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INTRODUCTION
The performance of 3-dimensional (3D) comput-

er-assisted surgery is becoming increasingly common, 
especially in osseous procedures.1 Unfortunately, 3D com-
puter-assisted techniques are not yet routinely applied in 
rhinoplasty, which is among the most challenging types 
of facial surgery due to its variability.2 Nasal bone osteoto-

mies are typically guided solely by visual inspection and 
manual feel, and depend on the surgeon’s experience.3 In 
complex cases with bony support irregularities (eg, con-
genital deviations, revisions, and posttraumatic cases), it 
seems rational to start with the aberrant substructure, that 
is, “bottom-up” planning. Although new technological de-
velopments warrant a paradigm shift, for many surgeons, 
it remains challenging to combine these technologies and 
integrate them into clinical practice. Here we present a 
novel workflow to illustrate the potential use of these ad-
vanced technologies, and demonstrate the implementa-
tion (Table 1).

WORKFLOW

Step 1: Advanced Imaging
Advances in digital imaging enable the creation of 

advanced augmented 3D models of patient skulls. The 
cone beam computed tomography (CBCT) optimal 
slice thickness is adjusted to generate images with a 
limited contrast-to-noise ratio, without additional radia-
tion exposure. Digital imaging and communications in 
medicine (DICOM) data are then imported into plan-
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Summary: Rhinoplasty in facial cleft patients is among the most challenging types 
of reconstructive facial surgery due to its variability. Advances in 3-dimensional 
imaging enable improved preoperative assessment in rhinoplasty. In complex cases 
with bony support irregularities and asymmetry, it is rational to initiate planning 
with reconstruction of the aberrant substructure (ie, “bottom-up” planning) rather 
than starting the surgical design with soft-tissue morphing.
We present a new comprehensive workflow in which novel advanced technologies 
are implemented to perform “bottom-up” computer-assisted planning and execu-
tion in complex rhinoplasty cases. This workflow enables meticulous planning, use 
of grafting templates, and 3-dimensional–guided osteotomies with integration of 
piezotome and intraoperative navigation.
Previous reports separately discuss some of these innovations. However, greater 
benefit lies in the combination of these techniques, with emphasis on preoperative 
computer analysis, virtual planning, and transfer to the operation theater.
Surgeons are seeking new ways to enhance minimally invasive approaches and to 
obtain predictable and favorable clinical results. The presently introduced work-
flow allows clinicians to plan complex cases in a simple, effective, and safe man-
ner, with the combination of different techniques to produce consistent results. 
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Published online 20 March 2019.)
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ning software, such as ProPlan (Materialise, Leuven, 
Belgium), to create a virtual skull for 3D rendering 
and detailed analysis. By visualizing digital landmarks, 
such as the piriform aperture and nasofrontal sutures, 
detailed measurements can be determined for analysis 
of skull symmetry. Volume measurements reveal osse-
ous deficiencies and excesses in various dimensions, for 
example, when evaluating alar base support.

Step 2: Planning
ProPlan software facilitates the performance of vir-

tual osteotomies of the nasal bone, and visualization of 
the need for additional bone grafts. The segmentation of 
separate regions enables planning of a precise osteotomy 
cut location in 1 or multiple levels. Bone graft donor and 
receptor sites are evaluated to determine the size, posi-
tion, and appropriate fixation techniques. Virtual simula-
tions provide insights regarding the technical feasibility 
of a procedure, and enable preliminary evaluation of the 
treatment outcome. Moreover, the 3D skeletal model can 
be augmented with stereophotogrammetric pictures to 
evaluate the results at the soft-tissue level. However, these 
virtual simulations cannot be compared with 3D morph-
ing techniques—both require different interpretation. 
The combination of digital and clinical assessment gener-
ates a tailored treatment plan that can be discussed with 
the patient. Digital imaging and virtual simulation may 

help in explaining the treatment plan in multidisciplinary 
communication, and when informing the patient (Fig. 1).

Step 3: Transfer
After approval, the virtual planning is exported in ste-

reolithography (STL) STL format, and imported into the 
navigational software. This phase is crucial because preop-
erative planning is only useful when followed by meticu-
lous execution. Two elements are indispensable: accurate 
and compatible software/hardware for transferring the 
plan, and precise surgical tools to enact the plan in real 
life.

At the University Hospital of Ghent, the Brainlab 
navigation system (Brainlab AG, Munich, Germany) is 
used.  However, other navigation systems can be imple-
mented. Navigation is used to determine the exact posi-
tion of the skin markings according to the preoperative 
virtual plan. For a percutaneous approach, the skin 
markings comprise stab incisions at crucial landmarks, 
without subperiosteal tunnels. Tracking devices can be 
attached to the surgical instruments. For accuracy and 
precision, we attach navigational tracking to a piezo-
tome 2 (Satelec Acteon, Merignac, France). Piezosur-
gery uses ultrasonic piezoelectric vibrations to perform 
a selective bony cut, while avoiding mucosal lacerations. 
This technique  allows  precise control of the osteotomy 
cut, with the piezotome tip visible on the monitor dur-

Table 1. Workflow of Computer-assisted Planning and Execution in Complex Rhinoplasty Cases

1. Preoperative planning
  - Advanced imaging and postprocessing: CBCT (0.3 mm slice thickness/less radiation), orientation, 3D rendering, segmentation
  - Computer analysis: 3D detailed measurements, (a)symmetry, volume measurement, bony deficiency/excess
  -  Virtual planning and simulation: multiple osteotomies (level and size), bone graft (position size, fixation technique), multidisciplinary 

discussion, surgical feasibility
2. Transfer to operation theater
  - Navigation hardware and software, compatibility with planning software, STL import
  - Supplementary 3D-printed osteotomy/drilling surface guides
  - Supplementary 3D-printed graft templates
3. Surgery
  - Powered, accurate instruments (eg, piezotome)
  - Navigational tracking of surgical instruments
  - Imaging interface to display real-time execution of virtual plan
4. Postoperative evaluation and correction

CBCT, cone beam computed tomography; STL, stereolithography.

Fig. 1. Preoperative virtual analysis and planning. a, Frontal view: measurements to perform a monobloc reduction of the nasal pyramid 
and bone grafting of the right apertura piriformis. B, Baseline view. C, Right lateral view: precise measurements to determine the level of 
the asymmetric/parallel osteotomy lines.
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ing the procedure. This enables osteotomy performance 
without extensive periosteal elevation and reduces post-
operative swelling. Moreover, the use of a fine tip en-
ables the translation of exact measurements to a precise 
callus and hump excision, as determined by the pre-
operative 3D assessment.4–6 Any connecting osteotomy 
can be performed, and 3D navigation allows septoplasty 
performance through a very limited incision. Another 
approach for transferring the planning to the surgical 
procedure is the use of a 3D printed guide or surgical 
template—for example, as a guiding duplicate to shape 
an autologous graft.

Step 4: Evaluation
The reduction is immediately evaluated with naviga-

tion and is visualized on the monitor. Any sliding of the 
fragments can be corrected at this point.

DISCUSSION
Rhinoplasty cases requiring extensive reconstruction 

can be difficult.2 For example, in a crooked nose, the 
length from the piriform aperture to the midline is short-
er on the deviated side. This necessitates asymmetrical 
resection at the lateral sides and a vomerine osteotomy be-
cause nose asymmetry will persist if both sides of the newly 
created pyramid are not equal and the vomer is not oste-
otomized.7,8 The skin surrounding the nasal bone can be 
very thin, and therefore, there is limited room for error. 
Hence, nasal bone osteotomies are considered the most 
challenging facial osteotomies. Many types of software ex-
ist to aid surgeons and to facilitate patient communica-
tion. However, to date, the virtual revolution has largely 
involved soft-tissue morphing of clinical photographs 
and profile templates (ie, “top-down” planning).4 Surgi-
cal templates are expensive and can shift during surgery, 
and soft-tissue swelling hides the real amount of clinical 
change.1 Therefore, in complex cases with bony irregulari-
ties, it seems logical to first asses the aberrant infrastruc-
ture, that is, “bottom-up” planning.

The implementation of new ideas and innovations 
typically requires time, expertise, and new infrastructure. 
Although the software and hardware needed for 3D plan-
ning have become more accessible, surgeons are often 
unaware that they are available in their hospitals. The 

presently described workflow encourages surgeons to take 
advantage of these tools. Peroperative navigation helps to 
avoid incomplete fracture lines and key anatomical struc-
tures, and provides detailed evaluations of more complex 
cases, such as monobloc-parallel osteotomies. Postopera-
tive evaluation of nasal midline alignment, nose symmetry, 
and esthetic outcome enables more precise and reliable 
results. Although these novelties are separately discussed 
in the literature, the greatest benefits lie in the combina-
tion of these techniques,.

CONCLUSIONS
The presently introduced workflow can help to plan 

rhinoplasty cases requiring extensive reconstructions. It 
eliminates the need for “blind maneuvers.”
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