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    Abstract
Background and Objectives: Forearm fractures in childhood are one of the most common traumatic injuries to the upper extremities. The aim of this study was to investigate the development of growth disturbance after surgical treatment of pediatric forearm fractures and the related factors. Methods: This retrospective descriptive study was conducted on, 38 children with unstable forearm fractures undergoing surgical treatment. Growth disorder, either overgrowth or undergrowth, was investigated using imaging findings. Functional dysfunction, loss of motion, and pain severity were also evaluated in children with developmental disorders. Results: In 13 children (34.2%), forearm longitudinal growth disorder had occurred as overgrowth and no undergrowth was observed in any of the pediatric follow-up periods. The minimum increase in longitudinal growth was 4 mm and the maximum was 10 mm. The mean longitudinal growth was 5.8 ± 1.6 mm. All cases of increased longitudinal overgrowth occurred in the radius. In one case, the longitudinal overgrowth was followed by fixation with Titanium Elastic Nail, and in 12 cases, it was followed by plate fixation. In cases with the increase in longitudinal growth, 12 cases (92.4%) of fractures were in the distal third and 1 case (7.6%) was in the midshaft third. Based on age, there was a significant negative correlation between longitudinal growth and age, so that with decreasing the age of children, the amount of forearm growth increases (P = 0.002, R = −0.8) Conclusions: The most common finding of surgical treatment of pediatric forearm fractures is longitudinal overgrowth. Young age, fractures in the distal third, and the use of plate for fixation appear to be associated with forearm longitudinal overgrowth.
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    Introduction


    Forearm fractures in childhood are one of the most common traumatic injuries to the upper extremities. Most of these fractures are treated with closed reduction and cast immobilization.[bookmark: ft1][1] In cases where there is instability or open injury, surgery is often needed to create a proper alignment along the bone. The most common devices to use fixation after open reduction include intramedullary elastic nails (Titanium Elastic Nail [TEN]) and plates. In the distal third fractures, plate fixation is mostly used. Intramedullary nail fixation method is widely used in skeletally immature patients.[bookmark: ft1][1],[bookmark: ft2][2] Furthermore, open reduction and osteosynthesis with plate and screw fixation are successful treatments in over 90% of pediatrics.[bookmark: ft2][2] One of the findings of pediatric fractures in the lower extremity bones is growth disturbance. The longitudinal growth disturbance is due to the growth plate arrest, which causes shortening or overgrowth with increasing limb length for unknown reasons.[bookmark: ft3][3] Overgrowth and angular deformity occur after TENs implantation in pediatric femoral shaft fractures and several studies have been performed in this field.[bookmark: ft4][4],[bookmark: ft5][5],[bookmark: ft6][6]


    One of the findings that can occur in the treatment of intramedullary elastic nails is growth disturbance after fracture fixation. In a study conducted by Dai et al. on pediatric femoral shaft fractures fixed with flexible titanium intramedullary nails, limb overgrowth was investigated. Based on the findings of this study, nail–canal diameter and fracture type are important factors causing limb overgrowth.[bookmark: ft4][4] Furthermore, the age of patients between 2 and 10 years is another factor that has been mentioned in other studies in this field.[bookmark: ft7][7] The exact mechanism of overgrowth is not yet known. However, what is clear is that the power of remodeling angular and rotational deformities is high in children.[bookmark: ft3][3] In pediatric forearm fractures, unlike lower limb fractures, few studies have been performed and our knowledge in this field is very limited. In a study conducted by de Pablos et al. in 1994 on the pattern of radius growth, pediatric forearm fractures were treated conservatively. Radial overgrowth occurred in 21% of patients and radial shortening occurred in 25%. Factors that increase the vascularity of the growth plate in the femur and tibia as growth promoters should be further investigated in pediatric forearm fractures.[bookmark: ft8][8] Longitudinal overgrowth of long bones after the use of intramedullary elastic nails in the lower limb has been proven, but it is rare in the upper limb, and the exact mechanism of occurrence of this phenomenon has not been determined. This study aimed at evaluating the longitudinal growth disturbance and functional outcomes in the forearm of children after surgical interventions.


    Methods


    In this case series study, all children under 14 years of age with a fracture in one or both of the forearm bones referred to the Department of Orthopedic Surgery in the Imam Khomeini Hospital of Urmia University of Medical Sciences were included from November 2015 to December 2020. They were recalled at least after 12 months of primary treatment and clinical examination and contralateral forearm radiography was done for the uninjured side. Inclusion criteria included patients with diaphyseal radius and ulna fractures, those with open fractures, those with compartment syndrome, and floating elbow injuries, and patients with fractures that develop unacceptable displacement during nonoperative management with residual angulation who need operative treatment and fixation with flexible intramedullary nail (TEN) or plate. Exclusion criteria included isolated ulnar fractures, the Salter–Harris type fractures on distal radius, refractures, congenital deformities of the upper extremities, and metabolic or genetic diseases. All children were followed up for at least 12 months after the initial treatment and, after being selected, were re-examined by calling patients at the orthopedic clinic. Clinical examination is performed at least 12 months after treatment, which is a sufficient time for longitudinal limb growth. Demographic findings, type of fracture based on its anatomical location, and type of treatment including a surgical fixation with flexible intramedullary nail or plate are recorded. For accurate examination of longitudinal growth disorder, control radiographs were taken from the treated and healthy limbs; and the amount of growth disorder was determined in the presence and absence and its amount in millimeters. Finally, children were divided into two groups with and without longitudinal growth disorder, and the risk factors considered were examined between the two groups. In this study, patients who had more than 3 mm of growth compared to the opposite side in the forearm were considered as longitudinal overgrowth.[bookmark: ft9][9] The amount of loss of motion in the wrist, including pronation/supination and flexion/extension on the injured side compared to the healthy side, has been investigated. Quantifying disabilities has also been assessed using the MAYO Elbow Score (MES) and MAYO Wrist Score (MWS).[bookmark: ft10][10] According to this method, scoring ranges from 0 (no disability) to 100 (maximum disability). Children's pain was recorded using the Visual Analog Scale and Wong–Baker's Faces Pain Rating Scale, which was displayed to the child as an emoticon on a standard ruler and was based on the emoticon selected by the child as pain intensity.[bookmark: ft11][11]


    Measurement of radiographic parameters in ulnar and radius


    On anterior–posterior and lateral radiographs, the forearm is divided into three equal parts, including proximal, middle, and distal, and each part is examined separately. Image-J software was used to analyze radiographs. The ulnar length was measured through a line from the center of the olecranon to the tip of the ulnar distal physis. To measure the length of the radius, a linear radius from the neck (radial neck) to the tip of the radial styloid is considered and compared with the healthy side[bookmark: ft12][12] [Figure - 1].
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        	Figure 1: Measuring method of radial and ulnar length. To measure the length of the radius, a linear radius from the neck (radial neck) (1) to the tip of the radial styloid (3) in millimeter. Measure the ulnar length through a line from the center of the olecranon (2) to the distal physis (4)

        

        Click here to view
      

    


    


    Descriptive statistical methods including mean ± standard deviation were used to analyze the data. Chi-square frequency analysis or Fisher's exact test was used to compare qualitative data between the two groups with and without longitudinal overgrowth. An independent t-test was used to compare the quantitative findings between the two groups. Pearson correlation coefficient was used to examine the relationship between age and longitudinal growth of children's forearms. To analyze the data, SPSS17 was used and P < 0.05 was considered significant.


    In this study, all patient information was confidential and a written consent form was obtained from the children's parents for re-examination. This study was implemented under the supervision of the Ethics Committee of Urmia University of Medical Sciences (IR.UMSU.REC.1397.182).


    Results


    In this study, 38 children with forearm fractures were included in the study. The demographic findings are presented in [Table - 1]. In 13 children (34.2%), forearm longitudinal growth had occurred as overgrowth and no shortage was observed in any of the pediatric follow-up periods. All cases of growth increase were in the radius and were not present in the ulnar. The minimum longitudinal overgrowth was 4 mm and the maximum was 10 mm. The average longitudinal overgrowth was 5.8 ± 1.6 mm. In one case, the longitudinal overgrowth was followed by fixation with TEN [Figure - 2], and in 12 cases, it was followed by plate fixation [Figure - 3] and [Figure - 4]. All cases of increased longitudinal overgrowth occurred in the radius. There was no significant functional impairment in the range of motion of the wrist and forearm in children with increased longitudinal growth so that the mean and standard deviation of the MWS was 92.4 ± 8.6 and the mean MES was 90.3 ± 6.2 [Table - 2]. Secondary distal radioulnar joint instability was not occurred in any cases with increased longitudinal growth; however, some of them had mild wrist pain in overactivity. In cases where there was an increase in longitudinal growth, 12 cases (92%) had fractures of distal third and 1 case (8%) had the midshaft third fracture [Figure - 5]. Regarding age, there was a significant negative relationship between longitudinal growth and the age of individuals, so that with decreasing age of children, the amount of longitudinal growth of forearm increases (P = 0.002, R = −0.8) [Figure - 6].
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        	Table 1: Demographic findings of all pediatrics with forearm fractures enrolled in this study
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        	Figure 2: Twelve months after fracture fixation with Titanium Elastic Nail and longitudinal bone overgrowth (4 mm) in the radius
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        	Figure 3: Ten months after plate fixation on the distal third both bone fractures with 9 mm longitudinal bone overgrowth in the radius
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        	Figure 4: Twelve months after plate fixation on the radius isolated fracture with 7 mm longitudinal bone overgrowth
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        	Table 2: Findings in pediatric with forearm longitudinal discrepancy after surgical treatment (n=13)
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        	Figure 5: Fourteen months after plate fixation on the mid-shaft both bone fractures with 4mm longitudinal bone overgrowth in the radius
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        	Figure 6: Negative correlation between pediatric age and longitudinal bone overgrowth
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    Discussion


    In this study, we tried to examine one of the surgical treatment cycles of pediatric forearm fractures, including longitudinal growth disturbance. There are few studies in this area. Unlike adults due to the growth capability by physis, the presence of a tough periosteum and the rapid remodeling capacity in children are the desired results of the final treatment of forearm fractures.[bookmark: ft5][5],[bookmark: ft6][6] In unstable forearm fractures, fixation with plate or intramedullary nails can be used. Growth discrepancy can be one of the findings of fracture stabilization, which manifests itself as reduced or increased growth. In pediatric femoral shaft fractures, the phenomenon of increased longitudinal growth after fracture fixation is known, but in the upper limb, the mechanism and factors involved have not been studied.[bookmark: ft5][5],[bookmark: ft7][7] Increased radius growth and deformity after fracture fixation in children were first described in a report by Williams and Szabo.[bookmark: ft13][13] Increased growth and development of angular deformity after surgical treatment and fracture fixation due to palmar instability caused functional impairment and pain in the child's wrist.[bookmark: ft13][13] In a study conducted by Dai et al. in pediatric femoral shaft fractures, there was an association between increased femoral longitudinal growth after fixation with the intramedullary nail. Furthermore, younger age of pediatric has been another effective factor in increased longitudinal growth on femoral fractures.[bookmark: ft4][4] However, the exact mechanism of enhancement of longitudinal growth is not known in the upper extremities, but what is clear is that the remodeling power of angular and rotational deformities is greater in children than in adults. One of the reasons for the increase in longitudinal growth is due to the increase in blood supply around the growth plate, which occurs during fixation device insertion.[bookmark: ft7][7]


    In a study by Cremer et al. in 13 children with forearm fractures fixed with a plate, there was an increase in the longitudinal growth in 2 cases, so that a maximum increase in longitudinal growth of 11 mm was reported.[bookmark: ft14][14] In our study, there was a 34% increase in longitudinal growth. Furthermore, the study of de Pablos et al. indicates radial overgrowth in 21% of children with forearm fractures after being conservatively treated.[bookmark: ft8][8] Increased longitudinal growth in the study of de Pablos et al. had no relationship between the type of forearm fracture in healthy and injured children.[bookmark: ft8][8]


    Similar findings were found in children with increased longitudinal growth. In our study, no significant functional impairment was observed, and this longitudinal overgrowth was tolerable in children and often did not require therapeutic intervention. There have been cases of longitudinal overgrowth of the forearm after plate fixation in children,[bookmark: ft15][15] in which the average longitudinal overgrowth was 2.4 mm. In a study conducted by Carsi et al., 119 pediatric cases with forearm fractures were treated conservatively, 27% showed radius overgrowth and 24% had ulnar overgrowth at the 5-year follow-up.[bookmark: ft9][9] Contrary to our findings, proximal and middle third fractures were strongly associated with overgrowth, while all cases of overgrowth in our study were within the radius and most cases of overgrowth were in distal third fractures. Most cases of overgrowth were in the distal third.[bookmark: ft14][14] Perhaps, one of the reasons for the difference in the results of the study performed by Carsi et al. and the present study is due to the investigation of nonsurgical cases.[bookmark: ft9][9] Increased local blood flow near the growth plate due to trauma caused by surgery can induced longitudinal growth in the pediatric forearm after surgical fixation. Rouhani et al. reported that the site of intramedullary nail insertion is near the distal growth plate which can increase the blood supply in this area; this can be considered a factor for the growth increase, however, further studies need to be conducted in this regard.[bookmark: ft16][16] The present study shows the negligible effect of forearm longitudinal overgrowth on the final function of children. Parents and orthopedic surgeons should not worry and seek early operative intervention. However, the X-ray may be worrying and there will be no problem clinically.


    Limitations of the study


    This case series study was a descriptive study, in which all children with surgical forearm fractures were included. It was not possible to increase the sample size further due to practical constraints. Surgical interventions have been performed by several surgeons with various devices and the two methods of fixation with the plate and intramedullary nail have been used. Furthermore, due to the small sample size, there were not divided and compared effects of two method fixation with plate or elastic intramedullary nail in the pediatric forearm longitudinal overgrowth after surgical fixation.


    Conclusions


    Longitudinal overgrowth is one of the findings of surgical treatment of pediatric forearm fractures. Young age, fractures of the distal third, and the use of plate for fixation appear to be associated with forearm longitudinal overgrowth. This longitudinal overgrowth does not affect the functional ability of children, most of them do not require intervention.
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  Figure 1: Measuring method of radial and ulnar length. To measure the length of the radius, a linear radius from the neck (radial neck) (1) to the tip of the radial styloid (3) in millimeter. Measure the ulnar length through a line from the center of the olecranon (2) to the distal physis (4)


  Figure: 2
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  Figure 2: Twelve months after fracture fixation with Titanium Elastic Nail and longitudinal bone overgrowth (4 mm) in the radius


  Figure: 3
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  Figure 3: Ten months after plate fixation on the distal third both bone fractures with 9 mm longitudinal bone overgrowth in the radius
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  Figure 4: Twelve months after plate fixation on the radius isolated fracture with 7 mm longitudinal bone overgrowth


  Figure: 5

  [bookmark: fig_ArchTraumaRes_2023_12_1_39_375447_f5.jpg][image: ]


  Figure 5: Fourteen months after plate fixation on the mid-shaft both bone fractures with 4mm longitudinal bone overgrowth in the radius


  Figure: 6
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  Figure 6: Negative correlation between pediatric age and longitudinal bone overgrowth
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  Table 1: Demographic findings of all pediatrics with forearm fractures enrolled in this study
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  Table 2: Findings in pediatric with forearm longitudinal discrepancy after surgical treatment (n=13)
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