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Abstract
Purpose: To compare the accuracy of chairside, fused deposition modeling (FDM) 
three-dimensional (3D)-printed surgical guides with that of stereolithographic guides 
for implant placement in single edentulous sites within a clinical setting.
Materials and Methods: A total of 28 participants with 30 single posterior edentu-
lous sites were included. The sites were randomized into a FDM 3D-printed surgical 
guide group (test) or stereolithographic guide group (control) of equal size (n = 15). 
In both groups, digital implant planning was performed using data from cone beam-
computed tomography and intraoral scans. The test group's surgical guides were fab-
ricated using a chairside, FDM 3D-printer; those in the control group were fabricated 
using a light-curing 3D-printer. Postoperative intraoral scans were used to obtain the 
3D position of the implants. Compared to preoperative design, the angular, 3D, me-
siodistal, buccolingual and apicocoronal deviations at the implant shoulder and apex 
were recorded.
Results: The workflow for the design and chairside fabrication of implant guides 
was established. The mean angular deviations of the test and control group were 
(4.23 ± 2.38) ° and (4.13 ± 2.42) ° (p > .05), respectively. The respective 3D deviations 
at the implant shoulder were (0.70 ± 0.44) mm and (0.55 ± 0.27) mm (p > .05); those at 
the implant apex were (1.25 ± 0.61) mm and (1.11 ± 0.54) mm (p > .05). The mesiodis-
tal, buccolingual, and apicocoronal deviations at the implant shoulder and apex did not 
significantly differ between the groups (p > .05).
Conclusions: Implants for single posterior edentulous spaces were placed as accu-
rately with the test guide as with the control. Further research under more complex 
situations involving multiple missing teeth is needed.
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1  |  INTRODUC TION

In recent years, the accuracy of implant placement has received 
much attention under the guidance of the ‘prosthetically driven’ im-
plant treatment concept (Garber & Belser, 1995). Conventional, non-
guided, implant surgery is highly dependent on the practitioner's 
experience and skill. With the development of computer-aided 
design/computer-aided manufacturing technology and cone beam-
computed tomography (CBCT), digital technology is being used in-
creasingly extensively to assist implant surgery (Jung et al., 2009; Van 
Assche et al., 2012; Vercruyssen, Fortin, et al., 2014; Vercruyssen, 
Hultin, et al.,  2014). A commonly used example is digital surgical 
guides, which offer high predictability (D'Haese et al., 2017; Hultin 
et al., 2012).

For years, surgical guides were fabricated in large commercial lab-
oratories, which involved offsite transportation of models meeting 
certain design specifications (Deeb et al., 2017; Whitley et al., 2017). 
The manipulation process is traditionally time-consuming and ex-
pensive, with little scope for automation, making it unsuitable for 
chairside use in terms of efficiency and cost. Meanwhile, stereoli-
thography (SLA)—a type of 3D printing technology—is widely used 
to fabricate surgical guides (D'Haese et al., 2017). During the SLA 
process, photosensitive polymer is cured using a focused ultraviolet 
light layer by layer in a vat of liquid polymer with high speed and 
precision. After 3D printing is completed, the post-processing is 
carried out involving post-polymerization in a UV oven and removal 
of the supports. However, SLA is costly compared with other rapid 
prototyping techniques (Alharbi et al., 2017; Dawood et al., 2015; 
Ligon et al., 2017; Torabi et al., 2015). In addition, the uncured 3D 
printing resin can cause skin sensitization through contact and irri-
tation through inhalation (Dawood et al., 2015), limiting its chairside 
applicability.

Fused deposition modeling (FDM) is an efficient 3D-printing 
technology with low costs and appropriate precision for medical 
use (Boursier et al., 2018; Calcagnile et al., 2018; Chen et al., 2016). 
During the FDM process, thermoplastic material is extruded from 
the printer nozzle and a 3D structure is accumulated layer by layer. 
Printing is then completed with removal of the support structures. 
When printing small-scale objects, such as surgical guides with three 
to four teeth spans for a single missing tooth, the printing speed and 
efficiency are higher with FDM than SLA. However, when printing 
objects with a relatively large volume, such as guides aimed at a large 
span or objects requiring mass production, FDM is less effective. 
Overall, the cost of equipment and respective materials are lower 
with FDM than with SLA. With FDM, one of the most commonly 
used materials is polylactic acid (PLA), a low-cost biocompatible 
polymer extracted from corn that can be used in various biomedical 
applications (Ligon et al.,  2017; Madhavan et al.,  2010; Molinero-
Mourelle et al., 2018). However, the accuracy of FDM is reported 
to be lower than that of SLA (approximately 100 ~ 150 versus 
25 ~ 100 μm, respectively) (Ligon et al.,  2017). Our research group 
independently developed a chairside, FDM 3D printer for clinical use 
(Figure 1) (Yuan et al., 2019). Implant placement using a chairside, 

FDM 3D-printed surgical guide exhibited a similar accuracy to that 
obtained with a stereolithographic guide (Pieralli et al.,  2020; Sun 
et al., 2019), and could improve efficiency in an in vitro study (Sun 
et al., 2019). However, FDM 3D printing of surgical guides in a clini-
cal setting has yet to be reported.

This randomized controlled trial aimed to evaluate the accuracy 
of implant placement with a chairside, FDM 3D-printed surgical 
guide, compared with the more frequently used stereolithographic 
guide. The null hypothesis was that there would be no significant 
difference between these two types of surgical guide in terms of 
transfer accuracy.

2  |  MATERIAL AND METHODS

2.1  |  Study participants

The study was registered with the Chinese Clinical Trial Registry and 
the World Health Organization (ChiCTR1800015621), and followed 
the CONSORT 2010 statements (https://www.conso​rt-state​ment.
org/conso​rt-2010). Ethical approval was obtained from the Peking 
University School of Stomatology Biomedical Institutional Review 
Board (No. PKUSSIRB-201628055). This study was conducted in 
accordance with the tenets of the Declaration of Helsinki and the 
guidelines of Good Clinical Practice. Participants were consecutively 
recruited from partially edentulous patients who received implant 
surgeries in the posterior region.

Patients were eligible for inclusion if they were aged over 
18 years with no contraindications for implant treatment; had good 
periodontal health; had a single tooth missing for over 3 months in 
each posterior region; had greater than a 6 mm mesiodistal edentu-
lous space; did not need bone augmentation; and had proper treat-
ment compliance.

F I G U R E  1  Chairside, FDM, 3D printer (Lingtong III, 
BeijingSHINO, China)

https://www.consort-statement.org/consort-2010
https://www.consort-statement.org/consort-2010
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Patients were excluded if they had psychological/mental dis-
orders; had a limited mouth opening that precluded the handpiece 
from being putin when the guide was in place; had uncontrolled 
periodontal disease; had endodontic disease of adjacent teeth; were 
pregnant or breastfeeding women; smoked more than 10 cigarettes 
daily; or suffered from other general contraindications for implant 
treatment.

This randomized controlled trial compared chairside FDM 3D-
printed surgical guides (the test group) with stereolithographic 
guides (the control group). The included patients were randomly 
allocated using computer-generated random numbers, and an en-
velope technique was used to hide the grouping. A researcher not 
involved in the study performed the randomized allocation, and the 
principal researcher enrolled and allocated all study patients to inter-
vention. Only after the patients were enrolled would the research-
ers know the group assignments, thus avoiding any selection bias. 
A fully blinded study was not applicable due to the trial design. All 
patients were informed about the study methods and signed written 
informed consent. All surgeries were performed by one prosthodon-
tist at the Department of Prosthodontics, Peking University School 
and Hospital of Stomatology, Beijing, China, between January 2018 
and February 2019.

Sample size calculation was based on non-inferior assumptions. 
We considered a difference of 2° in mean angular deviation as being 
of clinical significance; therefore, the difference between the test 
and control groups was considered significant if their mean angu-
lar deviation differed by at least 2°. Based on a significance level of 
0.025 and power of 80%, the sample size was calculated to be 12 
per group. Considering a 20% loss rate for follow-up, the sample size 
was determined to be 15 per group.

2.2  |  Intervention

2.2.1  |  Data collection

The included patients received clinical (Figure 2) and CBCT examina-
tions (VGi, NewTom, Italy) to get information of the alveolar bone. 
Digital imaging and communications in medicine (DICOM) data 
were exported. An intraoral scanner (TRIOS Standard, 3Shape A/S, 
Copenhagen, Denmark) was used to scan the patients' defect denti-
tion to obtain information of dentition and mucosa. Standard trian-
gle language (STL) data were then exported.

2.2.2  |  Implant planning and surgical guide design

The CBCT and intraoral scan data were imported into coDiag-
nostiX software (coDiagnostiX 9; Dentalwings GmbH, Chemniz, 
Germany) according to the manufacturer's instruction. The 
DICOM and STL datasets were matched by point-to-point regis-
tration. Based on the quality and quantity of the bone indicated 
by CT in the edentulous area, Straumann SLA bone-level implants 
(Straumann AG, Basel, Switzerland) were selected. The optimal 
implant position was determined according to the center and axis 
of the simulated crown as well as the standard of conventional im-
plant placement. After choosing the Straumann® Guided Surgery 
Cassette and T-sleeve (ϕ5 mm), surgical guides resting on the ad-
jacent teeth were designed to guide the implant bed preparation. 
One adjacent tooth was chosen in the mesial and distal regions, 
respectively, to support the guide in the test group. One adjacent 
distal tooth and two adjacent mesial teeth were chosen to sup-
port the guide in the control group. The STL data of the designed 
guides were exported.

2.2.3  |  Surgical guide fabrication

Test group: a chairside, FDM 3D-printer (Lingtong III, Beijing 
SHINO, Beijing, China) using a PLA filament printed the guides with 
the following parameters: layer thickness, 0.2 mm; nozzle tempera-
ture, 200 °C; nozzle diameter, 0.3 mm; deposition speed, 20 mm/s. 
The STL data of the designed guides were imported into the print-
setting software, and the placement angle was adjusted to make 
the long axis of each guide as close as possible to the y-axis. Then 
the data were imported into the printer, and the printer automati-
cally printed the unsupported PLA guides. Subsequent adjustment 
and polishing, and placing of the sleeve (5 mm, T-Sleeves, Article 
034.053v4, Straumann) completed the guides. Each guide was 
then tried in the patient's mouth to check its position and retention 
(Figure 3a).

Control group: the guide fabrication was outsourced to the 
dental lab. The design data were transferred to a dental laboratory, 
where an SLA 3D printer (Objet30 Pro, Stratasys Ltd, Rehovot, 
Israel) using a kind of photopolymer (VeroClear, Stratasys Ltd, Israel) 
was used to print the guides with a layer thickness of 0.016 mm and 
accuracy of 0.1 mm. Patients needed a second visit to try the guide 
and check its position and retention (Figure 3b).

F I G U R E  2  The edentulous area of a 
29 year-old female(tooth 36 missed): (a) 
occlusal view, (b) buccal view

(a) (b)
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2.2.4  |  Implant surgery and postoperative 
optical scan

All operations were conducted by the same clinician who was 
skilled at guided implant surgeries. The guides assisted prepara-
tion of the implant beds following the manufacturer's instructions, 
and bone-level implants (SLA®, Straumann, Switzerland) were in-
serted without guides (Figure  4). Scan bodies were then placed, 
and intraoral scans were carried out to obtain the 3D positions of 
the implants.

2.3  |  Accuracy evaluation

The postoperative scan data were matched with the presurgical 
planning in the coDiagnostiX software, using point-to-point regis-
tration. The scan body was identified and used to deduce the actual 
implant position in the software; the planned and the placed posi-
tions of the implant were then compared by measuring the angular, 
3D, mesiodistal, buccolingual, and apicocoronal deviations at the im-
plant's shoulder and apex (Figure 5).

2.4  |  Statistical analysis

Statistical analysis was performed using SPSS software (IBM SPSS 
Statistics v20.0; IBM Corp). The assumption of normality was jus-
tified using the Shapiro–Wilk test. The statistical data of angular 
deviation, 3D deviation at the implant's shoulder and implant apex, 
and buccolingual deviation at the implant's apex satisfied the nor-
mal distribution with homogeneity of variance, then independent 
samples t-tests were used to compare differences between the test 
and control groups. And these deviation values were expressed as 
the mean ± standard deviation (SD). The mean difference and 95% 
confidence interval of the difference were also calculated. The sta-
tistical data of mesiodistal deviation and apicocoronal deviation at 
the implant's shoulder and apex, as well as buccolingual deviation at 
the implant's shoulder did not satisfy the normal distribution, then 
non-parametric Mann–Whitney U tests were applied to evaluate the 
differences between the groups. These deviations were described 
using median, first quartile (Q1) and third quartile (Q3) values. To 
make the results more robust, two patients who each had two im-
plants were then excluded. In the remaining data with one implant 
per patient, the analysis was repeated.

F I G U R E  3  An FDM, 3D-printed surgical guide and a stereolithographic implant guide in place: (a) an FDM, 3D-printed surgical guide in 
place (the same patient in Figure 2, 36 missed). (b) a stereolithographic implant guide in place (another patient with 16 missing)

(a) (b)

F I G U R E  4  Implant surgery (the same 
patient as in Figure 2). (a) Implant bed 
preparation assisted by a surgical guide. 
(b) Implant insertion

(a) (b)
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Statistical results for implant site distribution, diameter, and 
length are listed in the tables (Tables 1, 2). The deviation direction 
is counted up. Fisher's exact test was used to compare differences 
in implant site distribution and deviation direction between the two 
groups. All analyses considered p < .05 as significant.

3  |  RESULTS

A total of 28 patients with a mean age of 35.6 years (range of 19–
60 years) and a standard deviation of 11.21 years were enrolled in 
this study. There were 12 males (43%) and 16 females (57%). Overall, 
30 bone-level implants were inserted. No surgical complications 
such as guide breakage or misfit of the drill guides occurred dur-
ing surgeries. The 30 implants were distributed as follows: 14 in the 

maxilla and 16 in the mandible; nine in the premolar region, and 21 
in the molar region (Table 1). The baseline of implant sites distribu-
tion between the two groups was comparable (p > .05). The test and 
control group each consisted of 15 implants. Table 2 lists the statis-
tics of implant diameter and length. The direction of deviation was 
concerned and analyzed: the placed implants were more likely to be 
distal, buccal, and coronal in both groups. The differences in the de-
viation directions at the implant shoulder and apex between the two 
groups were not statistically significant (p > .05).

Statistical analysis of the deviation data used absolute values. 
The test and control group showed mean angular deviations of 
(4.23 ± 2.38) ° and (4.13 ± 2.42) °, respectively (p > .05). The mean 
difference was 0.09° between the groups, with a 95% confidence 
interval: [−1.70, 1.89], suggesting that the lower bound was smaller 
than the nominated margin of 2°. Their 3D deviations at the implant 
shoulder were (0.70 ± 0.44) mm and (0.55 ± 0.27) mm, (p > .05), and 
those at the implant apex were (1.25 ± 0.61) mm and (1.11 ± 0.54) 
mm, respectively (p > .05). The buccolingual deviations at the im-
plant apex were (0.94 ± 0.53) mm and (0.85 ± 0.42) mm, respectively 
(p > .05) (Table 3, Figure 6).

The mesiodistal and apicocoronal deviations at the implant 
shoulder and apex, as well as buccolingual deviations at the implant 
shoulder also did not differ significantly between the groups (p > .05) 
(Table 4, Figure 7).

After excluding the data of two patients who each had two im-
plants, the results of analysis confirmed that there were no signifi-
cant differences of the deviations at the implant shoulder and apex 
between the two groups (p > .05).

4  |  DISCUSSION

Postoperative evaluation identified no statistical differences in the 
outcome measures between the test and the control groups. The 
test group was non-inferior to the control group in terms of angu-
lar deviation. In this study, SLA technology using photopolymer and 
FDM technology using PLA were applied in the control and test 

F I G U R E  5  Schematic diagram of accuracy evaluation. The 
position of the placed (red) implant was compared with that of the 
planned (blue) implant

Implant sites
Test 
(n = 15)

Control 
(n = 15) p value Total Percentage

Maxilla 8 6 .715 14 46.7

Mandible 7 9 16 53.3

Premolar 5 4 1.000 9 30.0

Molar 10 11 21 70.0

TA B L E  1  Distribution of implant sites

TA B L E  2  Summary of implant diameter and length

4.1 mm × 10 mm 4.1 mm × 8 mm 4.8 mm × 10 mm 4.8 mm × 8 mm 4.1 mm × 12 mm Total

Test 3 3 8 0 1 15

Control 5 0 7 3 0 15

Total 8 3 15 3 1 30



    |  1005SUN et al.

groups, respectively. Printing techniques and respective material can 
have an impact on printing accuracy (Rungrojwittayakul et al., 2020; 
Sommacal et al.,  2018). For example, it was previously reported 
that the printing accuracy of a FDM printer using PLA filament was 
lower than that of a digital light processing (DLP) printer using a 
kind of photopolymer named e-shell 600 (Sommacal et al.,  2018). 
Meanwhile, the printing accuracy of DLP technology was found 
to be lower than that of continuous liquid interface production 
(CLIP) technology with respective printing resin (Rungrojwittayakul 
et al., 2020). According to reports, the printing accuracy of SLA and 
FDM are approximately 25 ~ 100 μm and 100 ~ 150 μm, respectively 
(Ligon et al., 2017).

Although the printing accuracy of the guides may therefore have 
differed between the test group and control group, both groups 
achieved similar implant placement accuracy. The accuracy of im-
plant placement in the clinical trial is the result of cumulative errors 
during the entire process, and printing accuracy is one of the influ-
encing factors. It was reported that several factors, including the 
method of implant insertion, implanted jaw and flap surgery or not, 
were the main influencing factors which might reduce the impact of 
printing errors (D'Haese et al.,  2017; Tahmaseb et al.,  2014; Zhou 
et al., 2018). Even though the test group showed slightly greater de-
viation values than the control group, the difference was neither sta-
tistically nor clinically significant. Both groups' results were within 
the clinically acceptable range under the conditions of single poste-
rior edentulous space.

Regarding the limited printing accuracy of the chairside, FDM, 
and 3D printer used here, only three units of guide can be printed 
precisely for a single-tooth vacancy. Although it is generally believed 
that in such cases two or three adjacent teeth can provide sufficient 
support to ensure retention of the guide (Kurbad, 2017), including 
additional teeth may further improve the stability of the guide. The 
different numbers of teeth supporting the guides (two for the test 
group and three for the control group) resulted in differing retention 
and stability that may have affected the accuracy evaluation results. 
While no statistical difference in the accuracy of implant placement 
between the two groups was found in this study, if the FDM, chair-
side, and 3D printer could print four-unit guides with high precision, 
the accuracy of the guidance might be higher.

Current literature shows implant placement using a surgical 
guide can significantly improve accuracy compared with free-
hand placement (Arisan et al.,  2013; Smitkarn et al.,  2019; Van 
Assche et al.,  2012; Vermeulen,  2017). Moreover, compared with 
laboratory-fabricated guides, digitally designed and printed guides 
can achieve higher accuracy (Kernen et al., 2016; Kuhl et al., 2015; 
Tahmaseb et al.,  2014). However, deviation appears inevitable 
(Derksen et al., 2019; Vercruyssen, Fortin, et al., 2014; Vercruyssen, 
Hultin, et al., 2014).

In a clinical trial comparing the accuracy of implant placement 
between fully guided implant surgery with a surgery guide and free-
hand implant surgery, the median (interquartile range) deviations in 
angles, shoulders, and apexes were 2.8 (2.6)°, 0.9 (0.8) mm and 1.2 
(0.9) mm, respectively, in the implant guide group compared to 7.0 TA
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(7.0)°, 1.3 (0.7) mm and 2.2 (1.2) mm, respectively, in the freehand 
group (Smitkarn et al., 2019). Meanwhile, in an in vitro study, it was 
reported that the mean angular deviation, and lateral deviation at 
the implant shoulder and apex were 7.63° and 2.19°, 1.27 mm and 
0.42 mm, 1.28 mm and 0.52 mm, for the freehand method and guided 
surgery, respectively, with significant differences (Vermeulen, 2017).

A systematic review in 2014 (Tahmaseb et al.,  2014) further 
demonstrated that average deviation at the implant shoulder was 
0.84 mm, deviation at the implant apex was 1.15 mm, and average 
angular deviation was 3.28° when using tooth-supported guides to 
assist implant surgery in clinical studies. Using guides in partially 
guided surgery resulted in these average deviation values being 
1.38 mm, 1.74 mm, and 4.35°, respectively. A more recent system-
atic review reported that using digital guides in clinical studies led 
to the average horizontal deviation being 1.10 mm at the implant 
shoulder and 1.40 mm at the implant apex, the average depth devi-
ation being 0.74 mm, and the average angular deviation being 3.98° 

(Bover-Ramos et al., 2018). The present work reports accuracy com-
parable to the literature, indicating that chairside, FDM, 3D-printed 
surgical guides provide sufficient accuracy for clinical use under the 
conditions of single posterior edentulous space.

Complex clinical situations include many factors that may af-
fect the accuracy of guided implant surgery: for example, mucosal 
thickness and limitations of the patient's mouth opening; the im-
plant's length and site; the support type of the guide and whether 
it requires fixation screws; the surgeon's experience; and whether 
surgery is flapless and whether it is fully or partially guided 
(Abduo & Lau, 2020; Cassetta et al., 2015; Colombo et al., 2017; 
Derksen et al., 2019; D'Haese et al., 2017; Di Giacomo et al., 2012; 
Hammerle et al., 2015; Raico et al., 2017; Vermeulen, 2017; Zhou 
et al.,  2018). A systematic review of 14 articles in 2018 (Zhou 
et al., 2018) concluded that implant placement in the mandible was 
more accurate than that in the maxilla, fully guided surgery was 
more precise than partially guided surgery, a flapless approach 

F I G U R E  6  Histogram of the accuracy 
values of outcome measures satisfying 
normal distribution (error bars represent 
the standard deviation)

TA B L E  4  Absolute accuracy values of outcome measures not satisfying normal distribution

Outcome measures Group Median Q1 Q3 Max Min
p 
value

Deviation at implant shoulder 
(mm)

Mesiodistal Test 0.14 0.07 0.28 0.57 0.02 .506

Control 0.12 0.02 0.26 0.79 0.00

Buccolingual Test 0.26 0.18 0.35 1.00 0.04 .709

Control 0.34 0.14 0.59 0.84 0.01

Apicocoronal Test 0.31 0.25 0.77 1.42 0.04 .115

Control 0.19 0.10 0.40 0.70 0.06

Deviation at implant apex 
(mm)

Mesiodistal Test 0.35 0.13 0.74 1.19 0.01 .852

Control 0.41 0.12 0.58 1.83 0.04

Apicocoronal Test 0.31 0.24 0.75 1.51 0.09 .078

Control 0.16 0.12 0.38 0.66 0.08

Note: Mann–Whitney U test, α = 0.05; Min: minimum; Max: maximum.
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was more accurate than a flap approach, and a guide with fixation 
screws had a smaller angular deviation than one without them. 
Many other studies also suggested that fully guided implant sur-
gery showed a statistically superior accuracy to partially guided 
implant surgery (Bencharit et al.,  2018; Tahmaseb et al.,  2014; 
Zhou et al., 2018). Partial guidance, flap surgery, and a patient's 
restricted mouth opening were crucial influencing factors in the 
present study. The width of the keratinized mucosa is important 
to implant restoration, especially for mandibular posterior teeth 
(Schwarz et al., 2018; Tavelli et al., 2021). To preserve the kerati-
nized mucosa as much as possible, flap surgeries were conducted 
in this study. Furthermore, the deviation between the placed im-
plant and its design was related to differences between the design 
situation in the software and the actual situation in the patient's 
mouth, which might result from the quality of the CT images, and 
differences in viewing during design and surgery. Average CT 
image errors have been reported to be 0.06–0.54 mm (Eggers, 
et al., 2008, Loubele, et al., 2008).

Regarding the direction of deviation, there was no significant 
difference between the test and control group (p > .05). After 
preparation of the implant bed with the assistance of guides, the 
placed implants were more likely to be distal, buccal, and coronal 
in both groups. The reasons were supposed to be as follows: (1) 
The implant sites were all posterior teeth. Due to limitations of 
some patients' mouth openings, the drills needed to tilt towards 
mesial, which likely resulted in distal preparation of the implant 
beds. (2) As the lingual side of the bone is generally denser than 
the buccal side, it might have caused the preparation to lean to-
ward the buccal side (Araujo et al., 2005; Chappuis et al., 2017). 
(3) The prepared depth was less than the designed implantation 

depth when the guide was not fully seated or slightly floating 
during hole preparation.

Despite its findings, the present study had some limitations. 
First, in order to avoid aesthetic risks, only posterior edentulous 
sites were considered. Second, fully guided surgery was not con-
ducted. Although fully guided surgery is more accurate than partially 
guided surgery (Bencharit et al., 2018; D'Haese et al., 2017), it re-
quires a wide edentulous space to fit a full-guided sleeve, and a large 
mouth opening in the posterior area (Bencharit et al., 2018). These 
deficiencies therefore limit its application. Third, the implant guides 
were used under conditions of single posterior edentulous space in 
the study. The chairside FDM 3D printer used in the study is yet 
hard to guarantee printing precision of the guide under conditions 
of multiple missing teeth due to its limitation: when printing guides 
with large span, complex supporting structures are needed, and the 
placement angle in the print setting software need to be altered. As 
a result, the accuracy of the guides may decrease during printing and 
removing support process.

Hence, FDM 3D-printed surgical guides used for anterior im-
plant surgery, fully guided surgery and multiple missing teeth would 
be considered in the future and the accuracy needs to be further 
studied.

5  |  CONCLUSIONS

Within the limitations of the study, implant placement with a 
chairside, FDM, 3D-printed implant guide achieved similar accu-
racy to a stereolithographic 3D-printed implant guide. The work-
flow for the design and fabrication of the chairside implant guide 

F I G U R E  7  Box plots of the accuracy values of outcome measures not satisfying normal distribution (error bars represent the extremum)
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could improve clinical efficiency. Further research is needed espe-
cially for verification in anterior implant surgery and under more 
complex situations involving multiple missing teeth with a large 
cohort of subjects.
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