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One of the most key areas of dentistry is dental implant surgery. )e use of digital equipment and software in dentistry has
developed considerably in recent years compared to other fields of medicine. Since examining the advantages and disadvantages of
each approach, along with case studies, can help physicians make informed decisions, this review study aims to raise the awareness
of dentists to make easier decisions about using guided or free-hand surgery. When planning for a dental implant, one of the most
challenging questions that doctors face is which method to use (guided surgery or free-hand). Choosing the right method, such as
other clinical considerations, will depend on the individual circumstances of each patient and the preference of the treating
physician. Free-hand surgery is a cost-effective method in which the flap is reflected, and, according to the doctor’s diagnostic
information, an implant is placed, which in many cases is a useful method. Guided surgery has the highest level of accuracy and
control, in which osteotomy is designed and printed through a digital surgery guide, and depending on the complexity of the case
and the patient’s anatomy, it has a higher level of value than free surgery. )e surgical guide helps the surgeon make the implant
surgery more accurate, safer, simpler, at a lower cost, and in less time. In fact, there are patterns that convey information about the
position of the tooth to the dentist before the implant is placed.

1. Introduction

Dental implants are performed when a person has lost a
tooth for any reason, and the implant is used to fill in the
gaps [1]. One of the key factors that make implants known as
a reliable option is successful osseointegration, which re-
quires a method that achieves minimized surgical compli-
cations such as nerve damage, perforation, and cortical plate
perforation to achieve this goal and ultimately achieve the
desired result [2]. One of the key factors that make implants
known as a reliable option is successful osseointegration,
which requires a method that achieves minimized surgical
complications such as nerve damage, perforation, and
cortical plate perforation to achieve this goal and ultimately

achieve the desired result [3]. )e most common clinical-
pathological findings associated with dental implants are
hard tissue defects [4], such as defects at implant sites en-
compass intra-alveolar [5], dehiscence, fenestration, hori-
zontal ridge [6], and vertical ridge defects and soft-tissue
defects include volume and quality deficiencies with a lack of
keratinized tissue [7], which can lead to marginal bone loss,
soft-tissue inflammation, and soft-tissue stagnation [8–10].

Since the introduction of modern implantology to the
medical community in the early 1980s, surgeons have always
sought to place implants in terms of the amount of bone left
in the patient’s jaw [11]. )is sometimes causes the implants
to be placed in the wrong direction inside the jaw and, in
many cases, makes it difficult or impossible to achieve a
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proper prosthesis, both aesthetically and functionally [12]. It
is important to understand that surgeons usually tend to
place the implants in the largest volume of bone left, but in
most cases, this shape of the implant has caused the buccal or
lingual position of the implant to be too much, and it
provides problems for prosthodontists and laboratory
technicians in preparing prostheses as efficiently and
beautifully as possible [13]. Unfortunately, such problems
remain hidden from the surgeon and patient until the
implant is cast, and the prosthodontist uses very expensive
equipment and unusual prostheses to treat the patient,
which, although it leads to the preparation of prostheses,
however, in the end, despite all the efforts of the prosthetic
staff, is inefficient and ugly for the patient and sometimes
causes legal issues which, of course, pleases no one [14]. In
this regard, the use of new technologies and modern soft-
ware provides the possibility of three-dimensional exami-
nation of the location of implants, making the diagnosis and
treatment of patients more reliable [15].

Dental implants are performed in two general ways,
which are implantation with the normal method and im-
plantation with the surgical guide. )e surgical guide allows
dental implants to be performed in the most accurate lo-
cation and with the least amount of surgery. )e correct
position of the implant allows the optimal design of the
definitive prosthesis and prevents the possibility of cemented
repairs by making it possible to design and manufacture
recyclable screw prostheses [10, 16]. From the patient’s point
of view, guided surgical procedures are no different from
conventional surgery, and only an additional scan/image is
taken of the patient’s mouth. )e procedure is that the teeth
scan and CBCT of the patient’s jaw are merged together in
the guide design software [17]. As a result, the nerves of the
jaw, sinuses, the roots of adjacent teeth, and bone density are
examined before each operation, and the implant is placed
virtually in the best location [18].

Based on this design, a surgical guide is made and sent to
the treating dentist. It is even possible for all veneers to be
sent to the dentist before the patient visits. )erefore, the
dentist places the implant in the same space as specified in
software without stress and, more importantly, without
error [4]. As a result, the patient in one session with the
lowest risk of infection will pass the implantation stages
without surgery and with the lowest risks [19]. In some cases,
a combination of surgery and a surgical guide is used as
directed by a physician. If the implant can be placed in the
best place and in the best conditions, it will lead to a long life
of the prosthesis [20]. Despite the fact that different studies
have introduced different types of these surgical guides, it
does not seem to be any strong consensus either on clas-
sification or on defining different types of surgical guides
[21, 22]; therefore, the aim of this review study was to gather
available data in regard to the classification and the whole
idea of practicing implant dentistry using guided surgery.

2. Free-Hand Surgery vs. Guided Surgery

In free-hand surgery, panoramic and periapical radiographs
are used to assess the width and alveolar bone profile

available to place the implant and examine the surrounding
anatomy and ultimately rely on CBCT imaging. In this
method, periodontal probes, gauges, or calipers are applied
through the intraoral exam to make a sound in the bone,
which gives a logical view of the height and thickness of the
ridge [23]. )e surrounding teeth can also be used as a guide
for determining the correct position of the implant. It should
be noted that the implant should be at least 1.5mm from
each adjacent tooth and 2mm apical to their enamel
cementoenamel junction [13].

Implants that are placed too close to the root of an adjacent
tooth can result from poor surgical technique, poor treatment
planning, insufficient space, and incorrect angle, which can
damage the periodontal ligament and surrounding structures.
)is can lead to bone displacement in the periodontal ligament
(PDL) space, which ultimately leads to changes in blood supply
to adjacent teeth, loss of tooth freshness, apical periodontitis,
and internal or external resorption [24].

Implants very close to nearby teeth are more likely to be
lost due to infection or bone resorption. If the distance be-
tween the implant is more than 1.5mm to the adjacent tooth,
any bone defect around the implant remains a vertical defect
which in most cases; the bone loss does not occur in adjacent
natural teeth, and if this distance is less than 1.5mm, then the
bone on the adjacent tooth will maintain the height of the
interdental papilla. In any case, not observing enough space
between the tooth and the implant can lead to irreparable
damage to adjacent teeth and their decay and fracture [13].

Free-hand surgery has many benefits for the dentist
because it can visualize and relate diagnostic data to the
actual clinical condition by reflecting soft tissues and ex-
amining bone anatomy [25]. Additional treatments such as
bone grafts, PRF, and GBR can be easily performed if
needed. On the contrary, the surgeon is able to make
measurements through diagnostic casts, and making a di-
agnostic replica model gains a better understanding of the
mesial-distal space and the apico-coronal space in order to
determine the exact location of the implant on adjacent teeth
by the prosthesis [26]. )e use of diagnostic wax will also
help in planning the surgical procedure, which will result in
the implant supporting the final prosthesis in the best
possible way. In free-hand surgery, the bone beneath the
implant can be directly evaluated during surgery and
measured with bone calipers after opening the flap [23].

)e procedure for guided implant surgery is different
from free-hand implant surgery. In guided implant surgery,
after completing the CBCTimaging, a DICOMfile is created,
which is accompanied by a digital intraoral impression or
precise putty light body impression to prepare the model.
)e DICOMfile is passed to the implant scheduling software
along with the patient data.)is software uses DICOMfile to
present data in two dimensions and three dimensions
[10, 27]. Figure 1 demonstrates conventional and digital
workflow as a chart [28].

Software allows the user to visualize important ana-
tomical milestones such as the nasopalatine canal, maxillary
sinus, inferior alveolar canal, and submandibular fossa,
which is an auxiliary factor in implant position planning
using different tools [29].
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After completing the treatment planning, the obtained
digital information is included in the stereotyped surgery
guide and becomes physically available. )e surgery guide
pattern can be designed differently depending on whether
the patient has teeth or is completely toothless, depending on
the number of implants to be implanted. For example, in
patients whose teeth are preserved around the implant site,
the surgical guide pattern is used to maintain stability [30].
In toothless people, the pattern has horizontal sleeves for
anchor pins to be fixed in the patient’s mouth [31].

)is guide has round metal sleeves made of titanium
or other alloys at the implant site that the depth, an-
gulation, and mesial-distal and buccal-lingual locations
of the implant are precisely controlled by these titanium
sleeves [32]. Each surgery guide is made according to the
guided implant surgery kit. )e drills in this kit are
designed to be suitable for osteotomy and suitable to
perform it. Each of any drills has a stopper that rests on
the occlusal exterior of the lip of the metal sleeves. )e
length of the metal sleeves determines the distance be-
tween the neck of the implant and the occlusal surface of
the sleeves (offset) [31].

3. Classification of Surgical Guides

)ere are different opinions about the classification of
several types of surgical guides. For example, Balshi and

Garver [33] consider the condition of the patient’s teeth as
the main parameter and introduce three basic surgical guide
stents for implant placement.

(1) Completely edentulous (supplies a general guide to
the area of dental implant positioning and a par-
ticular guide to the location and angulation that of
each dental implant have need of placement) (Fig-
ure 2) [34]

(2) Slightly edentulous/removable partial denture design
(3) Slightly edentulous tooth-supported design (Fig-

ure 3) [35]

Considering the remaining dentition and needed ac-
curacy for the guide, there have proposed 4 options in regard
to supporting area: tooth supported, tissue supported, tooth
and tissue supported, and tissue supported with an accessory
fixation for edentulous patients [36].

A conceptual method is also used to describe different
types of surgical guides, which includes three different
concepts [24, 37]:

(1) Nonlimiting design
(2) Partially limiting design
(3) Completely limiting design

)ese three concepts are classified based on the amount
of limitation that surgical guide templates offer [37].

Conventional
workflow Digital workflow

1. Impression

2. Model with implants in position
and antagonist model.

3. Occlusal registration rims to
obtain the vertical dimensions and

maxillo-mandibular relations.

4. Teeth try-in for evaluation of
aesthetics and function. 

5. Proof of provisional and/or
definitive prosthesis.

6. Installation of temporary and/or
final prosthesis

2. Installatin of temporary and/or
permanent prosthesis

1. Scanning the arch with implants,
antagonist and the surgical guide

in position. Relate the arches
virtually, and manufacturing the

new prosthesis.

Figure 1: Conventional versus digital workflow in implantology [28].
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)e first one is a simple, unrestricted surgical guide, so-
called free guide [36], that tells the operator where to go in
relation to the implant site and guide the surgeon on where
the future prosthesis would be in relation to the implant, and
the operator will decide on other parameters related to the
exact angle and position of the implant. It also provides the
surgeon with the best location of the implants without too
much focus on the angulation of the surgical drill, therefore
allowing too much flexibility; the operator will decide on
other parameters related to the exact angle and final position
of the implant. In this regard, a technique was described in
studies [38, 39] in which a guide pin hole is fabricated by
drilling through a clear vacuum-formed matrix. )is hole
functioned as the best position of the implant and adjacent
and opposing teeth were used as a guide to determine the
angulation. )erefore, these templates could be served as
imaging indicators in the implant surgical phase.

)e second type of surgical guide known as access guide
[36] is somewhat restrictive, which is a guide sleeve that will
direct only the first drill used for the preparation of the
implant site there, and other preparation steps are done by
the surgeon [37].

As the last concept, the completely restrictive surgical
guide or the precision guide [36] wherein all the instruments
used for drilling the implant area by that guide, containing
the buccolingual and mesiodistal planes, as well as to drill,
stops limiting the depth of the preparation and so the final
positioning of the prosthetic part [37]. Since these guides are
more restrictive, decision-making and following surgical

procedure that is done during the operation would be less.
)is concept has 2 common designs: computer-assisted
design and manufacturing (CAD/CAM)-based surgical
guide and cast-based guided surgical guides.

Considering 3 design concepts and 4 supporting area
mentioned before, there could be 12 types of surgical guides
[36]. Requiring a free or access guide with tissue support and
accessory fixation would be somehow rare; therefore, fea-
sible options for a surgical guide would be as follows:

(1) Nonlimiting, tooth supported
(2) Nonlimiting, tooth and tissue supported
(3) Nonlimiting, tissue supported
(4) Partially limiting, tooth supported
(5) Partially limiting, tooth, and tissue supported
(6) Partially limiting, tissue supported
(7) Completely limiting, tooth supported
(8) Completely limiting, tooth, and tissue supported
(9) Completely limiting, tissue supported
(10) Completely limiting, tissue supported with acces-

sory fixation

4. The Effect of Surgical Guide Pattern on
Implant Accuracy

Accurate placement of the implant is critical to achieving an
aesthetic result and correct alignment to withstand occlusal

Figure 2: Printed surgical guide for a full mouth rehabilitation using four guide pins [34].

(a) (b)

Figure 3: (a) Metal sleeve-free surgical guide. (b) Metal sleeve incorporated surgical guide [35].
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forces for long-term success [40]. Despite the popularity of
the surgical guide model in the clinic, there is still dis-
agreement about its effect on the accuracy of implant
placement. Some researchers believe that implant placement
using a surgical guide is more accurate than other methods
[23]. Others have argued that despite the high accuracy of
dental implants when using the surgical guide, free-hand
implant surgery accuracy has been sufficient and acceptable
for most clinical conditions [8].

In their study, Wang et al. showed that the use of the
surgical guide makes a significant difference between the
planned and actual positions of the implant, especially at the
implant shoulder, root apex, and angulation relative to the
manual implantationmethod [41]. It has been clearly proven
that the placement of dental implants using surgical guides is
more accurate than implants that are placed without a guide
[42, 43]. High accuracy in implant placement is of great
clinical importance and has several benefits. Among these
benefits is its safety. Preoperative planning using surgical
guides can ensure the safety of implant placement and re-
duce the incidence of complications, which is an important
advantage for young and inexperienced surgeons and makes
implant surgery easier for them. Also, when planning for a
surgical guide, it is easy to evaluate that the proper angu-
lation and occlusal relationships are more readily assessable
using dental casts where the lingual aspect is not obscured
[44, 45].

5. Evaluating the Effect of Accuracy Factors on
the Position and Angle of the Implant

Determining the exact position of the implant in the bone is
often difficult due to the location of the implant and its angle
[46, 47]. Physician experience, tooth-born status, timing
relative to extraction, and the number of adjacent implants
are identified as the four major factors influencing implant
position. Also, tooth-borne status, number of adjacent
implants, and the width of the edentulous space for the
subset of tooth-borne, single-implant cases, have been in-
troduced as three main influential factors on implant an-
gulation [13].

It has been observed that the number of implants that are
to be placed in proximity has a significant effect on the
position of the implant and its angle. As mentioned, single-
implant cases are more accurate than cases where 2 or 3
implants are placed side by side [48]. Also, the angle and
position of implants placed in people who have teeth are
more accurate than in people who are completely toothless.
Among the factors influencing accuracy, the presence of
adjacent teeth on both sides of the implant has the greatest
impact on the accuracy of position. )e location of the
extracted tooth is also one of the factors affecting the ac-
curacy of the implant angle, but its impact is less than the
impact of the number of adjacent implants [49].

Another influential factor is the time of implant
placement relative to the time of tooth extraction. Delayed
implants (time interval between tooth extraction to implant
placement) have been observed to be significantly less ac-
curate and the cases of immediate implants (implantation

done on the same day as the tooth is extracted) are in a more
precise position [50]. In terms of mesiodistal angulation
between immediate and delayed cases, no significant sta-
tistics have been obtained [51]. )e results of various studies
show that immediate implants are in a more accurate
mesiodistal position, but do not differ in angle [52].

)e most severe angular differences in the lower-molar
implant subset have been observed in cases with distinct
radiographic lines from the previously extracted tooth. In
summary incomplete, partial radiographic bone remodeling
after extraction predicted higher positioning accuracy and a
trend toward lower angulation accuracy. It is also reported
that arch, location on the arch, and implant dimensions have
little to do with planting accuracy. In general, the results of
studies show that fully guided implants that use a surgical
guide are more accurate than implants that use traditional
surgical guides and free-hand surgeries [44, 52–54]. Figure 4
[34] depicts the accuracy obtained through guided surgery
by superimposition of the digitally planned implants and the
actual treatment.

6. The Rate of Failure Associated with Implant
Placement by Surgical Guides versus Free-
Hand

)e amount of research carried out on the impact of the
surgical guide on implant success and survival is limited.
Criteria for implant success include peri-implant radio-
lucency, the absence of mobility, pain, and infection
[55, 56]. It was stated that the the maximum annual bone
loss after one year of implant placement should be less than
0.2mm [55].

Implant survival can be tracked by examining its stability
in post-implant examinations. It is stated that the standard
success rate should be 85% after 5 years of implant place-
ment and 80% after 10 years [57–60]. Primary implant
failure, which is mainly due to improper planning or surgical
complications, causes problems for patients and surgeons
[61, 62]. Implanted sites that fail for the first time are less
likely to survive and are more at risk if they are re-implanted
[63, 64].)erefore, efforts should bemade to make the initial
implant successful. )e success and survival of the implant
depends on the osseointegration between the surface of the
implant and the bone around the implant site [65] so that the
loss of bone formation will cause the implant to fail [66, 67].
Most of the initial implant failures occur before the pros-
thesis is loaded, which is seen in less than 5% of patients in
the first few weeks [68, 69]. Late failures that can be due to
factors, such as circumstances affecting the microbial en-
vironment, peri-implantitis, and prosthetic rehabilitation,
occur most often after the prosthesis is loaded.)ese failures
are seen in an average of 7% of patients [70–72].

In a study, Yogui examined the survival rate of implant
placement in both surgical guides and free-hand methods.
)e results of his 5-year study on implant survival in patients
show that both techniques have had similar results in terms
of survival, with rates ranging from 91 to 100% [25]. In
another systematic study, the rate of implant failure in free-
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hand was reported to be almost three times that of surgical
guides [73]. In addition to the type of implant implantation,
factors which can increase the initial and late risk of implant
failure include age and sex [74], smoking [56], tooth loss,
bone quality and volume [75], implant site, diameter and
length of the site [76], and, finally, the immune factor and
various systemic diseases [56].

7. Complications and Possible Errors of Guided
Implant Surgery

)e risks of guided implant surgery are related to possible
deviations between the position of the planned implant and
the final clinical outcome. Accuracy can be achieved using
specialized software. Accuracy check is possible with

parameters such as deviation at the entry point, deviation at
the apex, angle deviation or deviation of the long axis, and
deviation in height/depth [6]. On an average, < 0.5mm
errors were reported from computed tomography or cone-
beam computed tomography imaging acquisition and data
processing [77, 78].

Recently, cone-beam computed tomography has been
preferred to multilayer computed tomography for implant
treatment planning due to its relatively low radiation dose, lower
cost, high-resolution 3D images, and higher operating speed
[79, 80]. Another cause of implant-guided surgery error is the
patient’smovement during the scan.)erefore, using an occlusal
bite index to stabilize the mandible and scan the prosthesis,
especially in patients who do not have teeth, will help to correct
the error, and the scan should be repeated if necessary [81].

IMPLANT
PLANNIING

IMPORT IN
CAD SOFTWARE

VIRTUAL
IMPLANT CAST

MUCOSA ALIGNMENT

IMPLANT ALIGNMENT

PLANNED
IMPLANT POSITIONS

ACTUAL
IMPLANT POSITIONS

SUPERIMPOSE THE
CAD FILE TO
DETERMINE THE
IMPLANT LOCATION

DIGITAL
IMPRESSION

IMPLANT
PLACEMENT

EXPORT SCAN BODY AND
IMPLANT DUMMY FROM
THE CAD SOFTWARE

Figure 4: Actual and planned treatment plan superimposition regarding accuracy [34].
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8. Results of Guided Implant Surgery
Compared to Free-Hand Implant Placement

In various studies, successful use of guided implant surgery
has been reported in people who have completely lost their
teeth for any reason, along with the concomitant delivery of
a prefabricated prosthesis for immediate replacement of
missing teeth [82]. Nickenig et al. used guided implant
surgery on patients who were partially edentulous, with 58%
of the 250 implants performed on 102 patients without flaps.
An implant which is planned had to be converted to a
shorter one, and in four next circumstances, the limited
interocclusal distance impersonated challenges while dril-
ling. In eight cases, the guide could not be used, and implant
placement required bone strengthening, which delayed
implant placement. In nine of the implants, the final angle
was different from the planned angle, with no clinical
consequences [54].

In another study, which was performed comparatively
between two groups of patients, it was observed that, in
flapless patients, the duration of surgery, pain intensity and
analgesia, and cases of trismus and bleeding were much lower
than patients with free-hand surgery implants [83]. )e re-
sults of several randomized controlled trials show that im-
plant with guided surgery leads to greater accuracy, less pain
and swelling, and shorter surgery time, but is more costly than
free-hand implants. In these studies, no significant differences
were reported between guided implant surgery and free-hand
surgery in terms of implant success/failure or clinical pa-
rameters such as marginal bone loss [84–86].

In a prospective cohort study, the clinical performance of
guided implant surgery was evaluated in comparison with
the free-hand method, and it was reported that implants
performed using the surgical guide method increase the
accuracy of implant placement. Also, angular deviation was
one of the most important parameters improved using this
method compared to the free-hand method [22].

9. Advantages and Disadvantages of Free-Hand
Surgery and Guided Surgery

)e guided surgery has several advantages. Manual errors
related to implant placement in this method are greatly
reduced. Since, when using this method, the least inter-
vention is done on the patient, therefore, problems after
surgery are minimal and both the patient and the doctor will
be calm in terms of psychological dimension [87]. Implants
performed in this way are much more accurate and have
higher safety, so the results of the implant will be predictable.
From a hygienic point of view, because the implants are
placed in the correct position, the oral health of this method
is relatively guaranteed. )is method greatly increases the
survival of implant placement [88–90].

)ere are many benefits to using a surgery guide for the
dentist; the surgery guide optimizes the location, angle, and
depth of implants. One of the most serious complications of
implant surgery that can be minimized with guided implant
surgery is damage to important anatomical structures (si-
nuses, nerves, arteries, and teeth) [91]. It also provides the

dentist with increased vision of the surgical site and easy
access to flap exposure. )is method will also be immensely
helpful for beginners. Due to the reduction of implant
surgery time and high success rate and no failure in this
method, the overall cost is much lower than other methods.
Surgical guide is the best method for full edentulous cases to
place all implants in parallel and the best way to place
multiple implants side by side in parallel. Avoiding the
retraction of flaps and sutures will reduce postoperative
pain, edema and bleeding, and immediate resumption of
oral hygiene practices [92–94].

It may also be advantageous in comparison with con-
ventional methods in patients with reduced bone quantity.
In theory, the need for augmenting the residual bone may be
eliminated or decreased by optimizing implant positioning
in the available bone [95, 96]. On the opposite side of view,
the available evidence lacks data regarding the application of
digitally guided implant procedures to reconstruct resorbed
edentulous ridges [97].

)e application of an image-guided protocol in cases
with severely resorbed posterior maxillae has been suggested
as a proper alternative to insert implants in a restricted
quantity of bone [98]. Considering the most recent sys-
tematic review studies [99–101], only the mentioned study
was able to propose such a technique to propose the
computer-assisted surgery as a substitute to bone regener-
ation techniques. Not all residual ridges could be managed
accordingly and without considering reconstructing them.
)is is especially an important issue in patients with severe
horizontal and vertical bone loss where anatomical struc-
tures could limit the final position of the implant [97].

)e disadvantages of this method are several. Among
other things, after making the guide, if necessary, it will not
be allowed to change during the surgery. Also, if there is a
change in the tissue between the time of ordering and the
implant installation, it will change the fit of the prosthesis
and ultimately the function of the implant prosthesis. If the
guide is not stabilized and drilling is intended to penetrate
hard bone, producing torsional forces on the sleeves, guide
dislocation can occur during surgery. Also, in this method,
there are costs related to purchasing software and special
tools and drills, as well as spending time learning the curves
for the treating physician [16, 89, 90, 102–104].

)e advantages of free-hand implant placement include
eliminating the time required to prepare the guide and
reducing the cost of making the guide [25]. )ere are some
limitations of free-hand implantation. First, clinical judg-
ments about implant placement will be based on visuali-
zation of the clinical condition through information
provided by cast and radiography. )e second limitation is
the longer time of this method than the surgical guide
method because free-hand implant placement requires
thinking and planning. Another limitation of the free-hand
method is that aligning multiple implants using the free-
hand technique is difficult, and the results are less pre-
dictable than surgical guides [13, 105]. )erefore, human
error in this method will be much greater. Increased re-
covery time, swelling, pain, and bleeding are other disad-
vantages of the free-hand technique [13].
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10. Conclusion

Dental implants have been a viable treatment option for
patients with dental defects since the 1980s [106]. Dental
implants have attracted the attention of patients and dentists
due to the lack of damage to adjacent teeth and features such
as comfort, high level of health, beauty, and long-term
stability. However, observing such things as the correct
depth of the implants is very necessary in performing the
implant correctly. Today, with the development of tech-
niques such as computer aided design and rapid proto-
typing, the surgical guide model has become increasingly
used in dentistry.)e use of a surgical pattern gives surgeons
the chance to transfer the preoperative plan to the surgical
procedure before taking any practical action on the patient,
thereby both minimizing the invasion and shortening the
operation time [106].

It seems that the surgical guide to some extent increases
the accuracy of implant placement. Guided implant surgery
can lead to errors that have been identified as the most
common mistakes, such as misinterpretation of the tomo-
graphic image or misprocessing, deviation of 0.1 to 0.2mm
in the construction of the surgical guide, and incorrect
fixation of the guide with the consequences of displacement
during surgery [6]. )e number of adjacent implants is a
major predictor of mesiodistal position and angular accu-
racy. In contrast, tooth position and tooth extraction time
are significantly related to position accuracy. )e doctor’s
experience and the width of the edentulous space are also
important factors in the position of implant placement and
angulation, respectively [107].

In general, based on the results of clinical information, it
can be concluded that, in people who have adjacent teeth and
need an implant, a free-hand implant is a good option for
them, but in contrast, for people who have no teeth at all and
need to have multiple implants, proper guided surgery
should be used. Narrow spaces less than 11mm between
teeth could be more suitable for free-hand implant place-
ment in only one implant cases due to changes in position
and lower angle changes. However, there is a possibility of
approaching the root of the adjacent tooth and requires
greater care. Because the placement of the implant imme-
diately after tooth extraction improves the accuracy of the
mesiodistal position. )erefore, using guided surgery over
free-hand implant is preferred. It is also recommended that,
in cases with incomplete bone regeneration and fallen roots,
for example, in lower mill teeth, guided surgery should be
used to counteract the drill’s tendency to move toward the
newly formed bone. It is also recommended that, in cases
with incomplete bone regeneration and fallen roots, for
example, in lower-molar teeth, guided surgery should be
used to counteract the drill’s tendency to move toward the
newly formed bone [108].

It should be noted that high accuracy of implant
placement is essential for ideal results, and guided surgery
significantly increases accuracy, but unfortunately, this
method is not yet used exclusively. Some dentists prefer to
perform the implant by the free-hand method, which seems
to be due to insufficient information to choose the right

method for the implant. Since both free-hand and guided
implant surgeries have their own advantages and disad-
vantages, it is recommended that dentists to have more
extensive studies in this field to increase their knowledge and
understanding of the use of these two methods and to use
any technique to get the best results. Finally, it is recom-
mended that guided surgery be preferred over the free-hand
method when there is a possibility of error.
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T Flügge, “A review of virtual planning software for guided
implant surgery - data import and visualization, drill guide
design and manufacturing,” BMC Oral Health, vol. 20, no. 1,
pp. 251–310, 2020.

[33] T. J. Balshi and D. G. Garver, “Surgical guidestents for
placement of implants,” Journal of Oral and Maxillofacial
Surgery, vol. 45, no. 5, pp. 463–465, 1987.

[34] R. D’haese, T. Vrombaut, G. Hommez, H. De Bruyn, and
S. Vandeweghe, “Accuracy of guided implant surgery in the
edentulous jaw using desktop 3D-printedmucosal supported
guides,” Journal of Clinical Medicine, vol. 10, no. 3, p. 391,
2021.

[35] K. C. Oh, J.-S. Shim, and J.-M. Park, “In vitro comparison
betweenmetal sleeve-free and metal sleeve-incorporated 3D-
printed computer-assisted implant surgical guides,” Mate-
rials, vol. 14, no. 3, p. 615, 2021.

[36] S. D, “Surgical guides for dental implants; a suggested new
classification,” Journal of Dentistry and Oral Health, vol. 1,
no. 1, pp. 1–5, 2019.

[37] L. J. Stumpel III, “Cast-based guided implant placement: a
novel technique,” -e Journal of Prosthetic Dentistry,
vol. 100, no. 1, pp. 61–69, 2008.

[38] R. Blustein, R Jackson, K Rotskoff, R. E Coy, and D Godar,
“Use of splint material in the placement of implants,” -e
International Journal of Oral &Maxillofacial Implants, vol. 1,
no. 1, pp. 47–49, 1986.

[39] M. J. Engelman, J. A. Sorensen, and P. Moy, “Optimum
placement of osseointegrated implants,” -e Journal of
Prosthetic Dentistry, vol. 59, no. 4, pp. 467–473, 1988.

[40] Y. Ahmed, J. Shetty, K. M. Shetty, M. Paiddoddi, and
S. A. Ahamed, “Surgical guide techniques and treatment
planning for dental implant placement,” Dental Poster
Journal, vol. 10, no. 1, pp. 1-2, 2021.

[41] L.-d. Wang, W. Ma, S. Fu et al., “Design and manufacture of
dental-supported surgical guide for genioplasty,” Journal of
Dental Science, vol. 16, no. 1, pp. 417–423, 2021.

Advances in Materials Science and Engineering 9



[42] S. Nelogi, M. Nelogi, and K. Rachana, “Computed tomog-
raphy guided mock up driven designing of implant surgical
guide: a novel technique,” Journal of Dental Implants, vol. 11,
no. 1, p. 60, 2021.

[43] M. Hudieb, M. AlKhader, S. Mortaja, M. Abusamak,
N. Wakabayashi, and S. Kasugai, “Impact of bone aug-
mentation of facial bone defect around osseointegrated
implant: a three dimensional finite element analysis,” Den-
tistry Journal, vol. 9, no. 10, p. 114, 2021.

[44] D. P. Sarment, P. Sukovic, and N. Clinthorne, “Accuracy of
implant placement with a stereolithographic surgical guide,”
-e International Journal of Oral & Maxillofacial Implants,
vol. 18, no. 4, pp. 571–7, 2003.

[45] P. Kiatkroekkrai, C. Takolpuckdee, K. Subbalekha,
N. Mattheos, and A. Pimkhaokham, “Accuracy of implant
position when placed using static computer-assisted implant
surgical guides manufactured with two different optical
scanning techniques: a randomized clinical trial,” Interna-
tional Journal of Oral and Maxillofacial Surgery, vol. 49,
no. 3, pp. 377–383, 2020.

[46] O. Ozan, K. Orhan, and I. Turkyilmaz, “Correlation between
bone density and angular deviation of implants placed using
CT-generated surgical guides,” Journal of Craniofacial Sur-
gery, vol. 22, no. 5, pp. 1755–1761, 2011.

[47] G. Unsal, I. Turkyilmaz, and S. Lakhia, “Advantages and
limitations of implant surgery with CAD/CAM surgical
guides: a literature review,” Journal of clinical and experi-
mental dentistry, vol. 12, no. 4, pp. e409–e417, 2020.

[48] S. Schnutenhaus, M. Wagner, C. Edelmann, R. G. Luthardt,
and H. Rudolph, “Factors influencing the accuracy of
freehand implant placement: a prospective clinical study,”
Dentistry Journal, vol. 9, no. 5, p. 54, 2021.

[49] A. L. C. Pereira, V. R. Medeiros, and A. . d.F. P. Carreiro,
“Influence of implant position on the accuracy of intraoral
scanning in fully edentulous arches: a systematic review,”-e
Journal of Prosthetic Dentistry, vol. 126, 2020.

[50] M. Kola, A. Shah, H. Khalil et al., “Surgical templates for
dental implant Positioning;Current knowledge and clinical
perspectives,” Al-Azhar Dental Journal for Girls, vol. 4, no. 3,
pp. 215–222, 2017.

[51] K. Lal, G. S. White, D. N. Morea, and R. F. Wright, “Use of
stereolithographic templates for surgical and prosthodontic
implant planning and placement. Part I. )e concept,”
Journal of Prosthodontics, vol. 15, no. 1, pp. 51–58, 2006.

[52] M. C. Metzger, A. Rafii, B. Holhweg-Majert, A. M. Pham,
and B. Strong, “Comparison of 4 registration strategies for
computer-aided maxillofacial surgery,” Otolaryngology-
Head and Neck Surgery, vol. 137, no. 1, pp. 93–99, 2007.

[53] M. Naitoh, E. Ariji, S. Okumura, C. Ohsaki, K. Kurita, and
T. Ishigami, “Can implants be correctly angulated based on
surgical templates used for osseointegrated dental implants?”
Clinical Oral Implants Research, vol. 11, no. 5, pp. 409–414,
2000.

[54] H. J. Nickenig and S. Eitner, “Reliability of implant place-
ment after virtual planning of implant positions using cone
beam CT data and surgical (guide) templates,” Journal of
cranio-maxillo-facial surgery: Official Publication of the
European Association for Cranio-Maxillo-Facial Surgery,
vol. 35, no. 4-5, pp. 207–211, 2007.

[55] T. Bobek and A. Gordon, “A Review of the Determinants of a
Successful Endosseous Implants,” OSF Preprints, Charlot-
tesville, VA, USA, 2021.

[56] N. Abdelhay, S. Prasad, and M. P. Gibson, “Failure rates
associated with guided versus non-guided dental implant

placement: a systematic review and meta-analysis,” BDJ
open, vol. 7, no. 1, pp. 31–39, 2021.

[57] P. Henprasert, D. V. Dawson, T. El-Kerdani, X. Song,
E. Couso-Queiruga, and J. A. Holloway, “Comparison of the
accuracy of implant position using surgical guides fabricated
by additive and subtractive techniques,” Journal of Pros-
thodontics, vol. 29, no. 6, pp. 534–541, 2020.

[58] K. Lakshmi Priya, A. Kumar, and A. Jaideep Mahendra, “A
methodical review on guided implant surgery,” Annals of the
Romanian Society for Cell Biology, vol. 24, pp. 262–268, 2020.

[59] S. Bagchi, “Different Imaging Techniques for Dental Im-
plants,” Int J Prev Clin Dent Res, vol. 5, 2018.

[60] C. BouSerhal, R. Jacobs, M. Quirynen, and D. Steenberghe,
“Imaging technique selection for the preoperative planning
of oral implants: a review of the literature,” Clinical Implant
Dentistry and Related Research, vol. 4, no. 3, pp. 156–172,
2002.

[61] M. Andreiotelli, P. Kamposiora, and G. Papavasiliou,
“Digital data management for CAD/CAM technology. An
update of current systems,” -e European Journal of Pros-
thodontics and Restorative Dentistry, vol. 21, no. 1, pp. 9–15,
2013.

[62] N. R. Vaid, “Digital technologies in orthodontics–An up-
date,” Seminars in Orthodontics, vol. 24, 2018.

[63] S. Raikar, P. Talukdar, S. Kumari, S. Panda, V. Oommen, and
A. Prasad, “Factors affecting the survival rate of dental
implants: a retrospective study,” Journal of International
Society of Preventive and Community Dentistry, vol. 7, no. 6,
p. 351, 2017.

[64] S. Olate, M. C. N. Lyrio, M. de Moraes, R. Mazzonetto, and
R. W. F. Moreira, “Influence of diameter and length of
implant on early dental implant failure,” Journal of Oral and
Maxillofacial Surgery, vol. 68, no. 2, pp. 414–419, 2010.

[65] D. Buser, L. Sennerby, and H. De Bruyn, “Modern implant
dentistry based on osseointegration: 50 years of progress,
current trends and open questions,” Periodontology 2000,
vol. 73, no. 1, pp. 7–21, 2017.

[66] K. Sagar, B. Subramony, S. Cheena, and G. Bhumika, “Dental
Implant Failure Causes, Treatment, and Diagnosis: A Lit-
erature Review,” Ahead of Print, 2021.

[67] S.-L. Oh, H. J. Shiau, and M. A. Reynolds, “Survival of dental
implants at sites after implant failure: a systematic review,”
-e Journal of Prosthetic Dentistry, vol. 123, no. 1, pp. 54–60,
2020.

[68] B. R. Chrcanovic, T. Albrektsson, and A. Wennerberg,
“Reasons for failures of oral implants,” Journal of Oral Re-
habilitation, vol. 41, no. 6, pp. 443–476, 2014.

[69] B. R. Chrcanovic, J. Kisch, T. Albrektsson, and
A. Wennerberg, “A retrospective study on clinical and ra-
diological outcomes of oral implants in patients followed up
for a minimum of 20 years,” Clinical Implant Dentistry and
Related Research, vol. 20, no. 2, pp. 199–207, 2018.

[70] M. Fathima, N. Sinha, and S. M. Ali, “Failures in dental
implants: a review,” Int J Adv Health Sci, vol. 4, no. 2, pp. 5–9,
2017.

[71] G. Tabanella, H. Nowzari, and J. Slots, “Clinical and mi-
crobiological determinants of ailing dental implants,”
Clinical Implant Dentistry and Related Research, vol. 11,
no. 1, pp. 24–36, 2009.

[72] T. Fretwurst, K. Nelson, D. P. Tarnow, H.-L. Wang, and
W. V. Giannobile, “Is metal particle release associated with
peri-implant bone destruction? An emerging concept,”
Journal of Dental Research, vol. 97, no. 3, pp. 259–265, 2018.

10 Advances in Materials Science and Engineering



[73] D. Schneider, P. Marquardt, M. Zwahlen, and R. E. Jung, “A
systematic review on the accuracy and the clinical outcome
of computer-guided template-based implant dentistry,”
Clinical Oral Implants Research, vol. 20, pp. 73–86, 2009.

[74] G. Lin, S. Ye, F. Liu, and F. He, “A retrospective study of
30,959 implants: risk factors associated with early and late
implant loss,” Journal of Clinical Periodontology, vol. 45,
no. 6, pp. 733–743, 2018.

[75] P. K. Moy, D Medina, V Shetty, and T. L Aghaloo, “Dental
implant failure rates and associated risk factors,” -e In-
ternational Journal of Oral & Maxillofacial Implants, vol. 20,
no. 4, pp. 569–77, 2005.

[76] N. E. McDermott, S. K Chuang, V. VWoo, and T. B Dodson,
“Complications of dental implants: identification, frequency,
and associated risk factors,”-e International Journal of Oral
& Maxillofacial Implants, vol. 18, no. 6, pp. 848–55, 2003.

[77] Y.-H. Jung, B.-H. Cho, and J. J. Hwang, “Comparison of
panoramic radiography and cone-beam computed tomog-
raphy for assessing radiographic signs indicating root pro-
trusion into the maxillary sinus,” Imaging Science in
Dentistry, vol. 50, no. 4, p. 309, 2020.

[78] M. S. Reddy, T. Mayfield-donahoo, F. J. J. Vanderven, and
M. K. Jeffcoat, “A comparison of the diagnostic advantages of
panoramic radiography and computed tomography scan-
ning for placement of root form dental implants,” Clinical
Oral Implants Research, vol. 5, no. 4, pp. 229–238, 1994.

[79] M. R. Bueno, C. Estrela, B. C. Azevedo, and A. Diogenes,
“Development of a new cone-beam computed tomography
software for endodontic diagnosis,” Brazilian Dental Journal,
vol. 29, no. 6, pp. 517–529, 2018.

[80] E. Moudi, S. Haghanifar, K. Kazemian, R. Foroughi,
M. Nabahti, and A. Bijani, “A comparative evaluation of
cone-beam computed tomography andmulti-slice computed
tomography in the diagnosis of sheep mandibular bone
defect: an in vitro study,” Capian Journal Of Dental Research,
vol. 7, no. 2, pp. 24–29, 2018.

[81] G. Frisardi, G Chessa, S Barone, A Paoli, A Razionale, and
F Frisardi, “Integration of 3D anatomical data obtained by
CT imaging and 3D optical scanning for computer aided
implant surgery,” BMC Medical Imaging, vol. 11, no. 1,
pp. 5–7, 2011.

[82] D. Steenberghe, R. Glauser, U. Blomback et al., “A computed
tomographic scan-derived customized surgical template and
fixed prosthesis for flapless surgery and immediate loading of
implants in fully edentulous maxillae: a prospective multi-
center study,” Clinical Implant Dentistry and Related Re-
search, vol. 7, no. 1, pp. s111–s120, 2005.

[83] V. Arısan, C. Z. Karabuda, and T. Özdemir, “Implant surgery
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