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INTRODUCTION
Over the past 15 years, the advent of virtual surgical 

planning (VSP) and computer-aided design and manufac-
turing, CAD/CAM, of 3D stereolithographic models and 
osteotomy guides have contributed to a significant evolu-
tion of craniomaxillofacial surgery. The usefulness of the 
technique has been widely published in the plastic surgery 
and maxillofacial surgical literature.1–6

The VSP has been used for numerous types of orthog-
nathic procedures including Le Fort I, II, III osteotomies, 
bilateral sagittal split osteotomies, distraction procedures 

of the upper and mid face, and genioplasties. Moreover, 
several reports have elucidated the benefits of the tech-
nique in cranioorbital procedures, perhaps the biggest 
change in the field since Tessier and Del Monasterio’s ini-
tial drawings of the techniques. The VSP has been used 
in traumatic cases, where its use has been limited, and in 
free osteocutaneous procedures of the craniofacial skel-
eton, where its use has been widely adopted by oncologic 
reconstruction surgeons.

Despite all the potential uses for the virtual plans, its 
potential benefits of reducing operative times and the pos-
sibility of a more precise control of the final outcome, there 
exists a paucity of information regarding the inherent diffi-
culties associated with the technique. This study aims to dis-
cuss the potential pitfalls encountered during the learning 
curve when VSP is incorporated in a craniofacial practice 
and to propose algorithms to help avoid these pitfalls.

METHODS
We conducted a retrospective review of virtual surgi-

cal plans done in our institutions between July 2012 and  
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October 2016. Patients were treated in academic centers 
of University of Montreal, Hôpital Sainte-Justine for chil-
dren and Hôpital Maisonneuve-Rosemont for adults. All 
virtual plans were performed by 1 surgeon (senior author) 
and 1 senior computer engineer. An analysis of the utility 
of the virtual plans was done pre-, peri-, and postopera-
tively and documented in the patient’s chart.

We obtained approval from our institution’s ethics 
review board to perform a retrospective chart review on 
all the patients. Inclusion criteria included patients of 
all ages operated for a craniofacial reconstruction or or-
thognathic surgery with the use of VSP. Target endpoints 
recorded from each chart included complete adher-
ence to VSP, complete adherence with minor difficulties, 

 incomplete adherence, or complete abandonment of vir-
tual surgical plan.

Technique
A step-by-step algorithmic approach is depicted in 

 Figure 1. To perform VSP, one must acquire precise imag-
ing of the craniofacial skeleton with a minimum of 1 mm 
cuts on a computed tomography (CT) scan. For cases 
where osteocutaneous fibular free flaps were necessary, we 
performed computed tomographic angiography as well to 
evaluate the vascularization and presence of a peroneus 
magnus when available. The CT scan data were then up-
loaded and shipped to the engineers (Materialise, Leuven, 
Belgium) using the Digital Imaging and Communications 
in Medicine format, and dental occlusal casts in final oc-
clusion were included for the orthognathic cases. Online 

Fig. 1. algorithmic approach to virtual surgical planning. a, Step-by-step approach for the planning of 
orthognathic cases. B, approach to free osseous flaps performed with virtual surgery planning.

Fig. 2. Representation of adherence to initial virtual surgical plans, 
divided as complete, partial, or abandoned.

Fig. 3. list of reasons explaining incomplete adherence or abandon-
ment of initial virtual surgical plans.
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meetings were performed with the surgeon and engineers 
to incorporate clinical findings with skeletal movements 
in all cases. The virtual plan was accepted by the surgeon 
before 3-dimensional printing of the occlusal splints and 
cutting guides. The surgical oncologist was included in all 
online meetings before printing guides for the free tissue 
transfer cases.

RESULTS
In total, there were 54 patients who required VSP for 

craniofacial cases. Indications for virtual surgical plan in-
cluded 85% (n = 46) for orthognathic correction of dento-
skeletal malocclusion and 15% (n = 8) for free vascularized 

bone flaps for reconstruction of the facial skeleton. Within 
the orthognathic group, 39% (n = 18) were for patients 
with cleft lip and palate deformities, 26% (n = 12) were 
patients with hemifacial macrosomia, 4% (n = 2) had syn-
dromic craniosynostosis, and 4% (n = 2) had cleido-cranial 
dysostosis. Twenty-two percentage of patients (n = 10) had 
other congenital dento-skeletal deformities, whereas the 
remaining 4% (n = 2) had acquired deformities. Eighty-
five percentage of patients (n = 39) had double jaw surgery, 
whereas the remaining only had 1 jaw surgery.

Within the patients requiring free tissue transfers to the 
facial skeleton, 75% (n = 6) had mandibular reconstruction 
with free osteocutaneous fibula flaps, 12.5% (n = 1) had 
a mandibular reconstruction with a free  osteocutaneous  

Fig. 4. Checklist to aid in minimizing communication errors between the surgeon and the engineer dur-
ing virtual online planning. DiCoM, Digital imaging and Communications in Medicine.
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radial forearm flap, and 12.5% (n = 1) had zygomatic-max-
illary reconstruction for chronic osteomyelitis with a deep 
circumflex iliac artery iliac crest osseous flap.

Adherence to the initial virtual surgical plan is illustrat-
ed in Figure 2. Eighty-five percentage (n = 46) of all plans 
were adhered to completely, with 9% (n = 4) orthognathic 
and 25% (n = 2) free tissue transfers being partially ad-
hered to and 4% (n = 2) orthognathic virtual plans being 
completely abandoned.

The reasons for incomplete adherence or abandon-
ment of virtual surgical plan are listed in Figure 3. Among 
free flap operations necessitating VSP, complete adher-
ence to the initial plan was made difficult by rapid tumor 
growth (n = 1) and altered patient extremity anatomy (n = 
1). The patient with rapid tumor growth had mandibular 
resections outside the planned cutting guide and there-
fore required intraoperative alterations. Partial adherence 
occurred in another patient who had had polio induced 
atrophy of her fibula and therefore required adjustments 
when the standardized fibula cutting guide was applied in 
vivo. In a third patient, the large cutting guides caused 
excessive tissue dissection and skin necrosis of her native 
skin flaps, whereas in another case, a peroneus magnus 
was found during leg dissection. In both of these cases, 
the virtual surgery was adhered to, however, with difficulty.

Among the orthognathic cases, abandonment of the 
VSP could be explained by condyles out of centric rela-
tion on initial scan (n = 1) and soft tissue redraping that 
precluded the need for genioplasty (n = 1). Incomplete 
adherence was caused by restricted mandibular move-
ment by soft tissues with difficulty placing the genioplasty 
(n = 1), difficulty in positioning chin with downfracture  
(n = 1), inadequate cutting guides due to engineering error 
(n = 1), and chipped tooth on occlusal splint model (n = 1).

DISCUSSION
The scientific literature reveals that VSP constitutes a 

valid and reliable method to assist the surgeon in various 
procedures, ranging from mandibular reconstruction 
with osteocutaneous free flaps,1,6–13 orthognathic proce-
dures,3,14–18 midface and Le Fort I advancements,19–21 cra-
niosynostosis correction,22 distraction osteogenesis,23–26 

and even facial allotransplantation.27 The initial goal 
of computed virtual planning was to produce stereo-
lithographic models that would assist surgeons for the 
reconstruction of craniofacial defects and orthognathic 
surgery. With refinements of design and manufacturing 
of cutting guides, precontoured plates, and occlusive 
splints, the technology has now contributed to the wide 
adoption of these technologies in craniomaxillofacial 
surgery.

In orthognathic surgery, there are numerous benefits 
obtained by integrating VSP technology. First, obtaining an 
accurate and detailed representation of facial asymmetries 
and precise cephalometric data represents a valuable di-
agnostic tool facilitated by the tridimensional models.28–30 
Second, the technique allows for adjustments in simulat-
ing different operative techniques, which translates into 
customized treatment plans and better outcomes.2 Third, 
VSP provides an accurate assessment of centric relation in 
the temporomandibular joint,31 which can be corrected if 
discrepancies occur.

For mandibular reconstruction, VSP has also offered 
valuable advantages. Perhaps the most important aspect 
of using VSP is the improvement in operative efficiency 
and the decrease in duration of operations with the use 
of prefabricated cutting guides and plates.1 Ultimately, 
the previous reticence with regard to costs of virtual 
planning and manufacturing is slowly disappearing with 
studies demonstrating that VSP produces significant sav-
ings in operative times and consequently cost.9,32–34 The 
availability of “in-office” tridimensional printing further 
improves the cost-effectiveness of this technique.35 Inter-
estingly, the literature does not report any increase in 
complications with the use of VSP.1,9 Furthermore, stereo-
lithographic models constructed from virtual planning 
represent a valuable tool for educating patients, family 
members, and trainees alike, and have been supported in 
the literature.36,37

Among factors that influence virtual planning substan-
tially, communication with the manufacturing engineer 
is critical. To minimize potential sources of errors due to 
communication, we have developed a checklist to ensure 
that all aspects of planning are covered (Fig. 4). For pre-

Fig. 5.  3D planning for genioplasty. Positioning of spacer guide with temporary fixation for genioplasty 
(a). osteotomies and bone to be resected for lefort i in red (B). Bone graft from right genioplasty and 
lefort 1 (C).
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cise construction of splints and tridimensional position-
ing of cranial structures in orthognathic and mandibular 
reconstruction, an entire understanding of what the sur-
geon wishes to accomplish is required by the engineer. 
Previous studies have stated that communication with the 
manufacturers constitutes a demanding challenge, and 
perhaps practical protocols applied via online meetings 
can be developed to diminish engineering errors.38 Stan-
dardizing virtual designs according to cephalometric data 
cannot replace the essential discussion required between 
the engineer and the surgeon because everyone functions 

differently. Moreover, clinical judgement and examination 
cannot be overlooked and will ultimately guide the narra-
tive of the virtual plans.

Occlusal casts can sometimes present a challenge with 
VSP when chipped teeth affect the splint’s intraoperative fit. 
The canine tip represents one of the key anatomical land-
marks for virtual splint planning; therefore, any modifica-
tion produced by a chipped tooth will affect final occlusive 
fitting of the splint.14 When we encountered this problem 
in a patient with lower incisors that were chipped, the final 
splints were modified perioperatively by drilling the  occlusal 

Fig. 6. Preoperative photography of patient from Figure 4 with hemifacial microsomia (a). Postopera-
tive results at 1 month (B) and at 6 months (C) after virtual surgical planning. Symmetric facial morphol-
ogy and a natural smile.
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cast over the unbroken teeth, which allowed it to insert 
properly.

Ensuring adequate final occlusion represents one 
of the most challenging aspects of VSP. If the condyles 
are not in centric occlusion and the cutting guides are 
built according to VSP where they are, then the condyles 
will have a natural tendency to displace postoperatively. 
The final result produces another malocclusive position. 
In this context, the pitfall of VSP is to build the plans 
according to the natural position of the condyle rather 
than where it is supposed to be. Another aspect to con-
sider in orthognathic virtual planning is the temporal 
relationship between when the imaging is performed 
and when the final orthodontic movements occur. When 
the scans are done before the final movements, errors 
will occur with relation to the exact position of the cuts 
and the final occlusion.15 It becomes critical to conduct 
the VSP only after the final orthodontic position has de-
veloped. Finally, VSP requires multiple checkpoints to 
verify for inaccuracies. For example, if the splints are 
constructed based on the placement after postopera-
tive rather than preoperative Lefort osteotomy, the cut-
ting guide becomes backward. Mistakes in planning can 
occur and should be discovered before manufacturing 
when possible.

Another important pitfall of VSP can occur during 
correction of severe asymmetry for syndromic cranio-
facial patients. Occasionally, the virtual plan does not 
translate to the clinical setting with down-fractures of 
the maxilla and genioplasty and movement of the man-
dible. Soft-tissue behavior cannot be estimated on vir-
tual plans and can severely alter the intraoperative plan. 
These hurdles were encountered in 2 of our patients 
and are demonstrated in Figures 5–7. Previous studies 
have described the challenges encountered with plan-
ning for severely asymmetric patients, where VSP can 
assist with tridimensional osseous planning but where it 
cannot replace the intraoperative clinical judgment of 
soft-tissue manipulation and placement.16,39 In our ex-
perience, the liberal use of spacer splints palliated this 
pitfall.

Mandibular reconstruction with fibular free flaps pres-
ent other challenges related to VSP. Shaping of the osse-
ous component can contain errors if a standardized fibula 

is used. Indeed, dimensions of the fibular component 
can vary from patient to patient and standardization of 
fibulas used in the VSP are rendered unusable when trans-
posed to the mandible. This was experienced in one of 
our patients with an atrophic fibula due to polio where the 
discrepancy with the standard VSP fibula was significant. 
Systematic imaging of lower extremities may be warranted 
when medical comorbidities of patients raise suspicions. 
Furthermore, imaging with CT angiography can minimize 
the underappreciation of peroneus magnus in harvests of 
free fibular flaps.40,41 When a dominant peroneal artery 
supplies the distal portion, it is warranted to use the con-
tralateral leg.

When constructing cutting guides for mandibular re-
construction, their relative size should not be designed 
too large wherein unnecessary stripping of the native 
mandible can cause decreased healing potential and soft-
tissue necrosis.42 In our study, excessive tissue dissection, 
due to design of cutting guides, accounted for necrosis of 
native skin flaps of the chin and cheeks over a free tissue 
flap. Very few studies have investigated the impact of surgi-
cal cutting guide size on osseous healing during soft-tissue 
dissection, but standard techniques describing placement 
of cutting guides emphasize the need to minimize tissue 
stripping and maintain as much periosteum as possible 
around the mandible.43,44 The same problem can occur in 
orthognathic surgery as well, when cutting guides are too 
large for use. To avoid this complication, virtual markings 
are made on the maxilla during planning and are trans-
lated onto the bone in vivo precluding the use of cutting 
guides.

For oncologic cases, designs of virtual surgical plan-
ning should not overlook the possibility that resection 
margins protrude further than initially expected.45 This is 
particularly true when CT scans are performed too early 
in the sequence of treatment planning. Between the ini-
tial imaging, the virtual planning, the manufacturing, and 
the operative day, tumors may grow and oncologic mar-
gins are necessarily affected (Fig. 8). Mandibular guides 
become obsolete in consequence, and the virtual plan is 
abandoned.46 Some authors have suggested to obtain 2 ad-
ditional cutting guides (1 proximal and 1 distal) to per-
form a second osteotomy for wider resections.45 Another 
solution to this problem relies in designing cutting guides 

Fig. 7. Patient with hemifacial microsomia smiling (a). Virtual surgical planning illustrates bony seg-
ments’ positions after lefort i osteotomies, bilateral sagittal split osteotomies, and genioplasty (B). Re-
sults at 4-month follow-up demonstrates an improved symmetry and smile (C).
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with interval slots, generally 1 cm, to accommodate any tu-
mor growth. We have experienced this pitfall in 1 patient 
and the use of incremental slots on the mandibular guides 
allowed to correct the wider than expected oncologic mar-
gins (Fig. 9).

There are potential sources of error with VSP that 
this article wanted to demonstrate. Although we be-
lieve that there are significant advantages reported in 
the literature, including savings in operative times and 
patient education with stereolithographic models, hav-
ing a better understanding of potential pitfalls could 

decrease the rate of partial adherence or abandonment 
that was reported in this review. We continue to recom-
mend planning orthognathic and free flap procedures 
with this technology considering that only a minimal 4% 
of cases were completely abandoned and 11% demon-
strated partial adherence while retaining certain levels 
of usefulness intraoperatively. Also, we concede that an 
adequate evaluation of VSP’s efficacy should focus on 
long-term outcomes of orthognathic and free flap opera-
tions. Although this article does not aim to compare fi-
nal functional or esthetic results, it provides nonetheless 

Fig. 8. Patient with squamous cell carcinoma of the oral cavity invading into the right mandible (a). Virtual surgical planning for mandible 
resection guides with slot widths of 1 mm and 2.2 mm holes for temporary fixation (B). Significant tumor growth between the initial scan 
on which virtual planning was performed and the time of surgery, rendering the preconceived mandible cutting guides unusable (C). 
Results at 6 months of follow-up (D).
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valuable intraoperative lessons to surgeons who begin to 
incorporate this technology into practice.

CONCLUSIONS
VSP is a useful tool for craniofacial surgery that dem-

onstrated benefits in decreasing operative times and im-
proving surgical outcomes. However, there are inherent 
issues that the surgeon must be aware of. With time and 
experience, these surgical plans can be used as powerful 
adjuvants to good clinical judgement.
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