INCIDENCE OF DENTAL IMPLANT FAILURE IN AN ACADEMIC SETTING
- ACLINICAL RETROSPECTIVE STUDY
PART TWO: IMPLANT LEVEL ANALYSIS

OMAR. A. A. MOHAMMAD, DDS

A THESIS PRESENTED TO THE GRADUATE SCHOOL OF THE
UNIVERSITY OF PENNSYLANIA FOR THE DEGREE OF MASTER OF
SCIENCE IN ORAL BIOLOGY.



© 2021 Omar Mohammad



University of Pennsylvania Dental Medicine

INCIDENCE OF DENTAL IMPLANT FAILURE IN ACADEMIC SETTING
— A CLINICAL RETROSPECTIVE STUDY
PART TWO: IMPLANT LEVEL

THESIS

Presented to the Faculty of Penn Dental Medicine in Fulfillment of the
Requirements for the Degree of Master of Science in Oral Biology

Sk, b
Nv—""

V
Joseph Fiorellini DMD DMSe¢ Jonathan Korostoff DMD PhD

M [Z/wang 1 Wa@/ |

Dumitru Gogarnoiu DMD Yu ( Taylor) Wang DDS MS DMD




To my parents, my brothers, my sisters, and my loving wife, thank you for supporting, guiding,
and inspiring me to reach my dreams in life.



ACKNOWLEDGEMENTS

First, special thanks to my committee chair and adviser Dr. Jonathan Korostoff, who had met with
me numerous times during work hours and over the weekends to help me finishing this project
without any confusions. Many thanks to my committee members Dr. Joseph P. Fiorellini who
always offered support and encouragement, Dr. Dumitru Gogarnoiu for his inspiration that took
this project to another level, and Dr. Yu (Taylor) Wang who was always there to review every part
of this study and provide me with the guidance. Also, this project would not be done and completed
without the support of my co-residents Dr. Reza Hakim Shoushtari, Dr. Thomas Y00, and the help
of the dental student Viviana Portillo. Finally, I would like to thank my family and friends for their

support throughout my journey in the United States.



LIST OF ABBREVIATIONS

1. PDM Penn Dental Medicine 21. PS Platform Switch

2. PDFP Penn Dental Faculty Practice 22. NPS Non-Platform Switch

3. EMR Electronic medical records. 23. Perio-Prosth | Periodontal prosthesis

4. AAID American Academy of Implant Dentistry 24. Perio-Ortho | Periodontal Orthodontal
5. ADA American Dental Association 25. TiUnite Titanium Oxide

6. ASA American Society of Anesthesiologists 26.HA Hydroxyapatite

7. TiO2 Titanium Dioxide 27. TiPS Titanium plasma spraying
8. PMN polymorphonuclear leukocyte 28.5Cs Single crowns

9. BMP Bone morphogenic proteins 29. FDPs Fixed dental prosthesis
10. AKT Absence of keratinized gingiva 30. OR Odds Ratio

11. PHI Protected health information. 31. Adj OR Adjusted Odds Ratio

12. SPSS/IBM | Software platform for advanced statistical analysis | 32. SE Standard Error.

13. Wnt Wingless-related integration site 33.Cl Confidence Interval

14. GBR Guided bone regeneration 34. BOP Bleeding on probe

15. BL Bone Level 35. PD Probing depth

16. BLT Bone Level Tapered 36. DO Distraction osteogenesis
17. TL Tissue Level 37. MBL Mean marginal bone loss
18. TLS Tissue Level Standard

19. TLSP Tissue Level Standard Plus

20. SLA Sandblasted, Large Grit, Acid-Etched

Vi




TABLE OF CONTENTS

PREFACE ...ttt et be et beeare s v
ABSTRACT oottt ettt e te e e e nre e nnes vii
CHAPTER 1: INTRODUCTION......ccoiiiieiecie e 1

History of implant

Osseointegration

Mechanism of Osseointegration

Literature Review
CHAPTER 2: MATERIALS AND METHODS .......c.ccooiiiievece e, 10
CHAPTER 3: STATISTICAL ANALYSIS.....cccooi i 26
CHAPTER 4: RESULTS ... .ottt 28
CHAPTER 5: TABLES........coo ot 34
CHAPTER 6: DISCUSSIONS .....c.oiiiiiieeceseee e 50
CHAPTER 7: LIMITATIONS ..ottt 59
CHAPTER 8: CONCLUSITION ....oooiiiiiiiesecc e 60
REFRENNCES. ...ttt 61

vii



ABSTRACT

Background:

Partial or complete edentulism can have a huge impact on an individual’s life due to functional
and/ or esthetic consequences. From ancient records dating to 2500 BC and up to the eighteenth
century, missing teeth were replaced with animal teeth, human teeth, or “artificial” teeth made
from melted wax, gold, or metal alloys. Although considered “state of the art” at the time, these
approaches were fraught with problems. A dramatic change occurred with the introduction of root
form osseointegrated dental implants into the clinical armamentarium. Today, such implants are
used routinely to replace missing teeth in a highly successful and predictable manner. However,
in a small percentage of patients, clinical failures do occur. Research has shown that the etiology

of failures is multifactorial and can be due to patient-related and/or exogenous factors.

Aim:

The aim of this retrospective study was to evaluate the incidence of failure and the associated co-

contributing factors of implants placed and restored in an academic setting.

Materials and Methods:

The electronic dental records of all patients who had implants placed and restored in the pre- and
post-doctoral clinics or the faculty practice of the University of Pennsylvania School of Dental
Medicine between June 1%, 2016 to August 31%, 2019 and explanted before February 29", 2020,

were identified using the implant placement procedure code D6010. From this group, patients that
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experienced an implant failure were then identified using the implant removal procedure code,

D6100.

Results:

In total, 1609 patients received 3,180 dental implants during the timeframe of the study, 883
patients treated at PDM (total of 2162 implants) and 726 (total of 1018 implants) at PDFP. The
overall percentage of patients who experienced failures was 4.9% (X/1609), 6.0% of patients
treated at PDM (X/883) and 3% (X/726) treated at PDFP. At the implant level, the school-wide

failure rate was 3.49%, 3.7% for implants placed at PDM and 3.0% for PDFP.

Implant-related variables that were significantly over-represented in the failure group (combined
data for both PDM and PDFP) showed that some variables were significantly overrepresented in
the failure group such as Active Nobel BioCare (21.1%, P-value<0.001) and Straumann tissue
level (27.8, P-value<0.001). In term of surfaces, both SLA and osseotite surfaces were
overrepresented with P-value=0.001 and <0.001 respectively. 8-10 mm length (6.6%, P-
value=0.021) and 4-4.7 mm width (6.7%, P-value=0.040), No Implant Restoration (14.6%, P-
value<0.001), No Ridge Preservation (11.8%, P-value=0.006), Perio-Prosth Resident clinicians
(29.2%, P-value<0.001), and Maxillary Anterior site (13.4%, P-value<0.001) were significantly

overrepresented in the failure as well.

Based on the multivariate conditional logistic regression results in Table 3C, estimated odds of
implant failure in people with multiple implants was about 4 times than people with single implant

(Adj OR=4.04, P-value=0.004); estimated odds of implant failure in people who received bone



graft “before and during” the implant was about 5.6 times than people with no bone graft (Adj
OR=5.57, P-value=0.012); estimated odds of implant failure in people with no restored implant
was about 33 times than people with restored implant (Adj OR=0.03, P-value<0.001); Other

variables did not show any significant association with implant failure (with P-values>0.05).

Conclusion:

Implant therapy is viable option for replacing missing teeth. This retrospective study showed that
incidence of implant failure in academic setting was not significant. Multiple implants, bone
grafting during implant placement in previously grafted site, and non-restored implant showed

significant association with implant failure.



INTRODUCTION

Maintaining the health of the structures within the oral cavity, including the dentition, has been
recognized as an important issue since the beginning of civilization. In particular, replacement of
missing teeth to address functional and esthetic deficits, and for religious purposes in certain
situations has been practiced throughout human history.! As early as 2500 BC, ancient Egyptians
used gold ligature wires to stabilize periodontally involved teeth while ancient Chinese used carved
bamboo pegs to replace missing teeth.}? The most ancient and first “alloplastic implant” was
discovered by Dr. Bobbio when he examined the remains of ancient Mayans and confirmed the
presence of bone around wedges prepared from seashells.® During the Middle Ages, specifically
in the 10" century, Abu Calsis wrote a book “Kitab al Tasrif” in which he explained the procedure
of replacing missing teeth with artificial ones made of mammals’ bones.* In the 18" century,
edentulous sites were replaced using animal teeth, human teeth, melted wax and other materials.
The first gold implant was used in 1809 by Maggiolo.® This was followed by the use of implants
made from a diverse array of materials including vitallium, cobalt-chromium-molybdenum,
vitreous carbon, and aluminum. 8 7 Although considered “state of the art” at the time, these
approaches were fraught with problems. A dramatic change occurred with Dr. P.-1. Branemark’s
accidental discovery of the process of osseointegration® and the subsequent introduction of root

form osseointegrated dental implants into the clinical armamentarium.

Dr. Branemark defined osseointegration as a direct structural and functional contact at the
microscopic level between bone and a load-carrying endosseous implant. ° In addition the

American Academy of Implant Dentistry (AAID) in 2016 explained osseointegration as the



osseous contact to the surface of a dental implant through osseous cellular hemidesmosomes in
which cells are engaged by titanium dioxide (TiO).1° The mechanism of osseointegration has been
studied and described to resemble the healing of primary fractured bone. Moreover, it is a dynamic
process wherein molecular and cellular activity involved in bone formation that might depend on
implants characteristics. The presence of a blood clot at the interface between the bone and implant
initiates a complex cascade of activity.!* It leads to phagocytic activity through neutrophils
(PMNs) and monocytes/macrophages followed by the release of a variety of growth factors
including bone morphogenetic proteins (BMP) that facilitate migration of the osteoprogenitor cells
to the site through chemotaxis.'? *3 This is followed by proliferation and differentiation of these
cells into osteoblasts that participate in osseous healing through distance and contact
osteogenesis.*? Histological studies of samples derived from both animals and humans confirmed
that osseointegration occurs in stages involving woven bone formation within 4-6 weeks, lamellar
bone deposition by 8 weeks, and adaptation of bone structure to load through bone remodeling

after 16 weeks. 1314

Today, such implants are used routinely to replace missing teeth in a highly successful and
predictable manner. Numerous longitudinal studies have reported implant survival rates of 91-
95%.%516 However, in a small percentage of patients, clinical failures do occur. Severe bone loss,
and severe mobility are considered failed implants. Research has shown that the etiology of failures
is multifactorial and can be due to patient-related and/or exogenous factors. Esposito and
colleagues classified implant failures as either biological early or late failures. Early biological
failure (primary, before loading) is defined as a failure to achieve osseointegration while late

failure (secondary, after loading) is defined as a failure to maintain osseointegration. Beyond the



distinction between early and late biological failures, numerus other types of failures have been
described in the literature. For example, mechanical failures include fracture of implants, screws,
and prostheses. latrogenic failures have been described such as stably osseointegrated implant that
is mispositioned and non-restorable. Inadequate, or insufficient patient adaptation to an implant-
supported restoration due to psychological, aesthetical, and phonetical issues represent another
type of failure.!> It should be stressed that early failure is not synonymous with periimplantitis.
This condition is described as an inflammatory reaction to the structure around a stable
osseointegrated implant leading to hard and soft tissue loss. 1 Multiple factors appear to influence
the early implant failure. Amongst others, examples include the extent of surgical trauma,
improper site preparation, microbial contamination, lack of primary stability, malpositioning of
fixtures, type of implant, and quality of the adjacent bone. Due to a paucity of studies in the existing

literature, the impact of these factors on implant failure remains unclear.

Factors Potentially Contributing to Enhanced Risk of Implant Failure

Clinicians are faced with another dilemma in implant dentistry. It has been documented that there
are more than 600 implant systems sold around the world. The literature suggests that most of
these manufactures have zero scientific evidence to support the efficacy of their system while the
little scientific evidence that does exist supports the effectiveness of a limited number of systems.
Furthermore, there is a lack of well-designed clinical publications comparing different implant
systems under relevant circumstances. However, one published clinical study compared the
success rates of three different implant systems in 14 patients and found that the success rates were

the same.!8 The author’s concluded that implant design is not a factor that affects success rates.



Dental implant surfaces have been studied and modified over time. It has been proven that the
surface characteristics of a particular implant play a major role in osseointegration in the context
of contact osteogenesis. The main reason is that certain surface characteristics decrease healing
time by improving hemostasis and promoting bone apposition; thus, improve osseointegration.?
Nasatzky et al 1° showed that osteoblasts are sensitive to rough surfaces and induces them to
undergo differentiation. He concluded that instead of the conventional 12 week healing time
allowed for osseointegration, titanium implants with rough surfaces require a shorter healing
period before loading (6 to 8 weeks) and this includes shorter (6- to 8-mm) roughened implants.
According to Albertson and Wennerberg (2004) implants can be divided into four different
categories, depending on roughness value of Sa: smooth (Sa<0.5 pm); minimally rough (Sa
between 0.5-1.0 um), moderately rough (Sa between 1.0-2.0 um); rough (Sa>2.0 um) and based

on the scale of features it can be divided into Macro, Micro, and Nano roughness. 2

Implant surfaces have been further classified based on the type of treatment: ablative/subtractive
(sand blasting, acid etching, anodization, laser etching) versus additive processes (plasma
spraying, sol gel coating). These processes result in different surface textures which are classified
as concave produced by additive processes (hydroxy apatite or titanium plasma spraying) or
convex created by subtractive processes (etching and sandblasting). The orientation of surface
irregularities has also been used to categorize implant surfaces as either Isotropic (irregularities
oriented in the same direction) or Anisotropic (irregularities oriented in different directions.
Finally, surface modifications can be classified as physicochemical, morphological, or

biochemical 292



Machined (turned) implants surfaces are considered the first generation of dental implants in which
Branemark conducted his studies. It shows no surface features other than marks from the
manufacturing process. 2 On the other hand, etched implants surfaces resulting from treatment
with both hydrochloric and sulfuric acid exhibited a micro complexity that provide the roughness
for better adhesion. ?° In a comparative study, Lazzara (2003) found that the value of bone-implant
contact was 34% for machined and 73% for the dual acid etched surface. 26 Also, he reported a

high success rate of >98% and survival rate ranging from 96.5% to 99.4% for acid etched surfaces.

26

In clinical scenarios of limited vertical bone height and/or proximity to vital anatomic structures,
shorter implants are becoming of greater interest. Fuggazzotto (2008) in his retrospective study
evaluating 2073 implants varying in length (6, 7, 8, or 9 mm) reported a high survival rate ranging
from 89.1% to 99.7% for the four lengths and concluded that the survival rates of “shorter”
implants were comparable to those of longer implants. 2" Another study reported that short (5 to 8
mm) implants had low complication rates and are a viable option for resorbed posterior mandibles.
28 In contrast, in one study evaluating factors that contribute to early implant loss the author
concluded that the use of shorter implants (< 10 mm) had a 5.8-fold greater risk of early implant

failure relative to the risk for longer implants (p = 0.0230). ?°

Implant diameter has been evaluated as a risk factor for failure in a number of studies. We know
from different numerous consensus statements in our literature that narrower implants are the

selection of choice when it comes to esthetic cases. However, most of these statements are based



on case reports with minimal clinical research to support a definitive conclusion. One study
showed that implants narrower than 4 mm were not a relevant risk factor for early implant failure.
3Similarly, Olate et al 3 concluded that there is not a relationship between early failure and
implant diameter. Regarding wide diameter implants, meta-analysis concluded that wide-diameter

implants have survival rates similar to that of narrower implants.3

Technological advances in implant dentistry and along with our enhanced understating of the
biology underlying bone remodeling led to an evolution in implant placement protocols. One
example is the immediate placement of implants into extraction sockets. This approach has been
evaluated in both animal and human studies. Histological animal studies proved that immediate
implants placed in extracted socket reduced the amount of remodeling but did not prevent it.3*34
In addition, these studies showed that osseointegration can be achieved around immediately placed
implants. 3 Comparative studies have shown that immediate and delayed implants are equally
effective. However, the advantages of immediate implants are reducing treatment time, reducing
surgical procedures, preserving soft and hard tissues, and more effectively meeting patients’
expectations. With a reported mean survival rate of 97% as a mean survival rate and 98.4% overall

success rate, immediate implant placement is a viable treatment for replacing missing teeth.

Advances in periodontal bone regenerative surgical techniques have made it possible to augment
deficient areas of the jaws to facilitate implant placement. Currently there a number of different

surgical approaches to enhancing bone volume. A variety of distinct materials have been



developed for use in these procedures including bone grafts (autografts, allografts, xenografts, and
alloplasts), growth factors, and a diverse array of barrier membranes. Since a large humber of
patients present with atrophic ridges unsuitable for implant placement, bone augmentation
procedures are becoming a routine component of clinical practice. Thus, it is imperative that we
know whether the success rate of implants placed in grafted bone is equivalent to that of fixtures
placed in native bone. In Fiorellini and Nevins’s #! systematic review (2003), it was reported that
the survival rate for implants placed in augmented bone was comparable to implants placed in non-
grafted sites. Another retrospective stud7 showed that survival rate of implants in grafted healed
sites was 97.3%, compared to 98.5% in non-grafted healed sites 2. The influence of bone grating

on early implant failure has not been adequately reported in the literature and is still being studied.

Another potential factor that can contribute to risk of implant failure is bone quality. Anatomic
studies have clearly shown difference in bone quality and quantity between the maxilla and
mandible as well as the anterior and posterior aspects of each jaw. Lekholm et al 3 classified bone
quality based on radiographic appearance into four types: Type 1 composed of homogenous
compact bone; Type 2 made up of thick compact bone surrounding a dense trabecular bone; Type
3 comprised of thin cortical bone surrounding a dense trabecular bone; and Type 4 exhibiting thin
cortical bone surrounding low density trabecular bone. In vivo studies showed that osteotomies
made in different bone type healed differently and revealed strong correlation between these sites
and Wnt signaling. ¢ The existing literature indicates that mandibular implants are superior and
have a higher success rate than maxillary implants. > In addition, Fouda et al showed that early

implant failure is more critical in anterior maxillary sites compared to other aspects of the jaws. 4’



Today, implant dentistry is being practiced by clinicians with different educational backgrounds
and years of experience. One would expect that implants placed by experienced surgeons have a
superior outcome compared to those placed by less experienced clinicians. According to Kang
(2019), implants placed by faculty members showed a significantly lower early implant failure rate
compared to fixtures placed by residents.®” Another study showed that the early failure rate was 2
folds higher for inexperienced surgeons. “® Thus, the extent of a clinician’s experience placing

implants does impact the relative success and survival rates of the fixtures they place.

The dental profession now appreciates that implant failures are not due to a single issue. Instead,
a multitude of factors acting alone or in combination with one another can contribute to the rate of
implant failures. Additional well-designed clinical studies are needed to clarify key factors that
lead to increased failure rates. This will enable clinicians to take appropriate steps to mitigate these
factors and enhance the success rate of the implants they place. It is important to appreciate that
factors at every stage (diagnostic, treatment planning, treatment and maintenance) of a patient’s

treatment have the potential to act as risk factors for implant failure.



AIM AND STUDY OBJECTIVES

The aim of this retrospective study was to evaluate the incidence of dental implant failure and the
associated co-contributing factors in an academic setting by evaluating the outcomes of implant
placed in the pre-doctoral and resident clinics of Penn Dental Medicine (PDM) and faculty practice

clinics (PDFP) from 06/01/2016 to 02/29/2020.

The primary objective was to determine the implant failure rate of fixtures placed in PDM and

PDFP.

The secondary objective was to identify key factors contributing to the rate of implant failures in
the two patient cohorts at the level of the patient (age, gender, past medical history, smoking,
history of periodontal disease, and maintenance regimen) and the implant level (implant systems,
implant design, surface characteristics, length, width, immediate implants, implants in

grafted/non-grafted sites, anatomic site, and type of prosthesis.

The tertiary objective was to determine whether clinical experience affects implant survival rates.



MATERIALS AND METHODS

This clinical retrospective study was conducted using Axium electronic health records for all
patients who received dental implants at University of Pennsylvania School of Dental Medicine

(PDM and PDFP) between 06/01/2016 to 02/29/2020.

Data from both practices “Patient level” and “Implant level” was categorized as “Patient count”
and “Implant count”. All data were reviewed by two examiners (R.H and O.M) after Institutional
review board approval was obtained. Implant placement (ADA CodeD6010) defined as timeline
A from 06/01/2016 to 08/31/2019 and implant removal (ADA Code D6100) as timeline B from
06/01/2016 to 02/29/2020. All date were confirmed through Axium reports using ADA codes,
implant checklist, hard copies, and clinical notes. All date and information were collected without

any link to the subject’s identity.

Inclusion criteria consisted of any patients older than 18 years and received implant(s) at PDM and

PDFP, medical conditions of diabetes, bisphosphonate (IV and Oral), smoking, penicillin allergy.

Exclusion criteria consisted of any patients younger than 18 years old, patient who received
implant outside Penn Dental, and who received/removed implant at Penn Dental not within the

timeframe of this study.

These criteria were included for both implant level and patient level analysis.

A-Patient Count:

1 - Implant placement and implant removal

10



1-1: Total number of patients who had implants placed (D6010) during timeline A.

1-2: Total number of patients who had implants placed during time line A and removed (D6100)
during time line B (the patients in this category should have codes D6100 in addition to code

D6010 during the dates mentioned above).

1-3: The number of patients who received implants (D6010) during time line A in each of the
following categories:

+  Female

« Male

« Age (18-30 y/o)

« Age (31-50 y/o)

« Age (51-70 y/o)

« Age (70<)

« Medical condition: Diabetes

« Medical condition: Smoking

« Medical condition: Bisphosphonate (I1V, oral

« Allergy: Penicillin allergy

1-4: The number of patients who had implants removed (D6100) during time line B in each of the
following categories:
+ Female

« Male

11



« Age (18-30 y/o)

« Age (31-50 y/o)

« Age (51-70 y/o)

« Age (70 < years)

» Medical condition: Diabetes

» Medical condition: Smoking

« Medical condition: Bisphosphonate (1V, oral)

« Allergy: Penicillin allergy

2 - Implants placed in the grafted sites

2-1: The number of patients who had implants placed (D6010) with bone graft (D7953, D4263.1,
D4263.2, D4263.E, D4263.H, D4263.4, D4263.5, D4263.6, D4263.7, D4263.D, D4263.F, D7950)
before implant placement (the time of bone graft can be outside of timeline A. However, the time

of implant placement should be within time line A).

2-2: The number of patients who had implants placed (D6010) with bone graft (D7953, D4263.1,
D4263.2, D4263.E, D4263.H, D4263.4, D4263.5, D4263.6, D4263.7, D4263.D, D4263.F, D7950)

same day as the implant placement.

12



2-3: The number of patients who had implants placed (D6010) with bone graft (D7953, D4263.1,
D4263.2, D4263.E, D4263.H, D4263.4, D4263.5, D4263.6, D4263.7, D4263.D, D4263.F, D7950)

after implant placement.

2-4: The number of patients who had implants removed (D6100) during time line B for category.

2-5: Each patient in this category should have code D6010 during timeline A, as well as one of
the following codes D7953, D4263.1, D4263.2, D4263.E, D4263.H, D4263.4, D4263.5, D4263.6,
D4263.7, D4263.D, D4263.F, D7950. The timeline for bone graft can be out of time line A or B,

however, must be placed before implant placement)

2-6- The number of implants removed (D6100) during time line B for category 2-3. (Each implant
in this category should have code D6010 during timeline A, as well as one of the following codes
D7953, D4263.1, D4263.2, D4263.E, D4263.H, D4263.4, D4263.5,D4263.6, D4263.7, D4263.D,

D4263.F, D7950. The timeline for bone graft has to be placed after implant placement)

2-7: Each patient in this category should have code D6010 during timeline A, as well as one of the
following codes D7953, D4263.1, D4263.2, D4263.E, D4263.H, D4263.4, D4263.5, D4263.6,
D4263.7, D4263.D, D4263.F, D7950. The timeline for bone graft is the same day as implant

placement).

13



2-8: Each patient in this category should have code D6010 during timeline A, as well as one of the
following codes D7953, D4263.1, D4263.2, D4263.E, D4263.H, D4263.4, D4263.5, D4263.6,
D4263.7, D4263.D, D4263.F, D7950. The timeline for bone graft must be placed after implant

placement)

3 - Implants placed augmented sinus sites

3-1: The number of patients who had implants placed (D6010) with sinus augmentation (D7951,

D7952) before implant placement (the time of sinus augmentation can be before timeline A)

However, the time of implant placement should be within time line A.

3-2: The number of patients who had implants placed (D6010) with sinus augmentation (D7951,

D7952) same day as implant placement.

3-3: The number of patients who had implants removed (D6100) during time line B for the
category 3-1. (Each patient in this category should have code D6010 during timeline A as well as

one of the following codes D7951, D7952 performed before implant placement date)

3-4: The number of patients who had implants removed (D6100) during time line B for the
category 3-2. (Each patient in this category should have code D6010 during timeline A as well as

one of the following codes D7951, D7952 performed at the same day of implant placement)

14



4 - Immediate implants

4-1: The number of patients who had immediate implants placed during timeline A: code

D7140/D7210 and D6010 should be performed the same day.

4-2: The number of patients who had immediate implants removed (D6100) during time line B for
category 4-1. (Each patient in this category should have code D6010 and D7140/D7210 performed

the same day and during timeline A, and code D6100 during timeline B).

5 - Restored implants

5-1: Number of patients who had implants placed during time line A and restored within timeline
B. Each patient in this category should have the code D6010 during time line A, as well as one of
the following codes (D6058, D6057, D6057Z (D6058, D6058A, D6059, D6061, D6062, D6064),
D6064Z (D6065, D6065A, D6066, D6067), D6067Z (D6068, D6069, D6071, D6072, D6074),

D6074Z (D6075, D6076, D6077), D6052 during time line B.

5-2: Number of patients who had implants removed (D6100) during timeline B for category 5-1.

6 - Periodontal Disease and Periodontal Maintenance

15



6-1: Total number of patients who received implants (D6010) during time line A, who also have a
history of periodontal disease (codes D499T2, D499T3, D499T4, D4999.1) within no specific time

line (since the beginning of becoming a patient at PDM until now).

6-1-1: Total number of patients in category 6-1, who also have been coming for their
periodontal maintenance (any of the following codes D110, D4910, D4910.2, D4910.3,
D4910.4) during time line B, and please specify the number of times these codes (D110,
D4910, D4910.2, D4910.3, D4910.4) were completed (to determine if they were coming

for regular maintenance and follow ups or not).

6-2: Total number of patients who received implant (D6010) during time line A and had that
implant removed (D6100) during time line B, who also have a history of periodontal disease (codes
D499T2, D499T3, D499T4, D4999.1) within no specific time line (since the beginning of

becoming a patient at PDM until now).

6-2-2: Total number of patients in category 6-2, who also have been coming for their
periodontal maintenance (any of the following codes D110, D4910, D4910.2, D4910.3,
D4910.4) during time line B, and please specify the number of times these codes (D110,
D4910, D4910.2, D4910.3, D4910.4) were completed (to determine if they were coming

for regular maintenance and follow ups or not).

7 - Recall

16



7-1: Total number of patients who received implant (D6010) during time line A and their history
of recalls (codes D110, D4910, D4910.2, D4910.3, D4910.4) during time line B. As well as the
number of the times these codes (D110, D4910, D4910.2, D4910.3, D4910.4) were completed (to

determine if they were coming for regular maintenance and follow ups or not).

7-2: Total number of patients who received implant (D6010) during time line A and had the
implant removed (D6100) during timeline B, and their history of recalls (codes D110, D4910,
D4910.2, D4910.3, D4910.4) during time line B. As well as the number of the times these codes
(D110, D4910, D4910.2, D4910.3, D4910.4) were completed (to determine if they were coming

for regular maintenance and follow ups or not).

8 — Anatomic Site

8-1: Total number of patients who had implants placed (D6010) based on tooth number, during

time line A.

8-2: Total number of patients who had implants placed during time line A and removed (D6100)
during time line B, based on tooth number (The implants in this category should have codes D6100

in addition to code D6010 during the dates mentioned above.)

8-3: The number of patients who had implants placed (D6010) based on tooth number, during time
line A in each of the following categories:

+ Female

+ Male

« Age (18-30y/0)
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« Age (31-50 y/o)

« Age (51-70 y/o)

« Age (70<)

» Medical condition: Diabetes

« Medical condition: Smoking

« Medical condition: Bisphosphonate (1V, oral)

« Allergy: Penicillin allergy

8-4: The number of patients who had implants removed (D6100) based on tooth number, during
time line B in each of the following categories:

+  Female

« Male

« Age (18-30 y/o)

« Age (31-50 y/o)

« Age (51-70 y/o)

« Age (70<)

« Medical condition: Diabetes

« Medical condition: Smoking

« Medical condition: Bisphosphonate (1V, oral)

« Allergy: Penicillin allergy

9 - Implant System
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9-1: Total number of patients who had implants placed (D6010) during time line A, for each of the
following brands: Astra, Nobel Biocare (Replace, Active, Parallel CC), Straumann (SLA active,

SLA), Biomet 3i (T3, Nanotite, osseotite).

9-2: Total number of patients who had implant placed during time line A and removed (D6100)
during time line B for each of the following brands: Astra, Nobel Biocare (Replace, Active, Parallel

CC), Straumann (SLA active, SLA), Biomet 3i (T3, Nanotite, osseotite).

10 - Implant Length and Width

10-1: Total number of patients who had implant placed (D6010) during time line A, for each of
the following categories: Length: <8 mm, 8 mm — 10 mm, >10 mm and Width: <4 mm, 4 mm-

4.7 mm, > 4.7mm.

10-2 Total number of patients who had implant placed during time line A and removed (D6100)
during time line B for each of the following categories: Length: <8 mm, 8 mm — 10 mm, >10 mm

and Width: <4 mm, 4 mm-4.7 mm, > 4.7mm.

B - Implant Count

1 - Implant placement and implant removal
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1-1: Total number of implants placed (D6010) during timeline A.

1-2: Total number of implants placed during time line A and removed (D6100) during time line B

(Implants in this category should have codes D6100 in addition to code D6010 during the dates

mentioned above.)

1-3: The number of implants placed (D6010) during time line A in each of the following categories:

Female

Male

Age (18-30 y/0)

Age (31-50 y/0)

Age (51-70 y/o0)

Age (70<)

Medical condition: Diabetes

Medical condition: Smoking

Medical condition: Bisphosphonate (IV, oral

Allergy: Penicillin allergy

1-4: The number of implants removed (D6100) during time line B in each of the following

categories:

Female
Male
Age (18-30 y/0)

Age (31-50 y/0)
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« Age (51-70 y/o)

« Age (>70)

» Medical condition: Diabetes

« Medical condition: Smoking

« Medical condition: Bisphosphonate (1V, oral)

« Allergy: Penicillin allergy

2 - Implants placed in the grafted sites

2-1: The number of implants placed (D6010) with bone graft (D7953, D4263.1, D4263.2,
D4263.E, D4263.H, D4263.4, D4263.5, D4263.6, D4263.7, D4263.D, D4263.F, D7950) before
implant placement (the time of bone graft can be outside of timeline A. However, the time of

implant placement should be within time line A)

2-2: The number of implants placed (D6010) with bone graft (D7953, D4263.1, D4263.2,
D4263.E, D4263.H, D4263.4, D4263.5, D4263.6, D4263.7, D4263.D, D4263.F, D7950) same day

as the implant placement.

2-3: The number of implants placed (D6010) with bone graft (D7953, D4263.1, D4263.2,
D4263.E, D4263.H, D4263.4, D4263.5, D4263.6, D4263.7, D4263.D, D4263.F, D7950) after

implant placement.

21



2-4: The number of implants removed (D6100) during time line B for category 2-1. (Each implant
in this category should have code D6010 during timeline A, as well as one of the following codes
D7953, D4263.1, D4263.2, D4263.E, D4263.H, D4263.4, D4263.5, D4263.6, D4263.7, D4263.D,
D4263.F, D7950. The timeline for bone graft can be out of time line A or B, however, must be

placed before implant placement).

2-5: The number of implants removed (D6100) during time line B for category 2-2. (Each implant
in this category should have code D6010 during timeline A, as well as one of the following codes
D7953, D4263.1, D4263.2, D4263.E, D4263.H, D4263.4, D4263.5, D4263.6, D4263.7, D4263.D,

D4263.F, D7950. The timeline for bone graft is the same day as implant placement).

2-6: The number of implants removed (D6100) during time line B for category 2-3. (Each implant
in this category should have code D6010 during timeline A, as well as one of the following codes
D7953, D4263.1, D4263.2, D4263.E, D4263.H, D4263.4, D4263.5, D4263.6, D4263.7, D4263.D,

D4263.F, D7950. The timeline for bone graft must be placed after implant placement)

3 - Implants placed in augmented sinus sites

3-1: The number of implants placed (D6010) with sinus augmentation (D7951, D7952) before

implant placement (the time of sinus augmentation can be before timeline A) However, the time

of implant placement should be within time line A.
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3-2: The number of implants placed (D6010) with sinus augmentation (D7951, D7952) same day

as implant placement.

3-3: The number of implants removed (D6100) during time line B for the category 3-1. (Each
implant in this category should have code D6010 during timeline A as well as one of the following

codes D7951, D7952 performed before implant placement date).

3-4-: The number of implants removed (D6100) during time line B for the category 3-2. (Each
implant in this category should have code D6010 during timeline A as well as one of the following

codes D7951, D7952 performed at the same day of implant placement).

4 - Immediate implants

4-1: The number immediate implants placed during timeline A: code D7140/D7210 and D6010

should be performed the same day.

4-2: The number of immediate implants removed (D6100) during time line B for category 4-1.
(Each implant in this category should have code D6010 and D7140/D7210 performed the same

day and during timeline A, and code D6100 during timeline B).
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5 - Restored implants

5-1: Number of implants placed during time line A and restored within timeline B. Each implant
in this category should have the code D6010 during time line A, as well as one of the following
codes D6058, D6057, D6057Z (D6058, D6058A, D6059, D6061, D6062, D6064), D6064Z
(D6065, D6065A, D6066, D6067), D6067Z (D6068, D6069, D6071, D6072, D6074), D6074Z

(D6075, D6076, D6077), D6052 during time line B.

5-2: Number of implants removed (D6100) during timeline B for the category 5-1.

6 - Periodontal Disease and follow ups/Periodontal Maintenance

6-1: Total number of implants (D6010) during time line A, in a patient with a history of periodontal
disease (codes D499T2, D499T3, D499T4, D4999.1) within no specific time line (since the

beginning of becoming a patient at PDM until now).

6-1-1: Total number of implants in category 6-1, in the above patients who have been
coming for their periodontal maintenance (any of the following codes D110, D4910,
D4910.2, D4910.3, D4910.4) during time line B, and please specify the number of times
these codes (D110, D4910, D4910.2, D4910.3, D4910.4) were completed (to determine if

they were coming for regular maintenance and follow ups or not).
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6-2: Total number of implants (D6010) during time line A and had that implant removed (D6100)
during time line B, in a patient with a history of periodontal disease (codes D499T2, D499T3,
D499T4, D4999.1) within no specific time line (since the beginning of becoming a patient at PDM

until now).

6-2-2: Total number of implants in category 6-2, in the above patients who have been
coming for their periodontal maintenance (any of the following codes D110, D4910,
D4910.2, D4910.3, D4910.4) during time line B, and please specify the number of times
these codes (D110, D4910, D4910.2, D4910.3, D4910.4) were completed (to determine if

they were coming for regular maintenance and follow ups or not).

7- Recall

7-1: Total number of implants placed (D6010) during time line A and their history of recalls (codes
D110, D4910, D4910.2, D4910.3, D4910.4) during time line B. As well as the number of the times
these codes (D110, D4910, D4910.2, D4910.3, D4910.4) were completed (to determine if they

were coming for regular maintenance and follow ups or not).

7-2: Total number of implants received (D6010) during time line A and the implant removed
(D6100) during timeline B, and the history of recalls (codes D110, D4910, D4910.2, D4910.3,
D4910.4) during time line B. As well as the number of the times these codes (D110, D4910,
D4910.2, D4910.3, D4910.4) were completed (to determine if they were coming for regular

maintenance and follow ups or not).
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8 — Anatomic Site

8-1: Total number of implants placed (D6010) based on tooth number, during time line A

8-2: Total number of implants placed during time line A and removed (D6100) during time line

B, based on tooth number (The implants in this category should have codes D6100 in addition to

code D6010 during the dates mentioned above.)

8-3: The number of implants placed (D6010) based on tooth number, during time line A in each

of the following categories:

Female

Male

Age (18-30 y/0)

Age (31-50 y/0)

Age (51-70 y/o)

Age (>>70<)

Medical condition: Diabetes

Medical condition: Smoking

Medical condition: Bisphosphonate (IV, oral)

Allergy: Penicillin allergy

8-4: The number of implants removed (D6100) based on tooth number, during time line B in each

of the following categories:

Female

Male
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« Age (18-30 y/o)

« Age (31-50 y/o)

« Age (51-70 y/o)

« Age (>70)

» Medical condition: Diabetes

» Medical condition: Smoking

« Medical condition: Bisphosphonate (1V, oral)

« Allergy: Penicillin allergy

9 - Implant System

9-1: Total number of implants placed (D6010) during time line A, for each of the following brands:
Astra, Nobel Biocare (Replace, Active, Parallel CC), Straumann (SLA active, SLA), Biomet 3i

(T3, Nanotite, osseaotite).

9-2: Total number of implants removed (D6100) during time line B for each of the following
brands: Astra, Nobel Biocare (Replace, Active, Parallel CC), Straumann (SLA active, SLA),

Biomet 3i (T3, Nanotite, osseotite).

10 - Implant Length and Width
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10-1 Total number of implants placed_(D6010) during time line A, for each of the following
categories: Length: <8 mm, 8 mm — 10 mm, > 10 mm and Width: <4 mm, 4 mm - 4.7 mm, > 4.7

mm.

10-2 Total number of implants placed during time line A and removed (D6100) during time line
B for each of the following categories: Length: < 8 mm, 8 mm — 10 mm, > 10 mm and Width: < 4

mm, 4 mm - 4.7 mm, > 4.7 mm.
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STATISTICAL ANALYSIS

In this study, data were analyzed using SPSS v.24 (IBM Corp. Released 2016. IBM SPSS Statistics
for Windows, Version 24.0. Armonk, NY: IBM Corp.), and Stata v.15 (Stata Corp. 2017. Stata

Statistical Software: Release 15. College Station, TX: Stata Corp LLC.).

We first reported the descriptive statistics to explain the data, including, number and percentage.
The overall incidence of failure was calculated in both patient-level and implant-level separately

at PDM and PDFP and totally combined.

A chi-square test was used to compare the implant failure distribution between the different
categories of potential risk factors (a P-value < 0.05 was considered as significant). The null
hypothesis (H,) was that the implant failure rate is independent from the potential risk factors, i.e.,
the different level of a particular risk factor does not change the implant failure ratio. The Chi-

square test was used in both patient-level and implant-level.

This was a matched-case-control study with a 1:3 ratio where 1 failure case matched to 3 controls.
It consisted of 79 patients with implant failures and 237 matched controls. Age, gender, trainee

group/clinician, and implant site were used to match the cases.

First, we applied a univariate conditional logistic regression as a feature selection method to select
the most relevant factors affecting the implant failure - to be considered in the final multivariate
logistic regression model. Variables with a univariate P-value < 0.2 were considered as important

variables and got selected as the covariate for the final multivariate conditional logistic regression.
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We then applied the multivariate conditional logistic regression to find the potential risk factors
affecting the implant failure and report the odds ratios, called adjusted odds ratio (Adj. ORs).

Covariates with a multivariate P-value < 0.05 were considered as significant potential risk factors.

One patient was excluded from the matching due to limited control group which was less than 3.
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RESULTS

This clinical retrospective study evaluated both patient and implant level from PDM and PDFP
separately and categorized them as patient count and implant count. Patient level was discussed

in part one of this study. These results focused primarily on implant level.

Patient count
In total, 1609 patients received dental implant during the timeframe of the study, 883 patients at
PDM and 726 at PDFP. The total rate of patients with failed implants was 4.9%, 6% for PDM and

3.7% for PDFP.

Based on the chi-square test results in Table 1A evaluating the data from PDM, it showed that
patients with Nobel BioCare Replace implants(2.0%, P-value = 0.002), Biomet 3i implant system
(44.4%, P-value < 0.001), Osseotite surface (3.8%, P-value < 0.001), 8-10 mm length (8.7%, P-
value = 0.038), none restored implants (14.8%, P-value < 0.001), no ridge preservation (17.5%,
P-value = 0.001), none grafted sites (12.5%, P-value < 0.001), periodontal prosthesis resident
clinicians (29.9%, P-value = 0.001), maxillary anterior sites (18.9%, P-value < 0.001), and

mandibular anterior sites (13.2%, P-value = 0.009) were significantly overrepresented in the failure

group.

In contrast, patients with Nobel BioCare Active implants (27.3%, P-value < 0.001), Nobel BioCare

All implant system (3.8%, P-value<0.001), TiUnite surface (3.8%, P-value < 0.001), >10 mm

length (4.8%, P-value = 0.020), implant restoration (0.2%, P-value < 0.001), no sinus
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augmentation (4.5%, P-value = 0.001), grafted sites (2.9%, P-value < 0.001), periodontal resident
clinicians (14.3%, P-value = 0.008), and maxillary posterior sites (3.6%, P-value = 0.008) were

significantly underrepresented in the failure group.

Based on the chi-square test results in Table 1B evaluating the data from PDFP, it showed that
patients with Nobel BioCare Replace implants (12.9%, P-value < 0.001), Straumann tissue level
implants (75%, P-value < 0.001), Biomet 3i implants (29.4%, P-value < 0.001), SLA surface
(66.7%, P-value = 0.004), Osseotite surface (29.4%, P-value < 0.001), no implant restoration
(13.9%, P-value < 0.001), none grafted sites (6.5%, P-value = 0.002) were significantly

overrepresented in the failure group.

On the other hand, patients with Nobel BioCare Parallel CC implants (1.2%, P-value < 0.001),
Straumann bone level implants (1.6%, P-value = 0.047), restored implants (1.7%, P-value <
0.001), Grafted (2.0%, P-value=0.002), Others clinicians (0.0%, P-value=0.026) were significantly

underrepresented in the failure group.

Based on the chi-square test results in Table 1C, evaluating total combined data for both PDM and
PDFP showed that patients with Nobel BioCare Active implants (21.1%, P-value < 0.001),
Straumann tissue level implants (27.8, P-value < 0.001), SLA surface (60%, P-value = 0.001),
Osseotite surface (34.6%, P-value < 0.001), 8-10 mm length implants (6.6%, P-value = 0.021), 4
- 4.7 mm width implants (6.7%, P-value = 0.040), none restored implants (14.6%, P-value <
0.001), no ridge preservation (11.8%, P-value=0.006), periodontal prosthesis resident clinicians
(29.2%, P-value<0.001), none grafted sites (9.6%, P-value < 0.001), and maxillary anterior sites

(13.4%, P-value < 0.001) were significantly overrepresented in the failure group.
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In contrast, patients with Straumann bone level implants (3.2%. P-value = 0.007), all Nobel
BioCare implants (3.6%, P-value = 0.001), all Biomet 3i implants (34.6%, P-value < 0.001),
TiUnite surface (3.6%, P-value = 0.001), >10 mm length implants (3.9%, P-value = 0.013),
restored implants (1.0%, P-value < 0.001), no sinus augmentation (4.2%, P-value = 0.006), grafted
sites (2.5%, P-value < 0.001), other clinicians (0%, P-value = 0.01) were significantly

underrepresented in the failure group.

Implant count

During the timeframe of this study, a total of 3180 dental implants were placed: 2162 implants
were placed at PDM while 1018 were placed at PFDP. The total rate of implant failure was 3.49%,

3.7% for PDM and 3% for PDFP.

Based on the chi-square test results in Table 2A, evaluating the data from PDM, it showed that
patients with Parallel Nobel BioCare (8%, P-value=0.009), Active Nobel BioCare (50%, P-
value<0.001), Straumann all implant system (11%, P-value=0.002), Biomet 3i all implant system
(18.4%, P-value=0.010), Osseotite surface (18.4%, P-value=0.010), no implant restoration (6.9%,
P-value<0.001), no sinus augmentation (7.4%, P-value=0.024), grafted (4.9%, P-value=0.016),
perio-prosth resident clinicians (32.1%, P-value=0.022), and mandibular anterior site (8.1%, P-

value<0.001) were significantly overrepresented in the failure group.

In contrast, patients with Replace Nobel BioCare (1.6%, P-value<0.001), Nobel BioCare all
implant system (4.1%, P-value<0.001), TiUnite surface (4.1%, P-value<0.001), >4.7 mm width

(3.9%, P-value=0.001), implant restoration (50%, P-value<0.001), no ridge preservation (2.6%, P-
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value=0.024), none grafted (2.9%, P-value=0.016), periodontal resident clinicians (18.8%, P-
value=0.008), maxillary posterior site (2.3%, P-value=0.007) were significantly underrepresented

in the failure group.

Based on the chi-square test results in Table 2B, evaluating the data from PFDP, it showed that
patients with Replace Nobel BioCare (11.5%, P-value<0.001), Straumann tissue level (42.9%, P-
value<0.001), Biomet 3i all implant system (13.6%, P-value<0.001), Osseotite surface (13.6%, P-
value<0.001), 8-10 mm length (5.5%, P-value<0.001), 4-4.7 mm width (6.1%, P-value=0.014), no
implant restoration (9.8%, P-value<0.001), and grafted (4.1%, P-value=0.090) were significantly

overrepresented in the failure group.

While patients with Parallel Nobel BioCare (1.1%, P-value<0.001), Active Nobel BioCare (50%,
P-value<0.001), >10 mm length (1.7%, P-value=0.003), >4.7 mm width (2.2%, P-value=0.006),
implant restoration (1.2%, P-value<0.001), none grafted (2.2%, P-value=0.090), Other clinicians

(0%, P-value=0.002) were significantly underrepresented in the failure group.

Based on the chi-square test results in Table 2C, evaluating total combined data for both PDM and
PDFP showed that patients with Active Nobel BioCare (31.8%, P-value=0.009), Straumann tissue
level (23.1%, P-value<0.001), Astra all implant system (11.9%, P-value=0.044), Straumann all
implant system (7.2%, P-value=0.042), Biomet 3i all implant system (15.9%, P-value<0.001),
Osseospeed surface (11.9%, P-value=0.044), SLA surface (25%, P-value=0.020), Osseotite
surface (15.9%, P-value<0.001), 8-10 mm length (7.1%, P-value=0.007), <4.7 mm width (8.8%,

P-value=0.042), 4-4.7 mm width (8.1%, P-value<0.001), no implant restoration (7.4%, P-
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value<0.001), grafted (4.6%, P-value=0.002), perio-Pprosth resident clinicians (32.1%, P-
value=0.043), and mandibular anterior site (6.4%, P-value=0.005) were significantly

overrepresented in the failure group.

However, patients with Straumann bone level (4.8%, P-value=0.027), Nobel BioCare all implant
system (3.7%, P-value<0.001), TiUnite surface (3.7%, P-value<0.001), >10 mm length (4.1%, P-
value=0.005", >4.7 mm width (2.9%, P-value<0.001), implant restoration (0.8%, P-value<0.001),
none grafted (2.6%, P-value=0.002), periodontal resident clinicians (18.8%, P-value=0.017), and

others clinicians (0%, P-value=0.004) were significantly underrepresented in the failure group.

Conditional Logistic Regression

Based on the frequency distributions of the variables (Table 3A), the number of Straumann Tissue
level Standard and Standard Plus (n = 7), SLA surface (n = 7), T3 surface (n = 2), < 8 mm length
(n=2) were very low which may result in unreliable odds ratios (ORs) in the conditional logistic

regression.

We first applied a univariate conditional logistic regression as a variable-selection step. Variables
with univariate P-value < 0.2 are selected to be entered into the final multivariate logistics
regression model. As shown in Table 3B, total implant (OR = 3.15, P-value = 0.001), bone graft
(OR =2.16, P-value = 0.093), immediate implants (OR = 0.49, P-value = 0.076), restored implants
(OR =0.05, P-value<0.001), implant system (OR = 2.07, P-value = 0.145), width (OR = 0.32, P-
value = 0.027), and type of restoration (OR=1.85, P-value = 0.086) were selected (with P-value <

0.2) as the final variables to be entered into the multivariate conditional logistic regression.
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Based on the multivariate conditional logistic regression results in Table 3C, estimated odds of
implant failure in people with multiple implants was about 4 times than people with single implants
(Adj OR = 4.04, P-value = 0.004). The estimated odds of implant failure in people who received
bone grafts before and during the implant surgery was about 5.6 times greater than that for people
with no bone grafts (Adj OR = 5.57, P-value = 0.012). The estimated odds of implant failure in
people with none restored implants was about 33 times that of people with restored implants (Adj
OR =0.03, P-value < 0.001); Other variables did not show any significant association with implant

failure (with P-values > 0.05).

Both implant type and clinician variables were removed from the multivariate logistic regression

model due to non-convergency because of their multiple categories.
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DISCUSSION

The discovery of osseointegration caused a revolution in implant dentistry. Since the first
placement of titanium implants in a human volunteer in 1965, dental implants have become a
common component of dental practice. This causes a dilemma because implants do fail. It is
thought that a major cause of implant failure is peri-implantitis. To date, there is insufficient
evidence to understand the precise mechanism of peri-implantitis. However, one classification
based on causative etiology was proposed. Sarmiento et al.*® classified periimplantitis as induced
by; pathogenic/bacteria biofilm; iatrogenic factors; exogenous irritants; extrinsic pathology; and
AKT. In the consensus report from the American Academy of Periodontology 2017 world
workshop, periimplantitis was defined as pathological inflammatory process causing progressive
loss of supporting bone.> In addition to radiographic bone loss, clinical characteristics exhibit
inflammation, BOP and/or suppuration, increased PD and/or loss of soft tissue. *° It has been
reported that implant failures have also been associated with various non-microbial factors such
as systemic diseases, alcohol use, bone quality, loss or primary stability, high torque, overload,

surface texture, and surgical trauma.

Failure of implant was classified according to the osseointegration concept into early or late failure
depending on before or after occlusal load. Early failure (before loading) described as inability to
establish bone to implant contact leading to lack of osseointegration and possible mobility. Late
failure (after loading) explained as achieved osseointegration was not maintained due to

inflammatory process. 1>16
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The current study has categorized data into patient count and implant count in order to evaluate
the incidence of implant failure and associated factors in an academic setting. It focused primarily
on implant level factors. The failure rate in the patient count at PDM was 3.7% while at PDFP it
was 3%. The total rate of failure for both practices was 4.9% (95% CI: 3.90, 6.03). The failure rate
in the implant count was 6% and 3.7%, at PDM and PDFP, respectively. The total failure rate for
both practices was 3.49% (95% CI: 2.85, 4.13). The early failure rate determined in this study is

similar that reported in the literature ranging from 0.7% to 3.8% and 4%.%1:%

Variables that were investigated included: Implant system such as Astra, Nobel BioCare,
Straumann, and Biomet 3i; Implant type/Design (EVS, TXS, Parallel, Replace, Active, BL, BLT,
TL, TLSP, PS, NPS); Surface texture (Osseospeed, TiUnite, SLA, SLActive, Osseotite); Length
(<8mm, 8-10mm, >10mm); Width (<4mm, 4-4.7mm, >4.7mm); Immediate implants; Restoration;
Grafted and Non-grafted site; Implant site (Maxillary Anterior/Posterior, Mandibular
Anterior/Posterior); and clinicians (Periodontal resident, Perio-Prosth, Perio-Orth, Periodontist,
Oral surgeon, Others) Some of these variables showed to be overrepresented and/or

underrepresented in the failure group.

Implant System:

It has been documented in the literature that comparison between implant systems is very limited
Despite the limitation, 5 years survival rates extracted from 17 different articles showed no
difference between different implant systems.>® The results of the current study showed that Nobel

BioCare (3.6%, P-value = 0.001) and Biomet (34.6%, P-value < 0.001) were significantly
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underrepresented in the failure group. In contrast, Astra (11.9%, P-value = 0.044), Straumann
(7.2%, P-value = 0.042), and Biomet 3i (15.9%, P-value < 0.001) were significantly
overrepresented in the failure group while Nobel BioCare implant system (3.7%, P-value<0.001)

was significantly underrepresented in the failure group.

It is very important to realize that different implant systems were used at variable frequencies at
different times. For example, some systems were used more than others. Therefore, the association
between failures and implant systems are descriptive in nature. In addition, based on the
multivariate conditional logistic regression it did not show any significant association with implant

failure (with P-values > 0.05).

Implant Type/Design

Implant design has been always modified to achieve better outcomes. According to the literature,
there is no statistically significant differences between bone level and tissue level implants
regarding survival rates. °* Another study reported slightly greater marginal bone loss around tissue
level implants (P-value < 0.001). **However, our results regarding both patient and implant
demographics showed that Nobel BioCare Active implants (21.1%, P-value < 0.001) (31.8%, P-
value=0.009), and TL (27.8, P-value<0.001) (23.1%, P-value<0.001), respectively were
significantly overrepresented in the failure group. While BL at patient demographics and implant
demographics (3.2%. P-value=0.007) (4.8%, P-value=0.027), respectively was significantly

underrepresented in the failure group.
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These overrepresentation in the failure group could be related to the total number of implants used
in this study. The number and shape of the implant threads could play a role in the failure of the

active implants. Another factor is the quality of bone and the anatomical location of these implants.

Additionally, Implant type/design variable was removed from the multivariate logistic regression

model due to non-convergency because of its multiple categories.

Surface Texture:

Khang et al °® found that at 36 months the collective success rates were 86.7% for machined surface
implants and 95% for dual acid- etched implants. In addition, another study showed that regardless
of location, rough surface implants had a higher success rate than smooth surface fixutres.®’
Surface texture has no association with implant failure in our study. However, our patient count
showed SLA and Osseotite (60%, P-value = 0.001) (34.6%, P-value < 0.001), respectively, were
significantly overrepresented in the failure group while TiUnite surface (3.6%, P-value = 0.001)
was significantly underrepresented. In addition, our implant count revealed that Osseospeed
(11.9%, P-value=0.044), SLA (25%, P-value=0.020) and Osseotite surfaces (15.9%, P-
value<0.001) were significantly overrepresented. In contrast, TiUnite surface (3.7%, P-

value<0.001) was significantly underrepresented in the failure group

This topic has become of increasing interest in our literature since animal studies reported that

susceptibility to progression of periimplantitis may be higher for some moderately rough implant
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surfaces than others. Lang et all3 found that peri-implantitis is more likely to occur following

exposure of rough surfaces to the oral environment.

It is very important to understand the surface modifications played a role in primary stability;
However, these failures might be related to patient related factors such as smoking, diabetes, and

oral hygiene.

Length:

Implant selection is another important factor to consider when placing implants. Renouard reported
that there was a tendency towards an increased failure rate with short and wide-diameter machined-
surface implants.  Another study revealed that short implants (6 - 9 mm) showed an association
with early loss. °° In addition, Misch et al ® observed a low success rate (85.3%) for implants less

than 10 mm in length.

Unexpectedly, our results regarding both patient and implant demographics showed that 8-10 mm
(6.6%, P-value = 0.021 and 7.1%, P-value = 0.007, respectively) were significantly
overrepresented in the failure group while implants >10 mm in length for both patient and implant
demographics (3.9%, P-value = 0.013, 4.1%, P-value = 0.005, respectively) were significantly
underrepresented. Implants > 8 mm were not overrepresented or underrepresented in the failure
group. However, conditional logistic regression provided multivariate adjusted odds ratios and

yielded no significant association with implant failure (with P-values > 0.05).
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Width:

According to a prospective study evaluating early loss and the potential risk factors, the author
concluded that early loss of dental implants was significantly associated with the use of narrow
implants (p = 0.035). %! In addition, another study reported that early survival rate for all 1,649

implants was 96.2%. while the largest loss was observed in narrow implants (5.1%). !

Surprisingly, our study showed that narrow implant width < 4 mm was not overrepresented or
underrepresented in the failure group for both patient count and implant count. However, 4 - 4.7
mm width respectively were significantly overrepresented in the failure group for both groups with
(6.7%, P-value = 0.040) and (8.1%, P-value < 0.001). Yet, multivariate adjusted odds ratios

provided no significant association with implant failure (with P-values>0.05).

Immediate Implants:

The frequency of immediate implant placement has increased dramatically since the scientific
approval of its predictability. It is comparable to early implant placement with a survival rate of
96.2%. 52 According to Becker (1998), evaluated implant placed at the time of extraction and
showed that the success rate for 5 years follow up was 93.3%. % In addition, Covani et al
concluded that the success rate for 10 years follow-up was 91.8% for immediate implants. Our
studies yielded the same results. Immediate implants were neither underrepresented nor

overrepresented in the failure group. Moreover, conditional logistic regression provided
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multivariate adjusted odds ratios (OR = 0.51, P-value = 0.242) and yielded no significant

association with implant failure (with P-values > 0.05).

Restored implants/single and multiple:

According to the literature, implant supported single crown showed survival rate of 94.5% at 5
years while implant support fixed dental prosthesis was 95.2%. *° On the other hand, a meta-
analysis showed that early implant failure for partially and fully edentulous was 3.8% and 2%,
respectively. “° Our study showed that non-restored implants were significantly overrepresented in
the failure group with (14.6%, P-value<0.001) for patient demographics and (7.4%, P-
value<0.001) for implant demographics. Moreover, conditional logistic regression yielded a

significant association with implant failure (Adj OR=0.03, P-value<0.001).

Additionally, participants with multiple implants were associated with implant failure about three
times more than participants with single implant (Adj OR=2.99, P-value=0.002). While type of

restoration showed no association (OR=1.85, P-value=0.086).

These early failures of single and multiple implants might be related to many factors such as
inadequate implant selection, impaired site, unexperienced clinician, and surgical trauma. In
addition, some of these patients showed inadequate oral hygiene and were not compliance with

their recall appointment.
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Grafted vs Non grafted:

This factor has been widely investigated in the literature. The usage of different material could
have influenced the process off osseointegration and delayed healing of the sites. One retrospective
study in 2009 showed that survival rate of implants placed in grafted and non-grafted were 99.1%
and 98.9% respectively. #? Jung et al. ® reported a survival rate of 91.9% to 92.6% for implants

placed after guided bone regeneration in 12-year follow up study

In contrast, our study showed estimated odds of implant failure in people who received bone grafts
at the time of implant placement in already grafted sites was about 5.6 times greater than that of
people who do not have bone grafts (Adj OR=5.57, P-value=0.012). This agrees with Sesma et al
%6 that reported more implant failure in the grafted sites compared to non-grafted site. It is very
important to understand that healing of bone grafting material could rely and depends on the
quality of the existing bone of the sockets. These failures might be related to the amount of the
residual bone graft that remained in the sites. The amount of non-vital bone residual may affect
the migration of the osteoprogenitor cells and the release of growth factors. These biological

interreference might lead to delayed or no osseous healing.

Clinicians:

Surgeon experiences play a role in the outcome of the procedure. One study showed that residents

had significantly higher hazard ratios than faculty and suggested that personality or attitude of the

44



surgeon can affect the implant outcome. ¢ Another study showed that failure rate was 5.9% for
the inexperienced residents while 2.4% for more experienced residents. Our study showed that
implants placed by periodontal prosthesis residents (29.2%, P-value<0.001) were significantly
overrepresented in the failure group while fixtures inserted by periodontics residents (18.8%, P-
value=0.017), and other clinicians (0%, P-value=0.004) were significantly underrepresented in the
failure group. However, periodontal prosthesis residents placed more implants compared to
periodontics residents and other clinicians. Therefore, the association between failures and

clinicians are descriptive in nature and do not contribute to etiologic reasoning.

Additionally, clinician variable was removed from the multivariate logistic regression model due

to non-convergency because of multiple categories.

Sites:

Human anatomy and skeletal system have been studied and we learned that the density of bone
vary in our jaw comparing to our maxilla. Therefore, implant placement in maxillary
anterior/posterior and mandibular anterior/posterior were investigated. According to multiple
studies, failure rates of maxillary implants is higher relative to mandibular implants. 468 Our study
showed the same result, maxillary anterior sites (13.4%, P-value<0.001) were significantly
overrepresented in the failure group. Similarly, another study reported that the anterior maxilla is

more susceptible to early implant loss than other alveolar bone sites.°
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CONCLUSIONS

Osseointegration concept led to the true discovery of implant dentistry. Different materials have
been investigated and implant therapy became a viable treatment for restoring edentulous sites.
Electronic health records and hard copy were used to conduct this project. This retrospective study
evaluated the incidence of implant failure in an academic setting as a primary objective. It
concluded that the total failure rate at PDM and PDFP were 4.9% 3.49%, respectively. This study
showed that experienced clinician has roughly the same failure rate and this could be related to

different in number of implants placed between PDM and PDFP.

The secondary objective investigated the co-contributing actors which have been categorized into
patient level and implant level. This study only focused on implant level which included: Implant
system, Implant type/design, Surface texture, Length, Width, Immediate implants, Restored

Implant/Non-restored, Grafted vs Non grafted site, Clinicians, and site.

It concluded that patients with multiple implants, non-restored implants, and using graft in already

grafted site showed significant contribution to implant failure. Other factors were not significantly

related to implant failure.
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LIMITATIONS

This retrospective study provides an understanding of the incidence of implant failure in an
academic setting. However, it is important to consider some of the limitation of this study such as
inconsistency in some charts due to missing codes. Limited access to patient information due to
school policy was another issue that resulted in an incomplete data set and therefore, subject to
confounding. The incidence of some variables was very low such that a larger sample size is
needed to avoid unreliable odds ratios (ORs) in the conditional logistic regression. In addition,
both implant type and clinician variables were eliminated from the multivariate logistic regression
model due to non-convergency. These variables could be organized and categorized better in future

studies. This study only showed association and not causation of early implant failure.
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Table 1A. Patients with failed implants (PDM).

TABLES

% of Patients

Expected Patients

Variable Relzgt\;ggtlsmwpﬁ];nts wi Eaggir:tsres with Failures with Failures P-value
(Under H,) (Under H,)
Entire sample 883 53 = =
Gender
Male 382 18 4.70% 22.9 0.159
Female 500 35 7% 30.0 0.154
Unknown 1 0
Age (in years)
18-30 33 1 3% 2.0 0.464
31-50 161 8 5% 9.7 0.542
51-70 468 31 6.60% 28.1 0.409
70< 221 13 5.90% 13.3 0.931
Astra
Astra EVS 15 20.0% 2.2 0.634
Astra TXS 19 10.50% 2.8 0.634
Nobel BioCare
Parallel 110 6..40% 4.2 0.099
Replace 302 2.00% 11.4 0.002*
Active 11 27.30% 0.4 <0.001*
Straumann
Straumann bone level 88 6 6.80% 7.6 0.482
Straumann bone level tapered 223 20 9.00% 19.2 0.737
Straumann tissue level 14 2 14.30% 1.2 0.440
Biomet 3i
Platform switch 33.30% 2.7 0.343
Non platform switch 66.70% 1.3 0.343
Implant system
Astra All 34 5 14.70% 2.3 0.056
Nobel BioCare All 423 16 3.80% 28.3 <0.001*
Straumann All 325 28 8.60% 21.8 0.072
Biomet 3i All 9 4 44.40% 0.6 <0.001*
Surface
Osseospeed 34 5 14.70% 2.3 0.056
TiUnite 423 16 3.80% 28.3 <0.001*
SLA 2 1 50.00% 0.1 0.130
SLActive 323 27 8.40% 21.6 0.121
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Osseotite
Length
<8 mm
8-10 mm
>10 mm
Width
<4 mm
4-4.7 mm
>4.7 mm
Implant
Immediate implant
No Immediate implant
Implant
Implant restoration
No Implant restoration
Grafted Site
Ridge Preservation
Sinus Augmentation
None Grafted Site
No Ridge Preservation
No Sinus Augmentation
Graft
Grafted
None Grafted
Clinicians
Periodontal Resident
Perio-Prosth Resident
Perio-Ortho Resident
Periodontist
Oral Surgeon
Others
Site
Maxillary Posterior
Maxillary Anterior
Mandibular Posterior
Mandibular Anterior

390
399

248
375
168

164
719

532
351

523
73

177
110

596
287

133
168
28

387
74
354
68

33
19

14
31

45

52

15

31

17
36

44.40%

50.00%
8.7%
4.8%

5.60%
8.30%
4.80%

4.90%
6.30%

0.20%
14.80%

2.90%
2.70%

17.50%
4.50%

2.90%
12.50%

14.30%
29.90%
10.70%

0

3.60%
18.90%
4.50%
13.2%

0.6

0.1
26.6
27.2

16.6
25.1
11.3

9.8
43.2

31.9
211

14.9
21

22.2
13.8

35.8
17.2

28.7
36.3
6.0

0.9

23.2
4.4
21.2
4.1

<0.001*

0.132
0.038*
0.020*

0.422
0.097
0.257

0.502
0.502

<0.001*
<0.001*

0.951
0.951

0.001*
0.001*

<0.001*
<0.001*

0.008
0.001
0.144

0.291

0.008*
<0.001*
0.129
0.009*

* Significant with P-value<0.05. P-values are based on a chi-square test.

49



Table 1B. Patients with failed implants (PDFP).

P -
Patients Who Patients Yo of Patients

Expected Patients

Variable Received Implants  with Failures with Failures with Failures P-value
(Under Hy) (Under Hy)
Entire sample 726 27 - - -
Gender
Male 309 10 3.20% 11.9 0.452
Female 392 17 4.30% 15.1 0.452
Unknown 0 0
Age (in years)
18-30 30 0 0% 1.1 0.272
31-50 218 4 1.80% 8.1 0.079
51-70 348 17 4.90% 12.9 0.111
70< 130 6 4.60% 4.8 0.551
Astra
Astra EVS - - -
Astra TXS - - -
Nobel BioCare
Parallel 343 4 1.20% 11.4 <0.001*
Replace 70 9 12.90% 2.3 <0.001*
Active 8 1 12.50% 0.3 0.144
Straumann
Straumann bone level 193 3 1.60% 5.6 0.047*
Straumann bone level tapered 81 2 2.50% 2.3 0.794
Straumann tissue level 4 3 75.00% 0.1 <0.001*
Biomet 3i
Platform switch 33.30% 2.6 0.707
Non platform switch 25.50% 2.4 0.707
Implant system
Astra All 10 0 0.00% 0.4 0.531
Nobel BioCare All 421 14 3.30% 15.7 0.345
Straumann All 278 8 2.90% 10.3 0.345
Biomet 3i All 17 5 29.40% 0.6 <0.001*
Surface
Osseospeed 10 0 0.00% 0.4 0.531
TiUnite 421 14 3.30% 15.7 0.510
SLA 3 2 66.70% 0.1 0.004*
SLActive 275 6 2.20% 10.2 0.087
Osseotite 17 5 29.40% 0.6 <0.001*
Length
<8 mm 3 0 0.00% 0.1 >0.999
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8-10 mm
>10 mm
Width
<4 mm
4-4.7mm
>4.7 mm
Implant
Immediate implant
No Immediate implant
Implant
Implant restoration
No Implant restoration
Grafted Site
Ridge Preservation
Sinus Augmentation
None Grafted Site
No Ridge Preservation
No Sinus Augmentation
Graft
Grafted
None Grafted
Clinicians
Periodontal Resident
Perio-Prosth Resident
Perio-Ortho Resident
Periodontist
Oral Surgeon
Others
Site
Maxillary Posterior
Maxillary Anterior
Mandibular Posterior
Mandibular Anterior

349
374

209
254
263

40
686

604
122

421
28

222
55

449
277

106
48
22

288
53
329
56

15
11

11
11

27

10
17

16

18

20

12

12

4.3%
2.9%

2.40%
4.30%
4.20%

0.00%
3.90%

1.70%
13.90%

1.90%
3.60%

7.20%
3.60%

2.00%
6.50%

18.90%
18.80%
0.00%

4.20%
5.70%
3.60%
0.00%

12.5
134

7.8
9.4
9.8

1.5
255

255
4.5

8.4
0.6

14.4
3.6

16.7
10.3

17.5
7.9
3.6

10.7
2.0
12.2
2.1

0.317
0.339

0.230
0.523
0.619

0.201
0.201

<0.001*
<0.001*

0.541
0.541

0.267
0.267

0.002*
0.002*

0.293
0.619
0.026*

0.605
0.438
0.926
0.126

* Significant with P-value<0.05. P-values are based on a chi-square test.
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Table 1C. Patients with failed implants (Total).

% of Patients

Expected Patients

Variable ReE:iszgtlsmpr;n ts wi tphaltzlsmsres with Failures with Failures P-value
(Under Hy) (Under Hy)

Entire sample 1609 80 = = =
Gender

Male 691 28 4.10% 34.9 0.110

Female 892 52 5.80% 45.1 0.108

Unknown 1 0 - - -
Age (in years)

18-30 63 1 1.60% 3.1 0.207

31-50 379 12 3.20% 18.8 0.064

51-70 816 48 5.90% 40.6 0.088

70< 351 19 5.40% 17.5 0.667
Astra

Astra EVS 21 14.30% 2.4 0.658

Astra TXS 23 8.70% 2.6 0.658
Nobel BioCare

Parallel 453 11 2.40% 16.1 0.057

Replace 372 15 4.00% 13.2 0.506

Active 19 4 21.10% 0.7 <0.001*
Straumann

Straumann bone level 281 9 3.20% 16.8 0.007*

Straumann bone level tapered 304 22 7.20% 18.1 0.186

Straumann tissue level 18 5 27.80% 1.1 <0.001*
Biomet 3i

Platform switch 15 5 33.30% 5.2 0.873

Non platform switch 11 4 36.40% 3.8 0.873
Implant system

Astra All 44 5 11.40% 2.3 0.067

Nobel BioCare All 844 30 3.60% 445 0.001*

Straumann All 603 36 6.00% 31.8 0.324

Biomet 3i All 26 9 34.60% 1.4 <0.001*
Surface

Osseospeed 44 5 11.40% 2.3 0.067

TiUnite 844 30 3.60% 44.5 0.001*

SLA 5 3 60.00% 0.3 0.001*

SLActive 598 33 5.50% 31.5 0.731

Osseotite 26 9 34.60% 14 <0.001*
Length

<8 mm 5 1 20.00% 0.3 0.140
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8-10 mm
>10 mm
Width
<4 mm
4-4.7mm
>4.7 mm
Implant
Immediate implant
No Immediate implant
Implant
Implant restoration
No Implant restoration
Grafted Site
Ridge Preservation
Sinus Augmentation
None Grafted Site
No Ridge Preservation
No Sinus Augmentation
Graft
Grafted
None Grafted
Clinicians
Periodontal Resident
Perio-Prosth Resident
Perio-Ortho Resident
Periodontist
Oral Surgeon
Others
Site
Maxillary Posterior
Maxillary Anterior
Mandibular Posterior
Mandibular Anterior

739
773

457
629
431

204
1405

1136
473

944
101

399
165

1045
564

133
168
28
106
48
26

675
127
683
124

49
30

19

42

19

72

11
69

23

47

26

54

19
49

20

26
17
28

6.60%
3.90%

4.20%
6.70%
4.40%

3.90%
5.10%

1.00%
14.60%

2.40%
3.00%

11.80%
4.20%

2.50%
9.60%

14.30%
29.20%
10.70%
18.90%
18.80%
0.00%

3.90%
13.40%
4.10%
7.30%

39.0
40.8

241
33.2
22.7

10.1
69.9

56.5
235

235
2.5

38.2
15.8

52
28

26.1
33.0
5.5
20.8
9.4
5.1

33.6
6.3
34.0
6.2

0.021*
0.013*

0.202
0.040*
0.342

0.460
0.460

<0.001*
<0.001*

0.743
0.743

0.006*
0.006*

<0.001*
<0.001*

0.070
<0.001*
0.221
0.821
0.870
0.010*

0.079
<0.001*
0.167
0.223

* Significant with P-value<0.05. P-values are based on a chi-square test.
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Table 2A. Implant’s demographics (PDM).

% of Patients

Expected Patients

Variable Rezgszgtfn\:\pl):]aon s wi ;alggﬂtsres with Failures with Failures P-value
(Under Hy) (Under Hy)
Entire sample 2162 80 - - -
Gender
Male 947 28 3.00% 35.1 0.104
Female 1214 52 4.30% 45.0 0.109
Unknown 1 0
Age (in years)
18-30 70 1 1.40% 2.6 0.306
31-50 325 10 3.10% 12.0 0.518
51-70 1235 51 4.10% 45.7 0.222
70< 467 18 3.90% 17.3 0.842
Astra
Astra EVS 28 14.30% 4 >0.999
Astra TXS 21 14.30% 3 >0.999
Nobel BioCare
Parallel 138 11 8.00% 5.7 0.009*
Replace 435 1.60% 17.8 <0.001*
Active 12 50.00% 0.5 <0.001*
Straumann
Straumann bone level 104 10 9.60% 114 0.598
Straumann bone level tapered 259 29 11.20% 28.5 0.855
Straumann tissue level 19 3 15.80% 2.1 0.493
Biomet 3i
Platform switch 29 6 20.70% 5.3 0.517
Non platform switch 9 1 11.10% 1.7 0.517
Implant system
Astra All 49 7 14.30% 3.7 0.070
Nobel BioCare All 585 24 4.10% 44.4 <0.001*
Straumann All 382 42 11.00% 29 0.002*
Biomet 3i All 38 7 18.40% 2.9 0.010*
Surface
Osseospeed 49 7 14.30% 3.7 0.070
TiUnite 585 24 4.10% 44.4 <0.001*
SLA 3 1 33.30% 0.2 0.092
SLActive 379 41 10.80% 28.8 0.003
Osseotite 38 7 18.40% 2.9 0.010*
Length
<8 mm 2 1 50.00% 0.2 0.146
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8-10 mm
>10 mm
Width
<4 mm
4-4.7mm
>4.7 mm
Implant
Immediate implant
No Immediate implant
Implant
Implant restoration
No Implant restoration
Grafted Site
Ridge Preservation
Sinus Augmentation
None Grafted Site
No Ridge Preservation
No Sinus Augmentation
Graft
Grafted
None Grafted
Clinicians
Periodontal Resident
Perio-Prosth Resident
Perio-Ortho Resident
Periodontist
Oral Surgeon
Others
Site
Maxillary Posterior
Maxillary Anterior
Mandibular Posterior
Mandibular Anterior

618
434

126
572
356

281
1881

1070
1092

701
181

1212
68

882
1280

128
159
14

822
402
704
234

51
28

15
51
14

71

75

38

32

43
37

8.30%
6.50%

11.90%
8.90%
3.90%

3.20%
3.80%

0.50%
6.90%

5.40%
2.80%

2.60%
7.40%

4.90%
2.90%

18.80%
32.10%
35.70%

0

2.30%
5.20%
3.00%
8.10%

46.9
32.9

9.6
43.4
27

10.4
69.5

39.6
40.4

34.2
8.8

35

32.6
47.4

34
42.3
3.7

0.9

30.4
14.9
26
8.7

0.334
0.243

0.051
0.077
0.001*

0.636
0.636

<0.001*
<0.001*

0.139
0.139

0.024*
0.024*

0.016*
0.016*

0.008*
0.022*
0.428

0.291

0.007*
0.073
0.220

<0.001*

* Significant with P-value<0.05. P-values are based on a chi-square test.
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Table 2B. Implant’s demographics (PDFP).

% of Patients

Patients Who Patients

Expected Patients

Variable Received Implants  with Failures with Failures with Failures P-value
(Under Hy) (Under Hy)
Entire sample 1018 31
Gender
Male 444 12 2.70% 135 0.576
Female 574 19 3.30% 17.5 0.576
Unknown 0 0
Age (in years)
18-30 40 0 0.00% 1.2 0.253
31-50 270 1.90% 8.2 0.183
51-70 512 17 3.30% 15.6 0.607
70< 196 9 4.60% 6.0 0.161
Astra
Astra EVS - - -
Astra TXS - - -
Nobel BioCare
Parallel 357 1.10% 11.2 <0.001*
Replace 78 9 11.50% 2.5 <0.001*
Active 10 1 10.0% 0.3 0.209
Straumann
Straumann bone level 211 2.40% 6.5 0.337
Straumann bone level tapered 137 2.20% 4.2 0.433
Straumann tissue level 7 3 42.90% 0.2 <0.001*
Biomet 3i
Platform switch 31 2 6.50% 4.2 0.053
Non platform switch 13 4 30.80% 1.8 0.053
Implant system
Astra All 10 0 0.00% 0.4 0.537
Nobel BioCare All 445 14 3.10% 16.2 0.430
Straumann All 355 11 3.10% 12.9 0.484
Biomet 3i All 44 6 13.60% 1.6 <0.001*
Surface
Osseospeed 10 0 0.00% 0.4 0.537
TiUnite 445 14 3.10% 16.2 0.430
SLA 5 1 20.00% 0.2 0.050
SLActive 350 10 12.90% 12.7 0.314
Osseotite 44 6 13.60% 1.6 <0.001*
Length
<8 mm 4 0 0.00% 0.1 >0.999
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8-10 mm
>10 mm
Width
<4 mm
4-4.7mm
>4.7 mm
Implant
Immediate implant
No Immediate implant
Implant
Implant restoration
No Implant restoration
Grafted Site
Ridge Preservation
Sinus Augmentation
None Grafted Site
No Ridge Preservation
No Sinus Augmentation
Graft
Grafted
None Grafted
Clinicians
Periodontal Resident
Perio-Prosth Resident
Perio-Ortho Resident
Periodontist
Oral Surgeon
Others
Site
Maxillary Posterior
Maxillary Anterior
Mandibular Posterior
Mandibular Anterior

435
415

102
246
506

42
976

804
214

383
57

364
214

440
578

68
28
22

411
126

419
62

24

15
11

31

10

21

15

11

18

13

22

15

13

5.5%
1.7%

4.90%
6.10%
2.20%

0.00%
3.20%

1.20%
9.80%

3.90%
5.30%

3.00%
0.90%

4.10%
2.20%

32.40%
32.10%
0.00%

3.60%
2.40%
3.10%
0.00%

14.3
151

3.7
8.9
18.4

1.3
29.7

245
6.5

15.7
2.3

8.2
4.8

134
17.6

17.9
7.4
5.8

12.5
3.8
12.8
1.9

<0.001*
0.003*

0.464
0.014*
0.006*

0.241
0.241

<0.001*
<0.001*

0.632
0.632

0.102
0.102

0.090*
0.090*

0.080
0.419
0.002*

0.356
0.643
0.929
0.150

* Significant with P-value<0.05. P-values are based on a chi-square test.
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Table 2C. Implant’s demographics (Total).

% of Patients

Expected Patients

Variable ReE:iszgtlsmpr;n ts wi tphaltzlsmsres with Failures with Failures P-value
(Under Hy) (Under Hy)
Entire sample 3180 111
Gender
Male 1391 40 2.90% 48.6 0.094
Female 1788 71 4.00% 62.4 0.096
Unknown 1 0
Age (in years)
18-30 110 1 0.90% 3.8 0.133
31-50 595 15 2.50% 20.8 0.153
51-70 1787 68 3.80% 62.4 0.273
70< 663 27 4.10% 23.1 0.359
Astra
Astra EVS 35 4 11.40% 4.2 >0.999
Astra TXS 24 3 12.50% 2.8 >0.999
Nobel BioCare
Parallel 495 15 3.00% 18.3 0.280
Replace 513 16 3.10% 18.9 0.333
Active 22 7 31.80% 0.8 <0.001*
Straumann
Straumann bone level 315 15 4.80% 22.7 0.027*
Straumann bone level tapered 396 32 8.10% 28.5 0.314
Straumann tissue level 26 6 23.10% 1.9 <0.001*
Biomet 3i
Platform switch 60 8 13.30% 9.5 0.302
Non platform switch 22 5 22.70% 3.5 0.302
Implant system
Astra All 59 7 11.90% 3.4 0.044*
Nobel BioCare All 1030 38 3.70% 59.9 <0.001*
Straumann All 737 53 7.20% 42.9 0.042*
Biomet 3i All 82 13 15.90% 4.8 <0.001*
Surface
Osseospeed 59 7 11.90% 3.4 0.044*
TiUnite 1030 38 3.70% 59.9 <0.001*
SLA 8 2 25.00% 0.5 0.020*
SLActive 729 51 7.00% 42.4 0.084
Osseotite 82 13 15.90% 4.8 <0.001*
Length
<8 mm 6 1 16.70% 0.3 0.256
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8-10 mm
>10 mm
Width
<4 mm
4-4.7mm
>4.7 mm
Implant
Immediate implant
No Immediate implant
Implant
Implant restoration
No Implant restoration
Grafted Site
Ridge Preservation
Sinus Augmentation
None Grafted Site
No Ridge Preservation
No Sinus Augmentation
Graft
Grafted
None Grafted
Clinicians
Periodontal Resident
Perio-Prosth Resident
Perio-Ortho Resident
Periodontist
Oral Surgeon
Others
Site
Maxillary Posterior
Maxillary Anterior
Mandibular Posterior
Mandibular Anterior

1053
849

228
818
862

323
2857

1874
1306

1084
238

1576
282

1322
1858

128
159
14
68
28
22

1233

528

1123
64

75
35

20

66

25

102

15
96

53

41

61

48

24
51

22

34
25
34
19

7.10%
4.10%

8.80%
8.10%
2.90%

2.80%
3.60%

0.80%
7.40%

4.90%
3.40%

2.60%
2.50%

4.60%
2.60%

18.80%
32.10%
35.70%
32.40%
32.10%
0.00%

2.80%
4.70%
3.00%
6.40%

61.3
49.4

13.3
47.6
50.1

11.3
99.7

65.4
45.6

50
11

40.7
7.3

45.3
63.7

33.9

42.1
3.7
18
7.4
5.8

434
118.6
39.6
10.4

0.007*
0.005*

0.042*
<0.001*
<0.001*

0.467
0.467

<0.001*
<0.001*

0.309
0.309

>0.999
>0.999

0.002*
0.002*

0.017*
0.043*
0.426
0.231
0.483
0.004*

0.063
0.098
0.264
0.005*

* Significant with P-value<0.05. P-values are based on a chi-square test.
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Table 3A. Frequency of variables

Variable Level Number %
Outcome Fail 99 25.0
Success 297 75.0
Site Max Post 124 31.3
Max Ant 84 21.2
Mand Post 128 32.3
Mand Ant 60 15.2
Arch Mandibular 188 47.5
Maxillary 208 52.5
Location Posterior 252 63.3
Anterior 144 36.4
Trainee group PDM 280 70.7
PDFP 116 29.3
Total Implant Single 117 29.5
Multiple 279 70.5
Bone Graft No 194 49.1
Before placement 105 26.5
During placement 72 18.2
After placement 1 0.3
Before and During 24 6.1
Immediate implants No 343 86.6
Yes 53 134
Restored Implants No 200 50.5
Yes 196 495
Number of attempts in site  Once 374 94.4
Twice 22 5.6
Failed in site None 297 75.0
Once 88 22.2
Twice 11 2.8
Implant System Straumann 211 53.3
Nobel BioCare 124 31.3
Astra 19 4.8
Biomet 3i 42 10.6
Implant type Straumann Bone level 46 11.6
Straumann bone level tapered 157 39.6
Straumann Tissue level Standard and standard plus 7 1.8
Nobel Active 12 3.0
Nobel parallel 46 11.6
Nobel Replace 67 16.9
Astra EVS 14 35
Astra TX S 5 13
Biomet 3i platform switch 34 8.6
Biomet 3i non platform switch 8 2.0
Surfaces SLA 7 1.8
SLActive 204 51.5
TiUnite 124 31.3
T3 2 0.5
Osseotite 42 10.6
Osseospeed 17 4.3
Width <4 mm 65 16.4
4-4.7 mm 219 55.3
> 4.7 mm 112 28.3
Length <8 mm 2 0.5
8-10 mm 237 59.8
> 10 mm 157 39.6
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Type of restoration

Clinicians (Expertise)

Single

Full mouth fixed
Removable
Periodontal resident
Perio-Prosth resident
Perio-Ortho resident
Periodontist

Oral surgeon

Others

259
88
49

117

147
14
68
28
22

65.4
22.2
12.4
295
37.1
3.5
17.2
7.1
5.6
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Table 3B. Results of the univariate conditional logistic regression. Variables with univariate P-
value<0.2 are selected to be entered into the final multivariate logistics regression.

Univariate Analysis

Variable Category
OR* 95% Cl P-value

Bone Graft No ref

Before placement 1.06 0.60-1.87 0.835

During placement 0.76  0.38-1.53 0.452

After placement - - -

Before and During 2.16 0.87-5.34  0.093
Immediate implants No ref

Yes 0.49 0.22-1.08 0.076
Restored Implants No ref

Yes 0.05 0.02-0.12 <0.001
Number of attempts in site - - -
Failed in site - - -
Implant System Straumann ref

Nobel BioCare 136 0.82-2.24  0.229

Astra 2.07 0.78-554  0.145

Biomet 3i 157 0.77-3.18 0.211
Implant type Straumann Bone level ref

Straumann bone level tapered 0.57 0.26-1.25 0.158

Straumann Tissue level and standard plus  2.24 0.38-13.18  0.373

Nobel Active 192 052-7.16 0.326

Nobel parallel 0.77 0.29-2.08 0.608

Nobel Replace 1.14  0.49-2.69 0.758

Astra EVS 0.98 0.26-3.67  0.980

AstraTX S 468 0.67-32.88 0.120

Biomet 3i platform switch 0.80 0.29-2.19 0.672

Biomet 3i non platform switch 476 1.01-22.35 0.048
Surfaces SLA ref

SLActive 0.60 0.10-3.52  0.575

TiUnite 0.95 0.16-5.53  0.956

T3 - - -

Osseotite 112 0.18-6.82 0.898

Osseospeed 1.24 0.17-8.95 0.827
Width Less than 4 mm ref

4-4.7 mm 0.77 0.40-1.48 0.440
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Length

Type of restoration

Expertise

Greater than 4.7 mm
Less than 8 mm
8-10 mm

Greater than 10 mm
Single

Full mouth fixed
Removable
Periodontal resident
Perio-Prosth resident
Perio-Ortho resident
Periodontist

Oral surgeon

Others

0.32

0.34
0.28

1.85
0.82

2.79
1.37

0.12-0.881
ref
0.21-5.49
0.01-4.69
ref
0.92-3.74
0.28-2.40
ref
1.47-5.32
0.33-5.76

0.027

0.450
0.379

0.086
0.724

0.002
0.666

* Odds Ratio
** Adjusted Odds Ratio
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Table 3C. Results of the multivariate conditional logistic regression. P-value<0.05 are

significant.
Univariate Analysis
Variable Category
OR* 95% ClI P-value

Total Implant Single ref

Multiple 4.04 1.56-10.44 0.004
Bone Graft No ref

Before placement 2.04 0.88-4.79 0.097

During placement 0.86 0.33-2.26 0.764

After placement - - -

Before and During 5.57 1.45-21.37 0.012
Immediate implants No ref

Yes 0.51 0.17-1.57 0.242
Restored Implants No ref

Yes 0.03 0.01-0.09 <0.001
Implant System Straumann ref

Nobel BioCare 1.19 0.58-2.46 0.626

Astra 1.88 0.48-7.42 0.366

Biomet 3i 1.85 0.72-4.73 0.200
Width Less than 4 mm ref

4-4.7 mm 0.66 0.26-1.69 0.391

Greater than 4.7 mm 0.59 0.17-2.08 0.413
Type of restoration Single ref

Full mouth fixed 0.68 0.24-1.94 0.469

Removable 0.75 0.19-2.87 0.671

* Odds Ratio
** Adjusted Odds Ratio
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