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Abstract

:

Background: Aneurysmal bone cysts (ABCs) are osteolytic, non-malignant, vascular lesions of the bone. Pathological fractures can be a manifestation of the ABCs, which occur in about 8% of ABCs. Different treatments have been described in the literature, but, nowadays, an optimal management of the pathological fractures in patients with ABCs is still a matter of debate and there are no standard guidelines for treatment nor any shared indication about the best surgical intervention. The aim of our study is to review the current literature available on this matter exploring and confronting different surgical treatments for pathological fractures in ABC in order to clarify the surgical approach to these patients. Methods: A systematic review of the literature indexed in PubMed, MEDLINE, and Cochrane Library databases was carried out. The Preferred Reporting Items for Systematically Reviews and Meta-Analyses (PRISMA) were followed. Results: A total of 37 articles were relevant and were finally included in the study. In total, we reached a population of 140 patients. Of the 140 patients included in the review, 124 patients (88.6%) underwent curettage surgery, 15 patients (10.7%) underwent en bloc resection surgery. A total of 47% of patients (70) underwent synthesis surgery with a plate, screw, nail, or external fixator. Adjuvant treatments were used in 8.6% of patients (12). Complications involved 20.7% of the patients (29). Conclusions: In conclusion, the treatment of pathological fractures in aneurysmal bone cysts requires careful patient assessment, considering factors such as age, the presence of open growth plates, the location of the lesion, and the surgeon’s expertise.
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1. Introduction


Aneurysmal bone cysts (ABCs) are rare, non-malignant osseous, tumor-like, vascular lesions [1]. ABCs were described for the first time in 1942 by Jaffe and Liechtenstein [2]. The majority of patients diagnosed with an aneurysmal bone cyst are children and adolescents. The mean age of presentation is approximately 18 years old, with a preponderance in the female sex [3].



ABCs represent 9.1% of all bone tumors [4]. The most frequent localizations are lower limbs (50–60%), with tibia representing almost 40% of the cases [5], the spine is involved in almost 15% of the cases and the pelvis in 9% [1]. Typically, ABCs are located near the metaphysis, adjacent to the physis region, and eccentrically [6]. This last characteristic can be useful to make a differential diagnosis of ABC or unicameral bone cyst radiographically [7].



The etiology of aneurysmal bone cysts is uncertain; they seem to be linked to vascular malformations in the bone, but this consideration alone is not enough to fully understand their development. There are different theories about ABCs etiology. The first hypothesis is that they form as a primary tumor, the second explanation is that they develop in the site of a previous trauma [8], while the third theory suggests to consider ABCs as a secondary lesion to another primary bone tumor, such as a giant cell tumor or chondroblastoma [9].



The histopathology of ABCs is characteristic: they are composed of a blood-filled cavity within an expanded region of the bone [10]. The shell of the cysts is made by reactive bone, without endothelium. The absence of endothelium makes the name “cyst” improper. Upon histopathological examination, mitotic figures are commonly seen in the lesions, but atypical figures should not be present [11]. Today, a biopsy is considered mandatory to confirm the diagnosis of ABCs [12].



In the diagnostic iter, the first exam that is usually proposed to the patient is an X-ray, that usually shows a well-defined osteolytic lesion with a soap-bubble appearance. The second level of investigation is magnetic resonance, which shows cystic formations with typical fluid–fluid levels due to blood sedimentation [12].



ABC behavior is unclear. They can evolve in three different ways: they can be locally aggressive and, in these cases, they can even be mistaken for malignant tumors, but ABCs can also grow up slowly or even be quiescent. In some cases, ABCs have shown a tendency towards spontaneous resolution [4].



Clinically, ABCs can present with pain as the first symptom at the onset, with a possible palpable mass or even deformity [13]. Pathological fractures can also be a manifestation of the ABC both at the onset, as the first presentation of the tumor, or during the follow-up of a known lesion. Local erosion of the bone tissue can be documented when ABCs grow up aggressively, leading to pathological fractures. Because of ABCs metaepiphyseal localization, in children, they could result in a growth-plate injury, which could lead to misalignment. Studies show that even patients without evident growth-plate involvement have a 10% risk of a subsequent disturbance of growth [14].



Pathologic fracture occurs in about 8% of ABCs, but the incidence may be as high as 21% in ABCs that have spinal involvement [5]. A pathological fracture is caused by minor trauma that typically cannot cause a bone fracture in healthy bone. It develops in bone that has been damaged and debilitated via a pathological process, with the result of loss of normal strength and structural integrity [15].



We can find different treatments for ABCs described in the medical literature. The primary form of treatment used is intralesional curettage, with or without adjuvants. A bone graft or bone cement, like polymethylmethacrylate (PMMA), is commonly used after curettage to reconstruct the bone’s defect [7,16]. Adjuvant agents can be used for percutaneous intralesional injection, which represents another important therapeutic possibility. It appears that adjuvants can improve the local control rate when combined to curettage [9].



The most used adjuvants, for both intralesional curettage and percutaneous intralesional injection, are sclerosant agents, for example, Polidocanol and Ethibloc. Sclerotherapy has been proven to be a safe method, associated with good local control and few side-effects [17,18]. Another possible adjuvant agent is doxycycline, due to its antineoplastic properties [19]. It is also possible to use the systemic application of denosumab or bisphosphonates, but only a preliminary study was found in this field [20]. Alternatively, when surgical resection is difficult, embolization can be used as a adjuvant or single therapy but is often technically demanding.



Patients with a pathological fracture require surgery to treat the ABC and to stabilize the fracture. The first step is curettage, or wide resection, of the lesion and performing the graft: PMMA, autograft, and allografts can be used to fill the cavity, similarly used in the ABCs’ treatment without fracture. The use of internal fixation depends on the fracture’s location and displacement [21].



Different treatments have been described in the literature, but, nowadays, optimal management of the pathological fractures in patients with ABCs is still a matter of debate and there are no standard guidelines for treatment nor any shared indication about the best surgical intervention.



The aim of our study is to review the current literature available on ABC fracture treatment and confront different surgical treatments in order to clarify the surgical approach to these patients.




2. Materials and Methods


A systematic review of the literature indexed in PubMed, MEDLINE, and Cochrane Library databases using the search terms “Fracture” and “Aneurysmal Bone Cyst” was carried out. To minimize the number of missed studies, no filters were applied to the search strategy. The bibliography of the selected studies was accurately searched by hand, to identify further studies not found during the electronic search. No restrictions were applied concerning the date of publication nor the language. The title of the journal, name of authors, or supporting institutions were not masked at any stage.



The Preferred Reporting Items for Systematically Reviews and Meta-Analyses (PRISMA) were followed, as reported in Figure 1. In order to be considered for this review, the articles needed to present some inclusion criteria: at least a section of the population understudy needed to be affected by an aneurysmal bone cyst, bone fracture, and the treatment performed needed to be explicit.



Abstracts and full texts were independently screened by two authors (E.G and E.DG), any discordance was solved via consensus with a third author (D.DC). Case reports were included in the review, while systematic reviews and meta-analyses were excluded. The methodological quality of the studies was assessed using the modified Coleman methodology score (mCMS). Each article was evaluated by two independent investigators (M.C and D.DC); in cases with more than a five-point difference between their rating, the discrepancy was solved via consensus with a third author (R.V). The mCMS ranged from 0 to 100 points, representing a well-designed study with no bias or confounding factors. All the selected studies were retrospectively analyzed by an author (E.DG) who then extracted and entered the data in an Excel worksheet. The collected data included the following: main author, year of publication, mCMS, number of patients, patient age and gender, aneurysmal cyst site, type of surgery, complications, healing rate, and follow-up. Lastly, the data sheet was reviewed by two authors (G.M and R.V) who agreed on the extracted data.




3. Results


3.1. Demographic Data


A total of 289 articles resulted from the search. Following the Prisma flow-chart, 37 articles were relevant and were finally included in the study. According to the mCMS evaluation, the mean score of the studies reached was 36 points (10–87 points).



In total, we reached a population of 140 patients. In 6 studies (n = 34), the gender of the patients was not specified. From the extrapolated data on the sex of the patients, 64 were male and 42 females. The average age among the various studies considered was 18.70 years (ranging from 2 years to 69 years) [Table 1].



The mean radiological and clinical follow-up of the patients considered was 44.06 months (ranging from 1 month to 330 months). In only two studies, by Jackson et al. [22] and Schmitz et al. [23], the duration of follow-up was not reported.



No clinical or functional scores were considered because only 8/37 articles reported one.





 





Table 1. Demographic data.
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	Authors
	Year of Publication
	Number of Patients
	Mean Age (Years)
	Modified Coleman Score





	Sonkusale et al. [24]
	2023
	1
	13
	37



	Pai et al. [25]
	2022
	1
	5
	22



	Teixeira-Vaz et al. [26]
	2022
	1
	7
	39



	Kushwaha et al. [27]
	2021
	1
	13
	24



	Tomaszewski et al. [28]
	2020
	6
	10.8
	65



	Weber et al. [29]
	2019
	1
	22
	27



	Trăilescu et al. [30]
	2019
	3
	11.5
	28



	Dorosh et al. [31]
	2019
	1
	4
	29



	Chhawra et al. [32]
	2019
	1
	40
	34



	Okuda et al. [33]
	2019
	1
	15
	40



	Kirker et al. [34]
	2019
	1
	4
	71



	Purohit et al. [35]
	2019
	1
	15
	38



	Rahman et al. [36]
	2018
	4
	12
	87



	Panchwagh et al. [37]
	2018
	4
	26.5
	75



	Arif et al. [38]
	2016
	1
	25
	28



	Ferreira et al. [39]
	2016
	1
	2
	15



	Plaiker et al. [40]
	2016
	1
	23
	12



	Erol et al. [41]
	2015
	64
	10
	65



	Welk et al. [42]
	2014
	1
	12
	15



	Geffroy et al. [43]
	2012
	2
	13
	36



	Babazadeh et al. [44]
	2011
	1
	21
	29



	Rapp et al. [45]
	2011
	2
	14,75
	39



	Rossi et al. [46]
	2010
	1
	5
	32



	Grzegorzewski et al. [47]
	2010
	2
	22
	39



	Xu et al. [48]
	2009
	1
	20
	38



	Nydick et al. [49]
	2009
	1
	11
	15



	Beris et al. [50]
	2009
	1
	21
	53



	Clayer et al. [51]
	2008
	15
	9.5
	57



	Lampasi et al. [52]
	2007
	1
	7
	53



	Goddard et al. [53]
	2007
	1
	40
	20



	Jackson et al. [22]
	2007
	3
	12.2
	10



	Schmitz et al. [23]
	2005
	1
	37
	25



	Ortiz et al. [54]
	2005
	9
	9
	27



	Session et al. [55]
	2005
	1
	20
	35



	Gailloud et al. [56]
	2002
	1
	58
	29



	Snell et al. [57]
	2001
	1
	10
	29



	Yamamoto et al. [58]
	2000
	1
	69
	20









3.2. Aneurysmatic Bone Cyst Location and Treatment


In 73 patients (52%), the site of the aneurysmal bone cyst was in the lower limbs. The femur is the most-affected bone segment in the lower limbs with 58 cases of ABC fracture (79.5%). In forty-seven patients, the proximal femur is involved: in six patients the cyst affected the distal femur, in two patients the femoral dialysis was affected, and in three patients the femoral site was not specified.



In 40 patients (28.6%), the location of the cyst was at the level of the upper limb. The most frequent localization to the upper limb is the humerus with 33 cases (82.6%). In seven patients (4.5%), the site of onset was at the level of the spine, with the cervical segment being affected in 57% of cases.



Other sites were the mandible—one case (0.7%) ileum—five cases (3.3%), ischium—two cases (1.30%), and pubis—three cases (2%). In the study by Ortiz et al. including nine patients, the site of the cyst was not specified.



Of the 140 patients included in the review, 124 patients (88.6%) underwent curettage surgery and 15 patients (10.7%) underwent en bloc resection surgery. Only one patient (1%) in the study of Rossi et al. [46] underwent arterial embolization surgery, N-2-butyl-cyanoacrylate was used as an embolizing agent. A total of 47% of patients (70/140) underwent synthesis surgery with a plate, screw, nail, or external fixator. The percentage of patients underwent plate synthesis is 21.4% (15/70). There were eight patients who underwent nail synthesis, representing 10% (8/70) of the patients who underwent synthesis. Only one patient, described in the study by Kushwaha et al. [27], was treated using an external fixator, with the duration of treatment being 12 weeks. Only one patient, described in the study by Xu et al. [48], was treated using screws. Of the patients with vertebral localization, five underwent arthrodesis surgery. In 40 patients, it was not possible to extrapolate which type of synthesis was used.



In 78 patients, the lesion was filled with autologous/allogeneic bone. In nine patients, a combination of synthetic bone and autologous or allogenic bone was used. In 24 patients, synthetic bone was used; meanwhile, in thirteen patients, the type of graft used was not specified. In four patients, cement was used as a lesion filler.



Adjuvant treatments were used in 8.6% of patients (12/140). Liquid nitrogen injections were used in four patients. Phenols were used in two patients. In one patient, a combination of phenol and alcohol was used as an adjuvant treatment. In two patients, autologous platelet-rich plasma was used. One patient underwent electrocauterization. In one patient, a combination of calcitonin and methylprednisolone was used. One patient was treated with cryotherapy [Table 2 and Table 3].



In 12 studies, comprising 23 patients, the period during which patients observed a weight-bearing ban was reported; the mean time was 11 weeks (ranging from 3 weeks to 56 weeks).




3.3. Complications and Healing Rate


Fourteen authors reported complications in their studies. Complications involved 20.7% of the patients (29/140): recurrences in 5.7% (8/140), shortening of the affected bone segment in 3.6% (5/140), non-synthesis fractures in 2.1% (3/140), angular deformities in 3.6% (5/140), residual pain in 1.4% (2/140), no healing/partial healing in 2.9% (4/140), neurological deficit 0.7% (1/140), and ROM limitation in 0.7% (1/140).



The most frequently encountered complication was residual recurrence (8/28). Only two studies, by Clayer et al. [51] and Ortiz et al. [54], reported a cure rate lower than 100%, 90% and 88%, respectively. In two studies, by Goddard et al. [53] and Jackson et al. [22], it was not possible to extrapolate the healing rate. The average healing rate between the various studies was 99.37%.



In nine studies with a total of thirty patients, healing times were reported with an average healing time of 7.88 months; however, at the end of follow-up there was 100% healing, except in two studies.



Of the patients who presented with recurrence of ABC (eight patients), seven underwent retreatment with resolution of the picture, while in one patient there was spontaneous resolution.



Of the patients who reported fracture as a complication (n = 3), it was not specified whether they were reoperated upon.



Patients with angular deformity (n = 5) underwent reoperation in only one case.



In the patients with partial healing or no healing (n = 4), only one was reoperated upon, while conservative treatment was chosen in another case. In two cases, it was not specified if they were operated upon or not [Table 4].





4. Discussion


The ABC is an osteolytic lesion of the bone characterized by blood-filled cavities separated by connective tissue septa containing fibroblasts, mononuclear cells, osteoclast-type giant cells, and reactive woven bone [59]. In more than half of the cases, they are localized in long bones, such as the tibia and femur, particularly at the metaphyseal level; 12-30% cases affect the spine; and, in the remaining cases, flat bones such as the pelvis are involved [60,61]. In our analysis, we reported similar percentages, with the exception of spine localization being less frequent compared to the literature. They typically manifest with pain and swelling, while, to a lesser extent, they may be associated with pathological fractures in about 8% of cases [5].



As of today, in the literature, there is still an open debate regarding the most appropriate treatment for ABCs, particularly when they are associated with pathological fractures and many different strategies are applied, as the data that we collected show, in the absence of a guideline to follow. Curettage is considered the standard treatment for ABCs and it is, in fact, the most used strategy among all patients considered in our review [28,29,60,62]. Some authors reserve en bloc excision only for recurrent cases or for lesions that can be removed surgically without bone reconstruction [7,63]. These two different surgical approaches lead to different complications, particularly according to the literature on en block excision resulting in a lower recurrence rate: none of the considered patients who underwent this kind of surgery presented recurrence at the follow-up compared to the ones treated with curettage who presented recurrence in the 6.5%. In addition, patients who were treated via a curettage of the lesions presented more frequently with deformities after healing, new fractures after surgery, residual pain, non-integration of the graft, and partial healing. Limb length discrepancy was a common complication observed in both treatment groups. In a retrospective analysis conducted by Flont et al. with 26 patients, including 16 undergoing curettage and 10 undergoing en bloc resection, no significant difference was observed between the two groups regarding postoperative symptoms. However, pain, limited range of motion, limb length discrepancy, and a reduction in muscle strength were more prevalent in patients undergoing resection [64], which differs from the findings of our study. This discrepancy could also be attributed to a considerable disparity in the number of patients treated with curettage compared to those undergoing resection, 124 vs. 15. In addition, en bloc excision is a more technically demanding procedure and its success may depend on the skill of the surgeon. In a comparative study by Gibbs et al., no recurrences were reported in patients undergoing en bloc excision compared to a 12% recurrence rate in those treated with curettage [65]. Consistent with the literature, the results of our study allow us to assert that, although both curettage and en bloc excision have their merits and drawbacks, the lower recurrence rate associated with en bloc excision makes it a viable option, especially for recurrent lesions or cases with extensive bone involvement, particularly in expendable areas [64]. Careful consideration of patient-specific factors and surgical expertise is crucial in determining the most appropriate treatment approach.



As previously discussed, only eight cases presented recurrence. This data, which might initially provide optimism regarding the various treatments for pathological fractures in ABC, may be influenced by the short follow-up period considered in several studies. In fact, 18 studies have a follow-up period equal to or less than two years. In the literature, it has been observed that the highest recurrence rate occurs after the initial 2 years [59,60,63]. Hauschild et al., in a review involving a total of 790 patients with ABC with and without pathological fracture, reported a recurrence rate ranging from 12% to 59%; more specifically, in 90% of cases, recurrence occurred within the first year, rarely extending beyond 4 years postsurgery [59].



In all the studies considered, the patients who experienced a recurrence of the ABC were pediatric and less than 18 years old. The literature shows that many aneurysmal bone cysts occur near open physes or articular cartilage in skeletally immature patients [65,66]. This particular location near these crucial growth structures increases the risk of recurrence, largely due to the cautious approach taken in treatment to avoid damaging these critical areas [28,62]. In the literature, we can find that the most common complication when physes are not preserved is physeal arrest with limb length discrepancy and deformity, which can be a challenge for the surgeon to manage. Lin et al. [67] retrospectively studied 53 patients with aneurysmal bone cysts treated between 1989 and 2004 and 10 patients (18.9%) had local recurrence, all with a juxtaphyseal and periarticular localization. They did find a significant association between age and recurrence, with patients aged 12 years or younger being more likely to experience recurrence [67]. In essence, this data suggests that the highest risk of recurrence in ABCs is observed in pediatric patients with lesions located near growth plates or within the proximity of joints. As we already stated, this is often compounded by the tendency to opt for less aggressive surgical approaches in these cases, primarily to mitigate the risk of damaging the growth plates or articular cartilage. Therefore, while treatment decisions must always consider the individual patient and their specific circumstances, these findings underscore the importance of carefully balancing the need for effective treatment with the preservation of critical anatomical structures in pediatric cases of ABCs.



After curettage, the resultant defect is commonly filled using a bone graft or less frequently (only four patients in our series) bone cement, like polymethylmethacrylate (PMMA). Studies reported similar rates of recurrence when using a bone graft or cement, so the literature does not highlight either option [7].



Autograft, allograft, synthetic bone, or a combination were used, as we explain in the results. Among patients from our series for whom the type of graft is specified, an autologous bone graft from the fibula or iliac crest was the most used; an autologous graft was harvested from the tibia in just one patient. On the other hand, for 24 patients, a synthetic bone substitute was chosen, but these data are limited by the fact that, in many articles considered, the authors did not specify the type of graft used, so we can extract only partial conclusions.



Although, in our series, autografts are the most used, they present some limitations that may have induced other authors to use synthetic bone grafts: sometimes they are insufficient to fill large defects and the harvesting process can lead to morbidity in the donor site [41].



Previously, various bone substitutes used as grafts were demonstrated to be effective to fill bone defects after curettage, so they represent a valid alternative to limit the complications described [68].



Ozaki et al. reported less recurrence after cementation compared with bone grafting after curettage [69]; also, in our analysis, none of the patients treated with cement to fill the bone loss after curettage experienced recurrence. However, the thermal effect of the bone cement can determine an injury of the growth plate and the subchondral bone [68], preventing authors from using it in a pediatric population of patients with open physis.



In all patients with lesions located in the femur, except for one which was treated with selective transcatheter arterial embolization both at the neck and trochanteric region, the treatment involved synthesis. Indeed, the presence of a pathological fracture at the level of the proximal femur requires treatment with a fixation device to avoid potential complications such as varus deformity [41,70]. The fixation devices chosen are intramedullary nails, dynamic hip screws (DHSs), or a plate and screws and external fixator. Of these, only one patient developed complications; specifically, the patient treated with an external fixator developed limb length discrepancy. Kushwaha et al. opted for this treatment due to the extent of the lesion reaching the physis area; thus, involvement of the growth plate could justify the complication [27]. Therefore, the use of intramedullary nails in growing patients is debated due to the involvement of the growth plate. Weber et al., in trochanteric fractures, suggest considering not only the lesion’s location but also its size and bone stock. Large lesions and inadequate bone stock should be treated using modular tumor prostheses, while good bone stock allows for the use of intramedullary nails [29]. In none of our studies was treatment with prostheses considered, likely due to the average age of 19.7 years and, thus, the tendency to opt for a less aggressive approach. In our series, 23 studies focusing on the treatment of pathological fractures in the lower limb ABCs, a common thread emerges: a subsequent period of immobilization, typically spanning approximately 11 weeks, is recommended. Indeed, for Beris et al. and Rahman et al., immobilization serves a crucial purpose; it provides the necessary time for the injury to heal effectively, while also serving as a proactive measure to prevent any potential recurrence or exacerbation of fractures [36,50].



In the literature, there is a lack of evidence regarding the optimal method of synthesis to use when dealing with a pathological fracture in a lesion of the lower limbs. Certainly, the choice of surgical approach will primarily depend on the location of the lesion. For instance, in the trochanteric region, a nail might be preferred; meanwhile, in the femoral neck region, options such as a dynamic hip screw (DHS) or screws could be considered, As the results of the analysis of our series of patients show, internal fixation with a plate and screws is the most common form of fixation used, considering that the femoral neck region is the most involved localization. The age of the patient is also a factor to consider, along with the capabilities of the surgeon.



Among the seven patients with lesions located in the spine, 43% of them developed a complication. Specifically, they developed anterolisthesis, worsening of the Cobb angle, and neurological deficits. Geffroy et al. define embolization as the most appropriate treatment for lesions in the lumbar vertebrae, unless there are preoperative signs of neurological involvement or bone involvement leading to deformity [43]. In their study, the two patients with pathological fractures were treated with total vertebrectomy followed by autologous grafting with cortical and cancellous bone to ensure normal vertebral height and osteosynthesis. Only one patient developed a postoperative deformity, but no neurological symptoms were reported. Among the cervical-level injuries, only one case presented complications, specifically marked as kyphosis. The surgical treatment chosen in the study of Welk et al. involved curettage, laminectomy, and the application of a rigid collar; only after developing the complication, the patient underwent osteosynthesis [42]. Kyphosis arises due to the removal of the posterior elements, which contribute significantly to bearing of the cervical weight. Moreover, when there is more extensive removal of the lamina and disruption to the apophyseal joint capsule, the risk of acquiring kyphosis increases. This risk is particularly heightened in pediatric patients due to their cervical ligamentous structures exhibiting greater laxity compared to adults [42]. In a case series conducted by Mehlman et al., it was found that 45% of pediatric patients who underwent a laminectomy developed spinal deformities. Among those patients, 60% required subsequent spinal fusion procedures [71]. In our series, we observed that patients who initially underwent osteosynthesis surgery did not experience any complications. This finding, combined with insights from the broader literature, leads us to the conclusion that relying solely on curettage or resection along with adjunctive measures may not be adequate in vertebral locations. While it is prudent to minimize invasiveness in such delicate areas, it is crucial to recognize the necessity of fusion procedures to mitigate the risks of complications, such as deformities and ensuing neurological symptoms.



Therefore, as can be inferred, both from our results and from the literature, that the higher rate of complications is due to the localization and consequent damage that various surgical techniques can cause. For this reason, over the years, efforts have been made to introduce so-called minimally invasive techniques such as embolization, argon beam coagulation, high-speed burr, and the use of adjuvants such as phenol, polymethylmethacrylate, and liquid nitrogen. These treatments stem from the hypothesis that the development of ABCs has a vascular origin. Often, these treatments are used in conjunction with curettage and/or resections or are used in an initial surgical stage to reduce the size of the lesion, making subsequent treatment less aggressive.



More rarely, these nonsurgical treatments are used alone to manage a pathological fracture in patients with ABC: this is the case in the study by Rossi et al., the only one to use arterial embolization as the sole treatment [46]. However, the patient developed a limb length discrepancy of about 3 cm. In excessively large ABCs, preoperative arterial embolization should be conducted one day before surgery to minimize blood loss during the operative procedure and to facilitate successful curettage [7,28].



Currently, adjuvant agents offer a promising avenue for percutaneous intralesional injection, presenting a significant therapeutic option. Combining adjuvants with curettage seems to enhance the local control rate [9]. Among the widely utilized adjuvants for both intralesional curettage and percutaneous injection are sclerosant agents like Polidocanol and Ethibloc [17,19]. Rastogi et al. demonstrated an impressive 97% cure rate with percutaneous injections of Polidocanol [17]. Sclerotherapy has emerged as a safe method, boasting good local control with minimal side effects [9,19]. Additionally, Varshney et al., in a retrospective study, assumed that patients opting for sclerotherapy often necessitated a higher frequency of repeat procedures to achieve complete healing, contrasting with those undergoing curettage [72]. Ethibloc is a local fibrogenic and thrombogenic agent that serves as a potential sclerotherapy agent, but it has been linked to severe complications, including pulmonary embolism and aseptic [62]. Adamsbaum et al. conducted a review of 17 ABC patients treated with Ethibloc injection and after a 5-year follow-up; complete healing was achieved in 14 patients. However, sixteen patients experienced local inflammatory reactions, and three developed small cutaneous fistulae [73]. Doxycycline also stands out as a potential adjuvant due to its anti-neoplastic properties [19].



An interesting finding within our series was that only two patients subjected to combined treatment experienced a recurrence of the lesion. This insight underscores the significant role that the aforementioned treatments may play in influencing the likelihood of lesion recurrence.



Regarding postoperative follow-up, it was not possible to analyze and compare a clinical or functional score in order to establish any conclusion about the most effective treatment for the patients in terms of outcome. Out of the thirty-seven articles examined, only the results of eight patients were evaluated through a score and only four articles reported the same score through which to make a reliable comparison possible. Furthermore, most of the clinical/functional scores were specific for the outcome assessments of a particular localization, making a comparison between all patients difficult due to the variety of locations considered.



Defining a gold standard surgical approach for pathological fractures in ABCs remains highly challenging today. One significant factor to consider is the lesion’s location, distinguishing between weight-bearing and non-weight-bearing areas, which can indicate the necessity of fixation devices. Patient age can also influence the choice, particularly if the lesion affects juxtaphyseal and periarticular regions, potentially leading to complications such as limb length discrepancies and varus–valgus deformities in pediatric patients with open physes.



Even among adjuvant therapy, it is difficult to choose the best option because there are no comparative studies regarding adjuvant agent efficacy and the literature consists largely of case series from single institutions.



Analyzing the data presented, we can state that a multidisciplinary approach is the best solution for the management of patients with pathological fractures in ABC, as has already been proposed in the literature [74]. In the majority of cases, this multidisciplinary management is based mainly on surgery followed by adjuvant therapy administered by the oncologist or embolization performed by the intervening radiologist. Finally, even pharmacological treatments can help to control associated symptoms in our patients. Therefore, it is crucial to present each case to a multidisciplinary board to plan the best procedures for optimizing our patients’ outcomes.



This review presents some limitations due to the fact that most of the articles taken into account have a low Coleman score and are case reports of single patients’ experiences. Other important limitations in our study include the absence of risk of bias assessment for the included studies and the lack of a meta-analysis due to data heterogeneity. Most of the studies taken into account considered a small number of patients, with a short follow-up, treated based mainly on the experience of the surgeon rather than on objective diagnostic–therapeutic algorithms; therefore, all the factors associated with the absence of a endorsed guideline can lead to bias. This consideration impacts the possibility to suggest a gold-standard treatment. On the other hand, this review gathers different surgical approaches that can be adopted according to the localization of the cyst and the age of the patient, tailoring the treatment in order to maximize the healing rate. It would be helpful for future research to conduct more retrospective comparative studies in order to provide a better comparison between different techniques and, thus, effectively evaluate which treatment might be the best.




5. Conclusions


In conclusion, the treatment of pathological fractures in aneurysmal bone cysts requires careful patient assessment, considering factors such as age, the presence of open growth plates, the location of the lesion, and the surgeon’s expertise. Curettage has traditionally played a crucial role in cyst treatment, and additional interventions such as embolization, high-speed burring, and adjuvant can be adjuncts to reduce recurrence rates, which have proven to be the most frequent complication. Additionally, the use of fixation devices in lower limb fractures is essential.



Due to the low quality of the studies in the literature (most of the studies analyzed have a low Coleman score), we are unable to define a univocal and reliable therapeutic algorithm to follow.







Author Contributions


All the authors approved the submitted version (and version substantially edited by journal staff that involves the author’s contribution to the study) and agree to be personally accountable for the author’s own contributions and for ensuring that questions related to the accuracy or integrity of any part of the work, even ones in which the author was not personally involved, are appropriately investigated, resolved, and documented in the literature. Conceptualization and methodology, R.V.; validation, G.M.; formal analysis, R.V.; investigation, D.D.C. and E.G.; writing—original draft preparation, D.D.C., E.G., M.C. and E.D.G.; writing—review and editing, E.D.G.; visualization, M.C.; supervision, G.M. and R.V. All authors have read and agreed to the published version of the manuscript.




Funding


Publication costs are funded by Orthopedic and Traumatology School of Università Cattolica del Sacro Cuore—Roma. The funders did not play any role in the design of the study; the collection, analysis, and interpretation of data; or in writing of the manuscript.




Institutional Review Board Statement


This study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Institutional Review Board of Orthopedic and Traumatology Institute of Università Cattolica del Sacro Cuore—Roma. As this is an approval from the Review Board of Orthopedic and Traumatology Institute there is no code. The approval date is the session of 22 June 2021.




Informed Consent Statement


Not applicable.




Data Availability Statement


The datasets used and/or analyzed during the current study are available from the corresponding author on reasonable request.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Stevens, K.J.; Stevens, J.A. Aneurysmal Bone Cysts. In StatPearls [Internet]; StatPearls Publishing: Treasure Island, FL, USA, January 2024. [Google Scholar] [PubMed]

	



James, A.G.; Coley, B.L.; Higinbotham, N.L. Solitary, unicameral, bone cyst. Arch. Surg. 1948, 57, 137–147. [Google Scholar] [CrossRef] [PubMed]

	



Zehetgruber, H.; Bittner, B.; Gruber, D.; Krepler, P.; Trieb, K.; Kotz, R.; Dominkus, M. Prevalence of aneurysmal and solitary bone cysts in young patients. Clin. Orthop. Relat. Res. 2005, 439, 136–143. [Google Scholar] [CrossRef] [PubMed]

	



Subramanian, S.; Kemp, A.K.; Viswanathan, V.K. Bone Cyst. In StatPearls [Internet]; StatPearls Publishing: Treasure Island, FL, USA, January 2024. [Google Scholar] [PubMed]

	



Annamalai, S.; Kandasamy, V.; Chandrasekaran, S.; Muthu, S. Cross-beam Non-vascular Fibular Graft Reconstruction in the Management of Long Bone Giant Aneurysmal Bone Cyst—A Case Series. J. Orthop. Case Rep. 2023, 13, 141–147. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



Braun, A.; Helmich, A. Klinische Propädeutik aneurysmatischer Knochenzysten [Clinical introduction to aneurysmatic bone cysts]. Z. Orthop. Ihre Grenzgeb. 1988, 126, 448–457. (In Germany) [Google Scholar] [CrossRef] [PubMed]

	



Mankin, H.J.; Hornicek, F.J.; Ortiz-Cruz, E.; Villafuerte, J.; Gebhardt, M.C. Aneurysmal bone cyst: A review of 150 patients. J. Clin. Oncol. 2005, 23, 6756–6762. [Google Scholar] [CrossRef] [PubMed]

	



Cottalorda, J.; Bourelle, S. Modern concepts of primary aneurysmal bone cyst. Arch. Orthop. Trauma. Surg. 2007, 127, 105–114. [Google Scholar] [CrossRef] [PubMed]

	



Tsagozis, P.; Brosjö, O. Current Strategies for the Treatment of Aneurysmal Bone Cysts. Orthop. Rev. 2015, 7, 6182. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



Restrepo, R.; Zahrah, D.; Pelaez, L.; Temple, H.T.; Murakami, J.W. Update on aneurysmal bone cyst: Pathophysiology, histology, imaging and treatment. Pediatr. Radiol. 2022, 52, 1601–1614. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



Nasri, E.; Reith, J.D. Aneurysmal bone cyst: A review. J. Pathol. Transl. Med. 2023, 57, 81–87. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



Deventer, N.; Deventer, N.; Gosheger, G.; de Vaal, M.; Vogt, B.; Budny, T. Current strategies for the treatment of solitary and aneurysmal bone cysts: A review of the literature. J. Bone Oncol. 2021, 30, 100384. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



Mascard, E.; Gomez-Brouchet, A.; Lambot, K. Bone cysts: Unicameral and aneurysmal bone cyst. Orthop. Traumatol. Surg. Res. 2015, 101 (Suppl. S1), S119–S127. [Google Scholar] [CrossRef] [PubMed]

	



Capanna, R.; Springfield, D.S.; Biagini, R.; Ruggieri, P.; Giunti, A. Juxtaepiphyseal aneurysmal bone cyst. Skeletal Radiol. 1985, 13, 21–25. [Google Scholar] [CrossRef] [PubMed]

	



Canavese, F.; Samba, A.; Rousset, M. Pathological fractures in children: Diagnosis and treatment options. Orthop. Traumatol. Surg. Res. 2016, 102 (Suppl. S1), S149–S159. [Google Scholar] [CrossRef] [PubMed]

	



Grahneis, F.; Klein, A.; Baur-Melnyk, A.; Knösel, T.; Birkenmaier, C.; Jansson, V.; Dürr, H.R. Aneurysmal bone cyst: A review of 65 patients. J. Bone Oncol. 2019, 18, 100255. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



Rastogi, S.; Varshney, M.K.; Trikha, V.; Khan, S.A.; Choudhury, B.; Safaya, R. Treatment of aneurysmal bone cysts with percutaneous sclerotherapy using polidocanol. A review of 72 cases with long-term follow-up. J. Bone Joint Surg. Br. 2006, 88, 1212–1216. [Google Scholar] [CrossRef] [PubMed]

	



Falappa, P.; Fassari, F.M.; Fanelli, A.; Genovese, E.; Ascani, E.; Crostelli, M.; Salsano, V.; Montanaro, A.; Di Lazzaro, A.; Serra, F. Aneurysmal bone cysts: Treatment with direct percutaneous Ethibloc injection: Long-term results. Cardiovasc. Interv. Radiol. 2002, 25, 282–290. [Google Scholar] [CrossRef] [PubMed]

	



Park, H.Y.; Yang, S.K.; Sheppard, W.L.; Hegde, V.; Zoller, S.D.; Nelson, S.D.; Federman, N.; Bernthal, N.M. Current management of aneurysmal bone cysts. Curr. Rev. Musculoskelet. Med. 2016, 9, 435–444. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



Palmerini, E.; Ruggieri, P.; Angelini, A.; Boriani, S.; Campanacci, D.; Milano, G.M.; Cesari, M.; Paioli, A.; Longhi, A.; Abate, M.E.; et al. Denosumab in patients with aneurysmal bone cysts: A case series with preliminary results. Tumori J. 2018, 104, 344–351. [Google Scholar] [CrossRef] [PubMed]

	



Elçi, S.; Özkul, E.; Alemdar, C.; Atiç, R.; Akar, M.S. How successful is synthetic graft treatment for children with pathological hip fractures? HIP Int. 2023, 11207000231212423. [Google Scholar] [CrossRef] [PubMed]

	



Jackson, W.F.; Theologis, T.N.; Gibbons, C.L.; Mathews, S.; Kambouroglou, G. Early management of pathological fractures in children. Injury 2007, 38, 194–200. [Google Scholar] [CrossRef] [PubMed]

	



Schmitz, A.; Lutterbey, G.; von Engelhardt, L.; von Falkenhausen, M.; Stoffel, M. Pathological cervical fracture after spinal manipulation in a pregnant patient. J. Manip. Physiol. Ther. 2005, 28, 633–636. [Google Scholar] [CrossRef] [PubMed]

	



Sonkusale, A.; Gandhi, P.; Jadhav, D.; Keswani, P. An Uncommon Case Report: Pathologic Fracture in a Proximal Femur Aneurysmal Bone Cyst in a Child. J. Orthop. Case Rep. 2023, 13, 51–54. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



Pai, S.N.; Harshavardhan, G.; Menon, P.G. Recurrent Aneurysmal Bone Cyst of Proximal Femur with Pathological Fracture—A Case Report. J. Orthop. Case Rep. 2022, 12, 57–60. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



Teixeira-Vaz, A.; Santiago, M.; Oliveira, M.; Silva, A.I. Aneurysmal Bone Cyst Presenting as Fragility Fracture: A Case Report Focused on the Rehabilitation Approach. Cureus 2022, 14, e21145. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



Kushwaha, S.S.; Lal, A.K.; Kumar, N.; Bharti, A. External Fixator as a Saviour in the Management of Aneurysmal Bone Cyst with Physeal Extension in Pathological Fracture of the Proximal Femur: A Case Report with a Review of Literature. J. Orthop. Case Rep. 2021, 11, 6–9. [Google Scholar] [CrossRef] [PubMed]

	



Tomaszewski, R.; Rutz, E.; Mayr, J.; Dajka, J. Surgical treatment of benign lesions and pathologic fractures of the proximal femur in children. Arch. Orthop. Trauma. Surg. 2022, 142, 615–624. [Google Scholar] [CrossRef] [PubMed]

	



Weber, M.G.; Fan, J.; Jenkins, R. An Uncommon Presentation of an Uncommon Bone Tumor: A Case Study of a Pathologic Fracture of an Intertrochanteric Aneurysmal Bone Cyst. Cureus 2019, 11, e6461. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



Trăilescu, M.D.; Pavel, A.I.; Pop, M.A.; Zurbău-Anghel, N.; Stoica, G.A.; Fruntelată, R.F.; Singer, C.E.; Stoica, M.; Constantin, C. Pathological fractures of humerus in children. Therapeutic and pathological considerations. Rom. J. Morphol. Embryol. 2019, 60, 831–840. [Google Scholar] [PubMed]

	



Dorosh, J.; Vyas, P. Aneurysmal Bone Cyst of the Distal Femoral Metaphysis in a Four-year-old Female Patient Presenting with a Pathologic Fracture: A Case Report. Cureus 2019, 11, e4846. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



Chhawra, S.; Jain, R.; Aggarawal, R.; Pandey, A. A Rare Case of Radius Head Epiphyseal Aneurysmal Bone Cyst with Predisposing Factor as Trauma Tuberculosis of Elbow apart from Genetic. J. Orthop. Case Rep. 2019, 9, 23–27. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



Okuda, A.; Shigematsu, H.; Iwata, E.; Tanaka, M.; Morimoto, Y.; Masuda, K.; Ohbayashi, C.; Tanaka, Y. An aneurysmal bone cyst at T1 treated with bone grafts containing calcitonin and methylprednisolone. J. Orthop. Surg. 2019, 27, 2309499019839626. [Google Scholar] [CrossRef] [PubMed]

	



Kirker, K.; Masaracchio, M.; Freeland, M. Examination and Management of a 4-Year-Old Following a Femoral Aneurysmal Bone Cyst: A Case Report. Pediatr. Phys. Ther. 2019, 31, E1–E7. [Google Scholar] [CrossRef] [PubMed]

	



Purohit, S.; Raja, B.S.; Marathe, N.A.; George, P.K. A Case Report of Aneurysmal Bone Cyst with Pathologic Fracture of Proximal Femur Managed with EnblocExcision and Autologous Non-vascularized Fibular Graft. J. Orthop. Case Rep. 2019, 10, 51–53. [Google Scholar] [PubMed] [PubMed Central]

	



Rahman, M.A.; El Masry, A.M.; Azmy, S.I. Review of 16 cases of aneurysmal bone cyst in the proximal femur treated by extended curettage and cryosurgery with reconstruction using autogenous nonvascularized fibula graft. J. Orthop. Surg. 2018, 26, 2309499018783905. [Google Scholar] [CrossRef] [PubMed]

	



Panchwagh, Y.; Joshi, S.K.; Sancheti, P.K. Benign Aggressive Lesions of Femoral Head and Neck: Is Salvage Possible? Indian J. Orthop. 2018, 52, 51–57. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



Arif, K.S.; Anoop, S.; Ravindran, S. Pathological Fracture of Calcaneum: A Case Report. J. Orthop. Case Rep. 2016, 6, 92–95. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



Ferreira, A.J.; de Almeida Leitão, S.; Rocha, M.A.; Nascimento Vd Lima, G.B.; de Meneses, A.C. Solid variant of aneurysmal bone cist on the distal extremity of the radius in a child. Rev. Bras. Ortop. 2016, 51, 370–373. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



Plaikner, M.; Gruber, H.; Henninger, B.; Gruber, L.; Kosiol, J.; Loizides, A. Pathological fracture of the patella due to an atypical located aneurysmal bone cyst: Verification by means of ultrasound-guided biopsy. Arch. Orthop. Trauma. Surg. 2016, 136, 315–319. [Google Scholar] [CrossRef] [PubMed]

	



Erol, B.; Topkar, M.O.; Caliskan, E.; Erbolukbas, R. Surgical treatment of active or aggressive aneurysmal bone cysts in children. J. Pediatr. Orthop. B 2015, 24, 461–468. [Google Scholar] [CrossRef] [PubMed]

	



Welk, A.B.; Norman, W.K. Aneurysmal bone cyst presenting as a pathologic fracture in a 12-year-old football player. J. Chiropr. Med. 2014, 13, 62–66. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



Geffroy, L.; Hamel, O.; Odri, G.A.; Guillard, S.; Passuti, N.; Gouin, F.; Rogez, J.M.; Hamel, A. Treatment of an aneurysmal bone cyst of the lumbar spine in children and teenagers, about five cases. J. Pediatr. Orthop. B 2012, 21, 269–275. [Google Scholar] [CrossRef] [PubMed]

	



Babazadeh, S.; Broadhead, M.L.; Schlicht, S.M.; Powell, G.J.; Tymms, G.M. Pathologic fracture of a calcaneal aneurysmal bone cyst. J. Foot Ankle Surg. 2011, 50, 727–732. [Google Scholar] [CrossRef] [PubMed]

	



Rapp, M.; Svoboda, D.; Wessel, L.M.; Kaiser, M.M. Elastic Stable Intramedullary Nailing (ESIN), Orthoss® and Gravitational Platelet Separation—System (GPS®): An effective method of treatment for pathologic fractures of bone cysts in children. BMC Musculoskelet. Disord. 2011, 12, 45. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



Rossi, G.; Angelini, A.; Mavrogenis, A.F.; Rimondi, E.; Ruggieri, P. Successful treatment of aneurysmal bone cyst of the hip in a child by selective transcatheter arterial embolization. J. Vasc. Interv. Radiol. 2010, 21, 1591–1595. [Google Scholar] [CrossRef] [PubMed]

	



Grzegorzewski, A.; Pogonowicz, E.; Sibinski, M.; Marciniak, M.; Synder, M. Treatment of benign lesions of humerus with resection and non-vascularised, autologous fibular graft. Int. Orthop. 2010, 34, 1267–1272. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



Xu, J.; Zhang, C.Q. Salvage of a hip following pathological fracture through a large aneurysmal bone cyst: A case report. HIP Int. 2009, 19, 148–150. [Google Scholar] [CrossRef] [PubMed]

	



Nydick, J.A.; Herman, M.J.; de Chadarévian, J.P. An 11-year-old boy with a patella fracture. Clin. Orthop. Relat. Res. 2009, 467, 3365–3370. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



Beris, A.E.; Lykissas, M.G.; Payatakes, A.; Kontogeorgakos, V.A.; Mavrodontidis, A.; Korompilias, A.V. Free vascularized fibular graft for treatment of pathological femoral neck fracture and osteonecrosis of the femoral head: A case report with a long-term follow-up. Microsurgery 2009, 29, 240–243. [Google Scholar] [CrossRef] [PubMed]

	



Clayer, M. Injectable form of calcium sulphate as treatment of aneurysmal bone cysts. ANZ J. Surg. 2008, 78, 366–370. [Google Scholar] [CrossRef] [PubMed]

	



Lampasi, M.; Magnani, M.; Donzelli, O. Aneurysmal bone cysts of the distal fibula in children: Long-term results of curettage and resection in nine patients. J. Bone Joint. Surg. Br. 2007, 89, 1356–1362. [Google Scholar] [CrossRef] [PubMed]

	



Goddard, R.; Patel, N. Aneurysmal bone cyst masquerading as unknown mandibular metastatic deposit causing pathological fracture. Dent. Update 2007, 34, 230–232, 234. [Google Scholar] [CrossRef] [PubMed]

	



Ortiz, E.J.; Isler, M.H.; Navia, J.E.; Canosa, R. Pathologic fractures in children. Clin. Orthop. Relat. Res. 2005, 432, 116–126. [Google Scholar] [CrossRef] [PubMed]

	



Sessions, W.; Siegel, H.J.; Thomas, J.; Pitt, M.; Said-Al-Naief, N.; Casillas, M.A. Chondroblastoma with associated aneurysmal bone cyst of the cuboid. J. Foot Ankle Surg. 2005, 44, 64–67. [Google Scholar] [CrossRef] [PubMed]

	



Gailloud, P.; Martin, J.B.; Olivi, A.; Rüfenacht, D.A.; Murphy, K.J. Transoral vertebroplasty for a fractured C2 aneurysmal bone cyst. J. Vasc. Interv. Radiol. 2002, 13, 340–341. [Google Scholar] [CrossRef] [PubMed]

	



Snell, B.E.; Adesina, A.; Wolfla, C.E. Unicameral bone cyst of a cervical vertebral body and lateral mass with associated pathological fracture in a child. Case report and review of the literature. J. Neurosurg. 2001, 95 (Suppl. S2), 243–245. [Google Scholar] [CrossRef] [PubMed]

	



Yamamoto, T.; Marui, T.; Akisue, T.; Mizuno, K. Solid aneurysmal bone cyst in the humerus. Skeletal Radiol. 2000, 29, 470–473. [Google Scholar] [CrossRef] [PubMed]

	



Hauschild, O.; Luedemann, M.; Engelhardt, M.; Baumhoer, D.; Baumann, T.; Elger, T.; Suedkamp, N.P.; Herget, G.W. Aneurysmal bone cyst (ABC)‚Äà: Treatment options and proposal of a follow-up regime. Acta Orthop. Belg. 2016, 82, 474–483. [Google Scholar] [PubMed]

	



Kransdorf, M.J.; Sweet, D.E. Aneurysmal bone cyst: Concept, controversy, clinical presentation, and imaging. AJR Am. J. Roentgenol. 1995, 164, 573–580. [Google Scholar] [CrossRef] [PubMed]

	



Lim, J.B.; Sharma, H.; Reid, R.; Reece, A.T. Aneurysmal bone cysts of the vertebrae. J. Orthop. Surg. 2012, 20, 201–204. [Google Scholar] [CrossRef] [PubMed]

	



Rapp, T.B.; Ward, J.P.; Alaia, M.J. Aneurysmal bone cyst. J. Am. Acad. Orthop. Surg. 2012, 20, 233–241. [Google Scholar] [CrossRef] [PubMed]

	



Vergel De Dios, A.M.; Bond, J.R.; Shives, T.C.; McLeod, R.A.; Unni, K.K. Aneurysmal bone cyst. A clinicopathologic study of 238 cases. Cancer 1992, 69, 2921–2931. [Google Scholar] [CrossRef] [PubMed]

	



Flont, P.; Kolacinska-Flont, M.; Niedzielski, K. A comparison of cyst wall curettage and en bloc excision in the treatment of aneurysmal bone cysts. World J. Surg. Oncol. 2013, 11, 109. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



Gibbs, C.P., Jr.; Hefele, M.C.; Peabody, T.D.; Montag, A.G.; Aithal, V.; Simon, M.A. Aneurysmal bone cyst of the extremities. Factors related to local recurrence after curettage with a high-speed burr. J. Bone Joint. Surg. Am. 1999, 81, 1671–1678. [Google Scholar] [CrossRef] [PubMed]

	



Dormans, J.P.; Hanna, B.G.; Johnston, D.R.; Khurana, J.S. Surgical treatment and recurrence rate of aneurysmal bone cysts in children. Clin. Orthop. Relat. Res. 2004, 421, 205–211. [Google Scholar] [CrossRef] [PubMed]

	



Lin, P.P.; Brown, C.; Raymond, A.K.; Deavers, M.T.; Yasko, A.W. Aneurysmal bone cysts recur at juxtaphyseal locations in skeletally immature patients. Clin. Orthop. Relat. Res. 2008, 466, 722–728. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



Hirata, M.; Murata, H.; Takeshita, H.; Sakabe, T.; Tsuji, Y.; Kubo, T. Use of purified beta-tricalcium phosphate for filling defects after curettage of benign bone tumours. Int. Orthop. 2006, 30, 510–513. [Google Scholar] [CrossRef] [PubMed]

	



Ozaki, T.; Hillmann, A.; Lindner, N.; Winkelmann, W. Cementation of primary aneurysmal bone cysts. Clin. Orthop. Relat. Res. 1997, 337, 240–248. [Google Scholar] [CrossRef] [PubMed]

	



Erol, B.; Topkar, M.O.; Aydemir, A.N.; Okay, E.; Caliskan, E.; Sofulu, O. A treatment strategy for proximal femoral benign bone lesions in children and recommended surgical procedures: Ret- rospective analysis of 62 patients. Arch. Orthop. Trauma Surg. 2016, 136, 1051–1061. [Google Scholar] [CrossRef] [PubMed]

	



Mehlman, C.T.; Crawford, A.H.; McMath, J.A. Pediatric vertebral and spinal cord tumors: A retrospective study of musculoskeletal aspects of presentation, treatment, and complications. Orthopedics 1999, 22, 49–55; discussion 55–66. [Google Scholar] [CrossRef] [PubMed]

	



Varshney, M.K.; Rastogi, S.; Khan, S.A.; Trikha, V. Is sclerotherapy better than intralesional excision for treating aneurysmal bone cysts? Clin. Orthop. Relat. Res. 2010, 468, 1649–1659. [Google Scholar] [CrossRef] [PubMed] [PubMed Central]

	



Adamsbaum, C.; Mascard, E.; Guinebretière, J.M.; Kalifa, G.; Dubousset, J. Intralesional Ethibloc injections in primary aneurysmal bone cysts: An efficient and safe treatment. Skeletal Radiol. 2003, 32, 559–566. [Google Scholar] [CrossRef] [PubMed]

	



Chilaca-Rosas, M.F.; Salazar-Calderon, D.R.; Contreras-Aguilar, M.T.; Garcia-Le