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ABSTRACT | Purpose: To evaluate the biocompatibility of
three-dimensional (3D) printed orbital spheres for evisceration.
Materials: A total of 10 consecutive patients (eight females and
two males; mean age, 46.8 + 14.2 years) underwent evisceration
of blind painful eyes. 3D spherical implants produced by a
rapid prototype machine were used to restore orbital volume.
The implants were produced from a commercially available
photocurable resin (Fullcure®). Systemic toxicity was evaluated
by comparing serum biochemical measurements (creatine
phosphokinase, aspartate aminotransferase, alanine amino-
transferase, albumin, creatinine, urea, alkaline phosphatase,
and C-reactive protein) before and at 12 months after surgery.
Local toxicity was assessed by the evaluation of signs of socket
inflammation at the first postoperative month. Changes in
implant size were determined by computed tomography scans
at 2 and 12 months after surgery. Results: The postoperative
evaluations were uneventful. The biochemical evaluation sho-
wed no significant changes after surgery. None of the patients
presented signs of orbital implant inflammation, infection,
exposure, or extrusion. Computed tomography scan evaluations
revealed no changes in implant size. Conclusion: To the best of
our knowledge, this is the first phase-1 clinical study to certify
the biocompatibility of the Fullcure resin for orbital implants in
humans. The 3D printing technology permits fast and accurate
production of implants for this purpose.
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RESUMO | Objetivos: Avaliar a biocompatibilidade das esferas
produzidas por impressora tridimensional em evisceragao.
Pacientes e métodos: Evisceracdo por olho cego doloroso
foi realizada em 10 pacientes consecutivos (8 mulheres, idade
média: 46.8 + 14.2 anos). Os implantes esféricos foram pro-
duzidos pelo sistema de prototipagem rapida utilizando dados
tridimensionais computadorizados. O material utilizado para
producdo dos implantes foi a resina fotocurdvel Fullcure®.
A avaliagdo da toxicidade sistémica do material foi realizada
por meio da dosagem de marcadores bioquimicos (creatina
fosfoquinase, aspartato aminotransferase, alanina aminotrans-
ferase, albumina, creatinina, ureia, fosfatase alcalina, e proteina
C-reactiva) antes da cirurgia e aos 12 meses de p6s-operatorio.
Aavaliagdo da toxicidade local foi realizada por meio do registro
qualitativo dos sinais inflamatérios no lado operado durante
o primeiro més de pés-operatério. O tamanho dos implantes
foi medido em tomografias computadorizadas (CT) aos 2 e 12
meses de p6s-operatério. Resultados: A avaliacdo bioquimica
mostrou que os marcadores estudados nao sofreram alteragdes
significativas ap6s a cirurgia. Nenhum paciente apresentou
sinais de inflamacdo atipica, infec¢do, exposicao ou extrusao.
A avaliacdo tomografica nao demonstrou mudangas nos tama-
nhos dosimplantes. Conclusao: O presente trabalho é o primeiro
estudo clinico realizado para atestar a biocompatibilidade dos
implantes orbitais de resina fotocuravel Fullcure. A produgao dos
implantes pela técnica de impressao tridimensional, utilizando
essa resina, permite a disponibilizagdo rapida e acurada do
produto final

Descritores: Exenteragio orbitaria; Doencas orbitarias/reabilita-
¢ao; C)rbita/cirurgia; Impresséo tridimensional; Resinas acrilicas/
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This content is licensed under a Creative Commons Attributions 4.0 International License.

http://dx.doi.org/10.5935/0004-2749.20190090

Arg Bras Oftalmol. 2019;82(6):471-5 471


https://www.ncbi.nlm.nih.gov/pubmed/?term=classification+of+three-dimensional+printing+technologies%3A+systematic+review+of+three-dimensional+printing+for+patient-specific+craniomaxillofacial+surgery
https://orcid.org/0000-0003-2540-8398

A three-dimensional printed photopolymer resin implant for orbital rehabilitation for evisceration or enucleation

INTRODUCTION

FullCure 720" resin is a photocurable, translucent,
durable acrylic-based material, without hypersensitivity
properties that can easily be obtained in Brazil, with
an accessible cost to the local population. The FullCure
720" acrylic resin spherical orbital implant is a non-in-
tegrable, rigid, durable, light (1.19 g/cm3 density), trans-
parent, yellow-colored, and photosensitive material.

Alloplastic porous and non-porous implants are
routinely used to restore orbital volume after eviscera-
tion or enucleation. In developing countries, cost is an
important factor that limits the use of porous implants.
Non-porous implants composed of acrylic and silicone
are inexpensive, but not always commercially available.
Additive manufacturing or three-dimensional (3D) prin-
ting is a relatively new and inexpensive technique that
allows the production of virtually any type of object™.
Printable customized surgical instruments and medical
devices are now being tested for surgical planning,
training, and education®*.

In a previous study, we experimentally analyzed the
biocompatibility of a 3D printed orbital implant made
with a photopolymer (FullCure 720 resin) in 16 rabbit
eyes. Our results showed that FullCure® resin did not
induce any abnormal inflammatory reaction in the ano-
phthalmic sockets of the rabbits®.

The purpose of the present study was to evaluate the
safety of printed FullCure 720 resin orbital implants for
eviscerated human eyes.

METHODS

The study cohort consisted of 10 patients (eight
females and two males; mean age: 46.8 + 14.2 years)
with a diagnosis of a blind painful eye, who underwent
evisceration at the Evangelic Hospital of Curitiba and
the Eye Hospital of Parana, Brazil, from 2013 to 2014.
The study protocol was approved by the Ethical Review
Board of Evangelic University of Parana and informed
consent was obtained from all the patients prior to par-
ticipation in this study. No grant was received from any
funding agency for this research.

All the patients underwent a comprehensive labora-
tory investigation, which included the determination of
blood levels of creatine phosphokinase (CPK), aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
albumin, creatinine, urea, alkaline phosphatase (ALP),
and C-reactive protein (CRP) before and 12 months
after surgery. These tests were chosen according to the

472 Arg Bras Oftalmol. 2019;82(6):471-5

1SO 10993-11 guidelines (international biocompatibility
standards, part 11) to assess potential remote adverse
effects of medical devices.

Implant production

FullCure 720® orbital implant is produced with the
use of rapid prototyping technology (material addition
as successive plain layers). Initially, the implant was de-
veloped in a computer-aided design-3D format and then
converted to a stereolithography (STL) format to enable
rapid prototyping via PolyJet technology. SLT 3D printing
is a well-known additive manufacturing technology in
which photopolymers (liquid resin) are converted into
highly complex solid objects with great accuracy and
fine details. Specifically, the printer releases a certain
amount of resin, part of which is cured by ultraviolet
light. Once the initial layer of the object has hardened,
the platform moves away from the surface and builds
another layer of liquid resin. Again, the laser traces a
cross-section of the object being printed, which ins-
tantly bonds to the hardened section beneath it. At the
end of this process, the final product is delivered.

FullCure 720 resin has been used to produce solid
spherical implants of three different diameters of 14 mm
(2 patients), 16 mm (7 patients), and 18 mm (1 patient),
similar to those of conventional commercial polymethyl
methacrylate (PMMA) spheres. At the end of the printing
process, the implants were sent to a proper facility for
polishing of the surface (Figure 1) and sterilization with
ethylene oxide.

Figure 1. Polished surface of a FullCure 720® resin orbital implant.
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Evisceration

Conventional evisceration, in which the cornea is
removed without posterior sclerotomy, was performed
for all the patients under peribulbar and monitored
anesthesia®. In most patients, 16-mm implants were
introduced into the scleral sac. Polyglactin sutures
were employed to close the sclera. The Tenon’s capsule
and conjunctiva were closed independently with 6-0
polyglactin sutures. A medium-sized conformer was
then placed and topical antibiotics were applied.

Postoperative evaluation

Inflammatory signs of hyperemia, chemosis, and
discharge were weekly categorized as 1 (minimal) to 3+
(intense) during the first postoperative month. Compu-
ted tomography was used to evaluate reabsorption of
the sphere by linear measurement of the implant at 2
and 12 months after surgery. Biochemical marker mea-
surements were made at postoperative month12 and
compared to preoperative values.

RESULTS

Postoperative evaluation was uneventful, as none of
the patients presented with signs of orbital implant in-
flammation, infection, exposure, or extrusion (Figure 2).
Biochemical evaluations revealed no significant changes
after surgery (Table1).

Mean linear measurements of the implant were
15.8 = 1.13 mm before surgery, 15.97 + 1.21 mm at 2
months after surgery, and 15.99 + 1.15 after 12 months
(one-way analysis of variance: F=0.08, p=0.92). Ocu-
lar prostheses were adapted during the third month of
follow-up, when the socket was completely healed with
no signs of inflammation or infection (Figure 3).

Figure 2. Right socket with the Fullcure implant at 3 months after
evisceration.

DISCUSSION

The technology used to print 3D objects has become
increasingly affordable. For surgeons, 3D printing has
been useful for research, surgical training, and preo-
perative planning®. Callahan et al.” recently demons-
trated the use of 3D implant molds for orbital fracture
repairs. In 2013, a 3D object was successfully implanted
for the first time in a patient, during which a printed
splint was introduced in the trachea of an infant with
localized tracheobronchomalacia®.

Several implants have been developed for volume re-
placement after evisceration and enucleation. Although
both time-tested and new materials are currently avai-
lable in many countries, occasionally production cannot
be certified by local health surveillance agencies. In
Brazil, the only certified product currently available for
orbital implant after evisceration is a porous polyethyle-
ne product distributed under the trade name Medpore®
(Porex Surgical, Inc., Fairburn, GA, USA). However, the
high cost of this implant material has prevented its use
in most public hospitals.

We chose to produce the implants from a low-mo-
lecular weight (density=1.19 g/cm3) acrylic-based,
low-cost, monomer resin, sold under the trade name
FullCure 720®. The final product was similar to acrylic
implants. The weight of an 18-mm diameter FullCure
720" implant was 3.56 g, while a PMMA implant of the
same size weighs 3.61 g©.

After the introduction of FullCure 720® resin im-
plants into the scleral shell, no systemic toxic effects
were detected. All biochemical tests remained within
normal ranges during the postoperative period, with the
exception of CRP values, which had slightly increased
(up to 10 mg/dL) from preoperative levels. Many condi-
tions, such as obesity, diabetes, hypertension, sedentary
lifestyle, and alcohol consumption, can cause an increa-
se in CRP levels. As these variables were evaluated and
the CRP level did not increase further throughout the
postoperative period, this abnormality was not consi-
dered a systemic effect of the implant.

The results of our previous experimental study de-
monstrated that a fibrous capsule between the sclera
and the implant surface prevented long-term interac-
tions between the implant and sclera®. Postoperative
conjunctival hyperemia and other inflammatory signs
were within expected ranges for this procedure with
current non-porous implants“?.

There was no instance of implant exposure or extru-
sion within the 12-month evaluation period, which may
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Table 1. Mean, median, minimum, and maximum values of biochemical markers before and 12 months after surgery

Variable Time Mean Median Minimum Maximum SD Reference value P
CPK (U/1) Pre 111.2 89.0 49.0 361.0 93.3 40-150 (female)
Post 140.1 105.0 40.0 434.0 116.3 60-400
Post-Pre 28.9 5.0 -11.0 119.0 43.0 0.062
AST (U/l) Pre 28.9 27.0 17.0 54.0 1.7 0-35
Post 24.3 23.0 17.0 35.0 6.0
Post-Pre -4.6 1.0 -28.0 4.0 11.2 0.227
ALT (U/1) Pre 30.9 29.0 19.0 53.0 9.9 0-35
Post 28.6 28.0 14.0 54.0 10.8
Post-Pre -2.3 1.0 -15.0 5.0 7.1 0.33
Albumin (g/dl) Pre 4.2 4.2 3.9 4.8 0.3
Post 4.4 4.5 3.8 4.8 0.3 3.5-5.5
Post-Pre 0.2 0.3 -0.4 0.6 0.3 0.109
Creatinine (mg/dl) Pre 0.9 0.9 0.7 1.1 0.1
Post 0.9 0.9 0.7 1.2 0.2 <1.5
Post-Pre 0.0 0.0 -0.3 0.4 0.2 0.751
Urea (mg/dl) Pre 30.8 26.0 10.0 59.0 16.4 15-45
Post 36.6 36.0 16.0 81.0 19.1
Post-Pre 5.8 2.0 -9.0 30.0 11.8 0.154
ALP (U/l) Pre 75.1 66.0 47.0 110.0 20.0
Post 85.0 79.0 41.0 121.0 28.9 30-120
Post-Pre 9.9 9.0 -35.0 55.0 25.1 0.244
CRP (mg/dl) Pre 7.2 4.0 0.3 24.0 8.3
Post 5.4 6.0 0.3 17.0 4.8 0.8-3.1
Post-Pre -1.9 0.0 -15.0 2.0 5.2 0.500

be considered as good clinical tolerance similar to that
obtained with other non-porous implants"".

The relatively small size of the implant allowed in-
trascleral placement without scleral modification, thus,
preventing contact of the implant with the orbital tissue.
Nonetheless, further studies are necessary to determine
whether exposure of the implant to the orbital tissues
could lead to different outcomes. Intrascleral implant
placement also avoids implant migration, but prevents
the use of larger implants, which can lead to a lack of
orbital volume. In this series, no patient complained
about the final cosmetic result.

3D technology allows for customization of the im-
plant format and size according to the patient’s ano-
phthalmic socket. In this study, to minimize the influen-
ce of multiple factors on biocompatibility analysis, all
the implants were spherical.

To determine if the stability of this new implant is
comparable to that of currently available non-porous
. implants, long-term follow-up is necessary. However,
Fisre 5. Cnca ssoet of  palen t 3 monts aer molanielon o1, the best of our knowledge, this phase-1 study is
the prosthesis in place. the first to apply 3D technology to produce a spheri-
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cal implant for orbital volume replacement following

evisceration.
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