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Abstract Orbital fractures with orbital wall defects are

common facial fractures encountered by oral–maxillofacial

surgeons, because of the exposed position and thin bony

walls of the midface. The primary goal of surgery is to restore

the pre-injury anatomy and volume of hard tissue, and to free

incarcerated or prolapsed orbital tissue from the fracture by

bridging the bony defects with reconstructive implant

material and restoring the maxillofacial–orbital skeleton.

Numerous studies have reported orbital fracture repair with a

wide variety of implant materials that offer various advan-

tages and disadvantages. The ideal orbital implant material

will allow conformation to individual patients’ anatomical

characteristics, remain stable over time, and are radiopaque,

especially for the reconstruction of relatively large and/or

complex bony walls. Based on these requirements, novel

uncalcined and unsintered hydroxyapatite (u-HA) particles

and poly-L-lactide (PLLA; u-HA/PLLA) composite sheets

could be used as innovative, bioactive, and osteoconductive/

bioresorbable implant materials for orbital reconstruction. In

addition, intraoperative navigation is a powerful tool. Nav-

igation- and computer-assisted surgeries have improved

execution and predictability, allowing for greater precision,

accuracy, and minimal invasiveness during orbital trauma

reconstructive surgery of relatively complex and large

orbital wall defects with ophthalmological malfunctions and

deformities. This review presents an overview of navigation-

assisted orbital trauma reconstruction using a bioactive,

osteoconductive/bioresorbable u-HA/PLLA system.
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Introduction

The facial orbit is often affected by traumatic injuries, and

orbital fractures are common in oral–maxillofacial surgery.

Orbital fractures with orbital defects are common because of

the exposed position and thin bony walls of the midfacial area.

Approximately 30–40% of orbital fractures occur in combi-

nation with other midfacial fractures, including zygomatic

complex fractures, Le Fort II and III fractures, nasoorbital–

ethmoid fractures, and frontal bone/orbital roof fractures,

although they may occur alone [1, 2]. More than half of medial

inferior orbital wall fractures occur just medial to the junction

between the infraorbital groove and inferior orbital fissure [1].

Complications of post-traumatic orbital deformities when the

primary reconstruction is inaccurate include diplopia,

enophthalmos, restricted eyeball mobility, disturbed sensory

innervation, reduced globe motility, and altered visual acuity

associated with increased or distorted orbital volume [2].

The goal of reconstruction is reduction in the enlarged

bony orbit and reconfiguration of the orbital morphology

[1–3]. Precise reconstruction of the orbit is the primary step
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in restoring normal function and esthetic appearance.

However, reconstruction outcomes are unpredictable be-

cause of the difficulty of reconstructing the complex orbital

contour. Anatomical orbital landmarks function as impor-

tant guides during surgery and may be helpful for orbit

reconstruction. However, it can be difficult to locate the

posterior ledge, which is the most important dorsal

anatomical landmark and provides support for reconstruc-

tion material [1, 3]. Despite advances in diagnostic and

surgical procedures, treatment of these fractures remains

challenging for maxillofacial surgeons because of limited

vision in the working space for minimal surgical approa-

ches; difficulty in manipulating prolapsed orbital soft tis-

sues; and difficulty in reconstructing the three-dimensional

(3D) orbital architecture, especially of the posterior medial

bony orbit [1–4].

Intraoperative navigation is used to address these chal-

lenges and has recently been used more commonly in

orbital reconstruction to verify that the reconstruction was

performed successfully. Navigation-assisted orbital recon-

struction was first introduced by Gellrich et al. [5]; several

reports have subsequently modified and refined these

computer-aided techniques using new technologies

[1, 5–8]. In recent years, many studies have supported the

feasibility of this technique. Preliminary outcome data

have supported the potential of this technique for restoring

orbital volume. Using this approach, the position of the tip

of the navigation pointer is visualized in real time and can

be used to assess the position of the implant in the orbit.

This information is presented to the surgeon in multiplanar

views corresponding to the current position of the navi-

gation pointer; the contour of the restored orbit is evalu-

ated. This allows the surgeon to quickly alter views if the

pointer is moved over the contour of the orbital implant.

However, this may limit accurate assessment of the implant

position in three dimensions since the implant position

must be deduced from the contour feedback in the multi-

planar view.

Intraoperative computer-assisted planning is considered

an effective technique for re-establishing orbital symmetry

[8–10]. Moreover, computer-assisted navigation has

recently evolved to improve precision and simplify the

surgical procedure by minimizing surgical invasiveness.

The development of intraoperative navigation surgery has

improved execution and predictability, allowing for greater

precision during maxillofacial surgery [8–10].

For orbital reconstruction implants, many materials

including autologous grafts and synthetic materials have been

used for reconstruction [11]. The ideal implant material must

meet a variety of requirements, such as being biocompatible,

non-carcinogenic, non-allergenic, radiopaque, and suffi-

ciently strong to support the orbital contents. Alloplastic

materials should be cost-effective and amenable to

sterilization. Resorbable implants should completely resorb

without forming harmful degradation products. The implant

should be available in large quantities, and cutting, adjusting,

and fixing it to the orbital wall(s) should not be complicated.

To achieve long-term reliable results with large orbital wall

fractures and greater dislocation of bony fragments, materials

with better mechanical properties are required. Ideal implants

would provide good structural support and be biocompatible,

easily positioned, and readily available [11].

Currently available materials do not meet these criteria

fully; thus, there is no general guideline as to which of

these materials should be used for orbital reconstruction.

Although autografts have been traditionally considered the

‘‘gold standard,’’ they give rise to various problems and

difficulties, including limited availability, the need for

extra surgery, and a higher risk of donor site morbidity

[11]. Patient-specific implants based on titanium or ceramic

to restore the orbital anatomy are becoming increasingly

popular [7, 8, 10, 11]. Although initial studies are

promising, data on long-term results are lacking. There are

several disadvantages, such as the time-consuming fabri-

cation (at least a few days) and the high cost. Since it is a

foreign body, there is a risk of infection, even years after

insertion, as observed in patient-specific titanium cranio-

plasties. For secondary trauma, there may be a higher risk

of injury due to the rigid foreign body.

Recently, the resorbable plate system has proved to be an

effective material [12]. Bioresorbable osteosynthesis tech-

nology is constantly evolving to enhance bioresorbability

and bioactive osteoconductivity, with new compositions of

materials being used to improve the in situ behavior [12]. In

particular, SuperFIXSORB-MX� (Japanese trade name;

known as OSTEOTRANS-MX elsewhere; TEIJIN Medical

Technologies Co., Ltd, Osaka, Japan), which is a composite

of fine unsintered hydroxyapatite (u-HA) particles and car-

bonated ions combined with poly-L-lactide (PLLA; u-HA/

PLLA), is a promising bioactive, osteoconductive, and

completely resorbable osteosynthetic bone fixation and

maxillofacial reconstructive material that has recently drawn

attention for its long-term clinical stability in maxillofacial

skeletal fixation and reconstruction [12–14]. The ground-

breaking osteoconductive and bioactive properties of these

composites allow them to fuse directly with bone. Thus,

u-HA/PLLA composites are of interest as an ideal candidate

material for orbital wall reconstruction because of their

advantageous physical properties, high levels of customiz-

ability and control, and ability to support the orbital content

[1, 10, 12]. This innovative, bioactive, osteoconductive/

bioresorbable sheet was first introduced for orbital recon-

struction by Landes et al. [15].

This short review presents an overview of navigation-

assisted orbital trauma reconstruction using a bioactive,

osteoconductive/bioresorbable u-HA/PLLA sheet system.
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Intraoperative Navigation

‘‘Intraoperative navigation-assisted surgery’’ can be inter-

preted in various ways. Navigation-assisted surgery is most

usefully defined by the questions: ‘‘Where is our anatom-

ical target?,’’ ‘‘How do we reach our target safely?,’’ and

‘‘Where are we anatomically?’’ Apart from these important

orientation questions, navigation-assisted surgery is used as

an ‘‘information center’’ to provide surgeons with the

correct information at the right time [7, 10]. Surgical

navigation systems are generally similar to a Global Posi-

tioning System (GPS), as used commonly in automobiles,

and is composed of three primary components: a localizer,

which is analogous to a satellite in space; an instrument or

surgical probe, which represents the track waves emitted by

the GPS unit in the vehicle; and a CT scan data set, which

is analogous to a road map. Surgical navigation systems

were initially developed for neurosurgery and are now

commonly used in various craniomaxillofacial surgery

because of their reliability and high accuracy, which could

be suitably applicable for complex orbital trauma recon-

struction [7, 10] (Fig. 1a). There are two main types of

navigation system currently available, optical and electro-

magnetic, both of which perform the same functions

(Fig. 1b).

u-HA/PLLA Bioactive, Osteoconductive

Bioresorbable Material

Recently, hydroxyapatite has been incorporated into ‘‘the

first-generation’’ bioresorbable osteosynthetic material

poly-L-lactide (PLLA) because of the known osteocon-

ductive capacity of hydroxyapatite (Fig. 2a) [12]. Super-

FIXORB-MX� (known as OSTEOTRANS-MX� outside

of Japan; TEIJIN Medical Technologies Co., Ltd) plates

are made of a composite material consisting of fine parti-

cles of u-HA and carbonate ions combined with PLLA.

Forged composites of u-HA/PLLA were processed by

machining or milling treatments into various mini-screws

and mini-plates containing 30% and 40%, respectively,

weight fractions of u-HA particles (raw hydroxyapatite; no

calcined or sintered material) in composites (hereinafter

referred to as u-HA 30% mini-screws and tack and u-HA

40% mini-plate) as ‘‘the third-generation’’ bioresorbable

material [12]. Copolymers of PGA, PLLA, and PDLA are

classified as ‘‘the second generation’’ and are much more

rapidly bioresorbable osteosynthetic materials compared to

pure PGA and PLLA [12].

These devices maintain a bending strength equal to

human cortical bone for 25 weeks in vivo. Once it has been

implanted, PLLA is hydrolyzed by body fluids and undergo

biodegradation. The molecular weight of PLLA decreases,

and the u-HA fraction increases, for about 2 years. The

PLLA matrix is completely absent from the composites

after more than 4 years, and the majority of u-HA particles

are replaced with bone after 5.5 years. Regarding biore-

sorbability, reinforced fabricated PLLA is hydrophobic and

degrades slowly; a thin PLLA film provides an interface

with invading water molecules, allowing homogeneous

hydrolysis and steady degradation of the PLLA matrix in

u-HA/PLLA composite materials [12]. The resulting

release of small amounts of PLLA debris has not been

shown to result in adverse tissue responses in experimental

or clinical studies [12–19]. Thus, u-HA/PLLA prevents

foreign body reactions because of its moderate and

stable hydrolysis. The sheet/panel and screw/tack fixation

system has shown stable degradation without foreign body

reactions, in both in vivo and clinical studies [1, 10, 12].

However, as complete resorption occurs over 4 years or

more, its gradual progress must be followed regularly by

CT during bone healing. CT radiography can confirm

reconstruction at the site of bone healing; the reconstructed

sheet and screws can be observed because u-HA particles

render them radiopaque, which represents another advan-

tage of this type of material [12]. CT radiography showed

spanning of the fracture site by the reconstructed sheet at

various stages of healing, indicative of bone regeneration

by this osteoconductive bioactive material, as reported

previously [10, 12].

Furthermore, the u-HA/PLLA composite material shows

higher mechanical strength, including bending strength,

bending modulus, shear strength, and impact strength

compared to PLLA devices. u-HA/PLLA plates can bond

directly to bone with osteoconductivity [12, 16]. Several

recent clinical reports have explored the bioactive, osteo-

conductive, direct bone healing effects of this plate system

using scanning capacitance microscopy analysis on an

incompletely exposed plate after removal [12, 16].

Deposits of bone-like tissue were evident on the bone-

contacting surface of the removed plate. This shows that

the plates directly bonded to bone and support the osteo-

conductivity of the u-HA/PLLA plate system [18, 19].

Early osteoconductive bioactivity is advantageous for early

functional improvement after maxillofacial fractures sur-

gery. Due to its bioactive, osteoconductive, and

biodegradable properties, this u-HA/PLLA composite

material has clinical advantages and may prove an ideal

next-generation osteosynthetic or implant material.

Thus, u-HA/PLLA composites are of interest as suit-

able candidate materials for orbital wall reconstruction

because of their advantageous physical properties, high

levels of customizability and control, and sufficient sta-

bility to support the orbital contents [12]. Thus, this sheet

was anatomically bent based on computer-assisted 3D

morphological customization preoperatively, to conform to

the natural bony contours of the orbit such as reproducing
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the upward posteromedial slope of the floor and the ante-

rior-to-posterior S-shaped curvature [10, 12].

u-HA/PLLA Implant Application for Orbital

Trauma Reconstruction

Many implant materials have been used for orbital recon-

struction, including autologous tissues such as bone or

cartilage as well as synthetic materials [11]. The success of

orbital reconstruction depends on several factors, such as

the surgical technique and the general medical condition of

the patient, in addition to the properties, design, and bio-

compatibility of the reconstruction material [11]. A perfect

biomaterial would be chemically inert, bio-friendly, and

non-allergenic. In addition, it should be cost-effective,

readily available, sterilizable, and easy to handle, and

should also be stable and retain its shape once manipulated.

Preferably, it should be radiopaque to allow radiographic

evaluation without producing artifacts that may mask

important features on subsequent radiologic examination.

Briefly, in defining the ideal characteristics of an orbital

reconstructive implant material, many surgeons prefer

materials that allow conformation to individual patients’

anatomical characteristics, remain stable over time, and are

radiopaque [11].

In this regard, u-HA/PLLA composites are one of the

most promising implant materials for orbital reconstruc-

tion, as they fulfill these clinical requirements [12]. These

Fig. 1 a Components of an

intraoperative surgical

navigation system. Navigation

system is comparable to a

Global Positioning System

(GPS) commonly used in

automobiles and is composed of

three primary components.

b Two main types of navigation

system currently available:

optical (left) and

electromagnetic (right)
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materials are particularly suitable for application as an

internal reconstructive bone fixation device in the

anatomically complex maxillofacial skeletal region not

only because of their mechanical properties (such as their

thinness and their mechanical and bending strength, which

approaches that of maxillofacial cortical bone) but also

because of their osteoconductivity and bioresorbability

[18, 20–22]. Together, these characteristics make u-HA/

PLLA composites highly advantageous for bone healing

and allow easy shaping and adjustment to 3D morphology.

Using appropriate surgical techniques, we believe that

these composites may be superior to conventional metal

materials, such as titanium mesh or sheet plates, as well as

other commercially available bioresorbable materials, such

as PLLA and PLLA/PGA sheets, panels, or mesh for sur-

gical reconstruction of midfacial fractures with large

orbital wall defects.

Landes et al. [15] first reported the successful applica-

tion of u-HA/PLLA orbital mesh with screw fixation for

two cases of orbital floor reconstruction in a 5-year

prospective long-term follow-up clinical study of a mid-

facial fracture treatment using u-HA/PLLA systems,

although Hayashi et al. [23] had already reported the

suitability of u-HA/PLLA composite as an osteosynthetic

device for 17 midfacial fracture operative treatments (but

had not applied this to orbital wall reconstruction); Landes

et al. [15] explored the intraoperative handling of these

implants, and successful fracture stabilization and reossi-

fication with a low incidence of mild foreign body reac-

tions were reported in all patients, including orbital floor

reconstruction, with a focus on the feasible osteoconduc-

tive properties of the composite material, similar to other

HA-based bone replacement materials that slowly trans-

form to bone.

Park et al. [24] evaluated the usefulness of u-HA/PLLA

implants for the repair of pure medial orbital wall fractures

of medial wall defects in 10 cases with expected future

enophthalmos, defects greater than 2.5 cm2, extraocular

movement impairment, and/or diplopia. The clinical results

were satisfactory, although the report did not mention

whether the implant material was mesh or sheet, and none

of the patients experienced complications related to sur-

gery, such as infection or enophthalmos, throughout the

follow-up period [24]. They concluded that u-HA/PLLA

Fig. 2 a Maxillofacial osteosynthesis systems using third-generation

bioactive/bioresorbable materials, the SuperFIXORB-MX� (OSTEO-

TRANS-MX�) system; TEIJIN Medical Technologies Co., Ltd,

Osaka, Japan. b The currently available two main types of intraop-

erative navigation systems for our routine complex orbital trauma

reconstructive surgery: optical surgical navigation system (left:;

Brainlab, Feldkirchen, Germany) and electromagnetic surgical nav-

igation systems (right: the StealthStation, Medtronic, Inc., Louisville,

Colorado, USA)
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implants are safe and reliable for reconstruction of the

medial wall of the orbit, in terms of rigidity, immobility,

radiopacity, and cost-effectiveness [24]. However, they

also described difficulty with manipulation and molding,

which is inconvenient for reconstruction of a complex 3D

defect; possible migration was also mentioned in their

report.

In 2016 [1], we supported the feasibility of u-HA/PLLA

sheets in nine patients with moderate-/medium-complexity

to large/high-complexity orbital wall defects associated

with severe midfacial trauma in most cases, and of orbital

floor and combined orbital floor plus medial orbital wall

reconstruction under navigation assistance. An intraopera-

tive optical navigation system (Brainlab, Feldkirchen,

Germany) based on preoperative computed tomography

(CT) data was first combined to determine the extent of

orbital wall defects and confirm three-dimensionally

accurate placement of the u-HA/PLLA sheet implant for

reconstruction (Fig. 2b) [1, 10, 25, 26]. Furthermore, the

u-HA/PLLA sheet was stabilized with tack(s) with a

backstitch shape, where the application of u-HA/PLLA

sheets with the tack fixation technique reduced the risk of

sheet migration in the orbit and provided excellent stability

for orbital wall reconstruction at fragile and anatomically

complicated periorbital maxillofacial bony regions, without

the risk of unexpected orbital wall breakage, which would

exacerbate the orbital wall defect and cause screw loos-

ening [1, 10]. Although the mean follow-up period was

8.9 months, we observed satisfactory ophthalmologic

functional results with no intraoperative or postoperative

complications. Furthermore, we reported the advantages of

u-HA/PLLA sheets with tack fixation under intraoperative

navigation assistance during computer-assisted surgery

(CAS) for relatively large complex orbital floor and medial

defect complex reconstruction, in five cases using a single-

folded u-HA/PLLA sheet (Fig. 3) [10]. The u-HA/PLLA

sheet was preoperatively fabricated, shaped, and prepared

using a computer-assisted 3D morphological customization

technique, mirroring the preoperative 3D model image of

the u-HA/PLLA sheet [10]. Computer-assisted, single-fol-

ded u-HA/PLLA sheets fabricated using a tack fixation

technique provide satisfactory ophthalmologic functional

results for large and complex combined orbital floor and

medial wall fracture reconstruction, with no intraoperative

or postoperative complications [10].

Recently, the feasibility of navigation-assisted isolated

medial orbital wall fracture reconstruction using u-HA/

PLLA sheets, fabricated by tack fixation, for isolated

medial wall fracture reconstruction has been explored [27].

In 2018, the largest clinical study on this topic, by

Kohyama et al. [28], showed both the immediate- and long-

term results of u-HA/PLLA composite sheets for orbital

wall fracture reconstruction in 115 patients, although they

did not apply intraoperative navigation- or a computer-as-

sisted approach. In this research, in 70 eligible cases, the

u-HA/PLLA mesh or sheet showed excellent safety and

effectiveness in the reconstruction of orbital wall fractures.

Of the 70 patients, 10 had postoperative diplopia and 2 had

enophthalmos; these conditions were presumably caused

by the extent and severity of the fracture [28]. Satisfactory

reduction in the entire orbital wall was demonstrated

without pathological changes and with no significant dif-

ferences in mean bony orbital volume of the affected side

between immediately after surgery and at the latest follow-

up [28].

u-HA/PLLA has a similar cost performance compared to

other common commercially available orbital biomaterial

implants and is superior to the costly patient-specific tita-

nium orbital reconstruction plate systems [12, 24, 27, 28].

Feasibility of Computer-Assisted Intraoperative

Navigation Orbital Trauma Reconstruction Using

u-HA/PLLA Bioactive Osteoconductive

Bioresorbable Material

Computer-assisted surgery can improve outcomes in

complicated maxillofacial trauma surgeries, especially

orbital trauma reconstruction [5–10, 25]. The use of 3D CT

imaging reconstruction and virtual planning provides

accurate and individualized assessments for the restoration

of orbital walls, orbital volume, and orbital fractures with

bony defects, as reported previously. Proper implant sizing

and shaping is critical to the success of this technique [25].

Given the relatively large surface area of the implant, the

rigidity of the material, and the proximity of the implant to

vital orbital structures such as the optic nerve, small

deviations in contour and shape can result in significant

complications [25]. The first step in CAS for orbital

reconstruction is segmenting the orbital walls and orbital

volume. Using a mirroring technique, the unaffected side

can be emulated on the deformed side to achieve symme-

try, creating a template for an ideal orbit. Using this

technique, preoperative preparation can easily be per-

formed, resulting in accurate orbital reconstruction. Com-

puter-assisted pre-surgical planning includes preoperative

surgical simulation with 3D images or models. Preopera-

tive virtual planning, as part of CAS, is considered a

valuable addition for pre-traumatic orbital anatomical

reconstruction [25]. The outcome of the surgical correction

depends on the shape and position of the orbital implants.

One advantage of a preformed implant is that a stere-

olithographic (STL) software file of the implant can be

used preoperatively to identify the optimal fit and position

in a digital environment [25]. Therefore, we recommend

the use of computer-assisted 3D morphological cus-

tomization, even for single-folded u-HA/PLLA composite
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sheets, as well as preoperative CT scan measurements, to

determine the appropriate dimensions of the implant

(Fig. 4) [25]. Additionally, 3D intraoperative positioning

of the implant on stable ledges of bone is critical, as no

implant, no matter how well designed or shaped, will

function properly if not placed in an anatomically correct

position.

The limited working space for minimal surgical

approaches hinders the view of the orbital defect and

complicates the verification of implant position during

surgery, which may result in suboptimal placement of the

implant and unsatisfactory outcomes such as enophthalmos

and/or diplopia [5–8, 27]. Recently, preoperative com-

puter-assisted planning with virtual implant placement has

been combined with intraoperative navigation to recon-

struct the bony orbit more accurately and thus optimize

treatment outcomes. Intraoperative navigation assists the

surgeon in achieving optimal reconstruction. Preoperative

surgical simulations with 3D images have been used to

determine the appropriate position and size of orbital

reconstruction implants. A system for navigation was

developed to further ‘‘diagnosis–surgical planning–sur-

gery,’’ allowing the surgeon to visualize the actual position

of surgical instruments in real time on the monitor dis-

playing the CT or magnetic resonance imaging (MRI) 3D

data of the patient [25]. Navigation systems involve

imaging the surgical field to reveal structures that are

normally visible only intraoperatively, and permit naviga-

tion in areas of anatomical sensitivity. These systems have

recently evolved, improving precision and simplifying the

surgical procedure by minimizing intraoperative invasive-

ness. The development of navigation-assisted surgery has

improved execution and predictability, allowing for greater

precision during orbital trauma reconstructive surgery

[25, 29, 30].

The feasibility of computer- and navigation-assisted

orbital trauma reconstruction using u-HA/PLLA is sup-

ported by previous clinical studies, including our studies,

although the only comparative clinical study available at

this time is our retrospective clinical study (Sukegawa

et al.) [31], which investigated the feasibility and precision

of relatively large orbital trauma reconstruction employing

the u-HA/PLLA mesh plate system, with and without

intraoperative computer-assisted navigation, using an

electromagnetic navigation system (Medtronic StealthSta-

tion S7 workstation using Synergy Fusion Cranial 2.2.6

Fig. 3 A 17-year-old male patient with left maxilla and nasoorbital–

ethmoid fracture with a large combined orbital floor and medial walls

defect fracture of type IV defect [10]. a Preoperative CT scans. b The

original preoperative 3D-model image was evaluated overlapping the

mirrored 3D-model image for 3D morphological individual

customization of u-HA/PLLA sheets using the stereolithographic

model and testing paper. c An intraoperative photograph showing the

single-folded u-HA/PLLA sheet reconstruction with tack fixation

under surgical navigation assistance. d 12 months postoperative CT

scans
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software; Medtronic, Louisville, CO, USA). Although the

number of patients recruited to the study was small, it

examined their postoperative healing status, including

visual acuity, diplopia, and enophthalmos, and compared

the overall volume of the orbit, measured in cubic mil-

limeters, to reconstructed and uninjured orbits with and

without intraoperative computer-assisted navigation [31].

We showed a significant difference in the accuracy of the

mean reconstructed orbital volume with versus without

intraoperative computer-assisted navigation guidance. No

patient complained of visual problems, no further treatment

was required postoperatively, and all the preoperative

diplopia symptoms improved postoperatively. In addition,

no patient complained of problems with activities of daily

living, excluding one patient in the group without naviga-

tion who experienced slight but persistent supraversion

diplopia. Therefore, complex orbital trauma reconstruction

using optimal bioactive/resorbable u-HA/PLLA material

with computer-assisted navigation guidance is an accurate

and reliable method for complex orbital trauma repair [31].

Future Perspectives and Conclusions

The major drawback of the u-HA/PLLA system is common

to all other commercially available biomaterials, namely

the difficulty of manipulation and bending, which impedes

the generation of complex 3D shapes with curves that

Fig. 4 A 68-year-old male patient with right maxilla and nasoor-

bital–ethmoid fracture with a large combined orbital floor and medial

walls defect fracture of type IV defect. a Preoperative CT scans.

b The original preoperative CT images were evaluated overlapping

the mirrored CT images from the uninjured side for up-to-date 3D

morphological precise individual customization of u-HA/PLLA

sheets using the actual orbital simulation stereolithographic model

(Yasojima Proceed Co., Ltd, Osaka, Japan). c An intraoperative

photograph showing the u-HA/PLLA sheet reconstruction with tack

fixation under surgical navigation assistance. d Postoperative CT

scans
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conform to the anatomical shape of orbital wall(s) [12, 32].

However, the u-HA/PLLA sheet, panel, or mesh can be

warmed and molded through several cycles during each

operation, a process that is much more efficient and precise

when used in conjunction with computer-assisted preop-

erative preparation.

Patient-specific titanium mesh orbital wall reconstruc-

tion is the most commonly used implant material for

complicated orbital reconstructions, with feasibility sup-

ported by clinical reports [7–9, 11, 29, 30]; however, as

next-generation biomaterials for orbital trauma recon-

struction, u-HA/PLLA composites may become more

common as patient-specific, anatomically modified bioac-

tive orbital implants with the application of current CAS

techniques based on computer-aided design/manufacturing,

along with computer simulation data [32]. These methods

are very useful for precise, individualized orbital recon-

struction, since 3D model creation and plate production for

fabricating implant materials are expensive and time-con-

suming, making them unsuitable for emergency surgery

[15, 25, 29, 30].

The advantage of using CAS and the surgical navigation

system is the ability to check implant fit both preopera-

tively and intraoperatively in an accurate digital environ-

ment. This digital planning is not material-specific; the

only prerequisites are that the material is sufficiently rigid

and the digitally formed shape accords with the actual

shape of the implant, even after manipulation. Furthermore,

intraoperative navigation allows for accurate plate forma-

tion during emergency surgery. Furthermore, it is possible

to evaluate the status of whole orbital wall reconstruction

and implant/plate positioning several times during the

procedure. Although conventional orbital reconstruction

can ensure that no clinical functional disorder occurs, more

accurate orbital reconstruction is possible using intraoper-

ative navigation. Thus, we support the use of an intraop-

erative navigation system for relatively complex and large

orbital trauma reconstruction [31]. In addition, some recent

studies have shown a significant difference in the accuracy

of orbital reconstruction surgery [29, 30]. Therefore,

application of this system for minimally invasive orbital

trauma reconstruction surgery allows the procedure to be

performed rapidly, safely, and precisely, and increases

confidence in the orbital reconstruction. In the future, CAS

is expected to further reduce operation risks and time, thus

considerably decreasing patient distress. A navigation

system would be effective and feasible for use with orbital

reconstruction.

We expect further developments to yield simpler and

smaller tools, which will allow for direct tracking of the

midface and orbits via a sensor frame and fiducial markers

[25]. In addition, it is difficult to renew intraoperative

images, but recent technological advances allow for

intraoperative CT image editing via hybrid operating

rooms equipped with C-arm or helical CT systems.

Moreover, CT images for navigation during surgery for

complex maxillofacial fractures have made it possible to

conduct intraoperative evaluations after movement of

orbital bone segments [25]. Hence, navigation surgery will

likely become more common with the continued use of this

technology.

In conclusion, reconstruction of relatively large and/or

complex orbital traumas can be achieved using an optimal

bioactive, osteoconductive, bioresorbable, and biocompat-

ible u-HA/PLLA material with intraoperative navigation.

Although this orbital reconstruction method is accurate,

precise, and reliable, further long-term observational

studies are required. In addition, randomized controlled

trials should be performed to compare computer-assisted

intraoperative navigation orbital reconstruction using

u-HA/PLLA versus conventional methods.
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