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An open protocol for evaluating the accuracy of guided
implant surgery by using digital casts
Yushu Liu, DDS,a Hongqiang Ye, DDS, PhD,b Shimin Wang, BDS,c Lei Zhang, DDS, PhD,d and
Yongsheng Zhou, DDS, PhDe
ABSTRACT
An open protocol is described for the evaluation of implant deviation by using digital casts. A digital
surgical planning cast and a definitive cast are imported into a reverse engineering software
program, and cylinders are created as simplifications of the implants. After superimposing the
digital casts, implant deviations can be calculated by using the coordinates of the cylinders. This
protocol only requires routine clinical data from the guided implant surgery and digital
prosthodontic workflow; it can therefore be easily embedded into the clinical procedure. Any
dental software program providing access to implant coordinates can be integrated with this
protocol to overcome the shortcomings of various closed-loop workflows used by dental
software programs. (J Prosthet Dent 2021;126:731-4)
Evaluating the accuracy of
guided implant surgery is an
important part of implant
dentistry and essentially in-
volves comparing an implant
position after placement with
its planned position. The 2
main approaches use either
cone beam computed to-
mography (CBCT)1-3 or digi-

tal definitive casts.4,5 Using CBCT scans requires a
postoperative CBCT scan, from which each implant is
segmented. Superimposing the postoperative scan
with the surgical planning scan determines the devia-
tion of the implants, but additional radiation is
required. Digital definitive cast analysis uses a con-
ventional or digital definitive cast. The digital cast and
implant platform interface are digitized by using an
industrial coordinate measuring machine. The defini-
tive cast is superimposed with the surgical planning
cast for implant deviation analysis.4 Some surgical
planning software programs have built-in functions for
implant analysis that can automatically calculate
implant deviations by using an imported digital
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definitive cast with scan bodies after superimposing
the digital definitive cast onto the surgical plan.5

Although digital casts usually have a higher accuracy
than CBCT scans,6 their closed-loop workflows restrict
a dentist’s choice of devices and software programs.

The technique described removes the restrictions of
these methods by developing a deviation calculation
protocol for guided implant surgery, which is verified
by using a commercially available dental computer-
aided design (CAD) software package and 3D reverse
engineering software program. The protocol features
clear and accurate mathematical operations of com-
puter graphics7 and an open-loop workflow for inte-
gration with various software programs.
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Figure 1. Surgical planning for implant surgery. Cone beam computed tomogram hidden to show implant position.
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TECHNIQUE

A clinical patient with a missing mandibular right first
molar was used to develop and verify the feasibility of
this protocol.

1. Prepare a surgical guide by using a specialized
software program (Implant Studio; 3Shape A/S)
(Fig. 1). Insert the implant with the assistance of the
printed guide. Export the digital cast with surgical
planning in both DCM (a software-dedicated file
format) and standard tessellation language
(STL) file formats.

2. After osseointegration is complete, make a digital
definitive cast for restoration fabrication by using
an intraoral scanner (TRIOS 3; 3Shape A/S). Align
the scan body image with the implant library in a
dental software program (Dental System; 3Shape
A/S) to determine the implant position (Fig. 2).
Export the digital definitive cast with implant
position as both DCM and STL files.

3. Open the digital cast DCM file in a common text
editor (Notepad; Microsoft Corp) because the
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extensible markup languageda widely accepted,
open standard for data exchangedis used in the
DCM file. Find the coordinate information of each
implant, which is presented as a series of properties
“m00,” “m01,” ., and “m33,” Compose the
implant coordinate transformation matrix as follows:

MI =

2
664
m00 m01 m02 m03

m10 m11 m12 m13

m20 m21 m22 m23

m30 m31 m32 m33

3
775:

4. Calculate the implant coordinates as per the
software specifications (Dental System), which
specify that the center point of the implant plat-
form is to be located at the coordinate origin
POð0; 0; 0Þ and the apex is to be directed along the
y-axis V0ð0; − 1; 0Þ. Multiply the transformation
matrix and the specified implant origin co-
ordinates by using a mathematical calculator to
resolve the implant coordinates:
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Figure 2. Digital definitive cast for prosthesis fabrication.
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where PðxP; yP; zPÞ is the platform center of the implant
and VðxV ; yV ; zV Þ is the direction of the implant.

5. Import the STL files of both the planning and defini-
tive digital casts to a 3D reverse engineering software
program (Geomagic Studio; 3D Systems). Use P and V
as calculated previously and the exact implant length to
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create cylinders representing the implants. Attach the
cylinders to the respective casts (Fig. 3).

6. Superimpose the planning cast and digital definitive
cast by selecting the remaining dentition and using
the “best-fit” algorithm of Geomagic Studio (Fig. 4).
Record the start and end point coordinates and the
direction vectors of the cylinders, which represent
the platform center, apex, and direction of the im-
plants in the same coordinate system.

7. Calculate the coronal and apical deviations of the
implants by resolving the Euclidean distances of the
start and points of the cylinders. Calculate the angle
deviations by resolving the angles between the di-
rection vectors of the cylinders (Fig. 5).
DISCUSSION

The presented protocol overcomes the shortcomings of the
widely used analyses based on either CBCT or software-
specific definitive casts. It requires no additional scan.
Steps 1 and 2 are common routines in digital dentistry, and
only unencrypted data from the dental software program
are processed. The use of digital casts eliminates adminis-
tering additional radiation to the patient. The protocol uses a
similar algorithm to the built-in functions of some surgical
planning software programs. However, these built-in func-
tions are often closed loop or absent from some dental
software programs. Only steps 3 and 4 are software specific.
The algorithm framework of this protocol can be applied to
any surgical planning or dental CAD software program if the
THE JOURNAL OF PROSTHETIC DENTISTRY



Figure 4. Superimposed digital casts with attached cylinders.

Figure 5. Implant deviation calculated based on reconstructed implant
cylinders.

Figure 3. Reconstructed cylinders representing implants in Geomagic
Studio. A, Surgical planning cast. B, Definitive cast.
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manufacturer provides a way to access the implant co-
ordinates. Steps 3, 4, 5, and 7 can be performed by pure
mathematical operations by using the transformation matrix
generated automatically in step 6, indicating the simplifica-
tion and programmability of this protocol. Dental software
program developers should provide an open interface rather
than a closed-loop workflow to evaluate the accuracy for
moving from research to clinical application and help den-
tists improve their ability to assess implants.

SUMMARY

This technique calculates implant deviation by using
clinically routine digital casts without requiring CBCT
scans. The protocol can be integrated into various dental
software programs to overcome the shortcomings of
specific closed-loop workflows.
REFERENCES

1. Cushen SE, Turkyilmaz I. Impact of operator experience on the accuracy of
implant placement with stereolithographic surgical templates: an in vitro
study. J Prosthet Dent 2013;109:248-54.

2. Cunha RM, Souza FA, Hadad H, Poli PP, Maiorana C, Carvalho PSP. Accuracy
evaluation of computer-guided implant surgery associated with prototyped
surgical guides. J Prosthet Dent 2021;125:266-72.
THE JOURNAL OF PROSTHETIC DENTISTRY
3. Varga EJ, Antal M, Major L, Kiscsatari R, Braunitzer G, Piffko J. Guidance
means accuracy: a randomized clinical trial on freehand versus guided dental
implantation. Clin Oral Implants Res 2020;31:417-30.

4. Komiyama A, Pettersson A, Hultin M, Nasstrom K, Klinge B. Virtually planned
and template-guided implant surgery: an experimental model matching
approach. Clin Oral Implants Res 2011;22:308-13.

5. Monaco C, Arena A, Corsaletti L, Santomauro V, Venezia P, Cavalcanti R,
et al. 2D/3D accuracies of implant position after guided surgery using
different surgical protocols: a retrospective study. J Prosthodont Res
2020;64:424-30.

6. Wesemann C, Muallah J, Mah J, Bumann A. Accuracy and efficiency of full-
arch digitalization and 3D printing: a comparison between desktop model
scanners, an intraoral scanner, a CBCT model scan, and stereolithographic 3D
printing. Quintessence Int 2017;48:41-50.

7. Bloomenthal J, Rokne J. Homogeneous coordinates. Vis Comput 1994;11:
15-26.

Corresponding author:
Dr Yongsheng Zhou
Department of Prosthodontics
Peking University School and Hospital of Stomatology
22 Zhongguancun Ave South
Haidian District, Beijing 100081
PR CHINA
Email: kqzhouysh@hsc.pku.edu.cn

Copyright © 2020 by the Editorial Council for The Journal of Prosthetic Dentistry.
https://doi.org/10.1016/j.prosdent.2020.05.039
Liu et al

http://refhub.elsevier.com/S0022-3913(20)30476-5/sref1
http://refhub.elsevier.com/S0022-3913(20)30476-5/sref1
http://refhub.elsevier.com/S0022-3913(20)30476-5/sref1
http://refhub.elsevier.com/S0022-3913(20)30476-5/sref2
http://refhub.elsevier.com/S0022-3913(20)30476-5/sref2
http://refhub.elsevier.com/S0022-3913(20)30476-5/sref2
http://refhub.elsevier.com/S0022-3913(20)30476-5/sref3
http://refhub.elsevier.com/S0022-3913(20)30476-5/sref3
http://refhub.elsevier.com/S0022-3913(20)30476-5/sref3
http://refhub.elsevier.com/S0022-3913(20)30476-5/sref4
http://refhub.elsevier.com/S0022-3913(20)30476-5/sref4
http://refhub.elsevier.com/S0022-3913(20)30476-5/sref4
http://refhub.elsevier.com/S0022-3913(20)30476-5/sref5
http://refhub.elsevier.com/S0022-3913(20)30476-5/sref5
http://refhub.elsevier.com/S0022-3913(20)30476-5/sref5
http://refhub.elsevier.com/S0022-3913(20)30476-5/sref5
http://refhub.elsevier.com/S0022-3913(20)30476-5/sref6
http://refhub.elsevier.com/S0022-3913(20)30476-5/sref6
http://refhub.elsevier.com/S0022-3913(20)30476-5/sref6
http://refhub.elsevier.com/S0022-3913(20)30476-5/sref6
http://refhub.elsevier.com/S0022-3913(20)30476-5/sref7
http://refhub.elsevier.com/S0022-3913(20)30476-5/sref7
mailto:kqzhouysh@hsc.pku.edu.cn
https://doi.org/10.1016/j.prosdent.2020.05.039

	An open protocol for evaluating the accuracy of guided implant surgery by using digital casts
	Technique
	Discussion
	Summary
	References


