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Abstract 

Purpose: Retrospective review of in-office removal of complex mandibular third molars 

using a dynamic image navigation system (DINS). 
Materials and Methods: A retrospective review was conducted of cases completed from 

2010–2014 by a single oral and maxillofacial surgeon. The average age of the patients was 47 

years (ranging from 27 to 72). Extraction complexity was classified using Juodzbalys and 

Daugela’s classification system. The study cases included had complexity scores ≥9. Each 

patient received custom intraoral splints to secure the tracking array and cone beam computed 

tomography (CBCT) image acquisition. All surgeries were performed using a pre-calibrated 

tracking straight handpiece under dynamic navigation. 
Results: All 25 cases were treated successfully with the use of DINS. Twelve of these cases 

were associated with pathologic lesions. Three patients were noted to have inferior alveolar 

nerve (IAN) paresthesia. One patient sustained a pathologic fracture at week 2. Post-operative 

infections were noted in seven cases, two of which had a preexisting infection. One patient 

reported temporary limitation of mouth opening. A coronectomy was performed in one of the 

cases. 

Conclusions: We present results using a new technology, DINS, for removal of complex 

mandibular third molars. Potential advantages are 1) improved visualization and localization of 

anatomic structures such as IAN, lingual cortical plate, and adjacent roots; 2) improved control 

during osteotomy; 3) decreased surgical access requirements and reduction in overall bone 

removal; 4) ability to perform complex procedures successfully in an in-office setting; 5) 

decreased surgical time due to improved visualization; and 6) potential use as a teaching tool. 

Possible limitations of the use of in-office DINS include increased cost, increased time attributed 
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to pre-surgical planning, initial learning curve, and optical array interference by the surgeon or 

assistants during surgery. 

 

Introduction 
The use of dynamic computer-based image navigation has become commonplace for hospital-

based surgical specialties such as neurosurgery and otolaryngology. For oral and maxillofacial 

surgeons, this technology has been applied to treating patients with maxillofacial trauma, 

orthognathic surgery, tumor surgery, temporomandibular joint surgery, craniofacial surgery,1–3 

and removal of foreign bodies.4 

The use of this technology has been shown to maximize accuracy and reduce invasiveness 

for many procedures. It also allows the surgeon to plan and perform complex surgical procedures 

with real-time intra-operative access to the radiographic datasets. 
The use of these hospital-based systems has been reported for dentoalveolar surgery and 

dental implant surgery.1–3 However, the role of dynamic image navigation in the office setting 

has been limited, as this technology is predominantly hospital-based and expensive to purchase. 

During the course of this study, the Image Guided Implantology system (IGI, DenX 

Advanced Dental Systems, Moshav Ora, Israel) was the only Dynamic Image Navigation System 

(DINS) available for in-office dental procedures in the United States. This ultraviolet (UV)-

based optical system was initially developed and then approved by the U.S. Food and Drug 

Administration (FDA) for the placement of dental implants. Currently, its use for other 

dentoalveolar procedures is considered “off-label.” Advantages noted in the literature include 

increased accuracy and the ability to adjust implant position and osteotomies under virtual 

imaging.5,6 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Similar to dental implants, the use of dynamic navigation can be applied to complex 

dentoalveolar surgery, such as wisdom teeth removal, to help the surgeon avoid important 

anatomic structures such as the inferior alveolar nerve, adjacent second molar roots, or lingual 

plate of the mandible. However, the use of in-office dynamic navigation for the extraction of 

third molars has not been reported. The objective of this study was to retrospectively review the 

removal of complex mandibular third molars with and without pathological lesions using in-

office dynamic computer navigation. This study summarizes the experiences and outcomes, and 

details the protocol to use this technology in regards to dentoalveolar surgery. 

 

Materials and Methods 

Study Design 
A retrospective review was conducted of patients from 2010–2014 undergoing removal of 

complex wisdom teeth via DINS. The protocol was conducted under the IRB (Medstar Health 

Research Institute 2014-36). All surgeries were completed by a single oral maxillofacial surgeon 

(RWE) experienced in dynamic surgical navigation in the office-based setting. The information 

reviewed included office clinical records, operative reports, and radiographic imaging. The data 

obtained included demographic information, intraoperative findings, complications, and overall 

outcomes. The patients were evaluated for complications such as infection, hemorrhage, fracture 

of the lingual plate or inferior border, retained or displaced root tip, damage to the inferior 

alveolar nerve, and/or alveolar osteitis. The records and outcomes were reviewed by a surgeon 

not involved with the surgery. 

 

Patient Selection 
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The inclusion criteria consisted of 1) presence of symptomatic pathology and an indication for 

removal of a complex mandibular third molar, 2) availability of a preoperative panoramic image, 

3) interincisal opening of at least 35 mm, and 4) the presence of at least three intact mandibular 

teeth with <1+ mobility for the intraoperative placement of a mandibular tracking array and 

acquisition of the cone beam computed tomography study (CBCT) with the fiducial horseshoe in 

place. 

To classify the complexity of the extractions, Juodzbalys and Daugela’s classification system 

was utilized.7 It assigns a score in a range of 0–18 depending on the level of anticipated 

complexity of extraction, determined by considering six categories, such as relationship of a 

third molar to a second molar, mandibular ramus, adjacent alveolar crest, mandibular canal, 

lingual and buccal walls, and spatial position of the molar. Our sample population scores ranged 

from 6 to 17. To exclude any less complex cases, only subjects with scores ≥9 were included. 
Additional exclusion criteria were 1) any patient unable to undergo office-based surgery 

(ASA > 2), 2) partially dentate patients with mobile dentition precluding the use of a rigid 

mandibular tracking array, 3) any condition precluding the extraction of a mandibular third 

molar, such as radiation therapy to the mandible or use of IV bisphosphonates. 

 

Pre-Surgical Preparation and Planning 
All patients underwent clinical evaluation noting signs and symptoms of pathologic conditions 

associated with the teeth to be extracted. A panoramic image was also utilized initially to identify 

indications for surgery. This included identifying conditions such as pericoronitis, periodontal 

pocketing, pathologic cysts/tumor, and resorption of adjacent dental structures and/or 

displacement of teeth. 
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Each patient had impressions taken prior to CBCT using polyvinyl siloxane impression 

material or digital impressions using an optical scanner (iTero, Align, California, USA). A model 

was fabricated using either dental stone or three-dimensional printing. These models were then 

used to fabricate a tracking array with a connecting key that became the dynamic reference 

frame. 

The location of the tracking array was determined by the mandibular dentition and location 

of the proposed surgery. Optical interferences were evaluated prior to fabrication. A vacuum-

formed acrylic splint (1 mm thick) was fabricated. A patient tracking array with a connecting key 

was then attached to the splint using acrylic. This splint included at least three teeth with <1+ 

mobility. Prior to CBCT, the fit of the splint was verified. 

The fiducials on the “horseshoe” were attached to the acrylic splint using the connecting key 

(Figure 1). This construct was then placed into the patient’s mouth for image acquisition. The 

fiducials were observed to be passive, not touching the patient’s dentition, to avoid distortion. 

The patient then underwent standardized CBCT (iCAT, Imaging Science, Penn., USA) using the 

parameters outlined by the manufacturer (0.4 voxel). After image acquisition, the splint was 

removed from the patient’s mouth and stored in a labeled container for use at the time of surgery. 

The CBCT was evaluated for any motion artifacts prior to the patient’s departure from this visit. 

The CBCT dataset was uploaded into the navigation system software. The inferior alveolar 

nerve in the area of the third molar to be extracted was then mapped by the surgeon using the 

navigation software. This saved mapped image was then uploaded into the navigation system. 

Screenshots of the tooth with the mapped nerve were saved for future reference should the 

computer navigation system fail intra operatively. 

On the day of the surgery, a custom-designed factory-calibrated straight handpiece with a 
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build-in tracking array was registered to the DINS and the patient tracking array (Figure 2). For 

the purpose of registration, the fiducial horseshoe was attached to the patient tracking array using 

the connecting key. Then, the patient tracking array and the handpiece with its build-in array 

were registered to one another using the stereotactic tracking camera. The surgical assistant 

performed this step. The dimensions of the surgical bur to be used were also entered into the 

database of the tracking software at this time. Each bur used was pre-measured using a digital 

caliper and had its dimensions stored in a drop-down list of options. Once this process was 

completed, the system was ready for surgery. 

 

Surgical Technique 
Preoperatively, all patients were given prophylactic oral antibiotics one hour prior to surgery, 

which is the standard clinical practice for the senior operating surgeon. The patients underwent 

surgery using standard titration technique of fentanyl (25 to 50 µg), midazolam (2.5 to 5.0 mg), 

and propofol 1% in boluses of 10 to 40 mg as needed. After achieving adequate sedation and 

prior to surgery, all patients were given 8 mg of dexamethasone intravenously. Local anesthesia 

was achieved using inferior alveolar nerve blocks and buccal infiltration using 2% lidocaine with 

1:100,000 epinephrine. To assist in post-operative analgesia, 0.5% bupivacaine with 1:200,000 

epinephrine was also administered in a similar fashion. 

The patients were placed in a seated position for surgery. A bite block and a throat screen 

were then positioned. A buccal sulcular incision with distobuccal release was used. Once the 

standard mucoperiosteal flap was raised, the tracking array was placed in a position ensuring the 

least amount of optical interference (Figure 3). The stereotactic camera was adjusted to ensure 

that both the patient tracking array and handpiece array were within the surgical tracking volume 
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of the stereotactic cameras. The rigid attachment of the array to the teeth was verified. The 

accurate tracking of the handpiece was then verified prior to cutting any hard structures by 

placing the tip of the cutting instrument on a known anatomic point, such as a cusp tip of an 

adjacent tooth. This step is called the system check. Once the surgeon was assured that the 

system was tracking optimally, the tooth was exposed and sectioned using DINS. The tooth was 

then removed using elevators. Throughout the surgical procedure, the accuracy of navigation was 

verified as previously outlined. The surgical sites were then irrigated. During the study period, 

the surgeon began using minocycline microspheres prophylactically to prevent alveolar osteitis. 

The last 20 cases had 1 mg of minocycline microspheres placed into the socket for the prevention 

of alveolar osteitis (Arestin, Orapharma, USA), as this became the senior operating surgeon’s 

standard practice for third molar removal. Nine cases displaying large residual bony defects were 

grafted using mineralized cortical cancellous bone; five of these cases also utilized rhBMP-2 

(Infuse, Medtronic, USA). All patients received postoperative chlorohexidine gluconate 0.12% 

rinse twice a day for one week. All patients had a one-week follow-up and then were followed as 

needed until all symptoms had resolved. Only patients that developed postoperative infections 

were treated with postoperative antibiotics. 

 

Results 
A total of 21 patients with 25 extractions were included in this retrospective review. All of the 

cases were successfully treated with the use of the DINS in the office setting. The mean age of 

the patients was 47 years (range 27 to 72). Of the 21 patients, 14 were males and 7 were females 

(Table 1). 

Juodzbalys and Daugela’s classification was used to assess the complexity of third molar 
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extractions (Table 2). The sample population scores ranged as follows: a score of 9 seen in three 

cases, a score of 10 in four cases, a score of 11 in four cases, a score of 12 in three cases, a score 

of 13 in five cases, a score of 14 in one case, a score 15 in four cases, and a score of 17 in one 

case (Table 3). 

Figures 4–7 demonstrate various classification of complex third molars removed in this 

study. All teeth were completely removed except for one. In this case, a decision was made to 

perform a coronectomy due to the extreme lingual position of the tooth and anklyosis. 

Nine of the treated cases had associated cystic pathology treated with cystectomy and 

curettage. Three impacted teeth in a single patient were found to have florid cemento osseous 

dysplasia. 

Complications were reviewed in all the patients (Table 4). Among this high-risk group, three 

patients were noted to have IAN paresthesia, two of which resolved spontaneously and one 

which showed some residual paresthesia at 18 months postoperatively. No lingual nerve 

paresthesia was observed. 

Seven cases encountered post-op infection, all of which were minor sub periosteal infections. 

Two of these cases had a preexisting infection. All infections resolved with a course of oral 

antibiotics. 
One patient experienced prolonged trismus post-operatively, which resolved with passive and 

active range of motion exercises over an eight-week course. 

A 72-year-old male sustained a pathological angle fracture at week 4 following extraction of 

deeply impacted #17. The fracture was treated successfully with four weeks of intermaxillary 

fixation. 
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Discussion 
The objective of this study was to retrospectively review the removal of complex mandibular 

third molars with and without pathological lesions using in-office dynamic computer navigation. 

This study summarizes the experiences and outcomes, and details the setup to use this 

technology in regards to dentoalveolar surgery. 

The increasing availability of cone beam computed tomography has given the oral and 

maxillofacial surgeon the opportunity to utilize computer-assisted surgery in the office 

environment. The majority of office-based computer-navigated surgery is performed for the 

placement of dental implants using static navigation.8 Computer-assisted surgery allows for pre-

surgical planning and has shown increased accuracy over conventionally placed implants.9 

Dynamic computer navigation has demonstrated even further improvement in accuracy.10 

Alternative applications of the DINS technology have not been widely described. In this article, 

we present early results using this technology for removal of complex mandibular third molars. 

To our knowledge, this is the first description of office-based DINS for extraction of third 

molars. 
Dynamic computer navigation allows the surgeon to locate hard tissue points within the 

imaged volume in six degrees of freedom. Six degrees of freedom (6DoF) is used to describe the 

movement of a rigid object in three-dimensional space. The rigid body, such as a surgical 

handpiece, is free to move forward/backward, up/down, and left/right. These are translational 

movements in three perpendicular axes. The rigid body also has three perpendicular axes, often 

termed pitch, yaw, and roll. Dynamic systems allow pre-surgical planning and execution in real 

time with 6DoF by providing continuous feedback since the position of the handpiece can be 

visualized on the screen at all times. This improved visualization allows for better control and 
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accuracy. The accuracy of these systems has been documented to be <1mm.11,12 

Using dynamic image navigation, hard tissue anatomic structures can be located 

intraoperatively in real time as long as the structure has not been altered following CBCT 

acquisition. During the extraction of third molars, important adjacent anatomic structures are 

often difficult to visualize. These structures include the inferior alveolar nerve, lingual cortical 

plate of the mandible, and adjacent roots of the second molar. Avoiding these structures is 

important  in preventing complications associated with mandibular third molar extractions.13–17 

Additionally, improved instrument control may make it possible to reduce the amount of overall 

bone removal limiting the surgical access size, which would hopefully also decrease the risk of 

injury to adjacent structures and limit morbidity. 
Often, the ergonomic positions that the surgeon must utilize for visualization are suboptimal. 

This is a common problem for many dental procedures and results in a high incidence of chronic 

spine and shoulder injuries in dentists.18 Using this technology has the potential to improve 

visualization, as the operator can actively view the surgical instruments and local anatomy. Since 

direct visualization is not needed, this allows an optimal ergonomic position of the surgeon and 

improves the ability of the surgical support staff to be more effective in assisting. Additionally, 

having the ability to perform these complex procedures in the office setting decreases costs and 

improves patient satisfaction, as the hospital setting can be avoided. 
Lastly, dynamic guidance can potentially serve as an effective teaching tool for novice 

operators by making it possible to display the procedure on the monitor and localize vital 

structures.19,20 

With the use of DINS, additional time must be spent on pre-surgical preparation and 

planning. Trained auxiliary staff can successfully perform most of these steps. The surgeon’s 
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time is primarily spent on quality control and pre-surgical planning and mapping of vital 

structures. With any new technology, there is an initial learning curve for both the surgeon and 

staff. Recent studies using a new dynamic guidance system have documented this initial learning 

curve. In dental implant surgery using navigation, it took approximately 10 to 20 implants to 

optimize the surgeon’s accuracy.21 Naturally, as familiarity with the system increases, the 

process gains efficiency. 

Verification of the stability of the tracking array is an important part of quality control. 

Inadequate stability introduces errors, which makes tracking inaccurate. Stabilization of the 

tracking array splint intraorally can be challenging and relies on the presence of stable dentition, 

making this technology more difficult to use in edentulous patients. In our study, only patients 

with the presence of at least three intact mandibular teeth with minimal mobility (<1+) were 

included. 
Another important limiting factor of dynamic navigation is the inability to use tooth location 

after a tooth has been luxated, as its position would have shifted from the pre-surgical CBCT 

position. However, the location of fixed structures, such as IANs, second molars, and lingual 

plates, still remains accurate, and the surgical instrument can be tracked relative to these other 

important anatomic landmarks. 

When issues with system registration were encountered that could not be corrected at the 

time of surgery, use of the navigation system was abandoned, and the procedure was completed 

using standard techniques. 
Optical array interferences are common with the use of this dynamic computer navigation 

system, as the arrays are large. Optical interferences compromise tracking ability and are created 

by obstruction of the optical path between the stereotactic cameras and the tracking arrays on the 
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surgical handpiece and the patient array. Once interferences are encountered, stereotactic 

cameras must be repositioned or the obstruction, such as a hand or a handpiece, must be moved. 

Consequently, to minimize interference, both auxiliary staff and the surgeon must be mindful of 

the optical field and the surgical tracking volume. Additionally, position and/or design of the 

patient tracking array plays a role.  Therefore, its position should be optimized to reduce the 

amount of interference. 
Being a new technology, there is an increased cost encountered at the initial time of purchase 

of the unit, as well as annual upgrades, monthly fees, and repairs. However, as the use of three-

dimensional imaging and dynamic computer navigation in the office setting increases, we hope 

to see greater availability of units and ultimately decreased cost. 

 

Conclusion 
Despite a number of potential limitations outlined in this paper, the utilization of dynamic 

navigation may serve as a helpful tool during third molar surgery. Dynamic computer navigation 

surgery improves visualization and localization of anatomical structures, enhancing surgical 

control and decreasing morbidity. The use of dynamic computer surgical navigation makes it 

possible to successfully perform complex procedures in an office setting. Additionally, this 

technology may be utilized as an educational tool. 

 

Disclosure Statement 
Dr. Emery has a proprietary interest in X-Nav Technologies LLC and is Chief Medical Officer. 
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Tables 
Table 1: Patient demographics 

  

Number of patients 21 
Male 14 
Female 7 
Age range 27–72 
Mean age 47 
Number of extractions 25 

 

Table 2: Mandibular third molar impaction classification by Juodzbalys and Daugela7 

 

Mesiodistal position of the mandibular third molar in relation to the second molar -
M 

Conventional (0) 
 crown directed at or above the equator of the second molar 

Simple (1)  
crown directed below the equator to the coronal third of the second molar root 

Moderate (2)  
crown/roots directed to the middle third of the second molar root 

Complicated (3)  
crown/roots directed to the apical third of the second molar root 

Mesiodistal position of the mandibular third molar in relation to the mandibular 
ramus -R 

Conventional (0) 
sufficient space in the distal arch 

Simple (1)  
partially impacted in the ramus  

Moderate (2)  
completely impacted in the ramus 

Complicated (3)  
completely impacted in the ramus in distoangular or horizontal position 
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Apicocoronal position of the mandibular third molar in relation to the alveolar crest 
-A 

Conventional (0) 
tooth is completely erupted 

Simple (1)  
partially impacted, but widest part of the crown (equator) is above the bone 

Moderate (2)  
partially impacted, but widest part of the crown (equator) is below the bone 

Complicated (3)  
completely encased in the bone 

Apicocoronal position of the mandibular third molar in relation to the mandibular 
canal –C (IAN injury risk) 

Conventional (0) 
≥3 mm to the mandibular canal 

Simple (1)  
contacting or penetrating the mandibular canal, wall of the mandibular canal 
may be identified 

Moderate (2)  
contacting or penetrating the mandibular canal, wall of the mandibular canal is 
unidentified 

Complicated (3)  
roots surrounding the mandibular canal  

Buccolingual position of the mandibular third molar in relation to mandibular 
lingual and buccal walls –B (LN injury risk) 

Conventional (0) 
closer to buccal wall 

Simple (1)  
in the middle between lingual and buccal walls 

Moderate (2)  
closer to lingual wall 

Complicated (3)  
closer to lingual wall, when the tooth is partially impacted or completely encased 
in the bone (A2 or A3) 

Spatial position -S 
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Conventional (0) 
vertical (90°) 

Simple (1)  
mesioangular ≤60° 

Moderate (2)  
distoangular ≥120° 

Complicated (3)  
horizontal (0°) or inverted (270°) 

Abbreviations: IAN, inferior alveolar nerve; LN, lingual nerve 

 

Table 3: Sample population difficulty of extractions scores using Juodzbalys and Daugela 

N Tooth # Mesiodistal  Apicocoronal  Buccolingual 
(B) 

Spatial 
(S) 

Total 

M R A C 

1 17 3 3 3 2 1 3 15 

2 17 2 1 3 2 3 0 11 

3 32 3 2 2 2 3 1 13 

4 17 1 1 2 2 3 2 11 

5 32 1 1 2 2 3 1 10 

6 32 2 3 2 2 3 3 15 

7 32 1 1 2 1 3 2 10 

8 17 2 3 3 1 3 3 15 

9 17 2 2 3 2 3 1 13 

10 67 0 1 2 0 3 3 9 

11 32 1 1 2 1 3 1 9 

12 17 2 1 2 2 3 3 13 

13 32 3 3 3 2 3 3 17 

14 17 2 1 3 2 3 3 14 

15 32 3 1 2 0 3 3 12 
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16 32 1 1 3 2 3 2 12 

17 32 2 1 2 2 3 0 10 

18 17 2 1 2 2 3 3 13 

19 32 2 1 2 2 3 3 13 

20 32 2 1 2 2 3 1 11 

21 17 2 1 2 2 3 1 11 

22 17 3 1 3 2 3 3 15 

23 32 1 1 3 2 1 2 10 

24 32 1 1 2  2 3 0 9 

25 32 2 1 2 2 3 2 12 

Abbreviations: M, Relation to the second molar; R, Relation to the mandibular ramus; A, 
Relation to the adjacent alveolar crest; C, Relation to the mandibular canal; B, Relation to 
mandibular lingual and buccal walls; S, Spatial position 
 
 

Table 4: Complications 

Complications N 

IAN Paresthesia                           temporary 2 

                                                       permanent 1 

Lingual nerve paresthesia 0 

Post-operative infection 7 

Temporary limitation of mouth opening 1 

Mandibular fracture 1 

Significant bleeding  0 
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Legends 
Figure 1: 3D printed model with fiducial horseshoe on a custom fabricated splint with a 

connecting key. 

Figure 2: Custom straight handpiece with a build-in active tracking array. 

Figure 3: Active patient tracking array attached to a connecting key in position for surgery. 

Figure 4: CBCT reconstruction of a third molar case included in the study with a complexity 

score of 8. 

Figure 5: CBCT reconstruction of a third molar case included in the study with a complexity 

score of 12. 

Figure 6: CBCT reconstruction of a third molar case included in the study with a complexity 

score of 13. 

Figure 7: CBCT reconstruction of a third molar case included in the study with a complexity 

score of 15. 
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