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Background Orbital reconstruction following oncologic midface resection is unique-
ly challenging, and makes critical contributions to patient aesthetics, function, and 
identity. Approach is largely dependent on surgeon and patient preferences, and there 
exists no consensus on defect characterization.
Objective The goal of the study is to provide a mental framework for the reconstruc-
tive oncologic surgeon to use as a foundation during his or her approach to the orbit.
Design The design of the study is based on the review of current literature and 
expert opinion.
Conclusions Critical versus optimal objectives must be set in orbital reconstruction, 
and a systematic approach should be followed. We approach orbital reconstruction 
by first deciding whether globe-sparing surgery is possible, or if orbital exenteration 
will be necessary. We then set critical and optimal objectives for our chosen pathway. 
Critical goals in globe-sparing reconstruction include maintaining orbital volume and 
preserving visual function, and an optimal goal includes preservation of the nasolacri-
mal system. Critical goals in orbital exenteration include obliterating the defect, seal-
ing the skull base and nasal cavities, and allowing eye protection to be worn over the 
contralateral eye postoperatively. Optimal goals in exenteration include preparation 
for prosthetics, volume and bony replacement, eyelid-sparing technique, and consid-
eration of postoperative radiation.
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Introduction

Reconstruction for orbital involvement during midface onco-
logic surgery is uniquely complex. The function of the eye is 
extremely critical to maintaining quality of life, and appro-
priate reconstruction makes this possible if planned correct-
ly. In addition, the eye makes a significant contribution to 
personal identity and aesthetics, and this deserves appropri-
ate consideration as well.

The orbit is often considered the most challenging part of 
midface reconstruction. The approach will vary based pri-
marily on the resultant defect, as well as the need for adju-
vant therapy. In cases when orbital exenteration is required, 
reconstructive decisions will often be driven by available 

resources and by the patient’s desire to wear a prosthesis or 
eye patch. If the globe is preserved, profound aesthetic and 
functional deficits are common, including enophthalmos, 
hypophthalmos, lid malposition, epiphora, and diplopia.1 
Secondary procedures are often unsuccessful in correcting 
structural derangements, especially if adjuvant radiation is 
administered, and so care must be taken to select the opti-
mal initial reconstructive option, when possible.2 During the 
surgical planning process, it is critical to take a systematic 
approach, but currently no orbit-centered framework exists 
for midface oncologic reconstructions.

The current literature is scattered with various approaches 
to maxillary and midface reconstruction based on the 
planned maxillary defect. Defect classification systems such 
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as those proposed by Kesting, Okay, Brown, and Cordeiro 
address various volumes and orientations of midface defects, 
with consideration of planned prostheses, obturators, and 
implants. The orbit is considered at some level in each clas-
sification system; however, focus is placed on the midface 
defect as a whole. A structured approach to the orbit itself is 
absent. While many of these approaches can be helpful, the 
variety of situations is innumerable and often complex algo-
rithms and classification systems can cloud the situation. In 
addition, there is no consensus among these defect classifica-
tions and consequently there is no standardized approach to 
reconstruction.3-9 Reconstruction of orbital defects is largely 
dependent on the surgeon’s experience, though generally 
acceptable outcomes have been reached using locoregional 
(e.g., temporalis muscle) or small free flaps (e.g., radial fore-
arm) for defects confined to the orbit and small portions of 
orbital rim, and larger free flaps (e.g., anterolateral thigh, rec-
tus abdominis, scapula, and latissimus dorsi) for larger, more 
complex midface defects.3,9-15

We provide both critical and optimal objectives to con-
sider in orbital reconstruction, to provide an additional con-
ceptual framework to the reconstructive surgeon (►Fig. 1). 
In general, the most critical inflection point in planning for 
orbital reconstruction is relatively obvious, namely whether 
preservation of the globe will be pursued. In the first section 
we address reconstructive planning in situations with globe 
preservation, followed by considerations in cases requiring 
orbital exenteration.

Globe Preservation
A variety of proposed indications exist for orbital exenteration 
in maxillary and sinonasal malignancies, though there exists no 
steadfast rule and the complexity of the decision to remove the 
eye is beyond the scope of this article. Generally, exenteration is 
performed if the malignancy invades the periorbita, extraocular 
muscles, or orbital apex, and certainly in cases where vision loss 
has already occurred. It should be noted; however, that with 
improved imaging, neoadjuvant and adjuvant therapy, and the 
focus on function and quality of life, the indications for orbital 
exenteration have diminished in the current era.2,16-20 If onco-
logic outcomes are similar and orbital preservation is consid-
ered, then the reconstructive goals can be divided into critical 
objectives and optimal objectives.

Globe Preservation: Critical Objectives
Critical objectives during globe-sparing orbital reconstruction 
are (1) preservation of orbital volume and (2) preservation of 
visual function. These critical factors mirror the fundamen-
tal principles of orbital trauma reconstruction.21 Maintaining 
orbital volume is principal, as it will translate into appropriate 
globe position and reduce the risk of enophthalmos, ectropi-
on, diplopia, and extraocular muscle dysfunction. This should 
be achieved with rigid support (as opposed to soft tissue).2,22,23 
Accuracy here requires a preoperative understanding of the 
planned defect and adequate graft or implant geometry to 
replace all resected orbit walls. Cordeiro simplifies the orbit into 

a six-walled structure that attributes purpose to each side, sep-
arating it from adjacent spaces, such as the maxillary sinus and 
nasal cavity.3 This schema holds true on a fundamental level, but 
efforts to replace the defect with an identically-contoured piece 
should be attempted in all cases of globe-sparing reconstruc-
tion. The subtle curves of the orbital floor must be considered, 
and volume cannot be reduced to a simple cone as is often the 
perception. Respecting these anatomic subtleties will result in 
maximal aesthetic and functional preservation by reproducing 
the original volume (►Fig. 2). Taking care to replace the integri-
ty of the floor and walls will reduce the risk of entrapment and 
resulting diplopia. Again, all efforts are aimed to optimize the 
primary reconstruction, as structural derangements are often 
refractory to late secondary repair.2

Modern methods include aiding classic reconstructive 
techniques with computer-assisted design (CAD) software. 
Three-dimensional (3D) renderings of the bony midface are 
created based on computed tomography (CT) images. These can 
be used to fabricate stereolithographic models that are ideal for 
surgical planning and preoperative plate bending.24,25 In addi-
tion; commercially-available virtual surgical planning (VSP) 
services can render a computer image of the planned defect, and 
then overlay a planned implant or the surgeon’s planned bony 
free flap. In the latter, cutting vectors are calculated to yield the 
desired donor shape and size. High-end printing techniques can 
then produce contoured implantable plates or osteotomies of 
autologous bone grafts, which have resulted in more precision 
in orbital structure and volume preservation.26

The second critical objective—vision preservation—will be 
influenced somewhat by orbital volume changes, but is also 
largely impacted by eyelid position and function as well as 
avoiding disruption of the extraocular muscles. The need to 
avoid extraocular muscle entrapment, damage, and denerva-
tion is obvious. Maintaining essential eyelid position and func-
tion can be a considerable challenge depending on the defect 
and adjuvant radiation. The aim is primarily to avoid globe 
exposure; however, other consequences of compromised eye-
lid function include reduced quality of life and poor aesthet-
ics. Globe exposure can result from ectropion, midface ptosis, 
eyelid retraction, and facial nerve palsy, and the most critical 
consequence is impaired vision due to blepharitis, conjunctivi-
tis, exposure keratitis, and dry eye.2 Ectropion is seen often in 
orbital reconstruction—in up to 70% of cases—and is also a com-
mon cause of poor aesthetic outcome that frequently requires 
surgical correction.2,3,9 Primary techniques such as lower lid 
canthopexy, frost sutures, and corneal protection should be 
employed during the reconstruction to avoid globe exposure 
(►Fig.  3). In cases when lid function is suboptimal, repair of 
residual deficits should be attempted. Traditional secondary 
techniques commonly include canthopexy or canthoplasty for 
ectropion, face-lift and implant or graft placement for midface 
ptosis and eyelid retraction, and gold weight implants for facial 
nerve paralysis.27 These measures are designed to protect the 
cornea, thereby avoiding long-term corneal keratitis and vision 
impairment, but all are more challenging in the setting of adju-
vant radiation28,29 (►Fig. 4). In addition to surgical techniques, 
careful analysis of postoperative imaging to ensure appropriate 
implant position, as well as appropriate clinical management 
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of postoperative complications such as orbital hematoma are 
important to achieve these critical objectives.

Globe Preservation: Optimal Objectives
Optimal objectives of orbital reconstruction are those objec-
tives that lead to improved outcomes, but are not critical to the 
function of the orbit and eye. The optimal goal to be considered 

in globe-sparing reconstruction is the preservation of the naso-
lacrimal system (NLS). Midface resection with transection of 
the NLS results in rates of persistent epiphora as high as 63%. 
Various methods of NLS management exist, including sim-
ple transection, transection with several methods of stenting, 
and marsupialization with or without stenting. The approach 
is dependent on surgeon comfort, and no option has shown 
to be consistently superior.1,2,30 Exploring the spectrum of NLS 

Fig. 1 Algorithmic approach to orbital reconstruction. A systematic consideration of the critical and optimal goals of orbital reconstruction 
can improve the surgeon’s preoperative planning. All aspects should be discussed with the patient in the preoperative setting.
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management options is beyond the scope of this report; howev-
er, we stress the importance of avoiding unnecessary trauma to 
the NLS in the setting of globe-sparing reconstruction. Knowl-
edge of the NLS anatomy and a carefully planned resection 
around its components will reduce unnecessary revisions. In all 
cases of prolonged epiphora, dacryocystorhinostomy should be 
performed. Involving an ophthalmologist early in the treatment 
planning phase can improve outcomes and should be standard 
of care when feasible.

Orbital Exenteration
Interestingly, once the decision has been made that orbital 
exenteration is indicated, many surgeons will limit the recon-
structive planning to techniques designed to “fill the hole” and 
associate achieving this goal with “successful reconstruction.” 
This type of thinking is somewhat limited, and outcomes can 
be improved by developing an understanding of the patient’s 
preferences. If the globe must be sacrificed, the preoperative 
planning begins by discussing the reconstructive options with 
the patient, along with an evaluation of available resources. 
Certainly, while a patient may wish to have an implant-retained 
orbital prosthesis instead of a skin paddle reconstruction or 
eye patch, if there are insufficient resources then the plan will 
require alteration. Involving the patient in this decision-making 

process will result in improved satisfaction, regardless of which 
aesthetic goal is chosen.

Orbital Exenteration: Critical Objectives
Ablations requiring orbital exenteration inherently tend to be 
larger defects; however, given that the eye is no longer viable, 
the reconstruction—though perhaps technically challeng-
ing—has relatively simple tenets. Two objectives that we con-
sider to be critical in such a reconstruction are (1) to obliter-
ate the defect, and (2) to seal the skull base and nasal cavity 
if they are violated. The aim here is to prevent orbito-nasal 
or orbito-sinus fistulas, cerebrospinal fluid (CSF) leaks, dural 
exposure, and meningitis31 (►Fig. 5). If the aforementioned 
complications are a concern or the defect is large, free tissue 
transfer of appropriate bulk—such as an anterolateral thigh, 
rectus abdominis, latissimus dorsi, serratus anterior, or scap-
ula—serves as an ideal reconstructive option to provide vol-
ume. Similarly for those patients that will require postoper-
ative radiation, these flaps offer robust vascularized tissue to 
withstand volume changes. In addition, using such reliable 
reconstruction techniques prevents long-term complications 
such as exposed bone, CSF leak, and other issues that may 
delay or complicate adjuvant therapy.

Fig. 2 Orbital volume should be replaced by replicating the natural 
contour of the resected bone. (A) Titanium mesh plating with a con-
cave form to replace the orbital floor. (B) Axial cut of CT facial bones 
showing curvature of implanted plate with an attempt to match the 
contralateral orbital floor. CT, computed tomography. Fig. 3 Frost suture placed intraoperatively to avoid post-operative 

ectropion of the lower lid.
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A third, often-ignored critical objective of reconstructive sur-
gery after orbital exenteration is (3) protection of the remain-
ing eye. Bulky reconstructions that prevent the patient from 
wearing protective glasses should be avoided at all costs, as an 
injury to a patient’s only remaining eye is catastrophic from a 
functional and quality-of-life standpoint. Reconstructive sur-
geons would be wise to remember this fact when formulating a 
reconstructive plan.

Orbital Exenteration: Optimal Objectives
The optimal outcome of globe-sacrificing orbital reconstruc-
tion is to create an appropriate foundation for the patient’s 
preferred aesthetic goals. For this purpose, consideration of 
prosthetics, bone and volume replacement, eyelid-sparing 
reconstruction, and postoperative radiation are key.

While many patients initially opt for an orbital prosthesis, 
data indicates that these devices are associated with inconsis-
tent use, and some studies suggest that most patients will revert 
to an eye patch. That being said, successful prosthetic rehabili-
tation has been associated with excellent aesthetics and social-
ly-acceptable outcomes.32-34 When planning for an orbital pros-
thesis, a concave reconstructed orbit is imperative to allow for 
sufficient room for prosthetic placement. This can be achieved 
by allowing the cavity to granulate, or by placing a smaller-vol-
ume graft into the defect. The former has the disadvantage of 

causing periorbital tissue contraction and takes more time to 
heal, and is not often considered when addressing a larger defect 
that may include orbital rim and surrounding structures.35 
In addition, this technique is less able to withstand adjuvant 
radiation and should be avoided in these situations. The latter 
reconstruction can generally be achieved with split-thickness 
and full-thickness skin grafts, pedicled temporoparietal fascia 
or temporalis muscle flaps, or fasciocutaneous or osseocutane-
ous radial forearm free flaps if limited to the orbit and a small 
portion of the orbital rim.14,34,36 Ultimately, the optimal postop-
erative situation is a concave orbital cavity lined with thin skin, 
preferably with an excellent color match to allow for optimal 
prosthesis camouflage (►Fig. 6).

In cases when prosthetic rehabilitation is not planned, or 
in larger, extended resections (i.e., those involving significant 
bone and/or surrounding tissues), attention should be aimed 
at the replacement of volume and reconstruction of the orbit-
al rim for aesthetic purposes. The malar eminence and orbital 
rim provide a natural facial contour that should be restored. 
This volume is best replaced with a free flap to obliterate 
the deeper defect and provide soft tissue support. If the rim 
remains intact, the myocutaneous anterolateral thigh and 
rectus abdominis will adequately provide this volume. For 
rim replacement, the osseocutaneous scapula flap allows for 
ample vascularized bone and soft tissue,14 although bulk can 
often be an issue with this option. As noted earlier, excessive 
bulk should be avoided to allow for protective glasses to be 
worn avoiding injury to the remaining eye.

In many cases, eyelid-sparing surgery should be con-
sidered. As previously mentioned, the eyelid is difficult to 

Fig. 4 Frontal view (A) and profile view (B) of right lower lid ptosis 
following reconstruction and adjuvant radiation. Note the contract-
ed skin at the site of reconstruction, which makes for a challenging 
secondary repair.

Fig. 5 Reconstruction following orbital exenteration. (A) Free tis-
sue transfer allows for volume replacement and defect obliteration. 
Excess bulk is necessary in the setting of adjuvant radiation. (B) 
The serratus anterior muscle flap can provide mid-sized soft tissue 
replacement.
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reconstruct without significant distortion, and serves as a 
key aesthetic element of the midface. Following deep tissue 
volume replacement, it can be sutured to the lower lid to pro-
vide excellent color matching and preserve contours of facial 
expression. Some data suggests lower rates of eye patches 
worn by patients with lid-sparing procedures. In addition, 
eyelid-sparing reconstruction is associated with a signifi-
cantly faster recovery34,37 (►Fig. 7).

If the patient’s treatment plan includes—or may include—
postoperative radiation, there are additional considerations. 
Supplemental soft tissue overlying osseous prominences 
may be necessary to account for postradiation reduction in 
flap volume and to prevent bony exposure that carries risk of 
osteoradionecrosis. The same principle holds true for metallic 
or alloplastic reconstructive implants. The degree of volume 
loss varies between studies and flap types, generally ranging 
from 20 to 40%.38-40 In addition, bone grafts should be vascu-
larized when feasible to reduce the likelihood of resorption 
and osteoradionecrosis. Soft tissue fibrosis and contraction is 
unpredictable, and the option for a future prosthesis should 
be reserved and accounted for during reconstruction.

Conclusion
In this article, we outline critical and optimal objectives in 
orbital reconstruction in the setting of midface oncolog-
ic resection, to clarify the goals of surgical planning for the 
reconstructive surgeon. If the orbit is preserved, critical 
objectives include maintaining orbital volume and visual 
function, and optimal objectives include preserving the naso-
lacrimal system. If the globe is sacrificed, critical objectives 
include defect obliteration, skull base and nasal cavity clo-
sure, and adequate protection of the remaining eye postop-
eratively. Optimal objectives include the following aesthetic 
considerations: preparation for prosthetics, bone and volume 
replacement, eyelid-sparing technique, and preparation for 
postoperative radiation.

Above all, it is critical to include the patient in the entire 
decision-making process. Realistic patient expectations can 
only come from a clear understanding of the reconstructive 
options, available resources, and short- and long-term aesthetic 
and functional consequences. Likewise, a surgeon’s true under-
standing of each patient’s goals is paramount to achieve optimal 
outcomes in a surgical arena that lacks a standardized approach.
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Fig. 6 Reconstruction following orbital exenteration, in preparation 
for prosthesis. (A) Scapula free flap reconstruction provides bony 
structure to the orbital rim. (B) Excellent skin color matching and 
limited bulk allow for optimal prosthesis use.

Fig. 7 Eyelid-sparing surgical technique aims to replace orbital vol-
ume to match the contralateral eye. The upper and lower lids are 
sutured to provide excellent color matching and some preservation 
of facial expression.
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