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Is Virtual Surgical Planning in
Orthognathic Surgery Faster Than
Conventional Planning? A Time and
Workflow Analysis of an Office-Based
Workflow for Single- and Double-Jaw

Surgery
Thomas Steinhuber, DDS, MD,* Silvia Brunold, DDS, MD,y

Catherina G€artner, DDS, MD,z Vincent Offermanns, DDS, MD, PhD,x Hanno Ulmer,k
and Oliver Ploder, DDS, MD, PhD{
Purpose: The purpose of this study was to measure and compare the working time for virtual sur-

gical planning (VSP) in orthognathic surgery in a largely office-based workflow in comparison with

conventional surgical planning (CSP) regarding the type of surgery, staff involved, and working
location.

Materials and Methods: This prospective cohort study included patients treated with orthognathic
surgery from May to December 2016. For each patient, both CSP with manual splint fabrication and

VSP with fabrication of computer-aided design–computer-aided manufacturing splints were performed.

The predictor variables were planning method (CSP or VSP) and type of surgery (single or double jaw),

and the outcome was time. Descriptive and analytic statistics, including analysis of variance for repeated

measures, were computed.

Results: The sample was composed of 40 patients (25 female and 15 male patients; mean age,

24.6 years) treated with single-jaw surgery (n = 18) or double-jaw surgery (n = 22). The mean times

for planning single-jaw surgery were 145.5 � 11.5 minutes for CSP and 109.3 � 10.8 minutes for

VSP, and those for planning double-jaw surgery were 224.1 � 11.2 minutes and

149.6 � 15.3 minutes, respectively. Besides the expected result that the working time was shorter
for single-versus double-jaw surgery (P < .001), it was shown that VSP shortened the working time

significantly versus CSP (P < .001). The reduction of time through VSP was relatively stronger for

double-jaw surgery (P < .001 for interaction). All differences between CSP and VSP regarding profession

(except for the surgeon’s time investment) and location were statistically significant (P < .01). The sur-

geon’s time to plan single-jaw surgery was 37.0 minutes for CSP and 41.2 minutes for VSP; for double-

jaw surgery, it was 53.8 minutes and 53.6 minutes, respectively.
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398 VIRTUAL VERSUS CONVENTIONAL SURGICAL PLANNING
Conclusions: Office-based VSP for orthognathic surgery was significantly faster for single- and double-

jaw surgery. The time investment of the surgeon was equal for both methods, and all other steps of the

workflow differed significantly compared with CSP.
� 2017 American Association of Oral and Maxillofacial Surgeons

J Oral Maxillofac Surg 76:397-407, 2018
The success of orthognathic surgery planning depends

on careful physical examination, correct diagnosis,

and accurate treatment planning. Treatment planning

requires the collection of data to make a precise diag-

nosis of the dentofacial deformity and devise a treat-
ment plan, which is then reproducible in the

operating room.1 Conventional surgical planning

(CSP) for orthognathic surgery uses 2-dimensional

(2D) cephalometric analysis, photographs, dental

casts mounted in an articulator with face-bow transfer,

and model surgery to simulate the movements of the

jaw. After facial and cephalometric analysis, the con-

ventional procedure implements a 2D treatment plan
based on the facial analysis and cephalometric tracing.

On the basis of the planning, model surgery is

performed on an articulator and a surgical splint is

fabricated as guidance during the operation.

Over the past few years, the development of

3-dimensional (3D) virtual surgical planning (VSP) has

become more important for planning orthognathic

surgery.2,3 VSP for orthognathic surgery has been
greatly enhanced by the incorporation of 3D imaging

methods, such as cone beam computed tomography

(CBCT), facial scanning, and digital dental casts, as

well as the use of computer-aided design (CAD)

and computer-aided manufacturing (CAM) technol-

ogy.2,4-6 These advances have been shown to facilitate

equivalent or better outcomes when compared with

standard 2D planning and conventional fabrication of
splints.7-12 Various software programs are available for

VSP and the manufacture of surgical splints using

CAD-CAM technology.2,12,13 With use of these

software programs, the workflow of 3D planning and

simulation can be performed in a web- or office-based

manner. In a web-based workflow, data acquisition is

performed in the office and the planning session is

executed via an online conference in collaboration
with the software company’s support team. In an

office-based workflow, the surgeon and his or her

team perform data acquisition, image fusion, 3D ceph-

alometric and soft tissue analysis, virtual osteotomies,

and virtual surgery to work toward the ideal esthetic

and occlusal outcome. In a study by Wrzosek et al,14

the treatment time of web-based VSP for orthognathic

surgery was faster and the method was less expensive
than conventional 2D surgical planning. However, the

additional time needed for the preparatory steps for

the online conference, such as data acquisition and

incorporation and fusion of digital data, as well as the
follow-up working time with CAD-CAM fabrication of

splints, performed by a third-party engineer, was not

considered. The time needed for the involved profes-

sions (dental assistant, surgeon, and dental technician)

and the time needed for the steps at the various work-
ing locations (outpatient, computer, and laboratory) of

an office-based workflow of VSP have not yet

been examined.

The purpose of this study was to compare the time

requirement for CSP and a largely office-based VSP

regarding the type of surgery (single and double

jaw), involved professions, and location. The

following question was raised: Would there be a differ-
ence between the 2 workflows (CSP and VSP)

regarding these variables? The hypotheses were that

1) VSP results in a considerable reduction in working

time, 2) the time investment of the surgeon decreases,

and 3) the working time at the computer increases.
Materials and Methods

STUDY SAMPLE

To address the research purpose, we designed and

implemented a prospective cohort study. The study

sample was composed of all patients who underwent

orthognathic surgery at the Department of Oral and

Maxillofacial Surgery, Academic Teaching Hospital,

Feldkirch, Austria, between May and December 2016.
The inclusion criteriawere patients requiring single-

or double-jaw surgery and the availability of preopera-

tive CBCT data. The exclusion criteria were a history

of Le Fort osteotomy or bilateral sagittal split osteot-

omy, previous facial trauma, cleft palate, syndromic de-

formities, and other types of osteotomy (eg, vertical

ramus or inverted L) or distraction osteogenesis.

Ethical approval was obtained from the local ethics
committee (approval No. EK-2-2014/0016), and indi-

vidual written consent was obtained from all patients.
OUTCOME MEASURES

The predictor variables were planning method (CSP

or VSP) and type of surgery (single or double jaw). The
primary outcome of this study was working time.

Working time consists of professions (dental assistant,

surgeon, and dental technician) and locations

(outpatient, computer, and laboratory).
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STUDY DESIGN

At the beginning of the planning consultation, a

careful facial and occlusal analysis and a physical exam-

ination were carried out, followed by establishment of

the correct diagnosis. For both VSP and CSP, this part

was not included in the time measurement.
Then, all patients underwent a conventional proto-

col and a VSP protocol. Impressions of the upper and

lower jaw, as well as face-bow and bite registration,

were taken for CSP. For VSP, impressions of the upper

and lower jaw with a wax bite were taken, but without

face-bow registration. The natural head position was

defined using a laser light (Bosch PCL 1; Robert Bosch,

Leinfelden-Echterdingen, Germany), and 2 radiopaque
skinmarkers (CT-SPOT, 2.3-mm diameter; Beekley Med-

ical, Bristol, CT) were placed on the displayed horizon-

tal line of the face. Lateral and frontal photographswere

taken in the sitting position with the radiopaque

markers kept level horizontally with the condyles

seated in the joint, lips in a relaxed position, and and oc-

clusion fixed with a wax bite. Thereafter, a CBCT scan

(KaVo 3D eXam; KaVo Dental, Biberach, Germany) was
performed in the natural head position with the same

bite registration and the same facial expression as for
FIGURE1. Conventional surgical planning using Dolphin software. Treat
segments.

Steinhuber et al. Virtual Versus Conventional Surgical Planning. J Oral
the photographs. The DICOM (Digital Imaging and

Communications in Medicine) data were exported

from the hospital’s picture archiving and communica-

tion system and imported into the software’s database

(Dolphin Imaging Software, version 11.9; Dolphin

Imaging and Management Solutions, Chatsworth, CA).

CONVENTIONAL SURGICAL PLANNING

A third-year resident (T.S.), with experience in more

than 100 planning cases, completed 2D planning for

orthognathic surgery. In preparation for planning,

lateral and frontal cephalograms and a panoramic

radiograph, created from the CBCT data, were
imported into the Dolphin Imaging database. Next, a

set of intraoral and extraoral photographs (closed,

relaxed, and smile position from frontal and side

views) were taken and imported. The lateral cephalo-

gram was then traced using standard cephalometric

landmarks, and the facial photographs were superim-

posed onto the traced cephalogram. Subsequently,

treatment planning was performed by a faculty mem-
ber (O.P.) in accordance with the facial and cephalo-

metric analysis and the findings of the planning

consultation (Fig 1). After planning was completed, a
ment simulation shows double-jaw surgery with advancement of both

Maxillofac Surg 2018.



FIGURE 2. Scanning of upper and lower arch models and models in final occlusion using the software of the 3D scanner (A), (Fig 2
continued on next page.)
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laboratory technician trimmed the models and applied
measured, and appliedmeasured reference lines to the

casts. The prepared casts were then mounted in an

articulator (SAM IIP; SAM-Dental, Munich, Germany)

using a double split-cast system. Maxillary model cast

movement using adjustment rods for 3D positioning

and adjustment of final occlusionwas performed using

the technique described by Ehmer et al.15,16 Splint

fabrication was performed by a dental technician at
an out-of-office laboratory.
OFFICE-BASED VSP

The impressions were poured in stone and trimmed.

The upper and lower arch models were scanned sepa-

rately and in final occlusion with a 3D scanner (Ortho

Insight Scanner; Motion View, Chattanooga, TN) and

saved as stereolithography (STL) files (Fig 2A) by a dental
technician at a local out-of-office laboratory. For VSP, the

3D module of the Dolphin Imaging Software (version

11.9) was used. The CBCT images were imported

(‘‘import DICOM’’), and the orientation of the CBCT
volume was set to the natural head position and cor-
rected in the axial, frontal, and sagittal planes (‘‘set orien-

tation’’). Alignment of the frontal photograph in the

relaxed lip position to the CBCT data was established

(‘‘2D photo wrap’’). After the virtual upper and lower

arch models were imported from the software of the

3D scanner into the 3Dmodule of Dolphin Imaging Soft-

ware, alignment between the CBCT volume and the

models was carried out using a semiautomatic proced-
ure, starting from a surface registration in selected zones

where accurate tooth information was available in the

CBCT images. If necessary, the result was further fine-

tuned by manually moving and rotating the models

while inspecting the overlap of the contours in the

CBCT images. As a final quality check, the contours

were inspected using the build in color mapping

(‘‘importmodels’’ and ‘‘edit models’’). A panoramic radio-
graph was constructed from the CBCT images as pro-

vided for the VSP procedure (‘‘build x-ray’’). Major

areas involved in the surgical procedurewere located us-

ing the constructed panoramic radiograph (‘‘setup’’) and

the CBCT volume (‘‘crop’’). Extraneous information was



FIGURE 2 (cont’d). definition of Le Fort I osteotomy line (B), (Fig 2 continued on next page.)
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cut out of the volume (‘‘clean-up’’). Further steps in the

workflow of VSP included defining the osteotomies

and digitizing the soft tissue and skeletal landmarks (‘‘os-
teotomy’’ and ‘‘landmarks,’’ respectively) (Fig 2B). After

the segments were moved according to the treatment

plan, the final occlusion was achieved using the piggy-

back function (‘‘treat’’) and visualized 3-dimensionally

on the monitor (‘‘present’’) (Fig 2C). After virtual con-

struction of the intermediate splint (for double-jaw sur-

gery) and final splint (‘‘splint design’’), an STL file was

created and transferred to a local out-of-office laboratory
via a file-transmitting protocol (Fig 2D). In the case of a

segmented osteotomy of the maxilla, the upper arch

model was ultimately separated and fixed with wax

and then scanned. In final position the scanned models

were superimposed onto the CBCT volume, and the

maxilla incisor tipwas used as a referencepoint to super-

impose the segmented maxilla models onto the

CBCT volume.
CAD-CAM FABRICATION OF SURGICAL SPLINTS

The splint data files were imported into the

software of the milling machine (Ceramill Inhouse
Digital 300; Amann Girrbach, G€otzis, Austria) by a

dental technician at a local out-of-office laboratory.

After post-processing and conversion of the datasets
into STL files on the machine, the splints were fabri-

cated from a polymethyl methacrylate block (Ceram-

ill Splintec Standard 71; Amann Girrbach) by a 5-axis

wet-milling unit (Ceramill Motion 2; Amann Girr-

bach). The time included for data export and

import, thresholding, processing, cross-checking,

and uploading of STL files and administration was re-

corded by the laboratory technician. The time
requirement for milling was not included in

the study.
TIME ANALYSIS

Steps for each activity were assigned to onemember

performing the activity (dental assistant, surgeon, or

dental technician) and to the corresponding location

(outpatient, computer, or laboratory) where the
work was performed. The timing was measured by

the allocated person performing the steps and

recorded in an Excel spreadsheet (Microsoft, Red-

mond, WA) (Table 1). Individual activity-based times



FIGURE 2 (cont’d). virtual treatment simulation with advancement of both jaws (C), (Fig 2 continued on next page.)
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were summed to derive the total time for each profes-
sion and location. The times needed for the different

activities were added to derive an activity-

based analysis.
STATISTICAL ANALYSIS

A repeated-measures design was applied to eval-

uate the effect of CSP versus VSP on working time

considering type of surgery. The different working
steps that sum up to the total working time were

compared by paired t tests. The total working time

was analyzed as the outcome variable in an

analysis-of-variance model for repeated measure-

ments with the predictor variables of planning

method (CSP vs VSP) and type of surgery (single

vs double jaw). Data are presented as

mean � standard deviation, if not indicated other-
wise. P < .05 was considered to indicate statistical

significance. All data were analyzed by use of Micro-

soft Excel 2010 and SPSS software for Windows

(release 18.5; SPSS, Chicago, IL).
Results

A total of 66 patients underwent orthognathic sur-

gery in our clinic within the defined period. Of these

patients, 53 met the inclusion criteria of this prospec-

tive study whereas 13 were excluded because of

incomplete time recordings or missing data. The re-

cordings were complete for 40 patients (25 female

and 15 male patients; mean age, 24.6 � 7.9 years;

age range, 15 to 57 years) with a skeletal Class II profile
(n = 26) and Class III profile (n = 14). Of the patients,

18 were treated with single-jaw surgery and 22

received double-jaw surgery. For 6 patients, a

segmented Le Fort I osteotomy was performed during

the procedure, and for 23 patients, an additional

genioplasty was performed.

The average times for each step in the workflow of

CSP and VSP for single- and double-jaw surgery are dis-
played in Table 1. The average time needed for CSP and

VSP was 2 hours 25 minutes and 1 hour 49 minutes,

respectively, for single-jaw surgery and 3 hours

44 minutes and 2 hours 29 minutes, respectively, for

double-jaw surgery. Besides the expected result that



FIGURE 2 (cont’d). and design and presentation of intermediate splint (D).
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the working timewas shorter for single- versus double-
jaw surgery (P < .001), it was shown that VSP short-

ened the working time significantly versus CSP

(P < .001). The reduction of time through VSP was

relatively stronger for double-jaw surgery (P < .001

for interaction). The results are listed in Table 2. All

differences regarding profession (except for the sur-

geon’s time investment) and location were statistically

significant (P < .01). The time needed for the surgeon
to plan single-jaw surgery was 37.0 minutes for CSP

and 41.2 minutes for VSP (P = .214); for double-jaw

surgery, it was 53.8 minutes and 53.6 minutes, respec-

tively (P = .957). The time needed for each profession

and each location is displayed in Tables 3 and 4. For

planning double-jaw surgery, the surgeon needed

6.8minutes for outpatient work, 23.0minutes for com-

puter work, and 24.0 minutes for laboratory work for
CSP and needed 0 minutes, 53.6 minutes, and

0 minutes, respectively, for VSP.

The predictor variables such as age or gender did

not show a significant association with the outcome

variable of working time. The outcome was
approximately normally distributed as assessed by
the Shapiro-Wilk test in the subgroups of the

predictors.
Discussion

The purpose of this study was to assess the differ-

ence in the time needed between CSP and largely

office-based VSP of orthognathic surgery with respect

to single- and double-jaw surgery and compare the
working time of the staff involved and the location

regarding each step in both workflows. The hypothe-

ses were that 1) VSP results in a considerable reduc-

tion in working time, 2) the time investment of the

surgeon decreases, and 3) the working time at the

computer increases.

VSP took significantly less time than conventional

2D planning for both single- and double-jaw surgery.
Our analysis showed overall time savings of 36minutes

for single-jaw surgery and 74 minutes for double-jaw

surgery. An interesting finding was that the surgeon’s

planning time for CSP and VSP was almost the same.



Table 1. AVERAGE TIME FOR EACH PROFESSION AND LOCATION IN PROCESS FOR CSP AND VSP

Location Profession

CSP, Minutes VSP, Minutes

Single Jaw Double Jaw Single Jaw Double Jaw

CBCT (NHP, wax bite)* O A, S 5.8* 5.8* 5.8* 5.8*

Outpatient workup

Impression O A 6.3 6.1 6.3 6.1

Pouring in stone (VSP and

CSP) and mounting

articulator (only CSP)

L A 18.0 18.0 9.2 8.9

Face-bow and bite

registration

O S 7.0 6.8 — —

Photographs O A 3.1 3.1 3.1 3.1

Scanning models C T — — 15.3 15.1

2-Dimensional planning

Import radiographs C S 1.1 1.1 — —

Capture C S 7.7 7.5 — —

Digitize C S 6.2 5.9 — —

Superimpose C S 2.8 2.5 — —

Treatment simulation C S 3.1 7.1 — —

Model surgery

Preparation of casts L T 20.0 22.0 — —

Preparation of model surgery L S 1.1 4.0 — —

Model surgery L S 9.1 20.0 — —

Virtual surgery

Import DICOM C A — — 4.2 2.8

Set orientation C S — — 2.7 2.9

2D photo wrap C S — — 3.8 4.5

Import and edit models C S — — 7.9 9.3

Build x-ray C S — — 1.6 1.8

Setup, crop, clean-up C S — — 7.2 6.8

Osteotomy C S — — 3.2 4.4

Landmark C S — — 6.0 6.8

Treatment, present C S — — 4.6 10.5

Splint design C S — — 4.2 6.6

Splint fabrication L T 60.0 120.0 30.0 60.0

Total timey 145.5 224.1 109.3 149.6

Abbreviations: A, dental assistant; C, computer; CBCT, cone beam computed tomography; CSP, conventional surgical planning;
DICOM, Digital Imaging and Communications in Medicine; L, laboratory; NHP, natural head position; O, outpatient; S, surgeon;
T, dental technician; VSP, virtual surgical planning.
* CBCT scans were taken preoperatively in all patients and not included in the overall planning time.
y CSP versus VSP and single jaw versus double jaw, as well as their interaction, were significantly different in the analysis of

variance for repeated measurements (P < .001 for each).

Steinhuber et al. Virtual Versus Conventional Surgical Planning. J Oral Maxillofac Surg 2018.
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The time needed for the surgeon to plan single-jaw sur-

gery was 37.0 minutes for CSP and 41.2 minutes for

VSP; for double-jaw surgery, it was 53.8 minutes and

53.6 minutes, respectively. The differences were not

statistically significant. For VSP compared with CSP,

the overall working time at the computer increased

to 61 minutes for single-jaw surgery and 72 minutes
for double-jaw surgery (including all involved profes-

sions). In contrast to CSP, in which the surgeon’s

time was associated with planning at the computer

and model simulation in the laboratory, VSP took

almost the full time for planning and simulation at
the computer. The most noteworthy time saving was

seen in the laboratory work, both for the surgeon

and for the dental technician.

Several studies have shown that VSP and medical

modeling are significant time-saving tools that are

proving to be highly accurate regarding imaging, quan-

titative analysis, and predictability of esthetic out-
comes with planned surgical movements on key

components of the dentofacial skeleton.3,6,14,17-22 In

a prospective study by Wrzosek et al,14 VSP resulted

in time savings of at least 2 hours (up to 30%)

compared with conventional planning. The reason



Table 2. AVERAGE TIME FOR EACH PROFESSION AND LOCATION IN PLANNING PROCESS

Single Jaw Double Jaw

CSP VSP CSP VSP

Mean, Minutes % Mean, Minutes % Mean, Minutes % Mean, Minutes %

Profession

Assistant 10.5 � 0.2* 7.2 22.8 � 1.1* 20.8 10.3 � 3.8* 4.6 20.9 � 0.3* 14.0

Surgeon 37.0 � 3.5 25.4 41.2 � 0.7 37.7 53.8 � 1.0 24.0 53.6 � 1.6 35.8

Technician 98.0 � 0.3* 67.4 45.3 � 2.4* 41.5 160.0 � 0.4* 71.4 75.1 � 3.0* 50.2

Location

Outpatient 16.4 � 0.0* 11.2 9.4 � 0.3* 8.6 16.0 � 0.4* 7.1 9.2 � 0.3* 6.1

Computer 20.9 � 0.8* 14.4 60.7 � 0.8* 55.6 24.0 � 1.6* 10.7 71.5 � 1.5* 47.8

Laboratory 108.2 � 4.6* 74.4 39.2 � 6.5* 35.8 184.1 � 4.9* 82.2 68.9 � 3.0* 46.1

Total time 145.5 � 11.5* 109.3 � 10.8* 224.1 � 11.2* 149.6 � 15.3*

Abbreviations: CSP, conventional surgical planning; VSP, virtual surgical planning.
* Statistically significant (P < .001).

Steinhuber et al. Virtual Versus Conventional Surgical Planning. J Oral Maxillofac Surg 2018.

STEINHUBER ET AL 405
for this relatively large time saving compared with our

study could be that their study investigated a web-

based workflow, where major parts of the planning

process were outsourced to a third-party engineer,

handling preparatory steps before the web session

(data import, model scan, image fusion, and so on)
and the follow-up with CAD-CAM fabrication of

splints. It is interesting to note that in the study by

Wrzosek et al, the total time required was 7.5 hours

for conventional planning and 5.1 hours for virtual

planning. Compared with our study, the increased

overall time requirement could be explained by the

fact that a first-year resident completed the model

preparation and mounting (total time, 4.4 hours). In
our study, mounting and model preparation was per-

formed by a dental technician with 20 years of experi-

ence and, therefore, the time requirement was

distinctly shorter, with a total time of up to 22minutes.
Table 3. CROSS TABULATION (PROFESSION,
LOCATION) FOR PLANNING SINGLE-JAW SURGERY

Assistant,

Minutes

Surgeon,

Minutes

Technician,

Minutes

CSP VSP CSP VSP CSP VSP

Outpatient 9.4 9.4 7.0 — — —

Computer 1.1 4.2 19.8 41.2 — 15.3

Laboratory — 9.2 10.2 — 98.0 30.0

Total time 10.5 22.8 37.0 41.2 98.0 45.3

Abbreviations: CSP, conventional surgical planning; VSP,
virtual surgical planning.

Steinhuber et al. Virtual Versus Conventional Surgical Planning.

J Oral Maxillofac Surg 2018.
In a retrospective study of 19 symmetrical, nonseg-

mental cases, the total time for web-based VSP

including the online conference took 3 hours 8 -

minutes.19 These results are similar to those in our

study, in which the total time for the VSP workflow

took an average of 2 hours 29 minutes for double-jaw
cases. The online conference of the VSP web session,

during which the surgeon interacted with an engineer

from the software company, took 45 to 49 minutes.19

Hence, the time needed for the surgeon is almost the

same (in our study the total time for the surgeon was

54 minutes for VSP) for both workflows (web based

and office based).

One of the major advantages of VSP compared with
conventional treatment planning of orthognathic sur-

gery is that the surgeon inherently has more informa-

tion on the patient’s anatomy during planning,

which enables the resident to have a more realistic
Table 4. CROSS TABULATION (PROFESSION,
LOCATION) FOR PLANNING DOUBLE-JAW SURGERY

Assistant,

Minutes

Surgeon,

Minutes

Technician,

Minutes

CSP VSP CSP VSP CSP VSP

Outpatient 9.2 9.2 6.8 — — —

Computer 1.1 2.8 23.0 53.6 — 15.1

Laboratory — 8.9 24.0 — 160.0 60.0

Total time 10.3 20.9 53.8 53.6 160.0 75.1

Abbreviations: CSP, conventional surgical planning; VSP, vir-
tual surgical planning.

Steinhuber et al. Virtual Versus Conventional Surgical Planning.

J Oral Maxillofac Surg 2018.
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image of the current case while working in the

operating room.2,6

The disadvantage of a web-based workflow is that

important steps in preparation and planning of the sur-

gical cases are outsourced. Regarding the education of

residents, it is necessary to learn all steps of orthog-

nathic planning with 2D tracing and articulator simula-

tion as performed in the past.5 A typical state-of-the-art
VSP workflow includes data acquisition; image fusion;

3D cephalometric and facial analysis; and particularly,

surgical simulation, splint design, and patient manage-

ment. According to CSP, it is important that these steps

are integrated into the future education of oral and

maxillofacial surgeons and they should not be

transferred to a third-party engineer via an online

communication tool.
A further limitation of a web-based workflow is that

incorporating 3D data and simulation of the surgical

procedure requires a third-party source, leading to

increased costs.18 The data for the virtual treatment

planning must be uploaded for later out-of-office pro-

cessing, and an appointment for an online conference

between the clinicians (resident and faculty) and the

third-party engineer must be organized. In addition,
the surgical splints need to be shipped back to the

clinician after fabrication. By use of a web-based work-

flow, the management of the data flow, communica-

tion, and shipping can be challenging and

demanding and can lead to a longer preparation time

before surgery.2 Office-based planning, as used in our

study, can reduce this preparation time and make the

patient’s management more predictable.
Model scanning and splint fabrication by a local out-

of-office laboratory, as used in our workflow, could be

considered, given that a 3D model scanner and an in-

house 3D printing and milling device are expensive.

A regular dental laboratory experienced with CAD-

CAM techniques can perform the model scan and

manufacture the surgical splints; therefore, additional

investment in a printing and milling device can
be avoided.

However, when one is using VSP (with either a

web-based or office-based workflow), the implementa-

tion of a communication tool should allow the special-

ists involved in orthognathic planning to

communicate in a team conference with the atten-

dance of surgeons, orthodontists, and other clinicians

in the clinic sites. Moreover, surgical planning and
simulation of preoperative and postoperative condi-

tions facilitate patient education and resident training.

This study has some limitations: First, the timing

was measured by the allocated person performing

the steps. This may have led to observer bias. Second,

the facial and occlusal analyses and physical examina-

tion of the patient were performed at the beginning of

the planning consultation for both VSP and CSP in
combination in 1 single session; therefore, this outpa-

tient time was not assigned to one of the planning

methods to keep a clear separation between the two

workflows. Third, not all components of the workflow

were timed. To reduce radiation exposure, a CBCT

scan was performed in all patients for later conven-

tional and virtual planning. The 2D radiographs (pano-

ramic radiograph, frontal and lateral cephalograms)
were reconstructed from the CBCT data and used for

CSP instead of taking additional radiographs. To allow

comparability between the 2 workflows (VSP and

CSP), the time to collect the CBCT data was not

included in the total planning time as shown in

Table 1. Fourth, CSP was mostly planned first and

VSP thereafter. The knowledge of 2D planning could

have altered the time investment, especially the treat-
ment steps for VSP. By use of the information from CSP,

VSP could have been faster. In addition, some time was

spent on planning multisegment osteotomies and gen-

ioplasty during the CSP and VSP sessions, and this may

have influenced the planning time of both methods.

Finally, the time requirement for milling was not a

part of the working time and therefore was not

included in the study. Only the effective working
time of the different professions was recorded. The

reason for including the working time of the techni-

cian in the study was to assess the time requirement

regarding a fully office-based workflow.

In conclusion, this study shows that largely

office-based VSP takes significantly less time than con-

ventional planning, both for single-jaw and for double-

jaw orthognathic surgery. It is particularly noteworthy
that the time investment of the surgeon did not differ

between CSP and VSP. For the VSP workflow, a signif-

icant reduction in the time investment was found for

the dental technician as well as for the outpatient

and laboratory locations. These changes were accom-

panied by a large increase in working time at the com-

puter. Future studies should focus on the differences

between various software options for a completely
office-based workflow containing 3D scanning and

3D printing and/or milling to fully understand the

virtual planning time for orthognathic surgery.
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