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ABSTRACT

Accuracy of BLX and BLT guided implants in the edentulous maxilla: an in vivo study

Benjamin Andrew Kordusky, D.D.S.

Objectives: To determine the accuracy of dental implants placed using a dual scan
CBCT protocol with a SLA 3D printed mucosa supported surgical guide using a
flapless surgical approach with regard to sleeve position, type of implant, and regional
location in the maxillary arch.

Methods: Nine patients received 4 dental implants utilizing a fully guided, flapless
approach with a mucosa supported SLA surgical guide with 3 fixation pins. Implants
were immediately loaded using an attachment placed in an existing Maxillary complete
denture. Accuracy of implant positions were evaluated by the Treatment Evaluation
module of coDiagnostiX (DentalWings, Montreal, Canada). Statistical analysis was
completed based on the sleeve position, type of implant, and regional location in the
maxillary arch.

Results: An average angular deviation of 3.0° was seen. An average 3D offset of 1.05
mm and 1.10 mm were seen at the base and tip of the implants respectively. A
statistically significant difference was seen between BLT and BLX implants with
respect to 3D offset of the implant platform. A statistically significant increase in
average apical 3D offset of implants were seen in implants placed in posterior regions
when compared to anterior regions.

Conclusions: A fully guided, flapless approach using Straumann BLT or BLX implants
demonstrated an angular accuracy within 3° and approximately 1 mm of 3D offset from
pre-surgical planning. BLT implants were seen to have an increased degree of
inaccuracy. Implants placed in posterior regions of the maxilla demonstrated a greater

degree of inaccuracy than those placed in anterior regions.
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CHAPTER I: INTRODUCTION

Background

Advances in implant surface technology, radiology, 3D printing technologies, and
the application of these technologies to guided implant surgery have made dental implant
therapies more widely available to those to whom it would benefit with a shortened
treatment duration and more reasonable cost than previously possiblei-13. Incorporation of
the structure of the patients’ prosthesis to the treatment planning software allows for a
prosthetically driven implant treatment planning in the pre-surgical phaser,9,14. Current
technology allows for a development of a pre-surgical plan and translation of the plan to
the surgical phase of care by means of digital design and 3D printing to create a custom

surgical guides,7,9,13-20.

Statement of the Problem

How accurate are dental implants placed using a dual scan CBCT protocol with a
SLA 3D printed mucosa supported surgical guide with 3 fixation pins using a flapless
surgical approach? Does sleeve height setting from planned implant platform affect
accuracy? Does implant design affect accuracy? Does regional location in maxillary arch

affect accuracy?

Significance of the Problem

Accurate placement of dental implants is critical especially when a fixed solution
is used or when approaching vital anatomic structures. There are a multitude of factors
that can affect the level to which post-operative implant positions can deviate from pre-
surgical planningi321-23. Mucosa supported guides in the edentulous patient can be
particularly challenging due to the lack of rigidity of the soft tissue supportis,i6,22-24. The
ability to accurately and predictably transfer the position of a pre-operative plan is critical

to excellent implant dentistry.
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Hypothesis

There will be an increased level of inaccuracy when sleeve height from planned
implant platform is increased. There will be an increased level of inaccuracy with 3.3 mm
BLT implants when compared to 3.75 mm BLX implants are used. There will be an
increased inaccuracy for implants placed in posterior maxillary regions when compared

to anterior maxillary regions.

Null Hypothesis

There will be no difference in accuracy between sleeve heights from planned

implant platform, implant design, or location in maxillary arch.

Definitions of Terms

Multiplanar reformatting- technology used by implant treatment planning software for
visualization of axial, coronal, and sagittal views throughout the volume of the 3D

reconstructionao.

Partially guided procedure- a surgical approach in which the osteotomy is completed

using the surgical guide but the implant is placed without the surgical guidess,2s.

Fully guided procedure- a surgical approach in which both the osteotomy and implant

placement are completed with the surgical guide in placess,2s.
Computer guided navigation- a dynamic process involving fixation of a template to the
patient prior to CBCT evaluation to relate the position of the patient to the treatment

planning and navigation softwarez2s-2s.

Stereolithography- a vat polymerization (VP) method of 3D printing in which laser light

is transmitted to an area of photopolymerizing liquid resin in a tank in a repeated manner
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as the build platform is moved further and further up in defined increments until the

entire 3D object has been madez19,29

SLA 3D printed surgical guides- a printed resin structure to house a guiding sleeve
through which the osteotomy bur is guided to the planned surgical site to control angle

and depthi3,16,17,20,21,30-33.

Assumptions

1. Itis assumed that the all surgical guides were consistently designed and 3D
printed with similar accuracy.

2. Itis assumed that all fiduciary markers were accurately identified and
appropriately positioned digitally in coDiagnostiX software.

3. Itis assumed that anatomic landmarks used to merge post-operative CBCTs
with pre-operative plan were accurately identified and appropriately
positioned digitally in coDiagnostiX software.

4. Itis assumed that surgical protocol was consistent between all patients.

Limitations

1. Interim report of data collected as part of an ongoing prospective study

2. A patient population of 9 with a total of 34 implant sites available for
statistical analysis.

3. 7 implant sites in BLT group and 27 implant sites in BLX group.

Delimitations

1. Limited to mucosa supported guides with 3 fixation pins.

2. Limited to surgical guides printed on Form2 desktop printed with DentalSG

resin.
3. Limited to outcomes of one experienced surgeon in one clinical setting.
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Chapter II: Literature Review

Dental Implant Therapy for the Edentulous Patient

The theory of osseointegration and its application to dental implant therapy was
described by P.I. Branemark based on his experimentation with a rabbit modelss. He
found that when titanium was placed in vital bone, that there was an apparent connection
of the bone to the titanium that resisted dislodgementz,34,35. This connection resulted in a
direct bone anchorage of a titanium dental implant to the bone to which a prosthesis
could be attached to replace a patient’s missing teethss-37. Initial surgical and prosthetic
protocols involved a sterile procedure with a submerged healing for 6 months or more

followed by prosthetic loading after the period of submerged healingz,34,36,3s.

Advancements in technology, surfaces, and techniques have allowed for
alterations to the original surgical and prosthetic protocolsi-35,11,12,34,36,38-41. Initial implant
designs included a turned metal titanium screw without additional treatments, while
modern implants consist of predominately titanium alloys with surface treatments to
create a more osteoconductive moderately roughened surfacei-334,39. The newer,
moderately roughened dental implant surfaces have allowed for a significant reduction in
the time between surgical implant placement and attachment of prosthetic teeth to the
point that prosthetic connection can be completed immediately following placement with
a high degree of success and survival comparable to conventional protocolss-s,i1,12,39-41.
Recent studies have shown that not only are immediately placed implants for a locator
retained mandibular overdenture as likely to be successful as delayed loaded implants,
there is actually less radiographic bone loss around the implants at the 12 month follow
up12. Evidence is available regarding the success of immediately loading maxillary
implants with fixed restoration successfully, but evidence related to immediate loading of
maxillary implants with a removable prosthesis is almost non-existents1. Further
investigation into immediately loaded implants for maxillary removable prostheses is

needed.
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Many dentists are now routinely incorporating dental implant therapy into
everyday practice to replace single or multiple teeth as well as reconstruction of entire
dental arches. Many patients with conventional complete dentures are at a functional and
lifestyle deficit due to the inability of these tissue supported prosthesis to adequately
replace function in addition to the potential lack of stability, support, and retentionaz-ss.
With a growing number of elderly patients, it is expected that there will be an increasing
number of completely edentulous patients in need to dental cares243.4s. The use of dental
implants has been shown to not only improve stability and retention of removable dental
prostheses, but also improve the patient experience associated with daily life with a

removable prosthesisas-ss.

At best, it has been shown that the masticatory performance of a denture wearer is
a little over 50% of the performance of a dentate individualss. Those with unstable and
unretentive removable prostheses may have even more difficulty with speaking and
chewing leading to further psychological consequencesss. Many factors influence the
retention, stability, and support of the maxillary conventional denture, but as we age
many of these factors are negatively influenced resulting in a lack of comfort, retention,
and stability with even a well made prosthesis. This lack of stability is the main factor
influencing the patient’s quality of lifeaz. While many patients can adapt to edentulism
and cope with their prostheses, there is a significant portion of the population are
considered maladaptive and can benefit from more advanced tooth replacement

solutionsas.

For almost 20 years, the two implant mandibular overdenture has been the
recommended first choice standard of care therapy for the edentulous mandibles. This
recommendation was based on clinical and patient related factorss. A recent systematic
review discussed the lack of literature related to implant supported dentures in the
maxilla, but his review showed that at least 4 implants should be used in the edentulous
maxillaso. Dental implants have been shown to decrease the rate of bone resorption while
improving patients’ ability to live their life with a removable prosthesiss 4344,46. Not only

does the additional stability allow for a more effective masticatory ability resulting in the
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ability to consume a more nutritious, healthful diet, but also allows for an improvement in

self-confidence while speaking and interacting in social settingss 43-4s.

Many implant companies have designed implants with the intent of achieving a
higher level of primary stability to allow for immediate loading protocols in which the
prosthetic connection is made at the time of implant placements,7,41,51. One of these
implant designs is the Straumann BLX (Straumann, Andover MA)s1. The BLX is a fully
tapered implant with a progressive, variable double thread design that allows for self-
cutting, self-tapping, and self-grafting of the implant during placementsu. It is designed
with a reduced neck diameter to allow crestal bone preservation even in situations of high
initial stability that could otherwise cause compression of the crestal bonesi. This differs
from other tapered implants in the same family that have a parallel body with only the
apical 5 mm tapered that generally have less aggressive thread designssi. While often
able to still achieve a good level of primary stability, these other designs cannot as
predictably achieve high primary stability like that seen with more aggressive designs
like the BLX implant in challenging scenarios like placement in the posterior maxilla

with poorer quality bones.

While there is an additional cost to include dental implant therapy into the
treatment plans of the edentulous patient, many authors agree that the functional and
psychosocial benefits outweigh the associated costs in many situationss,4s-4s.4s. Advances
in radiology, 3D printing technologies, and the application of these technologies to
guided implant surgery that will be discussed later in this report have made dental
implant therapies more widely available to those to whom it would benefit with a

shortened treatment duration and more reasonable cost than previously possible.

CBCT

After a thorough clinical exam, one of the most important aspects of the pre-
surgical evaluation of a potential dental implant patient is an appropriate radiographic

examinationsz,s3. Historically, two dimensional images such as periapical radiographs and
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panoramic radiographs have been used predominately in the pre-surgical assessment of
dental implant sitess253. These 2D imaging strategies have shortcomings however, such
as, overlapping of anatomic structures and varying degrees of magnification that could
lead to an unintentional encroachment of vital structuress2-s4. The inability to see
concavities or thickness of width of bone only visible from a cross sectional view of a 3D
image has led many dental implant therapy providers to lean on the added benefit on a 3
dimensional imaging method such as cone beam computed tomography (CBCT) in the

pre-surgical assessment of dental implant patientss2-s4.

CBCTs are imaging machines with a similar footprint to a dental panoramic
radiograph unit that have been utilized in the dental field since the late 1990s10. CBCTs
are a radiologic study in which energy is converted into X-rays through the
Bremsstrahlung effect which exit via a tube to a defined space known as the field of view
(FOV)10. Any of the patients anatomic structures within the FOV are recorded as X-ray
photons reach the flat plane detector that converts the X-rays into an electrical signal as
the machine spins around the head of the patientio. The process to take a CBCT ranges
from about 10 seconds to almost 1 minute depending on the machine, machine settings,
and FOV1o. Most current CBCT machines utilize the Feldkamp-David-Kress (FDK)
algorithm because of its speed and simplicityio. During the process, several hundred 2D
images are collected allowing them to later be reconstructed into a 3D rendering of the
object imagedio,5354. The quality of a CBCT image is generally less than a medical CT
but so is the dose of radiation received by the patient, while still generally being
considered as acceptable from a pre-surgical assessment of a proposed dental implant

site10,53,55.

Many implant treatment planning software programs use multiplanar reformatting
(MPR) to allow visualization of axial, coronal, and sagittal views throughout the volume
of the 3D reconstructionio. These software programs also allow for manipulation of
images and segmentation of 3D renderings at different settings to eliminate scatter of less
dense structuresio,s4. These segmentations allow the incorporation of *.stl files of the

patients’ existing dentition, existing prosthesis, and/or final prosthetic plan to the
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radiographic evaluationz,9,18. This allows for prosthetically driven implant site treatment
planning and in some cases can allow for pre-fabrication of prosthetic parts to be used

immediately following implant placementz,9,1s.

Incorporation of prosthetic information of the edentulous arch to the implant
treatment planning software requires additional imaging and sometimes radiographic
markersia. This process is known as the dual scan protocol, and includes a CBCT scan of
the patient wearing the denture with radiographic fiduciary markers or a duplicate of the
denture in a radiopaque material as well as a CBCT scan of the denture with radiographic
fiduciary markers or a duplicate of the denture in a radiopaque material on its own14. This
allows for an overlapping and an appropriate positioning of the prosthesis in the
treatment planning software. Once the prosthesis is properly positioned in the software,
the provider can use the information provided by the planned or existing position of the

teeth to derive a prosthetically driven treatment plan for the proposed implant sitese,7,9,14.

3D Printing

An additive manufacturing process like 3D printing is inherently different from
subtractive processes like milling in many waysao. It is generally a more affordable
process because it is less wastefulio. This is because instead of beginning with a large
block or puck of material as is common in subtractive manufacturing processes, 3D
printing is an additive process in which objects are built layer by layer without having to
waste excess materialsio,29. The primary application of additive manufacture to dental

implantology is in the use of Stereolithography (SLA) 3D printing technology2s.

SLA is a vat polymerization (VP) method of 3D printing in which laser light is
transmitted to an area of photopolymerizing liquid resin in a tank in a repeated manner as
the build platform is moved further and further up in defined increments until the entire
3D object has been made1s,29. This results in a series of 2D planes stacked on one another
until the final planned 3D object is constructedis. This process can be used for large or

small objects and results in a final product with excellent surface detail and accuracyo.
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The mechanical properties of these products can be poor due to the fact that they are
polymers and behave as suchie. These poor mechanical properties lead to a more fragile
material that can break if fabricated with insufficient bulk and can have flexure across the
body of the material prior to overt failure due to fractureis,s.

The dental implant industry has utilized the technological advances in the additive
manufacture process to simplify and improve surgical outcomes related to dental implant
placement through the use of SLA 3D printed surgical guidess,s,13,14,16,19-23,29-31. These
products are available for purchase at a reasonable price that can be afforded by many
dental practices for routine usess. Desktop 3D printers have improved in their ability to
create accurate implant surgical guides in a reasonable amount of time for a price that can
be passed along to the patient to improve the overall outcome of the treatment and

decrease the duration of the surgical visito,ss.

Guided Implant Surgery

For many years, dental implants were placed in the most surgically convenient
position based on the contours of the patient’s bone structure in an attempt to have an
implant in bone to which prosthetic teeth could be attachedz3s,3s. These positions were
not always ideal for optimal biomechanics or estheticsz,9,36. This was done because of
limitations in material technologies for implant surfaces and a different era of patient
expectations2,3,36,39. There was a time when patients were pleased simply to have a
replacement tooth with less expectations of optimal esthetics or immediacy of return to

function.

Prosthetically driven implant dentistry is a concept related to ideally placing
dental implants in a 3D orientation for ideal esthetics and biomechanics based on a
preview of the final prosthetic planses7. The transition from a surgically convenient
implant placement to a prosthetically driven implant treatment plan has led to an
increased need for accuracy in translation of pre-surgical planning to the surgical phase
of implant therapys,7,9,5657. This need for improved accuracy in translation of planning to

surgery, the desire to decrease morbidity and duration of surgical implant phases of
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treatment, and the desire for a more immediate return to function has led to the
incorporation of digital technology into surgical armamentarium in the form of guided

implant surgerye,9,13,14,16-18,23,26,30,31,33,56,58.

There are two main approaches to guided implant surgery in dentistry today.
These are SLA 3D printed surgical guides with sleeves and computer guided navigation
to guide the burs while drilling the osteotomy and while placing the
implantz,13,14,16,17,20,23,26,30-33. There are a number of 3rd party services available for
treatment planning and fabrication of static SLA guides available, however many dental
implant therapy providers have adopted an in-house approach with treatment planning
and fabrication of surgical guides on commercially available desktop 3D printersss. Use
of in office desktop 3D printing and treatment planning can make use of guided surgery

more accessible at a lower cost than when purchased through 3rd party vendors29,ss.

Computer guided navigation is a dynamic process involving fixation of a template
to the patient prior to CBCT evaluation to relate the position of the patient to the
treatment planning and navigation softwarezs-2s. This allows for a real time assessment
and correction of the 3D position of the osteotomy bur or implant in relation to the
planned positionzs-2s. This dynamic navigation is newer technology in its application to
dentistry than static surgical guides2s-2s. These products generally have a high initial cost
of acquisition but have the benefit of not requiring additional materials to be placed in the

surgical site that could interfere with access or limit irrigation of osteotomy burs2s-2s.

SLA 3D printed surgical guides use a printed resin structure to house a guiding
sleeve through which the osteotomy bur is guided to the planned surgical site to control
angle and depth1s,16,17,20,21,30-33. There are 3 main supporting tissues available for static
surgical guides. There are tooth supported guides, mucosa supported guides, bone
supported guidess,13,14,16-18,21,30,31. Tooth supported guides are generally more accurate
than either bone supported or mucosa supported guides. There is some disagreement

among the literature as to whether bone supported or mucosa supported guides are more
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accurate, however mucosa supported guides are generally shown to be less

accuratee,9,13,15-18,20,21,23,30-32,56,59-61.

Other factors that can affect the level of accuracy with which static surgical
guides can transfer planned positions to the surgical procedure are whether the procedure
is fully guided or partially guided and whether fixation pins are used or notis,20,23. A
partially guided procedure is when the osteotomy is completed using the surgical guide
but the implant is placed without the surgical guideis,23. A fully guided procedure is when
both the osteotomy and implant placement are completed with the surgical guide in
placeis23. While a partially guided procedure has a high degree of accuracy, less
deviation from planned positions are seen when a fully guided procedure is utilized1s,23.
Fixation pins are used to stabilize the position of static surgical guides and when utilized
have been shown to significantly improve the accuracy of the surgical guidezs. A recent
systematic review and meta-analysis demonstrated the most accurate transfer of pre-
surgical planned position to actual post-operative position was accomplished with a fully

guided procedure with use of fixation pinszs.

There is a body of literature supporting the improved ability to translate pre-
operative planned positions of dental implants to actual post-operative positions using
guided implant surgery, whether with a static SLA guide or dynamic navigation, when
compared to freehand implant surgeryis,25,59,60,62,63. While no method of surgery is able to
100% accurately translate pre-operative planning to the surgical phase at this time, most
authors report guided implant surgery can predictably result in a level of accuracy within
5% of angular deviation and 2 mm of bodily 3D offset from planned position for both
static and dynamic approachess,s,13-18,20-23,25-28,30-32,55,56,59,60,62. Even with this level of
accuracy when compared to conventional freehand surgery, the practitioner can expect an

improvement in surgical and restorative outcomes of the dental implant treatments,s, 18 5.
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Chapter I11: MATERIALS AND METHODS

Project Overview

This report is a presentation of interim data of an ongoing clinical study titled
“Immediate Loading of 4 guided implants supporting a maxillary Overdenture using a
Novaloc TiN retention system: Open ended prospective study.” The primary aims of this
study are to evaluate clinical and radiographic performance of 4 dental implants at 6 and
12 months following loading using a fully guided, flapless approach and an immediate
loading protocol. Secondary aims are to evaluate implant survival at 6 and 12 months; the
frequency and nature of prosthetic complications; patient centered outcomes using OHIP-
14 questionnaire; and the accuracy of the guided implant placement. The intent is to
enroll 15-20 patients for a total of 60-80 implants for evaluation. The project started
using 3.3 mm diameter Straumann (Straumann, Andover, MA) BLT implants. After the
first 3 patients, materials were changed to using a 3.75 mm diameter Straumann BLX
implant due to challenges in achieving high primary stability with BLT implants so only
2 patients receiving BLT implants will be included in this report. This report will focus
on the assessment of surgical guide accuracy for the interim data collected as of May
2020.

Pre-surgical evaluation for subject enrollment

Inclusion criteria met @Subject sent for CBCT

Subject dismissed- ‘QUELEEIEICECRRTIFINE

screening failure

Surgical guide
designed

4

Implant placement and ‘ Prosthetic modifications ‘ Subject sent for CBCT ‘ Evaluation
abutment connection of accuracy

d

Statistical analysis

Adequate bone volume

Figure 1. Flowchart of project workflow
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Subject Enrollment

The study protocol was approved by West Virginia University Office of Research
Integrity and Compliance (IRB number 1801929813). Patients were enrolled at WVU
School of Dentistry Departments of Graduate Periodontics and Prosthodontics. Subjects
inclusion and exclusion criteria are presented in Table 1. Following the pre-screening
visit if all inclusion criteria were met, informed consent was obtained. The patients were
then sent for a dual scan CBCT to determine bone quality and quantity available for
surgical implant placement. If the amount bone as evaluated on CBCT scan was not
sufficient for appropriate planning, the patient was excluded from continuation of the

study and listed as screening failure.

Table 1. Inclusion and exclusion criteria used during subject enroliment

R

Male or female at least 21 years of age Chronic condition requiring routine use of
prophylactic antibiotics prior to dental
procedures

Fully edentulous Maxilla Chronic condition requiring prolonged use
of steroids

At least 4 months healing after most History of leukocyte dysfunction or

recent Maxillary extractions deficiency

Existing Maxillary complete denture Chronic bleeding disorder

deemed adequate by a Prosthodontist

Adequate bone in at least 2nd premolar History of neoplasm requiring radiation or

area of Maxilla to house dental implant chemotherapy in region

No bone grafting required Metabolic bone disorder

Insertion torque of at least 20 Ncm to Uncontrolled endocrine disorder

immediately load
Use of investigational drug or device

within 30 days of implant surgery
Smoking greater than 10 cigarettes
Alcohol or drug abuse

HIV infection

Condition or circumstances, in the opinion
of the investigator, which would prevent
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completion of study participation or
interfere with analysis of study results,
such as history of non-compliance,
unreliability.

Local inflammation including untreated
periodontitis

Mucosal disease such as lichen planus
History of local radiation therapy
Osseous lesion

Severe bruxism and clenching habits

Active infection with suppuration or
draining fistula

Persistent intraoral infection

Lack of insertion torque of at least 20 Ncm
for immediate loading. If so, patient to be
treated following delayed loading protocol
Inadequate oral hygiene or home care

Bone grafting required

The dual scan CBCTs were merged in coDiagnostiX (DentalWings, Montreal,
Canada) to evaluate bone available for surgical implant placement. 4 dental implants
were planned in roughly residual sites #4, #7, #10, and #13. Three fixation pins were
planned for each patient. Sleeve height setting was selected at the lowest sleeve
height setting that would allow the majority of the apical aspect of the guide sleeve to
be above the soft tissue. Dental implant placement, fixation pin placement, and sleeve
height setting were approved by a Periodontist and a Prosthodontist. Surgical guides
were designed using the existing complete denture including the occlusal surfaces as
the stent and incorporating the guide sleeves into the stent (see Figure 2). A .stl file of
the surgical guide was the exported from coDiagnostiX and 3D printed on a Form 2

(Formlabs, Somerville, MA) desktop 3D printer using DentalSG resin (Formlabs,

14

www.manaraa.com



Somerville, MA). Post processing was completed per manufacturer’s instructions.

Surgical guides were cold sterilized prior to use in dental implant surgery.

Figure 2. Occlusal view of example surgical guide design incorporating guide sleeves
and fixation pin sleeves into duplicate of existing complete denture.

Surgical and Prosthetic Procedures

Upon presentation, patients were given a prophylactic dose of 2 g Amoxicillin or
600 mg Clindamycin if allergic to Amoxicillin. Surgical guide was tried in to evaluate fit
and occlusion. Occlusal seating index was made for each patient using Regisil PB
(Dentsply Sirona, Charlotte, NC) to aid in repositioning to ensure repeatable seating for
fixation pin placement. Implant sites were prepared per manufacturer’s instructions for a
fully guided, flapless approach and were placed through the surgical guide. Insertion
torque was recorded for each implant. 2 patients received 3.3 mm BLT implants and 7

patients received 3.75 BLX implants.
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Once all 4 implants were placed, the soft tissue cuff was measured and the
appropriate abutment was placed. For the 2 patients that received the 3.3 mm BLT
implants, the appropriate height of NC Locator abutment (Zest Anchors, Escondido, CA)
was selected and placed to 15Ncm. Of the 7 patients that received the 3.75 BLX implants,
2 patients received appropriate height of healing abutment due to an insertion torque of
less than 20Ncm in at least 1 of the 4 implants and 5 received the appropriate height and

angle of RB Novaloc abutment (Straumann, Andover, MA) torqued to 15Ncm.

Dentures were relieved and relined with Coe-Soft (GC America, Alsip, IL) per
manufacturer’s instructions for the 2 patients who received healing abutments. Dentures
were relieved and Locator housings (Zest Anchors, Escondido, CA) were picked up in
prosthesis per manufacturer’s instructions using BosWorth TruRepair (Keystone
Industries, Gibbstown, NJ) for patients who received NC Locator abutments on 3.3 mm
BLT implants (see Figure 3). Dentures were relieved and Novaloc housings (Straumann,
Andover, MA) were picked up in prosthesis per manufacturer’s instructions using
BosWorth TruRepair for patients who received RB Novaloc abutments on 3.75 mm BLX
implants. All patients were instructed to wear their Mx prosthesis 24 hours a day without

removal for 1 week.
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Figure 3 A and B. A. Immediate post-operative occlusal view of example patient
following implant and abutment placement. B. Immediate post-operative view of intaglio
of Maxillary prosthesis following housing pick up for the same example patient.
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Post-operative Assessment

At the 1-year post-operative follow up visit, a post-operative CBCT was obtained
to reflect the protocol established in the initial IRB approval. In addition to updates to the
IRB protocol with the regard to change of materials with BLX implants, BLX group
patients were sent for post-operative CBCT scans immediately following implant

placement.

Statistical Analysis

Post-operative CBCTs were imported into coDiagnostiX to be compared with pre-
operative plans. Data were segmented and overlapped to allow for 3D analysis in the
Treatment Evaluation module. Once data sets were overlapped, the planned implant was
manually adjusted to overlap the radiographic display of the actual implant position. The
software then generated the error values and displayed the images of the overlap (see

Figure 4).

[55] o [v8 <ha | [ o

ﬁgu re 4. Example display of error values and display of pre-operative “planned” implant
position displayed in blue and post-operative “actual” implant position displayed in red.

Data were collected and recorded in an Excel (Microsoft, Redmond, WA)

spreadsheet, and a mean and range was determined for the whole dataset for angular
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deviation and 3D offset at base and tip of implants. Kolmogorov-Smirnov tests were
conducted to confirm a normal distribution of the dataset. Sleeve height settings were
analyzed by One-Way ANOVA analysis for angular deviation and 3D offset at base and
tip of each implant site. A series of T-tests were conducted to evaluated angular deviation
and 3D offset at base and tip of each implant site with regard to implant design (BLT vs

BLX) and location in maxillary arch (anterior vs posterior).
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Chapter IV

Results

Nine patients, 8 males and 1 female were included in this report. The average age
was 63.3 years with a range of 51-73 years Two patients received 3.3 mm BLT implants
and 7 patients received 3.75 BLX implants. See Table 2 for a description of implant
design, length, and distribution for the enrolled subjects. A total of 34 implants were
available for evaluation. Of the 2 patients that received BLT implants, 1 implant failed
during the 12 month follow up resulting in 7 implant sites available for statistical
evaluation. Of the 7 patients that received BLX implants, 1 implant was mis-directed
during placement and a new site was prepared and received an implant in a free-hand
fashion resulting in 27 implant sites available for statistical analysis. Kolmogorov-
Smirnov tests demonstrated that all data subsets analyzed were normally distributed.

Table 2. Patient Demographics and implant distribution based on length and design.

The mean angular deviation of all implant sites evaluated was 3.0° with a range of
0.0° - 6.9° (see Table 3). The mean 3D offset at the base of the implant, the implant
platform, was 1.05 mm with a range of 0.26 mm — 2.32 mm (see Table 3). The mean 3D
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offset at the tip of the implant, the implant apex, was 1.1 mm with a range of 0.26 mm —
2.54 mm (see Table 3).

Table 3. Angular deviation and 3D offset of actual implant position compared to planned
position.

- 3.0 (1.68) 1.05 (0.57) 1.1 (0.61)

- 0.0-69 0.26 - 2.32 0.26 - 2.54

When data were stratified for sleeve height setting, there were no significant

differences between sleeve height settings H2, H4, or H6 (see table 4 and Figures 4-6).
Mean angular deviations for sleeve height settings H2, H4, and H6 were 2.58°, 3.11°, and
2.88° respectively (see Figure 5). Mean 3D offset at the base of the implant, the implant
platform, for sleeve height settings H2, H4, and H6 were 0.83 mm, 1.08 mm, and 1.09
mm respectively (see Figure 6). Mean 3D offset at the tip of the implant, the implant
apex, for sleeve height settings H2, H4, and H6 were 1.01 mm, 1.20 mm, and 1.02 mm
respectively (see Figure 7). Results of 1-way ANOVA for each aspect under investigation

demonstrated no significant differences at o = 0.05.

Table 4. Mean angular deviation and 3D offset of actual implant position compared to
planned position for different sleeve height settings.

2.58 0.83 1.01
H4 3.11 1.08 1.20 17
H6 2.88 1.09 1.02 12

21

www.manharaa.com



3.50
3.00

2.50
2.00
1.50
1.00
0.50 p=0.818
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Sleeve height setting

()

Angular deviation

Figure 5. Comparison of mean angular deviation of actual implant position compared to
planned implant position between different sleeve heights. (ANOVA)

1.20

1.00
0.80
0.60
0.40
0.20 p=0.676
0.00
H2 H4 H6

Sleeve height setting

3D offset (mm)

Figure 6. Comparison of mean 3D offset at base of actual implant position compared to
planned implant position between different sleeve height settings. (ANOVA)
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0.00
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Sleeve height setting

Figure 7. Comparison of mean 3D offset at tip of actual implant position compared to
planned implant position between different sleeve height settings. (ANOVA)

When data were stratified based on implant design utilized, results showed a
significant differences between the groups with regard to 3D offset at the base of the
implant, but no significant differences were found for angular deviation or 3D offset at
the tip of the implant (see Table 5 and Figures 7-9). Mean angular deviations were 2.1°
for BLT group and 3.2° for BLX group with no significant differences seen between the
means of the 2 designs (see Figure 8). A significant difference (p=0.015) between 3D
offset at the base of the implant, the implant platform, was seen with a mean of 1.46 mm
for BLT group and 0.94 mm for BLX group (see Figure 9). No significant difference was
seen for mean 3D offset at the tip of the implant, the implant apex, between the BLT and
BLX group, p-value (p=0.056) (Fee Figure 10). Means of 1.43 mm and 1.02 mm were
found for BLT and BLX groups respectively.

Table 5. Mean angular deviation and 3D offset of actual implant position compared to
planned position for different implant designs. (*indicates p<0.05 in Student T-test)

BLT 2.1 1.46* 1.43 7
BLX 3.2 0.94* 1.02 27
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Figure 8. Comparison of mean angular deviation of actual implant position compared to
planned implant position between implant designs. (Student t-test)
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Figure 9. Comparison of mean 3D offset at base of actual implant position compared to
planned implant position between different implant designs. (Student t-test)
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Figure 10. Comparison of mean 3D offset at tip of actual implant position compared to
planned implant position between different implant designs. (Student t-test)

Further investigation demonstrated a significant difference in 3D offset when
comparing implants placed in anterior regions of the maxilla to implants placed in
posterior regions of the maxilla but no differences were seen for angular deviation (see
Table 6 and Figures 10-12). Mean angular deviations were 2.57° for anterior implants
and 3.33° for posterior implants (see Figure 11). Mean 3D offset at the base of the
implant, the implant platform, were 0.92 mm for anterior implants and 1.18 mm for
posterior implants (see Figure 12). A significant difference (p=0.035) between 3D offset
at the tip of the implant, the implant apex, was seen with a mean of 0.92 mm for anterior

implants and 1.30 mm for posterior implants (see Figure 13).

Table 6. Mean angular deviation and 3D offset of actual implant position compared to
planned position for different implant locations. (*indicates p<0.05 in Student t-test)

Anterior 2.57 0.92 0.92*
Posterior 3.33 1.18 1.30* 17
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Figure 11. Comparison of mean angular deviation of actual implant position compared to
planned implant position between different implant locations. (Student t-test)
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Figure 12. Comparison of mean 3D offset at base of actual implant position compared to
planned implant position between different implant locations. (Student t-test)
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Figure 13. Comparison of mean 3D offset at tip of actual implant position compared to
planned implant position between different implant locations. (Student t-test)

Discussion

In this study, a fully guided implant placement with a flapless approach using
fixation pins showed 3.0° of angular deviation and 1.05 mm to 1.1 mm of bodily
deviation at the platform and apex respectively. A recent systematic review and meta-
analysis reported an angular deviation of 4.1° and 1.25 mm deviation at the implant
platform and 1.57 mm deviation at the implant apex23. This same meta-analysis also
demonstrated that a fully guided surgery with a flapless approach using a guide with
fixation pins resulted in the most accurate application of the pre-surgical plan to the
surgical phase of the implant treatment2s. A recent clinical study reported use of the same
implant treatment planning and treatment evaluation software to evaluate the accuracy of
BLT implants using a mucosa supported guide without fixation pin use and found a
slightly higher level of inaccuracy than this study at 4.89° of angular deviation and 1.60
mm and 1.86 mm of bodily deviation at the platform and apex respectivelys. These
findings further support the findings of Zhou et al. that the use of fixation pins improves

accuracy of guided implant surgery in the edentulous archzs.

The fact that there was no difference in accuracy between any of the sleeve
heights is in contrast to previous reports which demonstrated increased potential for

inaccuracy as distance from planned implant platform to the top of the guided sleevez2.
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Multiple reports have demonstrated that greater the distance from the bone, the more
potential for deviation existsis,16,22,31. This greater potential for deviation is due to the
tolerances of movement within the surgical guide sleeve that allows for some eccentric
movements resulting in a cone of error with the tip at the top of the sleeve that widens as
the distance to the bone is increasedz2. It has also been reported that increased levels of
mucosa thickness resulted in greater levels of inaccuraciesis,ie,22. This could be due to the
increased resiliency of the thicker tissue than can allow for more movement of the
guide13,16,22,24. In our protocol it can be assumed that an H6 sleeve height setting
corresponded to an increased soft tissue thickness as the technique for sleeve height
selection was based on having the majority of the apical aspect of the sleeve above the
tissue since bone level implants were planned at or slightly below the boney crest. A
possible explanation for the lack of difference could be the fact that the surgical protocol
included a fully guided surgery with a flapless approach with fixation pins which has

been shown to improve the accuracy of guided implant surgery23

While the only statistically significant difference between the 3.3 mm BLT
implant and the 3.75 mm BLX implant was seen in 3D offset at the level of the implant
platform with a greater degree of error seen in the 3.3 mm BLT implant, the difference
between mean 3D offset at the tip of the two different designs was borderline. It is
unclear at this point if the difference will be significant once additional data to be
collected is analyzed. The significant difference seen in the 3D offset of the two implant
systems could be explained partially by the more aggressive threads and design of the
BLX implant allowing for a level of self-drilling not capable of the BLT implantsi. The
BLX implant’s drilling protocol is based on the bone type and allows for variations in
drilling protocols for the implant osteotomy based on the tactile sensation of the density
of the bones1. This would allow for an undersized osteotomy preparation to achieve an
increased level of initial stability without sacrificing accuracy of placementsa. If the
treatment plan includes immediately loading the implants, then a high degree of initial
stability is desired to allow the prosthetic connection to safely proceed without additional
risk of micromovement that could cause a lack of osseointegration compromising the

overall outcome of the treatments-5,7,14,40,41.
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These results are consistent recent reports evaluating accuracy of guided surgery
which found an increased likelihood of discrepancy for implants placed in posterior areas
when compared to anterior areass,64,65. Vasak et al. demonstrated a significantly increase
level of inaccuracy for guided implants placed in the posterior regions and in the maxilla
using NobelGuidesa. It was also found that 3D offset and angular deviation of guided
implants in posterior sites could be almost double that of implants placed with the same
guide in a more anterior regionss. The difference in accuracy of dental implants placed in
the anterior maxilla compared to the posterior maxilla could be due to a number of
factors. One potential factor could be due to the softer bone quality typically seen in the
posterior maxilla compared to the anterior maxilla that could allow the implant to redirect
itself more during placement in softer bone than in the denser boness. Another factor that
could have led to the increase inaccuracy in the posterior regions is due to the design of
the surgical guides. A similar design was used for all guides in which 3 fixation pins were
used with 1 pin placed just left or right of midline and the other 2 pins placed between the
anterior and posterior implant sites (see Figure 1). This may have allowed for greater
stability in the anterior region while there could have been more displacement of the
posterior segments as the osteotomies were being drilled. Further investigation into
accuracy of dental implants placed using guides with fixation pins with regard to distance
of distal sites from fixation pins as well as angle between the posterior two fixation pins

is warranted.

Some of the limitations of this study include that the data analyzed and reported
are interim data of an ongoing prospective clinical trial, and thus the case numbers are
limited. Once all subjects have been treated and data can be analyzed it is unclear if a
clinically significant effect will accompany the statistically significant differences seen in
this interim report. Another potential factor that limits the generalizability of these data
are that the analyses comparing the BLT implant design to the BLX implant was quasi
retrospective in nature as patients were not randomly allocated to receive either BLT or

BLX. The analysis simply compared the data collected of the two groups following
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collection. With a difference of 0.52 mm as seen in this study, a clinically significant

impact of the error is unlikely.

While there were some statistically significant differences seen in the dataset, the
likelihood of a 1 mm deviation from planned position causing a clinically relevant
problem is low, especially in this protocol in which a removable restorative solution was
utilized. If a fixed solution was the planned treatment, there is less room for error in
accuracy of placement as a fixed solution requires a screw access channelz,9,14,1s. If
inaccuracies resulted in a screw access position that was too facial or too buccal then
these complicating factors could result in an esthetic compromise or a functional
compromise with screw accesses being visible or veneering porcelains to be unsupported
due to positioning. Further investigation into methods of reducing inaccuracies between

pre-surgical planning and post-operative implant positions is warranted.
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Chapter V: Summary and Conclusion

Summary

This study evaluated Straumann BLT and BLX implants placed using a fully
guided, flapless approach with a mucosa supported SLA surgical guide with 3 fixation
pins. Accuracy of actual implant positions were compared to the pre-surgical plan using a
Treatment Evaluation module in the coDiagnostiX software with regard to angular
deviation and 3D offset at the base and the tip of the implants. An average angular
deviation of 3.0° was seen. An average 3D offset of 1.05 mm and 1.10 mm were seen at
the base and tip of the implants respectively. A statistically significant difference was
seen between BLT and BLX implants with respect to 3D offset at the level of the implant
platform. A statistically significant increase in average 3D offset at the tip of implants

were seen in implants placed in posterior regions when compared to anterior regions.

Conclusion

1) A fully guided, flapless approach with a mucosa supported SLA surgical guide
with 3 fixation pins using Straumann BLT or BLX implants can be expected to
have an accuracy of within 3° and just over 1 mm of 3D offset from pre-surgical

planning.

2) BLT implants were seen to have an increased degree of inaccuracy compared to
BLX implants at the implant platform, but this difference may not be clinically

significant.

3) Implants placed in posterior regions of the maxilla demonstrated a greater degree

of inaccuracy than those placed in anterior regions.
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