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ABSTRACT

Objective: To investigate the effect of open-flap or flapless approaches on the accuracy of
implant placement partially guided by tooth-supported surgical templates. Material and
methods: A total of 36 edentulous sites were selected from 7 human cadaver heads. Following
the preoperative implant planning using Blue Sky Plan, surgical guides were fabricated by an in-
office desktop 3D printer. All the sites were randomly divided into 2 groups: flapless approach
(n=18), and open-flap approach (n=18). After guided osteotomy preparation with subsequent
freehand implant placement, digital intraoral scanning was performed to obtain post-operative
implant positions. Based on the image registration, the deviations between the planned and actual
implant position were measured and compared. Results: Statistically significant variance
differences between the two approaches were found in the global coronal (Open-flap: 0.86 + 0.23
mm; Flapless: 1.3 + 0.62 mm; P<.001), global apical (Open-flap: 1.38 + 0.37 mm; Flapless: 1.9
+ 0.78 mm; P=.002), and depth (Open-flap: 0.59 = 0.34 mm; Flapless 0.89 + 0.78 mm; P<.001)
deviations. The differences were not significant regarding lateral (coronal and apical) and
angular deviations. Conclusions: In semi-guided implant surgery, the open-flap and flapless
approaches demonstrate similar lateral and angular deviations. The open-flap group shows better

depth control when manually inserting the implant.
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INTRODUCTION
Over the past decades, computer-assisted implant placement using static stereolithographic
guides has been widely accepted. In this workflow, implant position can be pre-operatively
planned in a computer software based on patient’s cone beam computed tomography (CBCT)
data as well as optical scan, and the implant surgery could be performed accordingly with the use
of a template. Showing better accuracy compared with freehand drilling,*® guided surgery can
also reduce the duration of treatment,* optimize the integration of prosthetic and surgical design,”
and facilitate the application of flapless surgery.®

Even under the guidance, deviations between the pre-operative plan and post-operative
implant position are still inevitable. According to a recent systematic review on the accuracy of
stereolithographic surgical guides in clinical situations,’ these deviations range from 1.04 mm to
1.44 mm (mean: 1.2 mm) at the coronal level, 1.28 to 1.58 mm (mean: 1.4 mm) at the apical
level, and 3° to 3.96° (mean: 3.5°) for the angle. Inaccuracy of guided surgery may be
accumulated by each step from image acquisition to implant placement and influenced by varied

factors such as the use of conventional multi-slice CT or CBCT,? support of surgical template,**°

guide system,™ operator experience,*? and fully guided or partially guided systems.****
When performing the guided implant surgery, whether or not the surgical technique
(flapless/flapped) would influence the accuracy of implant placement is unclear. Some studies

showed no significant difference between these two modalities.*>*® In another study by Cassetta

et al., the flapless approach demonstrated significantly worse accuracy at the apical level but
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better accuracy at the coronal level.!” Recently, a meta-analysis™ of three studies showed
superior accuracy in the flapless approach compared to that in the open-flap modality. It should
be noted that different types of surgical guide could be a confounding factor in these previous
studies. To be more specific, in all the above studies, the open-flap group exclusively used bone-
supported guides while the flapless group was guided by mucosa- or tooth-supported templates.
Actually, in the clinic, flap approach is determined when a mucosa-supported or a bone
supported guide is chosen. So, to test the effect of flap approach and make confounders well
controlled, the tooth-supported guide is the only selection. Yet, to the best of our knowledge,
only one study by Behneke et al.*® used tooth-supported templates in partially edentulous sites
and provided date from both flapless and flapped groups. In this study, slightly higher values for
the flapless approach compared with the flap group were shown in all parameters (global coronal,
global apical and angular), and a tendential difference with borderline significance was found
only in the global coronal deviations between these two groups. However, this study was done
under both fully- and partially-guided procedures, which could be a confounding factor since
fully guided surgery offers more accuracy than partially-guided surgery.

Therefore, the aim of this study was to investigate the overall range of implant deviations
in partially implant guided surgery using tooth-supported templates with or without flaps

elevation. Our hypothesis was that partially guided implant placement by the open-flap approach

is as accurate as that by the flapless approach.
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MATERIAL AND METHODS
Specimen screening
This study, approved by the Institutional Review Boards of the University of Michigan
(IRB#HUMO00134643), was performed in the Department of Periodontics and Oral Medicine.
Fresh cadaver heads without fixation were used to simulate the clinical situation. Kept frozen ( -
20 Celsius degree) after harvested from donors, these specimens were obtained from the
Anatomy Department of the University of Michigan. Before the study, the heads were deforested
and screened. The selection of available specimen was based on the following criteria: 1)
partially edentulous, 2) enough teeth with no visible mobility, and 3) residual crest bone width of
> 6 mm (confirmed by CBCT). A total of 7 cadaver heads, 10 jaws, and 36 implant sites were
selected for this study. The study design is presented in Figure 1.
Preoperative Implant planning

Each cadaver head received an intraoral scan by TRIOS (3Shape, Copenhagen, Denmark)
and a CBCT scan using 3D Accuitomo 170 (J Morita, Kyoto, Japan) with a standard setting (5
mA, 90 kVp, 17.5 sec, voxel size of 0.27 mm, and field of view of 140*100mm). Intraoral scan
and CBCT images were then converted into standard triangle language (STL) files and digital
imaging and communications in medicine (DICOM) files, respectively. The implant planning of
all sites was carried out in Blue Sky Plan3 (Version 3.40.5, Blue Sky Bio, IL, US) by one
calibrated dentist. STL file and DICOM file of each jaw were imported and superimposed

automatically by matching the mutual anatomical structures of teeth. Then the accuracy of
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alignment was checked in the cross-sectional view. When necessary, a manual alignment would
be performed to achieve the best superimposition accuracy. A virtual tooth was planned on each
implant site to mimic the definitive prostheses, and the 3D position of all implants (3.7 x 13 mm,
Tapered Screw-Vent; Zimmer/Biomet3i, West Palma Beach, FL) were designed considering
both bone volume and virtual restoration position. When a prosthetic-driven implant position
was not allowed, the implant would be positioned within the bone rather than following the
virtual tooth position. All the implant platform positions were set at the level of the bone crest.
After implant planning, tooth-supported surgical templates were designed involving at least 2-3
adjacent teeth for guide stability and fabricated by an in-office desktop 3D printer (Form 2 SLA
3D printer; Formlabs, Somerville, MA) using a liquid photo-polymerized resin (Clear; Formlabs,
Somerville, MA).?*# Then the templates were washed twice by alcohol. After supports were
removed, metal sleeves (4.2 Guide Tube; Blue Sky Bio, LLC, Grayslake, IL) were fitted into
tubes before the final light curing.
Surgical protocol

All the surgical fields were randomly allocated to two groups (open-flap or flapless)
before the surgery according to a computer-generated number sheet. Surgical templates were
tried on cadaver jaws to confirm its accurate fitting. For the open-flap group (Figure 2 a-c), full-
thickness flaps were elevated at each site before drilling procedure. For the flapless group
(Figure 2 d-f), soft tissue punches were performed before the guided osteotomy, and the

thickness of mucosa was measured by a probe. All implant beds were prepared using guided-
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implant surgical kits (Zimmer Instrument Kit System and Tube Adapter Kit; Zimmer/Biomet3i,
West Palma Beach, FL) according to the manufacturer's instructions. After the osteotomy,
implants were inserted by handpiece with a torque of 35N to the crest level. The correct implant
depth was assessed visually in the open-flap group, while in the flapless group, a probe was used
to assess the height of soft tissue above the implant platform, which should be equal to the
mucosa thickness recorded prior. Since the fixture mount had a larger diameter than the implant,
it was removed to prevent hampering the insertion procedure in the flapless group.
Technique validation

The optical scan was used for implant accuracy comparison according to methods
proposed by previous studies.?’#? Following implant placement, a digital impression was made
using the fixture mount as a scanbody, and the data was saved as STL file then imported into a
dental CAD software (Exocad, Exocad GmbH, Darmstadt, Germany). The pre-operative scan in
implant planning project was exported from Blue Sky Plan then imported into Exocad. In the
dental CAD software, the post-operative scan was superimposed to the pre-operative scan, color
map was to verify the accuracy of superimposed of the two scans. The aligned post-operative
scan was then exported from Exocad then imported into Blue Sky Plan for further measurements

(Figure 3). To evaluate the accuracy of implant placement, deviations were determined using

following parameters (Figures 4). The global deviation was calculated as the 3D distance of
coronal/apical center between the planned and actual implant. The angular deviation was defined

as the 3D angle between the centerlines of the two positions. The depth deviation was the
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decomposition of the global deviation in part along the axis of the planned implant, and the
lateral deviation was that in part perpendicular to it. All the above parameters were used in
absolute value. Additionally, to illustrate the direction of depth deviation, the depth deviation
was also recorded as positive when the actual implant being coronal to the planning or negative
when apical to the planning.

The aligning process and measurement were performed twice independently by two
calibrated examiners (JYL and ZZC). The intraclass correlation coefficient (ICC) for inter-
observer reliability ranged from 0.83 to 0.91, indicating a high agreement. The mean value of
each measurement was calculated and used for statistical analysis.

Statistical analysis

All data were analyzed using a statistical software package (SPSS version 23.0). The
statistical analysis was adopted from Bencharit et al."" For the description of data, number of
observations, mean, standard deviation (SD), 95% confident interval (95% CI), minimum (Min),
maximum (Max) and range (Max-Min) were presented. Accuracy data were illustrated using box
plots and one-tail F test was used to determine if the variance was significantly different between
the two groups. The null hypothesis was that there is no deviation variance difference between

the open-flap group and the flapless group. Significance for statistical analyses was set at P< .01.

RESULTS
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All implants were successfully placed and achieved a minimal insertion torque of 35
Ncm. Deviations between the digital plan and postoperative implant position for both groups
were shown in Table 1 and Figure 5. The deviations in the open-flap group were 0.86 + 0.23
mm at global-coronal level, 1.38 £ 0.37 mm at global-apical level, 0.59 = 0.34 mm in depth
(absolute value), 0.16 = 0.68 mm in depth when considering direction, 0.54 £ 0.23 mm at lateral-
coronal level, 1.19 £ 0.45 mm at lateral-apical level, and 3.84 + 2.12 degrees in axis. In flapless
group, deviations were 1.3 £ 0.62 mm at global-coronal level, 1.9 £ 0.78 mm at global-apical
level, 0.89 = 0.78 mm in depth (absolute value), 0.51 + 1.09 mm in depth when considering
direction, 0.76 + 0.26 mm at lateral-coronal level, 1.53 = 0.71mm at lateral-apical level, and 4.73
+ 2.27 degrees in axis. Significantly different variance between open-flap and flapless surgeries
was shown in global-coronal deviation (P<.001), global-apical deviation (P=.002), and depth

deviation when considering direction (P<.001) (Table 2).

DISCUSSION

Flapless approach is widely used in daily implant surgery, due to its preservation of tissue’s
blood supply, improved patients’ comfort, and reduced treatment time.”® The use of static
stereolithographic guides has been shown to facilitate the accuracy of flapless implant
placement.® However, in the cases lacking keratinized gingival tissue or requiring bone
augmentation, the open-flap approach still cannot be avoided.?* The purpose of the present study

was to find out whether the surgical technique (flapless/flapped) would affect the accuracy of
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partially guided implant surgery. Our results showed that, compared to the flapless approach,
open-flap surgery has less variation in the global-coronal, global-apical deviations and the
absolute value of depth deviation, while no significant difference was found in the lateral
coronal/apical, the depth considering the direction and the angular deviations. Considering that
the global deviation was decomposed into depth and lateral deviations, and there was no lateral
deviation difference between two groups, it can be suggested that the worse accuracy in the
flapless group was mainly derived from a greater depth deviation.

The poor depth control in the flapless group may rise from the step of implant insertion.
Since a partially-guided system was used in this study, when place the implant fixture manually,
the depth of implants could only be checked by visualization and this control is limited in the
flapless group. In a fully-guided system, the fixture is guided through the sleeves during
placement, and the hex orientation and depth can be controlled by scales on the implant carrier.?
Thus, placing an implant in a fully-guided may produce a different result on the accuracy of
flapped/flapless approaches.

Previous studies reporting date on the accuracy of flapped/flapless guided implant

3.911151619.2627 Thare was only one study, by Behneke et al.,

surgery were summarized in Table
has the similar design (comparing flapped to flapless in tooth-supported guided surgeries) with
ours.” In this retrospective clinic study, a mean lateral-coronal deviation of 0.36 mm, a lateral-

apical deviation of 0.53 mm and an angular deviation of 2.11 degrees were found in the flapless

group, while these values were 0.28 mm, 0.45 mm 2.08 degrees in the open-flap group.
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Compared to our results, the deviations obtained in Behneke’s study were much less. Since we
used a partially-guided system, the adopting of a fully-guided system in his study can partially
explain this difference. Despite that, Behneke and his co-workers found no accuracy difference
between open-flap and flapless approaches in terms of lateral deviations, which agrees with our
observation. However, no data regarding depth deviation was reported in that study. Other
studies, though have no data on open-flap tooth-supported guided surgery, reported the accuracy
of flapless tooth-supported approach as a mean global-coronal deviation of 0.81 to 1.31 mm,
mean global-apical deviation of 0.95 to 1.62 mm, and mean angular deviation of 2.91 to 3.5
degrees.’™

The major concern of the depth of an implant is the location of the rough/smooth surface
junction (for tissue-level implants) or implant-abutment connection (for bone-level implants).
The greater vertical deviation in flapless guided surgery may result in either a deeper or a
shallower implant fixture position. It has been reported that placing the junction of rough and
smooth surface or implant-abutment connection into a sub-crestal location demonstrated more
peri-implant bone loss.22%° On the other hand, a shallower implant position may lead to esthetic
complication in anterior sites as well as the risk of exposure of rough surface, which may
facilitate the development of peri-implant diseases.****
The results of the present study should be interpreted with caution due to the limited

sample size. Moreover, no blinding was done during the surgery since the intervention is flap

approaches. In addition, the cadaver design may demonstrate reduced deviations compared to
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real clinic situations due to the lack of bleeding and movement of the subject. Further studies
should be done to assess the influence of open-flap/flapless on the accuracy of computer-assisted

implant surgery with the fully-guided approach.

CONCLUSION
In semi-guided implant surgery, the open-flap and flapless approaches demonstrate similar
lateral and angular deviations. The open-flap group shows better depth control when manually

inserting the implant.
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Table 1. Implant position deviations (mm) in flapped group and flapless group

Global-coronal Global-apical Depthl Depth2  Angular Lateral-coronal Lateral-apical

Mean 0.86 1.38 0.16 0.59 3.84 0.54 1.19
sSD 0.23 0.37 0.68 0.34 2.12 0.23 0.45
Median 0.86 1.35 0.26 0.58 3.83 0.54 1.19

Flapped Min - Max 0.15-1.55 069-220 -144-0.92 0.05-1.44 0.67-841 0.11-1.03 0.09-2.14
Range 1.04 151 2.35 1.39 7.74 0.92 2.05
95% ClI 0.75-0.97 1.20-157 -0.18-0.49 0.42-0.76 2.78-4.89 0.42 -0.65 0.96-1.41
Mean 1.30 1.9 0.51 0.89 4.73 0.76 1.53
SD 0.62 0.78 1.09 0.78 2.27 0.26 0.71

Flapless Median 1.19 1.73 0.31 0.59 4.26 0.73 1.39
Min - Max 0.56-2.61 0.76-297 -1.04-255 0.07-255 1.51-8.08 0.34-1.17 0.53-2.83
Range 2.05 2.21 3.59 2.48 6.57 0.83 2.30

TABLES

This article is protected by copyright. All rights reserved.



95% CI 0.99-1.61 151-228 -004-1.05 0.50-128 3.60-5.58 0.63-0.89 1.18-1.88

SD, standard deviation; Min, minimum; Max, maximum; CI, confidence interval
Depthl, depth when considering direction; depth2, absolute value of depth
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Table 2. Test of variance for deviations (mm) between flapped and flapless group

g?::all-l Global-apical Depth 1 Depth 2 Angular Lateral-coronal Lateral-apical
Grou Flap  Flapl Flap  Flapl Flap  Flapl Flap  Flapl Flap  Flapl Flap  Flapl  Flapp
Flapless
p ped ess ped ess ped ess ped ess ped ess ped ess ed
Mean 0.86 1.30 1.38 1.9 0.16 0.51 0.59 0.89 3.84 4.73 0.54 0.76 1.19 1.53
Xfe”a 005 039 014 06 046 118 012 061 451 513 005 007 021 051
P <0.001* 0.002* 0.029 <0.001* 0.397 0.291 0.035

* Statistical difference was observed between groups (flapped/flapless) (p < 0.01)
Depthl, depth when considering direction; depth2, absolute value of depth
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Table 3. Summary of deviations in guided implant placement from literatures involving flap and flapless approach for comparison

Fully/ Deviations
Study Measurem Type of - Implant
Study type ent surgery Support paLtilsély s () Global(mm) Angular Depth Lateral (mm)
g Coronal Apical ) (mm) Coronal Apical
1.9 0.89 1.53
P post-0p Flapless _ 18 1.3 (0.54) 078 38AC) 79 076020 g7y
Cadaver - Tooth Partially
Study optical scan Flanped 18 0.86 1.38 473 (2.27) 0.59 0.54 (0.23) 1.19
PP (0.23) (0.37) fole (0.34) 2% 0. (0.45)
Mucosa or 11 14 4.7
Ersoy  Clinical Flapless Tooth Not 4 (0.6) ) @) - - -
post-op CT mentione
2008 (retro) Flapped Bone or d 53 14 1.7 5 ) ) )
PP Tooth Q) (1.4) (2.6)
Valente Clinical Flapless/FI ~ Tooth/Muc . 7.9 1.0 1.4 1.6
2008 (retr))  POSYOPCT  oed osa/Bone  "tially 8 - - 4.7 (1.0) (1.3) (1.2)
0.87 0.95 291
Flapless oo Not % ©04) 06) (13) - - -
Ozan Clinical cT M - 30 1.06 1.6 451
2009 (retro) ~ Postop ueosa mentione (0.6) O @1 - - :
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0.81 1.18 3.39
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Tooth
Partiall 45 1.31 1.62 35 - - -
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Flapl
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2010 (pros) CBCT Partiall 3 1.24 1.4 423 ) ) )
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23 1.56 1.86 473 ) ) )
Flapped Bone Partially ((11;8) (10943 (15'208)
a4 (0.52) (0.64) (1.66) - - -
- Tooth or
Cassetta Clinical Flapless/FI 1.52 1.97 4.68 0.75 1.20
2011 (retro) ~ POSTOPCT gppeq  Mucosa/Bo - Fully 11 (0.61) (0.86) (2.98) (0.55) (0.63) -
0.53
0.36 211
Flapless 66 (0.03- - - -
Behneke Clinical post-op Tooth Fully/Part (0.03-0.92) 1.30) (0.14-6.26)
2012 (retro) CBCT ially 0.28 (0.01- 0.45 2.08 (0.07-
Flapped 66 0.97) (0.04- 5.99) - - -
: 1.38) :
Fully 75 1.59 2.07 411 0.98 1.06 )
o Tooth or fixed (0.68) (0.88) (2.40) (0.74) (0.63)
C;gigtt;ca i:g::,g?l post-op CT FIZ‘:}';:Z/FI Mucosa/Bo
ne Fully not 54 1.55 2.05 5.45 0.63 1.36 )
fixed (0.59) (0.89) (3.38) (0.43) (0.58)
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FIGURE LEDGENDS

Figure 1. Study design

Figure 2. Surgical procedures. (a-c) Open-flap group. (d-f) Flapless group
Figure 3. Workflow of superimposing pre- and post-operative data

Figure 4. Measurements of deviations

Figure 5. Box plot showing median, quartile, and extreme values of deviations
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