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Abstract
Background: To evaluate the accuracy of a computer numerical control (CNC) milled surgical guide for
implant placement in edentulous jaws.

Methods: Edentulous patients seeking implants treatment were recruited in this prospective cohort study.
Radiographic guides with diagnostic templates were fabricated from wax-up dentures. Patients took
cone-beam computed tomography (CBCT) wearing the radiopaque radiographic guides. Implant
positions were virtually designed in the planning software based on the CBCT data, and the radiographic
templates were converted into surgical guides using CNC milling technique. Forty-four implants were
placed into 12 edentulous jaws following guided implant surgery protocol. Post-surgery CBCT scans were
made for each jaw, and the deviations between the planned and actual implant positions were measured.
Deviation of implant position was compared between maxilla and mandible, and between cases with and
without anchor pins using independent t-test.

Results: Nine patients (3 males and 6 females) with 12 edentulous jaws were recruited. The mean age of
patients was 59.2±13.9 years old. All 44 implants was placed without complication and survived,  The
mean three dimensional linear deviation of implant position between virtual planning and actual
placement was 1.53 ±0.48mm at the implant neck and 1.58 ±0.49 mm at the apex. The angular deviation
was 3.96 ±3.05 degrees. No signi�cant difference was found in the deviation of implant position between
maxilla and mandible (P=0.28 at neck, 0.08 at apex), nor between cases with and without anchor pins
(P=0.87 at neck, 0.06 at apex).  

Conclusions: The guides fabricated using the CNC milling technique provided comparable accuracy as
those fabricated by Stereolithography. The displacement of the guides on edentulous arch might be the
main contributing factor of deviation.

Trial registration: Chinese Clinical Trial Registry, ChiCTR-ONC-17014159 (July 26, 2017)

Background
Surgical templates for guided implant surgery have gained increasing importance in implant
dentistry[1,2]. The fabrication of implant surgical guides usually follows a digital work�ow[3]: Cone-beam
computed tomography (CBCT) / Multidetector computed tomography (MDCT) data are converted into a
virtual, three-dimensional (3D) digital model using planning software, and this allows virtual implants to
be placed in an ideal, prosthetically driven manner. The virtual implant position can then be recorded in a
template for guided surgery.

Currently, there are two ways to fabricate surgical templates, namely, rapid prototyping (RP) and milling.
Rapid prototyping or stereolithography (SLA) is the most widely used technique to fabricate surgical
guides. Data from the Computed tomography (CT) scan, intraoral scan (or model scan) and digitized try-
in prosthesis are fused. Double scan technique was commonly used. During the data fusion process,
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errors can be introduced into the system[4]. Linear RP processing error has been reported to be 0.22 - 0.24
mm[5]. For edentulous jaws, data fusion to fabricate a surgical guide is even more challenging due to the
lack of rigid support. The accuracy of the SLA surgical guide is in�uenced by parameter settings and
calibration algorithm used in the planning software. Stumpel reported that the mean difference between
the SLA duplicate denture printed from Digital Imaging and Communications in Medicine (DICOM) data
and the original diagnostic prosthesis ranges from 0.56 mm to 2.17 mm[6].

Milled implant surgical templates are made based on coordinate alignment[7]. A radiopaque radiographic
template was fabricated from wax-up denture. Patients took CBCT wearing the radiographic template,
and the radiopaque dentition and the bone structure could be viewed in one CT scan. No data fusion was
needed. The radiographic guide was then converted into a surgical guide by milling slots for he guide
sleeves[8]. Errors caused by the fusion of multisource data can be avoided.

For laboratory milled surgical guide, the most critical step is to transfer the virtual implant position into
the coordinates of the milling machine. Previous studies have reported several transfer methods, such as
the “X-cube”, orthogonally designed acrylic rods or a standard template[9,10]. In 2018, a kind of implant
surgical guide fabricated using 5-axis Computer Numerical Control (CNC) milling machine for guided
implant placement in the edentulous jaw was introduced[11]. The laboratory-based computer aided
design and computer aided manufacturing (CAD-CAM) system provides a digital work�ow in which only
two steps involve manual interventions. The �rst step is the fabrication of the acrylic base for the
radiographic template. The second step is the �xation of metal sleeves in the sleeve slots. Coordinates
synchronization can be realized using a specially designed diagnostic template.

Many studies have investigated the accuracy of stereolithography surgical guides for edentulous jaws
(Table 1). However, there were only a few  studies addressing the accuracy of the laoratory based CNC
milled surgical guide. Chai et al reported the preclinical fabrication accuracy of the CNC milled surgical
guide as 1.06 mm at the neck and 1.12 mm at the apex[11]. Park reported the technical deviation of the
milled template was 0.68mm horizontally, and 0.41mm vertically[7]. There was no study reporting the
clinical accuracy of the CNC milled surgical guide for edentulous jaws.

Therefore, the aim of this study was to evaluate the accuracy of implants placed using a CAD-CAM
fabricated CNC-milled implant surgical guide in edentulous jaws. The null hypothesis was that by using
the CAD-CAM fabricated CNC-milled implant surgical guides, the position differences between the
virtually planned and actually placed implants would be comparable to those of SLA surgical guides
reported in the literature.

Methods

1. Participants
The patients who were edentulous in one or in both jaws and seeking implant-supported prosthesis
treatment in the Department of Prosthodontics at Peking University School and Hospital of Stomatology
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from December 2017 to June 2018 were included in this study. The inclusion and exclusion criteria are
shown in Table 2. The study was reviewed and approved by the Institutional Review Board of Peking
University School and Hospital of Stomatology. The study was registered in the Chinese Clinical Trial
Registry (ChiCTR-ONC-17014159). This study was undertaken with the understanding and written
informed consent of each individual participant and was conducted in accordance with the World
Medical Association’s Declaration of Helsinki (Version, 2013).

2. Design and fabrication of the radiographic template
The study protocol is summarized in Fig. 1. For each patient, after conventional impressions were taken
for both the maxilla and mandible, stone models were fabricated. Maxillomandibular relationship
registration was performed and veri�ed, and the models were mounted in an articulator using facebow
transfer technique. The wax-up dentures (Fig. 2a) were tried in the patient’s mouth, and after clinically
necessary corrections, the wax-up dentures were sent back to the laboratory for the production of
radiographic templates.

The wax-up was digitized using a table-top scanner (D2000, 3shape, Copenhagen K, Denmark). A
radiopaque polymethyl methacrylate (PMMA) blank (Organical® PMMA, Organical, Berlin, Germany) was
used to mill the dentitions on a 5-axis CNC milling machine (Fig. 2b, Organical® Multi S, Organical, Berlin,
Germany). A transparent self-cure resin base was built on the model (Fig. 2c and 2d). Finally, a
registration template (Diagnostic Template, Organical®, Berlin, Germany) was bonded to the lingual side
of the radiopaque dentition to complete the radiographic template (Fig. 2e and 2f).

3. CBCT scan and virtual implant planning
The radiographic template was placed in patient’s mouth to con�rm its �t. A silicone index was made to
further stabilize the template,. With the templates in the patient’s mouth, a CBCT scan (VGi, New Tom,
Verona, Italy, voxel size 0.25 mm3, �eld of view 12 cm x 8 cm, voltage 110 kV, tube current 3.5 mA) was
made (Fig. 3). The image data were exported in the DICOM format and exported to virtual planning
software (Organical® Dental Implant, ODI 1.1.0.5, Organical, Berlin, Germany). The radiopaque dentitions
and the alveolar bone could be viewed in the software (Fig. 4).

Virtual implant planning was conducted in the software in accordance with the prosthetic treatment
protocol (Fig. 4). The software aligned the spatial coordinates of the radiographic templates with its
system coordinates by identifying the zirconia beads in the diagnostic plate in the DICOM data  (Fig. 5).
The position information of the virtually designed implants was then transferred into coordinate values
that could be identi�ed by the milling software. The planning data were then exported in the initial
graphics exchange speci�cation (IGES) format.
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4. Milling of surgical guides
The implant planning data were transferred into the milling software (Organical® Mill2, Organical, Berlin,
Germany), and the radiographic guide with the diagnostic template was �xed on the 5-axis CNC machine
(Organical® Multi S, Organical, Berlin, Germany). Slots for the guide sleeve of each implant were milled
on the radiographic templates. The guide sleeves were precisely installed into the slots (Fig. 6). Thus, the
radiographic template was transferred into an implant surgical guide.

5. Guided surgery
All the surgeries were performed by two experienced dentists (S.P and J.L) at the Department of
prosthodontics of Peking University School and Hospital. Before surgery, the surgical guide and the
silicon index were disinfected in 0.12% chlorhexidine for 30 minutes. The surgical guide was positioned
on the edentulous jaw with the interocclusal silicon index to con�rm proper seating.

After local anaesthesia, the surgical guide was either �xed on patient’s alveolar ridge by three lateral
�xation pins or retained using �xation anchors through guide sleeves after the �rst twist drill. A punch
drill was used to remove the mucosa on top of the alveolar ridge, and a �apless guided implant
placement protocol was followed.

Based on the virtual planning, the correct combination of drill handles and guided instruments was used
for osteotomy site preparation, and the implants were installed (Bone level implant or Tissue level
implant, Institut Straumann AG, Switzerland. Fig. 7). Guided bone regeneration (GBR) procedure was
performed for one implant with bone graft material (0.25g, Bio-Oss®, Geistlich, Switzerland) and collagen
membrane (Bio-Guide®, Geistlich, Switzerland).

6. Deviation measurement
After implant placement, a second CBCT scan was made for each patient.The post-surgical CBCT data
were imported into Mimics (Mimics 19.0, Materialise, Leuven, Belgium), and post-operative digital models
in the Standard Tessellation Language (STL) format were generated from the DICOM data. A 1.25 mm
layer of bone around the implant was removed using the Masks, Morphology, and Boolean function in the
software. Finally, the data of the bone structure of the edentulous maxilla and mandible together with the
isolated implants in the STL format were exported from Mimics software and imported into the virtual
planning software, where the data were superimposed with the pre-surgical CBCT image that contained
the virtually planned implants (Fig. 8).

Deviation measurement

The deviation between the virtually planned and actually placed implant positions was measured at the
neck and apex of each implant.
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Four parameters were de�ned, namely, the global deviation, horizontal deviation, depth deviation, and
angular deviation. All parameters, except for the angular deviation, were measured both at implant neck
and apex.

The global deviation was de�ned as the 3D distance between the centres of the neck (or apex) of the
corresponding virtually planned and actually placed implants. To calculate the lateral deviation, a plane
perpendicular to the longitudinal axis of the planned implant and through its coronal or apical centre was
de�ned and set as the reference plane. The horizontal deviation was de�ned as the distance between the
coronal (or apical) centre of the planned implant and the point of intersection of the longitudinal axis of
the placed implant with the reference plane. The depth deviation was de�ned as the distance between the
coronal (or apical) centre of the placed implant and the reference plane. The angular deviation was
de�ned as the three-dimensional angle between the longitudinal axis of the planned and placed implants
(Fig. 9).

To analyse the factors contributing to implant deviation, the mean global deviation in the maxillary cases
and that in the mandibular cases were compared. Mean global deviation in cases with and without lateral
�xation pins were also compared.

Mean difference of inter-implant distance

The distances between each pair of neighboring implants were measured in the virtual planning and the
actual post-surgery CBCT scans. The mean differences between the virtual and actual inter-implant
distance at implant neck and apex area were calculated, this will represent the random errors in the
surgical template (Fig. 10).

7. Data analysis
The data were analysed descriptively using statistical software ( IBM SPSS Statistics, v20.0; IBM Corp,
Chicago, IL, USA). To determine the contributing factors for the deviation in implant position, the
deviation values between the upper and lower jaws as well as between cases using �xation pins for the
surgical guide and cases not using �xation pins were compared using independent t-tests.

Results
Nine patients with 12 edentulous jaws were recruited in this prospective cohort study. The mean age of
the patients was 59.2±13.9 years old. The patients’ demographic data and distribution of the implants
are summarized in Table 3. A total of 44 implants were placed using CAD-CAM CNC-milled guides. During
the surgery and with an average post-surgery follow-up time of 6 month, no post-operative complications,
such as haemorrhages, sinus pathologies, severe pain, or in�ammation, were recorded. The 6 month post-
operative survival rate of the implants were 100%.



Page 7/26

Lateral �xation pins were used in three surgical templates with 14 implants placed, and the other nine
surgical guides were retained with �xation anchors through the guide sleeves after the pilot drill was used
for the osteotomy. The average global deviation at the implant shoulder was 1.53 ± 0.48 mm, and that at
the apex was 1.58 ± 0.49 mm. The mean angular deviation was 3.96 ± 3.05 degrees. The global,
horizontal and vertical deviations are shown in Table 4. No signi�cant differences were found between
the global coronal deviation and the global apical deviation. The horizontal deviation was signi�cantly
larger than the depth deviation at both the implant neck and apex (p<0.05).

The effects of jaw position and lateral �xation pin on the deviation between the planned and actual
implant positions were evaluated (Table 5). There was a trend showing that the mean global deviation in
implant position in the maxilla was lower than that in the mandible at both implant neck and apex.
However, the difference was not statistically signi�cant (p=0.280 for the value at the implant neck,
p=0.084 for the value at the implant apex). No signi�cant difference was found in the implant deviation
between the surgical guides with and without lateral �xation pins.

Inter-implant distance for every two neighboring implants were measured in both the virtual planning
CBCT and post-operative CBCT, and the difference of inter-implant distance between pre- and post-
surgical CBCT data were calculated. The mean difference of the inter-implant distance was 0.48 ±0.51
mm at the implant neck and 0.50 ±0.43 mm at the implant apex. The minimum value was 0.04 mm
coronally and 0.02 mm apically. The maximum value was 2.71 mm coronally and 1.81 mm apically.

Discussion
In this study, the accuracy of a CAD-CAM CNC-milled implant surgical template for edentulous jaws was
investigated. The mean deviation between virtually planned and actual placed implant positions was
1.53±0.48 mm in the coronal plane and 1.58±0.49 mm in the apex area. These results are comparable to
those of previous studies that reported the accuracy of SLA surgical guides for implant placement in
edentulous jaws. The null hypothesis was not rejected.

In some previous studies[12-14], stereolithography (SLA) surgical guides were evaluated. Seo et al
[15]reported the accuracy of SLA mucosa-supported surgical guides for edentulous jaws. The mean
coronal deviation was less than 1.68 mm, and the mean apical deviation was less than 2.19 mm. Few
studies have investigated the accuracy of CNC-milled surgical guides for edentulous patients. The
accuracy of the milled surgical guide from the present study is acceptable for clinical use. However, the
factors that contribute to the deviation in implant position should be identi�ed.

For the RP solution, the guide was designed with the digital model on the computer and fabricated by 3D
printing techniques [16]. Data fusion was performed to provide clinicians with necessary information in
digital. Errors might be introduced into the �nal template during the registration of multiple data [4,17].
For example, the fusion of DICOM data extracted from the CBCT of edentulous patients wearing
diagnostic prostheses and the data from the low-dose CBCT of the prosthesis is based on marker
registration. Its accuracy is in�uenced by the number of markers used and their locations. The accuracy
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of the RP surgical template also depends on the 3D reconstruction of the marked denture. An excessively
high or low grey value threshold will result in a surgical template that is too thin or too thick[17].

For the work�ow in our study, all necessary data were acquired by one CBCT scan, and no intraoral or
model scans were needed. The radiographic template was made in the dental laboratory with radiopaque
material, and its base was constructed directly on the stone model to guarantee a precise �t. The CBCT
scan was taken with the radiographic template in place, thereby providing data of the future dentition as
well as the alveolar bone. Dual CBCT image fusion [18]was not needed, and errors generated in this
procedure could be avoided. Another innovative design of this system is the diagnostic template. It
provides both the spatial registration of the CBCT data for the design software and the positioning holes
for the alignment of the coordinate systems between the radiographic template and the CNC milling
machine. By mean of the diagnositc template, the planning information was transferred to the �nal
surgical guides. Compared with previously reported milling technique [9,19,20], the fabrication process of
the surgical template comprised mostly of the digital work�ow and reduced manual work to a current
minimum. The technique introduced in this study uses CAD-CAM in most of the work�ow, thereby
simplify the process and produce surgical templates with an accuracy comparable to that of templates
made with the RP technique. However, it should be noted that the radiographic template was fabricated
on the stone model, and the expansion of the stone may result in difference between the model and the
real oral cavity.

The mean difference between the virtual and actual inter-implant distance was signi�cantly smaller than
the mean global deviation for a single implant in both the coronal and apical areas. When the inter-
implant distances were calculated, inherent systematic error was eliminated, while for a single implant,
the deviation included systematic error. Only production errors and errors occurring during the surgical
procedure were related to the inter-implant distance deviations[21]. The positioning error of the surgical
template may be one of the principal contributing factors to the systematic error[21].

Surgical template repositioning on the edentulous arch can be challenging due to the resilient nature of
the mucosa covering edentulous jaws. There is no rigid support for the template, and anaesthesia during
surgery can also lead to changes in the position of the surgical guide. This can also be observed in the
accuracy evaluation. The planned and actual implants were superimposed, and the actual implants were
shifted towards the same direction, indicating a shift in the surgical guide during surgery (Fig. 11).

To reduce the effect of edentulous mucosa, some authors [21] have suggested enlarging the base of the
guides. Some studies have shown that the deviation of the implants in the maxilla is smaller than that in
the mandible. In the present study, the absolute value of mean deviation in the implant position was
smaller in the maxilla than in the mandible. However, no signi�cant difference was found.

Some researchers have recommended anchor pins to �x the guides[22,23]. However, no difference of
deviation was found in this study between cases with anchor pins and those without. This �nding was
similar to a prior study[24] in which Verhamme et al found no signi�cant difference in guide accuracy
between cases using anchor pins and cases without anchor pins.
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There are several limitations in the present study. First, this study investigated only the accuracy of CNC-
milled implant surgical templates for edentulous jaws. Second, the limited sample size of the implants in
this study may not be su�cient to detect differences between subgroups of patients, and the �ndings
should be interpreted carefully. Third, the cost of the milled surgical guide especially manpower invested
in the guide fabrication procedure was not reported, and not compared with that of the SLA technique.

Conclusions
With the limitation of the present study, one can concluded that the guides fabricated using the CAD-CAM
CNC milling technique provided comparable accuracy as those fabricated by Stereolithography. The
displacement of the guides on edentulous arch might be the main contributing factor of deviation.
Clinical trials with larger sample size are needed.

Declarations
Ethical approval and consent to participate

The protocols were reviewed and approved by the Institutional Review Board of Peking University School
and Hospital of Stomatology. Trial registrtion: Chinese Clinical Trial Registry, ChiCTR-ONC-17014159.
Registered 26 December 2017, http://www.chictr.org.cn/showproj.aspx?proj=16824. This clinical trial
was conducted in accordance with the ethical standards reported in the 1964 Declaration of Helsinki and
its later amendments or comparable ethical standards on Ethical Principles for Medical Research.

Written informed consent was obtained from all individual participants included in the study.

Consent for publication

Informed consent for the publication of identifying images or other personal or clinical details of
participants that compromise anonymity was obtained from all individual participants included in the
study.

Availability of data and materials

The datasets used and/or analysed during the current study are available from the corresponding author
on reasonable request.

Competing interests

The authors declare that they have no competing interests

Funding

This study was funded by the Program for New Clinical Techniques and Therapies of Peking University
School and Hospital of Stomatology PKUSSNCT-18A04 & PKUSSNCT-18G02.

http://www.chictr.org.cn/showproj.aspx?proj=16824


Page 10/26

Authors' contributions

S.P., J.S., and Y.Z. conceived the ideas; J.C., R.S. and X.L. collected the data; S.P., J.S., J.C., J.L. and X.L.
analyzed the data; and S.P., J.C., R.S., J.L., X.L. led the writing. All authors have read and approved the
manuscript.

Acknowledgements

The authors would like to thank Dr. Dai Tong and Expert Dental Technicians Bing Wang, Jian Qu, Modi
Heng, and Man Li from the Dental Laboratory at Peking University School and Hospital of Stomatology
for their contributions and support in the fabrication of surgical guides for this study.

Abbreviations
CNC: computer numerical control

CBCT: cone-beam computed tomography

MDCT: multidetector computed tomography

3D: three-dimensional

RP: rapid prototyping

SLA: stereolithography

CT: computed tomography

CAD-CAM: computer aided design and computer aided manufacturing

PMMA: polymethyl methacrylate

IGES: initial graphics exchange speci�cation

GBR: Guided bone regeneration

STL: Standard Tessellation Language

References
1. Jung RE, Schneider D, Ganeles J, Wismeijer D, Zwahlen M, Hammerle CH, Tahmaseb A (2009)

Computer technology applications in surgical implant dentistry: a systematic review. Int J Oral
Maxillofac Implants 24 Suppl:92-109

2. Tahmaseb A, Wu V, Wismeijer D, Coucke W, Evans C (2018) The accuracy of static computer-aided
implant surgery: A systematic review and meta-analysis. Clin Oral Implants Res 29 Suppl 16:416-



Page 11/26

435. doi:10.1111/clr.13346

3. Hinz S, Bensel T, Ellmann D, Wegner C (2020) Volldigitaler Work�ow - von der Totalprothese zum
sofortbelasteten Implantatprovisorium. Quintessenz Zahntech 46 (4):406-414

4. Flugge T, Derksen W, Te Poel J, Hassan B, Nelson K, Wismeijer D (2017) Registration of cone beam
computed tomography data and intraoral surface scans - A prerequisite for guided implant surgery
with CAD/CAM drilling guides. Clin Oral Implants Res 28 (9):1113-1118. doi:10.1111/clr.12925

5. Kuhl S, Payer M, Zitzmann NU, Lambrecht JT, Filippi A (2015) Technical accuracy of printed surgical
templates for guided implant surgery with the coDiagnostiX software. Clin Implant Dent Relat Res 17
Suppl 1:e177-182. doi:10.1111/cid.12152

�. Stumpel LJ (2013) Congruency of stereo lithographically produced surgical guide bases made from
the same CBCT �le: a pilot study. Clin Implant Dent Relat Res 15 (4):531-537. doi:10.1111/j.1708-
8208.2012.00443.x

7. Park JM, Yi TK, Koak JY, Kim SK, Park EJ, Heo SJ (2014) Comparison of �ve-axis milling and rapid
prototyping for implant surgical templates. Int J Oral Maxillofac Implants 29 (2):374-383.
doi:10.11607/jomi.3265

�. Gallucci GO, Finelle G, Papadimitriou DE, Lee SJ (2015) Innovative approach to computer-guided
surgery and �xed provisionalization assisted by screw-retained transitional implants. Int J Oral
Maxillofac Implants 30 (2):403-410. doi:10.11607/jomi.3817

9. Chan PW, Chik FF, Pow EH, Chow TW (2013) Stereoscopic technique for conversion of radiographic
guide into implant surgical guide. Clin Implant Dent Relat Res 15 (4):613-624. doi:10.1111/j.1708-
8208.2011.00386.x

10. Peng YT, Tseng CC, Du YC, Chen YN, Chang CH (2017) A novel conversion method for radiographic
guide into surgical guide. Clin Implant Dent Relat Res 19 (3):447-457. doi:10.1111/cid.12469

11. Chai JY, Liu JZ, Wang B, Qu J, Sun Z, Gao WH, Guo TH, Feng HL, Pan SX (2018) [Evaluation of the
fabrication deviation of a kind of milling digital implant surgical guides]. Beijing Da Xue Xue Bao Yi
Xue Ban 50 (5):892-898

12. Verhamme LM, Meijer GJ, Boumans T, de Haan AF, Berge SJ, Maal TJ (2015) A clinically relevant
accuracy study of computer-planned implant placement in the edentulous maxilla using mucosa-
supported surgical templates. Clin Implant Dent Relat Res 17 (2):343-352. doi:10.1111/cid.12112

13. Albiero AM, Benato R, Benato A, Degidi M (2017) Use of Intraoral Welding to Increase the
Predictability of Immediately Loaded Computer-Guided Implants. Int J Periodontics Restorative Dent
37 (4):591-598. doi:10.11607/prd.3027

14. Vercruyssen M, Cox C, Naert I, Jacobs R, Teughels W, Quirynen M (2016) Accuracy and patient-
centered outcome variables in guided implant surgery: a RCT comparing immediate with delayed
loading. Clin Oral Implants Res 27 (4):427-432. doi:10.1111/clr.12583

15. Seo C, Juodzbalys G (2018) Accuracy of Guided Surgery via Stereolithographic Mucosa-Supported
Surgical Guide in Implant Surgery for Edentulous Patient: a Systematic Review. J Oral Maxillofac Res
9 (1):e1. doi:10.5037/jomr.2018.9101



Page 12/26

1�. Vercruyssen M, Laleman I, Jacobs R, Quirynen M (2015) Computer-supported implant planning and
guided surgery: a narrative review. Clin Oral Implants Res 26 Suppl 11:69-76. doi:10.1111/clr.12638

17. Verhamme LM, Meijer GJ, Boumans T, Schutyser F, Berge SJ, Maal TJ (2013) A clinically relevant
validation method for implant placement after virtual planning. Clin Oral Implants Res 24 (11):1265-
1272. doi:10.1111/j.1600-0501.2012.02565.x

1�. Verstreken K, Van Cleynenbreugel J, Martens K, Marchal G, van Steenberghe D, Suetens P (1998) An
image-guided planning system for endosseous oral implants. IEEE Trans Med Imaging 17 (5):842-
852. doi:10.1109/42.736056

19. Fortin T, Champleboux G, Bianchi S, Buatois H, Coudert JL (2002) Precision of transfer of
preoperative planning for oral implants based on cone-beam CT-scan images through a robotic
drilling machine. Clin Oral Implants Res 13 (6):651-656

20. Lee WC, Huang CH, Chung SC, Wei CC (2014) An e�cient and accurate approach for fabricating
dental implant surgical guides. Biomed Mater Eng 24 (6):2689-2695. doi:10.3233/BME-141086

21. D'Haese J, Van De Velde T, Elaut L, De Bruyn H (2012) A prospective study on the accuracy of
mucosally supported stereolithographic surgical guides in fully edentulous maxillae. Clin Implant
Dent Relat Res 14 (2):293-303. doi:10.1111/j.1708-8208.2009.00255.x

22. Van Assche N, van Steenberghe D, Quirynen M, Jacobs R (2010) Accuracy assessment of computer-
assisted �apless implant placement in partial edentulism. J Clin Periodontol 37 (4):398-403.
doi:10.1111/j.1600-051X.2010.01535.x

23. Arisan V, Karabuda ZC, Piskin B, Ozdemir T (2013) Conventional multi-slice computed tomography
(CT) and cone-beam CT (CBCT) for computer-aided implant placement. Part II: reliability of mucosa-
supported stereolithographic guides. Clin Implant Dent Relat Res 15 (6):907-917. doi:10.1111/j.1708-
8208.2011.00435.x

24. Verhamme LM, Meijer GJ, Berge SJ, Soehardi RA, Xi T, de Haan AF, Schutyser F, Maal TJ (2015) An
Accuracy Study of Computer-Planned Implant Placement in the Augmented Maxilla Using Mucosa-
Supported Surgical Templates. Clin Implant Dent Relat Res 17 (6):1154-1163. doi:10.1111/cid.12230

25. Geng W, Liu C, Su Y, Li J, Zhou Y (2015) Accuracy of different types of computer-aided
design/computer-aided manufacturing surgical guides for dental implant placement. Int J Clin Exp
Med 8 (6):8442-8449

2�. Sun Y, Luebbers HT, Agbaje JO, Schepers S, Politis C, Van Slycke S, Vrielinck L (2015) Accuracy of
Dental Implant Placement Using CBCT-Derived Mucosa-Supported Stereolithographic Template. Clin
Implant Dent Relat Res 17 (5):862-870. doi:10.1111/cid.12189

27. Vercruyssen M, Cox C, Coucke W, Naert I, Jacobs R, Quirynen M (2014) A randomized clinical trial
comparing guided implant surgery (bone- or mucosa-supported) with mental navigation or the use of
a pilot-drill template. J Clin Periodontol 41 (7):717-723. doi:10.1111/jcpe.12231

2�. Cassetta M, Giansanti M, Di Mambro A, Stefanelli LV (2014) Accuracy of positioning of implants
inserted using a mucosa-supported stereolithographic surgical guide in the edentulous maxilla and
mandible. Int J Oral Maxillofac Implants 29 (5):1071-1078. doi:10.11607/jomi.3329



Page 13/26

29. Cassetta M, Giansanti M, Di Mambro A, Calasso S, Barbato E (2013) Accuracy of two
stereolithographic surgical templates: a retrospective study. Clin Implant Dent Relat Res 15 (3):448-
459. doi:10.1111/j.1708-8208.2011.00369.x

30. Di Giacomo GA, da Silva JV, da Silva AM, Paschoal GH, Cury PR, Szarf G (2012) Accuracy and
complications of computer-designed selective laser sintering surgical guides for �apless dental
implant placement and immediate de�nitive prosthesis installation. J Periodontol 83 (4):410-419.
doi:10.1902/jop.2011.110115

31. Pettersson A, Komiyama A, Hultin M, Nasstrom K, Klinge B (2012) Accuracy of virtually planned and
template guided implant surgery on edentate patients. Clin Implant Dent Relat Res 14 (4):527-537.
doi:10.1111/j.1708-8208.2010.00285.x

32. Arisan V, Karabuda ZC, Ozdemir T (2010) Accuracy of two stereolithographic guide systems for
computer-aided implant placement: a computed tomography-based clinical comparative study. J
Periodontol 81 (1):43-51. doi:10.1902/jop.2009.090348

33. Ozan O, Turkyilmaz I, Ersoy AE, McGlumphy EA, Rosenstiel SF (2009) Clinical accuracy of 3 different
types of computed tomography-derived stereolithographic surgical guides in implant placement. J
Oral Maxillofac Surg 67 (2):394-401. doi:10.1016/j.joms.2008.09.033

34. Ersoy AE, Turkyilmaz I, Ozan O, McGlumphy EA (2008) Reliability of implant placement with
stereolithographic surgical guides generated from computed tomography: clinical data from 94
implants. J Periodontol 79 (8):1339-1345. doi:10.1902/jop.2008.080059

Tables

Table 1: Accuracy of implant placement using mucosa-supported surgical guide for

edentulous jaws reported in previous studies 
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First Author Year Linear deviation (mm) Angular deviation (degree)

Implant neck Implant apex

Albiero AM[13] 2017 1.28±0.6 1.65±0.71 3.42±1.52

Vercruyssen M[14] 2016 0.9 1.2 2.7

Geng W[25] 2015 0.69±0.66 0.94±0.75 2.71±2.58

Sun Y[26] 2015 1.48±0.96  NA 4.05±3.07

Vercruyssen M[27] 2014 1.38±0.64 1.6±0.7 2.71±1.36

Vercruyssen M[27] 2014 1.23±0.6 1.57±0.71 2.86±1.6

Cassetta M[28] 2014 1.68±0.6 2.19±0.83 4.67±2.68

Arisan V[23] 2013 0.81±0.32 0.87±0.32 3.47±1.14

Cassetta M[29] 2013 1.49±0.63 1.9±0.83 3.93±2.34

Cassetta M[29] 2013 1.55±0.59 2.05±0.89 5.46±3.38

Di Giacomo GA[30] 2012 1.35±0.65 1.79±1.01 6.53±4.31

D'Haese J[21] 2012 0.91±0.44 1.13±0.52 2.6±1.61

Pettersson A[31] 2012 0.95±0.55 1.22±0.63 2.76±1.76

Arisan V[32] 2010 1.24±0.51 1.4±0.47 4.23±0.72

Ozan O[33] 2009 1.06±0.6 1.6±1.0 4.51±2.1

Ersoy AE[34] 2008 1.28±0.92 1.6±1.08 5.1±2.59

 

 

Table 2: Inclusion and exclusion criteria

Inclusion

criteria

Exclusion criteria

>20 years old
g edentulous

more than 6
ths
ng to receive
ant treatment

In need of  complicated bone augmentation procedure
Local or systemic contraindication for implant therapy (i.e. uncontrolled diabetes,
hemophilia, metabolic bone disorder, history of renal failure, radiation treatment to
the head or neck region, current chemotherapy, and pregnancy etc.)
Smoking more than 10 cigarettes per day
Buccal-lingual width of keratinized tissue less than 6mm 
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Table 3: Patients’ demographic information and implant distribution

    Number (Percentage)

Patients male 3 (33.3%) 

female 6 (66.7%) 

Edentulous arches upper 7 (58.3%)

lower 5 (41.7%) 

Implants upper 21 (47.7%) 

lower 23 (52.3%) 

 

Table 4: Deviation between the virtually planned and actually placed implant positions

    Mean SD Min Max

Linear deviation at the implant neck (mm)Horizontal 1.28 0.400.42 2.36

Depth 0.67 0.580.01 2.20

Global 1.53 0.480.61 2.58

Linear deviation at the implant apex (mm)Horizontal 1.28 0.530.13 2.19

Depth 0.70 0.580.01 2.21

Global 1.58 0.490.47 2.74

Angular deviation (degrees)   3.96 3.050.6016.72

 

Table 5. Global deviation (mm) between the virtually planned and actually placed implant

positions in the different subgroups

Global deviation Edentulous arch Lateral fixation pins

Upper (n=7) Lower (n=5) p value With Without p value

Neck 1.45 1.61 0.28 1.51 1.54 0.87

Apex 1.44 1.70 0.08 1.81 1.47 0.06

Figures
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Figure 1

Work�ow of the conventional and digital parts of the guide fabrication procedure
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Figure 2

The radiographic template. a The wax-up on the maxillary and mandibular edentulous models. b
Radiopaque PMMA dentition duplicated from the digitized wax-up. c Translucent resin base for
radiopaque dentition built on the stone model. d Radiopaque dentition with the transparent resin base
removed from the stone model. e Diagnostic template with eight zirconia beads. f The �nished
radiographic template.
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Figure 3

Radiographic template was tried in the patient’s mouth with the silicon index between the upper and lower
arches. The patient underwent a CBCT scan while wearing the radiographic template.
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Figure 4

Virtual design of the implant positions in the virtual planning software (Organical® Dental Implant, ODI
1.1.0.5, Organical, Berlin, Germany)
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Figure 5

Coordinate alignment in the implant planning software. a The software identi�ed the zirconia beads in
the diagnostic plate in the image. b The positions of the diagnostic plate and the radiographic template
were aligned with the coordinates of the software.
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Figure 6

The radiographic template was transferred into the surgical guide by the CNC milling process. a The
radiographic template was �xed on the holder of the CNC milling machine, and slots of the sleeves were
milled on the radiographic template. b Steel guide sleeves were installed into the slots. c The registration
template was removed, and the radiographic template was transferred into a surgical guide
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Figure 7

Guided surgery using CNC-milled mucosa-supported guide. a Edentulous maxilla with su�cient
keratinized gingiva. b The upper and lower surgical guide. c The guide was �xed on the edentulous arch
by a �xation anchor through the guide sleeves. d Osteotomy was performed using drill handles and
guided instruments. e Seven implants were placed following a �apless protocol. f Screw-retained
immediate �xed prosthesis modi�ed from a previous complete denture
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Figure 8

The superimposition of the pre- and post-operative data reconstructed from the CBCT scans
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Figure 9

Evaluation of the three-dimensional deviation between the planned and actual implant position.
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Figure 10

a, The inter-implant distance at the neck level of two neighbouring implants in the virtual planning model
was named dn, and that at the apex level was named da; b, The inter-implant distance at the neck level of
two neighbouring implants in the post-operative CBCT scan was named d’n, and that at the apex level
was named d’a; The mean difference between the virtual and actual inter-implant distances of two
adjacent implants was calculated
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Figure 11

The virtually planned (yellow cylinder) and actually placed implants (blue cylinder) were superimposed,
and it can be observed that the actual implants were shifted towards the same direction, indicating a shift
of the surgical guide during surgery (systemic error)


