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Accuracy of implants placed with CAD-CAM
surgical templates using metal or peek
sleeve: an in vitro analysis

Silvio Mecca Jr2?, Mateus Alves Mecca 2, Christian Rado Jarry @1,
Marcelo Henrique Napimoga @3

The sleeve material in printed surgical guides directly influences the accuracy
of guided implant surgery, yet its impact on the 3D position of implants
remains unclear. This study evaluated the effect of metal and PEEK (Polyether
ether ketone) sleeves on implant accuracy compared to planned virtual
positioning. Using CT scans and virtual planning software (coDiagnostiX), a
STRAUMANN® RC BLT 4.1 x 10 mm implant was planned in the element 36
region of a partially edentulous patient (Ethical approval #5.879.848). Twenty
surgical guides of hemi-arch were printed (10 with metal sleeves, 10 with PEEK
sleeves) and tested using a master model. Implants were inserted through
static guides, and the positional deviations were analyzed by comparing
planned versus inserted implants using angular, coronal, and apical metrics.
Statistical analysis showed significantly lower angular deviation in the PEEK
sleeve group (57.2% lower than metal sleeves, p < 0.001), indicating greater
precision. However, coronal deviation was significantly higher in the PEEK
group (66.3% higher than metal sleeves, p = 0.006). No significant differences
were found in apical deviation (p = 0.186). These findings suggest that the
choice of sleeve material significantly impacts guided surgery accuracy, with
PEEK sleeves offering superior angular precision but higher coronal deviation
compared to metal sleeves.
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Introduction

Currently marketed implants have high survival rates and clinical success (1-3). For this
reason, the primary focus of research has shifted from osseointegration to the correct and optimal
positioning of the implant. The correct 3D position of the implant is a prerequisite for an excellent
aesthetic result, while poor positioning increases the risk of complications, with estimates suggesting
that nearly half of peri-implantitis cases are due to this reason (4,5).

Surgical guides reduce the uncertainties inherent in freehand or conventional surgery (6).
Guided surgery systems are classified as dynamic or static. Dynamic guides offer real-time
visualization during surgery but are less accurate than the static system, in addition to having higher
financial costs (7,8). Static guides offer better accuracy in most clinical situations. They can be printed
or milled, supported on bone, mucosa, or teeth, and are obtained through the acquisition of a CT
scan and a scan of oral structures, which are then overlaid and planned using CAD software for virtual
surgery (9-13).

In addition to optimizing the three-dimensional position of implants, static guides also offer
other advantages, such as reducing surgical damage, improving postoperative recovery, reducing
patient discomfort, aiding in immediate function, causing less trauma, and assisting in bone grafts
and surgeries in atrophic ridges (13).

However, several factors can directly influence the accuracy of surgical guides, which may be
present either individually or in combination, such as errors in image acquisition or processing, the
fit accuracy of the surgical guide, types of 3D printers or resins, milling, variation in sleeve height,
type of sleeve, and movement of the guide during the surgical process (14).

Itis common in the literature to find studies comparing the accuracy of printed versus milled
guides or comparing the various materials used for these guides. In printed static surgical guide
systems, there is a sequence of events for their fabrication, and we can consider a high potential for
what we call isolated or combined mechanical errors, ranging from the printing of the guide,
installation of sleeves, and the final finishing of these parts. The assembly of the guide is exclusively
manual and can interfere with the accuracy of the final planned implant position (15).

Sleeves are devices that are manually fitted into the hole of the printed guide. They are
responsible for fitting the handles that guide and stabilize a sequence of drills for bone perforation
during surgery and for final installation through a specific driver. The most significant clinical errors
that can occur during surgery include movement of the guide as a whole, gaps between the handle
and sleeve, gaps between the drill and handle, and gaps between the implant driver and sleeve.

An important aspect to be studied is the movement of the guide during surgery, especially
during the use of handles, which are fitted into the sleeve to reduce the diameter of the drills and
are held by the operator during drilling. Sleeves can be made of metal or PEEK. When the operator
uses the PEEK sleeve system, the internal design of this device is different from the metal one, whose
function is to provide a locking of the handle on the sleeve, eliminating the need for the operator to
hold the handle during surgery, which can avoid possible unwanted movements. For this reason, the
PEEK sleeve is classified as "Self Locking” (16).

Most sleeves currently used are made of metal, which is why it has been proposed to
research different materials to try to reduce errors and misfits of the guided surgery kit instruments
in these devices. Although some studies in the literature address the use of surgical guides, there are
few studies comparing different types of sleeves. Therefore, it is important to study this topic and
identify whether there will be an influence on the accuracy of static surgical guides. Therefore, the
objective of this laboratory study is to evaluate the effect of using two types of sleeves (metal and
PEEK) in static surgical guides, and whether there will be any interference in the accuracy of the
installed implants compared to the planned virtual positioning. The null hypothesis is that different
sleeves do not interfere with the accuracy of installed implants when compared with the planned
virtual positioning.

Material and methods
This is an in vitro study, reported in accordance with the recommendations of the Revised
Standards for Quality Improvement Reporting Excellence (SQUIRE 2.0) tool, from the EQUATOR



network. A CT scan and an intraoral scan of a partially edentulous patient (missing the lower left first
molar) were used (Ethical approval #5.879.848). The DICOM and STL files were imported into a virtual
planning software (coDiagnostiX 9.12; Dental Wings), and a Straumann RC Bone Level Tapered
implant (Straumann) was digitally inserted into the mandibular prosthetic space (element 36). The
surgical guide was designed and exported in STL format. Twenty (20) surgical guides of hemi-arch
tooth-supported were printed, with 0.15-mm offset and 3-mm thickness (Cosmos SG, Yller-
Neodent®, Brazil) (Figure 1A) using a DLP 3D printer (Flashforge Hunter) and divided into two groups:
10 with metal sleeves (Figure 1B) and 10 with PEEK sleeves (Figure 1C) (Straumann). The sample size
(n =10) of each group was based on a previous study (14).

Figure 1. (A) Printed surgical guides; (B) Metal sleeve; (C) PEEK sleeve (Adapted
from Straumann).

The patient’s intraoral scan was printed in high-precision resin for dental models (Cosmos
Dental Model DLP, Yller-Neodent®, Brazil), and a cut was made in the region of element 36
corresponding to the implant body to allow the surgical guide to fit and the passive installation of
the implant through the different sleeves. To eliminate the variable “surgical act” or drilling process
by the operator on the model, the implant was fixed using light addition silicone (VPS Impression
Light, Yller- Neodent®, Brazil). No adjustments were necessary to fit the surgical templates (Figure
2A-C).

A Straumann Scanbody was inserted using light finger pressure over each implant, and the
model was scanned using an intraoral scanner (Primescan, Sirona Dentsply) (Figure 2C). The
generated STL file was imported into the coDiagnostiX 9.12 software and registered with the existing
virtual planning, using the function “Verification Tool” (Figure 3), allowing the comparison between
the planned implant position and the actual implant inserted into the master model, performed
automatically by the software. The deviations studied were angular, apical (3D apex offset), and
coronal (3D entry point offset).

Figure 2. (A): Implant positioned; (B): Addition of silicone-based impression material; (C): Scanbody positioned.

Statistical analysis

The data were checked for normal distribution and homoscedasticity, identifying that the
values for angular and apical deviation had non-normal distribution and heteroscedasticity,
respectively. Thus, comparisons between the groups with surgical guides using metal sleeves and
PEEK sleeves were made using Student's t-test for independent samples or Mann-Whitney tests.
Statistical calculations were performed using SPSS 23 (SPSS Inc.), with a significance level set at 5%.



Figure 3. Final implant position (blue) overlaid with virtually planned position (red). A: Cross-sectional view;
(B) Tangential view; (C) 3D view.

Results

The angular deviation of implants installed using surgical guides planned and printed through
the CAD-CAM system was significantly lower in the group with PEEK sleeves (p <.001), being, on
average, 57.2% lower than that observed in the group with metal sleeves (Figure 4A). On the other
hand, it was found that implants installed using guides with PEEK sleeves had a significantly greater
coronal deviation compared to the group with metal sleeves (p=.006) (Figure 4B). The coronal
deviation (3D entry poin affset) was, on average, 66.3% higher in the PEEK sleeve group. As for apical
deviation (3D apex offset), there was no significant difference (p 0.186) in the measured values
between the groups whose implants were installed using guides with metal and PEEK sleeves (Figure
4C). All values are also detailed as demonstrated in Table 1.
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Figure 4 — Implants installed with surgical guides planned and printed by the CAD-CAM system
using metal or PEEK sleeves. Data present mean (* standard deviation) of Angular Deviation (A),
Coronal deviation (B), and Apical deviation (C). Different uppercase letters above the columns
indicate a statistically significant difference between groups.



Table 1 - Means (standard deviations), medians, and minimum and maximum values of angular, coronal, and
apical deviations of implants placed using a surgical guide planned and printed with the CAD-CAM system, with
metallic and PEEK sleeves.

Guide with Sleeve

Deviation
Metallic (T-Sleeve) PEEK (Self-Locking)

Angular (degrees)

Mean (standard deviation) 3,48(1,1) 1,5%(0,6)

Median 3,4 1,5

Minimum / Maximum values 2,2; 4,7 0,6; 2,4
Coronal (mm)

Mean (standad deviation) 0,32(0,1) 0,5%(0,1)

Median 0,3 0,5

Minimum / maximum values 0,1;0,5 0,3;0,7
Apical (mm)

Mean (standard deviation) 0,6"(0,2) 0,5%(0,1)

Median 0,7 0,5

Minimum / Maximum values 0,3;0,9 0,4;0,7

Discussion

Surgical guides, given the variables required for their production, must demonstrate precise
in loco fit, and another critical factor is the precision of the sleeve fit within the guide, which will
transfer all the planning information to the correct 3D positioning of the implant. This study found
significant differences between the two types of sleeves used, which impacted the outcome
regarding angular deviation. Therefore, the null hypothesis was not accepted.

The type of sleeve used should be considered when executing cases, and whether the
implant system offers such an option. Particularly in borderline cases, PEEK sleeves may be
considered the first choice. Surgical guides have various factors that can influence their accuracy,
from the type of printer used to other production methods like milling. Additionally, the post-printing
processing and ensuring that the hole for sleeve installation is adequate are crucial so that the sleeve
is installed passively and in a way that respects the printed slot design, ensuring that the sleeve is
neither too far forward nor too far back in its positioning (14).

In this study, the use of PEEK sleeves showed better results when comparing the planned
and executed implant positions, varying from 0.62 to 2.42, with a mean of 1.52 (+0.6) in angular
deviation, which critically influences the 3D positioning of the implant, the biomechanics of the
installed element, periodontal health, minimizing peri-implantitis, and, consequently, its longevity
(5,17). On the other hand, PEEK sleeves showed a significantly greater coronal or entry deviation
than metal sleeves, with a mean of 0.5 mm (£0.1). These deviations demonstrate the difficulty of the
passive fitting and settling of the PEEK sleeve in the surgical guide by the operator during the final
preparation and adjustment of the surgical guide. However, this value is clinically acceptable, as it
falls within the average error of the guided system, with 1.2 mm for coronal deviation as presented
by the third EAO conference (18). These deviations may be related to the intrinsic mechanical
behavior of PEEK, a semi-crystalline thermoplastic with lower rigidity compared to metal sleeves,
which can slightly deform under pressure during surgical guide positioning. Moreover, these
deviations demonstrate the difficulty of achieving an entirely passive fit and proper seating of the
PEEK sleeve into the printed guide during the final preparation and adjustment by the operator.

Together, these factors may explain the higher coronal deviation observed for PEEK sleeves,
despite their favorable angular precision. There were no significant statistical differences in apical
deviation, with values ranging from 0.3 mm to 0.7 mm. These results for the final implant position
fall within the proposed safety zone of 2 mm (19).



Coronal and apical deviations are related to the three-dimensional positioning of the
implant's entry and apex, respectively. The greater coronal deviation observed with PEEK sleeves
may be attributed to the difficulty in achieving proper seating of these sleeves in the surgical guide,
which can lead to variation in the entry point, particularly in the vertical direction. On the other hand,
the greater apical deviation associated with metal sleeves may be explained by a more pronounced
angular deviation, resulting in a larger three-dimensional discrepancy at the implant apex. The
deviations can be related to several factors, such as guide printing, guide fit, the internal spacing of
the sleeve, the spacing and geometry of the guide hole for receiving the sleeve, drill length, and the
acquisition of digital files (17,19).

Digitally guided implant surgery protocols show significantly higher levels of accuracy
compared to conventional techniques. The use of this technology enhances the precision of implant
placement in the correct 3D position. Most studies agree that the entirely digitally guided protocol is
the gold standard in clinical practice (6,20). The angular deviations in computer-guided surgeries are
not influenced by the surgical experience of the dental professionals (21). Regarding the behavior of
patients undergoing computer-guided surgery, levels of anxiety and postoperative pain showed no
statistical differences compared to the conventional process, reflecting the normal healing process
of intraoral wounds (22).

This study was conducted to eliminate the "surgical drilling" variable by creating a cutout in
the master model for passive implant installation. However, this influenced the trajectory of the bed
that should have been prepared. The authors adopted this method due to the limitation of
reproducing the conditions of actual bone density and the manipulation of the contra-angle for bone
drilling; therefore, it may not reflect the actual clinical scenario (23). The accuracy results for PEEK
sleeves were superior to those of metal sleeves; however, more controlled clinical trials are needed
to clarify the influence of different materials used in the production of these devices.

Based on the results of this in vitro study, we concluded that the planned and final position
of the implant guided through the static surgical guide was influenced by the sleeve material type,
and PEEK sleeves demonstrated greater accuracy with significantly lower angular deviation than the
metal sleeve group.

Resumo

O material das anilhas em guias cirdrgicos impressos influencia diretamente a precisdo da
cirurgia guiada por implantes, embora seu impacto na posicdo tridimensional (3D) dos implantes
ainda ndo esteja totalmente claro. Este estudo avaliou o efeito das anilhas metdlicas e de PEEK
(Poliéter-éter-cetona) na precisdo da instalagao dos implantes em comparagdao com o planejamento
virtual. Utilizando tomografias computadorizadas e software de planejamento virtual (coDiagnostiX),
foi planejado um implante STRAUMANN® RC BLT 4.1 x 10 mm na regido do elemento 36 de um
paciente parcialmente edéntulo (Aprovacdo ética n? 5.879.848). Vinte guias cirdrgicos de hemi-arco
foram impressos (10 com anilhas metalicas e 10 com anilhas de PEEK) e testados em um modelo
mestre. Os implantes foram inseridos por meio de guias estdticos, e as varia¢cdes posicionais foram
analisadas comparando os implantes planejados com os inseridos, utilizando métricas angulares,
coronais e apicais. A andlise estatistica mostrou uma diferenca angular significativamente menor no
grupo com anilhas de PEEK (57,2% menor do que no grupo com buchas metdlicas, p < 0,001),
indicando maior precisdo. No entanto, a variacdo coronal foi significativamente maior no grupo com
PEEK (66,3% maior do que no grupo com anilhas metalicas, p = 0,006). Ndao foram encontradas
diferencas significativas na variacdo apical (p = 0,186). Esses achados sugerem que a escolha do
material da anilhas impacta significativamente a precisdo da cirurgia guiada, sendo que as anilhas de
PEEK oferecem maior precisdo angular, mas apresentam maior desvio coronal em comparagdo com
as metalicas.
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