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Article 
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Abstract: Background: Pediatric olecranon fractures, which involve a break in the bony prominence 

of the elbow, are relatively rare but can be serious. Treatment options typically depend on the type 

and severity of the fracture. Displaced, intraarticular fractures require surgical intervention, where 

resorbable implants are becoming a promising alternative to traditional metal hardware. Methods: 

Our prospective, single-center, single-arm case series evaluates three pediatric olecranon fracture 

patients treated by resorbable poly-L-lactic-co-glycolic acid (PLGA) pins and polydioxanone (PDS) 

loops between Jan 2022 and January 2023 at the Department of Pediatrics, University of Pécs, Clinical 

Complex. Results: All patients achieved complete radiological healing with excellent functional 

recovery and no implant-related complications at one-year follow-up. Conclusion: Resorbable PLGA 

pins and PDS loops provide a promising alternative to conventional metallic fixation in pediatric 

olecranon fractures, abolishing the need for a second implant removal surgery while maintaining 

stability and biocompatibility. Our findings support the child-friendly nature and growing role of 

biodegradable materials in pediatric fracture management. 
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1. Introduction 

Olecranon, the proximal articular region of the ulna, accounts for about 5% of all elbow fractures 

in children [1] and approximately 20% are complicated by other ipsilateral elbow injuries [2]. 

Primarily (68%) male patients are affected by these traumas. Mean ages ranged from 7.3 to 13.5 years, 

and the youngest documented patient was 2 months old according to a recent systematic review [3]. 

High-energy direct blows or falling to either an outstretched hand or a flexed elbow during sports 

activities are common mechanisms of injury [4]. 

Clinically they may present as sharp, intense elbow pain with swelling, tenderness, bruising, 

ecchymosis, restricted motions, crepitus, or even visible deformities, bleeding, and exposed bones [5]. 

During the neurological examination, sensations over the little finger should be carefully checked, 

ensuring that the small muscles of the hand are functioning normally because the ulnar nerve is 

particularly at risk of injury along with an olecranon fracture. 

Pediatric olecranon fractures have been classified using various systems, yet no single approach 

has gained universal acceptance or proven superior in guiding treatment decisions. Caterini et al. 
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proposed a five-type categorization based on the anatomical site of the fracture line, the degree of 

displacement, and the presence of associated injuries [2]. Horne and Tanzer introduced a three-type 

system that categorizes fractures based on their location within the olecranon [6], while the Mayo 

classification, originally designed for adult fractures, considers the extent of displacement and the 

stability of the elbow joint [7]. For children, most recently, the Arbeitsgemeinschaft für 

Osteosynthesefragen (AO) Foundation developed the Pediatric Comprehensive Classification of 

Fractures (PCCF) protocol, which focuses on the morphological characteristics of the fracture [8], 

Elbow X-ray is the primary initial imaging modality for pediatric olecranon fracture diagnostics 

from anteroposterior (AP) and lateral views [9]. On lateral radiographs, specific markers such as the 

anterior humeral and radial head-capitellar lines, along with the Baumann angle, help assess proper 

alignment [10]. A positive posterior fat pad sign in the lateral projection or a longitudinal crack may 

indicate an occult fracture [11]. In case of uncertainty, they can be followed by computer tomography 

(CT) – for more precise, three-dimensional (3D) bone visualization, or magnetic resonance imaging 

(MRI) for assessing the surrounding soft tissues and to avoid ionizing radiation. Regrettably, MRI 

has inferior bone imaging capabilities, compared to CT. Ultrasound (US) may be also able to detect 

fractures in the hands of an experienced user. 

Six secondary ossification centers of the elbow ossify predictably according to the age and sex 

child, generally two years earlier in girls [12]. Familiarity with their morphology and pattern is 

essential for accurate radiologic differential diagnoses of normal bone development phases from 

fractures. They can be remembered using the CRITOE mnemonic (C: capitellum, R: radial head, I: 

Internal (medial) epicondyle, T: trochlea, O: olecranon E: external (lateral) epicondyle) [10]. 

Contralateral imaging for comparison is contraindicated in children, due to the high frequency of 

unilateral anatomical variations in the ossification centers [13]. However, bilateral injuries may also 

occur, therefore, imaging both limbs are advised if clinical symptoms or injury mechanisms suggest 

it. 

Generally, stable, non-displaced fractures can be treated by a conservative method employing 

cast immobilization. Displaced intra-articular olecranon fractures are most commonly treated with 

open reduction and internal fixation (ORIF), utilizing various fixation methods such as plate 

osteosynthesis (POS), compression screws, tension band wires (TBW), or -sutures (TBS) [4]. Tension 

band fixation remains the standard treatment for displaced transverse intra-articular olecranon 

fractures, though concerns of increased fixation revision risk have arisen in older (>14 years) and 

heavier (>50 kilograms (kgs)) patients when using TBS compared to TBW [1,14]. 

Originally, the TBW technique was developed by Weber and Vasey in 1963, and it is 

recommended by the AO Foundation [15]. Traditionally it involves reducing the fracture, followed 

by the placement of two parallel Kirschner (K-) wires (i.e., pins) through the olecranon and across the 

fracture [16]. Afterward, a transverse hole is drilled in the ulna distal to the fracture site, through 

which a steel wire is passed, forming a figure-of-eight tension band around the K-wires. To 

strengthen the attachment’s rigidity, Weber and Vasey suggested twisting both figure-of-eight wire 

limbs [16]. Rowland and Burkhart emphasized the mathematical need to place the transverse hole 

for the figure-of-eight tension band wire anterior to the intramedullary pin [17]. However, a 

biomechanical cadaver study by Paremain et al. did not confirm this hypothesis, as their results 

showed no significant differences in yield loads or stiffness values between the Rowland-Murkhart 

and AO TBW techniques [18]. While tension band fixation has been shown to provide articular 

compression, it can also be associated with painful hardware, leading to implant removal in up to 88% 

of patients. In active children with a thin subcutaneous layer, tension band wires can be particularly 

prominent and painful, often requiring a return to the operating theatre for hardware removal [19]. 

Because K-wire and the cerclage ends were causing irritation in many cases, alongside K-wire 

fixation, a special absorbable suture (ultrahigh molecular weight braided polyester suture; FiberWire) 

was used to create the figure-of-eight TBS, which was found to be more advantageous in this regard 

[20]. A previous adult study proved a new enhancement to the long-established AO TBW technique 

by incorporating bioabsorbable magnesium compression screws along with a polyethylene mesh 
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tape [21]. The latter approach provides the biomechanical advantages of TBW fixation while 

eliminating the concerns associated with hardware. It has proven successful in a small group of 

olecranon fractures, with no hardware-related or other significant complications observed. 

In recent decades, biodegradable polyesters such as poly-glycolic acid (PGA) and poly-lactic 

acid (PLA) have been developed for medical use. An important benefit is their bending modulus, 

which is similar to that of bone, preventing complications associated with stress shielding, unlike 

when using metal hardware. Poly-L-lactic-co-glycolic acid (PLGA) implants retain their mechanical 

strength and properties for at least eight weeks before undergoing full absorption within 

approximately two years [22,23]. This biodegradable polymer is commonly used in medical devices 

due to its excellent biocompatibility. An optimal balance between strength and degradation rate is 

provided by the specific 85L:15G composition (85% lactic acid and 15% glycolic acid). The controlled 

absorption provided by this specific composition allows for continuous bone remodeling and 

recanalization of the pin-formed place. Implants made from this material have been shown to cause 

less inflammation and irritation in the surrounding tissues. In contrast, the previous generation of 

implants made from PGA faced challenges due to their rapid degradation, which produced acidic 

byproducts. These byproducts activated pro-inflammatory cytokines, leading to significant 

inflammation and poor clinical outcomes [4]. 

Our previous cohort study showed that pediatric medial humeral epicondyle fractures could be 

effectively managed by PLGA pins and absorbable sutures [24]. However, according to our literature 

search, currently, no study evaluated the clinical and radiological outcomes of resorbable PLGA pins 

and polydioxanone (PDS) loops in pediatric olecranon fractures. Therefore, this case series aims to 

evaluate these aforementioned bioresorbable alternatives to conventional metallic fixation. 

2. Patients and Methods 

2.1. Study Design and Patient Selection 

Between Jan 2022 and January 2023, the Division of Surgery, Traumatology, Urology, and 

Otorhinolaryngology, Department of Pediatrics at the University of Pécs, Clinical Complex was 

involved in the consecutive treatment of three pediatric patients with olecranon fractures utilizing 

PLGA pin implants (Activa PIN™, Bioretec Ltd., Tampere, Finland) and PDS loops (Ethicon, Johnson 

& Johnson). Our single-center, prospective case series aims to present adolescent olecranon fracture 

treatment with resorbable implants and evaluate the one-year follow-ups of the result of this method. 

This case series involves three patients, which were included due to meeting the following 

criteria: (1) all under 18 years of age at the time of injury, with (2) open physes (growth plates) who 

(3) sustained displaced intraarticular olecranon fractures (4) requiring surgical intervention, (5) 

utilizing resorbable pin fixation and a PDS compression loop, and later (6) attended the one-year 

follow-up. During the investigation period, all patients were included who met the inclusion criteria. 

2.2. Operative Algorithm 

The surgical technique was almost identical to the traditional method, with one additional step. 

In a supine position under general anesthesia, an open approach was made, and after accurate 

reduction, the fracture was temporarily stabilized with K-wires. These wires were then replaced with 

bioabsorbable pins. Compression was ensured by a PDS loop placed in a drilled canal distal to the 

fracture. 

Post-surgical care involved placing the arm in a dorsal above-elbow cast with the elbow flexed 

at 90 degrees (°) for approximately three weeks. After the removal of the right angle cast, active 

physiotherapeutic rehabilitation ensued. 

3. Results 

3.1. Case 1 
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While cycling, a 12-year-old boy injured his left elbow. Initial X-rays confirmed a Mayo type II/A 

olecranon fracture (Figure 1(A)). Due to the formation of joint steps, surgical intervention was 

necessary. Throughout the open approach, the fracture was reduced to an anatomical position and 

temporarily fixed with two K-wires (Figure 1(B)). After the removal of the K-wires, the absorbable 

PLGA pins were placed into the cavity previously created by the wires. Subsequently, compression 

was achieved by PDS loops placed in a drilled canal distal to the fracture to ensure proper stability 

(Figure 1(D)). A right-angle dorsal cast was employed to immobilize the left upper limb for three 

weeks, followed by active physiotherapy treatment. 

 

Figure 1. Primary X-ray of an olecranon fracture sustained by a 12-year-old boy, from lateral view (A). 

Fluoroscopic images after open reduction and temporary K-wire fixation (B-C). Intraoperative photograph 

showing the two parallel resorbable pins and a PDS compression loop (D). Postoperative X-rays demonstrate 

good alignment and perfect articular congruency from lateral (E) and AP (F) aspects. 

During follow-up, the child’s range of motion (ROM) in the elbow gradually improved with 

regular physiotherapy. Three months after the surgery, the elbow ROM was fully restored. At the 

one-year follow-up, the motion of the left elbow was identical to that of the unaffected side. No 

sensitivity or irritation was reported around the surgical site. Follow-up X-rays showed complete 

healing of the fracture site with full joint congruence (Figure 2). One year after the operation, the child 

was symptom-free and has returned to everyday sports activities. 
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Figure 2. One year after the reconstruction of the olecranon fracture. Control X-rays show perfect articular 

congruency and a completely healed fracture from AP (A) and lateral views (B). 

3.2. Case 2 

After falling down the stairs, a 12-year-old boy sustained an injury. Significant swelling and 

restricted joint movement developed above his left elbow. A Mayo type II/B olecranon fracture with 

joint step formation was confirmed by X-rays (Figure 3(A-B)). After preparation, the fracture was 

reduced and stabilized with absorbable PLGA pins and a PDS loop. The follow-up X-ray showed the 

fracture in good alignment (Figure 3(C-D)). The postoperative period was uneventful. For three 

weeks, the left upper limb was restrained in a long arm cast. Following the restriction, the child 

received active physiotherapy. All through the follow-up, we observed the gradual mending of the 

fracture. One-year follow-up radiographs confirmed finished fracture healing, with full elbow joint 

function (Figure 3(E-F)). 
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Figure 3. Preoperative X-rays from AP (A) and lateral (B) aspects of olecranon fracture. Postoperative X-rays 

show good reduction and perfect articular congruency AP (C) and lateral (D). One year later, the fracture was 

entirely healed with no sign of articular incongruency (E-F). 

3.3. Case 3 

A 13-year-old boy injured his right elbow while cycling. He presented with significant swelling 

and restricted ROM. X-rays confirmed a comminuted Mayo type II/A olecranon fracture with joint 

involvement (Figure 4(A-B)). During open surgery, after achieving the most accurate reduction, the 

fracture was stabilized with absorbable implants (PLGA pins and a PDS loop) (Figure 4(C-D). The 

postoperative period proceeded without complications. After three weeks of casting, the child 

underwent active physiotherapy. During follow-up, healing of the fracture was observed. One-year 
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follow-up showed complete healing of the fracture on X-ray (Figure 4(E-F)), with full elbow joint 

function. 

 

Figure 4. Initial X-rays of the right olecranon fracture (AP (A), lateral(B)), and the postoperative radiographs 

show acceptable articular congruency (AP(C), lateral (D)). One year later the X-ray images (AP (E), lateral (F)) 

depict good alignment and perfect articular congruency. 

4. Discussion 

Pediatric olecranon fracture management must be approached with consideration for the 

growing skeletal system, as improper treatment can affect both function and future growth. Despite 

many advancements, the continued use of multiple classification systems underscores the lack of 
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consensus on a standardized framework for assessing fracture severity and guiding optimal 

management in pediatric patients [4]. Treatment options for these injuries generally depend on the 

age of the child and the nature of the fracture [10,11]. 

In cases of non-displaced fractures, where the fracture is stable, conservative treatment with 

immobilization in a cast or splint may be sufficient. Due to the higher potential for natural healing 

and remodeling, this approach is often favored in younger children. 

Displaced or comminuted fractures, however, often require surgical intervention. Here, the goal 

is to restore the anatomical alignment of the olecranon and allow for optimal functional recovery. 

Surgical techniques typically include fixation with screws, wires, tension band wiring, or plates. 

However, in children, special care must be taken to avoid damaging the growth plate, as this could 

lead to long-term functional deficits or growth disturbances [1,4,15,19,27,28]. 

Pinning and tension band wiring is a common procedure used in pediatric olecranon fracture 

management. The method involves the usage of K-wires or other pinning techniques combined with 

a tension band to stabilize the fracture. While effective, it requires careful consideration regarding 

the possibility of hardware removal later, as the K-wires may cause irritation [4,29]. 

Among surgical treatments, compression screw utilization has also gained attention, but in 

many cases, the screw tip above the olecranon causes discomfort for the patients [27]. However, 

Herbert screws also showed minor postoperative complications (implant loosening, bursitis) and 

better clinical outcomes (QuickDASH (Disabilities of the Arm, Shoulder, and Hand) score, 

intraoperative blood loss, surgery duration) compared to TBW in adolescents by a recent study [30]. 

Comminuted olecranon fracture treatment may present a significant challenge in both 

adolescent and adult patients. Following reduction, plate fixation can be an appropriate solution, 

provided that significant growth is no longer expected in the child [28]. 

Due to complications observed with metal implants, such as soft tissue irritation caused by wire 

ends and skin perforation, an increasing number of studies have presented their results achieved 

with resorbable implants [1,4,19]. 

This study discussed the treatment of three children with displaced, intraarticular olecranon 

fractures using a new resorbable technique. Our surgical procedure, similar to interventions with 

metal implants, involved accurate repositioning and ensuring articular surface congruence. Fractures 

were then stabilized using resorbable PLGA pins, and then a PDS loop was applied to achieve 

adequate compression. After surgery, the operated limb was restrained in a cast for three weeks, 

followed by active physiotherapy to facilitate the swiftest recovery of function. 

No complications were observed during the follow-up examinations. There was no sign of 

irritation, in any of the children, which is often observed with metal implants. At the one-year follow-

up, all three children showed complete functional and radiological healing of the fractures, with good 

joint congruence and minimal scarring. 

Several limitations restrict the general applicability of this trial. Statistical tests could not be run, 

due to not meeting the participant limit criteria. Nevertheless, due to the obsoleteness of the second, 

metal removal surgeries, it can be stipulated, that the benefits of resorbable implants when employed 

in other regions are similarly applicable to coronoid fractures. Clinically, advantages such as 

reduction in surgery-related complications (e.g., bleeding, infection, scarring, and nerve damage), 

average narcosis, ionizing-radiation exposure, and hospitalization duration, stress levels, along with 

the related total costs of the procedures were observed during the investigation period, but could not 

be statistically proven, due to the lack of a control group and low number of participants. As the trial 

was conducted in a single regional center, with only Caucasian and male participants, socio-

economic, racial, and gender bias may be present. Therefore, greater population, at least single-

blinded, randomized controlled trials (RCTs) are needed to further substantiate the qualities and 

constraints of resorbable implants for pediatric olecranon fractures. 

Granting no far-reaching conclusions can be drawn from the results of these three instances, the 

presented cases focus on the potential of using a new method for treating pediatric and adolescent 

olecranon fractures in a more comfortable manner. 
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5. Conclusion 

Management of pediatric olecranon fractures requires careful consideration of both immediate 

fracture stabilization and long-term outcomes. Bioresorbable PLGA implants and PDS loops 

represent a promising approach, offering the benefit of eliminating the need for removal surgery, 

which is a significant advantage in a growing child by reducing anesthetic and imaging radiation 

dosages, discomfort, hospitalization length, and financial burden related to an additional operation. 

However, their use must be weighed against concerns related to, strength, resorption rates, high 

initial costs, and surgical expertise required due to visualization difficulties. Ultimately, a 

personalized treatment plan that considers the individual needs of the child, the nature of the 

fracture, and the available resources will ensure the best outcomes for these patients. 
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