
The International Journal of Oral & Maxillofacial Implants 747

Progressive bone loss caused by dental extraction 
and maxillary sinus pneumatization can lead to 

advanced degrees of maxillary alveolar bone atrophy, 
such as classes V and VI from the Cawood and Howell 
classification.1 In highly reabsorbed maxillary alveolar 
ridges, the placement of implants in anatomical but-
tresses is considered an alternative to bone reconstruc-
tive procedures.2–5 However, due to the remote position 
of such structures, especially the zygomatic buttress, 
access is complicated and the correct execution of the 
implant placement is dependent upon the experience 
of the surgeon. Nowadays, sophisticated planning soft-
ware and diagnostic imaging techniques are becoming 
more precise, allowing researchers to study and simu-
late the execution of surgical procedures, as well as to 
transfer the simulation accurately into practice using 

computer-guided surgery.6,7 In this regard, implant 
placement using computer-guided techniques results 
in shorter surgery times, less discomfort for the patient, 
and more precise implant placement than freehand im-
plant surgery, especially in the aforementioned blind 
procedures.8–10

To allow for the ideal placement of zygomatic im-
plants (ZIs) in the malar bone and enhance prosthetic 
emergence after virtual 3D planning, two methods 
have been described in the literature: customized sur-
gical guides or computer-aided surgical navigation 
systems.11–13 Computer-aided surgical navigation offers 
constant intraoperative visualization of the tip of the 
drilling bur. This enables the surgeon to precisely guide 
the drill to control the implant axis and ensure opti-
mum bone anchorage.14 However, on-site navigation 
is expensive and prolongs the operation time, though 
it also theoretically guarantees exact placement of 
the implant and optimal bone anchorage. In practice, 
though, this tool is not exempt from error.15

Guided surgery with ZIs has been studied on ste-
reolithographic models and cadavers, with good re-
sults.13,16,17 However, some authors have demonstrated 
that the use of surgical customized drilling guides in the 
context of ZI placement on stereolithographic models 
should be reevaluated, because some major deviations 
have been noted.18,19
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To the present authors’ knowledge, no in vivo studies 
to date have evaluated the accuracy of surgical guides 
for ZI placement. Therefore, the main objective of the 
present study was to evaluate the accuracy of guided 
surgery in the context of ZI placement by analyzing the 
final 3D position of the implants relative to the preop-
eratively planned position with the purpose of validat-
ing this technique.

MATERIAL AND METHODS

Study Design 
Five consecutive patients with fully edentulous atro-
phic maxillae (Cawood and Howell class VI) were evalu-
ated.1 All patients were treated with four ZIs using a 
fully guided surgery approach at the Department of 
Oral and Maxillofacial Surgery of the Universitat Inter-
nacional de Catalunya between September 2020 and 
December 2021. The study was approved by the local 
Ethics Committee (CIR-ECL 2021-01).

Patient Selection
The inclusion criteria were as follows: patients who 
had a fully edentulous maxilla in which treatment with 
conventional implants or without using bone grafting, 
Le Fort I osteotomy, or distraction osteogenesis proce-
dures was ruled out. Moreover, good systemic health 
[ASA (American Society of Anesthesiologists) score I to II] 
was required, along with patient commitment to at-
tend all the study visits. Patients were excluded if they 
presented a medical history contraindicating surgery; 
any disease, condition, or medication that might com-
promise soft and hard tissue healing, such as chemo-
therapy or head and neck radiotherapy in the previous 
5 years; toxic habits capable of compromising recovery 
and bone healing; active sinus disorders; or the pres-
ence of sufficient maxillary bone to allow rehabilitation 
using conventional implants.

The study was conducted in accordance with the 
ethical standards laid down in the Declaration of Hel-
sinki (1964 and subsequent amendments). All partici-
pants signed an informed consent agreement prior to 
surgery.

Digital Planning
Initially, the new dentures provided stable occlusion 
and function to all patients according to the appro-
priate prosthetic and occlusal parameters. Composite 
markers were placed on the vestibular and palatal sides 
of the maxillary dentures, and then the denture was 
scanned with a 3Shape TRIOS scanner.

A CBCT image was obtained with the i-CAT Cone 
Beam 3D Imaging device (i-CAT FLX V-Series, DEXIS) 
with a setting of 120 kVP, 10.11mA, voxel size 0.4 mm, 
and a field of view of 13 × 17 cm. While performing the 
CBCT scans, the dentures with the markers were placed 
in the correct position. Zygomatic implant planning 
was carried out with Blue Sky Plan software version 
4.7.20 (Blue Sky Bio). The STL (standard tessellation lan-
guage) file of the denture was superimposed with the 
DICOM file by using the balls of composite as reference 
points. Thus, the ideal relationship between the bone 
structure and the prosthetic design could be visualized 
on the software. The ZI implants were virtually posi-
tioned following maximum bone anchorage and the 
ideal implant prosthetic emergence profiles and bone 
thickness availability20,21 (Fig 1). 

The digital design of the surgical guide began with 
segmentation of the maxillary bone. The segmentation 
of the maxilla DICOM file was performed with the “Seg-
mentation” panel of the “Model Edition” module of the 
Blue Sky Plan software. In accordance with the visual 
evaluation of the digital designer, the osseous areas 
were marked in the apicocoronal and sagittal directions 
on all layers using the “Brush” tool. The segmentation al-
lowed the DICOM file to be turned into an STL file that 
provided the software with a physical surface for the 
fabrication of the surgical guide. Once the segmenta-
tion was completed, the alveolar position of the ZI was 
prosthetically driven into the crestal area of the residual 
ridge following an extrasinusal path with intimate con-
tact to achieve apical anchorage in the zygomatic bone. 
A safety distance of 5 mm apically from the orbital rim 
was preserved. 

For the osteotomy, two different guides were de-
signed. One was for use only with the 2.35-mm drill 
(guide A), while the second guide was used for the rest 
of the drilling sequence, which included the 3.75-mm 

Fig 1   (a) Frontal view of the preoperative zygomatic implant planification. (b) Preoperative zygomatic implant planification with the STL of 
the prosthesis superimposed from the frontal and (c) crestal view.

a b c
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drill, the 4.0-mm drill, and the implant placement drill 
(guide B). The tubes of guide A had a wide enough di-
ameter to allow the insertion of a Neodent metal sleeve 
(Ø 5.1 ± 0.15 mm) along the first 4.5 mm. The diameter 
of the rest of the tube corresponded to the diameter of 
the Ø 2.35 ± 0.15 mm drill and extended from the api-
cal edge of the metal sleeve to the contact level with 
the malar bone. However, the tubes of guide B pro-
vided only the appropriate crestal diameter to insert 
a Neodent metal sleeve, while the rest of the structure 
of the tube was free of any internal resin structure and 
provided only the support of the whole guide over the 
malar bone and no guidance of the drills or the implant 
insertion. The lengths of the tubes were adapted over 
the anatomy and height of the maxilla of each patient. 
Finally, four fixation pins were planned to secure the 
guide: two in the premaxillary area and two in the zy-
gomatic bone (Figs 2 and 3).

The STL files of the surgical guide, the guide tubes, 
and the segmented maxillary bone were exported 
from the Blue Sky Plan software and imported into the 
Autodesk Meshmixer (Autodesk). The final STLs of the 
surgical guides were printed (Form 2, Formlabs) with 
biocompatible photopolymer resin (Surgical Guide Res-
in, Formlabs). After printing, the surgical guides were 
washed with 70% isopropyl alcohol for 20 minutes us-
ing a wash machine (Formlabs), light-cured for 30 min-
utes at 60ºC using the light cure machine (Formlabs), 

and sterilized with an autoclave cycle for 15 minutes at 
121°C (Line W&H; Fig 4). 

Surgical Technique
Implant surgery was performed under conscious seda-
tion and local anesthesia (4% articaine with epinephrine 
1:100,000, Normon). A full-thickness mucoperiosteal 
flap was raised from the maxillary tuberosity of the first 
quadrant to the contralateral tuberosity of the second 
quadrant, with two distal releasing incisions and sub-
periosteal elevation to the floor of the nose in the ante-
rior zone, and to the zygomatic-maxillary buttress and 
prominence of the zygoma in the lateral zone. Reflec-
tion of the palatal flap was done until the alveolar crest 
width could be properly appraised. 

Then, surgical guide A was placed in position and 
fixed with two fixation pins in the premaxilla, with one 
fixation pin in the zygoma bone of each maxillary quad-
rant. Fully guided ZI placement (Zygoma GM, Neodent, 
Straumann Group) was carried out using the two differ-
ent guides. The drilling sequence was first performed 
with the 2.35-mm–diameter drill using guide A, fol-
lowed by the extraction of guide A and the placement 
of guide B for the rest of the drilling sequence, which 
started with the 3.75-mm–diameter drill and concluded 
with the 4.0-mm–diameter drill. The implants were in-
serted via the guide tubes.

Fig 2  Crestal view of the tubes of the two types of guides. The tube 
of guide A (right tube) provided the metal sleeve on the first 4.5 mm, 
while the apical portion had a diameter that corresponded to the 
pilot drill diameter (2.35 ± 0.15 mm). The tube of guide B (left tube) 
provided only the metal sleeve for the first 4.5 mm crestally, and the 
rest of the tube interior was free of resin volume. 

Fig 3  Surgical guide planification. (a) Crestal view of guide A and 
(b) frontal view of guide B. 

a

b
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Then, a pedicled buccal fat pad flap was herniated 
through the vertical releasing incision at the level of 
the maxillary first molar, adopting a tunnel approach 
as previously described by Hernandez-Alfaro et al.22 
The multiunit abutments were connected, allowing the 
prosthetic screw to access the occlusal aspect of the 
prosthetic teeth, and the flaps were reapproximated 
with no tension using interrupted simple sutures (Vic-
ryl 4-0, Ethicon; Fig 5).

An intraoral digital impression was obtained by us-
ing the scan bodies over the multiunit abutments and 
the lower conventional intraoral scan of the mandibu-
lar teeth. Then, the scan bodies were replaced with 

provisional abutments, and the provisional denture was 
perforated and attached to the provisional metal abut-
ments using resin while the patient was in maximum in-
tercuspation. A conventional bite registration with bite 
wax was performed before unscrewing the denture. 
Using this registration, the technician (F.P.G.) designed 
and milled the final PMMA fixed provisional prosthesis, 
which was delivered to the patient 24 hours postsur-
gery (Fig 6). Patients received antibiotics (875/125 mg 
amoxicillin/clavulanic acid every 8 hours for 7 days; in 
case of penicillin allergy, 300 mg clindamycin every  
6 hours for 7 days was prescribed), anti-inflammatory 
and analgesic treatment (prednisone 40 mg once daily 

Fig 4  Surgical guide fabrication. Guide A (left) was used only for the 
pilot drill, and guide B (right) was used for the subsequent drills and the 
implant placement.

a b c
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Fig 5  (a) Crestal view of guide A placed and fixed with fixation pins. (b) Frontal view of the pi-
lot drill passing through the metal sleeve and the right mesial tube of guide A. (c) Crestal view 
of the ZI implant placement through the metal sleeve of guide B. (d) All the ZI implants placed 
and (e) all multiunit abutments screwed over the ZI implants. (f) Buccal fat pad retracted over 
the platforms of ZI implants. (g) Final suturing with reabsorbable sutures.
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for 4 days; dexketoprofen 25 mg every 8 hours during  
7 days; metamizol 575 mg every 8 hours for 7 days), and 
chlorhexidine rinses (Dentaid, PerioAid 0.20%, twice a 
day for 2 weeks).

The patients were recalled after 1 week, then again 
after 1 month. After 3 months of healing, the prosthetic 
phase was started, and fixed full-arch metal-ceramic 
prostheses on multiunit abutments were placed (Figs 7 
and 8).

Radiological Evaluation
A postoperative CBCT scan was performed after sur-
gery using the i-CAT Cone Beam. The DICOM file of 
the postoperative maxilla was segmented using Blue 
Sky Plan software to create an STL file of the postsurgi-
cal condition. Afterward, the preoperative segmented 
maxilla was imported in the Blue Sky Plan software and 
superimposed with the postoperative STL. The follow-
ing anatomical structures were used as reference points 
for superimposition: the infraorbital foramen, the ante-
rior nasal spine, the temporal process of the zygoma 
bone, and the infraorbital foramen. On the same proj-
ect, the STL files of the virtual implants of the initial 
planification were inserted over the preoperative STL 

a b c

Fig 6  (a to c) Photos of the prostheis. 

Fig 8  Orthopantomogragy with (a) provisional prosthesis and (b) final 
prosthesis delivered.

Fig 7  Intraoral photo of the immediately loaded prosthesis.
a

b

file with the “Automatic Alignment” option. As a result, 
the virtual initial implants were superimposed with the 
real final implant position (Fig 9). 

Data Analysis 
• Axial angular implant deviation (AID): The angle 

formed by the axis of the virtual implant crossing 
the axis of the real implant.

• Implant entrance deviation (IED): The distance 
between the centers of the platforms of the virtual 
and real implant.

• Apical mesiodistal deviation (AMDD): The distance 
between the most mesial point of the virtual 
implant and most mesial point of the real implant.
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• Apical vestibulopalatal deviation (AVPD): The 
distance between the most vestibular point of the 
virtual implant and the most vestibular point of the 
real implant.

• Platform buccopalatal deviation (PBPD): The 
distance between the most vestibular point of the 
virtual implant and the most vestibular point of the 
real implant.

• Platform mesiodistal deviation (PMDD): The 
distance between the most mesial point of the 
virtual implant and most mesial point of the real 
implant.

• Implant depth deviation (IDD): The distance 
between the virtual and real implant depth at 
platform level.
The deviations were calculated by the digital de-

signer “Distance” and “Angle” tools on Blue Sky Plan 
software. All registrations were landmark-based. For the 
angular deviation, the axis of the virtual and the axis of 
the real implant were elongated in the lateral view un-
til they contacted each other. Then the angle between 

those two lines was measured to find the AID. On the 
same view, the distance from the virtual platform to the 
real one was calculated with the “Distance” tool to find 
the IDD. The rest of the measurements were performed 
on the axial plane with the “Distance” tool. All registra-
tions were landmark based (Figs 10 to 15) 

RESULTS

Demographic data and the baseline condition of the 
five clinical cases are summarized in Table 1. The study 
sample consisted of two men and three women with a 
mean age of 61.8 ± 3 years. All five cases were resolved 
by placing four ZIs using a fully guided approach that 
employed extrasinusal paths and obtained ideal emer-
gence of the implants. The postoperative courses were 
uneventful, and no surgical complications such as flap 
dehiscence, infraorbital nerve damage, involvement of 
the orbital or infratemporal fossae or intracranial vault, 
or sinus infections were documented.

Fig 9  Selection of reference points for the superimposition of the STL file of (a) the segmented postoperative maxilla with the ZI implants 
placed and (b) the segmented preoperative maxilla. (c) 3D image of the superimposition of the preoperative and postoperative condition.

a b c

Fig 10  Axial Angular Implant Deviation (AID): In the lateral view, the 
axis of the virtual and the axis of the real implant were elongated until 
they contacted each other. The angle between those two lines was 
measured to find the axial angular deviation.

Fig 11  Apical Mesiodistal Deviation (AMDD; right of image): The dis-
tance between the most mesial point of the virtual implant (red circle) 
and most mesial point of the real implant (white circle). Apical Vestibu-
lopalatal Deviation (AVPD; left of image): The distance between the 
most vestibular point of the virtual implant (red circle) and the most 
vestibular point of the real implant (white circle). 
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OUTCOME MEASUREMENTS

All ZIs were osseointegrated at 3 months, resulting in a 
survival rate of 100%. The radiographic outcomes were 
measured based on the superimposition of the preoper-
ative CBCT scans upon the postoperative scans, resulting 
in a mean AID between the virtual and real implants of 
0.79 ± 0.41 degrees, a mean IED of 0.95 ± 0.26 mm, and 
a mean IDD of 0.55 ± 0.17 mm.

The results of the radiographic analysis at the level 
of the implant platform were assessed in the bucco-
palatal and mesiodistal direction, with mean values of 
0.62 ± 0.19 mm and 0.76 ± 0.14 mm, respectively.

Likewise, apical implant deviation was analyzed in 
the buccopalatal and mesiodistal direction, resulting in 
mean values of 0.42 ± 0.13 mm and 1.06 ± 0.37 mm, 
respectively (Table 2). 

DISCUSSION

The results of the present study on fully guided  
ZI place ment found the angle of deviation to be  
0.79 ± 0.41 degrees, which implies an apical deviation 
of 0.42 ± 0.13 mm and 1.06 ± 0.37 mm at the bucco-
palatal and mesiodistal level, respectively. Despite the 
small sample involved, these results are favorable to 
validation of the surgical guides for ZI placement. 
Nevertheless, the authors consider it reasonable to 
maintain a safe distance from the orbital rim and infra-
temporal fossa.

Since the introduction of the quad zygoma protocol 
in 2004 as a feasible treatment option for cases of ad-
vanced maxillary alveolar bone atrophy, it has been well 
documented in the literature as being a treatment op-
tion without any bone grafting related procedures.5,14,20 

Fig 12  Implant Depth Deviation (IDD): The distance between the 
virtual and real implant depth at apical and platform level.

Fig 13  Implant Entrance Deviation (IED): The distance between the 
center of the virtual implant (red circle) and the center of the real im-
plant (white circle).

Fig 14  Platform Buccopalatal Deviation (PBPD): The distance be-
tween the most vestibular point of the virtual implant (red circle) and 
the most vestibular point of the real implant (white circle). Platform 
Mesiodistal Deviation (PMDD): The distance between the most me-
sial point of the virtual implant (red circle) and most mesial point of 
the real implant (white circle).

Fig 15  Virtual imaging of a ZI implant (green cylinder) in relation 
to the crestal sleeve (gray circle) with the corresponding diameter to 
receive the Neodent metal sleeve of the splint. A copy of the same 
sleeve (blue circle) is placed more apically along the axis of the ZI 
implant. The crestal sleeve does not have any conflict with the seg-
mented bone (brown surface) and it can be used. The apical sleeve 
interferes with the segmented bone, thus it cannot be used due to 
lack of space for the sleeve and the resin to support the sleeve.
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In 2006, a new evolution of the technique was intro-
duced that involved exteriorization of the ZI out of the 
maxillary sinus as a solution to the prosthesis-related 
issues of the traditional technique.21 Since then, no 
further relevant changes have been made to this tech-
nique, though there are well-known risks due to the 
anatomical zone involved. On the other hand, discour-
aging results have been published regarding a lack of 
precision when placing the implants following the pre-
vious virtual planning processes.18,19 This makes the 
technique largely dependent upon surgeon expertise, 
and therefore susceptible to human error.

A virtual 3D planning study found that following ex-
tramaxillary zygomatic placement, the average length 
of ZI housed within the malar bone was 17.42 ± 3.74 mm 
for anterior implants and 16.48 ± 5.55 mm for posterior 
implants in the quad zygoma approach.23 These results 
corresponded to an in vitro study in which implant  
planning and placement were performed under optimal 
conditions. It therefore would be reasonable to focus all 
efforts on transferring the previously planned ideal 3D 
implant positioning to clinical practice through safe, 
precise, and reliable surgical guides. Otherwise, due to 
the complexity of the placement technique, it would be 
quite difficult to place the implants in the ideal planned 
position without a guide.23

The main concern regarding the use of surgical guides 
for placing ZIs is the potential discrepancy between the 
final position of the implant and the virtually planned 
position. According to the literature, implant placement 
accuracy is poorer in clinical and cadaver-based studies 

than in in vitro studies, especially in terms of horizontal 
apical deviation and angular deviation.24 A few degrees 
of difference in the path of the implant can lead to 
major deviation of the apex, which can result in failures 
due to the structures involved. According to Chow,25 
factors such as limited access and poor visibility dur-
ing surgery, flexibility of the long twist drills used in ZI 
osteotomies, and curved or irregular bony surfaces at 
the base of the zygoma bone around the exit area can 
directly affect the level of control over the exit point of 
the implant.

Important factors to be considered regarding ZI 
guided surgery are the inherent flexibility of the resin 
guide, the length of the bur, the angle presented by the 
outer surface of the maxillary bone, and the lack of a 
secondary, more apical sleeve along the tubes of the 
guide to provide supplementary guidance to the crest-
al metal sleeve. Because the ZI implant positioning is in 
contact with the external sinus wall, the placement of a 
second sleeve close to the malar bone was impossible 
due to the lack of space. Thus, a separate splint was de-
signed for only the 2.35-mm drill (guide A), which has 
a narrower diameter than the 4-mm–diameter implant. 
The difference between the two diameters offered the 
space to form a customized tube only for the 2.35 mm 
drill along all the external sinus wall. Guide B only pro-
vided guidance from the crestal metal sleeve, in ad-
dition to the intraosseous pathway that was already 
prepared using the first drill A more accurate drilling 
protocol was achieved by avoiding the use of a custom-
ized splint for each drill diameter.

Table 1 Clinical Case Demographic Data and Baseline Situation 

Case Age (y) Sex Smoker ASA score Initial situation ZI position: length

1 58 M No I Fully edentulous

16: 60 mm
13: 52.5 mm
26: 60 mm
23: 45 mm

2 63 F No I Fully edentulous

16: 50 mm
13: 52.5 mm
26: 45 mm
23: 50 mm

3 67 F No I Fully edentulous

16: 60 mm
13: 50 mm
26: 50 mm
23: 45 mm

4 61 M No I Fully edentulous

16: 60 mm
13: 52.5 mm
26: 52.5 mm
23: 45 mm

5 60 F No I Fully edentulous

16: 60 mm
13: 50 mm

26: 52.5 mm
23: 50 mm

 
M: male; F: female; ZI: zygomatic implant; all implants were Neodent implants (Straumann group). Position refers to FDI tooth position. 
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Table 2 Outcome Measurements
Implant position 16 13 23 26 Mean SD

Case 1

AID 1.38 2.22 1.15 1.8 1.6 0.47

PHD
BP 0.33 0.96 0.13 0.25 0.41 0.37

MD 0.53 1.3 0.8 1.28 0.97 0.37

AHD
BP 1.05 0.36 0.26 0.36 0.5 0.36

MD 1.92 2.72 1.7 0.1 1.61 1.09

IDD 0.31 0.7 0.76 1.81 0.89 0.64

IED 0.19 1.31 0.8 1.18 0.87 0.5

Case 2

AID 0.33 0.86 0.37 0.46 0.5 0.24

PHD
BP 0.27 0.71 0.7 0.16 0.46 0.28

MD 0.77 0.22 0.95 0.61 0.63 0.31

AHD
BP 0.32 0.24 0.15 0.27 0.24 0.07

MD 0.38 1.15 0.42 0.71 0.66 0.35

IDD 0.54 0.79 0.22 0.14 0.42 0.3

IED 0.87 0.57 0.72 0.37 0.63 0.21

Case 3

AID 0.29 0.34 0.94 0.98 0.63 0.37

PHD
BP 1.08 0.77 1.14 0.48 0.86 0.3

MD 0.96 0.15 0.24 1.43 0.69 0.6

AHD
BP 0.99 0.66 0.27 0.36 0.57 0.32

MD 0.95 0.71 0.96 2.25 1.21 0.69

IDD 0.3 0.48 0.2 0.71 0.42 0.22

IED 1.05 0.95 1.2 1.79 1.24 0.37

Case 4

AID 0.34 0.11 0.1 0.76 0.52 0.36

PHD
BP 0.3 0.88 0.63 0.4 0.55 0.23

MD 0.78 0.55 0.94 0.67 0.73 0.14

AHD
BP 0.23 0.16 0.22 0.57 0.3 0.18

MD 0.62 0.18 0.2 1.52 0.63 0.63

IDD 0.35 0.36 0.9 0.29 0.47 0.28

IED 0.72 0.39 0.39 1.31 0.7 0.43

Case 5

AID 0.1 0.65 0.32 1.9 0.74 0.8

PHD
BP 0.78 1.87 0.61 0.13 0.85 0.73

MD 0.28 0.38 0.9 2.07 0.91 0.82

AHD
BP 0.98 0.33 0.28 0.52 0.53 0.32

MD 0.4 0.73 0.92 2.79 1.21 1.07

IDD 0.4 0.4 0.97 0.51 0.57 0.27

IED 0.95 0.54 0.59 2.75 1.2 1.04
 
SD: standard deviation; AID: angular implant deviation; PHD: platform horizontal deviation; AHD: apical horizontal deviation; IDD: implant depth deviation; IED: 
implant entry point deviation; BP: buccopalatal; MD: mesiodistal. All measurements are in mm except for AID, which are in degrees. 
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Those four variables—flexibility of the resin guide, 
length of the bur, angulation of the lateral wall of the 
maxillary sinus, and extension the drill guidance—may 
potentially result in variations in the path of the planned 
ZI position. In view of the above, the bone-supported 
guide needs to be fixed with two premaxillary fixation 
pins: one in the malar bone of each maxillary quadrant. 
Of note was the fact that the whole drilling sequence 
and placement of the implant was fully guided, be-
cause all the steps of the procedure were done through 
the sleeves of the guides and no margin of maneuver-
ability was allowed by the guides in the current study 
compared to those used other studies, such as those 
introduced by Grecchi et al.13

CONCLUSIONS

Although the results of the current study are not sta-
tistically significant and more cases are needed, the 
data are encouraging and show substantial accuracy 
of the procedure, which may improve ZI bone anchor-
age compared to freehanded implant placement. In-
house 3D printers are now a reality due to advances in 
3D printing and lowering of the cost of this technology. 
The customized surgery era is now a reality, being fea-
sible, reliable, and inexpensive when compared to the 
situation found in the not-too-distant past. 
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