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ABSTRACT 

 

Clinical Assessment of Safety and Efficacy of Navigated Implant 

Surgery System in Patients with Maxillofacial Defects : 

Prospective Clinical Study 

Taehyeon Kim 

 

Department of Dentistry 

The Graduate School, Yonsei University 
 

(Directed by Professor Young-Bum Park, D.D.S., M.S.D., Ph.D.) 

 

Purpose The purpose of this study was to determine the safety and effectiveness of 

application of 3-dimensional (3D) image guided navigated implant surgery system to 

rehabilitate patients in need of maxillofacial prosthesis due to trauma, cancer, or 

congenital bone metabolic disease. 

Methods Patients who met the inclusion criteria and the exclusion criteria were evaluated 

for their noninferiority by comparing the results of the clinical trial with the test group. 

Cone-beam computed tomography was performed with a radiographic stent constructed 

in different ways for dentate and edentulous patients. The locations of the implants were 

determined using OnDemand 3D® (CyberMed, Seoul, Korea), surgical stent was made, 
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and total number of 56 implants in 19 patients were placed, using In2Vision Smart® 

(CyberMed) infrared navigated implant surgery system by 2 oral and maxillofacial 

surgeons. The planned and final positions of the implants were measured, from which the 

angular difference and lateral deviation were calculated. Statistical analysis was 

performed using two-way ANOVA. 

Results The mean angular difference of the implants was 5.27°, with a coronal deviation 

of implant was 1.30mm and an apical deviation of 1.52mm. The angular difference did 

not differ significantly with the type of prosthesis (p>0.05). The lateral deviation differed 

significantly between the removable partial denture and the fixed dental prosthesis (p 

<0.05). Both the angular difference and lateral deviation differed significantly between 

incisors and molars (p <0.05), while there were no significant differences between the 

maxilla and mandible (p >0.05).  

Conclusion Using the proposed navigated implant surgery system for implants produced 

outcomes with accuracies similar to those found in previous studies, despite the present 

study involving patients with maxillofacial deformities. Future larger clinical studies 

should attempt to improve the accuracy of the approach, which could lead to this 

navigated implant surgery system greatly assisting patients receiving maxillofacial 

rehabilitation. 

 

 
 

Keywords: navigated implant surgery system, maxillofacial rehabilitation, clinical trial, 
3D printing, accuracy
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Prospective Clinical Study 

 
Taehyeon Kim 

 

Department of Dentistry 

The Graduate School, Yonsei University 
 

(Directed by Professor Young-Bum Park, D.D.S., M.S.D., Ph.D.) 

 

Ⅰ. INTRODUCTION 

 
The placing of implants is a common and proven treatment in dentistry. However, this 

intervention is complicated to apply to patients with congenital bone metabolic disease, 

head and neck cancer, or trauma that results in poor quality and quantity of alveolar bone. 

Deformity or insufficiency of the remaining bone may increase the complexity of implant 

placement and negatively affect the success rate after implant surgery. Furthermore, a 

history of radiation therapy on maxillofacial area also reduces the implant success rate by 

interfering with osseointegration. This may also affect the final prosthesis and cause 

unintended changes in the preoperatively determined total treatment plan. 
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Guided implant surgery has recently been used with the aim of producing better 

functional prostheses. This approach has made it possible to design the final prosthesis 

and decide the implant depth and location virtually before performing the implant surgery. 

Jung et al.(1) divided guided implant surgery into static and dynamic systems. While 

static systems use a prefabricated surgical guide during implant surgery to determine the 

location and angle of the implant, dynamic systems display an image of the surgical area 

on a monitor in real time during surgery. Both methods determine the location of the 

implant in a top-down approach, which not only gives natural emergence profile and 

occlusal scheme, but also facilitates appropriate oral hygiene management. 

Many studies have validated the accuracy of the computerized production of the 

surgical template. (2-6) The errors may be within the range of 0.5–1 mm, and is 

sufficiently accurate for clinical applications. (6-8) However, there are cases where it is 

difficult to use a static system, such as when there is restricted mouth opening or when 

poor interarch clearance in the most-posterior area of the mouth interferes with the 

approach of surgical instruments. (9, 10) Also, the guided implant surgery system aims to 

facilitate the correct placement of an implant at a predetermined location, but it cannot 

correct any errors that may occur during surgery procedures in real time. 

To overcome these limitations, attempts are being made to apply dynamic systems in 

the dental field (11) that have traditionally been used in areas of neurosurgery or 

orthopedic surgery for minimal invasion in order to ensure that critical anatomical 

structures are not damaged. (12, 13) In particular, a surgical navigation system is highly 

recommended when anatomical structures are compromised by atrophy, ablative surgery 
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for head or neck cancer, or trauma. (14-16) Such dynamic systems are referred to using 

numerous terms, such as surgical navigation system, computerized navigation system, 

computer-assisted surgery system, and computerized navigation surgery, and here the 

term ‘navigated implant surgery system’ is used 

Clinical trials evaluating the accuracy of surgical navigation have experienced 

considerable difficulties, and most of the studies have had an experimental design. (11, 

17-20) According to Blok et al., (21) two meta analyses of clinical cases found that static 

guides produced mean deviations of 1.04 mm and 1.45 mm (maximum of 4.5 mm) at the 

entry point of the implant, and 1.38 mm and 2.99 mm (maximum of 3.75 mm) at its apex. 

A navigated implant surgery system is known to have similar or better accuracy than a 

static system, (1, 22) and can be used to prepare the drilling point by visualizing the 

cortical walls (e.g., mandibular lingual wall or maxillary sinus wall), which make primary 

stability control easier. Also, the lateral movement can be controlled in the narrow bone 

crest and can be safely drilled deeper than planned. It can also be used if access to the 

posterior part is difficult due to restricted mouth opening. (23) 

The ultimate purpose of treating patients with cancer in the oral or maxillofacial region 

or with a congenital deformity or trauma is to increase their quality of the life by restoring 

function and esthetics. The purpose of this study was to determine the safety and efficacy 

of applying a three-dimensional (3D) image-guided navigated implant surgery system to 

rehabilitate patients needing a maxillofacial prosthesis due to trauma, cancer, or 

congenital bone metabolic disease. 
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Ⅱ. SUBJECTS AND METHODS 

 

1. Inclusion and exclusion criteria 

Approval for this study was obtained from the Institutional Research Ethics Committee 

of the Yonsei University College of Dentistry (IRB No. 2-2015-0008). The inclusion 

criteria were (1) being aged 19 years or older, (2) suffering from trauma, head or neck 

cancer, congenital deformities, or other severe defects, (3) having poor bone quality and 

bone mass at sites requiring implants, and (4) being able to visit for a follow-up checkup. 

The exclusion criteria were (1) having received craniofacial radiotherapy, (2) taking 

bisphosphonate-based drugs for medication-related osteonecrosis of the jaw (MRONJ),  

or (3) the presence of other factors that would make it difficult to perform this clinical 

study. 

The study lasted for 24 months from the date of receiving IRB approval, and the 

number of subjects required in the final test group was determined to be 20 (40 implants). 

 

2. Design of clinical trial and methods 

This clinical trial was a prospective, single-institutional study that investigated reports 

of commonly used methods for implant placement as controls. The subjects satisfying 

inclusion criteria underwent clinical tests according to the observation period, and the 

noninferiority test was performed for comparisons with previous clinical test results. 
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3. Scanning protocol and cone-beam computed tomography data acquisition 

After a dental impression was obtained for each patient using alginate, the study model 

was made, and a stereolithography (STL) file was extracted by scanning the model. In the 

case of patients in a dentate or partially dentate state, the extracted STL file was 

transferred to Exocad® (Exocad, Germany, 2010) to determine and design the ideal tooth 

position. A 3D printer, Perfactory ® DDP4 series (EnvisionTEC, Germany, 2002) was 

then used to print out a tooth-supported radiographic stent, and a radiopaque marker 

(fiducial marker) was placed on the tooth area of the radiographic stent. Cone-beam 

computed tomography (CBCT) was then performed while the patient was wearing the 

radiographic stent in the mouth. 

For edentulous patients, when they had a stable denture, 3D printing of the STL file 

obtained by a model scan of the denture itself was performed, and the fiducial marker was 

placed in the artificial tooth region of the denture. A study impression was taken for 

patients without a denture or with an unstable denture, and then a temporary denture was 

made using a wax rim after determining the vertical dimension. After model scanning of 

the temporary denture, 3D printing of the scanned STL file was performed for placing 

fiducial markers in the denture tooth area. CBCT was performed while the patient was 

wearing the prepared radiographic stent. 
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4. Implant planning 

In the case of patients in a dentate or partially dentate state, the CBCT images were 

obtained as Digital Imaging Communication in Medicine (DICOM) files, and the files 

were transferred to navigation system software (OnDemand 3D®, CyberMed, Seoul, 

Korea). The study models prepared at the initial stage were superimposed on the scanned 

STL files using a three-points merging method, and then transferred to the software for 

performing the implant planning procedure. According to the manual, a successful 

alignment requires that the root-mean-square error (RMSE) be <0.2 mm. (Fig1) 

 
Figure 1. Example of RMSE value. 3 points merging method was used.  

 
The STL file used to print out the radiographic stent was also loaded into the same 

image and added to the study model image. The STL file of the radiographic stent and the 

study model were loaded into the desired position, since the positional relationship 

between the files was entered at the stage of designing the ideal position and size of the 

tooth in Exocad®. 
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Figure 2. Example of virtual planning. Ideal tooth position and implant position was 
designed. 

 

For edentulous patients, the STL file of a denture was superimposed on the CBCT 

image at the position of the fiducial marker. Fiducial markers in an STL file do not appear 

in the same was as radiopaque markers appear in CBCT images, but they could be easily 

superimposed because they appeared as dimples, which also indicated that the RMSE 

value was less than 0.2 mm.  

The number and location of the implants to be installed were determined, and a virtual 

implant of the same shape and length were loaded from the OnDemand 3D® library and 

placed in an appropriate position in the alveolar bone image. (Fig2) The STL file of the 

structure for the patient tracking array attachment was added to the STL file of the 

surgical stent, and the surgical stent was printed using the 3D printer. (Fig3) 
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Figure 3. Surgical guide with the patient-tracking array attachment. (A) STL file of 

surgical guide. (B) 3D-printed surgical guide. (C) Patient-tracking array attached to the 

surgical guide. 

 

The sleeve assembly was mounted on the cylindrical hole, required for the implant 

placement, process using the robot driven drilling system, and the error was minimized 

using the calibration process. 

 

5. In2Vision Smart® navigated implant surgery system 

The In2Vision Smart® (Cybermed) system is an infrared navigation system composed 

of a main computer, main and submonitor, input device (probe, patient tracking array), 

and infrared camera. Infrared camera detects the movement of probe and patient tracking 

array, which sends position coordinate information to main computer and displays it on 

main and sub monitor. (Fig5) Fig4 is a configuration and operation diagram of In2Vision 

Smart® navigated implant surgery system. 



12 
 

 

Figure 4. Configuration and operation diagram of In2Vision navigated implant surgery 

system. 

 

Figure 5. Infrared camera and main computer system of In2Vision Smart navigated 

implant surgery system. 
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Calibrating the infrared camera (using a calibrator) and then attaching the universal 

tracker firmly to the handpiece allows pre-existing instruments can be recognized as 

probes. (Fig6) In this stage there should be no obstacle between the universal tracker and 

the infrared camera, and recalibration should be performed if the calibrator is moved or if 

the position of the universal tracker on the handpiece changes. 

Figure 6. The universal tracker was firmly attached to the surgical instrument. (A) STL 

file of the surgical handpiece and universal tracker attachment. (B) Universal tracker 

with surgical handpiece. (C) The three balls of the tracker reflect infrared radiation and 

this is detected by the infrared camera to determine the location of the handpiece. 
 

6. Surgical procedure 

Implant placement was performed by two skilled oral maxillofacial surgeons. The 

method to use and the associated precautions were explained before the implant surgery, 

and the treatment plan for all patients was decided through collaboration between the 

department of prosthodontics and the oral maxillofacial surgeon. 

All of the implants and surgical instruments used in this study form part of the 

Dentium implant system (Dentium, Seoul, Korea). After conventional preoperative 
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treatment and local anesthesia, a surgical stent capable of being supported by the teeth 

was placed in the teeth, and a surgical stent that could not be supported by the teeth was 

fixed to the jaw using pins or mini screws. (Fig7A to 7C) The patient-tracking array was 

connected to a surgical stent and calibrated with a surgical handpiece.  

 

 

 The surgical handpiece was placed on the alveolar ridge at the preoperatively planned 

position for implantation, and implant placement was started once the drill appeared on 

Figure 7. (A) and (B) In edentulous patients, surgical guides were fixed to the jaw, using

pins or mini screws. (C) 3D-printed surgical guide with fixation holes. (D) The 

location and length of implant drill is visualized on CBCT image. 
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the CBCT image. (Fig7D) The drilling was performed along the sleeve assembly of the 

surgical stent. In cases of implantation in the posterior region where the position 

displayed on the screen differed from the desired position during the drilling, or access by 

the surgical handpiece was difficult, only the initial drilling point was marked and then 

the surgical stent was removed.  

A dressing was applied 1–2 days after the implantation, and CBCT was performed after 

removing stitches after 7–14 days. The obtained CBCT image was uploaded to an 

analysis program for a comparative analysis of the CBCT image obtained before the 

implantation. 

 

7. Analysis of accuracy 

CBCT DICOM images of the planned virtual implant and the postoperative situation 

were superimposed using a voxel-based overlapping program (OnDemand 3D®). (Fig9) 

Lateral deviation and angular difference were measured. (Fig 8) The total error (3D 

hypotenuse) was calculated using the buccolingual deviation as the x axis, the mesiodistal 

deviation as the y axis, and the apicocoronal deviation as the z axis. The angular 

difference was calculated using the inner product of the angles of the two implants. 

(Fig10) 
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Figure 8. Parameters measured in this study. (A) Lateral deviation, quantified using the 

distances in the x (buccolingual), y (mesiodistal), and z (apicocoronal) directions to 

determine the length of the 3D hypotenuse. (B) Angular difference, corresponding to the 

difference between the long axes of planned implant A and final implant B. 

 
 
 
 

 

 
Figure 9. Example of superimposed images of the planned (blue) and final implant

positions. 
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Figure 10. Visualization of the length of the 3D hypotenuse. The angular difference was 

calculated using the inner product of the vectors for the two implants.  

 

Total error =  

 

 

 
 

 =   

 =   
 

  =  

 

Statistical analysis was performed using two-way analysis of variance to detect 

statistically significant differences. 
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Ⅲ. Results 

 

Part 1 

 

Clinical Cases 

1. Case 1. 

A 69-year-old female patient had been performed partial maxillectomy due to clear cell 

odontogenic carcinoma. The final treatment plan was decided as an implant supported 

obturator with implants on maxilla. 

The border of obturator was planned to be extended to the vestibule considering of 

upward displacement of the right upper lip by the degree of contraction from the scar 

tissue. The implant was splinted with a milled bar and overdenture was made to resist the 

force of the upper lip pushing the denture inward. 

Four implants were placed in maxillary residual alveolar bone and maxillary tuberosity, 

but two of the anterior and posterior implants were failed because of poor bone quality 

and insufficient bone mass. The remaining two implants were splinted with a milled bar 

to support the obturator.     
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Figure 11. (A) Panoramic view of patient, after maxillectomy. (B) Planned implant is 

visualized. (C) Overlapping of planned implant and actual implant position.  
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2. Case 2. 

A 70-year-old female patient had been performed partial maxillectomy on the left side 

of the maxilla due to invasive squamous cell carcinoma. The maxilla was edentulous state. 

From the left second premolar to the right second premolar were remained on mandible. 

A milled bar overdenture was planned after implant placement on the remaining 

maxillary alveolar bone, and mandible was planned with conventional RPD, using 

remaining teeth as abutments of the mandible. 

It was difficult to obtain retention because the lateral force was applied to the maxillary 

denture due to skeletal class III malocclusion. Splinting of implants was planned to 

prevent the failure of the implant due to excessive lateral forces. The results of this case 

were good and evaluated to be successful, considering the poor bone quality and quantity 

on the implant site. The results showed that the error value of the right maxillary second 

molar implant is larger than that of the right maxillary second premolar and first molar. 

The reason was supposed to be difficulty to secure the surgical view because of the 

volume of the surgical guide itself, rather than approaching difficulty considering partial 

edentulous of the opposing dentition.  
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Figure 12. (A) Panoramic view after partial maxillectomy. (B) Visualized image of

planned implant and fixation screws. (C) Overlapping of planned implant and actual 

implant position. 
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3. Case 3. 

A 62-year-old female patient had been performed segmental mandibulectomy on the 

left side of mandible, due to squamous cell carcinoma, following reconstruction with 

fibular free flap. Additional re-fixation of screws and ramal bone graft and allogenic 

material was grafted to treat intraoral tissue dehiscence. There was shallow vestibule and 

lack of alveolar bone at treated site, and tissue contraction occurred due to several 

operations. 

  In order to compensate for poor stability and retention, implant assisted overdenture 

with milled bar was planned. The implant of i35 was removed by failure of osseo-

integration., and mandibular overdenture was made by splinting implants with milled bar 

of central incisor and the canine. Implant of the first molar was attached with magnet. 

The atrophy of the facial anatomical structure and the abnormal inter-occlusal 

relationship made it difficult to restore the esthetics only with the fixed prosthesis. 

Implant-supported overdenture with milled bar can extend the labial flange as needed, 

facilitating esthetic restoration through soft tissue support and making oral hygiene easier. 

In this patient, the depth of the vestibule at the mandibular resection site was very 

shallow and the tension of cheek was strong due to the fibrous scar tissue. The robust 

stability of the milled bar can prevent external forces from displacing the denture. 

The reason of osseo-integration failure was considered as low blood supply at the 

fibular reconstruction site compared to normal anatomical structures. After reconstruction 

of the final prosthesis, the reconstructed site is more at risk of peri-implantitis than 
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normal, so the hygienic management of implants should be emphasized to patient and 

regular inspection is required. 

Figure 13. (A) Panoramic view after ramal bone graft. (B) Planned implants position and 

final prostheses. (C) Location of implants were determined, considering bone thickness 

and fixation screws. (D) Overlapping of planned implant and actual implant position. 
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4. Case 4. 

An 83-year-old male patient was referred from the department of otorhinolaryngology 

for oral rehabilitation following maxillectomy on the left side due to squamous cell 

carcinoma. Two remaining teeth on the border of maxillectomy site were planned to be 

extracted due to poor prognosis. 

  A temporary denture was fabricated to restore masticatory function provisionally. The 

temporary denture was scanned with a model scanner and 3D printed a radiographic stent. 

Three implants were planned on the remaining alveolar bone, and an implant assisted 

maxillofacial prosthesis of overdenture was made using locators on implants.  

 
Figure 14. (A) Panoramic view after maxillectomy. (B) Visualized image of planned 

implant and fixation screws on denture image. (C) Overlapping of planned implant and 

actual implant position. 



25 
 

5. Case 5. 

A 76-year-old female patient had been performed marginal mandibulectomy due to 

follicular ameloblastoma and additional metal plate reinforcement to prevent pathologic 

fracture. The right mandibular second, third molar and the left mandibular first, second, 

and third molars were remained.  

The milled bar overdenture with implants on the both second premolar area were 

planned. In this patient, the mandibular prosthesis was constantly inwardly compressed 

with displaced lower lip due to the lower height of the residual alveolar ridge. To 

dissipate the lateral force, two implanted implants were splinted. And mesial rest, 

retentive clasp and reciprocal clasp were designed on posterior molar. 

Precise implantation was essential because a large part of the implants could be 

exposed by slight mesial shift of implant, due to the severe inclination of the residual 

alveolar bone. Successful surgery was possible with this navigated implant surgery 

system.  
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Figure 15. (A) Panoramic view after marginal mandibulectomy. (B) Only 2 implants 

were planned, due to lack of space, caused by metal plate. (C) Overlapping of planned 

implant and actual implant position. 
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6. Case 6. 

A 64-year-old male patient had been performed marginal mandibulectomy on right side, 

due to squamous cell carcinoma, which led to loss of anterior teeth and posterior teeth. 6 

implants with fixed implant prosthesis on missing teeth area were planned. In this patient, 

due to sufficient amount of bone, the treatment plan could be made with implant fixed 

prosthesis. Also, the surgical stent was supported by several residual teeth and alveolar 

ridge, so there was no difficulty in implant placement. However, when the metal sleeves 

attached to the multiple implant guide holes are too close to each other, the height of the 

metal sleeve had to be modified, not to contact to each other, which led to necessity of 

dill changing procedure. The use of metal sleeves with thinner thickness can be 

considered in multiple implant cases.  
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Figure 16. (A) Panoramic view after marginal mandibulectomy. (B) 6 implants were 

planned on residual alveolar bone. (C) Overlapping of planned implant and actual 

implant position.  
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7. Case 7. 

A 64-year-old woman was diagnosed with squamous cell carcinoma about 20 years 

ago and underwent radiation therapy after maxillectomy on right maxilla. Treatment plan 

was made with obturator using the implant. The maxillary right incisors and the left 

second molar, which had poor prognosis, were extracted, and implant placement was 

planned at extracted area. 2 implants in anterior region were failed, due to thin alveolar 

bone and low bone density. Implants on molar region were used for data analysis. The 

most posterior implant was placed distal side than it was planned because of the limited 

mouth opening. Initial drilling point was marked with surgical guide and the rest of the 

procedure was performed with free hand. Note that the coronal part of the implant #27 is 

closer to planned implant, compared to apical part. (Figure 17C) 

Additional implant was placed on anterior region after healing period and it showed 

stable osseo-integration, which was used with locator for improving retention of 

prosthesis. Two implants on posterior region were splinted with milled bar, to support the 

obturator and resist to the inward movement of prosthesis, due to inward pressing force of 

upper lip and buccal cheek.  
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Figure 17. (A) Panoramic view after maxillectomy. (B) Planned implant position. (C) 

Overlapping of planned implant and actual implant position.  
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8. Case 8. 

This case was a 28-year-old female case with maxillary retrognathism and mandibular 

prognathism, due to cleidocranial dysostosis. It attempted to expand the arch through 

orthognathic surgery and orthodontic treatment to adjust the posterior occlusion. 

However, the tooth migration did not occur due to bone metabolism abnormality. Every 

remaining tooth were extracted, three implants on both left and right side were placed and 

planned an overdenture with milled bar. Implants were not able to be placed on anterior 

region due to insufficient alveolar bone. Each three implants were splinted to support 

maxillary denture. 

 

 Figure 18. (A) Panoramic view after extraction of remaining teeth. (B) Planned implant 

position and pre-fabricated temporary denture. (C) Overlapping of planned implant 

and actual implant position. 
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9. Case 9 

A 62-year-old male patient with squamous cell carcinoma on left maxilla underwent 

maxillectomy. Maxillary overdenture with four implants were planned in the maxillary 

residual alveolar bone, but only the sinus lift with bone graft was performed on right 

maxilla due to insufficient amount of bone. Due to strong inward compressing force to 

obturator, only two implants were not considered enough to resist the force. Two implants 

were analyzed for this study, and two more implants were placed after maturation of 

grafted bone. Total of 4 implants were splinted with milled bar and overdenture was made. 

Thanks to the prosthesis being supported on both sides, the obturator showed good 

retention and stability. 

 

 Figure 19. (A) Panoramic view after maxillectomy. (B) Planned implant and fixation 

screw position. (C) Overlapping of planned implant and actual implant position. Only 

two implants, placed previously were analyzed in this study. 
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10. Case 10 

A 40-year-old female patient underwent marginal mandibulectomy on the left side due 

to cemento-ossifying fibroma. 

Implant fixed prosthetic treatment was planned with implants at # 34, # 36, and # 37 areas. 

In this patient, the opening of mouth was insufficient during implant surgery, so the i37 

position of initial drilling point was marked using surgical guide, and the implant was 

placed with free hand. In the panoramic view, apical part of i37 is located more distal 

than the coronal part. This is considered that errors may be accumulated by various 

reasons during drilling procedure. However, by using this surgery system, implants could 

be placed without touching metal plate or fixation screws. (Figure 20) 

 
Figure 20. (A) Panoramic view after marginal mandibulectomy. (B) Planned prosthesis 

and implant position. (C) Overlapping of planned implant and actual implant position. 
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11. Case 11. 

A 66 - year - old male patient diagnosed with recurred ameloblastoma had got segmental 

mandibulectomy and reconstruction by fibular free flap on left side, fixed with titanium 

screw on the mesial and distal sites to prevent pathologic fracture. Three implants with 

fixed prosthesis were planned on i35, i36, and i37. However, the osseo-integration of i35 

failed. Failure of the implant may have caused by reduced blood supply on the border of 

grafted fibula. Only i36 and i37 were used to measure the accuracy first, followed by re-

implantation of i35. When placing implants on the left side of the mandible, the sensor, 

the surgeon 's hand, and the assistant' s hands often covered the infrared sensor, making it 

difficult to access to surgery site. Final implant fixed prosthesis was delivered after osseo-

integration of implants.  
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Figure 21. (A) Panoramic view after marginal mandibulectomy. (B) Planned implant 

fixed prosthesis and implant position. (C) Overlapping of planned implant and actual 

implant position. 
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12. Case 12. 

A 64 - year - old male patient diagnosed with maxillary sinus cancer underwent right 

maxillectomy and orbital exenteration. The left posterior part of the mandible was 

edentulous, and implant fixed prosthesis was planned. Implant assisted obturator was 

planned with implants on i24m i26, i27. Osseo-integration of i24 failed and accuracy of 

i26, i27 were measured. The implants of the mandible were also measured for accuracy. 

Implant fixed prosthesis was completed as planned.  

Figure 22. (A) Panoramic view before implantation. (B) Both mandible and maxilla were 

planned together for proper occlusion. (C), (D) Overlapping of planned implant and 

actual implant position. 
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13. Case 13. 

A 66 - year - old male patient with squamous cell carcinoma underwent segmental 

mandibulectomy and reconstructed by fibular free flap. Implant assisted overdenture was 

planned after placement of implants in i42, i33, and i36 area. Implants required precise 

positioning, due to fixation screws and plates at grafted bone. There were difficulties with 

burying healing abutments caused by thick soft tissue, even though thinning of soft 

tissues covering the fibular was performed. If a surgical stent is used in thick soft tissue 

cases, the distance between the lower part of the guide hole and the drilling point is too 

far, which may cause unintended errors. Navigated implant surgery system was also 

helpful in thick soft tissue cases. The implants were placed as planned, despite of such 

difficulties.  

Due to the deep vestibule and strong inward soft tissue compression force, stabilization 

of the prosthesis was mandatory. Three implants were splinted with milled bar and 

overdenture was made. 
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Figure 23. (A) Panoramic view after mandibular reconstruction. (B) 3 implants were 

planned for implant overdenture. (C) Overlapping of planned implant and actual 

implant position. 
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14. Case 14. 

A 63 - year - old male patient with squamous cell carcinoma underwent marginal 

mandibulectomy and reconstructed the intraoral defect with radicular forearm free flap. 

The only remaining teeth on mandible were #42, 43, and 44. Implant was planned on i47, 

i45, i41, i33 and i37, for milled bar overdenture. The partial edentulism of maxilla was 

planned with implant fixed prosthesis on missing teeth area.  

Figure 24. (A) Panoramic view after marginal mandibulectomy. (B) Inferior alveolar 

canal is marked as red line to avoid nerve damage. (C), (D) Overlapping of planned 

implant and actual implant position. 
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15. Case 15. 

A 63-year-old female patient with keratocystic odontogenic tumor on the right 

mandible underwent marginal mandibulectomy. Implant fixed prosthesis with implants on 

i45, and i47 was planned. A tooth-supported surgical guide was made, and implants were 

placed successfully without damaging inferior alveolar nerve, its accuracy was evaluated 

after implant placement. Although static surgical guide is made to avoid nerve damage, it 

would be helpful for surgeon, if it is possible to identify the location of nerve in real time.  

 
Figure 25. (A) Panoramic view after marginal mandibulectomy. (B) 2 implants were

planned for fixed implant prosthesis, without nerve damage. (C) Overlapping of 

planned implant and actual implant position. 
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16. Case 16. 

A 75 - year - old female patient with squamous cell carcinoma underwent partial 

mandibulectomy. After reconstruction of the defect by fibular free flap, it was fixed with 

titanium plate and screw. Fixed implant prosthesis on i44, i45, i46 was planned. During 

implant surgery, #43 interfered with the approach of the drill and had to be approached 

from distal side. As a result, the implant was places with distally angulated position.  

If the residual alveolar bone shows a steep slope behind the residual tooth, the volume 

of stent or surgical instruments should be considered in planning procedure. 

 
Figure 26. (A) Panoramic view of reconstructed mandible. (B) Overlapping of planned 

implant and actual implant position. 
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17. Case 17. 

A 28-year-old male patient with ameloblastoma underwent segmental mandibulectomy 

on left side. After reconstruction of the defect by fibular free flap, it was fixed with 

titanium plate and screw. Fixed implant prosthesis was planned with implants on i36, i37. 

A tooth-supported surgical guide was prepared and placed implants. In i37, the surgical 

instruments were inaccessible due to the thickness of surgical guide. After marking the 

initial drilling point with surgical guide, the rest of the procedure was performed, without 

surgical guide. Note distally shifted and mesial angulation of implant. Coronal portion of 

implant is closer to the planned position, compared with apical portion.  

 
Figure 27. (A) Panoramic view of reconstructed mandible. (B) Overlapping of planned 

implant and actual implant position. 
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Part 2 

 

Results for angular difference and lateral deviation 

 

1. Mean angular difference and lateral deviation 

The placement positions were measured in 56 implants, which revealed that the mean 

angular difference was 5.27°, with a coronal deviation of 1.30mm and an apical deviation 

of 1.52mm. (Table1) 

 

 
Table 1. Angular difference and lateral deviation of the coronal and apical positions of 

the implants. Lateral deviations are quantified in the buccolingual (dx), mesiodistal (dy), 

and apicocoronal (dz) directions. 

 Average Median Range Standard 

deviation 

Angular difference (°) 5.27 3.48 0 - 23.75 5.15 

Coronal deviation (mm) 1.30 0.80 0.11 - 5.94 1.39 

dx 0.42 0.23 0.01 - 2.63 0.51 

dy 0.59 0.24 0.01 - 3.51 0.71 

dz 0.79 0.31 0 - 5.81 1.29 

Apical deviation (mm) 1.52 1.23 0.09 - 6.07 1.46 

dx 0.67 0.40 0.01 - 3.26 0.70 

dy 0.80 0.42 0.05 - 4.29 0.91 

dz 0.79 0.36 0.01 - 5.75 1.20 
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 Figure 28. Coronal and apical deviations. Cdx: coronal dx deviation. Adx: apical dx 

deviation. Cdy: coronal dy deviation. Ady: apical dy deviation. Cdz: coronal dz

deviation. Adz: apical dz deviation. Data are mean and SD values. 
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2. Results according to prosthesis type 

The results were also analyzed separately according to the type of final prosthesis 

[obturator, removable partial denture (RPD), and fixed dental prosthesis (FDP)], as 

presented in Table 2. 

 

The angular difference did not differ significantly with the type of prosthesis (p>0.05), 

but the lateral deviation differed between the RPD and FDP (p<0.05). (Fig29) 

 

 Average Median Range Standard 

deviation 

Obturator 

Angular difference (°) 6.40 5.38 0 to 15.08 5.50 

Coronal deviation (mm) 1.69 1.48 0.17 to 3.72 1.24 

Apical deviation (mm) 1.77 1.61 0.4 to 3.98 1.23 

RPD 

Angular difference (°) 3.56 3.01 0 to 10.58 2.97 

Coronal deviation (mm) 0.67* 0.38 0.11 to 2.37 0.66 

Apical deviation (mm) 0.89** 0.45 0.09 to 2.58 0.79 

FDP 

Angular difference (°) 6.63 5.23 0.48 to 23.75 6.34 

Coronal deviation (mm) 1.74* 0.93 0.31 to 5.94 1.84 

Apical deviation (mm) 2.07** 1.32 0.37 to 6.07 1.96 

Table 2. Results according to the type of final prosthesis.  

* p<0.05, RPD and FDP showed statistically significant difference of coronal deviation 

**p<0.05, RPD and FDP showed statistically significant difference of apical deviation 
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Figure 29. Results according to prosthesis type. There was statistically significant 

difference in coronal difference and apical difference between the RPD and the FDP. 
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3. Results according to implant location 

The results were analyzed according to the placement of implant position, maxilla or 

mandible, and incisor, premolar, or molar. The results are presented in Table 3. 

 
Average Median Range Standard deviation 

Incisors 

Angular difference (°) 3.52* 2.95 0 - 12.5 3.40 

Coronal deviation (mm) 0.79** 0.38 0.11 - 3.69 0.98 

Apical deviation (mm) 0.93*** 0.42 0.29 - 3.98 1.02 

Premolars 

Angular difference (°) 4.57 3.46 0.23 - 12.11 3.23 

Coronal deviation (mm) 1.35 0.94 0.11 - 5.94 1.49 

Apical deviation (mm) 1.53 1.35 0.24 - 5.84 1.38 

Molars 

Angular difference (°) 6.50* 4.73 0 - 23.75 6.20 

Coronal deviation (mm) 1.46** 0.80 0.15 - 5.79 1.43 

Apical deviation (mm) 1.74*** 1.34 0.09 - 6.07 1.59 

Table 3. Results according to implant location. 

* p<0.05, Incisors and molars showed significant difference in angular difference 

**p<0.05, Incisors and molars showed significant difference in coronal deviation 

***p<0.05, Incisors and molars showed significant difference in apical deviation 
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The angular difference and lateral deviation differed significantly between incisors and 

molars (p<0.05), (Fig30) while there were no significant differences between the maxilla 

and mandible (p>0.05). (Fig31) 

 

 

Figure 30. Results according to the tooth location of the implant. 
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Figure 31. Results according to the jaw location of the implant. There was no statistically 

significant difference between maxilla and mandible.  
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Ⅳ. DISCUSSION 

 

How to place implants safely and accurately has been of considerable interest since the 

first use of implants in dental field, and this has been addressed by many studies. 

Although various studies have compared free-hand and computer-guided approaches 

utilizing both full and half surgical guide, previous studies have not involved patients 

with difficulties in implant placement due to lack of bone structures or the presence of 

tumors or trauma in the maxillofacial region. The present study therefore has considerable 

clinical value. 

Various tracking methods are used in surgical navigation systems, such as glass-fiber, 

ultrasound, magnetic, optical, and combined methods, but this study used optical infrared 

tracking since this avoids unresolved technical problems of the other methods. (22) 

Khadem et al. (24) reported that the accuracy of optical tracking is 0.1–0.4 mm, and 

Siesseger et al. (25) found that all implants showed errors of less than 1 mm in a clinical 

study using infrared-based navigation systems. 

This study superimposed DICOM CBCT images obtained before and after surgery 

using a voxel-based registration method to compare the planned and placed positions of 

the implants. According to Almukhtar, (26) images were originally superimposed using 

anatomical landmarks such as the anterior cranial base, but voxel-based registration or 

surface-based registration is now used when superimposing 3D images. A voxel is a 

volumetric unit consisting of isotropic x, y, and z dimensions, and voxel values can be 
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stored in the DICOM format. Each voxel has its own grayscale value and is determined 

by the opacity of the scanned volume. When superimposing 3D images there is no 

significant difference in the accuracy of superposition when using voxel or surface 

superimposition. The Ondemand3DApp used in this study is based on voxel-based 

registration, and its fusion process uses so-called mutual information, which involves 

calculating the statistical dependence between two volumes based on the intensity and 

correlation values of entropy, and compares the difference in the entropy of the sum of 

individual images and the joint entropy of combined images in order to optimally fuse the 

data. 

The mean angular difference for the 56 implants was 5.27°, which shows that it was 

not inferior to previous findings for comparisons between using the free-hand approach 

and a guided implant surgery system: 4.59°, (27), 11.20°, (28) and 9.80°. (29) 

The number of parameters analyzed in clinical studies has been limited to comparisons 

of only the sum of the errors in the x, y, and z directions using implant surgical guides, 

such as by Block, (21) Tahmaseb, (30) and Jung. (1) In the present study, the differences 

in dx, dy, and dz were compared separately, and the coronal and apical deviations were 

found to be 1.30 mm and 1.52 mm, respectively, which are similar to previously reported 

values of 1.37 mm and 1.56 mm, (21) 1.04 mm and 1.38 mm, (30) and 1.45 mm and 2.99 

mm. (1) The lower coronal deviation compared to the apical deviation shows that more 

drilling in the apical position results in more displacement of the placement position. 

(Fig29) The surgical guide needs to accurately indicate the initial drilling point, but 

deeper drilling will mean that more factors contribute to error accumulation. The possible 
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causes of errors in implant placement using a surgical guide include the CBCT imaging 

and data processing, the production of a surgical guide and insertion of the sleeve, and the 

gap between the sleeve and the implant drill. (31, 32) Van Steenberghe et al. (14) 

reported that using a surgical guide or navigation system only in the drilling process of 

implants and not also while using these devices in the process of inserting the implants 

may cause errors. 

It is known that using a surgical guide is difficult when the implant is placed at the 

most-posterior site and when there is restricted mouth opening or an insufficient 

intermaxillary distance. (9) Although free-hand drilling is mandatory in such cases, this 

approach is known to be less accurate than computer-aided placement. (33) The cases 

treated in this study had a lower bone mass and tended to show abnormal anatomical 

structures, making it more difficult to apply a free-hand approach alone. If it was difficult 

to approach with the instrument, the initial drilling point was marked with a surgical 

guide, the guide was removed, and the implant was placed while observing the position 

and angle using the navigation system. This was because the initial point is considered to 

be more accurate when using a surgical guide than when not using one (34) even if the 

surgical guide needed to be removed immediately after marking the initial drilling point, 

since this would interfere with the approach of the surgical handpiece. This can explain 

the statistically significant difference in the error between the incisors and molars. 

Facilitating posterior instrument access may require the application of a half-guided 

surgical stent using a surgical navigation system.  
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Because of the differences in the position, number, and angle of the treatment plan and 

implant placement depending on the type of final prosthesis to be achieved, it was 

considered meaningful to compare the errors in implant placement according to the type 

of prosthesis. The comparison of coronal and apical deviations of the implants according 

to the type of prosthesis planned showed that the accuracy was significantly better for the 

RPD type than for the FDP type (p<0.05). When considering the RPD with implants, it is 

more important to ensure that the implants are parallel to each other to ensure better 

attachment to the locator or milled bar rather than harmonizing the position or angle of 

the implants with the surrounding teeth. When placing multiple implants with the similar 

drilling angles, which simplifies the surgical procedure and eliminates the need for 

unnecessary hand movements. The simpler process seems to result in better outcomes. 

The angular difference and lateral deviation differed significantly between incisors and 

molars (p<0.05) but not between the maxilla and mandible (p>0.05). The higher accuracy 

of the anterior region compared to the molar region during the implantation procedures 

was predictable. The most-difficult aspect encountered in this study was that tracking 

could not be performed when the surgeon’s arm or body was between the tracking sensor 

and the detector; this required the surgeon to bend his body or arm unnaturally or place it 

in an uncomfortable position. In the case of anterior teeth, the hands and the surgical 

instrument did not need to go far into the oral cavity, and so the navigation system was 

easy to operate and without disturbance. On the other hand, the position of the hand, the 

gripping method, the position of the finger rest, and the volume of the device were all 

inevitably changed for the posterior area. These differences seem to have caused errors 
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associated with the access method of the surgeon varying with the surgical site rather than 

due to the navigation system itself.  

The success rate across all implants in this study was 90.3%, which is lower than the 

success rate of conventional implants. However, this was due to the subjects in this study 

being patients with poor conditions due to oral cancer, congenital malformations, and 

trauma. The use of the surgical navigation system still resulted in the more-precise and 

safe placement of implants. 

Since most dentists place implants without the help of a surgical navigation system, 

suddenly using such a system may cause difficulties in terms of surgery time and 

procedures. Therefore, the wider and faster use of surgical navigation systems requires an 

accurate and practical approach and the acceptable of a learning curve. (21) 

The development of smaller tracking sensors with improved detectors and a more-

simplified process will make a surgical navigation system a good alternative for implant 

placement in patients in a poor condition. Further clinical researches are needed with 

larger numbers of patients to find more-accurate methods for implant placement 

regardless of the type of final prosthesis.  
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Ⅴ. CONCLUSION 

 

Within the limitations of this study, the following conclusions can be drawn. The 

navigated implant surgery system used in this study produced similar outcomes to 

previous studies despite the present patients exhibiting poor quality and quantity of bone 

for implantation. However, larger clinical studies need to perform further investigations 

according to the type of planned prosthesis. In terms of hardware, miniaturization of the 

patient-tracking array and modification to avoid interruptions with the infrared sensing 

camera are mandatory. An improved surgical navigation system would assist patients who 

require a maxillofacial prosthesis with an implant for reconstructing maxillofacial defects 

and improving the quality of their lives. 
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국문요약 

 

임플란트를 이용한 악안면 보철 환자에서 

3 차원 영상 유도 임플란트 수술 시스템의 안전성과  

유효성 평가를 위한 임상 시험 

 

<지도교수 박영범> 

연세대학교 대학원 치의학과 

김태현 

 

본 연구의 목적은 구강 악안면 부위의 외상, 암 또는 선천성 골 대사 

질환으로 인해 임플란트를 이용한 악안면 보철 치료가 필요한 환자를 

대상으로 삼차원 영상 유도 임플란트 수술 시스템의 안전성과 유효성을 

평가하는 데에 있다. 

임상 시험의 포함 및 제외 기준을 충족하는 환자를 방사선 스텐트를 착용한 

후 콘빔 컴퓨터 단층 촬영을 시행하였다. 방사선 스텐트는 유치악 환자와 

무치악, 부분 무치악 환자에서 서로 다른 방법으로 제작하였다. 온디멘드 
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(OnDemand Inc. 서울, 대한민국)상에서 식립 하고자 하는 임플란트의 

위치와 방향을 결정하여 3 차원 인쇄기를 통해 수술용 스텐트를 제작하였다. 

수술용 스텐트를 이용하여 2 명의 숙련된 구강 악안면 외과 의사가 

20 명(56 개)의 임플란트를 In2Vision (OnDemand Inc. 서울, 대한민국) 

적외선 영상 유도 수술 시스템을 이용하여 식립 하였다. 계획한 임플란트와 

실제 임플란트의 위치를 측정 후 식립 각도와 3 차원 상에서의 좌표 오차를 

측정하였다. 통계 분석은 양방향 분산 분석 (two-way ANOVA)을 사용하여 

분석하였다. 

식립 각도의 평균 오차는 5.27 °로 나타났고, 임플란트의 치관부 변위는 

1.30mm, 근단부 변위는 1.52mm 였다. 최종 보철물의 종류에 따른 임플란트 

식립 각도 차이는 통계적으로 유의한 차이가 없었다 (p>0.05). 가철성 국소 

의치와 고정성 보철물 사이의 좌표 오차는 통계적으로 유의한 차이가 있었다 

(p<0.05). 전치부와 대구치부, 그리고 상악과 하악 사이의 각도 차이와 좌표 

오차는 통계적으로 유의한 차이가 없었다 (p>0.05). 

본 연구에서 사용된 3 차원 영상 유도 임플란트 수술 시스템은 악안면 

부위의 해부학적 결손이 심한 환자에서도 이전 연구들과 비슷한 정확도 

결과를 보였다. 3 차원 영상 유도 수술 시스템 장비의 크기와 형태 개선과, 

정확성의 향상이 필요하며, 더 큰 환자군을 대상으로 한 임상 연구가 

이루어져야 한다. 이를 통해 3 차원 영상 유도 수술 시스템은 구강 악안면 
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재건이 필요한 환자들에게 해부학적, 기능적 재건을 통해 삶의 질을 

향상시키는 데에 큰 도움을 줄 것이다. 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

  

핵심 되는 말: 3 차원 영상 유도 수술 시스템, 3 차원 인쇄기, 악안면 재건, 

임상연구, 임플란트 식립의 정확성 


