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SUMMARY: Late orbital reconstruction is a complex and challenge for surgeons. The aim of this article is to present complex
orbital reconstruction using patient specific implant (PSl) strategy and polyetheretherketone (PEEK). A literature revieasesd a
series of sequelae after complex orbital trauma are presented; cases with great middle third deformities showing defaxila the
nasal area, body of the zygoma and zygomatic arch were included; in both cases the sequelae was for more than 10 years. Virtual
planning and PEEK implants were manufacture using a puzzle (two or three parts) by 3D print or injection. Patients waraltreated
their surgeries carried out without complications, using a minimal surgical approach. No infections were observed, antbattes 12
follow-up they were stable showing normal function. PSI based-PEEK for orbital reconstruction are safe, efficient, effetdive an
obtain orbital morphology with low complications.
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INTRODUCTION

Late surgery of the orbit is a complex challenge in The aim of this article is to present the clinical
maxillofacial surgery because the deformity is related tgpplication of Polyetheretherketone (PEEK) in complex
surgical difficulties and aesthetic requirements (Palmieri geconstructions of the middle third face and orbit using 3D
Ghali, 2012). Late orbital reconstruction is performed to treglanning strategies and patient specific implant (PSl).
complex trauma with no early surgery, or to treat complex
or bad treatment (Palmieri & Galhi). Sequelae in the orbital
complex include bone repair related to bad union @ASE REPORTS
nonunion; scar contractions and remodelling of soft tissues
is present, which makes the correction more difficult
(Gellrichet al, 2019). Case 1 Female patient, aged 64 years, was referred to the

Maxillofacial Surgery Unit to treatment of sequelae of orbital

Recovering morphology and function involvestrauma after 13 years. Left orbital volume 40% greater than
complex planning and adaptation strategies, and the useleé right orbital volume was defined by computed
materials to obtain full recovery with low morbidity; differenttomography (CT). A new cranium was designed by mirror
materials for facial implants have been produced and adapigfhge, and the model was used for recovery of orbital volume
in the last years; on other hand, 3D assistance became pagt facial contours, including sagittal projection of the
lar in the 1990s and were quickly incorporated into facialygomatic bone using PEEK.
surgery (Mankovictet al, 1990; Binder & Kaye, 1994).

Nowadays, a synergy between materials and 3D assistance  Implant modelling was performed by PEEK injection
is confirmed to treat difficult cases. into a negative model created from a 3D design, using a
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software to model the shape and size of the implant. A duglgomatic sequelae after 25 year related to a large

PSI system with a puzzle strategy was designed using raaxillofacial trauma. The clinical diagnosis showed deformity

extended transconjunctival approach and lateral canthotonay;the orbit, maxilla, paranasal area and zygomatic arch.

the implant was fixed with plates on the upper area and

screws in the body of the zygoma. The CT shows implant After review, was decided the reconstruction with no

stability, symmetry and volume obtained similar to the righthodification of the sequel to modified volume over the

orbit (Fig 1). defect; the poor quality of the soft tissue, long time scar,
low vascular supply and another variable related to the

Case 2 A 62-years-old male giient was referred to the patient, surgical time and anesthesia, was important for the

Maxillofacial Surgery Unit with a complaint of orbito- clinical decision.

A

Fig. 1. A) An extensive destruction of the left middle third (casel). Was lost the facial integrity in this patient; vwexb realiz

a biomodel and planned a PEEK implant by injection; B) orbital implant including zygoma and medial area of the orbit; C)
lateral view showing the new lateral wall conformed by the implant; D) Transconjunctival approach to install the puzzle; E)
Fixation of the implant in one point in the orbit; F) lateral view showing the proximity, fit and fixation on the frontal bone;
G) Preoperative tomography showing the loss of structure and H) Reconstruction of the orbital and zygoma complex by
puzzle PSI.
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Recovery of shape, volume and size was plannggnsconjunctival, intraoral and pre-auricular technique was
using a PEEK implant with a puzzle technique. The 3Dsed and fixation was made with screws on the bone. The
design of the implant was made and the manufacturif@T shows the implant after installation, without
process involved 3D printing of PEEK (different to the firstomplications and with proper assembly, following
case realized by injection); the surgical approach bmorphological planning of this reconstruction (Fig 2).

Fig. 2. A) Great loss of hard tissue is observed in the left orbit of this patient (case 2); B) biomodel was created from the
computed tomography including zygomatic arch and maxilla; C) PEEK PSI was designed by puzzle application in a 3D
print. Surgery was done with no complications and the implant was installed over the defect; D) CT showing good perfor-
mance in final position and symmetry in the final position.

DISCUSSION

The use of PSI provides surgeons and patiengsitry surgery” are great advantages of this technology, and
advantages, such as safe planning and execution, especiediyld show a reduction in long-term economic cost.
in cases of facial asymmetries and complex facial defects
(Patelet al, 2017). Disadvantages involved the requirements Currently, stock or customised implants and a wide
of high quality CT, increased planning time and increaseénge of manufacture materials are available. In 1994, Binder
economical cost (Binder & Kaye). However, reduction ind Kaye (Binder & Kaye) showed first reports of 3D
surgical time, precision in the technique and the low “reassistance for implant planning and manufacture, with
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Table I. Summary of published cases using 3D print PEEK-based for orbital reconstruction.

Authors cases Reconstruction Complications

Alonso-Rodriguez et al. (2015) 7 Orbit and Zygomaicomaxillary 2 c ases with infection and 1case
complex with replaced of the implant

Saporano et al. (220) 7 Fronto-orbita No

Jarvien ¢ al. (2019) 5 Orbit No

Chepurnyi et al. (2020) 28 Orbital floor No

Gerbino etal. (2015) 6 Orbit and Zygomaticmaxillary No
comnlex

potential and effectiveness; designs based on 3D technology =~ Our two cases were both highly complex, involving
have been studied with high support and great results.  reconstruction of the middle third of the face, including
extensive areas in the zygomatic bone, maxilla and
The materials available for these cases have beeypgomatic arch. The techniques used for modelling and
described extensively, considering autogenous bone and satidnufacture, as well as the puzzle technique for
alloplastic materials (Pottet al, 2012). Polyetheretherketoneintraoperative assembly, allowed better control in surgical
(PEEK) is a highly resistant material with an elasticity moduapproach, low morbidity and high predictability; no
le similar to bone. In these cases, PEEK injection into a threeamplications were observed in the surgery or in the follow-
dimensional model created by CAD/CAM allows adaptationp time.
to the surgical environment.
Recently has been presented 7 cases of unilateral
PEEK has been used for more than 30 years (Williafnonto-orbital reconstruction using PEEK (Soporahal,
& McNamara 1987), becoming — along with titanium —a good020); they obtained symmetry with differences of
choice for these applications. Unlike titanium, PEEK offerapproximately 1.5mm, with no complications and no
the possibility of modification during surgery. This is importantequirement for intraoperative modifications. Jane¢l
when complications from surgery are possible, such 8019) presented 24 cases using PEEK, of which 5 needed
incorrect osteotomies or other changes in the surgical rooadditional manipulation, with no infections in the follow-
PEEK can be ground, filed and modified, which titaniunup. Our cases are in the same route, using puzzle technique
cannot. Other advantages of PEEK include the light weight wfith PEEK by injection or 3D printing, being versatile in
the implant, better viewing in image and the absence bbth approaches.
artefacts in CT and MR.
Evidence in this field shows the good performance
PEEK is used in trauma, orthopaedic and spinalf PSI in facial reconstruction (Chepurmsti al, 2020).
surgery, showing versatility in the process (Kurtz & Devineiowever, clinical trials are necessary to confirm the key
2007). In the case of orbital reconstruction, the airflow anf@dctors involved in this technique. Limitations in our report
the biofilm from the maxillary sinus or nasal cavity coulcare related to a low sample and short follow-up; the authors
explain potential infections (Table I); however, postoperativeould confirm that customised PEEK implants for orbital
infection is low and controlled, close to other types of implanteconstruction are safe, efficient and effective; they show a
with high stability in primary and secondary reconstructiongersatile strategy for complex orbital reconstruction.
(Alonso-Rodriguezt al, 2015; Gerbineet al, 2015). This
technique has been presented in other reports, showing that
the puzzle format is useful in to reduce the size of the implafARTINEZ, F.; ALISTER, J. P.; URIBE, F.; OLATE, S. Co-
and minimize the surgical approach (Goodsbal, 2012).  rreccion Tardia de Deformidades de Orbita Usando Implantes
Personalizadodnt. J. Morphol., 39(6).683-1687, 2021.

It has been confirmed that PSI are more precise than

stock units for orbital floor reconstruction (Zimmer al, . . S o .
2016): alth h th - d bili f th b Eesaflo complejo para cirujanos. El objetivo de este articulo fue
); although the position and mobility of the eyeba resentar la reconstruccion orbitaria compleja utilizando implante

showed no significant differences between groups using stogkciente especifico (PSI) y polietereterketona (PEEK). Son pre-
or PSI, the customised units required less surgical time (appr@¥ntados una revision de literatura y una serie de casos con secue-
15% less). As well, Kandt al (2020) indicated that virtual las posteriores a un trauma orbitario complejo; ademas, son pre-
planning and the use of customised implants improved facigg#ntados casos con gran deformidad del tercio medio del rostro
symmetry. mostrando defectos en maxila, area nasal, cuerpo del hueso

1686

RESUMEN: La reconstruccion tardia de la érbita es un



MARTINEZ, F.; ALISTER, J. P.; URIBE, F.; OLATE, S. Late correction of orbital deformities using customized implattJ. Morphol., 39(6)1683-1687, 2021.

cigomatico y arco cigomatico; ambos casos de secuela fueron paporano, G.; Doneddu, P.; Gasparini, G.; Staderini, E.; Boniello, R.; Todaro,
mas de 10 afios. Planificacion virtual e implantes en PEEK fueron M.; D’Amato, G.; Pelo, S. & Moro, A. Custom made onlay implants in
creados usando una estrategia de puzzle (dos o tres partes) deJe?';;]'_‘ T?’l‘j'”‘?f?(‘f'é\’(' S“rggrlﬁg"d SP ’f‘if" S);ftc; 3385é9.1|1_2&2%6
inyeccién o impresién 3D. Los pacientes fueron tratados y sus & I Shi. L Pei, Y.; Yang, D.; Gao, P Xiao, X.; Guo, S.; Li, M. & Gou,

. . . . . ., .~ Z.Comparative effectiveness of PEEK rods versus titanium alloys rods
rugias realizadas sin complicaciones usando accesos quirlirgico

. . ) , Sn cervical fusion in a new sheep modeur. Spine J., 29159-66,
reducidos. No se observaron infecciones y después de 12 meses dgy,q.

seguimiento permanecieron estables mostrando funcion normaliliam, D.F. & McNamara, A. Potential of polyetheretherketone (PEEK)
Los PSI para reconstruccién orbitaria son seguros, eficientes, efec-and carbon-fiber-reinforced PEEK in medical applicatidndater.
tivos y recuperan morfologia de 6rbita con bajas complicaciones. Sci. Letter, 6188-90, 1987.

Zimmer, R.M.; Ellis, Il E.; Sanchez Ancieto, G.; Schramm, A.; Wagner,

PALABRAS CLAVE: Implantes 3D; PSI; Reconstruc- M.; Grant, M.P.; Cornelius, C.P.; Strong, E.; Rana,ddal A
cién de 6rbita: PEEK prospective multicenter study to compare the precision of posttraumetic
’ : internal orbital reconstruction with standard performed and
individualized orbital implants]. Craniomaxillofac. Surg., 42485-

97, 2016.
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