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Abstract

:

Pediatric facial fractures have different clinical patterns and require different therapeutic approaches in comparison with those of facial fractures that occur among adults. The aim of this study was to describe the main clinical characteristics of pediatric facial fractures (such as fracture location, fracture pattern, treatment, complications and evolution) in a group of pediatric patients from NW Romania. This research was a retrospective study that was conducted for 10 years in a tertiary hospital for oral and maxillofacial surgery from NW Romania. A total of 142 pediatric patients were included in this study, with ages between 0 and 18 years. Mandibular (66.2%), midface (25.4%) and combined fractures (8.5%) were identified, and patients from the 13–18 years age group were more frequently affected by facial fractures (78.9%). Most of the diagnosed fractures among all three types of fractures were total fractures, and most mandibular (92.6%) and midface (80.6%) fractures were without displacement. Hematomas, lacerations and abrasions were identified as associated lesions. Patients with associated lesions were more frequently associated with combined fractures or midface fractures than mandibular fractures. The instituted treatment was, in general, orthopedic, for all three types of fractures (mandibular—86.2%; midface—91.7%; combined—66.7%). Most fractures, mandibular (96.8%), midface (100%) and combined (91.7%) fractures, had a favorable evolution. Most fractures did not present any complications at the follow-up. Pediatric facial fractures have unique patterns and must be treated with caution, considering the particularities of pediatric facial anatomy.
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1. Introduction


Facial fractures are frequently encountered in emergency departments [1], and they are traumas that can cause disabilities [2]. For the proper treatment of facial fractures, interdisciplinary collaboration is needed, involving teams of plastic surgeons and maxillofacial surgeons [2]. Although they are less common among children, and more frequent among adults [3], pediatric facial fractures may have a negative impact on children’s development [4], are frequently associated with severe injuries and can cause morbidity and disability [5]. In order to reduce the negative effects and to achieve an optimal therapeutic result, it is necessary that the initial evaluation is thorough, the established diagnosis is correct and the treatment is instituted immediately [4].



Pediatric facial fractures have a relatively low incidence, ranging from 4.6% [6] to 14.7% [7] among patients under the age of 18, and have a complex etiology, which varies depending on the age of the child, but accidents occurring during the playing of different sports [8], traffic accidents [9] and fall injuries [10] are among the etiological factors that are most frequently incriminated. Despite the relatively low incidence, pediatric facial fractures have a significant morbidity [6] because due to the anatomical particularities of the pediatric patient [11], the force required to produce a pediatric facial fracture is much higher than the one required to produce a similar fracture in adult patients [7]. Pediatric facial fractures must be treated differently to those that occur among adult patients, both due to the different anatomy of the child, but also due to the impact on future growth and development [12]. In early childhood, the midface is protected by the mandible and the forehead, which can be more prominent. This characteristic makes midface fractures rarer until the age of six [5], but as the child grows, the midface becomes more prominent, and the incidence of midface fractures also increases [12]. Pediatric facial fractures generally occur without displacement due to them having flexible sutures and a more flexible facial skeleton. The strength of the mandible and maxilla is also increased by unerupted permanent teeth [13]. Pneumatization and the development of the paranasal sinuses ensure additional resistance to fractures among children. The ethmoid and maxillary sinuses begin to develop in utero, and at birth, the maxillary sinuses appear as small sacs in the mesenchyme of the lateral nasal wall [14]. The ethmoid sinuses almost reach their final size at the age of 12 years, and the maxillary sinuses mature at 9 years of age [15]. The sphenoid bone begins to pneumatize at the third year of life, and the development of the nose and paranasal sinuses continues until they reach their final size, around the age of 18 [14].



These anatomical particularities also influence diagnosis because pediatric facial fractures have distinct imaging characteristics [16]. Two-dimensional radiography offers limited information that can be used for the diagnosis of pediatric facial fractures, especially for midface and condylar fractures, but panoramic radiography is useful for the initial imaging evaluation when a fracture in the body of the mandible is suspected [16]. The best imaging modality for the diagnosis of facial fractures is computed tomography (CT), which allows the precise visualization of anatomical details necessary for the treatment of fractures [16], and in children, the specificity and sensitivity of head and face CT for detecting facial fractures is high: up to 100% [17]. However, small children are often uncooperative, and the imaging examination can only be performed under sedation [18]. In addition, CT requires a higher dose of radiation [16]. Due to these disadvantages, the diagnosis of pediatric facial fractures is often based solely on clinical examination [19].



The treatment of pediatric facial fractures varies based on the confirmed diagnosis and must account for children’s and adolescents’ active growth [20]. Generally, some principles of the reduction and stabilization of oral and maxillofacial fractures that apply to adults can also be applied to pediatric patients [20], but the different anatomical characteristics of children, as well as their active growth, must be considered when opting for a certain therapeutic approach [21]. In children, a conservative treatment is generally preferred, but when the fractures are severe, rigid fixation can be used for short periods of time in order not to compromise the developing dentition or skeletal growth [20]. The clinical characteristics of pediatric facial fractures differ among the various populations studied [22], and knowledge of these characteristics is essential in order to ensure a good prevention and an optimal therapeutic management. The authors were unable to find a publication that described the clinical features of pediatric facial fractures in the area that was researched up until the time this research was conducted.



The aim of this study was to describe the main clinical patterns of pediatric facial fractures (such as fracture location, fracture pattern, treatment, complications, evolution) among a sample of children and adolescents from NW Romania.




2. Materials and Methods


2.1. Ethical Considerations


The study was authorized by the University of Oradea’s Ethics Committee (IRB No. 3402/15.04.2018) and was carried out in accordance with the guidelines outlined in the 2008 Declaration of Helsinki and its following amendments. The legal guardians of the minors who participated in the study signed consent forms allowing the anonymous use of their medical information. Patients aged 18 had the possibility to complete a consent form, allowing the anonymous use of their medical data.




2.2. Participants and Data Collection


In order to complete this retrospective study, the medical records of patients admitted to a tertiary hospital for oral and maxillofacial surgery in the north-west region of Romania were analyzed. The analyzed medical files belonged to patients who were admitted between 1 January 2002 and 31 December 2011 (a period of 10 years). All medical records were verified impartially by two authors to prevent a bias occurring (R.I.J. and A.E.M.), and all the collected data were centralized using Microsoft Excel software. It must be emphasized that not all the patients admitted in this hospital needed surgery, but the specific focus of the hospital is oral and maxillofacial surgeries.



Data were extracted from the medical records of patients hospitalized during the mentioned period, and the following variables were analyzed: type of facial fracture (maxillary, mandibular and combined); fracture amplitude (total and fissure); fracture displacement (with displacement and without displacement); associated lesions (hematoma, laceration and abrasion); type of treatment instituted (orthopedic, cerclage, osteosynthesis plates and combined); treatment evolution (favorable and unfavorable); complications after treatment (absent, osteitis and vicious consolidation). The ages of the patients (0–6 years, 7–12 years and 13–18 years) and their living environments (urban and rural) were also considered.



The following criteria were required for patients to be included in the study: patients aged 18 years or less; patients who had at least one facial fracture line at the time of admission; patients who had undergone imaging that confirmed the presence and trajectory of the fracture line; patients who benefited from fracture treatment in the host institution; patients who were followed-up for at least 8 weeks after intervention and treatment.



The following exclusion criteria were considered: patients aged 19 years or more; patients who did not have facial fractures; patients who did not undergo imaging to confirm the fracture line and its trajectory; patients who were initially treated in another hospital; patients who were followed-up for less than 8 weeks after treatment; patients who did not have complete information in the medical records. Patients for whom the consent for the anonymous use of medical data was not signed were also excluded.




2.3. Statistical Analysis


Microsoft Office Excel/Word 2013 (Microsoft, Redmond, WA, USA) and IBM SPSS Statistics 25 (IBM, Chicago, IL, USA) were used for the statistical analysis. Quantitative variables were reported as means with standard deviations or medians with interpercentile ranges, and Mann–Whitney U/Kruskal–Wallis H tests were used to compare the groups. Fisher’s Exact Tests were used to compare qualitative variables that were stated in absolute forms or as percentages. Data from the contingency tables were detailed using Z-tests with a Bonferroni correction.





3. Results


During the investigated period of time, 12,645 patients were admitted in the host institution, but after applying the inclusion and exclusion criteria, 142 patients remained in the study (Figure 1).



The final sample consisted, therefore, of 142 patients, divided into three age categories, as follows: 0–6 years (n = 8), 7–12 years (n = 22) and 13–18 years (n = 112) (Figure 2). Fifty-five patients were from a rural environment, and eighty-seven were from an urban environment (Figure 3). Ninety-four patients had a mandibular fracture, thirty-six had a midface fracture and twelve had a combined fracture (Figure 4).



The mean age of the patients was 14.93 ± 3.75 years, with a median of 17 years.



Data in Table 1 show the distribution of patients according to the type of fracture and age/living environment. In the studied sample, mandibular fractures predominated in the 13–18 age group (84%), the proportion of which is similar to those of midface (69.4%) and combined (66.7%) fractures. However, in the 7–12 years age group, nine midface fractures (25% of all fractures) and four combined fractures (33.3% of the total number of combined fractures) were recorded. Among the patients from a rural environment, midface fractures were most frequently identified (52.8%), while among the patients from an urban environment, mandibular fractures accounted for more than half of the total number of patients living in an urban environment (62.8%). Patients living in the urban environment were more frequently associated with combined fractures than midface fractures (91.7% vs. 47.2%), while patients living in the rural environment were more frequently associated with midface fractures than combined fractures (52.8% vs. 8.3%).



Data in Table 2 show the locations of mandibular fractures. Fractures of the mandibular angle (50%) were most frequently diagnosed, followed by lateral fractures (34%), subcondylar fractures (33%) and paramedian fractures (28.70%). Only a small number of patients had fractures of the vertical ramus, median fractures or coronoid fractures.



Data in Table 3 show the locations of the midface fractures. Disjunctions of the malar bone were the most frequent ones (47.2%), followed by alveolar fractures (30.6%) and nasal fractures (22.2%). Le Fort I, II and III fractures were identified in six patients, while orbital floor fractures were diagnosed in five patients.



Most of the patients had total mandibular fractures (n = 93, 98.9%), midface fractures (n = 30, 83.3%) and combined fractures (n = 11, 91.7%). Patients with fissures were more frequently associated with midface fractures than they were with mandibular fractures (16.7% vs. 1.1%), while patients with total fractures were more frequently associated with mandibular fractures than they were with midface fractures (98.9% vs. 83.3%). Most mandibular fractures (n = 87, 92.6%) and midface fractures (n = 29, 80.6%) were without displacement, but for combined fractures, the distribution between displaced and non-displaced fractures was equal. Patients with displaced fractures were more frequently associated with combined fractures than they were with mandibular fractures (50% vs. 7.4%) (Table 4).



Data in Table 5 show the distribution of patients according to the type of fracture and the presence of associated lesions. Most patients diagnosed with a mandibular fracture (76.6%) did not present any hematoma, but they presented lacerations (83%) or abrasions (77.7%). A total of 80.6% of the patients diagnosed with midface fractures had an associated hematoma, and 91.7% of the patients diagnosed with combined fractures had an associated hematoma. The observed associations were statistically significant, and Z tests with Bonferroni correction detailed the following: patients with hematomas were more frequently associated with combined fractures or midface fractures than they were with mandibular fractures (91.7%/80.6% vs. 23.4%); patients with lacerations were more frequently associated with combined fractures or midface fractures than they were with mandibular fractures (58.3%/47.2% vs. 17%); patients with abrasions were more frequently associated with combined fractures or midface fractures than they were with mandibular fractures (83.3%/44.4% vs. 22.3%).



The instituted treatment was, in general, orthopedic, for all three types of fractures (mandibular—86.2%; midface—91.7%; combined—66.7%). Most patients had favorable evolutions of mandibular (n = 91, 96.8%), midface (n = 36, 100%) and combined (n = 11, 91.7%) fractures. Most fractures did not present any complications at the follow-up. According to the Fisher’s Exact Test, the associations between treatment choice, evolution and complications were not statistically significant (Table 6).




4. Discussion


The clinical patterns of pediatric facial fractures are diverse, are influenced by a multitude of factors, can have different degress of severity and various locations and can cause complications [23,24]. It was initially assumed that age, gender and living environment could have an impact on the clinical patterns of pediatric facial fractures among the analyzed sample of children and adolescents, and these variables were investigated. The different locations of mandibular and midface fractures, as well as the amplitude and the displacement of fracture fragments, were considered to be important for drawing valid conclusions regarding the clinical characteristic of pediatric facial fractures. Knowing about the various treatment approaches, the short-term evolution and the possible complications helped to outline a clear picture regarding the morbidity of these fractures.



Age has a great influence on the clinical characteristics of pediatric facial fractures [23]. The patients included in this study were distributed in three different age groups, 0–6 years, 7–12 years and 13–18 years, respectively. This type of age distribution was preferred because it includes three important stages of development (preschool, school and adolescence) [23]. At the same time, the distribution of the three age groups respects the chronology of primary, mixed and permanent dentition. Primary teeth begin to erupt immediately after birth [25], with the stage of deciduous dentition ending at the age of six, when permanent teeth begin to erupt [26]. With the onset of the eruption of permanent teeth, the stage of mixed dentition begins, which ends when all permanent teeth have been exfoliated and the second permanent molars erupt, which usually occurs at the age of 12 [26]. After all primary teeth have been exfoliated, the growth of permanent dentition begins [26]. In the current study, the most frequently affected patients were included in the 13–18 years age group, which is a situation that was similar to studies from other populations [27,28]. Ferreira et al. (2016) reviewed a total of 2071 pediatric facial fractures among a sample of 1416 patients. They divided the patients into six different age group, as follows: 0–3 years, 4–6 years, 7–9 years, 10–12 years, 13–15 years and 16–18 years. Eight hundred and seventy-nine patients (62%) belonged to the last two age groups (13–15 years and 16–18 years) [27]. Hoppe et al. (2014) investigated a sample of 285 patients with pediatric facial fractures. They distributed the patients into four different age groups, as follows: 0–2 years, 3–8 years, 9–14 years and 15–18 years. Most fractures were identified in the last age group (15–18 years).



The patients were also distributed according to the living environment, urban or rural ones, because it has been demonstrated that the living environment and environmental circumstances influence different aspects of pediatric trauma [29]. Fractures have a higher incidence among patients living in urban environments, which is probably due to the higher population density and a greater exposure to different sports [30], but also due to the high degree of community violence in the urban environment [31]. In this study, a predilection for fractures occurring among patients living in the urban environment was observed, as well, with more than half of the patients included in this study sample living in an urban environment.



Regarding the location, fractures can involve the mandible, the midface or they can be combined. The literature usually identifies pediatric mandibular fractures as the most common pediatric facial fractures [32,33]. The mandible is a U-shaped bone that has 13 muscle attachments for muscles that perform numerous functions. The innervation of the mandible is provided by the lower alveolar nerve and its branches [34]. Iida and Matsuya (2002) identified, among a sample of 174 pediatric patients from Osaka, that 56% of facial fractures involved the mandible. The most frequent locations of mandibular fractures were condylar fractures, followed by fractures in the canine region and mandibular angle fractures. Eleven percent of patients were diagnosed with midface fractures [32]. Mukhopadhyay S. (2018) identified 131 mandibular fractures among a sample of 89 children. The most frequent locations were the condylar region, the angle of the mandible, the parasymphysis, the body of the mandible and the symphysis [33]. In this study, mandibular fractures were the most frequent ones, as well, but the preferred locations were slightly different compared to those in the previously cited studies. Thus, in this study, most mandibular fractures occurred at the level of the mandibular angle, followed by lateral mandibular fractures, and only then by subcondylar fractures. The predominance of mandibular fractures is most likely due to the prominent position of the mandible in the facial skeleton [35]. Pediatric mandibular fractures are, in general, without displacement or with minimal displacement due to the high elasticity of the cortical bone [36]. This is in agreement with this study, where most mandibular fractures were not displaced.



Hematomas are among the associated lesions that are most frequently identified after facial fractures. They are produced by the extravasation of blood from the marrow into tissue spaces [37]. In the present study, hematomas were most frequently associated with midface and combined fractures. Chapman et al. (2009) reported orbital hematomas as frequent complications in fractures involving the orbital roof [38], and Ferreira et al. (2015) identified an association between midface and combined fractures and associated lesions such as hematomas or abrasions [39]. The results are similar to this study, where associated injuries such as hematomas, lacerations and abrasions were identified especially in midface and combined fractures.



The treatment of pediatric facial fractures offers various possibilities, and researchers must take into account the age of the child. Among younger children, non-surgical treatments are preferred due to their higher healing and remodeling capacity, but also in order to avoid the impairment of future craniofacial growth [7,40]. Along with the increase in age and severity of the fracture, the need for surgical interventions in the management of pediatric facial fractures also increases [41]. Among pediatric patients, open reduction and internal fixation increase the risk of intramaxillary teeth injuries, developmental disorders and the need for future surgical reinterventions [5], but the development of bio-resorbable plates has been proven to be effective in reducing the risks of the surgical management of pediatric facial fractures [42]. In this study, most of the mandibular, midface and combined fractures were treated conservatively and orthopedically, with favorable evolution. The high osteogenic potential of pediatric patients is one of the factors responsible for the favorable evolution of these fractures [43].



In a previously published paper, the authors aimed to identify the main etiology among this sample of patients and offered information regarding the epidemiology (age, gender, living environment, fracture line and associated soft tissue lesions) [44]. However, due to the large amount of information, it was considered that addressing all issues related to pediatric facial fractures in a single manuscript would make the reading experience hard and redundant. Clinical patterns, treatment, evolution and complications were, therefore, not presented in the first article. Although the sample remains the same, this paper presented a large amount of information regarding the aforementioned issues, which helps in understanding the different fracture patterns, their treatment approach and evolution. Etiology was not discussed since it was presented in the previous paper. It is the authors’ opinion that the present study provides valuable information regarding the clinical patterns of pediatric facial fractures in the investigated region. This information can be used for establishing predictable therapeutic protocols, but also for rapidly and correctly diagnosing pediatric facial fractures. The implementation of pediatric facial fracture prevention programs can also take into account the information presented in this study.



However, the study also has some limitations. The retrospective nature of this research may determine that the data recorded at the time of admission, as well as the data recorded at the follow-up, may be incorrect or incomplete. The unicentric approach used limits the number of cases to a single oral and maxillofacial surgery center, which makes it possible for cases registered and treated in other institutions to present differences among the investigated characteristics. Another limitation is the absence of a long-term follow-up, since in this study, only post-fracture healing was evaluated. The small number of children diagnosed with pediatric facial fractures can also be considered as a limitation.




5. Conclusions


Most pediatric facial fractures were recorded in the 13–18 years age group. Mandibular and combined fractures predominated among patients living in an urban environment, and midface fractures predominated among patients living in a rural environment. Most fractures were total fractures, but without the displacement of fractured fragments. Most patients with associated lesions such as hematomas, lacerations and abrasions were more frequently associated with midface or combined fractures than they were with mandibular fractures. For the majority of patients, the instituted treatment had a favorable evolution, without complications at the follow-up.
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Figure 1. Study flowchart. 
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Figure 2. Distribution according to age. 
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Figure 3. Distribution according to living environment. 
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Figure 4. Distribution according to type of fracture. 
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Table 1. Type of fracture and age/age group/living environment.






Table 1. Type of fracture and age/age group/living environment.





	
Fracture (n, %)

	
Mandibular

	
Midface

	
Combined

	






	
Age

	
p *




	
Mean ± SD

	
15.32 ± 3.63

	
14.02 ± 4.01

	
14.58 ± 3.75

	
0.139




	
Median (IQR)

	
17 (14–18)

	
16 (10.25–17)

	
16 (10.25)–18




	
Age Group

	
p **




	
0–6 years

	
6 (6.4%)

	
2 (5.6%)

	
0 (0%)

	
0.067




	
7–12 years

	
9 (9.6%)

	
9 (25%)

	
4 (33.3%)




	
13–18 years

	
79 (84%)

	
25 (69.4%)

	
8 (66.7%)




	
Living environment

	
p **




	
Rural

	
35 (37.2%)

	
19 (52.8%)

	
1 (8.3%)

	
0.017




	
Urban

	
59 (62.8%)

	
17 (47.2%)

	
11 (91.7%)








n—number; %—percentage; * Kruskal–Wallis H Test; ** Fisher’s Exact Test.
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Table 2. Location of the mandibular fractures.






Table 2. Location of the mandibular fractures.





	Fracture Location
	No.
	Percentage *





	Mandibular angle
	47
	50%



	Lateral
	32
	34%



	Subcondylar
	31
	33%



	Paramedian
	27
	28.70%



	Vertical ramus
	3
	3.20%



	Median
	2
	2.10%



	Coronoid
	2
	2.10%







* out of the total number of mandibular fractures.
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Table 3. Location of the midface fractures.






Table 3. Location of the midface fractures.





	Fracture Location
	No.
	Percentage *





	Disjunction of the malar bone
	17
	47.2%



	Alveolar
	11
	30.6%



	Nasal
	8
	22.2%



	Orbital floor
	5
	13.9%



	Le Fort I
	2
	5.6%



	Le Fort II
	2
	5.6%



	Le Fort III
	2
	5.6%



	Malar dysfunction
	17
	47.2%







* out of the total number of mandibular fractures.
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Table 4. Type of fracture and amplitude/displacement.
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Fracture (n, %)

	
Mandibular

	
Midface

	
Combined

	
p *






	
Amplitude




	
Fissure

	
1 (1.1%)

	
6 (16.7%)

	
1 (8.3%)

	
0.002




	
Total

	
93 (98.9%)

	
30 (83.3%)

	
11 (91.7%)




	
Displacement




	
No

	
87 (92.6%)

	
29 (80.6%)

	
6 (50%)

	
0.001




	
Yes

	
7 (7.4%)

	
7 (19.4%)

	
6 (50%)








n—number; %—percentage; * Fisher’s Exact Test.
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Table 5. Type of fracture and associated lesions.






Table 5. Type of fracture and associated lesions.





	
Fracture (n, %)

	
Mandibular

	
Midface

	
Combined

	
p *






	
Hematoma




	
No

	
72 (76.6%)

	
7 (19.4%)

	
1 (8.3%)

	
<0.001




	
Yes

	
22 (23.4%)

	
29 (80.6%)

	
11 (91.7%)




	
Laceration




	
No

	
78 (83%)

	
19 (52.8%)

	
5 (41.7%)

	
<0.001




	
Yes

	
16 (17%)

	
17 (47.2%)

	
7 (58.3%)




	
Abrasion




	
No

	
73 (77.7%)

	
20 (55.6%)

	
2 (16.7%)

	
<0.001




	
Yes

	
21 (22.3%)

	
16 (44.4%)

	
10 (83.3%)








n—number; %—percentage; * Fisher’s Exact Test.
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Table 6. Type of fracture and treatment/evolution/complications.
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Fracture (n, %)

	
Mandibular

	
Midface

	
Combined

	
p *






	
Treatment




	
Orthopedic

	
81 (86.2%)

	
33 (91.7%)

	
8 (66.7%)

	
0.085




	
Osteosynthesis plates

	
1 (1.1%)

	
1 (2.8%)

	
0 (0%)




	
Cerclage

	
5 (5.3%)

	
0 (0%)

	
0 (0%)

	




	
Combined

	
7 (7.4%)

	
2 (5.6%)

	
4 (33.3%)

	




	
Evolution




	
Favorable

	
91 (96.8%)

	
36 (100%)

	
11 (91.7%)

	
0.229




	
Unfavorable

	
3 (3.2%)

	
0 (0%)

	
1 (8.3%)




	
Complications




	
No complications

	
91 (96.8%)

	
36 (100%)

	
11 (91.7%)

	
0.124




	
Osteitis

	
3 (3.2%)

	
0 (0%)

	
0 (0%)




	
Vicious consolidation

	
0 (0%)

	
0 (0%)

	
1 (8.3%)








n—number; %—percentage; * Fisher’s Exact Test.
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