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Highlights 

What are the main findings? 

• Biodegradable PLGA implants provide stable fixation and predictable degradation in pediatric

fractures, offering outcomes comparable to metal hardware.

• Clinical studies in forearm, distal radius, ankle, and elbow fractures show high union rates,

minimal complications, and elimination of hardware removal procedures.

What are the implications of the main findings? 

• PLGA implants can safely replace traditional metal fixation in selected pediatric fractures,

reducing surgical burden and healthcare costs.

• Continued material innovation and long-term clinical studies will expand their applicability to

more load-bearing and complex injuries.

Abstract 

A promising alternative to traditional metal hardware in pediatric surgical care has been on the rise. 

Avoiding the need for hardware removal is particularly beneficial in children, who would otherwise 

face a second surgery with attendant risks. This brief review discusses the use of biodegradable 

implants, with a focus on poly(lactic-co-glycolic acid) (PLGA) devices, for fracture fixation in the 

growing skeleton, as well as outlines the challenges of managing pediatric fractures with traditional 

fixation and how bioabsorbable implants address some of these issues. The mechanism of PLGA 

implant degradation is summarised, highlighting how controlled hydrolysis allows implants to 

provide support during healing and then safely resorb. Clinical applications are reviewed through 

recent studies and case examples, including forearm, distal radius, ankle, and elbow fractures, which 

demonstrate effective healing and outcomes comparable to metal hardware. The benefits and 

limitations of presently used resorbable instruments are also discussed, together with future 

directions in research and material innovation, including newer biodegradable polymers and alloys. 
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1. Introduction

Pediatric fractures are common injuries, yet managing them poses unique challenges due to the

growing skeleton [1,2]. While many simple childhood fractures heal with casting alone, more 

complex fracture patterns will commonly require internal fixation [2]. Traditional implants made of 

stainless steel or titanium reliably stabilise fractures [3]. Still, in children, these permanent implants 

are to be removed after healing to prevent interference with bone maturation and to avoid long-term 

complications. The mandated double operation carries risks of infection, complications of 

anaesthesia, and damage to tissues. It also adds psychological and economic burdens by exposing 
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children and families to additional hospital visits and procedures [4]. Among other concerns, mainly 

these drove the interest in biodegradable implants, which can fix and hold fractures during healing 

and safely dissolve, obviating the need for removal [5,6]. Over the past few decades, advances in 

materials science have yielded bioresorbable polymers and alloys suitable for orthopaedic use in both 

children and adults [7–9]. In this review, we focus on the clinical applications of biodegradable 

implants – particularly PLGA-based devices – in pediatric trauma, and we discuss their benefits, 

limitations, and prospects in improving fracture management for young patients. 

 Children’s bones differ from adults’ in structure and healing capacity. Pediatric long bones 

have growth plates (physes) and a thick periosteum, allowing many fractures to remodel with time 

[10,11]. However, particular injuries – open fractures, multi-fragmentary breaks, accompanying soft 

tissue damage, or fractures affecting the articular surfaces – require surgical stabilisation to ensure 

accurate alignment and function [12–14]. Traditional metal implants are associated with reliable and 

durable support over the healing period and a limited presence of foreign body reactions. Generally, 

Kirschner wires (K-wires), flexible intramedullary (IM) rods, and mini-plates are used. Despite their 

effectiveness, metal implants are designed to be temporary; removal is necessary to mitigate risks 

associated with growth disturbance or implant migration. Hardware traversing through or near a 

growth plate can cause growth arrest. Protruding or retained implants may irritate surrounding soft 

tissues, cause foreign body reactions, or lead to stress shielding and refractures. Moreover, the 

presence of a stiff metal implant can potentially alter bone remodelling during growth. As mentioned, 

a removal procedure entails a repeat anaesthesia and surgical dissection, which carries a risk of 

infection, nerve injury, and scarring. Particularly in small children, anaesthesia exposure itself is not 

without concern. From a health system perspective, scheduled implant removals increase the overall 

cost and workload in trauma care. Consequently, there has been a long-standing motivation to 

develop fixation methods that render hardware removal obsolete while still ensuring a reliable 

fixation. 

Polylactic acid (PLA), polyglycolic acid (PGA) and their synthetic copolymers are the most 

widely adopted bioresorbable appliances [7,15]. Poly(lactic-co-glycolic acid) (PLGA), a copolymer of 

lactic and glycolic acids, is a second-generation bioresorbable material with enhanced mechanical 

properties and highly predictable degradation kinetics [7]. These polymer-based implants break 

down over time through hydrolysis and secondary enzymatic reactions, breaking ester bonds [16]. 

In a moist environment, water infiltrates the implant, triggering chemical degradation [17]. 

Ultimately, the polymer is metabolised via the citric acid cycle into carbon dioxide and water [17]. 

These innocuous end-products exit the body through normal respiratory and renal pathways; 

however, this hydrolysis may cause a localised drop in pH as acidic byproducts are released [17]. 

Modern implant designs and polymers aim to minimise any inflammatory response from this 

process. The feature that makes PLGA implants so desirable in a clinical setting is their tunable 

resorption rate. By altering the molecular composition of PLGA, the degradation rate can be tailored 

for optimal absorption [7,17]. In simple terms, the ratio of the two monomers determines how quickly 

the implant loses mass and mechanical strength over time. A higher glycolide content speeds up 

degradation, while a greater proportion of lactide, particularly the L-isomer, extends the implant’s 

lifespan [7,17]. By fine-tuning these ratios, manufacturers can ensure the implant maintains sufficient 

strength throughout the healing process. In practice, PLGA constructs with an 85L:15G composition 

are reported to be mostly absorbed in about 12–16 months, with substantial loss of mechanical 

strength occurring around the time the bone consolidation is expected [17–19]. This timeframe aligns 

well with the typical healing time for pediatric fractures, which is often a few months for most bones. 

By two years post-injury, many PLGA devices have largely dissolved, leaving behind only 

remodelled bone with no foreign material [20]. Mechanical performance of the implants could be a 

concern, since polymers are not as strong or stiff as metal. Even though it is a tough polymer, it 

possesses a lower bending modulus and tensile strength compared to stainless steel or titanium 

[21,22]. In practice, current resorbable implants such as PLGA pins and screws are made in sizes 

suitable for small bones and are intended for fractures where extreme forces are not expected before 
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healing. Their ability to maintain fixation stability for the necessary duration has been supported by 

clinical studies, as discussed in the literature. During degradation, these implants typically lose 

strength gradually, which is ideal: the bone progressively takes on more load as it heals, while the 

implant material slowly vanishes. In essence, biodegradable implants aim to provide adequate 

strength and simultaneous remodelling within the bone during healing. 

2. Clinical Applications and Case Examples: 

• Forearm Fractures: One of the most common fracture sites in the pediatric population. Elastic 

stable intramedullary nailing (ESIN) with metal rods is a standard treatment for unstable 

diaphyseal forearm fractures. However, nowadays, instead of metal rods, bioabsorbable IM-

nails made of PLGA are an alternative solution. In a 2024 cohort study of 38 children, all patients 

achieved bone union with stable alignment [23]. At one-year follow-up, the children showed 

nearly full recovery of their range of motion (ROM); minor reductions in forearm rotation and 

elbow flexion were not clinically significant. Complications such as refractures or irritation were 

not reported. The efficacy of the minimally invasive approach was reflected by excellent scar 

assessment scores. Another study, composed of 161 patients, emphasised the significance of 

surgical technique in order to evade complications [24]. In the literature, several other papers 

can be found that confirm that RIN is a safe and effective method for internal fixation of the 

forearm fractures, which produces results that are comparable to traditional metal implants 

[19,25–27]. 

• Distal Radius Fractures: Generally, injuries affecting the wrists are managed with percutaneous 

K-wire fixation. Modern alternatives include biodegradable pins and short IM-nails. In 2022, a 

multicenter retrospective study compared outcomes in children with severely displaced distal 

radius/forearm fractures treated with either standard K-wires or bioresorbable PLGA pins [28]. 

The findings were instructive: the group treated with biodegradable pins had significantly lower 

complication rates than those treated with buried or exposed K-wires. Specifically, the PLGA 

implants avoided typical K-wire problems such as pin track infections or irritation [28]. By six 

weeks to six months post-injury, all groups had similar alignment and functional outcomes, but 

the children with absorbable implants were spared the anxiety and discomfort of wire removal. 

After 1.5 years of follow-up, there were no growth disturbances observed in any patients, 

indicating that neither the biodegradable implants nor the K-wires affected the physes 

negatively [28]. [28] 

• Ankle (Physeal) Fractures: Fractures of the distal tibia involving the growth plate (Salter-Harris 

fractures) are another scenario where implant choice is critical. Metal screws across a growth 

plate must be removed promptly to avoid growth arrest. In a retrospective study of 128 pediatric 

ankle fractures compared PLGA absorbable screws were compared to standard metallic screws 

for fixing physeal fractures (mainly Salter-Harris II, III, IV of the distal tibia) [29,30]. The study 

noted that the PLGA implants achieved comparable fracture stability and healing as metal 

screws, but without necessitating implant removal [30]. In the literature, similar results are 

reported through randomised controlled trials (RCTs) and systematic reviews [22,29,31–33] 

• Elbow Fractures: Injuries of the lateral humeral condyles are the second most common elbow 

fractures in children, which often require operative solutions. Traditionally, management 

includes K-wires or screws, but as of late, biodegradable pins offer an alternate solution. The 

outcomes of biodegradable pins versus K-wires were examined by Li et al. and were found to 

be safe and effective, with no significant differences in union rates or functional scores [34]. The 

pins yielded satisfactory fracture stability and healing, comparable to the standard wires [35]. 

• Other Applications: IM-nails were used with success for the fixation of the clavicle [36]. 

Osteochondral fractures of the patella, as well as femoral condylar fractures, which affect the 

articular surfaces, were treated with resorbable nails, pins, and screws [37–39]. Implants have 

also been used in other pediatric orthopaedic scenarios, including fractures of the radial neck, 
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tibial eminence avulsion fractures, osteotomies for deformity correction, and even spinal 

deformity surgery in experimental settings. [15,40–42] 

4. Discussion 

The foremost advantage of resorbable implants is their ability to obviate the need for an 

additional surgery for removal. This spares children from additional anaesthesia exposure, surgical 

pain, and psychological stress [43]. It also reduces the risk of complications that can occur during a 

removal procedure, such as infections, soft tissue damage, or nerve injuries. Avoiding the routine 

implant removal translates to decreased expenses and a more rapid return to everyday life [43]. The 

polymers used may invoke only a minimal inflammatory response as they degrade; as it is reported 

in the literature, they typically do not elicit significant adverse tissue reactions [20]. Any local acidity 

from degradation is usually buffered by the body without incident [21,44]. A systematic review 

reported that no implant-related toxicity or systemic effects were noted, underscoring their safety 

[45,46]. As the implant absorbs, it gradually transfers load back to the healing bone in a more natural 

manner. Progressive loading may stimulate bone remodelling and avoid stress-shielding effects that 

sometimes occur with stiff metal implants. Continuous remodelling will yield a well-healed bone 

without the risk of refracture that might occur immediately after rigid metal implants are removed. 

Additionally, it is particularly useful for percutaneous techniques, as pins avoid having external 

wires protruding from the skin, decreasing the chance of soft tissue reaction or skin infections, as well 

as improving comfort during the healing phase. Generally, these implants have lower initial strength 

and stiffness than metallic ones [21,47]. While PLGA implants are strong enough for many pediatric 

fractures, they are not yet suitable for very large load-bearing applications, for instance, femoral shaft 

fractures or children with increased BMI, where metal still excels [48]. There is a risk that a bioimplant 

could fail (bend, break, or lose fixation) if subjected to excessive stress or weight before the bone 

heals. Furthermore, the physical properties of polymer implants (like their flexibility) can make them 

tricky to handle during surgery. Additionally, as the implants are not visible on plain radioimaging, 

placement that requires video confirmation is often challenging and requires experience [20,49]. A 

large observational series with PLGA forearm nails recorded a small number of complications, such 

as implant breakage or migration, leading to issues like secondary displacement or refracture in a 

few patients [26,27]. Some of these were attributed to technical factors (choosing the incorrect size for 

the implant diameter, or inadvertent cortex perforation during insertion, rather than the material 

failing unpredictably. Nonetheless, these events highlight that meticulous surgical technique and 

proper implant selection are critical to avoid early failure. In the rest of the cases, refracture occurred 

due to repeat trauma to the affected limb, highlighting that the correct choice might include the use 

of metal implants, for example, in the case of highly active children or in the case of children with 

disabilities.  

 Although generally biocompatible, the degradation of polymers can lead to localised tissue 

reactions [44]. The acidic byproducts of PLGA resorption may cause transient inflammation, fluid 

accumulation, or a mild foreign-body reaction in the surrounding tissue [17,24,44]. Historically, fast-

degrading materials like PGA pins occasionally produced sterile abscesses or osteolytic areas as they 

broke down. Modern PLGA implants, with optimised composition, have largely mitigated these 

issues, but surgeons should be aware of the potential. Patients might experience some localised 

swelling or discomfort as the implant resorbs, usually self-limited [19]. In the rare event of a severe 

reaction, it might necessitate a minor intervention (e.g., draining a fluid collection) [24,44]. 

Fortunately, large-scale studies in recent years have reported no implant-related adverse reactions 

requiring medical treatment, indicating that significant complications from the degradation process 

are quite rare. Unfortunately, biodegradable implants are not as universally available as standard 

metal implants. The initial cost per unit is generally higher than a simple stainless-steel screw or K-

wire [50,51]. However, the savings of eliminating a second surgery potentially amount to more. In 

some regions, a lack of familiarity or limited supply can be a barrier to use. Additional training might 

be required by surgeons and operating room staff to become familiar with equipment handling. 
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While PLGA implants present clear benefits in avoiding removal surgery and reducing certain 

complications, they demand careful surgical technique and case selection to overcome their current 

limitations. 

Future Research and Outlook 

The positive clinical experience to date with biodegradable implants sets the stage for broader 

adoption and further innovation [16]. Most studies so far report follow-up outcomes up to about 1–2 

years after fracture fixation, which typically show successful healing and no early complications [7]. 

Nonetheless, it is suggested to examine long-term outcomes well into skeletal maturity. Additionally, 

more data on large patient cohorts will help identify any rare adverse events that might not surface 

in smaller studies. While retrospective studies have compared biodegradable implants with metal in 

various fractures, the field would benefit from prospective trials, including RCTs, to provide higher 

levels of evidence [7]. Comparing functional outcomes, complication rates, cost-effectiveness, and 

patient-reported outcomes (pain, satisfaction, cosmetic result) between bioabsorbable implants and 

standard care would highlight the benefits of modern implant types. 

 The development of biodegradable metal implants, especially magnesium-based alloys, has 

also gained attention in recent years [52]. Magnesium (Mg) and Mg-based alloys can effectively 

dissolve in the body by way of corrosion, though with the advantage of metallic resilience [53]. Early 

clinical use of magnesium screws in children has shown good biocompatibility and fracture healing 

with complete implant resorption over time [45]. Bone healing was achieved in all patients with 

magnesium screws, with no implant-related adverse reactions and no need for removal, as reported 

by Baldini et al [5]. This favourable performance indicates that magnesium-based implants could 

address some constraints of polymer appliances. However, during the degradation of Mg-implants, 

hydrogen gas is released, which may form a pocket of gas around the implant, marked by a 

radiolucent area on X-ray. The gas produced during degradation could gradually be reabsorbed and 

poses no harm to surrounding tissues, according to some in the literature; however, there has been 

reports about adverse gas pocket formation. Continued development strives to design alloys and 

coatings that sufficiently regulate the rate of corrosion and further reduce or balance gas release. 

These strengthened implants could take on load-bearing applications that current polymers cannot, 

expanding the scope of resorbable fixation devices.  

 Fibre-reinforced polymers (such as self-reinforced PLA) or bioactive ceramic particles that are 

osteogenetic during degradation are under evaluation [54,55]. Complications arising due to initial 

flexibility or sudden loss of mechanical integrity can be overcome by tailoring the microstructure of 

the polymers [16]. Drug-eluting bioimplants could further revolutionise orthopaedic care [56,57]. 

Implants which could release antibiotics or growth factors locally as they break down, thereby 

preventing infection or enhancing healing [57,58]. These multi-functional implants could be highly 

valuable in trauma cases with high infection risk (open fractures) or in scenarios with problematic 

healing [59]. Future directions are not only about the material but also implant design and how 

surgeons may utilise them. Computer-aided design and 3D printing are enabling patient-specific 

biodegradable implants, customised to the child’s anatomy and fracture pattern [15,60]. Researchers 

have begun exploring bioresorbable 3D-printed splints and plates that precisely fit complex shapes 

(acetabular fragments or small bones of the hand) [61,62]. To ensure safety and adequate selection of 

implant type, oversight is necessary with appropriate guidelines due to the expansion of use. 

Constant developments in bone and tissue engineering have led to safer, less invasive orthopaedic 

practices with fewer procedures required. In summary, biodegradable implants represent a 

noteworthy advancement in orthopaedic trauma care. 

Limitations of this narrative review include the heterogeneity of the findings, with varied study 

designs, implant types, and follow-up durations, which makes plain comparison challenging. It does 

not include a systematic literature search or meta-analysis, so the selection of studies may be subject 

to bias. Moreover, long-term outcomes of biodegradable implants beyond several years are still 

limited in the literature, so the review cannot provide definitive conclusions on their effects well into 
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skeletal maturity. Finally, because this review does not present new experimental or clinical data, its 

role is primarily to summarise current trends and applications rather than establish new evidence. 

5. Conclusions 

Biodegradable implants have introduced an important paradigm shift in the management of 

pediatric fractures. By providing stable fracture fixation that naturally vanishes after healing, these 

implants directly address the longstanding issue of routine hardware removal in children. Clinical 

experience over the last ten years – spanning forearm, wrist, ankle, and elbow injuries – demonstrates 

that modern bioresorbable devices (particularly PLGA-based implants) can achieve bone healing and 

functional outcomes equivalent to those of traditional metal hardware. At the same time, they confer 

unique benefits: children avoid additional surgeries, and the risk profile of treatment is improved 

with fewer implant-related complications. The safety record of these materials in growing patients 

has been reassuring, with high biocompatibility and minimal adverse reactions reported. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 

paper posted on Preprints.org. 
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Abbreviations 

The following abbreviations are used in this manuscript: 

PLGA poly(lactic-co-glycolic acid) 

PGA Polyglycolic Acid 

PLA Polylactic Acid 

K-wire Kirschner 

ESIN Elastic Stable Intramedullary Nailing 

RIN Resorbable Intramedullary Nailing 

RCT Randomised Controlled Trials  

Mg Magnesium 
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