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Background: Blowout fracture is defined as an internal orbital fracture that does not involve the orbital rim. This type of fracture
results in the loss of tissue and disruption of the structure of the orbital wall. The symptoms and signs include pain, enophthalmos,
diplopia, orbital emphysema, and ecchymosis. The surgeon’s main goal is to reconstruct the orbit in the best possible manner to
achieve optimal anatomy and functionality of the orbit wall postoperatively. There is no consensus regarding the best material for use
in surgical orbital reconstruction, despite the commercial availability of several biological and manufactured materials. Moreover,
material selection is often based on the practitioner’s preferences/experience and patient safety. This study reported two cases of orbital
fracture reconstruction using moldable methyl polymethacrylate as a bone surrogate. This material has already been used in dentistry,
neurosurgery, and orthopedic surgery and is potentially hazard-free for orbit surgery.

Case Presentation: Two victims of motor vehicle collisions presented with blowout orbital fractures. Cross-sectional imaging
revealed inferior fractures involving the orbital wall. High-resolution tomographic modeling was used to plan surgical orbital floor
reconstruction using moldable polymethyl methacrylate material. The short-term outcome of the implant appeared favorable at the
one-year follow-up, based on regular patient monitoring and cross-sectional imaging assessment. Postoperative improvement with
positive clinical outcomes was observed during both patients’ follow-up visits.

Conclusion: Moldable polymethyl methacrylate can be used safely and effectively for reconstructive surgeries for the management of
blowout orbital fractures. This new technique ensured a satisfactory short-term postoperative orbital configuration and tolerance and
good esthetic and functional results without adverse effects. This customizable product is affordable and easy to fabricate.
Keywords: implant, trauma, oculoplasty, magnetic resonance imaging, computed tomography

Introduction
Blowout fracture (BOF) refers to an internal orbital wall fracture not involving the orbital rim. The hallmarks of BOF are diplopia
and enophthalmos, and other presentations include pain, hypesthesia, subcutaneous emphysema, and eyelid ecchymosis.'~

The management of BOF is challenging for cosmetic surgeons.” The current lack of an ideal implant makes the
choice of implant difficult.*

Orbital floor BOF typically results from blunt trauma that pushes the globe posteriorly, causing an increase in the
pressure within the orbital chamber.” Although the diagnosis can be made clinically, cross-sectional imaging, including
computed tomography (CT) or magnetic resonance imaging (MRI), should be performed for confirmation, especially in
patients with suspected BOF, and is paramount to guiding the management plan.’ Surgical correction is usually
performed by repositioning all the herniated tissues into the orbit and placing an implant to avoid tissue movement
into the maxillary sinus.” Numerous materials have reportedly been used for orbital fracture reconstruction, including
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porous polyethylene, polydioxanone, and autologous calvarial bone grafting.* The primary aim of surgery is to restore
the optimal anatomical and functional structure of the orbit as much as possible.*

Moldable polymethyl methacrylate (PMMA) is an acrylic polymer discovered in the 1930s. It has found wide
application in the biomedical field as a bone substitute, spherical implant for evisceration or enucleation, and artificial
intraocular lenses, with a comprehensive safety and efficacy profile.®’

This case series describes the effective use of PMMA for the oculoplastic restoration after BOF for two patients
without considerable loss of bony or soft tissues. The patients were successfully treated with single, incident-free,
subciliary incision-based orbital reconstruction. Moreover, their cross-sectional imaging characteristics on CT and MRI
were also highlighted.

Materials and Methods

Study Setting
The study was conducted at King Fahd Hospital of the University (KFHU), a tertiary-care university teaching hospital
with 650 beds, located in the Eastern Province of Saudi Arabia.

Imaging Studies

Image Acquisition

Orbital MRI studies were performed using a 3-T whole-body system (Magnetom Skyra; Siemens Medical Solutions,
Erlangen, Germany) with a 20-channel phased-array head coil. Orbital CT studies were acquired using a 128-slice dual-
source CT system (Somatom Definition FLASH, Siemens Healthcare, Forchheim, Germany) with a 64-channel multi-
detector CT scanner.

Image Interpretations
A board-certified diagnostic and interventional radiologist (AS) conducted, reviewed, and reported the imaging studies.

Informed Consent and Follow-Up

Consent was obtained from the patients specifically for the publication of this case series. The patients’ clinical
assessment at the mid-term l-year follow-up revealed adequate orbital volume correction without any migration,
extrusion of the implant, or infection. Subjectively, patients were delighted with the postoperative results, and continue

to undergo regular follow-up visits to our clinic, without active complaints.

Case Presentation

Clinical Case One

A 27-year-old Saudi man, a victim of an MVC, was referred to the oculoplastic department with complaints of left eye
pain, swelling, and diplopia 1 day post-trauma. On examination, visual acuity was normal for both eyes, but left eye
emphysema, periorbital ecchymosis, swollen eyelids, and enophthalmos with mild limitation of lid elevation were
observed. The other gazes were full. The right eye was unaffected, and the results of other routine ophthalmological
examinations were normal, including intraocular pressure, slit-lamp, and dilated fundus examinations.

The bone algorithm on non-enhanced CT of the orbit revealed a displaced fracture involving the left lamina
papyracea, medial orbital wall, and left inferior orbital wall. The fractures were associated with a small, displaced
bone fragment, abnormal superior orientation of the globe, orbital fat herniation, and tethered inferior rectus muscle.
Moreover, periorbital swelling/bruising and lacerations of the skin were noted (Figure 1).

Initial management was provided, including cold compression, nasal decongestion, analgesics, and advice to avoid
nasal blowing. At the 1-week follow-up, the patient complained of enophthalmos. Surgical intervention was suggested by
the surgeon (Table 1), and written informed consent was obtained from the patient after explaining the benefits and risks
of the procedure.
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Figure | Preoperative coronal (A) and sagittal (B) computed tomography of the head with the bone algorithm showing a comminuted blowout fracture involving the right
orbital floor that approximately measures 0.86 cm % 1.5 cm X | cm in maximum orthogonal dimensions, which was associated with fat herniation, inferior rectus muscle
entrapment, soft tissue swelling, and intra-orbital gas locules The optic nerve appears unaffected.

Surgery was performed through a subciliary incision. Oculoplasty was performed using the Codman kit (CODMAN:
43-1280), which consists of two complete assemblies of the polymeric powder component, liquid monomer component,
and plastic sheath. All procedures were performed according to the manufacturer’s recommendations (Figure 2).

Postoperative MRI scans were used to evaluate the size and shape of the implant (Figure 3).

The patient was followed up at 2 days, 1 week, and 3 months postoperatively to assess the implant, and post-operative
complications. The patient showed esthetically and functionally acceptable results at follow-up. After one year, there was
no diplopia, complete extraocular motility, and normal findings on Hertel exophthalmometry (22.5, right eye; 22, left
eye) (Figure 4).

Clinical Case Two

A 28-year-old male victim of an MVC promptly approached our oculoplastic department with complaints of diplopia,
periorbital pain, and swelling in the right eye. On examination, the right eye showed limited elevation and diplopia on
upward gaze. The patient also experienced numbness above his right cheek. However, full eye movement was possible in
all directions. The left eye was unaffected, and further routine eye examinations were unremarkable. CT was performed,
which revealed a comminuted fracture involving the floor of the right orbit associated with fat herniation, entrapment of
the lower rectal muscle, and swelling of the soft tissues. The optic nerve seemed intact (Figure 5).

As in the first case, conservative management was provided initially, and the surgeon suggested surgical treatment
after 1 week, after obtaining written informed consent from the patient. The synthetic materials commonly used in
oculoplastic reconstruction are summarized in Table 2.

This surgery was also performed through a subciliary incision. Codman cranioplasty was utilized for reconstruction
(CODMAN: 43-1280).

Table | Proposed Criteria for Surgical Treatment of Orbital Floor Fractures

Significant internal orbital defects confirmed via imaging

Disturbances of eye mobility as a result of the existing incarceration of ocular muscles

Enophthalmos

Exophthalmos secondary to blow-in fractures

Hypophthalmos
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Figure 2 Steps for intraoperative custom preparation of polymethyl methacrylate implants. (A) Mixing the PMMA acrylic resin powder with the liquid component (from the
set) in a sterile ampoule in a well-ventilated atmosphere. (B) Open the peelable pouch and start emptying the whole contents. (C) Enclose into the sterile foil pouch, ie,
plastic sleeves. (D) transfer the plastic sleeves to the sterile surgical area, and when the dough-like material does not adhere to the surgical gloves of the surgeon, the PMMA
resin is ready for manipulation. Apply the resin to the osseous defect and remove any excess resin.

Postoperative MRI scans were used to assess the size and shape of the implant (Figure 6).

The follow-up regimen was similar to the first case. The patient’s clinical condition improved over the immediate
post-surgical course without the occurrence of adverse events. Similarly, after a year, diplopia was absent, with normal
ocular motility, and normal Hertel exophthalmometry findings (17, right eye; 17 left eye) (Figure 7).

Figure 3 Postoperative follow-up magnetic resonance imaging of the globes. Multi-sequential coronal planar images of the orbit, including plain T| weighted imaging (A, B); TI-
weighted imaging with contrast and fat saturation (C); and T2-weighted imaging (D). These images demonstrate the status after right orbital floor oculoplasty and inferior orbital wall
PMMA implant placement (¥) with interval complete sealing of the prior fracture. The placed implant measures .69 cm x 1.9 cm (A and B) and can be seen covering nearly the entire
inferior orbital wall [2.8 cm] (A). The implant is seen subjacent to the inferior rectus muscle with satisfactory attachment to the right inferior orbital wall and adequate fat spacing from
extraocular muscles. No significant asymmetry is observed in orbital muscles bilaterally, nor are there signs of an inflammatory process.
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Figure 4 Postoperative photographs in the primary gaze (A) and supraduction (B) positions showing significant correction of the inferior sulcus after the BOF and resolving

enophthalmos. The patient was followed up for one year and showed no complications.

Figure 5 Preoperative sagittal (A) and coronal (B) computed tomography of the head with the bone algorithm show a displaced fracture of the left lamina papyracea, medial
orbit, and displaced BOF of the left inferior orbital wall, which approximately measures 1.4 cm X 2 cm X | ¢cm in its maximum orthogonal dimensions. The BOF is associated
with a small, displaced bone fragment, abnormal superior orientation of the globe, orbital fat herniation, tethered inferior rectus muscle (*¥), and proptosis of the eye.

Abbreviation: BOF, blowout fracture.
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Table 2 A Summary of Commonly Used Synthetic Materials in Oculoplastic Reconstruction”

3

Type of Implant

Advantages

Disadvantages

Bone (rib, ilium, mandible, maxilla, and

calvarium)

- Rigidity, molding capacity, vascularity, and biocompatibility
- Minimal inflammatory reaction

- Less infection, extrusion, capsule formation, and ocular tethering

- Donor site-related complications

- Increased operative time

- Difficulty in contouring the desired morphology and
size

- Cannot be used alone in large defects with multiple
fractures

- Unpredictable and variable degree of graft resorption

Cartilage (auricular, concha, and nasal septum)

- Ease of access, malleability

- Excellent support without evidence of resorption, long-lasting up
to 3 years

- Can survive with minimal oxygen requirement, improve graft
viability reduce resorption rate (ie, relative avascularity)

- Less infection, extrusion, and chronic inflammatory reaction

- Minimal site-related morbidity

- For small defects only (up to 2 cm X 2 cm) due to
donor tissue availability

- Increased operative time

Allogenic (lyophilized dura mater, demineralized

human bone, fascia lata, banked bone)

- Lack of donor site complications
- Decreased operative time

- Biocompatible

- Higher resorption rate than that of autografts

- Disease transmission from the donor (eg HIV, HCV,
prion disease)

- Higher rate of enophthalmos compared to autologous

grafts

Polymers (polylactic acid, polyglycolic acid)

- Biodegradable and predictable absorption kinetics

- Easy shaping to desired morphology and size

- Spares operative time and allows for primary reconstruction since
it is resorbable

- No donor site complications

- Adequate biomechanical resistance

- Prevent post-operative proptosis due to low profile construction
- Not requirement for rigid fixation

- Radiolucency

- Inflammatory reaction to foreign implant causing ocular
muscle adhesion and diplopia
- Increased rate of late enophthalmos after degradation

- Not suitable for large defects

Porous polyethylene

- Variable size and thickness

- Allows vascularization and ingrowth of soft tissue and bone
- Rigid fixation is not required

- Easy molding and adaptability

- Long-term stability and tensile strength

- No significant change in orbital volume

- Adequate structural support

- More suitable for a large defect

- High infection rate

Titanium

- Used for large orbital defects >2 cm and correction of orbital
shape
- Prevents development of traumatic enophthalmos

- Availability, biocompatibility, ease of intraoperative contouring

- Difficult positioning

- Require rigid fixation

- Requires open reduction and internal fixation for
unstable, displaced, or comminuted fracture

- Fibrogenic, adherent syndrome

- Persistence of diplopia and enophthalmos

- Difficulty in removal due to scar perforating the pores

- Toxicity due to metal ion release

Bioactive glasses

- Osteoconductive (new bone formation)
- Rigid fixation is not required
- No implant-related infection, migration, or extrusion reported

- Foreign body reaction can occur

- Difficulty in shaping and molding.

Others: silicone,

- Low cost, flexibility, ease of handling
- Adequate structural support

- Used in large orbital fracture

- A higher fibrous capsule formation rate is a significant

risk for fistula, sinus tract, cyst, and infection

Abbreviations: y, year; HIV, human immunodeficiency virus; HCV, hepatitis C virus.
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Figure 6 Postoperative follow-up images of the globes, as multi-sequential MR coronal planar images of the orbit including T1 weighted images without (A and B) and TI
weighted images with contrast and fat saturation (C), and T2 weighted images (D) Coronal CT with the bone algorithm (E) showing the status after left orbital floor
cranioplasty and inferior orbital wall implant placement for a previous inferior orbital wall displaced fracture, none of which were visualized on follow-up images. The implant
measured 2.2 cm X 1.4 cm and covered nearly the entire inferior orbital wall (2.8 cm). The implant is seen subjacent to the inferior rectus muscle with satisfactory
attachment to the left inferior orbital wall and adequate fat spacing from extraocular muscles. No significant asymmetry was observed in the orbital muscles bilaterally, nor
are there signs of an inflammatory process or implant sliding.

Abbreviations: CT, computed tomography; MR, magnetic resonance.

Discussion

Numerous types of implant materials reported by previous studies have been used clinically for reconstruction following
orbital floor fracture. They can be grouped mainly into organic and fabricated/synthetic materials. Organic materials are
classified into auto-graft (eg, bone or cartilage), allograft (eg, Lyophilized Dura Mater, Demineralized Human Bone), or
xenograft implants. Fabricated/synthetic materials are classified into absorbable (eg, polymers) or non-absorbable (eg,
porous polyethylene, titanium, bioactive glass, silicone, nylon, Teflon, and Seprafilm) implants (Table 2).***

However, the choice of ideal graft material remains controversial, and depends primarily on the operator’s preference
and individual judgment for each patient, to ensure that it elicits good results with fewer complications. The three most
commonly used materials for orbital floor reconstruction in clinical practice are autologous calvarial bone graft, porous
polyethylene, and polydioxanone.* Bone graft is still considered the gold standard by several surgeons.*’

This case report demonstrated the benefits of using moldable PMMA materials, a new type of oculoplastic implant,
which can be used safely and effectively to repair orbital floor fractures. To the best of our knowledge, reconstruction of
an orbital floor BOF with this material has not previously been reported in literature.

Groth et al reported nine patients with complex orbitofacial defects secondary to trauma, who underwent reconstruc-
tion using custom, heat-cured PMMA implants and described the long-term efficacy of using PMMA as a substitute
material for implants.'®

CRANIOPLASTIC® is an acrylic derivative of PMMA, which is widely used in neurosurgery, dentistry, and
orthopedics to replace missing bone.”!' '3 It is commonly used as an orbital sphere implant in anophthalmia to provide
more volume to the orbit.'*

PMMA is considered an advantageous material in several fields as it does not cause donor-site complications, since it
is an immunologically inert synthetic material.* Allergic reactions to PMMA can occur, albeit rarely.* Additionally, it
offers ease of fabrication (of the implant) and can be shaped according to the size and shape of the bony defect with real-
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Figure 7 Postoperative photographs in the primary gaze (A) and supraduction (B) positions showing significant correction of the inferior sulcus after the BOF and resolving
enophthalmos The patient was followed up for one year and showed no complications.

time adjustability; therefore, it can be used for small and large defects, unlike the available absorbable materials that
cannot be used in large defects.* PMMA also does not require any hardware for rigid fixation.*

However, the disadvantages of fabricating large implants using PMMA include time-consuming manipulation.'®'?
Besides, the adjacent soft tissues are exposed to the heat of polymerization and residual monomer.'® Once the PMMA
resin begins to polymerize and generate heat, these implants must be removed from the molding to prevent deformation
and damage to the contour.'®'® However, these issues can be overcome using several techniques, such as performing the
fabrication and implantation of PMMA implant procedures separately, including molding of the defect, fabrication of
a negative cast from the mold, and implant production using heat polymerization,'> duplication of the original bone flap
using a molding technique or as a template for the direct shaping of metal plates. The molding time can be reduced by
limiting model fabrication to the defected bone and its proximal structures. The final implant can be modeled intra-
operatively within minutes.'®"”

The use of intraoperative CT scan during the repair of orbitozygomatic fractures was first reported in 1999."® Orbital
BOF can be identified on MRI with clinically acceptable accuracy.'® Recent investigations by Cooper et al suggest that
MRI is comparable to CT for imaging isolated orbital BOF, as evidenced by all BOFs maintaining an average fracture
boundary deviation of 1.13 mm or less from the gold standard, CT."” Another recent cohort study examined the
diagnostic accuracy of CT and MRI to assess the integrity of the orbital wall in pathological states. Both modalities
were on par with the gold standard; however, imaging assessment of orbital wall integrity leads to a comparably higher
number of false-positive findings. In such cases, BOF can be confirmed easily via intraoperative exploration.' Moreover,
pre- and postoperative three-dimensional (3D) cross-sectional imaging has become standard for all patients with
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craniomaxillofacial trauma. Intraoperative 3D scanning is a relatively recent innovation,'® which is very useful, as correct
positioning of implants can be adequately evaluated on 3D imaging.'®

Limitations

This study, which reflects recent experiences with a new technique to manage facial fractures with appropriate visual and
functional results, has multiple limitations; furthermore, our study is a case series and cannot be used to draw general
conclusions. Thus, we recommend further studies with this type of implant, and suggest commercial manufacturing of
a moldable PMMA material (CRANIOPLASTIC®) with a roughed surface to decrease the probability of implant
movement. The lack of long-term outcomes is also a possible limitation, since it is unknown if the PMMA implant
would undergo deterioration (PMMA is susceptible to polymerization shrinkage). The allergenic potential of PMMA is
also a limitation. Finally, the operator’s experience is a factor in the manipulation of this material, which would affect the
generalizability of the findings.

Conclusion

Subject to the limitations of a small series of two clinical cases, it suffices to conclude that moldable PMMA is a readily
available material that can be potentially used to manage BOF in oculoplastic surgeries. It is a customizable material,
which can be manipulated effortlessly, that allows for a shorter intraoperative time, small surgical wound, quicker
recovery, and greater affordability. However, further studies are needed to investigate and validate its long-term safety
and effectiveness. PMMA implants were noted to provide a satisfactory level of orbital configuration and patient
tolerance in the short term, while ensuring good cosmetic and functional outcomes with relatively fewer adverse effects.

Abbreviations
MRI, Magnetic resonance imaging; CT, Computed tomography; PMMA, polymethyl methacrylate; BOF, Blowout
fracture.
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