occupied nearly the entire buccolingual width resulting in a non-uniform thinning of the lingual cortical plate.
               Endosteal scalloping was observed on the lingual cortex. Moreover, the lesion appeared closer to the mandibular canal compared
               with the previous record. The second molar had reached full maturity, with an intact lamina dura and normal periodontal ligament
               space. The findings were still consistent with a traumatic bone cyst, but a central giant cell granuloma could not be ruled
               out. For this reason, an MRI with contrast was recommended and performed nearly two months later. 
            

            
                  
                  Figure 6

                  Coronal section and panoramic reconstruction showing the cyst inferior and posterior to the mandibular right second molar.
                     The mandibular canal is traced in red. Note the margins of the cyst are indicated by the yellow arrows in the middle picture
                     of the bottom row.
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                  Figure 7

                  Axial views of the CBCT in Fig. 6. Note the expansion of the cyst and thinning of the lingual cortical plate
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            Multiplanar multi sequence images of the mandible were taken with and without intravenous contrasting injection to evaluate
               vascularization of the lesion and rule out malignancy. The MRI scan revealed a 1.8 x 1.8 x 1 cm (anteroposterior, craniocaudal,
               and transverse dimensions) benign appearing cystic lesion of the bone that involved the mandibular bone marrow with significant
               ballooning and thinning of the adjacent medial cortex. The lesion showed a minor amount of layering of fluid along the posterior
               aspect, which could likely be proteinaceous material or blood products. The lesion did not show extraosseous extension into
               the soft tissues and no active periostitis or adjacent bone marrow edema. The differential diagnosis included a simple bone
               cyst or a post-traumatic cyst.
            

            Two years later, over six years since the lesion was initially detected, a panoramic radiograph revealed the spontaneous resolution
               of the cyst with bone remodeling (Figure  8). Another panoramic radiograph was taken 7 months later that confirmed the negative finding and further self-healing noted
               with bone remodeling and filling the space of the lesion (Figure  9). 
            

            
                  
                  Figure 8

                  Panoramic radiograph taken 2 years after removal of the orthodontic appliances
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                  Figure 9

                  Panoramic radiograph taken 7 months after the record in Figure  8
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               Discussion

            The present report suggests that a conservative approach should be considered when an asymptomatic traumatic bone cyst develops
               slowly, and mandibular border continuity remains generally the same over repeated check-ups. The cyst, which was found incidentally,
               fitted the common description and prevalence of the intraosseous cavity, in terms of location, age of patient, absence of
               pain (usually subsequent to microfractures), and vital non-displaced or mobile involved teeth. The fact that it developed
               and increased in size within the period of orthodontic treatment warranted  this report.
            

            The genesis of the lesion was during the initial phase of growth modification with a functional appliance, and it progressed
               during the orthodontic treatment with fixed appliances. Whereas the origin and nature of the trauma may be multifactorial,
               the bionator may have generated additional trauma sustained with excellent compliance. Although treatment was interrupted
               for a significant period when the lesion started progressing, the continuous stresses from orthodontic treatment, even if
               minimal, may have contributed to supporting an ongoing pathology.
            

            Bony expansion is rare in the early phases of the lesion and is usually seen at the later stages in about 18-50% of patients.11 In our patient, the lingual expansion, documented on CBCT, was associated with endosteal scalloping on the lingual cortex,
               a feature suggestive but not diagnostic of traumatic bone cysts because other odontogenic lesions also have scalloped borders.
               Scalloping has been reported in 68% of traumatic bone cysts that occurred between and away from the teeth.12 
            

            Based on a review of current evidence, we contemplated surgical intervention. The common surgical approach is enucleation
               and curettage of the cavity to induce fresh bleeding in the operated site. The expected healing period is between 6 and 24
               months.13 Satish et al.11 associated the invasiveness of the intervention with the cyst characteristics. A segmental resection of a large cyst was
               followed by free vascularized fibular reconstruction to replace substantial bone loss with only the inferior border of the
               mandible intact and at risk of fracture. They treated a less invasive lesion with surgical exploration and only induction
               of bleeding to stimulate healing. 
            

            In another variation, Llobot et al.14 implemented continuous surgical decompression in a 15-year-old patient. After adequate flap reflection, they performed bone
               trepanation to reach adequate spaces that allowed drainage of the fluid inside the cavity, which was then cannulated with
               a catheter to allow perpetual drainage and avoid the risk of obstruction. Fillers used after cyst enucleation include bone
               grafts or synthetic materials such as bioglass, gel foam, hydroxyapatite crystals, bone chips, platelet rich plasma, and autologous
               blood injections, which have been associated with favorable outcomes.15 
            

            A comparison is warranted with traumatic or simple cysts occurring in other areas of the body, most commonly the humerus and
               femur bones.16 They are distinguished from the more aggressive aneurismal bone cyst (ABC) which must be observed more closely through frequent
               imaging (every 2 months) and confirmed by biopsy.17 The common approach with simple cysts is not to intervene if the lesion is asymptomatic and does not jeopardize the integrity
               of the involved structure. If the cyst becomes symptomatic (pain or associated limping in lower extremities), it would be
               caused by microfractures. In the humerus bone, immobilization with an arm sling is used for healing, and the microfractures
               would actually help the healing. In the neck of the femur, surgical intervention is indicated because of potential fracture
               and worse morbidity. Thus, curettage is performed, followed with a graft (often allografts replace the previously prevalent
               synthetic substances), then fixation.18  Injection of steroids after cyst aspiration has been recommended, but the efficacy and mechanism of action are yet to be
               determined.18 
            

            We opted for a non-surgical conservative periodic follow-up because the surgical access of a lingually-extended lesion was
               deemed invasive particularly considering the benign nature and slow progression of the lesion, and the reluctance of the parents.
               Moreover, the mandibular inferior border was not fractured and not completely compromised, and the lesion remained asymptomatic
               at all times. Should the integrity of the mandible be judged at risk during the initially more frequent, then biannual and
               later annual radiographic follow-ups, surgical intervention that might involve curettage, resection, grafting, and fixation
               would have become necessary.
            

            Also, one of the co-authors, a pediatric orthopedic surgeon recommended this conservative approach as similar lesions in the
               rest of the body could self-resolve, as also corroborated in published reports of self-healing.1, 19 Additionally, the patient was followed-up regularly for orthodontic retention (every 6 months), the teeth in the mandibular
               right quadrant were tested for vitality, discoloration, and mobility, and the region around the cyst was palpated buccally
               and lingually all signs were normal. In total, the patient had been monitored over his orthodontic treatment (25 months) and
               the following retention period of (36 months) for around 5 years.
            

            Recurrence of traumatic bone cysts is rare but was reported to vary with single (26%) and multiple (71-75%) cyst cavities
               3 months post-surgery.7, 20, 21 Whether the recurrence is associated with persistent trauma or the surgical procedures, such as not enucleating the entire
               cyst, is not known. Complications of traumatic bone cysts may include pathological fractures and side effects of nerve injuries
               when major surgical intervention is required. Research is needed to determine whether such morbidity might be avoided by adopting
               the conservative path and for what duration.
            

         

         
               Conclusion

            This patient report, as others available in the literature, suggests that a course of observation should be followed in the
               presence of a benign slow developing traumatic bone cyst that does not compromise mandibular anatomic integrity over sequential
               check-ups. In this situation judicious and regular monitoring is required for a condition that might result in self-resolution.
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