
Quantitative Assessment of Displacement, Angulation and Shortening in Paediatric Distal Radius Fractures: Implications for Treatment Modality and Functional Outcomes
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ABSTRACT

	Background: Distal radius fractures are among the most common paediatric orthopedic injuries, with closed reduction and cast immobilization being the primary treatment. However, fracture re-displacement rates range from 25–39%, often necessitating surgical intervention. The role of preoperative radiographic measurements in predicting closed reduction failure remains underexplored. This study quantitatively assesses displacement, angulation, and shortening in paediatric distal radius fractures to evaluate their impact on treatment modality and functional outcomes.

Place and Duration of Study: Department of Orthopedics, Kauvery Hospital, Radial Road, Chennai, India between June 2023 and July 2024.

Methods: A retrospective analysis of 22 paediatric patients (ages 5–15) with completely displaced distal radius fractures was conducted. Patients were categorized into two groups: Group I (n = 14) underwent successful closed reduction and internal fixation, while Group II (n = 8) required open reduction and internal fixation due to failed closed reduction. Radiographic parameters—including radial shortening, displacement, and dorsal angulation—were assessed at three time points: preoperatively, postoperatively, and at implant removal. Functional outcomes were evaluated using the Mayo Wrist Score. Statistical analyses were performed using paired T-tests and Fisher’s Exact test, with significance set at p < 0.05.

Results: Group II exhibited significantly greater preoperative radial shortening (14.4 mm vs. 7.2 mm) and displacement (100% vs. 82%) than Group I. Postoperative radiographic outcomes improved in both groups, with no significant differences in final displacement or radial shortening. However, dorsal angulation at implant removal was higher in Group I (p = 0.03). Both groups demonstrated good functional recovery, though patient satisfaction was higher when implants were buried beneath the skin.

Conclusion: Severe preoperative displacement, shortening, and angulation are strong predictors of closed reduction failure. Identifying cases requiring open reduction early can minimize complications and re-intervention. Future studies should establish standardized radiographic thresholds to optimize treatment decisions and long-term outcomes.
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1. INTRODUCTION

Distal radius fractures are among the most frequently encountered fractures in children, accounting for a significant proportion of paediatric orthopaedic injuries [1]. While closed reduction followed by cast immobilization remains the primary mode of treatment, studies report a 25–39% rate of fracture re-displacement despite conservative management [2]. Jordan et al. suggested that when an optimal reduction is achieved through closed reduction, casting alone can provide satisfactory long-term outcomes [3]. However, grossly displaced fractures often fail to maintain alignment, primarily due to soft tissue interposition—particularly the pronator quadratus muscle—necessitating surgical intervention in nearly 30% of cases [4].

Although percutaneous Kirschner wire (K-wire) fixation has been shown to significantly improve fracture stability in randomized controlled trials (RCTs), concerns persist regarding its associated complications [5,6]. Parents and caregivers often express anxiety over K-wire protrusion, potential migration, infection risk, skin irritation, granuloma formation, and the necessity for wire removal under surgical intervention [7]. Additionally, Sir John Charnley’s three-point fixation principle highlights the biomechanical advantage of K-wire fixation in counteracting deforming forces at the fracture site, yet this technique does not entirely eliminate the risk of complications [8].

Despite the higher risk of re-displacement in conservatively managed fractures, paediatric bones possess an intrinsic remodeling potential, allowing even mildly malunited fractures to heal with minimal long-term functional impairment [9]. However, controversy persists regarding the most appropriate management approach for significantly displaced fractures, balancing the risks of surgical intervention against the potential for natural remodeling. This study aims to conduct a retrospective analysis and quantitative assessment of displacement, angulation, and shortening in paediatric distal radius fractures treated with closed reduction and internal fixation versus open reduction and internal fixation (ORIF). By evaluating preoperative fracture characteristics, this study seeks to determine the most effective treatment modality and its impact on functional outcomes.

2. material and methods 

Study Design and Patient Selection

This retrospective study included 22 paediatric patients who presented with completely displaced closed distal radius fractures, with or without an associated ulnar fracture, at Kauvery hospital, Radial road, Chennai, Tamil Nadu, India hospital between June 2023 and July 2024. Patients with undisplaced distal radius fractures who were managed conservatively and all open fractures, regardless of treatment modality, were excluded from the study. All 22 included patients underwent surgical intervention, performed by a single orthopaedic surgeon to ensure consistency in technique and outcome assessment.

Patients were categorized into two groups based on the success of closed reduction. Group I included 14 patients who underwent successful closed reduction followed by internal fixation, while Group II comprised 8 patients who required ORIF due to failed closed reduction attempts. The decision for open reduction was based on factors such as severe displacement, soft tissue interposition, or inability to achieve stable alignment with closed techniques. The choice of fixation method, including K-wire fixation, TENS nailing, or radius plating, was determined intraoperatively by the consultant based on fracture characteristics and stability.

Surgical Technique
All procedures were conducted under general anaesthesia. The surgical technique followed a stepwise approach:

Step 1: Closed Reduction and Percutaneous K-wire Fixation
Under general anaesthesia, the patient’s arm was positioned on a radiolucent table. Closed reduction was attempted by applying gentle traction and counter-traction, with the surgeon using their thumb to manipulate the distal fragment and facilitate realignment. Once reduction was achieved, two K-wires were inserted for stabilization: a 2.0 mm K-wire was placed through the radial styloid, and a 1.8 mm K-wire was introduced from the Lister’s tubercle. Fluoroscopic imaging (AP and lateral views) was used to confirm proper alignment before final stabilization.

Step 2: Kapandji Technique (If Step 1 Failed)
If closed reduction was unsuccessful due to persistent displacement, the Kapandji technique was performed. A 2.0 mm K-wire was introduced at the fracture site from the dorsal aspect toward the proximal fragment. Manual pressure was applied to elevate the posterior cortex of the proximal fragment, assisting in the reduction of the distal fragment. Once realigned, the K-wire was advanced obliquely across the fracture to engage the anterior cortex of the proximal fragment, ensuring stability. If satisfactory reduction was achieved, additional K-wires were placed as described in Step 1 to reinforce fixation.

Step 3: Open Reduction and Internal Fixation (If Steps 1 & 2 Failed)
In eight cases where closed reduction was unsuccessful due to severe displacement and overriding fragments, ORIF was performed. The choice of fixation—whether K-wires, titanium elastic nailing system (TENS), or radius plating—was determined by the consulting surgeon.

All surgeries were conducted under fluoroscopic guidance, and intraoperative images (AP and lateral views) were documented. The number, position of K-wires, and choice of an above- or below-elbow slab were determined by the operating surgeon and recorded in patient case notes. Informed consent for surgical intervention was obtained from parents or guardians in all cases.

Radiographic Assessment

Preoperative and postoperative radiographs (Anteroposterior (AP) and lateral views) were obtained for all patients to evaluate fracture alignment and healing progress. Radiological measurements included radial shortening assessed on AP views, while dorsal angulation and displacement were measured on lateral views. These parameters were documented at three time points: preoperatively, immediately postoperatively, and at the time of implant removal. Comparative analysis of these measurements helped assess the effectiveness of different fixation techniques in maintaining fracture reduction and stability.


Statistical Analysis

Descriptive statistics were reported as median and interquartile range. Radiological measurements (preoperative, postoperative, and at implant removal) were assessed using a Paired T-test for parametric data in SPSS Statistics. Statistical significance was set at p < 0.05. The effect of angulation at the time of implant removal on functional outcomes was analyzed using contingency table analysis and Fisher’s Exact test.

3. results and discussion

In this study, 22 paediatric patients with completely displaced distal radius fractures were categorized into two groups. Group I consisted of 14 patients who underwent closed reduction and internal fixation, while Group II included 8 patients who required 
ORIF due to failed closed reduction. The most common mechanism of injury was a fall on an outstretched hand, accounting for 90.09% (n = 20) of cases, while two patients sustained fractures due to a direct blow to the forearm.

Radiological Outcomes

The mean preoperative measurements for Group I were as follows: radial shortening of 7.2 mm (range: 3–12 mm), displacement of 82% (range: 0–100%), and dorsal angulation of 35.2° (range: 0°–60°). In Group II, the mean radial shortening was 14.4 mm (range: 11–21 mm), displacement 100%, and dorsal angulation 23° (range: 0°–30°) (Table 1).

Table 1 - Pre operative Radiological measurements

	Fracture characteristics 

	Group I
	Group II
	P value

	Mean radial shortening (mm) 
	7.2mm
	13.4mm
	<0.001* 

	Mean displacement (%) 
	82%
	100%
	<0.001* 

	Mean dorsal angulation (°) 
	35.2° 
	23° 

	<0.01* 


All measurements correspond to radial shortening on the AP and displacement and dorsal angulation on the lateral film ; Group I : Closed Reduction & Internal fixation;  Group II : Open Reduction & Internal fixation * Statistically significant (p <0.05)

Following surgical intervention, the mean immediate postoperative values in Group I showed a significant improvement, with radial shortening reduced to 0.5 mm (range: 0–5 mm), displacement 8.2% (range: 0–25%), and dorsal angulation 6.1° (range: 0°–15°). Similarly, in Group II, the mean postoperative values were 0.4 mm (range: 0–7 mm) for radial shortening, 7.5% (range: 0–35%) for displacement, and 2.5° (range: 0°–10°) for dorsal angulation (Table 2).

Table 2 - Post operative Radiological measurements

	Fracture characteristics
	Group I
	Group II
	P value

	Mean radial shortening (mm) 
	0.5
	0.4
	0.3222

	Mean displacement (%) 
	8.2%
	7.5%
	0.2311

	Mean dorsal angulation (°) 
	6.1°
	2.5°
	0.03


All measurements correspond to radial shortening on the AP and displacement and dorsal angulation on the lateral film; Group I: Closed Reduction & Internal fixation; Group II : Open Reduction & Internal fixation; * Statistically significant (p <0.05).

Among the 14 patients in Group I, 8 were treated with K-wire fixation, while 6 underwent Kapandji technique fixation. In Group II, 3 patients received K-wire fixation, 3 underwent radius plating, and 2 were treated with TENS nailing. The mean time to implant removal was 5.1 weeks (range: 4–12 weeks), and plaster removal occurred at an average of 4.4 weeks (range: 3–7 weeks).

Radiographic assessment at implant removal showed no significant differences in displacement or radial shortening between the groups. However, Group I demonstrated a statistically significant increase in dorsal angulation at follow-up (p = 0.03). The number of K-wires used did not significantly affect dorsal angulation at the time of removal (p = 0.901), and the type of cast (above or below elbow) also had no significant impact on dorsal angulation.

Functional Outcomes

Both groups demonstrated good functional outcomes as evaluated by the Mayo Wrist Score. However, patient satisfaction was notably higher among those in whom the implants were buried beneath the skin, as they did not experience skin-related complications such as irritation or infection.

Complications

Complications were minimal, with one case of wound infection requiring antibiotics in Group II. K-wire migration occurred in 3 patients (21%) from Group I and 1 patient (12%) from Group II. There was one case of infective non-union requiring revision surgery in Group II. Postoperative radial displacement was observed in 3 patients (21%) from Group I and 1 patient (12%) from Group II (Table 3).

[bookmark: _GoBack]Table 3 – Complications that occurred during study period

	Complication 
	Group I
	Group II

	Wound infection requiring antibiotics 
	0
	1

	K-wire migration outwards 

	3
	1

	Infective non-union requires revision surgeries
	0
	1

	Post operative radial displacement
	3
	1


Group I : Closed Reduction & Internal fixation;  Group II : Open Reduction & Internal fixation

The primary aim of this study was to determine whether preoperative radiological measurements—specifically displacement, angulation, and shortening—could predict cases where closed reduction might fail, necessitating open reduction, while ensuring comparable radiological and functional outcomes between both treatment groups. Distal radius fractures are among the most common fractures in children, accounting for 20–30% of all paediatric fractures [10]. Despite the high success rate of closed reduction and cast immobilization, previous studies have reported significant redisplacement rates, raising concerns about the need for more definitive stabilization methods.
Nietosvaara et al. reported a redisplacement rate of 48% in displaced distal radius fractures treated with closed reduction and casting, often necessitating additional stabilization with K-wires [11]. Similarly, Voto et al. found that 7% of 1,321 patients required further intervention due to inadequate initial reduction, poor cast molding, or loosening of the cast [12]. These studies highlight the importance of identifying risk factors preoperatively to minimize redisplacement and avoid multiple surgical interventions.
Conversely, Crawford et al. demonstrated that certain paediatric distal radius fractures could be successfully managed with cast application alone, without formal reduction or anaesthesia. However, this approach was only applied to minimally displaced fractures (<100% displacement) [13]. For more severely displaced fractures, failure of closed reduction is often attributed to factors such as soft tissue interposition, inadequate stability, and poor initial reduction. In our study, the redisplacement rate in Group I was 21%, which was lower than that reported in previous studies, and none of these cases required revision surgery. However, in Group II, one patient developed an infection that necessitated revision surgery and prolonged antibiotic therapy, although eventual fracture union was achieved within four months postoperatively.
The findings of this study align with those of McLauchlan et al, who demonstrated the superiority of percutaneous K-wire fixation in maintaining fracture alignment compared to closed reduction and casting alone [14]. While their randomized controlled trial found a significant risk of redisplacement in conservatively managed fractures, our study similarly observed a 21% redisplacement rate in the closed reduction group. However, our results highlight those preoperative radiological parameters, such as severe displacement and radial shortening, can help predict cases requiring open reduction, potentially reducing failed closed reduction attempts. Although both studies reported good functional outcomes, our study noted higher patient satisfaction when implants were buried subcutaneously, minimizing skin-related complications. These findings support the selective use of K-wire fixation while emphasizing the importance of preoperative assessment in optimizing treatment decisions.
Our findings are consistent with the growing body of evidence indicating that radiographic parameters such as initial displacement, dorsal angulation, and radial shortening significantly influence the risk of redisplacement and the need for surgical intervention in paediatric distal radius fractures. Constantino et al. emphasized that fractures exhibiting dorsal angulation greater than 20 degrees or significant translation were at higher risk for redisplacement, particularly in cases treated conservatively [15]. This aligns with our observation that severe displacement often necessitated open reduction. Similarly, the systematic review by Rai et al. concluded that Kirschner wire fixation significantly reduced redisplacement rates compared to cast immobilization alone, especially in unstable fractures—supporting our approach of early surgical fixation in patients with poor initial radiographic profiles [16]. Furthermore, Khan et al. highlighted the importance of recognizing fracture instability early, advocating for tailored treatment decisions based on radiographic criteria rather than a one-size-fits-all model [17]. Our study reinforces this principle, offering quantitative thresholds that may help predict which fractures are unlikely to maintain reduction with casting alone.
These findings emphasize that preoperative assessment of fracture characteristics can guide treatment decisions and help predict the likelihood of successful closed reduction. Severe initial displacement, significant radial shortening, and high dorsal angulation were indicators of potential closed reduction failure, necessitating ORIF. This approach not only prevents multiple failed attempts at closed reduction but also minimizes complications associated with inadequate stabilization.
However, despite the promising insights gained from this study, several limitations must be acknowledged. The retrospective nature of the study restricts the standardization of data collection and introduces potential selection bias. Additionally, the variability in fixation methods—K-wire fixation, TENS nailing, or plating—could have influenced the outcomes. A prospective study with a standardized protocol, including clear criteria for intervention, choice of fixation, and re-intervention guidelines, would provide a more definitive understanding of the optimal management strategy for these fractures.

4. Conclusion

This study highlights the significance of preoperative radiological measurements in guiding the treatment of paediatric distal radius fractures. Severe displacement, marked radial shortening, and high dorsal angulation were strong predictors of closed reduction failure, necessitating ORIF. While both treatment groups demonstrated good functional outcomes, patients who underwent open reduction had comparable results to those treated with closed reduction without requiring multiple interventions. Identifying cases that require open reduction at the outset can help reduce complications, improve patient satisfaction, and optimize surgical outcomes.
Despite ongoing debate regarding the best management approach for paediatric distal radius fractures, this study supports the use of preoperative quantitative assessment as a tool to guide treatment decisions. Future research should focus on establishing standardized protocols for intervention, fixation techniques, and long-term functional outcomes to further refine the management of these common paediatric fractures.
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