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Abstract We retrospectively studied nine children and

adolescents with congenital malformations, large recon-

struction after tumor excision, fractures and osteotomies of

the upper extremity, and hand trauma with bone and soft

tissue defects treated by internal synthesis using a bioco-

polymer of L- and DL-stereoisomers of lactic acid

polymers and trimethylenecarbonate. A total of 52 biode-

gradable implants were placed in bone. At a minimum

followup of 7 months (mean, 17 months; range, 7–22

months), wound healing was uncomplicated; local or sys-

temic inflammatory tissue reactions, foreign body

reactions, and infections were not observed. Bone healing

was complete. Six biodegradable screws broke during

insertion because of inadequate drilling and tapping, and

three biodegradable screws had to be replaced because of

damage to the screw head during assembly with the

screwdriver. Biodegradable copolymers of poly-L-lactic-

poly-DL-lactic acid and trimethylenecarbonate can be used

safely and effectively for reconstruction and fixation of

bone in children and adolescents.

Level of Evidence: Level IV, therapeutic study. See the

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Historically, metal has been the most popular material for

fracture fixation; however, although it has excellent results,

it is not without complications, including stress shielding

[12], accumulation of metals in tissues [19, 20], hyper-

sensitivity [27], growth restriction [40], pain [33],

corrosion [1], implant migration [35], and imaging inter-

ference [36]. These complications may necessitate revision

surgery or removal once the healing process is complete

[14]. Because of these issues, a new class of internal fix-

ation devices called bioabsorbable or biodegradable

implants is being developed [28, 30]. The main attraction

of biodegradable implants to surgeons and patients is they

provide the correct amount of strength while the bone is

healing and then harmlessly degrade with time [14, 24, 30],

overcoming the inherent disadvantages of metal implants

[17, 22, 26, 32, 37].

Numerous biodegradable polymers have been approved

and have been used safely in surgical applications for the

past 35 years, initially as suture materials such as Dexon1

suture (polyglycolide [PGA]), Vicryl1 suture (PGA/poly-

lactide [PLA], 90:10), PDS1 suture (polydioxanone

[PDS]), and the Maxon1 suture (PGA/tri-methylene-car-

bonate [TMC]). In addition, fixation devices such as the

Endo Screw1 and the Suretac1 (polyglyconate/TMC)

have been developed. During the last two decades, the use

of biodegradable materials has expanded to include fixation

applications with optimal biomechanical properties for

specific clinical uses [9, 10, 14, 18, 23, 30, 38].
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Some of the earlier biodegradable implants caused

problems because they typically were created from one

type of polymer. Some degraded too quickly causing tissue

reactions or they took too long to degrade offering no real

advantages over metal [3, 4, 39]. In addition, biodegradable

implants induce a nonsymptomatic but histopathologically

recognizable tissue response that seems to be a phenome-

non inherent in the degradation and absorption processes

[32]. This is expected and normal as long as it does not

cause any clinical signs. However, the incidence of adverse

tissue reactions to implants made of PGA related to its

rapid degradation rate has been reported from 2.0% to

46.7% [2, 3, 10, 29].

For musculoskeletal applications, the ideal biodegrad-

able material should have mechanical properties equal to

those of standard stainless steel implants [15, 24, 30].

Moreover, the use of biodegradable implants for pediatric

fracture fixation is particularly appealing because it obvi-

ates implant removal. However, little is known regarding

the use and effectiveness of biodegradable implants in

pediatric patients [9, 23, 24]. In the current study, we used

a biodegradable copolymer made of a blend of safe and

biocompatible monomers [10, 25, 32] of rigid and elastic

L- and DL-stereoisomers of lactic acid polymers and

trimethylenecarbonate (TMC-PLLA-PDLLA; Inion

OTPSTM, Tampere, Finland) for fixation of fractures and

osteotomies in pediatric patients. The TMC-PLLA-PDLLA

biodegradable copolymer is completely or substantially

amorphous, which is ideal for biodegradable implants;

TMC adds ductility and toughness to the biocopolymer.

Amorphous polymers have a random structure and are

completely and more easily degraded by hydrolysis. In

contrast, crystalline polymers have a regular internal

structure and, because of the orderly arrangement, are slow

to degrade. The TMC-PLLA-PDLLA biocopolymer

degrades by hydrolysis and is metabolized into carbon

dioxide and water, which then is exhaled and excreted. As

a guide, the TMC-PLLA-PDLLA biocopolymer loses most

of its strength by 18 to 36 weeks. At 36 weeks, it will have

lost 90% of its strength and the total resorption time is 2 to

4 years.

The rationale of our retrospective study was to evaluate

the use of the TMC-PLLA-PDLLA biodegradable

copolymer in pediatric patients and to discuss issues

regarding complications and reactions to the breakdown of

these materials and their ability to function as fixation

devices to the completion of healing; the primary analysis

was to evaluate the biologic effect and the secondary

analysis was to evaluate the biomechanical performance of

these implants in this age group. Evaluation was done using

clinical and imaging analysis. The hypothesis was that the

TMC-PLLA-PDLLA biodegradable implants could pro-

vide stability for bone fixation in children and adolescents

with fractures and malformations without any adverse tis-

sue reaction.

Materials and Methods

We retrospectively studied a series of nine pediatric

patients in whom screws, plates, and pins made of the

TMC-PLLA-PDLLA biocopolymer (Inion OTPSTM) were

used for management of congenital malformations, fracture

fixation, large reconstruction after tumor excision, and

hand trauma with bone and soft tissue defects. There were

six boys and three girls, aged 2.5 to 15 years (Table 1),

admitted and treated at the authors’ institution from July

2006 through November 2007. None of the patients was

skeletally mature at the time of surgery. The minimum

followup of the patients involved in this study was

7 months (mean, 17 months; range, 7–22 months). All

patients were included in the postoperative clinical and

imaging evaluations. All patients and their families gave

written informed consent to be included in this study. The

study was approved by the ethical committee of our

hospital.

The indications for biodegradable implants used here

were the advantages of no removal operation and postop-

erative imaging interference given the young ages and the

diagnoses of the patients. We intend to use biodegradable

implants for internal fixation of similar fractures and os-

teotomies in all our patients in this age group because of

the advantages of these implants. Exclusion criteria were

active infection and insufficient quantity or quality of bone

for screw anchoring and stable fixation. The operations

were performed with the patients under axillary nerve

block or general anesthesia. Surgical procedures depended

on the diagnosis for each patient (Table 1). Under aseptic

surgical technique, the implants were positioned in place

after adequate preparation according to the manufacturer’s

guidelines. Postoperative assessment included clinical

evaluation for signs of foreign body reaction such as

localized swelling, pain and sterile discharging sinus [10],

imaging evaluation for fracture stability and union, and

osteolytic areas next to the absorbable devices [10]. Clin-

ical and imaging evaluations were done by the senior

authors of this study (ADK, PJP, PNS).

Results

Adverse tissue reactions to the biodegradable implants

were not observed in any of the patients; 52 biodegrad-

able implants were placed in bone (Figs. 1–3). In all

patients, wound healing was uneventful. At the latest
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Fig. 1A–C The radiographs for Patient 2, a 5-year-old girl with

bilateral congenital ulna claw hand and aplasia of the left thumb are

shown. (A) Initial treatment included osteotomy of the left ulna

stabilized with a Steinmann pin. The Steinmann pin was removed and

a corrective osteotomy was performed, which was stabilized with a

biodegradable six-hole plate and screws. Postoperative radiographs

obtained at (B) 3 and (C) 12 months show partial and complete bone

healing of the osteotomy, respectively.
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examination, local or systemic inflammatory tissue reac-

tions, foreign body reactions, infection, or complications

related to the adipofascial flap (Patient 9), such as wound

healing problems, infection and flap necrosis, or the bone

graft (Patient 4), such as osteolysis and graft resorption,

were not observed.

Postoperative radiographs showed complete bone heal-

ing and union of the osteotomies and fractures; loss of

reduction or malunion was not observed in any of the

patients. Six biodegradable screws broke at the screw

thread during insertion; this was the result of improper

technique (inadequate drilling and tapping) before insertion

of the screws. In all cases, removal of the broken screws

was done intraoperatively by using a forceps, and new

screws were positioned. Three biodegradable screws had to

be replaced intraoperatively because of damage to the

screw head during assembly with the screwdriver. Metallic

implants were used in three patients (Patients 6, 7, 8) and

were removed 4 weeks postoperatively.

Discussion

Biodegradable technology was first described in the

mid1960s [21] for use as resorbable sutures. During the past

decades, degradable polymers have been used successfully

in many fields of surgery such as craniomaxillofacial sur-

gery, neurosurgery, general surgery, and orthopaedic

surgery, including sports medicine for the repair of menisci

and rotator cuff tears, foot and ankle surgery, and recently,

spine surgery [5, 9, 10, 14, 16, 18, 21, 23, 30, 38]. However,

little is known regarding the use of biodegradable implants

in pediatric patients. Therefore, we studied a series of

patients of this age group in whom implants made of the

TMC-PLLA-PDLLA (Inion OTPSTM) biodegradable

copolymer were used for fixation of fractures and man-

agement of malformations.

The small number of patients included in our study and

the short-term followup may be considered important

limitations. However, the young age of the patients, the

variable diagnoses for surgical treatment using biodegrad-

able implants, and the inadequate immobilization and poor

compliance with postoperative management of this age

group increase the value of the study. Moreover, biode-

gradable implant-related reactions appear during the period

of implant degradation. According to the manufacturer, the

biocopolymer mass of the implants used here starts to

Fig. 2A–F Patient 4 was a 13-year-old boy with a chondroblastoma

of the right proximal tibia. His initial treatment consisted of surgical

excision of the tumor and reconstruction with a tricortical autogenous

bone graft stabilized with a metallic 6.5-mm cancellous bone screw as

seen in these (A) lateral and (B) anteroposterior radiographs. The

metallic screw was replaced, as is evident in these (C) anteroposterior

and (D) lateral views, for imaging and for oncologic evaluation. (E)

Frontal and (F) axial MR images obtained 6 months postoperatively

show no evidence of tumor recurrence or inflammatory tissue reaction

next to the biodegradable screw.

b
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reduce at 18 to 36 weeks, which is within the period of this

study.

Major complications of biodegradable implants include

the potential for aseptic inflammatory reaction from wear

debris generated during implant resorption, sterile sinus

tract formation, osteolysis, synovitis, hypertrophic fibrous

encapsulation [4, 6–9, 11, 31], infection, and failure of

fixation [31]. In 2528 orthopaedic applications of pins,

rods, bolts, and screws made of PGA and PLA homo-

polymers and copolymers, the rate of a clinically

significant local inflammatory, sterile tissue reaction was

4.3% (108 patients); this complication was higher in the

PGA group compared with the PLA group of patients

(5.3% versus 0.1%) [11]. Localized swelling resulting in a

sterile discharging sinus, osteolytic areas next to the

absorbable devices, and foreign body reaction occurred

within 2 to 4 months after surgery [11]. In a review of more

than 2500 fracture fixation cases in which biodegradable

implants were used, a 3.6% incidence of bacterial wound

infection, 2.3% of nonspecific foreign body reaction, and

3.7% of fixation failure were reported [31]. Others have

shown, compared with metallic fixation, biodegradable

fixation is associated with a lower incidence of infection

[34] and no statistically significant difference in operative

or postoperative complications [13]. In our study, although

a small series, at a mean followup of 17 months, which is

adequate for implant degradation to begin, none of these

reactions were observed.

Biodegradable implants in children have shown satis-

factory results, especially for treatment of distal humerus

physeal fractures [9, 23]. In the current study, we suc-

cessfully used biodegradable implants for supplementary

bone fixation in rapidly healing patients such as children

and adolescents in a relatively mechanical stable environ-

ment such as the hand and the forearm. In all these patients,

protective casting was applied postoperatively for 4 to

6 weeks (Table 1). In the patients with a distal forearm

fracture, the biodegradable implant fixation was used

supplementary to metallic percutaneous fixation and pro-

tective casting for 6 weeks postoperatively. Also, we used

a biodegradable screw in the intercondylar notch region of

the tibial plateau; although this is not a weightbearing zone,

Fig. 3A–F Patient 8 was a 14-year-old boy with distal radius and

ulna fractures of the left forearm. His (A) anteroposterior and (B)

lateral radiographs show the distal radius and ulna fractures of the left

forearm. Open reduction and internal fixation of the ulna fracture

were performed with a biodegradable six-hole plate and screws.

Closed reduction and percutaneous fixation of the distal radius

fracture were performed with two Kirschner wires, as seen on these

(C) anteroposterior and (D) lateral radiographs. At the latest

examination, 18 months postoperatively, complete bone healing of

both fractures is evident on the (E) lateral and (F) anteroposterior

radiographs.

b
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protective weightbearing and bracing also was suggested

for 4 weeks postoperatively. Given the young age of the

patients and relative stability of these fractures and oste-

otomies, biodegradable implant fixation should not be

intended to be used without appropriate immobilization in

load-bearing bones.

In our study, six biodegradable screws of the 52

implants used broke during insertion; this complication

occurred in early patients in whom biodegradable implants

were used and was attributed to improper technique

(inadequate drilling and tapping) before insertion of the

screws as recommended by the manufacturer. Also, three

biodegradable screws had to be replaced because of

damage to the screw head during assembly with the

screwdriver. All broken and damaged screws were

replaced intraoperatively, and stable fixation was obtained.

Fragility of the biodegradable implants may be a problem

before the surgeon becomes familiar with the handling

characteristics of these implants. Although the number of

broken biodegradable screws and screw heads is high

when compared with equivalent metallic implants, we

believe the major advantages of these implants outweigh

these disadvantages.

We have successfully used biodegradable implants for

supplementary bone fixation in rapidly healing patients

such as children and adolescents in a relatively mechani-

cally stable environment. These implants seem to be

biocompatible, because no inflammatory reaction, infec-

tion, or other complications were observed during this

study. Adequate handling, drilling, and tapping are rec-

ommended before inserting the screw. The assembly with

the screwdriver to the screw head may be considered a

manufacturing design flaw that may be revised.
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