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ABSTRACT

Stable fixation is required for uncomplicated bony healing and optimum remodelling in maxillofacial osteosynthetic
procedures. Although traditional titanium plates and screws for firm fixation in craniofacial procedures are regarded the
gold standard, Various maxillofacial osteosynthetic operations, such as orthognathic surgery, maxillofacial fractures, and
reconstructive surgery, typically use bioresorbable plates and screw systems. The palpability, mutagenic consequences, and
interference with imaging of titanium plates limit their usage, which may necessitate eventual removal; the use of a
biologically resorbable material overcomes these limitations. These restrictions might be addressed by an osteofixation
system. However, several difficulties remain, including lower mechanical strength and stability, sluggish biodegradation,
complicated procedures, and the bioresorbable implant materials available. The use of bioactive/resorbable
osteoconductive materials has resulted in significant advancements in bioresorbable plate systems. This study provides an
overview of current resorbable implant materials and their uses, with a focus on recent inventive improvements and new
developments in the field.
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INTRODUCTION

Essential prerequisites for the stable fixation and sound
healing of maxillofacial boney segments in maxillofacial
osteosynthetic surgeries, such as maxillofacial fractures
and bimaxillary osteotomies in orthognathic surgery,
include sufficient vascularization, reduction or
repositioning of bone segments, immobilization with
stable fixation, uneventful boney healing and optimal
remodelling [1-5]. Recent developments for standard
treatment in maxillofacial surgical implant biomaterials
have led to the achievement of stable fixation using a
titanium plate system [1,3-5]. This contributes to patients’
masticatory functional load immediately after such
surgeries. The mechanical properties of titanium including
its strength, ease of handling, lack of dimensional changes,
minimal scatter on computed tomography (CT) scanning,
and compatibility with radiography and magnetic
resonance imaging have prompted its widespread
adoption as the general standard [1,6,7].

However, as the need for fixation is only temporary and as
metallic materials cause stress shielding of the underlying
bone, these plates are often removed after the

maxillofacial boney healing [1-3]. In 5-40% of cases, the
titanium plates and screws are removed in a second
operation once the bone has healed as titanium is
associated with potential effects on facial growth, thermal
sensitivity, plate migration, and interference with
diagnostic imaging [3,4,8,9]. Other adverse effects of
retained metallic devices include osteopenia of cortical
bone induced by stress and corrosion [7-9]. Moreover,
titanium particles have been found in scar tissue covering
these plates, as well as in locoregional lymph nodes, and
imperfect contact can occur between the metal plate and
bone surface [6-9]. Most recently, it was reported that
even titanium miniplates are a risk factor for the
development of bisphosphonate-related osteonecrosis of
the jaw [9,10]. Therefore, titanium osteofixation implant
materials should be removed [5-9], and resorbable bone
fixation implant materials for plate and screw devices
have been developed.

Bioresorbable and biodegradable osteosynthetic fixation
implants have been considered an effective fixation system
that offers several advantages over titanium fixation,
including the absence of corrosion and of accumulation of
metal in tissues, and of the need to remove the implants
after osseous healing; radiolucency; decreased pain; and
reduced stress-shielding as the implants bear a smaller
load initially and gradually transfer the load as they
degrade [1-3,7,9]. The first study on the use of
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biodegradable implants was published in 1966 by
Kulkarni et al. [11], who studied the biocompatibility of
poly-l-lactic acid (PLLA) in animals. The use of PLLA
plates and screws to fix mandibular fractures in dogs was
studied, and the material was non-toxic and gradually
degraded [11]. Another study presented the results of
PLLA sutures in mandibular fractures with no serious
tissue reactions such as severe inflammatory and
immunological responses [12].

Bioresorbable implant materials allow newly formed
tissue to grow into any surface irregularities. Thus, a
resorbable osteofixation implant material is free of toxic
and mutagenic effects. Nonetheless, there are some
problems related to the use of these materials, such as an
inflammatory response, rapid loss of initial implant
strength, higher refracture rates, inadequate stiffness of
the implants, and weakness compared to metallic
implants [13-15]. Biodegradable osteofixation implants
are characterized by biomaterials that disintegrate after
implantation with no sign of elimination from the body.
The biodegradation process depends on contact with
body fluids, temperature, motion, molecular weight, the
crystal form and geometry of the material, and the tissue
that is implanted [13-15]. The ideal biodegradable
osteofixation implant material provides appropriate
strength while degrading in a predictable fashion
throughout the healing process without causing adverse
reactions [1,6-9].

On the other hand, the limitations of biodegradable
osteofixation implants are associated mainly with their
mechanical properties [13,14,16]; they are weaker than
conventional such titanium metal implants, leading to
low confidence levels regarding the stability of reduced
fractures [13,16]. Biocompatibility may be another
limitation of these materials as they can provoke adverse
tissue responses that have characteristics of an
inflammatory, bacterial foreign-body reaction [16,17].

However, bioresorbable implant materials for oral and
maxillofacial osteosynthetic applications are currently
becoming more common. These materials are safe,
effective, and sufficiently flexible for use at many
maxillofacial boney surgical sites [13-17]. Numerous
clinical studies and several review articles have
documented the feasibility of bioresorbable materials
and these osteofixation plate and screw systems,
showing comparable results between the wuse of
resorbable and titanium plates and screws in various
maxillofacial surgeries. Furthermore, novel products and
feasible modified systems have been introduced for
clinical applications [16,18,19].

This report presents an overview of currently available
resorbable materials in Japan and their applications, with
a focus on innovative advances, modifications, and
developments in the field of oral and maxillofacial
surgery.

Variety of bioresorbable osteosynthesis materials

Common constituents include polyhydroxyl acids:
polymers and copolymers of PLLA, poly-d-lactic acid

(PDLA), polyglycolic acid (PGA), and polydioxanone
sulphate so far [13,17]. Developed bioresorbable
osteosynthesis materials comprise a composite of PLLA
as a base, an osteoconductive material such as
hydroxyapatite, and an accelerator of bio resorption such
as polyglycolic acid [7,18]. The commercially available
resorbable osteosynthesis implant materials that have
been approved by the Japanese national government for
use in oral and maxillofacial surgery within the coverage
of national medical insurance.

The use of biodegradable materials to stabilize the
maxillofacial skeleton was first reported for facial
fracture surgery in 1971 [20]. Since then, resorbable
polymeric plates and screws have been used in pediatric
patients with maxillofacial fractures in trauma patients
because permanent osteofixation may hinder facial
growth [21,22]. These bioresorbable polymers are
mainly high-molecular-weight aliphatic polyesters with
repeating units of o-hydroxy acid (HOCHR-COOH)
derivatives manufactured by ring-opening
polymerization [21-23]. The resorption of these
polymers begins with depolymerization through the
hydrolysis of their ester bonds and subsequent
metabolism, probably by macrophages, in the citric acid
cycle into water and carbon dioxide [17,21]. In the first
era, the strength of resorbable plates and screws was
poor, but the strength of the devices was increased by
using  self-reinforcement  technology  [17,21-23].
Encouraging results were reported for the treatment of
mandibular fractures and orthognathic surgery [22-24].
Recently, the concept has shifted from simply
“resorbable” to actual “bioresorbable,” which represents
biodegradation plus the stimulation of bioactivity, such as
an innovative osteoconductivity [7,18].

The ideal biodegradable material should not only support
boney fragments during healing but also resorb fully
once the healing process is completed. The resulting
metabolites should not cause any local or systemic
problems. Additionally, the amount of material required
must be small, and the material itself must be flexible
enough to be applied at various maxillofacial bone sites
[16-19]. These three resorbable materials, PGA, PLLA,
and PDLA, have been commonly well introduced for the
products [13,17].

Polyglycolic acid (PGA)

The first bioresorbable polymer to be used clinically was
poly (glycolic acid) (PGA), a highly crystalline and high-
molecular-weight molecule with limited clinical use for
osteosynthesis because of its susceptibility to rapid
degradation [2,8]. Approximately 4-7 weeks after
implantation (a duration that is insufficient to allow for
complete bone healing), PGA loses its mechanical
strength in vivo [8,25]. Additionally, adverse effects of
PGA have been observed during its clinical use; these are
due to difficulties in clearing the accumulated acid-
degradation products. These negative effects have
resulted in minimal use of pure PGA in maxillofacial
osteosynthesis [8,25].
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Poly (lactic acid) (PLA): PLLA and PDLA

Poly(lactic acid) (PLA) is another high-molecular-weight
bioresorbable polymer; its optically active carbon in
lactic acid generates two stereoisomeric forms; namely,
poly-l-lactide (PLLA) and poly-d-lactide (PDLA) [17].
Since the early 1990s, PLLA has been used as a
maxillofacial osteosynthesis material as “the first
generation” bioresorbable osteosynthetic material
[2,8,26]. Due to its crystallinity and hydrophobicity, PLLA
is resistant to hydrolysis; thus, bioresorption with
complete loss of strength in vitro does not occur within
the first 2 years of implantation [8, 26]. In a clinical
setting, the total resorption time of PLLA appears to be
over 3.5 years [27,28]. Two PLLA devices, FixsorbMX®
(TEIJIN Medical Corp., Osaka, Japan) and GrandFix®
(GUNZE, Kyoto, Japan), have been used in maxillofacial
bone surgery [13,16]. Reported problems include
insufficient intensity of materials, foreign-body reactions,
and a late-degradation tissue response [16,27,28]. On the
other hand, PDLA has lower crystallinity and is less
resistant to hydrolysis. Because of its slower degradation
rate, PDLA is highly biocompatible and applicable for
whole facial osteosysnthetic surgeries, including mid-face
and mandible, although crystalline particles resistant to
degradation may elicit an inflammatory response
[13,17,27].

Despite the advances in the polymers used for
maxillofacial osteosynthesis systems, there has been no
significant improvement in their strength compared with
that of titanium plate systems; sufficient thickness is still
required to maintain strength, and complications such as
palpability are related to the thickness of bioresorbable
plate systems [16]. Although the PLLA bioresorbable
plate system eventually degrades, it takes several years
for complete absorption to occur. Therefore, the influence
of thickness on osteosynthesis plates is important. In this
respect, the shape of GrandFix-Flat type® (Gunze, Kyoto,
Japan) was modified products from its original system to
develop a novel system that was made commercially
available as a thin, flat, bioresorbable plate system; this is
only ideal use for mid-facial osteosynthesis due to the
durability for strength (to date, limited approval has been
obtained in Japan). The plate is stiff, has mechanical
strength like that of conservative PLLA plates owing to its
width, and is well-suited to reducing the burden of facial
palpability, especially at easily facial palpated areas, such
as the periorbital rim and frontozygomatic sutures, as
reported previously [16].

Copolymers of PGA, PLLA, and PDLA

Copolymers of PGA, PLLA, and PDLA were preferred over
pure PGA and PLLA as “the second generation” as rapidly
bioresorbable osteosynthetic materials [8,13]. Their
properties can be controlled by varying the ratio of
glycolide to lactide for different compositions. The rates
of hydration and hydrolysis can increase when crystalline
PGA is co-polymerized with PLLA [13]. Therefore,
through the copolymerization of different derivatives of
a-hydroxy acids, a variety of different mechanical
qualities and degradation rates can be achieved. The

degradation time of the co-polymer depends on the ratio
of monomers used during synthesis [8]. In general, a
higher glycolide content leads to a faster rate of
degradation. For example, the degradation time is 5
months for an 85:15 PDLA: PGA co-polymer. However, an
exception to this rule is the 50:50 ratio of PGA:PLLA,
which shows the fastest degradation time [13,29].

Copolymers of 1-,d-lactides, such as SR-P(L/DL)LA 70/30,
a copolymer composed of 70% PLLA and 30% PDLA, lose
all strength in vitro after 48 weeks of implantation.
Copolymers of l-lactide and glycolide (PLGA) have been
used extensively owing to the wide range of
physiochemical properties of the components.
Lactosorb® (Biomet Inc., Jacksonville, Florida, USA) is a
copolymer of PLLA (82%) and PGA (18%) [19,29-31].
RapidSorb ® (DePuy Synthes CMF, West Chester, PA,
USA) is composed of the same polymers in almost the
same ratio of 85:15; both these products are only ideal
for mid-face and maxillary osteosynthesis (to date,
limited approval has been obtained in Japan) [32]. The
copolymer is structured to provide adequate strength for
6-8 weeks and for a complete resorption time of 12-18
months, those of which products are really feasible in a
clinical application for midfacial osteosynthesis as secure
and rapid bioresorbable materials, and such plate
systems [8,9,19,29]. The recent retrospective clinical
study by Sukegawa et al. [30] elucidated and stressed the
feasibility of PLLA/PGA copolymer plate systems in
maxillofacial osteosynthesis with relatively small minor
postoperative complication rates. It is metabolized via
the citric acid cycle and is eventually excreted by the
lungs as carbon dioxide and water [31-33]. Because of
their amorphous structure, copolymers do not release
any crystalline particles, and the rate of degradation is
slow enough to facilitate high biocompatibility [8,13].

u-HA/PLLA bioactive /resorbable material

Recently, hydroxyapatite has been incorporated into
PLLA because of its documented osteoconductive
capacity [34], [35]. SuperFIXORB-MX® (TEIJIN Medical
Corp., Osaka, Japan) (also known as OSTEOTRANS MX®
overseas) plates are made of a composite material of fine
particles of unsintered hydroxyapatite (u-HA) and
carbonate ions combined with PLLA [7], [18]. As “the
third generation” bioactive/bioresorbable osteosynthetic
material, forged composites of  unsintered
hydroxyapatite/poly-1-lactide (u-HA/PLLA) are
processed by machining or milling treatments into
various miniscrews and miniplates, containing 30% and
40% weight fractions of u-HA (raw hydroxyapatite,
neither calcined nor sintered material) particles in
composites, respectively (hereinafter referred to as u-HA
30% miniscrew and u-HA 40% miniplate) [7,18,34-36].
Because they are osteoconductive and biodegradable, the
u-HA/PLLA nanocomposites can be used for complete
replacement by bony tissue [34-37].

Furthermore, these devices maintain a bending strength
equal to that of human cortical bone for 25 weeks in vivo
[34-37]. Once PLLA has been implanted, its hydrolysis by
body fluids and biodegradation begins. The molecular
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weight of PLLA decreases and the u-HA fraction increases
for about 2 years [34,35]. The PLLA matrix is completely
absent from the composites after 4 years, and most u-HA
particles have been replaced by bone after 5.5 years
[35,36]. Although this long-term resorption can cause
additional complications, such as palpable discomfort
when using a resorbable plate in an area of very thin
facial skin areas (e.g., the periorbital region), it is possible
that discomfort may be exacerbated over time because of
a further increase in volume due to fibrous tissue
covering the plate [35,36]. Compared with early
bioresorbable polymers, u-HA/PLLA osteoconductive
composites provide more stable boney segment retention
during maxillofacial surgery and are approved for clinical
use with whole facial osteosynthetic surgeries of the mid-
face and mandible [35-37].

The u-HA/PLLA composite material has higher
mechanical strength, including bending strength, bending
modulus, shear strength, and impact strength, than PLLA
devices. The recent in vitro model study has clearly
demonstrated the efficacy of such higher stable
mechanical properties of the u-HA/PLLA plates system
using a 3-dimensional model of bilateral sagittal split
ramus osteotomy of the mandible upon biomechanical
loading evaluation [38]. u-HA/PLLA plates can bond
directly to bone and possess osteoconductivity. Recent
clinical reports have elucidated this innovative bioactive
osteoconductive direct bone healing effects of this plate
system based on scanning capacitance microscopy
analysis on an incompletely exposed plate after its
removals in maxillofacial regions [18,36-41]. Deposits of
bone-like regenerative tissue were evident on the bone-
contacting surface of the removed plates and screws
[7,39]. This suggested that the plates directly bonded to
bone and supported the osteoconductivity of the u-HA/
PLLA plate system to accelerate boney healing in
maxillofacial boney segments. The early osteoconductive
bioactivity is advantageous for early functional
improvements in maxillofacial osteosynthesis, such as in
maxillofacial fractures and osteotomies. Thus, because of
its bioactive, osteoconductive, and biodegradable
properties, this u-HA/PLLA composite material has
significantly innovative clinical advantages and may have
broad indications in maxillofacial surgery as a next-
generation material [34-41].

Clinical significance

The main applications of bioresorbable osteosynthetic
implants are to stabilize fractures, osteotomies, and bone
grafts in oral and maxillofacial regions of facial bones
[2,6-9,41,42]. The mid-facial skeleton is an acceptable
location for the use of bioresorbable osteosynthetic
implants given the relatively easy access to fractures in
this region and the low biomechanical stress to which
they are exposed. Furthermore, based on the recent
aforementioned innovative advances, improvements and
developments, this bioresorbable osteosynthetic system
can also be well applied to the mandible.

Clinical applications in orthognathic surgery

In orthognathic surgery, bioresorbable implants offer a
clinical advantage over titanium plates by eliminating the
possible need for a second operation for their removal
[12,13,24,42,43]. Le Fort I osteotomies are stabilized
with four L-shaped bioabsorbable plates and are secured
bilaterally in the pyriform aperture and zygomatic
buttress [2,8,13]. Reliable results have also been reported
using a biodegradable mesh [8,13]. Segmental Le Fort I
osteotomy is stabilized with the above standard
bioresorbable fixation [41]. Fedorowicz et al. [45]
evaluated the effectiveness of bioresorbable fixation in
orthognathic surgery by a systemic review study. Adverse
effects were observed in some plate exposures, mainly in
the posterior maxillary region [30,45]. Infection was
associated with loosened screws and wound dehiscence.
A recent meta-analysis discussed two trials comparing
the complications of bioresorbable and conventional
titanium fixation in Le Fort I orthognathic surgery as well
as three other trials comparing the complications of
resorbable and titanium fixation in the bimaxillary
operation category Le Fort I plus bilateral saggital split
ramus osteotomy (BSSRO) [9]. They concluded that there
was no significant difference between these two groups
in terms of complication rates [9].

Regarding mandibular osteotomy, the bioresorbable plate
application in BSSRO has been well-described [42,43].
Standard methods for the osteosynthesis of mandibular
BSSRO are the triangular placement of bicortical screws
or the use of two PLLA and HA/PLLA mini-plates and
monocortical screws [9,13]. When two plates are applied,
one is located above the inferior alveolar canal and the
other is located below the canal. Regardless of the
fixation method, mandibular setback is the more
unstable movement compared with mandibular
advancement [13, [44-48]. One mini-resorbable plate for
fixation of mandibular BSSRO with mandibular setback
can lead to segment mobility during the early
postoperative period [46,47]. A 0.7-mm-thick u-HA/PLLA
mesh can also be applied after mandibular BSSRO,
especially when major segmental movements have been
performed [46,47]. Osteosynthesis using u-HA/PLLA
devices in orthognathic surgery is reliable because of
their rigidity as well as their osteoconductivity and bone-
bonding capacity [38-40,44]. Furthermore, a recent
meta-analysis study showed no significant difference
between the bioresorbable and titanium plate fixation
groups in BSSRO [9]. Additionally, a subgroup analysis
was performed for complications, including infection,
temporomandibular disorders (TMDs), paraesthesia,
palpability, dehiscence, material-related complications,
exposure, and relapse [9]. These results showed the same
rate of complications in the bioresorbable and titanium
groups. Bioresorbable fixation systems tended to have a
similar favorable safety profile compared to titanium
fixation during bimaxillary operations, BSSRO, and Le
Fort I operations, in which the resorbable fixation was
superior to titanium fixation with regard to palpability,
and no plate removal was required [2,9,13,48,49].
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Clinical application in maxillofacial trauma surgery

The application of bioresorbable osteosynthesis in
maxillofacial trauma surgery has been well-documented
[7,16-19]. Previous studies have shown that mid-facial
fractures fixation stability can be achieved with
satisfactory results when uhydroxyapatite/poly-(I-lactic)
acid (u-HA/PLLA) and poly-l-lactic acid (PLLA) plates are
used (like titanium plates) [7-9,16-19,49]. In
maxillofacial fracture surgery, the feasibility of applying
biodegradable plates and screws for zygomatic fracture
fixation was first shown by Bos et al. in 1987 [50]. This
technique was soon extended to other craniomaxillofacial
fracture surgical procedures. Additionally, application
has been extended to craniomaxillofacial trauma regions,
from the mandible to the mid-face, especially in three-
dimensional orbital trauma reconstruction [15-19,51].
The resorbable system is applicable for rigid internal
fixation under specific conditions where muscular and
stress forces are not a determining factor in fragment
displacement, including mid-face and whole mandibular
fractures [14-19,51]. In paediatric patients, the effective
use of resorbable polyglycolic and poly-l-lactic acid
plating systems was well reported by Stanton et al. [52],
when combined with a brief postoperative period of
intermaxillary fixation for mandibular fractures surgical
treatment. However, the stability of fixation, the length of
time required for their degradation, and the possibility of
complications (e.g., foreign-body reactions) have not yet
been fully explored. Park et al. [53] suggested that
resorbable plate and screw systems should be selected
carefully depending on the fracture site and whether
there is an accompanying infection. It is important to
select the optimal method for the patient’s situation. The
use of biodegradable plates should be recommended for
minimally loaded maxillofacial fracture situations
[2,16,37, 39]. Additionally, the degradation process of
these devices, such as PLLA into carbon dioxide and
water, may take up to 3 years [26-28]. Therefore, the use
of resorbable plates and screws may be applicable in less
complicated fractures both in the mid-face and mandible
while considering the loading of mastication and
masticatory muscles at surgical sites [9,53,54].

Recent meta-analysis studies discussed pooled clinical
evidence from five trials of the maxillofacial fracture
fixation operation, and the combined results of the five
clinical trials involving both mid-face and mandible
fractures showed that the bioresorbable group had a
significantly lower rate of complications compared with
the titanium group [8,9,55-58]. Subgroup analysis was
further performed for complications, including infection,
paresthesia, foreign-body  reactions, palpability,
dehiscence, malocclusion, material-related
complications, exposure, and mobility [9,55]. Palpability
was more common in patients fixed with titanium than in
patients who received a resorbable fixation. Additionally,
the resorbable group did not show a significant increase
in infection, paranaesthesia, foreign-body reactions,
dehiscence, malocclusion, material-related
complications, exposure, or mobility, but metal ions were
present near the site, suggesting that metal gradually

leached out through the action of body fluids [8,9,
36,40,55-58]. The bioresorbable fixation systems tend to
have a favourable safety profile, like titanium fixation.
Furthermore, next-generation uHA/PLLA bioactive/
resorbable plates will be suitable for use as internal bone
fixation devices for maxillofacial fractures not only
because of their durable mechanical properties but also
their bioactivities, including osteoconductive potential
[34-40].

Therefore, a bioresorbable fixation system may be
applicable for maxillofacial fracture fixation surgery,
although further large-scale randomized, prospective
trials of the bioresorbable fixation systems used in
maxillofacial surgery are required to support the safety
of this approach [9,42,59].

CONCLUSIONS AND PERSPECTIVES

There have been significant advances in bioresorbable
osteosynthesis plate systems for oral and maxillofacial
surgery. These have been developed, improved and
modified for optimal clinical feasibility for both patients
and oral and maxillofacial surgeons and offer important
advantages over traditional titanium metal plate systems.
This review study presents an overview of, and update
on, the currently available bioresorbable osteosynthesis
materials and osteofixation systems.

Although the wuse of bioresorbable osteosynthetic
materials is still associated with several complications
that need to be resolved, compared with conventional
titanium fixation with the need for a second operation
and associated interference with boney healing, optimal
remodeling and radiological evaluation, the currently
available bioresorbable osteosynthesis systems for
maxillofacial surgery are feasible. Furthermore, based on
recent clinical and biological reports, bioabsorbable
osteosynthesis systems are reliable for osteofixation in
various maxillofacial surgeries, including fragment
fixation in orthognathic procedures and maxillofacial
trauma surgery. The use of bioresorbable devices leads to
predictable postoperative stable fixation for uneventful
boney healing and optimal remodeling, as well as skeletal
stability like that provided by conventional titanium
devices for specific limited applications.

The updated third generation bioresorbable material of
uHA/PLLA may be applicable for maxillofacial surgery as
it has optimal mechanical potential and bioactive,
osteoconductive/bioresorbable  characteristics.  This
material retains its strength long enough to support bone
healing and then gradually and harmlessly disintegrates
in the patient’'s body. The material properties and
degradation characteristics of these implants can be
engineered.

Further future development of these materials as
maxillofacial osteosynthetic plate systems should focus
on the reduction of foreign-body reactions and the
enhancement of biocompatibility, mechanical strength
and bioactivities, or bio resorption rate/speed
controllability, and even for such customizability. Overall,
further such improvements are required in the field of
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oral and maxillofacial surgery and maxillofacial boney
osteosynthesis.
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