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Abstract: In the internal fixation treatment of maxillofacial fractures, with the development of new 
polymer materials, absorbable internal fixation materials are increasingly used, which fully 
demonstrate their own advantages compared with metal strong internal fixation materials. This article 
presents a review on the development and application status of resorbable internal fixation materials in 
maxillofacial fractures. 
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1. Introduction 

With the rapid development of modern society, traffic accidents and work-related injuries occur 
frequently, and the maxillofacial region is extremely susceptible to fractures when traumatized, 
followed by changes in facial morphology, restricted opening and varying degrees of masticatory 
function, which have a great impact on patients' facial appearance, function and psychological health[1]. 
In the treatment of maxillofacial fractures, anatomical repositioning of the fracture and restoration of 
the occlusal relationship are particularly important and are the basis for restoring facial shape and 
function, and surgical incision and internal fixation have also become the optimal treatment method[2]. 
Therefore, metal internal fixation has been widely used in clinical practice, and as the scope of 
application continues to expand, its disadvantages are increasingly exposed, such as severe stress 
masking and radiation blocking effects[3] , corrosion by saliva and other fluids in the body, release of 
metal ions, causing local inflammation, and the need for secondary surgical removal in up to 40% of 
cases, again increasing the pain and economic burden of patients[4-6].If metal internal fixation materials 
are used in developing children, the titanium plates and nails are prone to separation or have the 
possibility of limiting bone development as the bones grow[7,8].The rapid development of polymer 
materials has led to the increased use of new absorbable internal fixation materials for the treatment of 
oral and maxillofacial fractures, and they have fully demonstrated their advantages and are well 
received by physicians and patients. The ideal bioresorbable material should have the appropriate 
mechanical properties and degradation rate according to the purpose of its application, play a 
mechanical fixation role at the initial stage of implantation, and gradually degrade to transfer the stress 
to bone healing and eventually be completely absorbed. 

2. History of resorbable materials in maxillofacial surgery 

Since the first attempt to apply bioresorbable materials for internal fixation of maxillofacial 
fractures by Cutright DE et al[9] in 1971, more and more polymers have been used in the treatment of 
maxillofacial surgery. Maxillofacial resorbable materials have been developed over decades and have 
made great progress. The main types of bioresorbable fixation plates and screws are as follows: 

2.1 Polyglycolic acid (PGA) 

PGA is a bioresorbable polymer with a high crystalline structure with an average molecular mass 
between 2.0×104 and 1.45×105.PGA is tough and hard, and was the first absorbable material used in 
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orthopedic surgery for pins, screws and fixation plates. After approximately 4-7 weeks of implantation, 
PGA is less used in maxillofacial surgery because of its rapid degradation rate, early mechanical 
strength loss in vivo, and adverse effects such as swelling, fluid accumulation, and sinus tract 
formation[10]. 

2.2 Polylactic Acid (PLA) 

PLA is another polymer (molecular weight 1.8-5.3 × 105) with high modulus of elasticity (3.5-3.8 
GPa) and tensile strength (48-110 MPa)[11], which has four stereoisomers:Ploy L Lactic Acid(PLLA), 
Ploy D Lactic Acid,(PDLA), Ploy D,L Lactic Acid(PDLLA),and meso-Ploy Lactic 
Acid(meso-PLA).PLLA is the first generation of bioresorbable bone synthesis material, which is a 
more widely used internal fixation material, with the advantages of high mechanical strength and good 
biocompatibility, but the complete degradation time in vivo is too long[12], and it is easy to produce 
foreign body reaction.PDLA has better biocompatibility, and the main shortcoming is that it starts to 
degrade 1 month after implantation, and the mechanical strength is insufficient. 

2.3 Copolymers of PGA, PLLA and PDLA 

Copolymers of PGA, PLLA and PDLA are known as second generation bioresorbable bone 
synthetics, where copolymers of different polymers allow the materials to complement each other in 
terms of properties, faster absorption rates and higher biocompatibility than the first generation 
polymers. Resorbable copolymers with different mechanical properties and degradation rates can be 
obtained with degradation products of carbon dioxide and water[13,14]. Moreover, absorbable materials 
made using self-reinforcement technology have better stiffness, strength and chemical resistance, but 
the fixed plates made are generally thicker. 

2.4 Hydroxyapatite: u-HA/PLLA 

Composites of unsintered Hydroxyapatite( u-HA) and PLLA are not only biodegradable but also 
osteoconductive, showing higher mechanical strength in shear and bending strength convenience, and 
are third generation bioresorbable bone synthetics[15]. In addition, they are radiolucent, can take X-rays 
for follow-up[16], and are more widely used in maxillofacial surgery, but their degradation properties are 
still unclear. 

3. Absorbable materials in maxillofacial surgery 

3.1. Resorbable materials in mandibular fractures 

Mandibular fractures account for a large proportion of maxillofacial fractures, and due to the 
pulling of facial muscles, the fracture fragments are prone to displacement, occlusal misalignment, and 
restricted mouth opening, which seriously affects the daily life of patients, so anatomical repositioning 
of the fracture and stable internal fixation are the basic principles of treatment[17], however, different 
types of internal fixation materials have different effects on surgical results and prognosis. Titanium 
plates and nails were commonly used in the past because of their excellent mechanical strength and 
biocompatibility, and because the metallic material cannot be absorbed by degradation, which in turn 
produces stress-blocking effects and often requires secondary surgery[18], resorbable materials are 
gradually being accepted in mandibular fractures. 

3.1.1 Application in mandibular body, mandibular branch, and mandibular angle fractures 

In animal experiments, Leng D et al[19] prepared linear fractures in the middle mandible of 12 dogs, 
and the experimental group was treated with L/DL-polylactic acid resorbable material for internal 
fixation, while the control group healed on its own without any fixation measures, and the gross and 
histological observations revealed that the tissue response to L/DL-polylactic acid was in accordance 
with the tissue response process of biocompatible materials, and the fracture severed ends healed well, 
and no No significant osteogenesis inhibition was found, and the fracture ends healed as stage I 
healing. 

In a clinical trial, Wang JT [20] treated 144 patients with mandibular fractures with strong internal 
fixation using poly-L-lactic acid (PLLA) resorbable material and miniature titanium plate nail material, 
and the data showed that internal fixation with PLLA resorbable material could improve masticatory 
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function, enhance mandibular stability, improve the treatment effect, and reduce the occurrence of 
complications in patients with mandibular fractures. Sun TS et al [21]conducted a trial of 68 patients 
with mandibular fractures treated with the same internal fixation material and found that the 
complication rate in the PLLA group was lower than that in the micro titanium plate combined with 
screw group, and the data also showed that fixation with PLLA resorbable material shortened the 
healing time of mandibular fractures. Ding LL et al[22] also performed PLLA resorbable splints and 
titanium plate fixation in 54 patients, and the wound healed well in both groups, with no swelling or 
infection in the operated area. 3 months after surgery, panoramic films of both groups showed blurred 
fracture lines and fracture scab formation, and 1 year after surgery, panoramic films of both groups 
showed complete disappearance of fracture lines. A clinical trial conducted by Chen B et al[23] found 
that the rate of secondary surgery in the PDLLA material group was lower than that in the pair of 
titanium plate material group, which shows that the advantages of resorbable materials in mandibular 
fractures such as reduced re-operation and good stability are more prominent. 

3.1.2 Application in condylar sagittal fractures 

Condylar fractures account for approximately 29%-52% of mandibular fractures[24], and because of 
their anatomical structure and functional peculiarities, previous conservative treatment often leads to 
problems such as joint ankylosis, restricted mouth opening, and misalignment of the bite, and if they 
occur in children, because the condyle is the developmental center of the mandible[25], improper 
treatment can affect the growth and development of children and cause problems such as facial 
asymmetry. Surgical incision and internal fixation of condylar fractures has become the current routine 
treatment[26], but metal screw internal fixation has shown more and more unavoidable disadvantages, so 
resorbable materials are becoming more and more popular in the treatment of condylar fracture internal 
fixation. 

In animal experiments, Meng FW et al[27] used four treatment methods, including lateral titanium 
screws with double cortical bone fixation and lateral resorbable screws (PLLA) with double cortical 
fixation, to experimentally study condylar fractures in sheep, and histological observations revealed 
that the cartilage on the surface of the condyle and articular fossa in the group with lateral resorbable 
screws with double cortical fixation did not show significant pathological changes, and could achieve 
reliable fixation and good therapeutic results as metal screws, and could degrade and resorb harmlessly 
on their own without secondary surgery. 

In a clinical trial, Liu ZJ et al[28] used an absorbable internal fixation system and a titanium plate 
and titanium nail sturdy internal fixation system in 72 patients with bilateral condylar fractures, and the 
results back showed that:the fracture healing time of the absorbable group was significantly shorter 
than that of the pair of titanium plate and titanium nail group, and the speed of fracture healing was 
accelerated, and the maximum opening, masticatory efficacy, mobility to the affected side, and 
complication rate of the absorbable material group were better than that of the titanium plate and 
titanium nail group. Tao JQ et al[29] also confirmed the stability and safety of autogenous reinforced 
polypropylene copolymer fixation plates for surgical treatment of condylar fractures through clinical 
trials. 

3.2. Application in zygomatic-zygomatic arch fractures  

The zygomatic arch is located on the lateral side of the face, and the bones are brittle and prone to 
fracture when subjected to strong blows[30,31], so the traditional titanium plate and titanium nail internal 
fixation method can sometimes touch the titanium plate and nail due to the superficiality of the 
zygomatic bone, which affects the aesthetics, so the absorbable material also plays an advantage in 
zygomatic arch fracture. 

Yuan XP[32] performed surgical incisional reduction and fixation of 16 patients with zygomatic arch 
fractures using a Finnish Baiyu absorbable internal fixation implant, and all of them had stage I healing, 
stable severed ends, and restored normal facial shape with an opening of three transverse fingers. 
Follow-up at 1-3 years revealed that all patients had no problems with bone displacement or facial 
collapse, no significant rejection or inflammatory reactions, and the implant was completely 
inaccessible to touch at 3 years postoperatively. Li KL[33] treated 146 patients with zygomatic arch 
fractures with titanium plate internal fixation and resorbable splints internal fixation, and the resorbable 
material could achieve similar fracture internal fixation results as miniature titanium plates with fewer 
complications and without the need for secondary surgery. Moreover, the resorbable material avoids 
both immunorejection and prevents osteoporosis due to stress masking compared to titanium plates[34]. 
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4. Advantages and disadvantages of absorbable materials 

The application of resorbable materials to maxillofacial fractures has the following advantages: 1. 
With the healing of the fracture, the bioresorbable material gradually degrades and absorbs 
autonomously in the body, avoiding secondary surgery, reducing scarring, and providing high patient 
satisfaction[35,36]; 2. With the degradation and strength reduction of the material, the load is gradually 
transferred to the bone, well avoiding the stress masking effect, promoting the healing and 
reconstruction of the fracture, and reducing stress masking induced osteoporosis; 3.No interference 
with CT and MRI examinations and no effect on postoperative radiotherapy for tumor patients[36]. Even 
so, nowadays, resorbable internal fixation materials still cannot completely replace metallic internal 
fixation materials, mainly because: 1. the strength of resorbable materials cannot really match that of 
metallic materials, and when there is a large amount of bone loss and fractures in weight-bearing areas, 
resorbable materials cannot achieve stable fixation treatment[36]; 2.the possibility of aseptic abscess 
formation during degradation[5]. However, it is believed that resorbable materials will continue to be 
improved with the continuous progress of materials and biotechnology, and their application prospects 
are worth looking forward to. 
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