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Abstract 
 

      The purpose of this article is to review the outcomes of 

surgical fixation of pediatric both bone forearm fractures with 

intramedullary nailing versus plating in regards to forearm 

rotation and its effect on athletic performance. The majority of 

pediatric both bone forearm fractures can be treated 

nonoperatively with closed reduction and immobilization; 
however certain displacement parameters will benefit from 

operative fixation. Controversy exists on whether to fix both 

bone forearm fractures with intramedullary nailing or with 

plates and screws. Historically, it has been shown that the 

decrease in forearm rotation with intramedullary nailing does 

not affect function when performing activities of daily living, 

but this does not account for the rotation needed by pediatric 

athletes to perform specific actions such as shooting a 

basketball or pitching a baseball. While the more anatomic 

reduction with plating has led to greater ranges of forearm 

rotation, there has yet to be a consensus on the preferred 

treatment in the high demand pediatric athlete. We recommend 
further research examining the effects of decreased 

pronosupination on sport-related function in athletes that had 

undergone surgical intervention for both bone forearm fractures 

in childhood or adolescence. 
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ADL : Activities of daily living 

 

Introduction 
 

      Fractures of the forearm are some of the most common 

fractures encountered in the pediatric and adolescent population 

[1]. Some studies suggest 18% of all children will sustain a 

fracture of some kind by the age of 9, with the highest incidence 

occurring between ages 5-14 [2]. Of pediatric forearm fractures, 

75-84% occur in the distal third, 15-18% occur in the middle 
third, and 1-7% occur in the proximal third [3]. Additionally, 

many pediatric forearm fractures occur in competitive athletes. 

While many of these patients simply compete in their respective 

sporting event for enjoyment and fun, a portion of these very 

competitive and successful athletes compete with the goal of 

achieving national recognition, a collegiate scholarship, or even 

a professional career that could potentially springboard them to 

financial wealth. 

 

      Thus, with a portion of pediatric athletes suffering from 

both bone forearm fractures, should we treat them differently? 

Should we lower our threshold for rotational requirements 
necessary for their respective sport or consider only fixation 

constructs with decreased risk of loss of rotation? 

 

      With such a large number of patients sustaining these 

fractures, many of whom are approaching skeletal maturity, this 

becomes an important and evolving topic in regards to 

treatment options. Historically, the vast majority of these 

injuries have been successfully treated with closed reduction 

[1]. However, as fixation techniques continue to improve, there 

is developing interest in which patterns should warrant a 

specific form of fixation. Current literature identifies the two 
major fixation techniques as intramedullary nailing or plating. 

Within the cohort of patients that qualify for surgical intervention 

versus closed reduction, there exists further controversy 
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between which is the preferred method depending on age, 

function, and biomechanical outcome. The goal of this article is 

to review the best intervention as it relates to outcomes for the 

competitive pediatric athlete, as there has not been a general 

consensus on treatment.  

 

Methods 
 

      A review of literature was conducted. Using the MEDLINE 

database and Google Scholar search engine, publications in the 

English language were queried in regards to range of motion of 

the forearm, deformities affecting forearm rotation, surgical 

indications for BBFA fractures in pediatrics, and outcomes of 

surgical intervention of nailing and plating. Example search 

queries included “both bone forearm fracture pediatrics nail” 
and “functional forearm range of motion”. Bibliographies of 

chosen studies were searched for additional sources. A total of 

31 sources were included in the review. 

 

Functional Range of Motion 
 

      Activities of daily living (ADLs) are the daily basic tasks 

required for an individual to thrive. These tasks include feeding, 

dressing, hygiene, and so forth. The majority of these tasks can 
be achieved with an arc of forearm flexion and extension of 100 

degrees. The classic arc of motion is 30 to 130 degrees of 

flexion. For pronosupination, typically 100 degrees of motion 

divided into 50 degrees of supination and 50 degrees of 

pronation is necessary[4]. Mehta et al states that the normal 

functional range of motion is approximately 85 degrees of 

pronation and 75 degrees of supination, but agrees that for basic 

activities of daily living, 50 degrees of pronation and supination 

are considered adequate. When observing ADLs, maximum 

pronation is found typing on a keyboard, at 65 degrees [5]. 

Maximum supination is found when opening a door, with 77 

degrees [5].This is greater than the suggested 50 degrees, 
however a 20 degree loss of pronosupination is considered 

acceptable, as motion at the shoulder can compensate for the 

discrepancy[6].  

 

Deformities Affecting Forearm Rotation 
 

      Injuries resulting in angular, rotational, or translational 

deformities can potentially lead to alterations in the normal arc 

of motion. Although not clinically relevant in the average 
person, we speculate that even subtle derangements can affect 

mechanics, especially in the older pediatric population where 

remodeling potential lags. This may have further implications 

in the athletic population; however, few mechanical studies on 

pronosupination during sport-related motions exist. 

 

      A cadaveric study performed by Matthews et. al. reports the 

least amount of angulation necessary for anatomic forearm 

rotation. The study simulates forearm fractures with subsequent 

repair, and is able to demonstrate 20 degrees of angulation as 

the cutoff for functionally significant loss of rotation. A residual 
of 10 degrees or less of angulation at the mid-forearm shows no 

major effect on anatomic forearm rotation [7]. However, in a 

subsequent study, a 10 degree deformity results in a significant 

loss of pronosupination. In midshaft fractures versus distal 

fractures, pronation is affected similarly, while supination is more 

severely affected with middle third fractures compared to distal 

fractures. In the same study, pronation and supination is directly 

correlated with the rotational deformity [8]. Sarmiento et al 
reports up to 24 degree loss of pronosupination with 10 degrees of 

angulation [9]. When increased to 20 degrees of angulation, 

greater than 30 degrees of pronosupination may be lost [10]. 

 

      As with angular deformities, rotation deformities may result in 

decreased pronation and supination. Dumont, et al finds 

malunions of the radius in supination of greater than 60 degrees 

drastically limited forearm rotation. Malrotation of both the 

radius and ulna in opposite directions produces the largest 

limitation to forearm rotation [11]. 

 

      Lastly, translation and shortening has also been found to 
affect forearm rotation. In another cadaveric study, McHenry et 

al simulates forearm fracture translational displacement and 

finds that rotational range of motion could be decreased 

between 10 and 41 degrees depending on the location of the 

fracture and the amount of displacement [12]. Maccagnano 

reports deficits in pronosupination with radial shortening of 

greater than 5mm [13]. 

 

Surgical Indications 
 

      The initial treatment of choice for closed both bone forearm 

fractures in the pediatric patient remains closed reduction and 

immobilization [14-16]. Recently, nonsurgical approaches to 

treatment in some cases have been challenged in favor of 

operative interventions, but there is uncertainty as to whether 

they result in significantly enhanced outcomes [17]. Still, recent 

evidence suggests that certain open fractures in the pediatric 

patient population can be treated with conservative means [17]. 

 

      Surgical intervention is indicated when there is failure to 
achieve acceptable reduction [14]. Noonan et al historically 

recommended nonoperative management for both bone forearm 

fractures at any level in children under the age of 9 years with 

less than 15 degrees of angulation and 45 degrees of rotation. 

In patients over 9 years of age, the tolerance for rotation 

decreases to 30 degrees, while the tolerance for angulation 

remains 15 degrees in distal fractures and 10 degrees in more 

proximal fractures [18]. In a more recent publication, Price et al 

recommends conservative management of mid-shaft and distal-

shaft fractures up to 15 degrees of angulation. In children over 

eight years old, or those with proximal shaft fractures, the 

acceptable angulation for nonoperative management decreases to 
10 degrees. Remodeling is unreliable outside of these tolerances 

[19]. 

 

      In order to assess rotational deformity of the forearm, 

Weinberg et al suggests osseous landmarks should be used. In 

uninjured forearms, the radial styloid is in, on average, 158 

degrees of supination relative to the bicipital tuberosity. The 

ulnar styloid is in, on average, 185 degrees of supination relative to 
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the coronoid process [20]. Identifying these on radiographs can 

aid in assessing rotational alignment. 

 

Outcomes of Surgical Intervention 
 

      As the incidence of forearm fractures increases, so too will 

the need for operative fixation. This is especially true with 

severely displaced fractures that do not meet acceptable 

nonoperative parameters, or in those that lose reduction after 

immobilization. Again, there has been no general consensus on 

the best form of fixation. 

 

      In one study, plate fixation achieved anatomical reduction 

with preservation of radial bow and angulation. Nailing on the 

other hand, led to changes in the maximum radial bow and 
angulation when both ulna and radial shafts were treated. This 

effect was not seen in single bone fixation. Despite the subtle 

change in bow or angulation, these changes were within the 

parameters [10]. 

 

      Three different studies mention that radial bow is altered 

with intramedullary nailing compared to plating; however, no 

functional deficiencies are reported on follow up for these 

patients [21-23]. Shah et al in a 2010 study found similar results 

[24]. Radial bow is translated distally in their nailing group, but 

this does not affect rotation. These studies indicate that 

anatomic radial bow is not indicative of achieving pre-fracture 
functional levels [25]. 

 

      Multiple studies report a decrease in forearm rotation with 

surgical treatment. One paper mentioned 20% of operative 

fractures had a loss of at least 10 degrees with nailing [26]. In 

another study on intramedullary nailing, 18% of patients had 

a loss of rotation of up to 20 degrees [27]. Similar findings have 

been reported in other studies [28, 29].  

 

      Negative outcomes have not been completely avoided with 

intramedullary nailing. A meta-analysis from 2014 demonstrates a 
higher complication rate with nailing versus plating (13.9% in 

nailing versus 3.6% in plating) [30]. Another benefit to consider 

is the inherent stability afforded with plating. Construct strength 

and return to early range of motion are two major benefits that 

have been reported and should be considered for the population 

who require a shorter return to play period [14]. Furthermore, 

there have been retrospective studies that have shown the 

opposite of the aforementioned studies. Flynn et al finds a high 

complication rate with intramedullary nailing defined by loss of 

rotation of 30 degrees or more. Other complications include a 

higher incidence of compartment syndrome and delayed union 

in the older pediatric patient [31]. 
 

 

Conclusion 
 

      Based on our review of the literature, it is challenging to 

definitively state whether plating or nailing is superior for 

treating BBFA fractures in the pediatric athlete. The literature 

suggests that plate fixation provides more anatomic alignment 

and improved forearm rotation when compared to intramedullary 

nailing. Although the decreased forearm rotation with 

intramedullary nailing does not affect function when performing 

ADLs, it is unknown whether it compromises the ability of the 

patient to perform sport-specific actions such as shooting a 

basketball or pitching a baseball. We recommend further research 
examining the effects of decreased pronosupination on sports-

related function in athletes that had undergone surgical 

intervention for both bone forearm fractures in childhood or 

adolescence. 
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