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1  |  INTRODUC TION

1.1  |  Defining success in contemporary implant 
dentistry

Implant survival rates, per se, are no longer accepted as an outcome as-
sessment of the clinical efficacy of current implant- prosthetic rehabilita-
tions. The current criteria to define success are more comprehensive and 
include reporting the success of the implant/prosthetic complex rather 
than just implant survival, together with the desired long- term mechani-
cal stability and tissue health.1- 4 Prosthetically driven implant surgery has 
become a standard of care to improve short and long- term treatment suc-
cess. Precise implant positioning has obvious advantages, such as favora-
ble esthetic and prosthetic outcomes, long- term stability of peri- implant 
hard and soft tissues as a result of easier oral hygiene, and the poten-
tial to ensure optimal occlusal contacts and implant loading.5- 7 A correct 
three- dimensional positioning of implants enables the final prostheses to 
be optimally designed. It enables fabrication of retrievable screw- retained 
superstructures, thereby avoiding nonretrievable cemented restorations,8 
reducing potential for both biological and mechanical complications.9

1.2  |  The added value of using a guide in 
implant placement

During implant surgery, the dental surgeon is required to integrate 
his/her knowledge of the patient’s anatomy with surgically related 

technical parameters. Several studies have shown that complications 
usually arise from poor application of knowledge and intraoperative 
distractions, rather than from a lack of experience or knowledge.10- 12 
Additionally, failure to distinguish the position of bone volume during 
surgery and to place the implant in a correct three- dimensional posi-
tion is a common error in implant dentistry.11 In flapless free- hand 
surgery, these mistakes are compounded, since the true topography 
of the underlying available bone cannot be clearly seen. Clinical pal-
pation alone is not advisable in complex cases because thick epithe-
lium and thick mucosa may mask a narrow ridge (Figure 1). There is a 
risk of unexpected perforation of the bone that may lead to esthetic 
problems or even implant loss.13 The potential risk for perforation 
during flapless freehand surgery was evaluated in a preclinical study 
on models. Frequently, perforations through the crest and on the 
crest occurred because clinicians were not able to fully utilize the 
morphology of the available bone as visualized on two- dimensional 
and even on three- dimensional radiographs, during the surgery.14

The use of data from cone- beam computed tomography scans 
has substantially improved the three- dimensional understanding 
of anatomical structures, and virtual planning of the ideal implant 
position. Various requirements, such as the desired inter- implant 
distance, implant depth and other aspects, have made virtual im-
plant planning an important tool when aiming for optimal treatment 
success.15,16 Adding images created by intra- oral scanning devices 
can contribute to the digital data gathered for treatment planning.17 
An addition of a digital set- up (wax- up) assists dental professionals 
to achieve a “top- down” planning (Figure 2) considering the future 
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prosthetic restoration in relation to available tissues.18- 25 The addi-
tion of a wax- up in the digital data set is often omitted, which in 
turn may lead to exclusion of important data with the consequence 
of suboptimal implant planning. A computer- guided approach, sup-
ported by preplanning of implant position and inclination, according 
to the available bone, soft tissue, and future prosthesis, may improve 
accuracy of implant position and surgical treatment results.26- 28 To 
transform the digital treatment plan from the digital environment to 
the surgical field, a virtual template/guide can be designed. The vir-
tual guide is then converted into a “real” resin template/guide using 
a 3D- printer or a milling machine (Figure 3).29

1.3  |  Dynamic vs static guides

In general, two types of guided implant surgical protocols are de-
scribed in the literature— static and dynamic guidance. The static ap-
proach refers to the use of a prefabricated surgical template, a physical 
instrument to guide the drills to the digitally preplanned position.6 This 
protocol does not allow intra- operative modification of the implant 
position and is therefore referred to as “static.”26,30

Dynamic navigation enables a “real- time” guidance of the drills 
during drilling. Implant position is dynamically illustrated directly on 
computed tomography data on a viewer. Drill location is illustrated 

F I G U R E  1  A, Clinical appearance of 
an edentulous ridge might be deceiving. 
This patient’s thick mucosa was covering 
a narrow ridge. B, Bone imaging using 
cone- beam computed tomography 
preoperatively is mandatory to analyze 
the bone morphology correctly. C, 
Implant position simulation using planning 
software clarifies the need for bone 
augmentation

A

B C

F I G U R E  2  In order to be able to 
plan implant position “top down” (ie, 
considering the available bone, the 
proximity of important anatomical 
structures, and the ideal position of future 
restoration), a cone- beam computed 
tomography scan together with a digital 
variation of an impression (intraoral 
scanning or scanning of a cast model 
produced by an elastomeric impression) 
and a “wax- up” are made. The three 
layers of data are then superimposed on 
the software to create a digital file for 
planning

A B

C D
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on the computed tomography image using an optical bur tracking 
system. Sensors attached both to the patient and the surgical hand- 
piece transmit three- dimensional positional information to a camera 
or detector that allows the computer to calculate and immediately 
display the virtual position of the instruments relative to the image 
data.30,31 Using dynamic navigation systems, the operator can change 
the implant position during surgery, without the need to restrict any 
instruments. The surgeon should note that the cone- beam computed 
tomography image is not a “real- time” image, but rather a pre- scan 
that serves as an “anatomical map” for the orientation of the hand in-
strument and the drills. To keep reliable orientation, a continuous cal-
ibration of the instruments on this static image of the bone is crucial.

Both types of guides, static and dynamic, show equal failure rates.7 
Hermann et al15 concluded that static guided surgery, using a pre- made 
template, is associated with fewer errors than “real- time” navigation, 
whereas other authors30 could not find statistically significant differ-
ences. Currently, the dynamic navigation systems remain expensive 
and complicated for the private practitioner, especially when compared 
with cost- efficient stereolithographic alternatives. Therefore, the static 
approach is used more frequently than the dynamic approach.7

2  |  C ALIBR ATION A S A KE Y FAC TOR FOR 
A PREDIC TABLE SURGIC AL TRE ATMENT 
OUTCOME

The accuracy of a guided implant surgery system is defined as the deviation 
between the planned and placed position of the implant.32 The accuracy 
of the entire procedure involves a quantitative evaluation of positional 
and angular discrepancies in three- dimensional coordinates.33 The use of 
implant planning software has been established in preoperative planning 

and creation of individual surgical guides.18,21,23,33- 37 Nevertheless, vari-
ability has been reported in the accuracy of guided implant surgery be-
cause of errors originating from intrinsic and extrinsic sources.32,38- 40 
Reducing such errors is very dependent upon calibration in both static 
and dynamic guidance.41 Calibration refers to the verification that the 
virtual world matches the clinical arena. Calibration is required at two 
time points during the workflow. The first is the transformation of data 
from the clinical field to the digital platform, and the second point of 
calibration is the shift back from the digital planning to the physical envi-
ronment of patients’ mouths. Each transition carries a potential for errors 
that may influence the final position of the implant.

2.1  |  Data transfer from the clinical field to the 
software (patient to software)

This is the process of data registration and superimposition of the 
registered information in layers in the software. Data registration 
includes impression taking (represented in STL files) and imaging 
(cone- beam computed tomography). This part of the process has po-
tential for errors depending on the choice of impression materials, 
impression techniques, casting materials and techniques, choice of a 
computed tomography machine, and the methodology of computed 
tomography scanning. The accurate three- dimensional merging of 
cone- beam computed tomography and STL file images, produced by 
the digital scanning of the impression, is a prerequisite for planning 
the position of the implants.42 Remaining teeth are generally used 
as compatible areas for matching all images.42,43 When the num-
ber of remaining teeth is insufficient or teeth are missing (as in fully 
edentulous cases), the accuracy of image superposition decreases 
dramatically.

F I G U R E  3  A, According to the superposition of the digital data, the implant position is virtually planned in software. B, In order to 
correctly transform the digital treatment plan from the digital environment to the surgical field, a digital template/guide is digitally designed 
(yellow structure). C, The virtual guide is then converted into a resin template/guide by using a 3D- printer, to be used during surgery in the 
patients’ mouths

A

B C

 16000757, 2022, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/prd.12411 by U

niversität B
ern, W

iley O
nline L

ibrary on [04/12/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



    |  67CHACKARTCHI eT Al.

2.2  |  Potential errors during data transfer from the 
software to the patients’ mouths (software to patient)

An important source of error in implant placement relates to the 
proper three- dimensional positioning of a guide in the patients’ 
mouths and its three- dimensional immobility during surgery,39 es-
pecially in edentulous patients.44 Widmann and Bale33 postulated 
human error may affect many steps in the workflow of guided im-
plant placement protocols. The continuous control of the stable and 
secure fit of the template is essential for an accurate transformation 
of the desired planned implant position to the surgical field. Two 
studies have documented a measurable maximal deviation that was 
substantially outside the acceptable range.45,46 Di Giacomo et al46 
proposed that movements of the surgical guide during surgery might 
be responsible to these differences and deviations. The fit of the 
surgical template is better on dentate than on edentulous ridges 
because of available rigid components for guide positioning (teeth 
vs soft tissue).47,48 An increased mucosal thickness may affect re-
producibility of template position, as well as the initial seat of the 
template, especially for purely mucosa- supported applications.49- 53

In dynamic guidance, calibration requires different attention. 
The cone- beam computed tomography scan is undertaken prior to 
surgery and is not a “real- time,” actively acquired image. Therefore, 
to reassure the accuracy in implant drilling and placement, it is cru-
cial to calibrate the relationships of the hand instruments and the 
orientation of the head of the patient with the cone- beam computed 
tomography “static” image. Calibration has to be performed prior to 
drilling and with every change of drills.

3  |  THE CHALLENGES OF USING A GUIDE 
IN FULLY EDENTULOUS C A SES

In edentulous patients, patient- to- software and software- to- patient 
calibration is a challenge due to the lack of reference points. In pa-
tients with extensive tooth loss, attempts have been made to in-
crease the accuracy of matching cone- beam computed tomography 

and digital surface scan images with the use of additional markers 
as reference points.54,55 Oh et al56 suggested the insertion of radio-
paque resin markers on the palatal gingiva prior to cone- beam com-
puted tomography scanning. Widmann et al55 demonstrated the use 
of implants with ball attachments as a fixed reference. Chackartchi 
et al57 suggested two protocols (the “full retraction” protocol and 
the “beads” protocol) based on the ability to visualize the soft- tissue 
outline on the cone- beam computed tomography image. In these 
protocols, the soft- tissue outline provided endless points of refer-
ence for the superposition of the STL file images on the computed 
tomography image (Figure 4).

Full edentulous ridges pose a further challenge in the second step 
of calibration (software to patient). The fit of the surgical template is 
expected to be better on dentate than on edentulous ridges because 
of possible mobility and potential compression of the soft tissues.47,48 
An increased mucosal thickness may affect reproducibility of template 
position, as well as the initial seat of the template, especially for purely 
mucosa- supported applications.49- 53 As was reported by Vasak et al,49 
an increase of mucosal thickness of 1 mm resulted in an average in-
crease in deviation of 0.41 mm. Furthermore, when the guide is posi-
tioned directly on the soft tissues, local anesthesia might change the 
soft- tissue volume, deviating the guided position.58,59

3.1  |  Fixation pins and screws

In cases of a long edentulous span or full edentulous cases, template 
fixation is often implemented (Figure 5). The surgeon should be aware 
of possible deviation derived from compression of the soft tissue on 
one side leading to unnoticed lifting of the guide on the opposite 
side.47 This lifting is difficult to distinguish and verify intraoperatively 
and may lead to a deviation in final implant position. The initial posi-
tioning of the guide on the soft tissue determines the position of the 
implants. Once the guide is sited in its correct position on the ridge, 
fixation pins are inserted, trying to avoid any pressure on the guide. If 
the guide was not initially positioned correctly, the fixating tools will 
perpetuate the error. Kauffmann et al60 compared the use of fixation 

F I G U R E  4  In fully edentulous jaws, the soft- tissue outline can be illustrated in the cone- beam computed tomography scan by the 
reflection of the lip and of the tongue. The outline of the soft tissue will provide endless points of reference for the superposition of the STL 
file images of the impression and wax- up on the computed tomography image

A B
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pins with that of hand fixation. The results were in favor of the fixated 
group, but the benefit was not substantial. It is important to note that 
guide fixation does not guarantee its correct initial three- dimensional 
position; rather, it reduces possible movements during surgery.

3.2  |  Temporary implants

Micro/mini/temporary implants were suggested as an addition to 
rigid reference points for both patient to software and software to 
patient (Figure 6).61 Tahmaseb et al61 showed that a high level of accu-
racy could be achieved when mini- implants were used to support the 
computed tomography scan template (wax- up) and the final surgical 

guide. These metal elements present a major advantage by simultane-
ously acting as a marker for image superposition (STL file images over 
cone- beam computed tomography image) during data registration and 
transfer from the patient to software, and as a retrievable anchor for 
guide positioning during surgery (software to patient); Therefore, the 
accuracy of the guide, that is now an “implant supported guide” is com-
parable to that of a tooth- supported guide.55 A major disadvantage 
of inserting provisional implants prior to computed tomography scan 
includes the risk for perforating the bone, since three- dimensional im-
aging of the bone is still not available. In highly atrophic edentulous 
ridges, the limited alveolar residual ridge volume must be used to its 
full extent for implant positioning. Owing to these limitations, provi-
sional implants are usually short and located in posterior parts of the 

F I G U R E  5  A guide for a full edentulous 
jaw with the use of fixation pins

A B

F I G U R E  6  Temporary implants can be used as an addition of rigid reference points for both patient to software and software to patient 
in full edentulous cases. A, Temporary implants will be inserted prior to computed tomography scan. B, The patient will have a cone- beam 
computed tomography scan, and an impression will be taken and scanned to produce an STL file. The temporary implants will serve as 
reference points for the calibration of data on the software. C, The designed template (guide) will be supported by the temporary implants 
as rigid components in addition to the thick, soft tissue

A B

C D
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jaw, characterized by lightly dense bone (type 3- 4 bone). Therefore, 
there is a risk for loosening of these provisional implants in the time 
frame between taking the cone- beam computed tomography scan and 
the start of the surgery. The risk is especially high in cases where the 
denture will be located over these implants and lateral forces are ap-
plied. Therefore, to avoid disintegration of provisional implants prior to 
surgery, it is recommended to minimize the time between provisional 
implant placement and implant surgery.

3.3  |  Staged extractions

In cases where there are remaining and clinically stable teeth or roots 
that can support the guide prior to extraction, a staged implanta-
tion can be undertaken. In the first stage, the guide is supported by 
the remaining roots/teeth while the implants are accommodated in- 
between these roots in the correct positions (Figure 7A). During the 
second stage, the supporting roots are extracted and the guide is then 
fixed to the implants and the remaining implants inserted, maintaining 
the correct position of the guide (Figure 7B). The secure anchoring 
of the template to the existing dentition is considered an advantage 
when this type of serial extraction protocol is employed.33,62,63

3.4  |  Guide design

Various surgical guide designs are described in the literature, based 
upon their supporting surfaces:

• Mucosa- supported surgical guides, where the surgical guide is 
positioned on the mucosa.

• Bone- supported surgical guides, where the surgical guide is 
placed directly on the bone after opening a mucoperiosteal flap.

A systematic review from the Fifth International Team for 
Implantology Consensus Conference26 concluded that the bone- 
supported surgical guides showed the highest inaccuracy. This can 
be attributed to the fact that this guide is fabricated using the infor-
mation registered by the cone- beam computed tomography image, 
which is subject to several distortions. As was previously discussed, 
the addition of temporary implants prior to cone- beam computed 
tomography (to be used as anchorage for the surgical guide during 
surgery) and fixation pins after guide position in the mouth can be 
beneficial to reduce process errors and improve the final outcomes.

4  |  THE DRILLING PROCESS

A systematic review by Tahmaseb et al26 recorded fractures of the 
guide as one of the most common intraoperative complications. 
Template fracture or metal sleeve disintegration from the guide may 
result from improper force implementation on the template. The 
drill should first be inserted to the sleeve, and only then should the 
motor be activated (Figure 8). The drill should be used in a centric 
position and parallel to the internal wall of sleeve.64,65

Van Assche and Quirynen32 reported a noticeable tolerance of 
surgical implant instruments within the metal sleeve. This tolerance 

F I G U R E  7  In case there are remaining clinically stable teeth or roots that can support the guide prior to extraction, a staged implantation 
can be implemented. A, B, The guide will be supported initially by the remaining roots and additional mini implants. C, First implants will be 
positioned between the roots and implants. D, Following, the remaining roots and mini implants will be extracted and E, the guide will be 
fixated on the implants previously positioned using fixation tools. F, This will allow the insertion of the remaining planned implants, keeping 
calibration while proceeding through the two steps of implant positioning

A B C

D E F
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is caused by the gap between the drill and the guide sleeve, which 
allows rotation of the drill in the sleeve. Unwanted lateral osteotomy 
may occur when the drill is not parallel to the sleeve during drilling.40 
On the other hand, if there is no tolerance, the friction generated 
from mechanical components hinders the drilling process, which 
may result in sleeve deformation or disintegration. To reduce lateral 
movements of the drill within the sleeve, the design of the drills was 
accommodated. Several drilling systems feature shank- modified 
drills that use the shank portion of surgical instruments as a guiding 
component to limit lateral drilling motion. The shank of the drill was 
widened to fit the guide sleeve, to eliminate the need for additional 
insertion of a metal guide spoon into the guide template. This mod-
ification of the drills reduces the tolerance, therefore improving the 
accuracy of implant positioning in all dimensions measured.38

The addition of depth control to the drills is an essential element 
of the guide system.66 The addition of a stopper physically restricts 
the depth of the osteotomy by allowing drill advancement only to 
the level of the stopper.67,68 This depth control enhances safety by 
preventing drills from intruding onto vital anatomical structures, 
such as the maxillary sinus and the inferior alveolar nerve.69 Hence, 
final implant insertion should also be executed using the guide.

5  |  CONCLUSIONS

Computer- guided implant surgery offers the ability to plan “top 
down” implant positioning, maximizing accuracy, whilst taking into 
consideration hard- tissue anatomy, soft- tissue volume, and the 
location of future prostheses. There are still inherent deviations 
and errors when using computer- guided implant systems that may 
cause injury to essential anatomical structures or prosthetic mis-
fit70; therefore, the clinical demands upon the surgeon are no less 
during guided implant placement.71 There are a limited number of 
studies available addressing the variables that can cause discrep-
ancy between the planned implant position and the actual position 
achieved using surgical guides. The accumulation of individual errors 
produces the total deviation between the planned and postopera-
tive outcomes. However, if the possible process errors are taken into 
consideration, and potential deviations minimized, an accurate, sta-
ble, and long- lasting result can be achieved. There remains a need 
for greater experience of surgeons in using guided systems, as well 
as understanding of the potential process errors, in order to make 

this surgical method a standard of care. This will improve confidence 
in such systems, and their use will become mainstream.
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