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SUMMARY: 38 

Here, we present a protocol to achieve precise quad-zygomatic implant placement in patients 39 

with severely atrophic maxilla using a real-time dynamic navigation system. 40 

 41 

ABSTRACT: 42 

Zygomatic implants (ZIs) are an ideal way to address cases of a severely atrophic edentulous 43 

maxilla and maxilla defects because they replace extensive bone augmentation and shorten 44 
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the treatment cycle. However, there are risks associated with the placement of ZIs, such as 45 

penetration of the orbital cavity or infra-temporal fossa. Furthermore, the placement of 46 

multiple ZIs makes this surgery risky and more difficult to perform. Potential intraoperative 47 

complications are extremely dangerous and may cause irreparable losses. Here, we describe 48 

a practical, feasible, and reproducible protocol for a real-time surgical navigation system for 49 

precisely placing quad-zygomatic implants in the severely atrophic maxilla of patients with 50 

residual bone that does not meet the requirements of conventional implants. Hundreds of 51 

patients have received ZIs at our department based on this protocol. The clinical outcomes 52 

have been satisfactory, the intraoperative and postoperative complications have been low, 53 

and the accuracy indicated by infusion of the designed image and postoperative three-54 

dimensional image has been high. This method should be utilized during the entire surgical 55 

procedure to ensure ZI placement safety. 56 

 57 

INTRODUCTION: 58 

In the 1990s, Branemark introduced an alternative technique for bone grafting, the zygomatic 59 

implant (ZI), which has also been called the zygomaticus fixture1. It was initially used for the 60 

treatment of trauma victims and patients with tumor resection where there was a defect in 61 

the maxillary structure. After maxillectomy, many patients retained anchorage only in the 62 

body of the zygoma or in the frontal extension of the zygomatic bone1,2,3. 63 

 64 

More recently, the ZI technique has been widely used in edentulous and dentate patients with 65 

a severely resorbed maxilla. The main indication for ZI implants is an atrophic maxilla. The use 66 

of four ZIs in an immediate loading system (fixed prosthodontics) is practical for surgeons with 67 

broad clinical experience, and it appears to represent an excellent alternative method to bone 68 

graft techniques2,4. However, there are risks when placing ZIs, either by freehand or using a 69 

surgical template for guidance. Risks include inaccurate placement within the alveolus, 70 

penetration of the orbital cavity or infra-temporal fossa, and inappropriate placement within 71 

the zygomatic prominence5. The placement of multiple ZIs makes this surgery risky and 72 

difficult to perform. Hence, improving the precision of ZI placement is critical to its clinical use 73 

and safety. 74 

 75 

The real-time surgical navigation system provides a different approach. It provides real-time 76 

and completely visualized trajectories through the analysis of preoperative and intraoperative 77 

computed tomography images. With the real-time navigation system, both precision and 78 

safety have been improved with sophisticated surgery and treatment5,6. A practical, feasible, 79 

and reproducible protocol was developed using the real-time surgical navigation system to 80 

precisely place ZIs in the severely atrophic maxilla5,7–10. With this protocol, we have treated 81 

hundreds of patients with satisfactory clinical outcomes5–10. Here, we present the protocol 82 

with the detailed information on the treatment procedure. 83 

PROTOCOL: 84 

All of the clinical protocols were approved by the Medical Ethics Review Committee of the 85 

Shanghai Ninth People’s Hospital, Shanghai Jiao Tong University, School of Medicine (SH9H-86 

2020-T29-3). 87 

 88 



1. Patient selection 89 

 90 

1.1. The patient inclusion criteria were as follows (Table 1). 91 

 92 

1.1.1. Ensure that the patient presents a completely edentulous maxilla or partially 93 

edentulous maxilla with few extremely loose teeth (Figure 1A–G). 94 

 95 

1.1.2. Ensure that the patient has severe atrophy of the maxilla and insufficient bone volume 96 

for conventional implant placement in the anterior and/or posterior maxilla. 97 

 98 

1.1.3. Ensure that the patient is aged within 18–80 years and does not have systemic disease. 99 

 100 

1.1.4. Ensure that the patient has undergone cone beam computed tomography (CBCT) with 101 

analyzed DICOM data9. 102 

 103 

NOTE: The preoperative CBCT is obtained using a commercial instrument with the following 104 

scanning parameters: 7.1 mA, 96 kV, 0.4 mm voxel size, field of view of 23 cm (D) x 26 cm (H), 105 

and scan time of 18 s. 106 

 107 

1.1.4.1. Using a planning software, confirm that the maxillary posterior bone height ranges 108 

from 1 to 3 mm in the premolar and molar regions (Cawood and Howell Class VI)11 (Table 2). 109 

 110 

1.1.4.2. Ensure that the measured anterior maxilla has an insufficient width to place regular 111 

implants of at least 3.75 mm diameter without additional bone grafting or insufficient height 112 

to allow the placement of implants shorter than 10 mm even with a titled approach7,12,13 113 

(Figure 1G1–G6). 114 

 115 

NOTE: The bone thickness for placing the apex of the ZI should at least be 5.75 mm14 (Fig. 2A–116 

B) (Table 1). 117 

 118 

1.2. The patient exclusion criteria were as follows (Table 1). 119 

 120 

1.2.1. Sufficient bone for conventional implant treatment. 121 

 122 

1.2.2. Narrow residual bone for which buccal bone graft is considered more appropriate. 123 

 124 

1.2.3. Untreated maxillary sinusitis or a maxillary sinus cyst. 125 

 126 

1.2.4. Local or systemic contraindications for oral surgery and implant placement. 127 

 128 

1.2.5. For edentulous patients, the maxillary residual bone volume does not meet the 129 

standard of classes V or VI of the Cawood Howell classification11. 130 

 131 

2. Mini-screw implantation 132 



 133 

2.1. Administer local anesthesia to anesthetize the patient’s maxilla, bilateral maxillary 134 

tuberosity, midline palatine suture, and both sides of the anterior nasal spine. 135 

 136 

2.2. Implant seven to eight mini-screws (diameter: 1.0 mm, length: 9.0 mm, square cavity: 1.0 137 

mm) in the remaining maxilla under local anesthesia to act as registration points before 138 

trajectories planning in the bilateral tubera maxillae, midline palatine suture, and nasospinale. 139 

 140 

2.3. Select the bilateral maxillary tuberosity, midline palatine suture, and both sides of the 141 

anterior nasal spine as the bone anchorage areas for fiducials (Figure 3A–C). 142 

 143 

NOTE: To increase the navigation accuracy, the mini-screws should be evenly and dispersedly 144 

placed in the indicated area. 145 

 146 

3. Preoperative CBCT scanning for planning 147 

 148 

3.1. Perform CBCT using the following scanning parameters: 7.1 mA, 96 kV, 0.4 mm voxel size, 149 

field of view 23 cm (D) x 26 cm (H), and scan time of 18 s. 150 

 151 

4. Setting registration points 152 

 153 

4.1. Import CBCT data into the presurgical planning software through the DVD drive. 154 

 155 

4.2. Mark all mini-screws as registration points for intraoperative imaging registration (Figure 156 

3D). 157 

 158 

4.2.1. Mark the points on the central surface of the titanium mini-screws; this has to be set in 159 

a certain sequence. 160 

 161 

NOTE: After the registration points are set, ensure that the intraoral coronal entrance points 162 

of the ZI are at or near the alveolar crest with the reference to the zygomatic anatomy-guided 163 

approach proposed by Carlos Aparicio15. The anterior ZI should be at the level of the lateral 164 

incisor/canine region and the posterior ZI in the second premolar/the first molar region. The 165 

apex of the mesial implant should be placed above that of the distal implant. According to the 166 

previous research, the posterosuperior region and the center of the zygoma were the ideal 167 

places for the apex of the mesial implant and the apex of the distal implant16. The length could 168 

only be chosen in the range of 30.0 to 52.5 mm. Cylindroid trajectories can be planned as the 169 

drilling path (Figure 3E–K). 170 

 171 

5. Planning for quad-ZI surgery 172 

 173 

NOTE: This protocol requires the navigation system. 174 

 175 

6. Surgical procedure 176 



 177 

6.1. Lay the patient on the operating table in the supine position after general anesthesia. 178 

 179 

NOTE: It is best to situate the patient in this position before he or she is placed under general 180 

anesthesia. Otherwise, it is difficult to switch the position. 181 

 182 

6.2. Fixed skull reference: Rigidly secure the skull reference base to the calvaria with a single 183 

self-tapping titanium screw of 1.5 x 6 mm. Secure the reference array to the base and 184 

assemble with three marked reflective spheres (Figure 4A–C). Place the navigation system 185 

camera in the 1 o’clock position to monitor the skull reference. 186 

 187 

6.3. Registration: Specifically set the navigation system to the individual patient using a 188 

positioning probe with a tailor-made reflective ball to contact the outer surface of the mini-189 

screws one after another. Then, display the available sagittal, coronal, axial, and 3D 190 

reconstruction images on the navigation screen (Figure 4D–E). 191 

 192 

NOTE: After the registration procedure, check every fiducial marker for precision. The result 193 

is acceptable if the error is mostly <1.0 mm. Otherwise, the registration procedure should be 194 

repeated until the error becomes acceptable. 195 

 196 

6.4. Standardization: Standardize the drilling before using it in the surgery. Use a calibration 197 

block with holes of different diameters to standardize the drill: diameter 2.5 mm (round bur), 198 

2.9 mm (pilot drill), and 3.5 mm (expending drill). The drills should be straightly attached to 199 

the bottom of the block by the surgeon, and then the assistant needs to adjust the interface 200 

into the calibration module. The equipment will produce a sound once the process is complete. 201 

 202 

6.5. Gingiva flap opening: Determine the extent of the incision with the guidance of surgical 203 

navigation. Lift the full thickness flap to allow an adequate view for exposing the planned 204 

implant sites. 205 

 206 

NOTE: The range of the periosteal elevation should contain the alveolar crest, lateral wall of 207 

the maxilla, and the inferior border of the zygomatic bone. 208 

 209 

6.6. Entrance point marking: First, find the entry point with the help of the navigation probe. 210 

Then, use the zygoma handpiece to fix the entry points. Next, find the entry of the zygomatic 211 

bone with the probe. Use the zygoma handpiece to prepare the entry point of the zygomatic 212 

bone (Figure 4F–G). 213 

 214 

NOTE: Ensure that both the operator and the assistants pay attention to the real surgical area 215 

to prevent errors made by the navigation system. 216 

 217 

6.7. Initial preparation: Perform the drilling procedure ensuring that it follows the trajectories 218 

from the entry to the exit point as planned. Use the 2.9 mm drill first to prepare the path from 219 

the entry point, which was located using the navigation probe, to the entry of the zygomatic 220 



bone. Prepare the mesial one first, followed by the distal one. 221 

 222 

NOTE: Check each step with the navigation probe to confirm that the path is correct according 223 

to the designed preoperative plan (Figure 4H–I). 224 

 225 

6.8. Widen the implant bed: Use the handpiece to extend the path from the entrance of the 226 

zygomatic bone to the terminal point designed at the surface of the zygomatic bone. 227 

 228 

NOTE: Ask the assistant to put a hand on the surface of the lateral orbital wall to ensure its 229 

safety. Ensure that the surgeon pays attention to the navigation screen rather than the surgical 230 

area. 231 

 232 

6.9. Readings and measurements: Enlarge the trajectory with an expanding drill having a 3.5 233 

mm diameter. Use the measuring bar and navigation probe to check the direction and position 234 

of the trajectory. Identify the length of the implant using the measuring tool (Figure 4B). 235 

 236 

NOTE: If the depth does not meet the requirement of the planned length, it is better to 237 

prepare it to the set depth. 238 

 239 

6.10. Implantation: Implant the ZIs using a specific manual tool. 240 

 241 

6.11. Suturing: After ZI implantation, use the navigation probe to verify correct positioning. 242 

Place multi-unit abutments and healing caps on the implants and suture the incision with 243 

polypropylene 4-0 suture. The hairline incision should also be sutured after the reference 244 

frame is removed. 245 

 246 

7. Postoperative medication 247 

 248 

7.1. Administer the patient a 5-day prescription of antibiotics, analgesics, and mouthwash 249 

solution (chlorhexidine 0.12%). 250 

 251 

8. Immediate restoration 252 

 253 

8.1. Perform immediate restoration in the patient within 72 h (Figure 5C–G). 254 

 255 

9. Image integration 256 

 257 

9.1. Obtain postoperative CBCT scanning images and a panoramic radiograph to evaluate the 258 

ZI position within 72 h after surgery (Figure 5A–B). Export the postoperative data to the 259 

planning software to superimpose the image of the post-operative CBCT and the preoperative 260 

surgical plan comparing the location of the entrance point, end point, and angular deviation 261 

(Figure 5H–I, Table 4). 262 

 263 

REPRESENTATIVE RESULTS: 264 



The enrolled patient was a 60-year-old woman without any systematic diseases (Figure 1A–D, 265 

F). After CBCT scanning, the alveolar ridge in the anterior maxilla was less than 2.9 mm, while 266 

the residual bone height in the posterior maxilla region was less than 2.4 mm (Figure 1E, G 267 

and Table 1). The width and thickness of the zygomatic bone were approximately 22.4–23.6 268 

mm and 6.1–8.0 mm (Figure 2, Table 3), respectively. According to the Zygoma Anatomy-269 

Guided Approach, the entrance of the anterior ZI was at the level of the canine region, and 270 

the posterior ZI was in the second premolar (Figure 3E). The distance between the margin of 271 

the anterior ZI and the orbit was 5.2 mm on the right and 3.6 mm on the left, while the 272 

distance between the margin of the posterior ZI and the pterygopalatine fossa was 2.9 mm on 273 

the right and 4.3 mm on the left (Figure 3F–K). 274 

 275 

The surgery was performed using the navigation system (Figure 4A–G). After surgery, the 276 

patient received a temporary restoration within 3 days, which addressed both the aesthetic 277 

and pronunciation issues (Figure 5C–G). Postoperative CBCT scanning and image integration 278 

showed that the errors of the entrance from the left posterior ZI to the left anterior ZI, then 279 

to the right anterior ZI, and last to the right posterior ZI were 1.25 mm, 1.35 mm, 1.35 mm, 280 

and 1.85 mm, respectively. The errors of the target from the left posterior ZI to the right 281 

posterior ZI were 2.25 mm, 1.55 mm, 2.40 mm, and 1.20 mm, respectively. The errors of the 282 

ZI angle were 3.50°, 3.59°, 3.20°, and 2.15°, respectively (Figure 5H–I, Table 4). 283 

 284 

FIGURE AND TABLE LEGENDS: 285 

 286 

Figure 1: Preoperative examination. (A,C) Preoperative profile view. (B) Preoperative frontal 287 

image. (D) Frontal image of the smile line. (E) Intraoral view of the maxilla. (F) Preoperative 288 

panoramic radiograph. (G1–6) CBCT curve section. 289 

 290 

Figure 2: CT measurement. (A) Skull frontal view showing the zygoma divided into superior, 291 

middle, and inferior parts by the cross line. (B) Longitudinal tomography showing the 292 

measurements of the zygomatic thickness (yellow line) and length (blue line). 293 

 294 

Figure 3: Preoperative planning. (A–C) Eight miniscrews were dispersedly implanted in the 295 

remaining maxilla to be registered. (D) Preoperative registration point settings on the 296 

navigation software. (E) Preoperative implant planning on the navigation software. (F–K) 297 

Distances for ZI planning. 298 

 299 

Figure 4: Navigation surgery. (A) Navigation surgery scene. (B) Navigation surgical tools. (C) 300 

Cephal bracket mounted to the patient’s head for the purpose of tracking. (D1) Screen view 301 

of the navigation probe registration application in the sagittal coronal axial. (D2) Intraoral view 302 

of the navigation probe application. (E1) Screen view of the entry point location procedure 303 

using the navigation probe. (E2) Intraoral view of the procedure using the navigation probe. 304 

(F1,F2) Constant visualization of the drilling trajectory displayed on the screen in real-time. 305 

The entire procedure from the entry point to the exit point. (G) Screen view of the ZI position 306 

verification using the navigation probe. (H) Accomplishment of ZI placement. 307 

 308 

Figure 5: Postoperative view and image infusion. (A) Postoperative panoramic radiograph. 309 

(B) Postoperative frontal cephalometrics. (C) Intraoral view of the immediate temporary 310 



restoration. (D) Anterior view of the immediate temporary restoration. (E) Postoperative 311 

profile view after the immediate temporary restoration. (F) Frontal image after the immediate 312 

temporary restoration. (G) Postoperative profile view after the immediate temporary 313 

restoration. (H) Preoperative image integrated with the postoperative image, and 314 

measurement of the planned-placed deviations of implants. (I) Postoperative CBCT image 315 

integration observed in sagittal, coronal, and axial view. 316 

 317 

Table 1: Patient inclusion and exclusion criteria. 318 

 319 

Table 2: Differences in alveolar bone thickness at points on the anterior region, and residual 320 

alveolar bone height at points on the premolar region and molar regions. 321 

 322 

Table 3: Differences in zygomatic thicknesses at points on the superior, middle, and inferior 323 

areas. 324 

 325 

Table 4: Resulting deviation of four zygomatic implants. 326 

 327 

DISCUSSION: 328 

Reconstructive rehabilitation of the atrophic maxilla using grafts is difficult because it requires 329 

good surgical technique, coverage of high-quality soft tissue over the graft, a significant 330 

amount of patient cooperation, and patients with health favorable for the finial 331 

restoration17,18. The placement of dental implants for reconstruction in patients with maxillary 332 

atrophy represents a significant clinical challenge. The pattern of facial bone resorption is 333 

associated with age and is especially evident in the edentulous maxilla, and particularly more 334 

noticeable in those using complete removable prostheses19,20. Thus, the development of the 335 

ZI represents an effective alternative for cases involving tumors, trauma, and ectodermal 336 

dysplasia. The main advantage of this technique is that it only requires one surgical approach, 337 

thus reducing the number of treatment stages and achieving the goal of immediate 338 

restoration. The immediate loading procedure also results in greater esthetic and functional 339 

patient satisfaction because in this technique, there is no edentulous mouth phase. After 340 

implant placement, restoration is performed immediately21. It also avoids the need for further 341 

bone-harvesting surgeries in donor sites22,23. It achieves stable bone anchorage in the 342 

zygomatic bone within the posterior maxilla region, which has bone quality type IV that does 343 

not allow the insertion of standard implants, through the addition of two to four standard 344 

implants in the anterior region or via the quadruple ZI approach24,25. Presently, the indication 345 

of this surgical technique has been applied to cases of trauma, severe periodontitis, and 346 

ectodermal dysplasia. 347 

 348 

The ZI margin should be at a safe distance from important anatomic landmarks, such as the 349 

orbit and pterygopalatine fossa, and also for the interval between the two ZIs to ensure 350 

adjacent tissue impregnability and stabile implant osseointegration22. In some cases, 351 

computer-based guides, which are tailored planned for each patient, may have flaws that 352 

reduce their accuracy2,26. A real-time surgical navigation system could be applied to guide the 353 

drilling and placement of ZIs. With the assistance of the surgical navigation system, the 354 

incision extent can be limited, to some extent, to around the operated area. Moreover, drilling 355 



along the trajectory can avoid neighboring critical structures, such as the orbital cavity and 356 

infratemporal fossa, decreasing the risk of intraoperative complications and simplifies the 357 

operation. 358 

 359 

In this case report, a passive optical dynamic navigation system was utilized requiring the use 360 

of fiducial markers firmly attached to the patient’s dental arch during CBCT scanning27. A large 361 

number of implant placement-related studies, including the quad-approach for ZI placement 362 

and three ZIs studies, have shown the effective minimization of planned-placed deviations 363 

indirectly by reporting the reduction of intraoperative and post-operative complications with 364 

the assistance of the real-time surgical navigation system8,10,28–31. However, in these previous 365 

studies, more than six fiducial markers with a polygonal distribution were implemented by the 366 

operators before surgery. This meant that the bilateral maxillary tuberosity, the midline 367 

palatine suture, and both sides of the anterior nasal spine were selected as the area for 368 

titanium mini-screw anchorage32. Furthermore, all of the fiducial markers were recommended 369 

to be bone anchored to more than one titanium screw in each of the regions to ensure precise 370 

registration accuracy. It also avoided screws splitting off or moving during the open-flap 371 

surgery. 372 

 373 

Another important procedure is the verification of error. The importance of the precision 374 

verification throughout the entire surgery cannot be overemphasized. Verification can be 375 

divided into four levels. The first level is the verification after the navigation registration 376 

procedure. The second level is the verification when locating the entry point on both the 377 

alveolar crest and the zygomatic bone. The third level is the verification during the drilling 378 

procedure with the zygomatic handpiece. The fourth level is the verification after ZI 379 

implementation to ensure accurate ZI position and direction. Furthermore, throughout the 380 

procedure, navigation calibration is also very important. Finally, both the operator and the 381 

surgical assistant should pay attention to the reference frame to ensure its stability, because 382 

any slight touch will likely affect the surgical navigation. 383 

 384 

In the present case report, deviations generally appeared to be greater when the implants 385 

were placed in distal locations or with the placement of long implants33,34. Throughout the 386 

process, it was easy to locate the ZIs and it was safer to implant them by means of the real-387 

time navigation system. Although the entry deviation, exit deviation, and angle deviations 388 

were limited under the guidance of the real-time surgical navigation system for ZI placement, 389 

it should be utilized during the entire surgical procedure to ensure safety. 390 

 391 
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Inclusion criteria 

1. Completely edentulous maxilla or be 

going to be edentulous maxilla

2. Severe atrophy of the maxilla

3. Age range from 18-80 

4. Insufficient width for anterior maxilla to 

place regular implants of at least 3.75 mm 

5. Maxillary posterior bone height ranging 

from 1 to 3 mm in the premolar and molar 

regions 

6. The bone thickness for placing the apex 

of the ZI was at least 5.75 mm
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Exclusion criteria

1. Sufficient bone for conventional implant 

treatment
2. Bone graft was considered more 

appropriate

3. Untreated maxillary sinusitis

4. Local or systemic contraindications for 

oral surgery

5. A medication history of bisphosphonates



Anterior 

region  width 

Pre-molar 

region width 

Molar region 

height (mm)

Left 2.8 2.5 2.4

Right 2.9 2.9 2.2
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Superio

r
Middle Inferior

Superio

r
Middle Inferior

Left 7.4 5.3 7.8 23 23.6 24.1

Right 8 6.1 5.7 22.4 23.1 25.9

Zygomatic bone thickness 

(mm)

Zygomatic bone width 

(mm)
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Starting 

position error 

(mm)

Teminal position 

error (mm)
Angular deviation (°)

Distal of the left ZI 1.25 2.25 3.5

Mesial of the left ZI 1.35 1.55 3.95

Mesial of the right ZI 1.35 2.4 3.2

Distal of the right ZI 1.85 1.2 2.15
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SUMMARY 37 

Here, we present a protocol to achieve precise quad-zygomatic implant placement in patients 38 

with severely atrophic maxilla using a real-time dynamic navigation system. 39 

ABSTRACT: 40 

Zygomatic implants (ZIs) are an ideal way to address cases of a severely atrophic edentulous 41 

maxilla and maxilla defects because they replace extensive bone augmentation and shorten 42 

the treatment cycle. However, there are risks associated with the placement of ZIs, such as 43 

penetration of the orbital cavity or infra-temporal fossa. Furthermore, the placement of 44 
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multiple ZIs makes this surgery risky and more difficult to perform. Potential intraoperative 45 

complications are extremely dangerous and may cause irreparable losses. Here, we describe 46 

a practical, feasible, and reproducible protocol for a real-time surgical navigation system for 47 

precisely placing quad-zygomatic implants in the severely atrophic maxilla of patients with 48 

residual bone that does not meet the requirements of conventional implants. Hundreds of 49 

patients have received ZIs at our department based on this protocol. The clinical outcomes 50 

have been satisfactory, the intraoperative and postoperative complications have been low, 51 

and the accuracy indicated by infusion of the designed image and postoperative three-52 

dimensional image has been high. This method should be utilized during the entire surgical 53 

procedure to ensure ZI placement safety. 54 

 55 

INTRODUCTION 56 

In the 1990s, Branemark introduced an alternative technique for bone grafting, the zygomatic 57 

implant (ZI), which has also been called the zygomaticus fixture1. It was initially used for the 58 

treatment of trauma victims and patients with tumor resection where there was a defect in 59 

the maxillary structure. After maxillectomy, many patients retained anchorage only in the 60 

body of the zygoma or in the frontal extension of the zygomatic bone1,2,3.  61 

 62 

More recently, the ZI technique has been widely used in edentulous and dentate patients with 63 

a severely resorbed maxilla. The main indication for ZI implants is an atrophic maxilla. The use 64 

of four ZIs in an immediate loading system (fixed prosthodontics) is practical for surgeons with 65 

broad clinical experience, and it appears to represent an excellent alternative method to bone 66 

graft techniques2,4. However, there are risks when placing ZIs, either by freehand or using a 67 

surgical template for guidance. Risks include inaccurate placement within the alveolus, 68 

penetration of the orbital cavity or infra-temporal fossa, and inappropriate placement within 69 

the zygomatic prominence5. The placement of multiple ZIs makes this surgery risky and 70 

difficult to perform. Hence, improving the precision of ZI placement is critical to its clinical use 71 

and safety. 72 

 73 

The real-time surgical navigation system provides a different approach. It provides real-time 74 

and completely visualized trajectories through the analysis of preoperative and intraoperative 75 

computed tomography images. With the real-time navigation system, both precision and 76 

safety have been improved with sophisticated surgery and treatment5,6. A practical, feasible, 77 

and reproducible protocol was developed using the real-time surgical navigation system to 78 

precisely place ZIs in the severely atrophic maxilla5,7-10. With this protocol, we have treated 79 

hundreds of patients with satisfactory clinical outcomes5-10. Here, we present the protocol 80 

with the detailed information on the treatment procedure. 81 

 82 

 83 

PROTOCOL 84 

All of the clinical protocols were approved by the Medical Ethics Review Committee of the 85 

Shanghai Ninth People’s Hospital, Shanghai Jiao Tong University, School of Medicine (SH9H-86 

2020-T29-3). 87 

 88 



1. Patient selection 89 

 90 

1. 1. The patient inclusion criteria were as follows (Table 1): 91 

 92 

1.1.1 Ensure that the patient presents a completely edentulous maxilla or partially edentulous 93 

maxilla with few extremely loose teeth (Fig. 1A–G). 94 

 95 

1.1.2 Ensure that the patient has severe atrophy of the maxilla and insufficient bone volume 96 

for conventional implant placement in the anterior and/or posterior maxilla. 97 

 98 

1.1.3 Ensure that the patient is aged within 18–80 years an does not have systemic disease. 99 

 100 

1.1.4 Ensure that the patient has undergone cone beam computed tomography (CBCT) with 101 

analyzed DICOM data9. 102 

 103 

NOTE: The preoperative CBCT is obtained using a commercial instrument using the following 104 

scanning parameters: 7.1 mA, 96 kV, 0.4 mm voxel size, field of view of 23 cm (D) × 26 cm (H), 105 

and scan time of 18 s. 106 

 107 

1.1.4.1 Using a planning software, confirm that the maxillary posterior bone height ranges 108 

from 1 to 3 mm in the premolar and molar regions (Cawood and Howell Class VI)11. (Table 2). 109 

 110 

1.1.4.2 Ensure that the measured anterior maxilla has an insufficient width to place regular 111 

implants of at least 3.75 mm diameter without additional bone grafting or insufficient height 112 

to allow the placement of implants shorter than 10 mm even with a titled approach7,12,13 113 

(Figure 1G1-G6).  114 

 115 

Notes: The bone thickness for placing the apex of the ZI should at least be 5.75 mm14 (Fig. 2A-116 

B) (Table 1) 117 

 118 

1.2. The patient exclusion criteria were as follows (Table 1): 119 

 120 

1.2.1 Sufficient bone for conventional implant treatment. 121 

 122 

1.2.2 Narrow residual bone for which buccal bone graft is considered more appropriate. 123 

 124 

1.2.3 Untreated maxillary sinusitis or a maxillary sinus cyst. 125 

 126 

1.2.4 Local or systemic contraindications for oral surgery and implant placement. 127 

 128 

1.2.5 For edentulous patients, the maxillary residual bone volume does not meet the standard 129 

of classes V or VI of the Cawood Howell classification11. 130 

 131 

2. Mini-screw implantation 132 



 133 

2.1. Administer local anesthesia to anesthetize the patient’s maxilla, bilateral maxillary 134 

tuberosity, midline palatine suture, and both sides of the anterior nasal spine.  135 

 136 

2.2. Implant seven to eight mini-screws (diameter: 1.0 mm, length: 9.0 mm, square cavity: 1.0 137 

mm) in the remaining maxilla under local anesthesia to act as registration points before 138 

trajectories planning in the bilateral tubera maxillae, midline palatine suture, and nasospinale.  139 

 140 

2.3. Select the bilateral maxillary tuberosity, midline palatine suture, and both sides of the 141 

anterior nasal spine as the bone anchorage areas for fiducials (Fig. 3A-C). 142 

 143 

Notes: To increase the navigation accuracy, the mini-screws should be evenly and dispersedly 144 

placed in the indicated area. 145 

 146 

3. Preoperative CBCT scanning for planning  147 

 148 

3.1. Perform CBCT using the following scanning parameters: 7.1 mA, 96 kV, 0.4 mm voxel size, 149 

field of view 23 cm (D) × 26 cm (H), and scan time of 18 s. 150 

 151 

4. Setting registration points   152 

 153 

4.1. Import CBCT data into the presurgical planning software through the DVD drive.  154 

 155 

4.2. Mark all mini-screws as registration points for intraoperative imaging registration (Fig. 3D).  156 

 157 

4.2.1. Mark the points on the central surface of the titanium mini-screws; this has to be set in 158 

a certain sequence. 159 

 160 

NOTE: After the registration points are set, ensure that the intraoral coronal entrance points 161 

of the ZI are at or near the alveolar crest with the reference to the zygomatic anatomy-guided 162 

approach proposed by Carlos Aparicio15. The anterior ZI should be at the level of the lateral 163 

incisor/canine region and the posterior ZI in the second premolar/the first molar region. The 164 

apex of the mesial implant should be placed above that of the distal implant. According to 165 

previous research, the posterosuperior region and the center of the zygoma were the ideal 166 

places for the apex of the mesial implant and the apex of the distal implant16. The length could 167 

only be chosen in the range of 30.0 to 52.5 mm. Cylindroid trajectories can be planned as the 168 

drilling path (Fig. 3E–K). 169 

 170 

5. Planning for quad-ZI surgery 171 

 172 

Notes: This protocol requires the navigation system.  173 

 174 

6. Surgical procedure 175 

 176 



6.1 Lay the patient on the operating table in the supine position after general anesthesia. 177 

 178 

Notes: It is best to situate the patient in this position before he or she is placed under general 179 

anesthesia. Otherwise, it is difficult to switch the position. 180 

 181 

6.2 Fixed skull reference: Rigidly secure the skull reference base to the calvaria with a single 182 

self-tapping titanium screw of 1.5 × 6 mm. Secure the reference array to the base and 183 

assemble with three marked reflective spheres (Fig. 4A–C). Place the navigation system 184 

camera in the 1 o’clock position to monitor the skull reference (step 6.2 is shown from 00:07 185 

min to 00:44 min). 186 

 187 

6.3 Registration: Specifically set the  navigation system  to the individual patient using a 188 

positioning probe with a tailor-made reflective ball to contact the outer surface of the mini-189 

screws one after another. Then, display the available sagittal, coronal, axial, and 3-D 190 

reconstruction images on the navigation screen (Fig. 4D–E). 191 

 192 

Notes: After the registration procedure, check every fiducial marker for precision. The result 193 

is acceptable if the error is mostly <1.0 mm. Otherwise, the registration procedure should be 194 

repeated until the error becomes acceptable (step 6.3 is shown from 00:44 min to 01:00 min). 195 

 196 

6.4 Standardization: Standardize the drilling before using it in the surgery. Use a calibration 197 

block with holes of different diameters to standardize the drill: diameter 2.5 mm (round bur), 198 

2.9 mm (pilot drill), and 3.5 mm (expending drill). The drills should be straightly attached to 199 

the bottom of the block by the surgeon and then the assistant needs to adjust the interface 200 

into the calibration module. The equipment will produce a sound once the process is complete 201 

(step 6.4 is shown from 01:25 min to 01:31 min). 202 

 203 

6.5 Gingiva flap opening: Determine the extent of the incision with the guidance of surgical 204 

navigation. Lift the full thickness flap to allow an adequate view for exposing the planned 205 

implant sites. 206 

 207 

Notes: The range of the periosteal elevation should contain the alveolar crest, lateral wall of 208 

the maxilla, and the inferior border of the zygomatic bone (step 6.5 is shown from 01:05 min 209 

to 01:22 min). 210 

 211 

 212 

6.6 Entrance point marking: First, find the entry point with the help of the navigation probe. 213 

Then, use the zygoma handpiece to fix the entry points. Next, find the entry of the zygomatic 214 

bone with the probe. Use the zygoma handpiece to prepare the entry point of the zygomatic 215 

bone (Fig. 4F–G). 216 

 217 

Notes: Ensure that both the operator and the assistants pay attention to the real surgical area 218 

to prevent errors made by the navigation system (step 6.6 is shown from 01:22 min to 01:24 219 

min). 220 



 221 

 222 

6.7 Initial preparation: Perform the drilling procedure ensuring that that it follows the 223 

trajectories from the entry to the exit point as planned. Use the 2.9 mm drill first to prepare 224 

the path from the entry point, which was located using the navigation probe, to the entry of 225 

the zygomatic bone. Prepare the mesial one first, followed by the distal one. 226 

 227 

Notes: Check each step with the navigation probe to confirm the path is correct according to 228 

the designed preoperative plan (Fig. 4H–I) (step 6.7 is shown from 01:33 min to 01:50 min). 229 

 230 

 231 

6.8 Widen the implant bed: Use the handpiece to extend the path from the entrance of the 232 

zygomatic bone to the terminal point designed at the surface of the zygomatic bone. 233 

 234 

Notes: Ask the assistant to put a hand on the surface of the lateral orbital wall to ensure its 235 

safety. Ensure that the surgeon pays attention to the navigation screen rather than the surgical 236 

area.  237 

 238 

6.9 Readings and measurements: Enlarge the trajectory with an expanding drill with a 3.5 mm 239 

diameter. Use the measuring bar and navigation probe to check the direction and position of 240 

the trajectory. Identify the length of the implant using the measuring tool (Fig. 4B).  241 

 242 

Notes: If the depth does not meet the requirement of the planned length, it is better to 243 

prepare it to the set depth (step 6.9 is shown from 01:50 min to 02:02 min). 244 

 245 

 246 

6.10 Implantation: Implant the ZIs using a specific manual tool (step 6.10 is shown from 02:03 247 

min to 02:17 min). 248 

 249 

6.11 Suturing: After ZI implantation, use the navigation probe to verify correct positioning. 250 

Place multi-unit abutments and healing caps on the implants, and suture the incision with 251 

polypropylene 4-0 suture.  252 

 253 

 254 

Notes: The hairline incision should also be sutured after the reference frame is removed (step 255 

6.11 is shown from 03:06 min to 03:11 min). 256 

 257 

7. Postoperative medication 258 

 259 

7.1 Administer the patient a 5-day prescription of antibiotics, analgesics, and mouthwash 260 

solution (chlorhexidine 0.12%). 261 

 262 

8. Immediate restoration 263 

 264 



8.1 Perform immediate restoration in the patient within 72 h (Fig. 5C–G) (step 8.1 is shown 265 

from 03:30 min to 03:46 min). 266 

 267 

 268 

9. Image integration 269 

Step 9 is shown from 03:19 min to 03:23 min. 270 

 271 

 272 

9.1 Obtain postoperative CBCT scanning images and a panoramic radiograph to evaluate the 273 

ZI position within 72 h after surgery (Fig. 5A–B). Export the postoperative data to the planning 274 

software to superimpose the image of the post-operative CBCT and the preoperative surgical 275 

plan comparing the location of the entrance point, end point, and angular deviation (Fig. 5H–276 

I, Tab. 4) (step 9.1 is shown from 03:16 min to 03:18 min). 277 

 278 

RESULTS  279 

The enrolled patient was a 60-year-old woman without any systematic diseases (Fig. 1A–D, F). 280 

After CBCT scanning, the alveolar ridge in the anterior maxilla was less than 2.9 mm, while the 281 

residual bone height in the posterior maxilla region was less than 2.4 mm (Fig. 1E, G and Tab. 282 

1). The width and thickness of the zygomatic bone were approximately 22.4–23.6 mm and 283 

6.1–8.0 mm (Fig. 2 and Tab. 3), respectively. According to the Zygoma Anatomy-Guided 284 

Approach, the entrance of the anterior ZI was at the level of the canine region, and the 285 

posterior ZI was in the second premolar (Fig. 3E). The distance between the margin of the 286 

anterior ZI and the orbit was 5.2 mm on the right and 3.6 mm on the left, while the distance 287 

between the margin of the posterior ZI and the pterygopalatine fossa was 2.9 mm on the right 288 

and 4.3 mm on the left (Fig. 3F–K). 289 

 290 

The surgery was performed using the navigation system (Fig. 4A–G). After surgery, the patient 291 

received the temporary restoration within 3 days, which addressed both the aesthetic and 292 

pronunciation issues (Fig. 5C–G). Postoperative CBCT scanning and image integration showed 293 

that the errors of the entrance from the left posterior ZI to the left anterior ZI, then to the 294 

right anterior ZI, and last to the right posterior ZI were 1.25 mm, 1.35 mm, 1.35 mm, and 1.85 295 

mm, respectively. The errors of the target from the left posterior ZI to the right posterior ZI 296 

were 2.25 mm, 1.55 mm, 2.40 mm, and 1.20 mm, respectively. The errors of the ZI angle were 297 

3.50°, 3.59°, 3.20°, and 2.15°, respectively (Fig. 5H–I, Table 4). 298 

 299 

FIGURE AND TABLE LEGENDS: 300 

 301 

Figure 1. Preoperative examination 302 

A, C: Preoperative profile view.  303 

B: Preoperative frontal image.   304 

D: Frontal image of the smile line. 305 

E: Intraoral view of the maxilla. 306 

F: Preoperative panoramic radiograph 307 

G1-6: CBCT curve section. 308 

 309 



Figure 2. CT measurement 310 

A: Skull frontal view showing the zygoma divided into superior, middle, and inferior parts by 311 

the cross line. 312 

B: Longitudinal tomography showing the measurements of the zygomatic thickness (yellow 313 

line) and length (blue line). 314 

 315 

Figure 3. Preoperative planning 316 

A–C: Eight miniscrews were dispersedly implanted in the remaining maxilla to be registered. 317 

D: Preoperative registration point settings on the navigation software. 318 

E: Preoperative implant planning on the navigation software. 319 

F–K: Distances for ZI planning. 320 

 321 

Figure 4. Navigation surgery 322 

A: Navigation surgery scene. 323 

B: Navigation surgical tools.  324 

C: Cephal bracket mounted to the patient’s head for the purpose of tracking. 325 

D1: Screen view of the navigation probe registration application in the sagittal coronal axial. 326 

D2: Intraoral view of the navigation probe application. 327 

E1: Screen view of the entry point location procedure using the navigation probe 328 

E2: Intraoral view of the procedure using the navigation probe 329 

F1, F2: Constant visualization of the drilling trajectory displayed on the screen in real-time. 330 

The entire procedure from the entry point to the exit point. 331 

G: Screen view of the ZI position verification using the navigation probe. 332 

H: Accomplishment of ZI placement. 333 

 334 

Figure 5. Postoperative view and image infusion 335 

A: Postoperative panoramic radiograph. 336 

B: Postoperative frontal cephalometrics. 337 

C: Intraoral view of the immediate temporary restoration. 338 

D: Anterior view of the immediate temporary restoration.  339 

E: Postoperative profile view after the immediate temporary restoration. 340 

F: Frontal image after the immediate temporary restoration.  341 

G: Postoperative profile view after the immediate temporary restoration. 342 

H: Preoperative image integrated with the postoperative image, and measurement of the 343 

planned-placed deviations of implants. 344 

I: Postoperative CBCT image integration observed in sagittal, coronal, and axial view. 345 

 346 

Table 1. Patient inclusion and exclusion criteria 347 

 348 

Table 2. Differences in alveolar bone thickness at points on the anterior region, and 349 

residual alveolar bone height at points on the premolar region and molar regions 350 

 351 

Table 3. Differences in zygomatic thicknesses at points on the superior, middle, and 352 

inferior areas 353 

 354 

Table 4. Resulting deviation of four zygomatic implants   355 

 356 



DISCUSSION 357 

Reconstructive rehabilitation of the atrophic maxilla using grafts is difficult because it requires 358 

good surgical technique, coverage of high-quality soft tissue over the graft, a significant 359 

amount of patient cooperation, and patients with health favorable for the finial 360 

restoration17,18. The placement of dental implants for reconstruction in patients with maxillary 361 

atrophy represents a significant clinical challenge. The pattern of facial bone resorption is 362 

associated with age and is especially evident in the edentulous maxilla, and particularly more 363 

noticeable in those using complete removable prostheses19,20. Thus, the development of the 364 

ZI represents an effective alternative for cases involving tumors, trauma, and ectodermal 365 

dysplasia. The main advantage of this technique is that it only requires one surgical approach, 366 

thus reducing the number of treatment stages and achieving the goal of immediate 367 

restoration. The immediate loading procedure also results in greater esthetic and functional 368 

patient satisfaction because in this technique, there is no edentulous mouth phase. After 369 

implant placement, restoration is performed immediately21. It also avoids the need for further 370 

bone-harvesting surgeries in donor sites22,23. It achieves stable bone anchorage in the 371 

zygomatic bone within the posterior maxilla region, which has bone quality type IV that does 372 

not allow the insertion of standard implants, through the addition of two to four standard 373 

implants in the anterior region or via the quadruple ZI approach24,25. Presently, the indication 374 

of this surgical technique has been applied to cases of trauma, severe periodontitis, and 375 

ectodermal dysplasia. 376 

 377 

The ZI margin should be at a safe distance from important anatomic landmarks, such as the 378 

orbit and pterygopalatine fossa, and also for the interval between the two ZIs to ensure 379 

adjacent tissue impregnability and stabile implant osseointegration22. In some cases, 380 

computer-based guides, which are tailored planned for each patient, may have flaws that 381 

reduce their accuracy2,26. A real-time surgical navigation system could be applied to guide the 382 

drilling and placement of ZIs. With the assistance of the surgical navigation system, the 383 

incision extent can be limited, to some extent, to around the operated area. Moreover, drilling 384 

along the trajectory can avoid neighboring critical structures, such as the orbital cavity and 385 

infratemporal fossa, decreasing the risk of intraoperative complications and simplifies the 386 

operation. 387 

 388 

In this case report, a passive optical dynamic navigation system was utilized requiring the use 389 

of fiducial markers firmly attached to the patient’s dental arch during CBCT scanning27. A large 390 

number of implant placement-related studies, including the quad-approach for ZI placement 391 

and three ZIs studies, have shown the effective minimization of planned-placed deviations 392 

indirectly by reporting the reduction of intraoperative and post-operative complications with 393 

the assistance of the real-time surgical navigation system8,10,28-31. However, in these previous 394 

studies, more than six fiducial markers with a polygonal distribution were implemented by the 395 

operators before surgery. This meant that the bilateral maxillary tuberosity, the midline 396 

palatine suture, and both sides of the anterior nasal spine were selected as the area for 397 

titanium mini-screw anchorage32. Furthermore, all of the fiducial markers were recommended 398 

to be bone anchored to more than one titanium screw in each of the regions to ensure precise 399 

registration accuracy. It also avoided screws splitting off or moving during the open-flap 400 



surgery. 401 

 402 

Another important procedure is the verification of error. The importance of the precision 403 

verification throughout the entire surgery cannot be overemphasized. Verification can be 404 

divided into four levels. The first level is the verification after the navigation registration 405 

procedure. The second level is the verification when locating the entry point on both the 406 

alveolar crest and the zygomatic bone. The third level is the verification during the drilling 407 

procedure with the zygomatic handpiece. The fourth level is the verification after ZI 408 

implementation to ensure accurate ZI position and direction. Furthermore, throughout the 409 

whole procedure, navigation calibration is also very important. Finally, both the operator and 410 

the surgical assistant should pay attention to the reference frame to ensure its stability, 411 

because any slight touch will likely affect the surgical navigation. 412 

 413 

In the present case report, deviations generally appeared to be greater when the implants 414 

were placed in distal locations or with the placement of long implants33,34. Throughout the 415 

process, it was easy to locate the ZIs and it was safer to implant them by means of the real-416 

time navigation system. Although the entry deviation, exit deviation, and angle deviations 417 

were limited under the guidance of the real-time surgical navigation system for ZI placement, 418 

it should be utilized during the entire surgical procedure to ensure safety. 419 

 420 
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